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Description

Related Applications

Background of the Invention

[0001] Genetic linkage, together with techniques for mutational screening of candidate genes, have enabled identifi-
cation of causative dominant mutations in the genes encoding rhodopsin and peripherin. Globally, about 100 rhodopsin
mutations have been found in patients with RP or congenital stationary night blindness. Similarly, approximately 40
mutations have been characterised in the peripherin gene in patients with RP or macular dystrophies (Ott et al. 1990;
McWilliam et al. 1989; Dryja et al. 1990; Farrar et al. 1991a,b; Kajiwara et al. 1991; Humphries et al. 1992; Van Soest
et al. 1994; Mansergh et al. 1995). Knowledge of the molecular etiology of these retinopathies has stimulated the
generation of animal models and the exploration of methods of therapeutic intervention (Farrar et al. 1995; Humphries
et al. 1997; Millington-Ward et al. 1997, 1999, 2002; O’Neill et al. 2000).
[0002] Osteogenesis imperfecta (OI) is an autosomal dominantly inherited human disease whose molecular patho-
genesis is also extremely genetically heterogeneous. OI is often referred to as ’brittle bone disease’ although additional
symptoms such as hearing loss, growth deficiency, bruising, loose joints, blue sclerae and dentinogenesis imperfecta
are frequently observed (www.ncbi.nlm.nih.gov/omim). Mutations in the genes encoding the two type I collagen chains
(collagen 1A1 and 1A2) comprising the type I collagen heterodimer have been implicated in OI. Indeed, hundreds of
dominantly acting mutations in these two genes have been identified in OI patients. Many collagen IAI and IA2 gene
mutations are single point mutations, although a number of insertion and deletion mutations have been found (Willing
et al. 1993; Zhuang et al.
1996). Mutations in these genes have also been implicated in Ehlers-Danlos and Marfan syndromes (Phillips et al. 1990;
D’Alessio et al. 1991; Vasan NS et al. 1991).
[0003] Gene therapies utilizing viral and non-viral delivery systems have been used to treat or study inherited disorders,
cancers and infectious diseases. However, many therapies and studies have focused on recessively inherited disorders,
the rationale being that introduction and expression of the wild type gene may be sufficient to prevent or ameliorate the
disease phenotype. In contrast, gene therapy for dominant disorders such as RP or OI, for example, requires suppression
of the dominant disease allele. In addition, there are many polygenic disorders due to co-inheritance of a number of
genetic components that together give rise to the disease state. Gene therapies for dominant or polygenic diseases may
target the primary defect and require suppression of the disease allele while in many cases still maintaining the function
of the normal allele. This is particularly relevant where disease pathology is due to a gain of function mutation rather
than to reduced levels of wild type protein. Alternatively, suppression therapies may target secondary effects associated
with the disease pathology such as programmed cell death or apoptosis, which has been observed in many inherited
disorders.
[0004] Suppression effectors have been used previously to achieve specific suppression of gene expression. Modifi-
cations have been made to oligonucleotides (e.g., phosphorothioates) to increase resistance to nuclease degradation,
binding affinity and uptake (Cazenave et al. 1989; Sun et al. 1989; McKay et al. 1996; Wei et al. 1996). In some instances,
antisense and ribozyme suppression strategies have led to the reversal of a tumor phenotype by reducing expression
of a gene product or by cleaving a mutant transcript at the site of the mutation (Carter and Lemoine 1993; Lange et al.
1993; Valera et al. 1994; Dosaka-Akita et al. 1995; Feng et al. 1995; Quattrone et al. 1995; Ohta et al. 1996; Lewin et
al. 1998). For example, neoplastic reversion was obtained using a ribozyme targeted to an H-ras mutation in bladder
carcinoma cells (Feng et al. 1995). Ribozymes have also been proposed as a means of both inhibiting gene expression
of a mutant gene and of correcting the mutant by targeted trans-splicing (Sullenger and Cech 1994; Jones et al. 1996).
Ribozymes can be designed to elicit autocatalytic cleavage of RNA targets, however, the inhibitory effect of some
ribozymes may be due in part to an antisense effect due to the antisense sequences flanking the catalytic core which
specify the target site (Ellis and Rodgers 1993; Jankowsky and Schwenzer 1996). Ribozyme activity may be augmented
by the use of, for example, non-specific nucleic acid binding proteins or facilitator oligonucleotides (Herschlag et al.
1994; Jankowsky and Schwenzer 1996). Multitarget ribozymes (connected or shotgun) have been suggested as a means
of improving efficiency of ribozymes for gene suppression (Ohkawa et al. 1993).
[0005] Triple helix approaches have also been investigated for sequence specific gene suppression. Triplex forming
oligonucleotides have been found in some cases to bind in a sequence specific manner (Postel et al. 1991; Duval-
Valentin et al. 1992; Hardenbol and Van Dyke 1996; Porumb et al. 1996). Similarly, peptide nucleic acids have been
shown to inhibit gene expression (Hanvey et al. 1991; Knudson and Nielsen 1996; Taylor et al. 1997). Minor groove
binding polyamides can bind in a sequence specific manner to DNA targets and hence may represent useful small
molecules for future suppression at the DNA level (Trauger et al. 1996). In addition, suppression has been obtained by
interference at the protein level using dominant negative mutant peptides and antibodies (Herskowitz 1987; Rimsky et
al. 1989; Wright et al. 1989). In some cases suppression strategies have lead to a reduction in RNA levels without a
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concomitant reduction in proteins, whereas in others, reductions in RNA have been mirrored by reductions in protein.
[0006] A new tool for modulating or suppressing gene expression has also been described called RNA interference
(RNAi) or small interfering RNA (siRNA) or double stranded RNA (dsRNA) (Fire, 1998). The silencing effect of comple-
mentary double stranded RNA was first observed in 1990 in petunias by Richard Joergensen and termed cosuppression
(Jorgensen, 1996). RNA silencing was subsequently identified in C. elegans by Andrew Fire and colleagues (Fire, 1998)
who coined the term RNA interference (RNAi). The applications for this biological tool have now been extended to many
species as RNAi has been shown to be effective in both mammalian cells and animals (Caplen, 2001; Elbashir, 2001;
Yang, 2001; Paddison, 2002; Krichevsky, 2002; Lewis, 2002; Miller et al. 2003). An important feature of dsRNA or siRNA
or RNAi is the double stranded nature of the RNA and the absence of large overhanging pieces of single stranded RNA,
although dsRNA with small overhangs and with intervening loops of RNA has been shown to effect suppression of a
target gene.
[0007] The pathway for silencing gene expression involving long (>30 nucleotides) double stranded RNA molecules
has been elucidated and is thought to work via the following steps (shown in Drosophila melanogaster) (Zamore, 2001).
Firstly, the long dsRNA is cleaved into siRNA approximately 21 nucleotides in length. This siRNA targets complimentary
mRNA sequence, which is degraded. However, in mammals it has been found that long dsRNA triggers a non-specific
response causing a decrease in all mRNA levels. This general suppression of protein synthesis is mediated by a dsRNA
dependent protein kinase (PKR) (Clemens, 1997). Elbashir et al. were able to specifically suppress target mRNA with
21 nucleotide siRNA duplexes. Notably, siRNA bypassed the non-specific pathway and allowed for gene-specific inhibition
of expression (Elbashir, 2001; Caplen, 2001). dsRNA can be delivered as synthesized RNA and or by using a vector to
provide a supply of endogenously generated dsRNA. dsRNA may be locally or systemically delivered (Lewis, 2002;
Miyagishhi, 2002; Paul, 2002; Siu, 2002). Indeed functional siRNAs have been generated both in cells and in transgenic
animals and have been delivered using a variety of vector systems including lentivirus (McCaffrey et al. 2003, McManus
et al. 2003, Sharp et al. 2003).
[0008] Strategies for differentiating between normal and disease alleles and switching off the disease allele using
suppression effectors that target the disease mutation are problematic because frequently disease and normal alleles
differ by only a single nucleotide. For example, a hammerhead ribozyme that cleaves only at an NUX site is not effective
for targeting all point mutations. A further difficulty inhibiting development of gene therapies is the heterogeneous nature
of some dominant disorders - many different mutations in the same gene give rise to a similar disease phenotype. Indeed,
certain mutations may occur in only one patient. Development of specific gene therapies for each of these mutations
may be prohibitive in terms of cost. Examples in which multiple genes and/or multiple mutations within a gene can give
rise to a similar disease phenotype include OI, familial hypercholesteremia, and RP. Disease mutations are often single
nucleotide changes. As a result differentiating between the disease and normal alleles may be difficult. Some suppression
effectors require specific sequence targets, for example, hammerhead ribozymes cleave at NUX sites and hence may
not be able to target many mutations. Notably, the wide spectrum of mutations observed in many diseases adds additional
complexity to the development of therapeutic strategies for such disorders - some mutations may occur only once in a
single patient. A further problem associated with suppression is the high level of homology present in coding sequences
between members of some gene families. This can limit the range of target sites for suppression which will enable
specific suppression of a single member of such a gene family. A need therefore exists for compositions and methods
for suppressing gene expression while also providing for the expression of a non-disease causing allele of the gene that
avoids recognition by the suppression effector.

Summary of the Invention

[0009] The invention relates to compositions and methods for gene suppression and replacement that exploit the
degeneracy of the genetic code, thereby circumventing the difficulties and expenses associated with the need to spe-
cifically target disease mutations. In particular, the invention relates to suppression of the expression of mutated genes
that give rise to a dominant or deleterious effect or contributes towards a disease. In one embodiment of the invention,
a suppression effector targets either the disease allele or normal allele. In another embodiment, the suppression effector
targets both the disease allele and normal allele. In a particular embodiment of the invention, a replacement nucleic acid
is provided that is altered at one or more degenerate or wobble bases from the endogenous wild type gene but will code
for the identical amino acids as the wild type gene. In another embodiment, the replacement nucleic acid encodes a
beneficial replacement nucleic acid (e.g., which encodes a more active or stable product than that encoded by the wild-
type gene). The replacement nucleic acid provides expression of the normal protein product when required to ameliorate
pathology associated with reduced levels of wild type protein. The same replacement nucleic acid can be used in
conjunction with the suppression of many different disease mutations within a given gene.
[0010] Suppression in coding sequence holds the advantage that such sequences are present in both precursor and
mature RNAs, thereby enabling suppressor effectors to target all forms of RNA. A combined approach using a number
of suppression effectors may also be used. For some disorders, it may be necessary to block expression of a disease
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allele completely to prevent disease symptoms whereas for others low levels of mutant protein may be tolerated.
[0011] The strategy circumvents the need for a specific therapy for every disease-causing mutation within a given
gene. Notably, the invention has the advantage that the same suppression effector can be used to suppress many
mutations in a gene. This is particularly relevant when any one of a large number of mutations within a single gene can
cause disease pathology. The compositions and methods of the invention allow greater flexibility in choice of target
sequence for suppression of expression of a disease allele.
[0012] Suppression and replacement can be undertaken in conjunction with each other or separately. Suppression
and replacement utilizing the degeneracy of the genetic code may be undertaken in test tubes, in cells, in animals and
or in plants and may be used for experimental research (e.g., for the study of development or gene expression) or for
therapeutic purposes.
[0013] In one aspect, the invention provides a composition as claimed in claim 1.
[0014] In another aspect, the invention provides a method as claimed in claim 15.
[0015] In another aspect, the invention provides a kit as claimed in claim 29.
In another aspect, the invention provides the use as claimed in claim 45.
[0016] In an embodiment, the suppression effector is a nucleic acid such as an antisense DNA or RNA, peptide nucleic
acid (PNA), a nucleic acid that forms a triple helix with the mutant allele, or a single-stranded RNA, for example.
[0017] In another embodiment, the suppression effector is a ribozyme that cleaves a mature RNA encoding a mutant
allele and the replacement nucleic acid encodes a wild-type or non-disease causing allele that comprises at least one
degenerate / wobble nucleotide that is altered so that the replacement nucleic acid is not suppressed, or is only partially
suppressed, by the ribozyme. In an embodiment, the suppression effector is a ribozyme that cleaves an RNA encoded
by the mutant allele, e.g., at an NUX or UX ribozyme cleavage site. In an embodiment, the ribozyme comprises the
nucleotide sequence of SEQ ID NO: 29 and the sequence GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUA-
GAG. In an embodiment, the RNA targeted is an mRNA.
[0018] In another embodiment, the suppression effector is a dsRNA and the replacement nucleic acid encodes a wild-
type or non-disease causing allele that comprises at least one degenerate / wobble nucleotide that is altered so that the
replacement nucleic acid is not suppressed, or is only partially suppressed, by the siRNA.
[0019] In an embodiment, the replacement nucleic acid encodes mammalian rhodopsin.
[0020] In an embodiment, the suppression effector and or replacement nucleic acid are operatively linked to an ex-
pression vector, such as a bacterial or viral expression vector. In an embodiment, the suppression effector suppresses
both alleles of an endogenous gene. In another embodiment, the suppression effector suppresses only one allele of an
endogenous gene.
[0021] Described are cells expressing a ribozyme or a dsRNA, either transiently or stably, and their experimental or
therapeutic use.
[0022] Also described are transgenic animals and their experimental or therapeutic use. The transgenic animal may
be a model for Retinitis Pigmentosa (Pro23His). The transgenic animal may express a ribozyme that targets human
rhodopsin. The transgenic animal may express a replacement nucleic acid transgene that has been altered at a wobble
position such that it escapes suppression by a ribozyme. For example, the replacement nucleic acid may encode a
modified human rhodopsin protein. The transgenic animal may be a knockout of the endogenous mouse rhodopsin gene
(rho-/-).
[0023] Also described herein are methods for suppressing rhodopsin expression in an animal by intraocular (e.g.,
subretinal) injection of a suppression effector into the animal.

Brief Description of the Drawings

[0024] The foregoing and other objects, features and advantages of the present invention, as well as the invention
itself, will be more fully understood from the following description when read together with the accompanying drawings,
in which:

Figure 1A shows human rhodopsin cDNA (SEQ ID NO:1) expressed from the T7 promoter to the BstEII site in the
coding sequence.

Figure 1B shows the unadapted human rhodopsin cDNA expressed from the T7 promoter to the FspI site in the
coding sequence.

Figure 2A shows unadapted (SEQ ID NO:1) and adapted (SEQ ID NO:2) human rhodopsin cDNAs expressed from
the T7 promoter to the Acyl after the coding sequence and the BstEII site in the coding sequence, respectively.

Figure 2B shows the adapted human rhodopsin cDNA expressed from the T7 promoter to the BstEII site in the
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coding sequence.

Figure 2C shows unadapted (SEQ ID NO:1) and adapted (SEQ ID NO:2) human rhodopsin cDNAs expressed from
the T7 promoter to the Acyl after the coding sequence and the BstEII site in the coding sequence respectively.

Figure 3 shows the mutant (Pro23Leu) (SEQ ID NO:3) human rhodopsin cDNA expressed from the T7 promoter to
the BstEII in the coding sequence.

Figure 4 shows the mutant (Pro23Leu) (SEQ ID NO:3) human rhodopsin cDNA expressed from the T7 promoter to
the BstEII in the coding sequence.

Figure 5A shows the mouse rhodopsin cDNA clone was expressed in vitro from the T7 promoter to the Eco47III site
in the coding sequence and mixed with Rz33 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 5B shows the mouse rhodopsin cDNA clone containing an altered base at position 1460, expressed in vitro
from the T7 promoter to the Eco47III site in the coding sequence and mixed with Rz33 and 0, 5, 7.5, or 10mM MgCl2
for 3 hours.

Figure 6A shows the human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site in the
coding sequence and mixed with Rz30 and 10mM MgCl2 for 0 mins., 3 mins., 1 hour, 2 hours, and 3 hours.

Figure 6B shows the human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site in the
coding sequence and mixed with Rz30 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 6C shows the human peripherin cDNA clone with a base change at position 257, expressed in vitro from the
T7 promoter to the BglII site in the coding sequence and mixed with Rz30 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 6D shows the human peripherin cDNA clone or adapted human peripherin cDNA clone with a base change
at position 257, expressed in vitro from the T7 promoter to the BglII site in the coding sequence and mixed with
Rz30 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 7A shows human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site in the coding
sequence and mixed with Rz31 and 10mM MgCl2 for 0 mins., 3 mins., 1 hour, 2 hours, and 3 hours.

Figure 7B shows human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site in the coding
sequence and mixed with Rz31 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 7C shows human peripherin cDNA clone with an altered base at position 359, expressed in vitro from the
T7 promoter to the BglII site in the coding sequence and mixed with Rz31 and 0, 5, 7.5, or 10mM MgCl2 for 3 hours.

Figure 8A shows the human collagen 1A2 cDNA clones containing the A and T alleles of the polymorphism at
position 907 expressed from the T7 promoter to the MvnI and XbaI sites in the insert and vector respectively.

Figure 8B shows the human collagen 1A2 cDNA (A) + (B) clones containing the A and T alleles of the polymorphism
at 907 expressed from the T7 promoter to the MvnI and XbaI sites in the insert and vector respectively.

Figure 9 shows the vector pIRES2-EGFP from Clontech (CA). The pIRES2-EGFP vector is a bicistronic vector in
which two different proteins can be expressed from a single transcribed transcript (using an IRES).

Figure 10 shows COS-7 cells transiently co-transfected with the human COL1A1 targets (cloned into pIES2-EGFP)
and siRNA targeting COL1A1 or a control siRNA (targeting human COL7A1). (RNAi-1 = COL1A1 RNAi and RNAi-
7=COL7A1).

Figure 11A shows EGFP expression in COS-7 cells stably expressing the human COL1A1-EGFP target (from the
pIRES2-EGFP vector) and transfected with siRNA targeting COL1A1. (RNAi-1 = COL1A1 RNAi and RNAi-
7=COL7A1).

Figure 11B shows EGFP expression in COS-7 cells stably expressing the COL1A1 target from the pIRES2-EGFP
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vector and transiently transfected with a vector expressing the replacement COL1A1 target (in pIRES2-EGFP) and
siRNA targeting COL1A1 to study the presence / absence of transitive interference in mammalian cells. (RNAi-1 =
COL1A1 RNAi and RNAi-7=COL7A1).

Figure 12A shows EGFP fluorescence in COS-7 cells transiently transfected with the human COL1A1 target COL1A1-
EGFP construct.

Figure 12B shows EGFP fluorescence in COS-7 cells transiently transfected with the human COL1A1 target COL1A1-
EGFP construct and siRNA-1 targeting wild-type COL1A1.

Figure 12C shows EGFP fluorescence in COS-7 cells transiently transfected with the human COL1A1 target COL1A1-
EGFP construct and control siRNA.

Figure 12D shows EGFP fluorescence in COS-7 cells transiently transfected with the modified COL1A1-EGFP
construct and siRNA-1 targeting wild-type COL1A1.

Figure 13A shows COL1A1-EGFP expression in COS-7 cells stably expressing the COL1A1-EGFP target and
transiently transfected with siRNA targeting COL1A1 evaluated over time.

Figure 13B provides the design of siRNA driven from a plasmid using a H1 promoter and targeting human COL1A1
transcripts. The design of modified human replacement COL1A1 genes using the degeneracy of the genetic code
such that modified replacement genes encode for the same amino acids as the wild type gene are also provided.
In addition, diagrammatic representations of siRNAs are provided.

Figure 13C shows the levels of suppression of the target COL1A1 achieved using siRNA generated from a plasmid
vector using the H1 promoter to drive expression of siRNA. siRNAs target the coding sequence of the COL1A1
gene facilitating generation of a replacement COL1A1 gene with sequence modifications at degenerate sites.

Figure 14 shows the predicted 2-D structure of human rhodopsin RNA (using PlotFold) presented together with the
choice of target site for ribozyme cleavage (for RzlO and Rz40). The design is not limited to the use of this target
site, other target sites within human rhodopsin can be used with ribozyme(s) and or suppression agents such as
antisense and dsRNA.

Figure 15A shows a Northern Blot of RNA from COS-7 cells that stably express human rhodopsin and that have
been transiently transfected with a range of ribozymes. The blot was probed for rhodopsin transcripts. Lanes 1 and
2 represent RNAs extracted from cells transfected with inactive ribozyme Rz30. Lanes 3 and 4 represent RNAs
extracted from cells transfected with Rz10. Lanes 5 and 6 represent RNAs extracted from cells transfected with
Rz40. Lanes 7 and 8 represent RNAs extracted from cells transfected with RzMM.

Figure 15B shows the same Northern Blot as in Figure 2A of RNA from cell lines, that have been transiently transfected
with a range of ribozymes. The blot was probed for β-actin transcript, as a control for equal loading. Lanes 1 and 2
represent RNAs extracted from cells transfected with inactive ribozyme Rz30. Lanes 3 and 4 represent RNAs
extracted from cells transfected with RzlO. Lanes 5 and 6 represent RNAs extracted from cells transfected with
Rz40. Lanes 7 and 8 represent RNAs extracted from cells transfected with RzMM.

Figure 15C shows a graphical representation of the decrease in rhodopsin mRNA levels observed in COS-7 cells
that were transiently transfected with Rz30, Rz10, Rz40 or RzMM. Down-regulation of human rhodopsin expression
of 62%, 46% and 45% was observed in cells transfected with RzlO, Rz40 or RzMM, respectively.

Figure 16 shows a generic description of one design for replacement constructs. In principle any degenerate site(s)
within a target sequence could be modified such that the encoded protein remains the same as wild type.

Figure 17 shows an exemplary replacement rhodopsin construct. The replacement rhodopsin construct includes
the incorporation of sequence alterations at the ribozyme target site and therefore transcripts from this gene should
avoid cleavage and or binding at least in part by ribozyme(s). The replacement gene uses the target site depicted
in Figure 2 but is not limited to the use of this target site.

Figure 18A shows a rod-isolated (left) and mixed rod/cone (right) electroretinogram (ERG) responses from (top) a
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Rho-/- mouse without the modified rhodopsin transgene and (bottom) a Rho-/- mouse with the modified rhodopsin
transgene (rho-/- RhoM mice). The animal without the transgene has no recordable rod-isolated responses and
grossly decreased amplitude mixed responses whereas the mouse with the transgene generates responses that
are equivalent in timing and amplitudes to the wild-type animal.

Figure 18B: A more detailed ERG showing transgenic rescue with the modified human rhodopsin transgene in rho-/-
RhoM mice is presented. Again good electrical responses were recorded from the eyes of rho-/- RhoM mice.

Figure 18C shows that the significant retinal pathology present in rho -/- mice (B) has been rescued in mice expressing
the modified human rhodopsin transgene - rho-/- RhoM mice (A).

Figure 19A shows an overview of schedule of animal mating to demonstrate suppression and replacement using
rhodopsin-based disease as an example.

Figure 19B provides a more detailed schedule of animal matings. Five transgenic mouse lines are used. Mice in
which the endogenous mouse rhodopsin is absent, that is, rhodopsin knockout mice (rho-/-), mice carrying a mutant
human rhodopsin transgene (Pro23His), mice carrying a wild type human rhodopsin transgene (RhoNHR), mice
carrying a modified human rhodopsin gene (RhoM) with sequence changes at degenerate sites and mice carrying
the suppression effector (Rz40).

Figure 20A shows Rz40 hybridized (indicated with vertical lines) to human rhodopsin mRNA. The NUX cleavage
site is highlighted in bold print. The exact site of cleavage in the rhodopsin mRNA is indicated by an arrow.

Figure 20B shows the five base alterations in the replacement human rhodopsin mRNA indicated in red bold print.
Rz40 is unable to hybridize efficiently (indicated with absence of vertical lines) to replacement human rhodopsin
mRNA. In addition, the NUX target site has been altered into an uncleavable NUG site.

Figure 21A provides a diagrammatic representation of the construct used to generate the Rz40 transgenic mouse.
The Rz40 construct is driven by 3.8kb of the mouse rhodopsin promoter to drive expression in photoreceptor cells.

Figure 21B shows that the retinal histologically from rho-/- mice with a single copy of the human wild type rhodopsin
transgene (rho-/- RhoNhr +/- mice) is compared to that from rho-/- mice RhoNhr+/- mice carrying the Rz40 ribozyme
targeting human rhodopsin. The retinas of mice with the Rz40 transgene were thinner (A&B) than from those without
Rz40 (C&D) as assessed by retinal histology (using ultra thin retinal sections and H+E staining).

Figure 22 shows siRNAs designed to target human rhodopsin transcripts. siRNAs (termed Silencer A and B) were
designed over one or more of the five base alterations present in the modified replacement human rhodopsin gene
described in Figure 17. siRNA designs are provided however any part of the transcript could be targeted by one or
more suppression agents and any degenerate site(s) used to introduce sequence modifications in the replacement
gene.

Figure 23A shows siRNA-based suppression of expression of human rhodopsin in COS-7 cells stably expressing
the target wild type human rhodopsin gene. siRNA suppression was evaluated using real-time RT PCR. An siRNA
targeting EGFP was utilized as a non-targeting control. Levels of GAPDH expression were used as an internal control.

Figure 23B demonstrates siRNA-based suppression of rhodopsin expression in a mouse carrying a single copy of
the human rhodopsin gene and a single copy of the mouse rhodopsin gene (rho+/-, RhoNhr+/-). Silencer B was
sub-retinally injected into this mouse and subsequently siRNA-based suppression of rhodopsin expression was
evaluated in retinal RNA from the same mouse using real-time RT PCR.

Figure 24 shows that Silencer B is unable to suppress transcripts from the modified human rhodopsin replacement
gene. The replacement gene was cloned into the pIRES 2- EGFP vector from which fusion transcripts carrying both
the target sequence (human rhodopsin) and a reporter gene (enhanced green fluorescent protein EGFP) sequence
are transcribed. Suppression was evaluated using the enhanced green fluorescent protein as a marker - results
suggest that Silencer B does not suppress expression of the replacement gene - the presence of sequence alterations
at degenerate sites in transcripts from the modified human rhodopsin replacement gene protects transcripts from
siRNA-mediated suppression.
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Figure 25 shows the DNA sequence of the modified human rhodopsin replacement gene.

Figure 26 shows the DNA sequence of the human COLIA1-EGFP construct.

Figure 27 shows the DNA sequence of a plasmid containing an siRNA targeting human COL1A1 transcripts and
driven by the H1 promoter.

Detailed Description of the Invention

[0025] Described herein are compositions and methods for suppressing the expression of a nucleic acid such as an
endogenous gene that has a deleterious mutation, using suppression effectors and replacing the mutant gene with a
replacement nucleic acid that escapes recognition by the suppression effector. Described are methods and compositions
for the treatment of a disease caused by a mutant endogenous gene.
[0026] Generally, the term ’suppression effector’ means a molecule that can silence or reduce gene expression in a
sequence specific matter. In an embodiment, the suppression effector targets (e.g., binds) coding sequence. The sup-
pression effector can also target non-coding regions such as 5’ or 3’ untranslated regions, introns, control regions (e.g.,
promoter sequences), other sequences adjacent to a gene, or any combination of such regions. Binding of a suppression
effector to its target nucleic acid prevents or lowers functional expression of the nucleic acid.
[0027] In an embodiment of the invention, the suppression effector is a ribozyme designed to elicit cleavage of target
RNA. In another embodiment, the suppression effector is an antisense nucleic acid, a triple helix-forming DNA, a PNA,
an RNAi, a peptide, an antibody, an aptamer, or a modified form thereof.
[0028] In an embodiment, the invention utilises suppression effectors that bind specifically or partially specifically to
coding sequences of a gene, RNA or protein encoded thereby to prevent or reduce the functional expression thereof,
which may be used in the treatment of autosomal dominant disease, polygenic disease or infectious disease.
[0029] In an embodiment, the suppression effector comprises a nucleotide sequence complementary to at least a
region of the sequence of the target nucleic acid. The suppression effector also functions to suppress or inhibit transcription
or translation of the target nucleic acid. Both functions may be embodied in a single molecular structure, but the sup-
pression effector may have distinct portions that provide a targeting function or a suppressor function. In an embodiment,
the targeting function is provided by a nucleic acid that hybridizes under physiological conditions to a portion of the target
nucleic acid. In an embodiment, the suppressing function is provided by a ribozyme or other suppression effector that
restricts or cuts the target nucleic acid. If the suppression effector is a site-specific ribozyme or siRNA, it preferably is
provided to a cell by transfection of an expression vector that encodes the ribozyme or siRNA, which upon transcription
generates the RNA structure of the ribozyme or siRNA, complete with its targeting nucleotide sequence. Details of how
to make and how to use such suppression effector expression constructs are disclosed herein. As a result of this
transfection, expression of the target nucleic acid is inhibited, suppressed, or preferably eliminated, and its normally
consequent phenotypic effects are blocked or at least diminished. In other instances, a replacement nucleic acid may
be necessary. The replacement nucleic acid may be supplied to cells via coadministration on the same vector, or on a
different vector but at the same time as the DNA encoding the suppression effector. Methods of introducing genes into
organisms are described, for example, in 5,399,346, 5,087,617, 5,246,921, 5,834,440, the disclosures of which are
incorporated herein by reference. Methods of making and transfecting such expression constructs into cells, and the
methods for targeting the transfection to appropriate cells in a multicellular organism are known to those skilled in the art.
[0030] In an embodiment, the compositions of the invention may be used in methods for suppressing the expression
of an endogenous gene having a deleterious mutation(s) and, if required, introducing a replacement nucleic acid, the
method having the steps of: (1) providing a suppressor effector that binds to the disease allele of a gene to be suppressed
and (2) providing a replacement nucleic acid that is modified in at least one wobble base using the degeneracy of the
genetic code, wherein the suppressor effector is unable to bind, or binds less efficiently to, the equivalent or homologous
region in the replacement gene.
[0031] A suppressor effector that partially recognizes its target nucleic acid may not completely suppress the expression
of its target nucleic acid. In a preferred embodiment a suppression effector achieves between about 5% and about 10%,
about 10% and about 30%, about 30% and about 60% suppression of its target gene, more preferably between about
60% and about 80% suppression, more preferably between about 80% and about 90% suppression and still more
preferably between about 90% and about 100% suppression.
[0032] The invention is useful where one or both alleles of the gene in question contain at least one mutation that
affects the function or level of the gene product. For example, the alteration may result in an altered protein product from
the wild-type gene or altered control of transcription and processing. Inheritance, or somatic acquisition of such a mutation
gives rise to a disease phenotype or predisposes an individual to a disease phenotype. Alternatively, the gene of interest
provides a wild-type or normal phenotype, but contributes to a disease state in another way such that the suppression
of the gene would alleviate or improve the disease state or improve the effectiveness of an administered therapeutic
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compound. Notably, the invention has the advantage that the same suppression strategy could be used to suppress, in
principle, many mutations in a gene. This is particularly relevant when large numbers of mutations within a single gene
cause disease pathology.
[0033] In an embodiment, a suppression effector targets a characteristic of one allele of a gene such that suppression
is specific or partially specific to one allele of a gene (see PCT/GB97/00574). The invention further provides for use of
a replacement nucleic acid with altered coding sequences such that replacement nucleic acid is not recognized (or is
recognized less effectively) by the suppression effector. A replacement nucleic acid provides a wild type gene product,
a functionally equivalent gene product or a functionally improved gene product, but is protected completely or partially
from suppression by the suppression effector. In an embodiment of the invention, the replacement nucleic acid has an
altered nucleotide sequence in at least one coding region such that the replacement nucleic acid codes for a product
with one or more altered amino acids. The product (the RNA and/or protein) encoded by the replacement gene is
equivalent to or better than the wild type product.
[0034] In a further embodiment of the invention, replacement nucleic acids are utilised that are not recognized by
naturally occurring suppressors that inhibit or reduce gene expression in one or more individuals, animals or plants. The
invention may use replacement nucleic acids that have altered sequences around degenerate / wobble site(s) such that
suppression by naturally occurring suppressors is completely or partially prevented. This may be due to partial or less
efficient recognition, or selective or preferential binding, of a suppressor effector to the mutant allele vs. the replacement
allele, and may refer to binding which is not stable, due to, for example, sequence dissimilarity or lack of complementarity
of the sequences. Replacement genes may have naturally occurring or artificially introduced sequence changes at
degenerate sites. The replacement nucleic acid may provide (when necessary) additional expression of the normal
protein product when required to ameliorate pathology associated with reduced levels of wild-type protein. The same
replacement gene can be used in conjunction with the suppression of many different disease mutations within a given
gene.
[0035] Nucleic acids encoding suppression effectors or replacement nucleic acids may be provided in the same vector
or in separate vectors. Suppression effectors or replacement nucleic acids may be provided separately or as a combination
of nucleic acids. The suppression effectors can be administered before, after, or simultaneously with a replacement
nucleic acid. Multiple suppression effectors can be used to suppress one or more target nucleic acids or to optimise the
efficiency of suppression. Suppression effectors may be administered as naked nucleic acids or nucleic acids in vectors
or can be delivered with lipids, polymers, nucleic acids, or other derivatives that aid gene delivery or expression. Nucle-
otides may be modified to render them more stable, for example, resistant to cellular nucleases while still supporting
RNaseH mediated degradation of RNA or with increased binding efficiencies, or uptake. Alternatively, antibodies, aptam-
ers, or peptides can be generated to target the protein product of the gene to be suppressed.
[0036] In an embodiment of the invention, vectors containing one or more suppression effectors in the form of nucleic
acids that target coding sequence(s), or combinations of coding and non-coding sequences, of a target nucleic acid,
and vector(s) containing a replacement nucleic acid sequence to which nucleic acids for suppression are unable to bind
(or bind less efficiently), may be used in the preparation of a combined medicament for the treatment of an autosomal
dominant or polygenic disease. Vectors can be DNA or RNA vectors derived from, e.g., bacteria or viruses. Exemplary
viral vectors that may be used in the practice of the invention include those derived from adenovirus (Ad) (Macejak et
al. 1999); adenoassociated virus (AAV) (Horster et al. 1999); retroviral-C type such as MLV (Wang et al. 1999); lentivirus
such as HIV or SIV (Takahashi et al. 1999); herpes simplex (HSV) (Latchman et al. 2000); and SV40 (Strayer et al.
2000). Exemplary, non-viral vectors that may be useful in the practice of the invention include bacterial vectors from
Shigella flexneri (Sizemore et al. 1995 and Courvalin et al. 1995), such as the S. flexneri that is deficient in cell-wall
synthesis and requires diaminopimeliacid (DAP) for growth. In the absence of DAP, recombinant bacteria lyse in the
host cytosol and release the plasmid. Another exemplary non-viral vector is the intergrase system from bacteriophage
phiC31 (Ortiz-Urda S et al. 2001). Cationic lipid mediated delivery of suppression effectors (Tam et al. 2000), soluble
biodegradable polymer-based delivery (Maheshwari et al. 2000), or electroporation/ ionthophoresis (Muramatsu et al.
2001; Rossi et al. 1983) may also be used.
[0037] Kits of the invention may be used in the treatment of a disease caused by a deleterious mutation in a gene,
the kit comprising at least one suppression effector able to bind to a gene or RNA to be suppressed and, optionally, a
replacement nucleic acid to replace the mutant gene having a sequence that allows it to be expressed and to completely
or partially escape suppression by the suppression effector.
[0038] In some cases it is possible that lowering RNA levels may lead to a parallel lowering of protein levels, however
this is not always the case. In some situations mechanisms may prevent a significant decrease in protein levels despite
a substantial decrease in levels of RNA. However, in many instances suppression at the RNA level has been shown to
lower protein levels. In some cases it is thought that ribozymes elicit suppression not only by cleavage of RNA but also
by an antisense effect due to the antisense arms in the ribozyme surrounding the catalytic core. Ribozyme activity may
be augmented by the use of, for example, non-specific nucleic acid binding proteins or facilitator oligonucleotides (Her-
schlag et al., 1994; Jankowsky and Schwenzer, 1996). Multitarget ribozymes such as, for example, connected or shotgun



EP 1 532 246 B1

11

5

10

15

20

25

30

35

40

45

50

55

ribozymes have been suggested as a means of improving the efficiency of ribozymes for gene suppression (Ohkawa
et al., 1993). In addition, maxizymes which do not require NUX sites offer more flexibility in terms of selecting suitable
target sites.
[0039] The strategies, compositions and methods described herein have applications for alleviating autosomal dom-
inant diseases. Complete silencing of a disease allele may be difficult to achieve using certain suppression effectors or
any combination thereof. However small quantities of mutant gene product may be tolerated in some autosomal dominant
disorders. In others, a significant reduction in the proportion of mutant to normal product may result in an amelioration
of disease symptoms. Hence the strategies, compositions and methods described herein may be applied to any autosomal
dominantly or polygenically inherited disease where the molecular basis of the disease has been established or is partially
understood. The invention will enable the same therapy to be used to treat or study a range of different disease mutations
within the same gene. The invention circumvents the need for a specific therapy for every mutation causing or predisposing
to a disease. This is particularly relevant in some disorders, for example, rhodopsin linked autosomal dominant RP, in
which to date about one hundred different mutations in the rhodopsin gene have been observed in adRP patients.
[0040] The strategies described herein may be applied in gene therapy approaches for biologically important polygenic
disorders affecting large proportions of the world’s populations such as age-related macular degeneration, glaucoma,
manic depression, cancers having a familial component and indeed many others, including infectious diseases (e.g.,
targeting genes for endogenous proteins required for infection of viruses, bacteria, parasites, or prions, for example).
Polygenic diseases require inheritance of more than one mutation (component) to give rise to the disease state. Notably
an amelioration in disease symptoms may require reduction in the presence of only one of these components, that is,
suppression of one genotype which, together with others leads to the disease phenotype, may be sufficient to prevent
or ameliorate symptoms of the disease. In some cases suppression of more than one component may be required to
ameliorate disease symptoms. Described are interventive therapies for common polygenic diseases to suppress a
particular genotype(s) or modifications of an aberrant drug response by using suppression and, when necessary, re-
placement nucleic acids or gene products.
[0041] Also described is the use of suppression effector and replacement technology to render a cell or individual
which is genetically predisposed to infection by an infectious agent resistant to infection. Some infectious agents use
defined molecular mechanisms to enter and infect cells. These mechanisms are specific to the infectious agent and
indeed in some cases can vary between different serotypes of the same infectious agent (Davidson et al. 2000; Yotnda
P et al. 2001). There is also evidence that small variations in the genes encoding products involved in these mechanisms
of infection can have a substantial effect on the ability of the agent to be infectious. For example, there is evidence that
HIV requires the CCR5 receptor for infection. The CCR5 gene encodes a cell surface receptor protein that binds HIV-
suppressive β-chemokines. Some individuals are resistant to HIV (Samson et al. 1996) and this resistance has been
linked to one allelic variant of the CCR5 gene that has a 32bp deletion in the gene - individuals homozygous for this
allele seem to be highly resistant to HIV infection. In the Caucasian population the frequency of this allele is about 0.1,
suggesting that approximately 1 in 100 people may be homozygous for the allele. The other 99% of the population harbor
one or two alleles of the CCR5 receptor gene that aid HIV infection. Similarly it has been established that the Haemaglobin
C variant (β6Glu to Lys) can protect against malarial infection in individuals who are Haemoglobin C homozygous (HbCC).
(Modlano D et al. 2001; Commentary in Science Magazine 2001 294: p1439). Given this scenario there has been and
will continue to be a natural evolution towards increased frequencies of the Haemaglobin C variant in populations where
malaria is prevalent. Given knowledge of the molecular mechanisms of infection and resistance to infectious agents the
suppression and replacement technologies described herein can be used in the prophylaxis and treatment of infectious
agents / disorders such as those outlined above.

Ribozyme Suppression Effectors

[0042] Preferred antisense molecules are ribozymes designed to catalytically cleave target allele mRNA transcripts
to prevent translation of mRNA and expression of a target allele (See, e.g., PCT International Publication WO 94/11364,
published Oct. 4, 1990; Sarver et al., 1990). Ribozymes are enzymatic RNA molecules capable of catalyzing the specific
cleavage of RNA. A ribozyme may be, for example, a hammerhead ribozyme (Haseloff et al. 1989); a hairpin ribozyme
(Feldstein et al. 1989); a hepatitis delta virus RNA subfragment (Wu et al. 1989); a neurospora mitochondrial VA RNA
(Saville et al. 1990); a connected or shotgun ribozyme (Chen et al. 1992); or a minizyme (or a transplicing ribozyme
(Ayre et al. 1999) or a maxizyme (Kuwabara et al. 1998) (Kuwabara et al. 1996). In addition, the inhibitory effect of some
ribozymes may be due in part to an antisense effect of the antisense sequences flanking the catalytic core which specify
the target site. A hammerhead ribozyme may cleave an RNA at an NUX site in any RNA molecule, wherein N is selected
from the group consisting of C, U, G, A and X is selected from the group consisting of C, U or A. Alternatively, other
recognition sites may be used as appropriate for the ribozyme, such as 5’ -UX -3’, where X = A, C, or U. The mechanism
of ribozyme action involves sequence specific hybridization of the ribozyme molecule to complementary target RNA,
followed by an endonucleolytic cleavage. The composition of ribozyme molecules must include one or more sequences
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complementary to the target gene mRNA, and must include a catalytic sequence responsible for mRNA cleavage. For
example, see U.S. Pat. No. 5,093,246.
[0043] Other variables require consideration in designing a ribozyme, such as the two dimensional conformation of
the RNA (e.g., loops) and the accessibility of a ribozyme for its target. The utility of an individual ribozyme designed to
target an NUX site in an open loop structure of transcripts from one allele of a gene will depend in part on the robustness
of the RNA open loop structure when various deleterious mutations are also present in the transcript. Robustness may
be evaluated using an RNA-folding computer program such as RNAPlotFold. A robust loop refers to the occurrence of
the loop for most or all of the plotfolds with different energy levels. For example, data for six different adRP causing
mutations in the rhodopsin gene were evaluated. For each of these mutations the large RNA open loop structure which
is targeted by Rz40 was maintained in the mutant transcripts.
[0044] The ribozymes for use in the present invention also include RNA endoribonucleases (hereinafter "Cech-type
ribozymes") such as the one that occurs naturally in Tetrahymena Thermophila (known as the IVS, or L-19 IVS RNA)
and which has been extensively described by Thomas Cech and collaborators (Zaug, et al., 1984; Zaug and Cech, 1986;
Zaug, et al., 1986; published International patent application No. WO88/04300 by University Patents Inc.; Been and
Cech, 1986). The Cech-type ribozymes have an eight base pair active site which hybridizes to a target RNA sequence
whereafter cleavage of the target RNA takes place. The invention may use those Cech-type ribozymes that target eight
base-pair active site sequences that are present in a target allele. Hairpin, hammerhead, trans-splicing ribozymes and
indeed any ribozyme could be used in the practice of the invention (Haseloff et al. 1989; Feldstein et al. 1989; Wu et al.
1989; Saville 1990; Chen et al. 1992; and Kuwabara et al 1996). In addition, any RNA inactivating or RNA cleaving agent
which is capable of recognition of and/or binding to specific nucleotide sequences in an RNA is contemplated. For
example, splicesome-mediated RNA trans-splicing (Puttaraju et al. 1999); double strand RNA (Fire et al. 1998; Bahramian
et al. 1999); PNAs (Chinnery et al. 1999; Nielsen et al. 2000); antisense DNA (Reaves et al. 2000); antisense RNA
(Chadwick et al. 2000); or triple helix forming oligonucleotides (Chan et al. 1997). All types of RNA may be cleaved in
the practice of the invention, including, for example, mRNA, tRNA, rRNA and snRNPs.
[0045] Ribozymes can be composed of modified oligonucleotides (e.g., for improved stability, targeting, etc.) and
should be delivered to cells that express the target allele. A preferred method of delivery involves using a DNA construct
encoding the ribozyme under the control of a strong constitutive pol III or pol II promoter, so that transfected cells produce
sufficient quantities of the ribozyme to destroy endogenous target allele messages and inhibit translation. Because
ribozymes, unlike antisense molecules, are catalytic, a lower intracellular concentration of ribozymes may be required
for efficient suppression.
[0046] Hammerhead ribozymes with antisense arms were used to elicit sequence specific cleavage of transcripts from
genes implicated in dominant disorders but not of transcripts from replacement nucleic acids containing sequence
modifications in wobble positions such that the replacement nucleic acid still codes for wild type protein. The present
invention is exemplified using suppression effectors targeting sites in coding regions of the human and mouse rhodopsin.
Also described are examples utilizing suppression effectors targeting sites in coding regions of human peripherin and
human collagen 1A2 genes. Rhodopsin expression is retina specific, whereas collagen 1A2 is expressed in a number
of tissues, including skin and bond. Many examples of mutant genes that give rise to disease phenotypes are known in
the art.
[0047] Although present invention is exemplified using RNAi and hammerhead ribozymes, there is no reason why
other suppression effectors directed towards genes, gene transcripts or gene products could not be used to achieve
gene suppression such as, for example, antisense RNA, antisense DNA, triple helix forming DNA, PNAs and peptides.

Antisense Suppression Effectors

[0048] Antisense suppression refers to administration or in situ generation of nucleic acid sequences or their derivatives
that specifically hybridize or bind under cellular conditions, with the cellular mRNA and/or genomic DNA encoding one
or more of the subject target alleles so as to inhibit expression of that target allele, e.g. by inhibiting transcription and/or
translation. The binding may be by conventional base pair complementarity, or, for example, in the case of binding to
DNA duplexes, through specific interactions in the major groove of the double helix. In general, antisense suppression
refers to the range of techniques generally employed in the art, and includes any suppression which relies on specific
binding to nucleic acid sequences. An antisense construct for use in the present invention can be delivered, for example,
as an expression plasmid which, when transcribed in the cell, produces RNA that is complementary to at least a unique
portion of the cellular mRNA that encodes a target sequence or target allele of an endogenous gene. Alternatively, the
antisense construct is a nucleic acid that is generated ex vivo and which, when introduced into the cell, causes inhibition
of expression by hybridizing with the mRNA and/or genomic sequences of a target allele of an endogenous gene. Such
nucleic acids are preferably modified oligonucleotides that are resistant to endogenous nucleases, e.g., exonucleases
and/or endonucleases, and are therefore stable in vivo. Modifications, such as phosphorothioates, have been made to
nucleic acids to increase their resistance to nuclease degradation, binding affinity and uptake (Cazenave et al., 1989;
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Sun et al., 1989; McKay et al., 1996; Wei et al., 1996). Exemplary nucleic acid molecules for use as antisense oligonu-
cleotides are phosphoramidate, phosphothioate and methylphosphonate analogs of DNA (see also U.S. Pat. Nos.
5,176,996; 5,264,564; and 5,256,775). Additionally, general approaches to constructing oligomers useful in antisense
therapy have been reviewed, for example, by Van der Krol et al., 1988 and Stein et al., 1988.
[0049] Antisense approaches involve the design of oligonucleotides (either DNA or RNA) that are complementary to
a target allele of a gene or its gene product. The antisense oligonucleotides may bind to the target allele mRNA transcripts
and prevent translation. Absolute complementarity, although preferred, is not required. Antisense nucleic acids that are
complementary to the 5’ end of the message, e.g., the 5’ untranslated sequence up to and including the AUG initiation
codon, may work most efficiently at inhibiting translation. However, sequences complementary to the 3’ untranslated
sequences of mRNAs are also effective at inhibiting translation of mRNAs. (Wagner, R. 1994). Therefore, nucleic acids
complementary to either the 5’ or 3’ untranslated, non-coding regions of a target allele of an endogenous gene could
be used in an antisense approach to inhibit translation of the product of the target allele. Nucleic acids complementary
to the 5’ untranslated region of the mRNA should preferably include the complement of the AUG start codon. Antisense
nucleic acids complementary to mRNA coding regions are less efficient inhibitors of translation but could be used in
accordance with the invention. Whether designed to hybridize to the 5’, 3’ or coding region of the mRNA encoding a
target allele, antisense nucleic acids should be about at least six nucleotides in length, and are preferably nucleic acids
ranging from 6 to about 50 nucleotides in length. In certain embodiments, the nucleic acid is at least 10 nucleotides, at
least 17 nucleotides, at least 25 nucleotides, or at least 50 nucleotides in length.
[0050] Suppression of RNAs that are not translated are also contemplated, such as, for example, snRNPs, tRNAs
and rRNAs. For example, some genes are transcribed but not translated or the RNA transcript functions at the RNA
level (i.e., the RNA of these genes may have a function that is separate from the function which its translated gene
product (protein) may have). For example, in an Irish family suffering from retinitis pigmentosa in conjunction with
sensorineural deafness, the mutation was identified to be a single base substitution in the second mitochondrial serine
tRNA gene, a gene which is indeed transcribed but not translated (Mansergh et al. 1999). Other examples include Tsix
and Xist (van Stijn et al. 1995; Rupert et al. 1995), H19 (Miyatake et al. 1996; Matsumoto et al. 1994; Redeker et al.
1993), IPW (imprinted gene in the Prader-Willi syndrome region) (Wevrick et al. 1994). The IPW RNA is spliced and
polyadenylated, but its longest open reading frame is 45 amino acids. The RNA is widely expressed in adult and fetal
tissues and is found in the cytoplasmic fraction of human cells, which is also the case for the H19 non-translated RNA,
but differs from the Xist RNA which is found predominantly in the nucleus. Using a sequence polymorphism, exclusive
expression from the paternal allele in lymphoblasts and fibroblasts has been demonstrated and monoallelic expression
found in fetal tissues.
[0051] Regardless of the choice of target sequence, it is preferred that in vitro studies are first performed to quantitate
the ability of the antisense nucleic acid to inhibit gene expression. It is preferred that these studies utilize controls that
distinguish between antisense gene inhibition and nonspecific biological effects of the nucleic acids. It is also preferred
that these studies compare levels of the target RNA or protein with that of an internal control RNA or protein.
[0052] The antisense nucleic acids can be DNA or RNA or chimeric mixtures or derivatives or "modified versions
thereof’, single-stranded or double-stranded. As referred to herein, "modified versions thereof" refers to nucleic acids
that are modified, e.g., at a base moiety, sugar moiety, or phosphate backbone, for example, to improve stability or
halflife of the molecule, hybridization, etc. Possible modifications include but are not limited to the addition of flanking
sequences of ribonucleotides or deoxyribonucleotides to the 5’ and/or 3’ ends of the molecule or the use of phospho-
rothioate or 2’ O-methyl rather than phosphodiesterase linkages within the oligodeoxyribonucleotide backbone. The
nucleic acid may include other appended groups such as peptides (e.g., for targeting host cell receptors in vivo), or
agents facilitating transport across the cell membrane (see, e.g., Letsinger et al., 1989; Lemaitre et al., 1987; PCT
Publication No. WO 88/09810, published Dec. 15, 1988) or the blood-brain barrier (see, e.g., PCT Publication No. WO
89/10134, published Apr. 25, 1988), hybridization-triggered cleavage agents, (See, e.g., Krol et al., 1988) or intercalating
agents. (See, e.g., Zon, 1988). To this end, the oligonucleotide may be conjugated to another molecule, e.g., a peptide,
hybridization triggered cross-linking agent, transport agent, hybridization-triggered cleavage agent, etc.
[0053] The antisense nucleic acid may comprise at least one modified base moiety which is selected from the group
including, but not limited to, 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetyl-
cytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyl-
uracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine,
2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methyl-
guanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5’-methoxycar-
boxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine,
pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5oxyacetic
acid methylester, uracil-5-oxyacetic acid (v), -5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w,
and 2,6-diaminopurine.
[0054] The antisense nucleic acids may also comprise at least one modified sugar moiety selected from the group
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including but not limited to arabinose, 2-fluoroarabinose, xylulose, and hexose.
[0055] In yet another embodiment, the antisense nucleic acid comprises at least one modified phosphate backbone
selected from the group consisting of a phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a phospho-
ramidate, a phosphordiamidate, a methylphosphonate, an alkyl phosphotriester, and a formacetal or analog thereof.
[0056] In yet another embodiment, the antisense nucleic acid is an ∂-anomeric oligonucleotide. An ∂-anomeric oligo-
nucleotide forms specific double-stranded hybrids with complementary RNA in which, contrary to the usual β-units, the
strands run parallel to each other (Gautier et al., 1987). The oligonucleotide is a 2’-0-methylribonucleotide (Inoue et al.,
1987), or a chimeric RNA-DNA analogue (Inoue et al., 1987).
[0057] The antisense molecules should be delivered to cells that express the target allele. A number of methods have
been developed for delivering antisense DNA or RNA to cells; e.g., antisense molecules can be injected directly into a
tissue site, or modified antisense molecules, designed to target the desired cells (e.g., antisense linked to peptides or
antibodies that specifically bind receptors or antigens expressed on the target cell surface) can be administered sys-
temically.
[0058] In an embodiment, a recombinant DNA construct in which the antisense nucleic acid is placed under the control
of a strong promoter is used. The use of such a construct to transfect target cells results in the transcription of sufficient
amounts of single stranded RNAs that form complementary base pairs with the endogenous target allele transcripts and
thereby prevent translation of the target allele mRNA. For example, a vector is introduced such that it is taken up by a
cell and directs the transcription of an antisense RNA. Such a vector can remain episomal or become chromosomally
integrated, as long as it can be transcribed to produce the desired antisense RNA. Such vectors can be constructed by
recombinant DNA technology methods standard in the art. Vectors can be plasmid, viral, or others known in the art,
used for replication and expression in mammalian cells. Expression of the sequence encoding the antisense RNA can
be by any promoter known in the art to act in mammalian, preferably human cells. Such promoters can be inducible or
constitutive. Such promoters include but are not limited to: the SV40 early promoter region (Bernoist and Chambon,
1981), the promoter contained in the 3’ long terminal repeat of Rous sarcoma virus (Yamamoto et al., 1980), the herpes
thymidine kinase promoter (Wagner et al., 1981), the regulatory sequences of the metallothionein gene (Brinster et al,
1982), the rhodopsin promoter (McNally et al. 1999; Zack et al., 1991), the collagen1A2 promoter (Akai et al. 1999;
Antoniv et al. 2001), the collagen 1A1 promoter (Sokolov et al. 1995; Breault et al. 1997) and others. Any type of plasmid,
cosmid, YAC or viral vector can be used to prepare the recombinant DNA construct which can be introduced directly
into the tissue site; e.g., the bone marrow. Alternatively, viral vectors can be used which selectively infect the desired
tissue; (e.g., for brain, herpesvirus vectors may be used), in which case administration may be accomplished by another
route (e.g., systemically).
[0059] Antisense constructs for use in the present invention, by antagonizing the normal biological activity of the target
allele proteins, can be used in the modulation (i.e., activation or stimulation, e.g., by agonizing or potentiating and
inhibition or suppression, e.g., by antagonizing, decreasing or inhibiting) of cellular activity both in vivo and, likewise, for
ex vivo tissue cultures.
[0060] The antisense techniques can be used to investigate the role of target allele RNA or protein product in devel-
opmental events, as well as the normal cellular function of target allele products in adult tissue. Such techniques can
be utilized in cell culture, but can also be used in the creation of transgenic animals.

Triple Helix Suppression Effectors

[0061] Endogenous target allele gene expression can be reduced by targeting DNA sequences complementary to the
regulatory region of the target allele (i.e., the target allele promoter and/or enhancers) to form triple helical structures
that prevent transcription of the target allele in target cells in the body (Helene, 1991; Helene et al., 1992; Maher, 1992).
[0062] Nucleic acid molecules used in triple helix formation for the inhibition of transcription are preferably single
stranded and composed of deoxyribonucleotides. The base composition of these oligonucleotides promotes triple helix
formation via Hoogsteen base pairing rules, which generally require sizable stretches of either purines or pyrimidines
to be present on one strand of a duplex. Nucleotide sequences may be pyrimidine-based, which will result in TAT and
CGC triplets across the three associated strands of the resulting triple helix. The pyrimidine-rich molecules provide base
complementarity to a purine-rich region of a single strand of the duplex in a parallel orientation to that strand. In addition,
nucleic acid molecules may be chosen that are purine-rich, for example, containing a stretch of G residues. These
molecules will form a triple helix with a DNA duplex that is rich in GC pairs, in which the majority of the purine residues
are located on a single strand of the targeted duplex, resulting in CGC triplets across the three strands in the triplex.
[0063] Alternatively, the potential sequences that can be targeted for triple helix formation may be increased by creating
a so called "switchback" nucleic acid molecule. Switchback molecules are synthesized in an alternating 5’-3’, 3’-5’
manner, such that they base pair with first one strand of a duplex and then the other, eliminating the necessity for a
sizable stretch of either purines or pyrimidines to be present on one strand of a duplex. Alternatively, other suppression
effectors such as double stranded RNA could be used for suppression.
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[0064] Antisense RNA and DNA, ribozyme, and triple helix molecules of the invention may be prepared by any method
known in the art for the synthesis of DNA and RNA molecules. These include techniques for chemically synthesizing
oligodeoxyribonucleotides and oligoribonucleotides well known in the art such as for example solid phase phosphora-
midite chemical synthesis. Oligonucleotides for use in the invention may be synthesized by standard methods known
in the art, e.g. by use of an automated DNA synthesizer (e.g., such as are commercially available from Biosearch, Applied
Biosystems, etc.). As examples, phosphorothioate oligonucleotides may be synthesized by the method of Stein et al.,
1988, methylphosphonate oligonucleotides can be prepared by use of controlled pore glass polymer supports (Sarin et
al., 1988).
[0065] Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DNA sequences encoding
the antisense RNA molecule. Such DNA sequences may be incorporated into a wide variety of vectors which incorporate
suitable RNA polymerase promoters such as the T7 or SP6 polymerase promoters. Alternatively, antisense cDNA
constructs that synthesize antisense RNA constitutively or inducibly, depending on the promoter used, can be introduced
stablely into cell lines.

siRNA

[0066] RNAi can be used to suppress expression of the target nucleic acid. A replacement nucleic acid is provided
that is altered around the RNAi target site at degenerate (wobble) positions such that it escapes suppression by the
RNAi at least in part but the amino acid sequence it encodes is normal. Replacement nucleic acids thereby escape, at
least in part, suppression by the RNAi. The sequence specificity of RNAi suppression may be dependent on the individual
structures of siRNA molecules and their targets. Various studies exploring specific and non-specific siRNA suppression
have been reported (Miller et al. 2003). It is notable that at times siRNA specificity may be at a single nucleotide level
whereas in other cases multiple sequence differences between the target and the antisense strand of the siRNA may
be required to eliminate suppression of the target by a given siRNA. The degeneracy of the genetic code is readily
utilized to introduce such sequence differences.

Transgenic Animals

[0067] Described herein are transgenic animals, e.g., non-human animals, in which one or more of the cells of the
animal contain heterologous nucleic acid introduced by way of human intervention, such as by transgenic techniques
well known in the art. The nucleic acid is introduced into a cell, directly or indirectly by introduction into a precursor of a
cell, by way of deliberate genetic manipulation, such as by microinjection or by infection with a recombinant virus. This
molecule may be integrated within a chromosome, or it may be extrachromosomally replicating DNA. In the typical
transgenic animals described herein, the transgene causes cells to express a recombinant form of a polypeptide, e.g.
either agonistic or antagonistic forms. Moreover, transgenic animals may be animals in which gene disruption of one or
more genes is caused by human intervention, including both recombination and antisense techniques. The transgenic
animal could be used, as in humans, to develop therapies for animals. Alternatively, the transgenic animal could be used
as research tools in the development of animal models mostly via transgenic techniques. For example, a transgenic
animal expressing a suppression effector such as a ribozyme, that inhibits the expression of an endogenous gene may
also express a replacement gene that is altered so as to not be recognized by the suppression effector. The transgenic
animal therefore represents a rescued animal. In addition, the transgenic animal could be used to investigate the role /
functions of various genes and gene products.
[0068] The "non-human animals" include mammals such as rodents, non-human primates, sheep, dog, cow, pig,
chickens, as well as birds, marsupials, amphibians, reptiles, etc. Non-human animals may be selected from the primate
family (e.g., macaque) or rodent family (e.g., rat and mouse) although transgenic amphibians, such as members of the
Xenopus genus, and transgenic chickens are useful for understanding and identifying agents that affect, for example,
embryogenesis, tissue formation, and cellular differentiation. The term "chimeric animal" is used herein to refer to animals
in which a recombinant gene (e.g., suppression effector or replacement nucleic acid) is found, or in which a recombinant
gene is expressed in some but not all cells of the animal. The term "tissue-specific chimeric animal" indicates that a
recombinant gene is present and/or expressed or disrupted in some tissues but not others. As used herein, the term
"transgene" means a nucleic acid sequence (encoding, e.g., human rhodopsin, or a ribozyme that targets mutant mouse
rhodopsin) that has been introduced into a cell. A transgene could be partly or entirely heterologous, i.e., foreign, to the
transgenic animal or cell into which it is introduced, or can be homologous to an endogenous gene of the transgenic
animal or cell into which it is introduced, but which is inserted into the animal’s genome in such a way as to alter the
cell’s genome (e.g., it is inserted at a location different from that of the natural gene, or its insertion results in a knockout).
A transgene can also be present in a cell in the form of an episome. A transgene can include one or more transcriptional
regulatory sequences and any other nucleic acid, such as 5’ UTR sequences, 3’ UTR sequences, or introns, that may
be necessary for optimal expression of a selected nucleic acid.
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[0069] Transgenic animals can be used for a variety of purposes, e.g., to identify human rhodopsin therapeutics.
Transgenic animals include non-human animals containing a heterologous human rhodopsin gene or fragment thereof
under the control of a human rhodopsin promoter or under the control of a heterologous promoter. Accordingly, transgenic
animals can be animals expressing a transgene encoding a wild-type human rhodopsin protein, for example, or fragment
thereof or variants thereof, including mutants and polymorphic variants thereof. Such animals can be used, e.g., to
determine the effect of a difference in amino acid sequence of human rhodopsin protein such as a polymorphic difference.
These animals can also be used to determine the effect of expression of human rhodopsin protein in a specific site or
for identifying human rhodopsin therapeutics or confirming their activity in vivo. The human rhodopsin transgenic animal
contains a human rhodopsin nucleic acid sequence that has been altered such that it cannot bind to a ribozyme such
as it escapes suppression by the ribozyme Rz40. In another preferred embodiment, a transgenic animal expresses
Rz40. In another preferred embodiment, a transgenic animal expresses both human rhodopsin and Rz40.
[0070] Transgenic animals in which the recombinant rhodopsin gene or the suppression effector is silent are also
described, as for example, the FLP or CRE recombinase dependent constructs described below or the use of promoters
that are sensitive to chemicals or stimuli, for example, tetracycline inducible promoters.
[0071] The transgenic animal may contain a transgene, such as reporter gene, under the control of a human rhodopsin
promoter or fragment thereof. These animals are useful, e.g., for identifying compounds that modulate production of
human rhodopsin, such as by modulating human rhodopsin gene expression. A human rhodopsin gene promoter can
be isolated, e.g., by screening of a genomic library with a human rhodopsin cDNA fragment and characterized according
to methods known in the art. Optionally, the transgenic animal containing a human rhodopsin reporter gene is used to
screen a class of bioactive molecules known for their ability to modulate human rhodopsin protein expression.
[0072] In another option, the transgenic animal is an animal in which the expression of the endogenous rhodopsin
gene has been mutated or "knocked out". A "knock out" animal is one carrying a homozygous or heterozygous deletion
of a particular gene or genes. These animals are useful for determining whether the absence of rhodopsin protein results
in a specific phenotype, in particular whether the transgenic animal has or is likely to develop a specific disease, such
as a high susceptibility to macular degeneration. Knockout transgenic animals are useful in screens for drugs that
alleviate or attenuate the disease condition resulting from the mutation of a rhodopsin gene as outlined below. The
animals are also useful for determining the effect of a specific amino acid difference, or allelic variation, in a rhodopsin
gene. The rhodopsin knock out animals can be crossed with transgenic animals expressing, e.g., a mutated form or
allelic variant of rhodopsin, thus resulting in an animal that expresses only the mutated protein or the allelic variant of
rhodopsin and not the endogenous wild-type protein. A transgenic rhodopsin knock-out mouse, carrying the mutated
rhodopsin locus on one or both of its chromosomes, may be used as a model system for transgenic or drug treatment
of the condition resulting from loss of rhodopsin expression.
[0073] Methods for obtaining transgenic and knockout non-human animals are well known in the art. Knock out mice
are generated by homologous integration of a "knock out" construct into a mouse embryonic stem cell chromosome that
encodes the gene to be knocked out. In one option, gene targeting, which is a method of using homologous recombination
to modify an animal’s genome, is used to introduce changes into cultured embryonic stem cells (ES cells). By targeting
a rhodopsin gene of interest in ES cells, these changes are introduced into the germlines of animals to generate chimeras.
The gene targeting procedure is accomplished by introducing into tissue culture cells a DNA targeting construct that
includes a segment homologous to a target rhodopsin locus, and that also includes an intended sequence modification
to the rhodopsin genomic sequence (e.g., insertion, deletion, point mutation). The treated cells are then screened for
accurate targeting to identify and isolate those that have been properly targeted.
[0074] In an option, a knock out mouse is generated by the integration of a suppression effector into the mouse
genome, such that sufficient levels of the transgene are expressed and mouse rhodopsin (normal or mutant) expression
is inhibited. Alternatively, the suppression effector may be expressed in the cell or mouse but it is not integrated into the
genome.
[0075] Gene targeting in ES cells is a means for disrupting a rhodopsin gene function through the use of a targeting
transgene construct designed to undergo homologous recombination with one or more rhodopsin genomic sequences.
The targeting construct can be arranged so that, upon recombination with an element of a rhodopsin gene, a positive
selection marker is inserted into (or replaces) coding sequences of the gene. The inserted sequence functionally disrupts
the rhodopsin gene, while also providing a positive selection trait. Exemplary rhodopsin targeting constructs are described
in more detail below.
[0076] Generally, the ES cells used to produce the knockout animals are of the same species as the knockout animal
to be generated. Thus for example, mouse embryonic stem cells can usually
be used for generation of knockout mice. Embryonic stem cells are generated and maintained using methods well known
to the skilled artisan. Any line of ES cells can be used, however, the line chosen is typically selected for the ability of the
cells to integrate into and become part of the germ line of a developing embryo so as to create germ line transmission
of the knockout construct. Thus, any ES cell line that is believed to have this capability is suitable for use herein. One
mouse strain that is typically used for production of ES cells is the 129J strain. Another ES cell line is murine cell line
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D3. Still another preferred ES cell line is the WW6 cell line. The cells are cultured and prepared for knockout construct
insertion using methods well known to the skilled artisan.
[0077] A knock out construct refers to a uniquely configured fragment of nucleic acid that is introduced into a stem
cell line and allowed to recombine with the genome at the chromosomal locus of the gene of interest to be mutated.
Thus a given knock out construct is specific for a given gene to be targeted for disruption. Nonetheless, many common
elements exist among these constructs and these elements are well known in the art. A typical knock out construct
contains nucleic acid fragments of not less than about 0.5 kb nor more than about 10.0 kb from both the 5’ and the 3’
ends of the genomic locus which encodes the gene to be mutated. These two fragments are separated by an intervening
fragment of nucleic acid that encodes a positive selectable marker, such as the neomycin resistance gene (neoR). The
resulting nucleic acid fragment, consisting of a nucleic acid from the extreme 5’ end of the genomic locus linked to a
nucleic acid encoding a positive selectable marker, which is in turn linked to a nucleic acid from the extreme 3’ end of
the genomic locus of interest, omits most of the coding sequence for the rhodopsin gene or other gene of interest to be
knocked out. When the resulting construct recombines homologously with the chromosome at this locus, it results in the
loss of the omitted coding sequence, otherwise known as the structural gene, from the genomic locus. A stem cell in
which such a rare homologous recombination event has taken place can be selected for by virtue of the stable integration
into the genome of the nucleic acid of the gene encoding the positive selectable marker and subsequent selection for
cells expressing this marker gene in the presence of an appropriate drug (neomycin in this example).
[0078] Variations on this basic technique also exist and are well known in the art. For example, a "knock-in" construct
refers to the same basic arrangement of a nucleic acid encoding a 5’ genomic locus fragment linked to nucleic acid
encoding a positive selectable marker that in turn is linked to a nucleic acid encoding a 3’ genomic locus fragment, but
which differs in that none of the coding sequence is omitted and thus the 5’ and the 3’ genomic fragments used were
initially contiguous before being disrupted by the introduction of the nucleic acid encoding the positive selectable marker
gene. This "knock-in" type of construct is thus very useful for the construction of mutant transgenic animals when only
a limited region of the genomic locus of the gene to be mutated, such as a single exon, is available for cloning and
genetic manipulation. Alternatively, the "knock-in" construct can be used to specifically eliminate a single functional
domain of the targeted gene, resulting in a transgenic animal that expresses a polypeptide of the targeted gene which
is defective in one function, while retaining the function of other domains of the encoded polypeptide. This type of "knock-
in" mutant frequently has the characteristic of a so-called "dominant negative" mutant because, especially in the case
of proteins that homomultimerize, it can specifically block the action of (or "poison") the polypeptide product of the wild-
type gene from which it was derived. In a variation of the knock-in technique, a marker gene is integrated at the genomic
locus of interest such that expression of the marker gene comes under the control of the transcriptional regulatory
elements of the targeted gene. A marker gene is one that encodes an enzyme whose activity can be detected (e.g., β-
galactosidase), the enzyme substrate can be added to the cells under suitable conditions and the enzymatic activity can
be analyzed. One skilled in the art is familiar with other useful markers and the means for detecting their presence in a
given cell. All such markers are contemplated as being included within the scope of the teaching herein.
[0079] As mentioned above, the homologous recombination of the above described "knock out" and "knock in" con-
structs is very rare and frequently such a construct inserts nonhomologously into a random region of the genome where
it has no effect on the gene that has been targeted for deletion, and where it can potentially recombine so as to disrupt
another gene that was otherwise not intended to be altered. Such nonhomologous recombination events can be selected
against by modifying the above mentioned knock out and knock in constructs so that they are flanked by negative
selectable markers at either end (particularly through the use of two allelic variants of the thymidine kinase gene, the
polypeptide product of which can be selected against in expressing cell lines in an appropriate tissue culture medium
well known in the art - i.e., one containing a drug such as 5-bromodeoxyuridine). Thus, a preferred embodiment of such
a knock out or knock in construct for use in the invention consist of a nucleic acid encoding a negative selectable marker
linked to a nucleic acid encoding a 5’ end of a genomic locus linked to a nucleic acid of a positive selectable marker
which in turn is linked to a nucleic acid encoding a 3’ end of the same genomic locus which in turn is linked to a second
nucleic acid encoding a negative selectable marker. Nonhomologous recombination between the resulting knock out
construct and the genome usually result in the stable integration of one or both of these negative selectable marker
genes and hence cells that have undergone nonhomologous recombination can be selected against by growth in the
appropriate selective media (e.g., media containing a drug such as 5-bromodeoxyuridine for example). Simultaneous
selection for the positive selectable marker and against the negative selectable marker results in a vast enrichment for
clones in which the knock out construct has recombined homologously at the locus of the gene intended to be mutated.
The presence of the predicted chromosomal alteration at the targeted gene locus in the resulting knock out stem cell
line can be confirmed by means of Southern blot analytical techniques which are well known to those familiar in the art.
Alternatively, PCR can be used.
[0080] Each knockout construct to be inserted into the cell must first be in the linear form. Therefore, if the knockout
construct has been inserted into a vector, linearization is accomplished by digesting the DNA with a suitable restriction
endonuclease selected to cut only within the vector sequence and not within the knockout construct sequence.
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[0081] For insertion, the knockout construct is added to the ES cells under appropriate conditions for the insertion
method chosen, as is known to the skilled artisan. For example, if the ES cells are to be electroporated, the ES cells
and knockout construct DNA are exposed to an electric pulse using an electroporation machine and following the
manufacturer’s guidelines for use. After electroporation, the ES cells are typically allowed to recover under suitable
incubation conditions. The cells are then screened for the presence of the knock out construct as described above.
Where more than one construct is to be introduced into the ES cell, each knockout construct can be introduced simul-
taneously or one at a time.
[0082] After suitable ES cells containing the knockout construct in the proper location have been identified by the
selection techniques outlined above, the cells can be inserted into an embryo. Insertion may be accomplished in a variety
of ways known to the skilled artisan, however a preferred method is by microinjection. For microinjection, about 10-30
cells are collected into a micropipet and injected into embryos that are at the proper stage of development to permit
integration of the foreign ES cell containing the knockout construct into the developing embryo. For instance, the trans-
formed ES cells can be microinjected into blastocytes. The suitable stage of development for the embryo used for
insertion of ES cells is very species dependent, however for mice it is about 3.5 days. The embryos are obtained by
perfusing the uterus of pregnant females. Suitable methods for accomplishing this are known to the skilled artisan.
[0083] While any embryo of the right stage of development is suitable for use, preferred embryos are male. In mice,
the preferred embryos also have genes coding for a coat color that is different from the coat color encoded by the ES
cell genes. In this way, the offspring can be screened easily for the presence of the knockout construct by looking for
mosaic coat color (indicating that the ES cell was incorporated into the developing embryo). Thus, for example, if the
ES cell line carries the genes for white fur, the embryo selected carries the genes for black or brown fur.
[0084] After the ES cell has been introduced into the embryo, the embryo may be implanted into the uterus of a
pseudopregnant foster mother for gestation. While any foster mother may be used, the foster mother is typically selected
for her ability to breed and reproduce well, and for her ability to care for the young. Such foster mothers are typically
prepared by mating with vasectomized males of the same species. The stage of the pseudopregnant foster mother is
important for successful implantation, and it is species dependent. For mice, this stage is about 2-3 days pseudopregnant.
[0085] Offspring that are born to the foster mother may be screened initially for mosaic coat color where the coat color
selection strategy (as described above, and in the appended examples) has been employed. In addition, or as an
alternative, DNA from tail tissue of the offspring may be screened for the presence of the knockout construct using
Southern blots and/or PCR as described above. Offspring that appear to be mosaics may then be crossed to each other,
if they are believed to carry the knockout construct in their germ line, in order to generate homozygous knockout animals.
Homozygotes may be identified by Southern blotting of equivalent amounts of genomic DNA from mice that are the
product of this cross, as well as mice that are known heterozygotes and wild type mice.
[0086] Other means of identifying and characterizing the knockout offspring are available. For example, Northern blots
can be used to probe the mRNA for the presence or absence of transcripts encoding either the gene knocked out, the
marker gene, or both. In addition, Western blots can be used to assess the level of expression of the rhodopsin gene
knocked out in various tissues of the offspring by probing the Western blot with an antibody against the particular
rhodopsin protein, or an antibody against the marker gene product, where this gene is expressed. Finally, in situ analysis
(such as fixing the cells and labeling with antibody) and/or fluorescence activated cell sorting (FACS) analysis of various
cells from the offspring can be conducted using suitable antibodies to look for the presence or absence of the knockout
construct gene product.
[0087] Yet other methods of making knock-out or disruption transgenic animals are also generally known. Recombinase
dependent knockouts can also be generated, e.g. by homologous recombination to insert target sequences, such that
tissue specific and/or temporal control of inactivation of an rhodopsin gene can be controlled by recombinase sequences.
[0088] Animals containing more than one knockout construct and/or more than one transgene expression construct
are prepared in any of several ways. The preferred manner of preparation is to generate a series of animals, each
containing one of the desired transgenic phenotypes. Such animals are bred together through a series of crosses,
backcrosses and selections, to ultimately generate a single animal containing all desired knockout constructs and/or
expression constructs, where the animal is otherwise congenic (genetically identical) to the wild type except for the
presence of the knockout construct(s) and/or transgene(s) .
[0089] A rhodopsin transgene can encode the wild-type form of the protein, or can encode homologs thereof, including
both agonists and antagonists, as well as antisense constructs. In preferred embodiments, the expression of the transgene
is restricted to specific subsets of cells, tissues or developmental stages utilizing, for example, cis-acting sequences
that control expression in the desired pattern. In the present invention, such mosaic expression of a rhodopsin protein
can be essential for many forms of lineage analysis and can additionally provide a means to assess the effects of, for
example, lack of rhodopsin protein expression which might grossly alter the structure and integrity of retinal tissue.
Toward this end, tissue-specific regulatory sequences and conditional regulatory sequences can be used to control
expression of the transgene in certain spatial patterns. Moreover, temporal patterns of expression can be provided by,
for example, conditional recombination systems or prokaryotic transcriptional regulatory sequences.
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[0090] Genetic techniques, which allow for the expression of transgenes can be regulated via site-specific genetic
manipulation in vivo, are known to those skilled in the art. For instance, genetic systems are available which allow for
the regulated expression of a recombinase that catalyzes the genetic recombination of a target sequence. As used
herein, the phrase "target sequence" refers to a nucleotide sequence that is genetically recombined by a recombinase.
The target sequence is flanked by recombinase recognition sequences and is generally either excised or inverted in
cells expressing recombinase activity. Recombinase catalyzed recombination events can be designed such that recom-
bination of the target sequence results in either the activation or repression of expression of one of the subject rhodopsin
proteins. For example, excision of a target sequence which interferes with the expression of a recombinant rhodopsin
gene, such as one which encodes an antagonistic homolog or an antisense transcript, can be designed to activate
expression of that gene. This interference with expression of the protein can result from a variety of mechanisms, such
as spatial separation of the rhodopsin gene from the promoter element or an internal stop codon. Moreover, the transgene
can be made wherein the coding sequence of the gene is flanked by recombinase recognition sequences and is initially
transfected into cells in a 3’ to 5’ orientation with respect to the promoter element. In such an instance, inversion of the
target sequence reorients the subject gene by placing the 5’ end of the coding sequence in an orientation with respect
to the promoter element which allow for promoter driven transcriptional activation.
[0091] The transgenic animals described herein all include within a plurality of their cells a transgene, which transgene
alters the phenotype of the "host cell" with respect to regulation of cell growth, death and/or differentiation. Since it is
possible to produce transgenic organisms utilizing one or more of the transgene constructs described herein, a general
description is given of the production of transgenic organisms by referring generally to exogenous genetic material. This
general description can be adapted by those skilled in the art in order to incorporate specific transgene sequences into
organisms utilizing the methods and materials described below.
[0092] In an illustrative embodiment, either the crelloxP recombinase system of bacteriophage PI or the FLP recom-
binase system of Saccharomyces cerevisiae can be used to generate in vivo site-specific genetic recombination systems.
Cre recombinase catalyzes the site-specific recombination of an intervening target sequence located between loxP
sequences. loxP sequences are 34 base pair nucleotide repeat sequences to which the Cre recombinase binds and are
required for Cre recombinase mediated genetic recombination. The orientation of loxP sequences determines whether
the intervening target sequence is excised or inverted when Cre recombinase is present; catalyzing the excision of the
target sequence when the loxP sequences are oriented as direct repeats and catalyzes inversion of the target sequence
when loxP sequences are oriented as inverted repeats.
[0093] Accordingly, genetic recombination of the target sequence is dependent on expression of the Cre recombinase.
Expression of the recombinase can be regulated by promoter elements which are subject to regulatory control, e.g.,
tissue-specific, developmental stage-specific, inducible or repressible by externally added agents. This regulated control
results in genetic recombination of the target sequence only in cells where recombinase expression is mediated by the
promoter element. Thus, the activation of expression of a recombinant rhodopsin protein can be regulated via control
of recombinase expression.
[0094] Use of the cre/loxP recombinase system to regulate expression of a recombinant rhodopsin protein requires
the construction of a transgenic animal containing transgenes encoding both the Cre recombinase and the subject
protein. Animals containing both the Cre recombinase and a recombinant rhodopsin gene can be provided through the
construction of "double" transgenic animals. A convenient method for providing such animals is to mate two transgenic
animals each containing a transgene, e.g., an rhodopsin gene and recombinase gene.
[0095] One advantage derived from initially constructing transgenic animals containing an rhodopsin transgene in a
recombinase-mediated expressible format derives from the likelihood that the subject protein, whether agonistic or
antagonistic, can be deleterious upon expression in the transgenic animal. In such an instance, a founder population,
in which the subject transgene is silent in all tissues, can be propagated and maintained. Individuals of this founder
population can be crossed with animals expressing the recombinase in, for example, one or more tissues and/or a
desired temporal pattern. Thus, the creation of a founder population in which, for example, an antagonistic rhodopsin
transgene is silent allows the study of progeny from that founder in which disruption of rhodopsin protein mediated
induction in a particular tissue or at certain developmental stages would result in, for example, a lethal phenotype.
[0096] Similar conditional transgenes can be provided using prokaryotic promoter sequences that require prokaryotic
proteins to be simultaneous expressed in order to facilitate expression of the rhodopsin transgene. Exemplary promoters
and the corresponding trans-activating prokaryotic proteins are given in U.S. Patent No. 4,833,080.
[0097] Moreover, expression of the conditional transgenes can be induced by gene therapy-like methods wherein a
gene encoding the trans-activating protein, e.g. a recombinase or a prokaryotic protein, is delivered to the tissue and
caused to be expressed, such as in a cell-type specific manner. By this method, a rhodopsin transgene could remain
silent into adulthood until "turned on" by the introduction of the trans-activator.
[0098] For example, "transgenic non-human animals" may be produced by introducing transgenes into the germline
of the non-human animal. Embryonal target cells at various developmental stages can be used to introduce transgenes.
Different methods are used depending on the stage of development of the embryonal target cell. The specific line(s) of
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any animal used to practice this invention are selected for general good health, good embryo yields, good pronuclear
visibility in the embryo, and good reproductive fitness. In addition, the haplotype is a significant factor. For example,
when transgenic mice are to be produced, strains such as C57BL/6 or FVB lines are often used (Jackson Laboratory,
Bar Harbor, ME). Preferred strains are those with H-2b, H-2d or H-2q haplotypes such as C57BL/6 or DBA/1. The line(s)
used may themselves be transgenics, and/or may be knockouts (i.e., obtained from animals which have one or more
genes partially or completely suppressed).
[0099] In one example, the transgene construct is introduced into a single stage embryo. The zygote is the best target
for micro-injection. In the mouse, the male pronucleus reaches the size of approximately 20 micrometers in diameter
which allows reproducible injection of 1-2pl of DNA solution. The use of zygotes as a target for gene transfer has a major
advantage in that in most cases the injected DNA is incorporated into the host gene before the first cleavage. As a
consequence, all cells of the transgenic animal carries the incorporated transgene. This in general is also reflected in
the efficient transmission of the transgene to offspring of the founder since 50% of the germ cells are harbored in the
transgene.
[0100] Normally, fertilized embryos are incubated in suitable media until the pronuclei appear. At about this time, the
nucleotide sequence comprising the transgene is introduced into the female or male pronucleus as described below. In
some species such as mice, the male pronucleus is preferred. It is most preferred that the exogenous genetic material
be added to the male DNA complement of the zygote prior to its being processed by the ovum nucleus or the zygote
female pronucleus. It is thought that the ovum nucleus or female pronucleus release molecules which affect the male
DNA complement, perhaps by replacing the protamines of the male DNA with histones, thereby facilitating the combination
of the female and male DNA complements to form the diploid zygote.
[0101] Thus, it is preferred that the exogenous genetic material be added to the male complement of DNA or any other
complement of DNA prior to its being affected by the female pronucleus. For example, the exogenous genetic material
is added to the early male pronucleus, as soon as possible after the formation of the male pronucleus, which is when
the male and female pronuclei are well separated and both are located close to the cell membrane. Alternatively, the
exogenous genetic material could be added to the nucleus of the sperm after it has been induced to undergo deconden-
sation. Sperm containing the exogenous genetic material can then be added to the ovum or the decondensed sperm
could be added to the ovum with the transgene constructs being added as soon as possible thereafter.
[0102] Introduction of the transgene nucleotide sequence into the embryo may be accomplished by any means known
in the art such as, for example, microinjection, electroporation, or lipofection. Following introduction of the transgene
nucleotide sequence into the embryo, the embryo may be incubated in vitro for varying amounts of time, or reimplanted
into the surrogate host, or both. In vitro incubation to maturity is within the scope of this invention. One common method
is to incubate the embryos in vitro for about 1-7 days, depending on the species, and then reimplant them into the
surrogate host.
[0103] For the purposes of this description a zygote is essentially the formation of a diploid cell that is capable of
developing into a complete organism. Generally, the zygote can be comprised of an egg containing a nucleus formed,
either naturally or artificially, by the fusion of two haploid nuclei from a gamete or gametes. Thus, the gamete nuclei
must be ones which are naturally compatible, i.e., ones that result in a viable zygote capable of undergoing differentiation
and developing into a functioning organism. Generally, a euploid zygote is preferred. If an aneuploid zygote is obtained,
then the number of chromosomes should not vary by more than one with respect to the euploid number of the organism
from which either gamete originated.
[0104] In addition to similar biological considerations, physical ones also govern the amount (e.g., volume) of exogenous
genetic material that can be added to the nucleus of the zygote or to the genetic material that forms a part of the zygote
nucleus. If no genetic material is removed, then the amount of exogenous genetic material that can be added is limited
by the amount that is absorbed without being physically disruptive. Generally, the volume of exogenous genetic material
inserted do not exceed about 10 picoliters. The physical effects of addition must not be so great as to physically destroy
the viability of the zygote. The biological limit of the number and variety of DNA sequences vary depending upon the
particular zygote and functions of the exogenous genetic material and are readily apparent to one skilled in the art,
because the genetic material, including the exogenous genetic material, of the resulting zygote must be biologically
capable of initiating and maintaining the differentiation and development of the zygote into a functional organism.
[0105] The number of copies of the transgene constructs that added to the zygote is dependent upon the total amount
of exogenous genetic material added and is the amount that enables the genetic transformation to occur. Theoretically
only one copy is required; however, generally, numerous copies are utilized, for example, 1,000-20,000 copies of the
transgene construct, in order to insure that one copy is functional. There is often an advantage to having more than one
functioning copy of each of the inserted exogenous DNA sequences to enhance the phenotypic expression of the
exogenous DNA sequences.
[0106] Any technique that allows for the addition of the exogenous genetic material into nucleic genetic material can
be utilized so long as it is not destructive to the cell, nuclear membrane or other existing cellular or genetic structures.
The exogenous genetic material is preferentially inserted into the nucleic genetic material by microinjection. Microinjection
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of cells and cellular structures is known and is used in the art.
[0107] Reimplantation is accomplished using standard methods. Usually, the surrogate host is anesthetized, and the
embryos are inserted into the oviduct. The number of embryos implanted into a particular host varies according to
species, but usually is comparable to the number of offspring the species naturally produces.
[0108] Transgenic offspring of the surrogate host may be screened for the presence and/or expression of the transgene
by any suitable method. Screening is often accomplished by Southern blot or Northern blot analysis, using a probe that
is complementary to at least a portion of the transgene. Western blot analysis using an antibody against the protein
encoded by the transgene may be employed as an alternative or additional method for screening for the presence of
the transgene product. Typically, DNA is prepared from tail tissue and analyzed by Southern analysis or PCR for the
transgene. Alternatively, the tissues or cells believed to express the transgene at the highest levels are tested for the
presence and expression of the transgene using Southern analysis or PCR, although any tissues or cell types may be
used for this analysis.
[0109] Alternative or additional methods for evaluating the presence of the transgene include, without limitation, suitable
biochemical assays such as enzyme and/or immunological assays, histological stains for particular marker or enzyme
activities, flow cytometric analysis, and the like. Analysis of the blood may also be useful to detect the presence of the
transgene product in the blood, as well as to evaluate the effect of the transgene on the levels of various types of blood
cells and other blood constituents.
[0110] Progeny of the transgenic animals may be obtained by mating the transgenic animal with a suitable partner,
or by in vitro fertilization of eggs and/or sperm obtained from the transgenic animal. Where mating with a partner is to
be performed, the partner may or may not be transgenic and/or a knockout; where it is transgenic, it may contain the
same or a different transgene, or both. Alternatively, the partner may be a parental line. Where in vitro fertilization is
used, the fertilized embryo may be implanted into a surrogate host or incubated in vitro, or both. Using either method,
the progeny may be evaluated for the presence of the transgene using methods described above, or other appropriate
methods.
[0111] The transgenic animals produced include exogenous genetic material. As set out above, the exogenous genetic
material will, in certain examples, be a DNA sequence which results in the production of a rhodopsin protein (either
agonistic or antagonistic), and antisense transcript, a rhodopsin mutant, or a suppression effector such as Rz40. Further,
in such examples the sequence is attached to a transcriptional control element, e.g., a promoter, which preferably allows
the expression of the transgene product in a specific type of cell.
[0112] Viral and non-viral transfection can also be used to introduce transgene into a non-human animal. The developing
non-human embryo can be cultured in vitro to the blastocyst stage. During this time, the blastomeres can be targets, for
example, for retroviral infection. Efficient infection of the blastomeres is obtained by enzymatic treatment to remove the
zona pellucida. The viral vector system used to introduce the transgene is typically a replication-defective retrovirus
carrying the transgene. Transfection is easily and efficiently obtained by culturing the blastomeres on a monolayer of
virus-producing cells.
[0113] Alternatively, infection can be performed at a later stage. Virus or virus-producing cells can be injected into the
blastocoele. Most of the founders are mosaic for the transgene since incorporation occurs only in a subset of the cells
that formed the transgenic non-human animal. Further, the founder may contain various retroviral insertions of the
transgene at different positions in the genome that generally segregate in the offspring. In addition, it is also possible to
introduce transgenes into the germ line by intrauterine retroviral infection of the midgestation embryo.
[0114] A third type of target cell for transgene introduction is the embryonal stem cell (ES). ES cells are obtained from
pre-implantation embryos cultured in vitro and fused with embryos.
Transgenes can be efficiently introduced into the ES cells by DNA transfection or by retrovirus-mediated transduction.
Such transformed ES cells can thereafter be combined with blastocysts from a non-human animal. The ES cells thereafter
colonize the embryo and contribute to the germ line of the resulting chimeric animal.
[0115] Transgenic animal techniques using ES cells, microinjection into fertilized eggs and microinjection into mouse
blastocysts have been used to generate five lines of transgenic mice that have been utilized to demonstrate the invention
detailed in the application. Pro23His mice carrying a mutant human rhodopsin transgene, RhoNhr mice carrying a wild
type human rhodopsin transgene, RhoM mice carrying a modified human rhodopsin transgene and Rz40 mice carrying
a ribozyme targeting human rhodopsin and driven by a mouse rhodopsin promoter were generated utilizing microinjection
of fertilized eggs and subsequent implantation of injected eggs into a surrogate mother mouse. Rhodopsin knockout
mice (rho-/-) in which the endogenous mouse rhodopsin gene has been disrupted were generated utilizing ES cell
technology and gene targeting by homologous recombination.
[0116] The invention is demonstrated herein by suppression effectors, hammerhead ribozymes and siRNA, targeting
collagen and rhodopsin transcripts together with replacement genes engineered to have sequence alterations at degen-
erate sites such that they are protected from suppression. Detailed evaluation of hammerhead ribozymes targeting
COL1A1 and rhodopsin transcripts have been undertaken in vitro as outlined in Example 1. Similarly the protection of
transcripts expressed from modified replacement genes has also been demonstrated in vitro (Example 1). Furthermore
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evaluation of suppression of target genes using hammerhead ribozymes and siRNA has been undertaken in cells
expressing the target sequences (Examples 2, 3, 5 and 9). In Example 2 ribozymes targeting human rhodopsin sequences
were evaluated in stable COS-7 cell lines expressing the human rhodopsin gene. In Examples 2, 3, 5 and 9 siRNAs
targeting either human COL1A1 or human rhodopsin transcripts were evaluated in COS-7 cells - both stable cell lines
expressing the target genes and transient transfections were utilized in the study. Furthermore the ability of modified
replacement genes (modified at degenerate sites) to encode functional wild type protein has been explored both in cells
and in transgenic mice (Examples 1, 2, 3, 5, 6 and 9).
[0117] Practice of the invention will be still more fully understood from the following examples, which are presented
herein for illustration only and should not be construed as limiting the invention in any way. Variations and alternate
embodiments will be apparent to those of skill in the art. The practice of the present invention will employ, unless otherwise
indicated, conventional techniques of molecular biology, cell biology, cell culture, microbiology, biochemistry, recombinant
DNA, and immunology, which are within the skill of the art. Such techniques are explained fully in the literature. See, for
example, Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor
Laboratory Press: 1989); DNA Cloning, Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait
ed., 1984); Mullis et al., U.S. Pat. No: 4,683,195; Nucleic Acid Hybridization(B. D. Hames & S. J. Higgins eds. 1984);
Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan
R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular
Cloning (1984); the treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian
Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); and Methods In Enzymology, Vols. 154
and 155 (Wu et al., eds.).

Exemplification

Example 1

Materials and Methods

[0118] cDNA templates and ribozymes were cloned into commercial expression vectors (pCDNA3, pZeoSV or pBlue-
script) that enable expression in a test tube from T7, T3 or SP6 promoters or expression in mammalian cells from CMV
or SV40 promoters. DNA inserts were cloned into the multiple cloning site (MCS) of these vectors typically at or near
the terminal ends of the MCS to delete most of the MCS and thereby prevent any possible problems with
efficiency of expression subsequent to cloning. Clones containing template cDNAs and ribozymes were sequenced by
ABI automated sequencing machinery using standard protocols.
[0119] RNA was obtained from clones by in vitro transcription using a commercially available Ribomax expression
system (Promega) and standard protocols. RNA purifications were undertaken using the Bio-101 RNA purification kit
or a solution of 0.3M sodium acetate and 0.2% SDS after isolation from polyacrylamide gels. Cleavage reactions were
performed using standard protocols with varying MgCl2 concentrations (0-15mM) at 37°C, typically for 3 hours. Time
points were performed at the predetermined optimal MgCl2 concentrations for up to 5 hours. Radioactively labelled RNA
products were obtained by incorporating αP32 rUTP (Amersham) in the expression reactions (Gaughan et al. 1995).
Labelled RNA products were run on polyacrylamide gels before cleavage reactions were undertaken for the purpose of
RNA purification and subsequent to cleavage reactions to establish if RNA cleavage had been achieved. Cleavage
reactions were undertaken with 5mM Tris-HCl pH8.0 and varying concentrations of MgCl2 at 37°C.
[0120] Predictions of the secondary structures of human and mouse rhodopsin, human peripherin and human collagen
1A2 mRNAs were obtained using the RNAPlotFold program. Ribozymes and antisense were designed to target areas
of the RNA that were predicted to be accessible to suppression effectors, for example open loop structures. The integrity
of open loop structures was evaluated from the 10 most probable RNA structures. Additionally, predicted RNA structures
for truncated RNA products were generated and the integrity of open loops between full length and truncated RNAs
compared.
[0121] The human rhodopsin cDNA (SEQ ID NO:1) was cloned into the HindIII and EcoRI sites of the MCS of pCDNA3
in a 5’ to 3’ orientation allowing subsequent expression of RNA from the T7 or CMV promoter in the vector. The full
length 5’UTR sequence was inserted into this clone using primer driven PCR mutagenesis and a HindIII (in pCDNA3)
to BstEII (in the coding sequence of the human rhodopsin cDNA) DNA fragment.
[0122] The human rhodopsin hybrid cDNA with a single base alteration (SEQ ID NO:2), a C->G change (at nucleotide
271 of SEQ ID NO:2) was introduced into human rhodopsin cDNA, using a HindIII to BstEII PCR cassette, by primer
directed PCR mutagenesis. This sequence change occurs at a silent position - it does not give rise to an amino acid
substitution -however it eliminates the ribozyme cleavage site (GUX →GUG). The hybrid rhodopsin was cloned into
pCDNA3 in a 5’ to 3’ orientation allowing subsequent expression of RNA from the T7 or CMV promoter in the vector.
[0123] A human rhodopsin adRP mutation, a C→T change (at codon 23; nucleotide 217 of SEQ ID NO:3) was introduced
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into human rhodopsin cDNA, using a HindIII to BstEII PCR cassette by primer directed PCR mutagenesis. This sequence
change results in the substitution of a Proline for a Leucine residue. Additionally the nucleotide change creates a ribozyme
cleavage site (CCC-->CTC) (nucleotide 216-218 of SEQ ID NO:3). The mutated rhodopsin nucleic acid sequence was
cloned into the HindIII and EcoRI sites of pCDNA3 in a 5’ to 3’ orientation allowing subsequent expression of RNA from
the T7 or CMV promoter in the vector (SEQ ID NO:3).
[0124] A hammerhead ribozyme (termed RzlO) (SEQ ID NO:29) designed to target a large conserved open loop
structure in the RNA from the coding regions of the gene was cloned subsequent to synthesis and annealing into the
HindIII and XbaI sites of pCDNA3 again allowing expression of RNA from the T7 or CMV promoter in the vector (SEQ
ID NO:4). The target site was GUC (the GUX rule) at position 475-477 (nucleotides 369-371 of SEQ ID NO:1) of the
human rhodopsin sequence. Note that there is a one base mismatch in one antisense arm of Rz10. A hammerhead
ribozyme (termed Rz20) (SEQ ID NO:30) designed to target an open loop structure in RNA from the coding region of a
mutant rhodopsin gene with a Pro23Leu mutation was cloned subsequent to synthesis and annealing into the HindIII
and XbaI sites of pCDNA3 again allowing expression of RNA from the T7 or CMV promoter in the vector (SEQ ID NO:5).
The target site was CTC (the NUX rule) at codon 23 (nucleotides 216-218 of SEQ ID NO:3) of the human rhodopsin
sequence (Accession number: K02281). Antisense flanks are underlined.

RzlO: GGTCGGTCTGATGAGTCCGTGAGGACGAAACGTAGAG (SEQ ID NO:29; nucleotides 101- 137 of SEQ
ID NO:4)

Rz20: TACTCGAACTGATGAGTCCGTGAGGACGAAAGGCTGC (SEQ ID NO:30; nucleotides 104- 140 of SEQ ID
NO:5)

[0125] The full length mouse rhodopsin cDNA was cloned into the EcoRI sites of the MCS of pCDNA3 in a 5’ to 3’
orientation allowing subsequent expression of RNA from the T7 or CMV promoter in the vector (SEQ ID NO:6).
[0126] The mouse rhodopsin hybrid cDNA with a single base alteration, a T→C change (at position 1460) (nucleotide
190 of SEQ ID NO:7) was introduced into mouse rhodopsin cDNA, using a HindIII to Eco47III PCR cassette, by primer
directed PCR mutagenesis. This sequence change occurs at a silent position - it does not give rise to an amino acid
substitution -however it eliminates the ribozyme cleavage site (TTT→TCT) (nucleotides 189-191 of SEQ ID NO:7). The
hybrid rhodopsin was cloned into pCDNA3 in a 5’ to 3’ orientation allowing subsequent expression of RNA from the T7
or CMV promoter in the vector (SEQ ID NO:7).
[0127] A hammerhead ribozyme (termed Rz33) (SEQ ID NO:31)designed to target a large robust open loop structure
in the RNA from the coding regions of the gene was cloned subsequent to synthesis and annealing into the HindIII and
XbaI sites of pCDNA3 again allowing expression of RNA from the T7 or CMV promoter in the vector (SEQ ID NO:8).
The target site was TTT (the NUX rule) at position 1459-1461 (nucleotides 405-407 of SEQ ID NO:6) of the mouse
rhodopsin sequence. (Accession number: M55171). Antisense flanks are underlined.
[0128] Rz33: GGCACATCTGATGAGTCCGTGAGGACGAAAAAATTGG (SEQ ID NO:31; nucleotides 118-154 of SEQ
ID NO:8)
[0129] The full length human peripherin cDNA was cloned into the EcoRI sites of the MCS of pCDNA3 in a 5’ to 3’
orientation allowing subsequent expression of RNA from the T7 or CMV promoter in the vector (SEQ ID NO:9).
[0130] A human peripherin hybrid DNA with a single base alteration, a A→G change (at position 257) (nucleotide 332
of SEQ ID NO:10) was introduced into human peripherin DNA by primer directed PCR mutagenesis (forward 257 mutation
primer - 5’CATGGCGCTGCTGAAAGTCA3’ (SEQ ID NO:11) - the reverse 257 primer was complementary to the forward
primer). This sequence change occurs at a silent position - it does not give rise to an amino acid substitution - however
it eliminates the ribozyme cleavage site (CTA→CTG)(nucleotides 330-332 of SEQ ID NO:10). A second human peripherin
hybrid DNA with a single base alteration, a A-->G change (at position 359) (nucleotide 468 of SEQ ID NO:13) was
introduced into human peripherin DNA, again by primer directed PCR mutagenesis (forward 359 mutation primer -
5’CATCTTCAGCCTGGGACTGT3’ (SEQ ID NO:12) - the reverse 359 primer was complementary to the forward primer)
(SEQ ID NO:12). Similarly this sequence change occurs at a silent position - it does not give rise to an amino acid
substitution - however again it eliminates the ribozyme cleavage site (CTA→CTG) (nucleotides 466-468 of SEQ ID
NO:13). The ribozyme cleavage sites at 255-257 (nucleotides 330-332 of SEQ ID NO:10) and 357-359 (nucleotides
466-468 of SEQ ID NO:13) occur at different open loop structures as predicted by the RNAPlotFold program. Hybrid
peripherin DNAs included the T7 promoter sequence allowing subsequent expression of RNA.
[0131] Hammerhead ribozymes (termed Rz30 and Rz31 (SEQ ID NOs:32 and 33, respectively)), designed to target
robust open loop structures in the RNA from the coding regions of the gene, were cloned subsequent to synthesis and
annealing into the HindIII and XbaI sites of pCDNA3 again allowing expression of RNA from the T7 or CMV promoter
in the vector (SEQ ID NOS:14 and 15, respectively). The target sites were both CTA (the NUX rule) at positions 255-257
and 357-359 respectively of the human peripherin sequence. (Accession number: M73531). Antisense flanks are un-
derlined.
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Rz30: ACTTTCAGCTGATGAGTCCGTGAGGACGAAAGCGCCA (SEQ ID NO:32; nucleotides 116- 153 of SEQ ID
NO:14)

Rz31: ACAGTCCCTGATGAGTCCGTGAGGACGAAAGGCTGAA (SEQ ID NO:33; nucleotides 112- 148 of SEQ
ID NO:15)

[0132] A human type I collagen 1A2 cDNA was obtained from the ATCC (Accession No: Y00724). A naturally occurring
polymorphism has previously been found in collagen 1A2 at positions 907 of the gene involving a T→A nucleotide change
(Filie et al. 1993). The polymorphism occurs in a predicted open loop structure of human collagen 1A2 RNA. Polymorphic
variants of human collagen 1A2 were generated by PCR directed mutagenesis, using a HindIII to XbaI PCR cassette.
Resulting clones contained the following polymorphism : collagen 1A2 (A) has a T nucleotide at position 907 (A nucleotide
176 of SEQ ID NO:17, reverse strand). In contrast human collagen 1A2 (B) has an A nucleotide at position 907 (T
nucleotide 181 of SEQ ID NO:16, reverse strand). In collagen 1A2 (A) there is a ribozyme target site, that is a GTC site
(906-908) (nucleotides 175-177 of SEQ ID NO: 17, reverse strand), however this cleavage site is lost in collagen 1A2
(B) as the sequence is altered to GAC (906-908) (nucleotides 180-182 of SEQ ID NO:16, reverse strand), thereby
disrupting the ribozyme target site.
[0133] A hammerhead ribozyme (termed Rz907) (SEQ ID NO:34)was designed to target a predicted open loop structure
in the RNA from the coding region of the polymorphic variant of the human collagen 1A2 gene. Rz907 oligonucleotide
primers were synthesized, annealed and cloned into the HindIII and XbaI sites of pCDNA3 again allowing subsequent
expression of RNA from the T7 or CMV promoter in the vector (SEQ ID NO:18). The target site was a GUX site at position
906-908 of the human type I collagen 1A2 sequence (Accession number: Y00724). Antisense flanks are underlined.
[0134] Rz907: CGGCGGCTGATGAGTCCGTGAGGACGAAACCAGCA (SEQ ID NO:34; nucleotide 107- 141 of SEQ
ID NO:18)
[0135] Figure 1A shows Human rhodopsin cDNA (SEQ ID NO:1) expressed from the T7 promoter to the BstEII site
in the coding sequence. Resulting RNA was mixed with Rz10RNA in 15mM MgCl2 and incubated at 37°C for varying
times. Lanes 1-4: Human rhodopsin RNA and Rz10RNA after incubation at 37°C with 15mM MgCl2 for 0, 1 2 and 3
hours respectively. Sizes of the expressed RNAs and cleavage products are as expected (Table 1). Complete cleavage
of human rhodopsin RNA was obtained with a small residual amount of intact RNA present at 1 hour. Lane 6 is intact
unadapted human rhodopsin RNA (BstEII) alone. Lane 5 is unadapted human rhodopsin RNA (FspI) alone and refers
to Figure 1B. From top to bottom, human rhodopsin RNA and the two cleavage products from this RNA are highlighted
with arrows.
[0136] Figure 1B shows the unadapted human rhodopsin cDNA expressed from the T7 promoter to the FspI site in
the coding sequence. The adapted human rhodopsin cDNA was expressed from the T7 promoter to the BstEII site in
the coding sequence. Lanes 1-4: Resulting RNAs were mixed together with RzlO and 15mM MgCl2 and incubated at
37°C for varying times (0, 1 , 2 and 3 hours respectively). The smaller unadapted rhodopsin transcripts were cleaved
by RzlO while the larger adapted transcripts were protected from cleavage by Rz10. Cleavage of adapted protected
transcripts would have resulted in products of 564 bases and 287 bases - the 564 bases product clearly is not present
- the 287bp product is also generated by cleavage of the unadapted human rhodopsin transcripts and hence is present
(FspI). After 3 hours the majority of the unadapted rhodopsin transcripts has been cleaved by Rz10. Lane 5 contains
the intact adapted human rhodopsin RNA (BstEII) alone. From top to bottom adapted uncleaved human rhodopsin
transcripts, residual unadapted uncleaved human rhodopsin transcripts and the larger of the cleavage products from
unadapted human rhodopsin transcripts are highlighted by arrows. The smaller 22 bases cleavage product from the
unadapted human rhodopsin transcripts has run off the gel.
[0137] Figure 2A shows unadapted (SEQ ID NO:1) and adapted (SEQ ID NO:2) human rhodopsin cDNAs expressed
from the T7 promoter to the Acyl after the coding sequence and the BstEII site in the coding sequence, respectively.
Sizes of expressed RNAs and cleavage products were as predicted (Table 1). Resulting RNAs were mixed together
with RzlO RNA at varying MgCl2 concentrations and incubated at 37°C for 3 hours. Lane 1: Intact unadapted human
rhodopsin RNA (Acyl) alone. Lanes 2-5: Unadapted and adapted human rhodopsin RNAs and RzlO RNA after incubation
at 37°C with 0, 5, 10 and 15 mM MgCl2 respectively. Almost complete cleavage of the larger unadapted human rhodopsin
RNA was obtained with a small residual amount of intact RNA present at 5 mM MgCl2. In contrast the adapted human
rhodopsin RNA remained intact. From top to bottom, the unadapted and adapted rhodopsin RNAs, and two cleavage
products from the unadapted human rhodopsin RNA are highlighted by arrows. Lane 6 is intact adapted human rhodopsin
RNA (BstEII) alone.
[0138] Figure 2B shows the adapted human rhodopsin cDNA expressed from the T7 promoter to the BstEII site in the
coding sequence. Lanes 1-4: Resulting RNA was mixed together with RzlO and 0, 5, 10 and 15 mM MgCl2 and incubated
at 37°C for 3 hours respectively. The adapted rhodopsin transcripts were not cleaved by Rz10. Cleavage of adapted
transcripts would have resulted in cleavage products of 564 bases and 287 bases which clearly are not present. Lane
5: intact adapted human rhodopsin RNA (BstEII) alone. Lane 4: RNA is absent - due to a loading error or degradation.
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The adapted uncleaved human rhodopsin RNA is highlighted by an arrow.
[0139] Figure 2C shows unadapted (SEQ ID NO:1) and adapted (SEQ ID NO:2) human rhodopsin cDNAs expressed
from the T7 promoter to the Acyl after the coding sequence and the BstEII site in the coding sequence respectively.
Sizes of expressed RNAs and cleavage products were as predicted (Table 1). Resulting RNAs were mixed together
with RzlO RNA at varying MgCl2 concentrations and incubated at 37°C for 3 hours. Lane 1: DNA ladder. Lanes 2-5:
Unadapted and adapted human rhodopsin RNAs and RzlO RNA after incubation at 37°C with 0, 5, 10 and 15 mM MgCl2
respectively. Almost complete cleavage of the larger unadapted human rhodopsin RNA was obtained with a small
residual amount of intact RNA present at 5 and 10 mM MgCl2. In contrast the adapted human rhodopsin RNA remained
intact. Lane 6: Adapted human rhodopsin RNA (BstEII) alone. Lane 7: Unadapted human rhodopsin RNA (AcyI) alone.
Lane 8: DNA ladder. From top to bottom, the unadapted and adapted rhodopsin RNAs, and two cleavage products from
the unadapted human rhodopsin RNA are highlighted by arrows. Separation of the adapted human rhodopsin RNA (851
bases) and the larger of the cleavage products from the unadapted RNA (896 bases) is incomplete in this gel (further
running of the gel would be required to achieve separation) -however the separation of these two RNAs is demonstrated
in Figure 2A.
[0140] Figure 3 shows the mutant (Pro23Leu) (SEQ ID NO:3) human rhodopsin cDNA expressed from the T7 promoter
to the BstEII in the coding sequence. Likewise the Rz20 clone was expressed to the XbaI site. Resulting RNAs were
mixed together with 10mM MgCl2 concentrations at 37°C for varying times. Sizes of expressed RNAs and cleavage
products were as predicted (Table 1). Lane 1: DNA ladder. Lanes 2: Pro23Leu human rhodopsin RNA alone. Lanes 3-7
Pro23Leu human rhodopsin RNA and Rz20 RNA after incubation at 37°C with 10 mM MgCl2 for 0mins, 30 mins, 1 hr,
2hrs and 5hrs respectively. Almost complete cleavage of mutant rhodopsin transcripts was obtained with a residual
amount of intact RNA left even after 5 hours. Lane 8: DNA ladder. From the top to bottom, intact mutant rhodopsin RNA
and the two cleavage products from the mutant human rhodopsin RNA are highlighted by arrows.
[0141] Figure 4 shows the mutant (Pro23Leu) (SEQ ID NO:3) human rhodopsin cDNA expressed from the T7 promoter
to the BstEII in the coding sequence. Likewise the Rz10 clone (SEQ ID NO:4) was expressed to the XbaI site. Resulting
RNAs were mixed together with 10mM MgCl2 concentrations at 37°C for varying times. Sizes of expressed RNAs and
cleavage products were as predicted (Table 1). Lane 1: DNA ladder. Lanes 2: Pro23Leu human rhodopsin RNA alone.
Lanes 3-7 Pro23Leu human rhodopsin RNA and Rz10 RNA after incubation at 37°C with 10 mM MgCl2 for 0mins, 30
mins, 1 hr, 2hrs and 5hrs respectively. Almost complete cleavage of mutant human rhodopsin RNA was obtained with
a residual amount of intact RNA remaining even after 5 hours (Lane 7). Lane 8: DNA ladder. From top to bottom, intact
mutant rhodopsin RNA and the two cleavage products from the mutant human rhodopsin RNA are highlighted by arrows.
[0142] Figure 5 shows the mouse rhodopsin cDNA clone was expressed in vitro from the T7 promoter to the Eco47III
site in the coding sequence. Likewise the Rz33 clone was expressed to the XbaI site. A: Resulting RNAs were mixed
together with 10mM MgCl2 at 37°C for varying times. Sizes of expressed RNAs and cleavage products were as predicted
(Table 1). DNA ladder. Lane 1: mouse rhodopsin RNA alone. Lanes 2-5 Mouse rhodopsin RNA and Rz33 RNA after
incubation at 37°C with 10 mM MgCl2 at 0, 5, 7.5 and 10 mM MgCl2 respectively for 3 hours. Cleavage of mouse
rhodopsin RNA was obtained after addition of divalent ions (Lane 3). Residual uncleaved mouse rhodopsin RNA and
the two cleavage products from the mouse rhodopsin RNA are highlighted by arrows. B: The adapted mouse rhodopsin
cDNA clone with a base change at position 1460 (nucleotide 190 of SEQ ID NO:7) was expressed in vitro from the T7
promoter to the Eco47III site in the coding sequence. Likewise the Rz33 clone was expressed to the XbaI site. Resulting
RNAs were mixed together with various MgCl2 concentrations at 37°C for 3 hours. Sizes of expressed RNAs and cleavage
products were as predicted (Table 1). Lane 1: DNA ladder. Lane 2: Adapted mouse rhodopsin RNA alone. Lanes 3-6:
Adapted mouse rhodopsin RNA and Rz33 RNA after incubation at 37°C with 0, 5, 7.5 and 10 mM MgCl2 for 3 hours at
37°C. No cleavage of the adapted mouse rhodopsin RNA was observed. The intact adapted mouse rhodopsin RNA is
highlighted by an arrow.
[0143] Figure 6 shows was the human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site
in the coding sequence. Likewise Rz30 (targeting a cleavage site at 255-257) was expressed to the XbaI site. A: Resulting
RNAs were mixed together with 10mM MgCl2 at 37°C for varying times. Lane 1: DNA ladder. Lane 2: Intact human
peripherin RNA alone. Lanes 3-7: Human peripherin RNA and Rz30 RNA after incubation at 37°C with 10 mM MgCl2
for 3hrs, 2hrs, 1hr, 30 mins and 0 mins respectively. Lane 8: DNA ladder. From top to bottom, intact human peripherin
RNA and the two cleavage products from the human peripherin RNA are highlighted by arrows. B: Resulting RNAs were
mixed with Rz30 RNA at varying MgCl2 concentrations and incubated at 37°C for 3hrs. Lane 1: DNA ladder. Lanes 2-5:
Human peripherin RNA and Rz30 after incubation at 37°C with 10, 7.5, 5 and 0 mM MgCl2 respectively for 3hrs. Lane
6: Intact human peripherin RNA alone. Sizes of the expressed RNAs and cleavage products are as expected (Table 1).
Significant cleavage of human peripherin RNA was obtained with a residual amount of intact RNA present at each MgCl2
concentration. From top to bottom, human peripherin RNA and the two cleavage products from this RNA are highlighted
with arrows. C: The adapted human peripherin DNA with a single base change at position 257 was expressed from the
T7 promoter to the AvrII site in the coding sequence. Resulting RNA was mixed with Rz30 at various MgCl2 concentrations
and incubated at 37°C for 3hrs. Lane 1: DNA ladder. Lane 2: Intact adapted human peripherin RNA alone. Lanes 3-6:
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Adapted human peripherin RNA and Rz30 after incubation at 37°C with 0, 5, 7.5 and 10 mM MgCl2 respectively for 3hrs.
Lane 7: DNA ladder. D: The unadapted human peripherin cDNA and the adapted human peripherin DNA fragment with
a single base change at position 257 were expressed from the T7 promoter to the BglII and AvrII sites respectively in
the coding sequence. Resulting RNAs were mixed with Rz30 at various MgCl2 concentrations and incubated at 37°C
for 3hrs. Lane 1: DNA ladder. Lane 2: Intact unadapted human peripherin RNA alone. Lane 3: Intact adapted human
peripherin RNA alone. Lanes 4-7: Unadapted and adapted human peripherin RNAs and Rz30 after incubation at 37°C
with 0, 5, 7.5 and 10 mM MgCl2 respectively for 3hrs at 37°C. No cleavage of the adapted human peripherin RNA was
observed even after 3 hours whereas a significant reduction in the unadapted RNA was observed over the same time
frame. Lane 8: DNA ladder. From top to bottom, residual unadapted human peripherin RNA, adapted human peripherin
RNA and the two cleavage products are highlighted by arrows.
[0144] Figure 7 shows human peripherin cDNA clone expressed in vitro from the T7 promoter to the BglII site in the
coding sequence. Likewise the Rz31 (targeting a cleavage site at 357-359) (nucleotides 466-468 of SEQ ID NO:13) was
expressed to the XbaI site. A: Resulting RNAs were mixed together with 10mM MgCl2 at 37°C for varying times. Lane
1: DNA ladder. Lanes 2-6: Human peripherin RNA and Rz31 RNA after incubation at 37°C with 10mM MgCl2 for 3hrs,
2hrs, 1hr, 30mins and 0mins respectively. Increased cleavage of mouse rhodopsin RNA was obtained over time -
however significant residual intact RNA remained even after 3 hours (Lane 2). Lane 7: Intact human peripherin RNA
alone. Lane 8: DNA ladder. From top to bottom, intact human peripherin RNA and the two cleavage products from the
human peripherin RNA are highlighted by arrows. B: Resulting RNAs were mixed with Rz31 RNA at varying MgCl2
concentrations and incubated at 37°C for 3hrs. Lane 1: DNA ladder. Lanes 2-5: Human peripherin RNA and Rz31 after
incubation at 37°C with 10, 7.5, 5 and 0m M MgCl2 respectively for 3hrs. Sizes of the expressed RNAs and cleavage
products are as expected (Table 1). Significant cleavage of human peripherin RNA was obtained with a residual amount
of intact RNA present at each MgCl2 concentration (Lanes 2-4). Lane 6: Intact human peripherin RNA alone. Lane 7:
DNA ladder. From top to bottom, human peripherin RNA and the two cleavage products from this RNA are highlighted
with arrows. C: The adapted human peripherin DNA with a single base change at position 359 (nucleotide 468 of SEQ
ID NO: 13) was expressed from the T7 promoter to the BglII site in the coding sequence. Resulting RNA was mixed with
Rz31 at various MgCl2 concentrations and incubated at 37°C for 3hrs. Lane 1: DNA ladder. Lane 2: Intact adapted
human peripherin RNA alone. Lanes 3-6: Adapted human peripherin RNA and RZ31 after incubation at 37°C with 0, 5,
7.5 and 10mM MgCl2 respectively for 3hrs. No cleavage of the adapted human peripherin RNA was observed even after
3 hours. Lane 7: DNA ladder.
[0145] Figure 8A shows the human collagen 1A2 cDNA clones containing the A and T alleles of the polymorphism at
position 907 expressed from the T7 promoter to the MvnI and XbaI sites in the insert and vector respectively. Resulting
RNAs were mixed together with Rz907 and various MgCl2 concentrations and incubated at 37°C for 3 hours. Lane 1:
intact RNA from the human collagen 1A2 (A) containing the A allele of the 907 polymorphism. Lane 2: intact RNA from
the human collagen 1A2 (B) containing the T allele of the 907 polymorphism. Lanes 3-5: Human collagen 1A2 (A) and
(B) representing the A and T allele RNAs and Rz907 incubated with 0, 5, and 10 mM MgCl2 at 37°C for 3 hours. RNA
transcripts from the T allele containing the 906-908 target site are cleaved by Rz907 upon addition of divalent ions -
almost complete cleavage is obtained with a residual amount of transcript from the T allele remaining (Lane 5). In contrast
transcripts expressed from the A allele (which are smaller in size to distinguish between the A (MvnI) and T (XbaI) alleles)
were not cleaved by Rz907 - no cleavage products were observed. From top to bottom, RNA from the T allele, the A
allele and the two cleavage products from the T allele are highlighted by arrows. Lane 6: DNA ladder.
[0146] Figure 8B shows the human collagen 1A2 cDNA (A) + (B) clones containing the A and T alleles of the poly-
morphism at 907 expressed from the T7 promoter to the MvnI and XbaI sites in the insert and vector respectively.
Resulting RNAs were mixed together with Rz907 and 10mM MgCl2 and incubated at 37°C for varying times. Lane 1:
DNA ladder. Lane 2: intact RNA from the human collagen 1A2 (A) with the A allele of the 907 polymorphism. Lane 3:
intact RNA from the human collagen 1A2 (B) with the T allele of the 907 polymorphism. Lanes 4-9: Human collagen 1A2
A and T allele RNA and Rz907 incubated with10mM MgCl2 at 37°C for 0, 30 mins, 1hour, 2hours, 3 hours and 5hours
respectively. RNA transcripts from the T allele containing the 906-908 target site are cleaved by Rz907 - almost complete
cleavage is obtained after 5 hours. In contrast transcripts expressed from the A allele (which are smaller in size to
distinguish between the A (MvnI) and T (Xbal) alleles) were not cleaved by Rz907 - no cleavage products were observed.
From top to bottom, RNA from the T allele, the A allele and the two cleavage products from the T allele are highlighted
by arrows.

Results:

[0147] Human and mouse rhodopsin, human peripherin and human collagen 1A2 cDNA clones were expressed in
vitro. Ribozymes targeting specific sites in the human and mouse rhodopsin, human peripherin and human collagen
1A2 cDNAs were also expressed in vitro. cDNA clones were cut with various restriction enzymes resulting in the production
of differently sized transcripts after expression. This aided in differentiating between RNAs expressed from unadapted
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and adapted cDNAs. Restriction enzymes used to cut each clone, sizes of resulting transcripts and predicted sizes of
products after cleavage by target ribozymes are given below in Table 1. Exact sizes of expression products may vary
by a few bases from that estimated as there may be some ambiguity concerning inter alia the specific base at which
transcription starts.

A: Human Rhodopsin

[0148] The unadapted human rhodopsin cDNA (SEQ ID NO:1) and the human rhodopsin cDNA with a single nucleotide
substitution in the coding sequence (SEQ ID NO:2) were cut with BstEII and expressed in vitro. The single base change
occurs at the third base position or wobble position of the codon (at position 477) (nucleotide 271 of SEQ ID NO:2) and
therefore does not alter the amino acid coded by this triplet. The Rz10 clone was cut with XbaI and expressed in vitro.
Resulting ribozyme and human rhodopsin RNAs were mixed with varying concentrations of MgCl2 to optimize cleavage
of template RNA by RzlO. A profile of human rhodopsin RNA cleavage by RzlO over time is given in Figure 1A. The
MgCl2 curve profile used to test if adapted human rhodopsin transcripts could be cleaved by RzlO is given in Figure 2B.
Unadapted and adapted human rhodopsin cDNAs were cut with FspI and BstEII respectively, expressed and mixed
together with RzlO RNA to test for cleavage (Figure 1B) over time. Likewise, unadapted and adapted human rhodopsin
cDNAs were cut with Acyl and BstEII respectively, both were expressed in vitro and resulting transcripts mixed with
RzlO RNA at varying MgCl2 concentrations to test for cleavage (Figure 2A, 2C). In all cases expressed RNAs were the
predicted size. Similarly in all cases unadapted transcripts were cleaved into products of the predicted size. Cleavage
of unadapted human rhodopsin RNA was almost complete - little residual uncleaved RNA remained. In all cases adapted
human rhodopsin RNAs with a single base change at a silent site remained intact, that is, they were not cleaved by
RzlO. Clearly, transcripts from the unadapted human rhodopsin cDNA are cleaved by RzlO while transcripts from the
adapted replacement nucleic acid which has been modified in a manner which exploits the degeneracy of the genetic
code are protected from cleavage. It is worth noting that AcyI enzyme cuts after the stop codon and therefore the resulting
RNA includes the complete coding sequence of the gene.
[0149] Rz20 was cut with XbaI and expressed in vitro. Similarly the rhodopsin cDNA containing a Pro23Leu mutation
was cut with BstEII and expressed in vitro. Resulting RNAs were mixed and incubated at 37°C with 10mM MgCl2 for
varying times. Rz20 was designed to elicit mutation specific cleavage of transcripts containing a Pro23Leu rhodopsin
mutation. All expressed products and cleavage products were the correct size. Figure 3 demonstrates mutation specific
cleavage of the mutant RNA over time incubated at 37°C with 10mM MgCl2. Cleavage of mutant rhodopsin transcripts
by RzlO which targets a ribozyme cleavage site 3’ of the site of the Pro23Leu mutation in rhodopsin coding sequence
was explored. The mutant rhodopsin cDNA and RzlO clones were cut with BstEII and XbaI respectively and expressed
in vitro. Resulting RNAs were mixed and incubated with 10mM MgCl2 for varying times (Figure 4). All expressed products
and cleavage products were the correct size. Rz10 cleaved mutant rhodopsin transcripts. Using a replacement nucleic
acid with a sequence change around the Rz10 cleavage site which is at a wobble position we demonstrated in Example
1A that transcripts from the replacement nucleic acid remain intact due to absence of the RzlO target site (Figures 1B,
2A and 2B). Hence RzlO could be used to cleave mutant transcripts in a manner independent of the disease mutation
itself (that is, using this site) while transcripts from the replacement nucleic acid which code for the correct protein would
remain intact and therefore could supply the wild type protein.

B. Mouse Rhodopsin

[0150] Rz33 was cut with XbaI and expressed in vitro. Similarly, the mouse rhodopsin cDNA was cut with Eco47III
and expressed in vitro. Resulting RNAs were mixed and incubated with varying concentrations of MgCl2. All expressed
products and cleavage products were the correct size. Figure 5A demonstrates specific cleavage of the mouse rhodopsin
RNA over various MgCl2 concentrations incubated at 37°C for 3 hours. Using a replacement nucleic acid with a sequence
change around the Rz33 cleavage site (TTT-->TCT) (nucleotides 189-191 of SEQ ID NO:7) which is at a wobble position
we demonstrated that transcripts from the replacement nucleic acid remain intact due to absence of the Rz33 target site
(Figures 5B). Hence Rz33 could be used to cleave mutant transcripts in a manner independent of the disease mutation
itself (that is, using this site) while transcripts from the replacement nucleic acid which code for the correct protein would
remain intact and therefore could supply the wild type protein.

C. Human Peripherin

[0151] The unadapted human peripherin cDNA and two human peripherin DNA fragments generated by PCR muta-
genesis with a single nucleotide substitution in the coding sequence were cut with BglII and AvrII respectively and
expressed in vitro. The single base changes in the adapted DNAs occur at third base positions or wobble positions of
the codon (at position 257 and 359) (nucleotide 468 of SEQ ID NO:13 and nucleotide 332 of SEQ ID NO: 10, respectively)
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and therefore do not alter the amino acid coded by these triplets. The Rz30 and Rz31 clones were cut with XbaI and
expressed in vitro. Resulting ribozymes and unadapted human rhodopsin RNAs were mixed with varying concentrations
of MgCl2 to optimize cleavage of template RNA by Rz30 and Rz31. Profiles of human peripherin RNA cleavage by Rz30
over various MgCl2 concentrations and over time are given in Figure 6. Similarly profiles of human peripherin RNA
cleavage by Rz31 over various MgCl2 concentrations and over time are given in Figure 7. In all cases expressed RNAs
were the predicted size. Similarly in all cases unadapted transcripts were cleaved into products of the predicted size.
Adapted human rhodopsin RNAs were mixed together with Rz30 and Rz31 RNA over various MgCl2 concentrations to
test if adapted human peripherin transcripts could be cleaved by Rz30 and Rz31 (Figures 6 + 7). Expressed RNAs were
the predicted size. In all cases adapted human peripherin RNAs with single base changes at silent sites remained intact,
that is, they were not cleaved by Rz30 or Rz31. Clearly, transcripts from the unadapted human peripherin cDNA are
cleaved by Rz30 and Rz31 while transcripts from the adapted replacement DNAs which have been modified in a manner
which exploits the degeneracy of the genetic code are protected from cleavage.

D. Human Collagen 1A2

[0152] Rz907 clones targeting a polymorphic site in human collagen 1A2 sequence was cut with XbaI and expressed
in vitro. The human collagen 1A2 cDNA clones (A and B) containing two allelic forms of a polymorphism in the coding
sequence of the gene at positions 907 were cut with MvnI and XbaI respectively, expressed in vitro and RNAs mixed
together with Rz907 RNA to test for cleavage of transcripts by this ribozyme. All expressed transcripts were of the
predicted sizes. RNAs were mixed with varying concentrations of MgCl2 to optimize cleavage of RNAs by Rz907 (Figure
8). Notably the majority of the RNA transcripts from human collagen 1A2 (A) which has a T nucleotide at position 907
(A nucleotide 176 of SEQ ID NO:17, reverse strand) is cleaved by Rz907 (Figure 8). This allelic form of the gene has a
ribozyme cleavage site at 906-908. Notably the situation is reversed with transcripts from human collagen 1A2 (B) where
in this allelic form of the gene due to the nature of the polymorphism present at position 907 the ribozyme cleavage site
has been lost. In contrast to transcripts from human collagen (A), transcripts from human collagen (B) were protected
from cleavage by Rz907 due to the alteration in the sequence around the ribozyme cleavage site (Figure 8). Cleavage
of collagen 1A2 (A) by Rz907 was efficient which is consistent with 2-D predictions of RNA open loop structures for the
polymorphism - in the allele containing the Rz907 ribozyme cleavage site, the target site is found quite consistently in
an open loop structure. This polymorphism found in an open loop structure of the transcript clearly demonstrates the
feasibility and utility of using the degeneracy of the genetic code in the suppression of an endogenous gene (either
suppressing both alleles or a single allele at a polymorphic site) and restoration of gene expression using a gene which
codes for the same protein but has sequence modifications at third base wobble positions which protect the replacement
nucleic acid from suppression.

Table 1

Restriction 
Enzyme

Estimated RNA 
Size

Cleavage Products

Human rhodopsin BstEII ∼851 bases
287 + 564 bases 
(Rz10)

AcyI ∼1183 bases
287 + 896 bases 
(Rz10)

FspI ∼309 bases 287 + 22 bases (Rz10)

Human rhodopsin artificial polymorphism BstEII ∼851 bases

Human rhodopsin Pro-Leu BstEII ∼851 bases 170 + 681 (Rz20)

Human rhodopsin Pro-Leu BstEII ∼851 bases 287 + 564 (Rz10)

Rz10 XbaI ∼52 bases

Rz20 XbaI ∼52 bases

Mouse rhodopsin Eco47III ∼774 bases 400 + 374 bases
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(continued)

Restriction 
Enzyme

Estimated RNA 
Size

Cleavage Products

Mouse rhodopsin artificial polymorphism Eco47III ∼774 bases

Rz33 XbaI ∼52 bases

Human peripherin BglII ∼545 bases 315 + 230 (Rz30)

Human peripherin BglII ∼545 bases 417 + 128 (Rz31)

Human peripherin artificial polymorphism AvrII ∼414 bases

Human peripherin artificial polymorphism BglII ∼545 bases

Rz30 XbaI ∼52 bases

Rz31 XbaI ∼52 bases

Human Collagen 1A2 (A) MvnI ∼837 bases

Human Collagen 1A2 (B) XbaI ∼888 bases 690 + 198 bases

Rz907 XbaI ∼52 bases

(RNA sizes are estimates)

Table 2

A: Rhodopsin mutations predicted open loop Rz10 target site (475-477) transcripts. tested to assess 
if the RNA structure containing the remains intact in mutant

Rhodopsin mutation RNA open loop targeted by
Rz10
Pro 23 Leu Intact
Gly 51 Val Intact

Thr 94 Ile Intact
Gly 188 Arg Intact
Met 207 Arg Intact
Ile del 255 Intact
B: Utilization of the degeneracy Ribozyme cleavage sites of the genetic code. are underlined
Human rhodopsin

475-477
Unadapted sequence

475-477
Adapted sequence

Mouse rhodopsin

1459-1461
Unadapted sequence

1459-1461
Adapted sequence
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[0153] In the examples outlined above, RNA was expressed from cDNAs coding for four different proteins: human
and mouse rhodopsin, human peripherin and human type I collagen 1A2. Rhodopsin and peripherin have been used to
exemplify the invention for retinopathies such as adRP - suppression effectors have been targeted to the coding se-
quences of these genes. In the case of the human collagen 1A2 gene, a naturally occurring polymorphism has been
used to demonstrate the methods described herein and the potential use of such methods for disorders such as OI
-however non-polymorphic regions of the collagen 1A2 gene could be used to achieve suppression. The suppression
effectors of choice in the invention have been hammerhead ribozymes with antisense flanks to define sequence specificity.
Hammerhead ribozymes require NUX cleavage sites in open loop structures of RNA. Notably, other suppression effectors
could be utilized in the invention and may lead to a more flexible choice of target sequences for suppression. Transcripts
expressed from all four genes have been significantly attacked in vitro using suppression effectors directed towards
target cleavage sites. In all four examples the ribozymes directed to cleavage sites were successful in cleaving target
RNAs in the predicted manner. Antisense complementary to sequences surrounding the cleavage sites was used suc-
cessfully to elicit binding and cleavage of target RNAs in a sequence specific manner. Additionally, transcripts from
replacement nucleic acids, modified using the degeneracy of the genetic code so that they code for wild type protein,
were protected fully from cleavage by ribozymes.
[0154] The utility of an individual ribozyme designed to target an NUX site in an open loop structure of transcripts from
a gene will depend in part on the robust nature of the RNA open loop structure when various deleterious mutations are
also present in the transcript. To evaluate this, we analyzed RNAPlotFold data for six different adRP causing mutations
in the rhodopsin gene. For each of these, the large RNA open loop structure which is targeted by RzlO was predicted
to be maintained in the mutant transcripts (Table 2A). This is clearly demonstrated in example 1B (Figure 3) using a
Pro23Leu rhodopsin mutation. RzlO clearly cleaves the mutant transcript effectively in vitro. The Pro23Leu mutation
creates a ribozyme cleavage site and can be cleaved in vitro by Rz20 a ribozyme specifically targeting this site - however
this is not the case for many mutations. In contrast we have shown that the RzlO ribozyme cleavage site is available for
different mutant rhodopsins and could potentially be used to suppress multiple mutations using a suppression and
replacement approach.
[0155] In some cases lowering RNA levels may lead to a parallel lowering of protein levels however this may not
always be the case. In some situations mechanisms may prevent a significant decrease in protein levels despite a
substantial decrease in levels of RNA. However in many instances suppression at the RNA level has been shown to be
effective. In some cases it is thought that ribozymes elicit suppression not only by cleavage of RNA but also by an
antisense effect due to the antisense arms of the ribozyme surrounding the catalytic core.
[0156] In all examples provided ribozymes were designed to cleave at specific target sites. Target sites for four of the
ribozymes utilized were chosen in open loop structures in the coding regions of transcripts from three retinal genes
(human and mouse rhodopsin and human peripherin). In all cases, sequence specific cleavage was obtained at the
target cleavage sites (Figs 1-7). Target sites were chosen in open loop structures to optimize cleavage. Additionally,

(continued)

Human peripherin
255-257

Unadapted sequence

255-257
Adapted sequence

357-359
Unadapted sequence

357-359
Adapted sequence

Human type I collagen 1A2 Sequence (A) 906--908

906--908
Sequence (B)
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target sites were chosen such that they could be obliterated by single nucleotide changes at third base wobble positions
and therefore would code for the same amino acid (Table 2B). In turn this enabled the generation of replacement nucleic
acids with single nucleotide alterations which code for wild type protein. In all cases tested transcripts from replacement
nucleic acids were protected from cleavage by ribozymes. Further modifications could be made to replacement nucleic
acids in wobble positions, for example, to limit the binding ability of the antisense arms flanking the ribozyme catalytic
core. The examples provided for rhodopsin and peripherin involve suppression of expression of both disease and wild
type alleles of a retinal gene and restoration of the wild type protein using a replacement nucleic acid. However, there
may be situations where single alleles can be targeted specifically or partially specifically (PCT/GB97/00574).
[0157] In one example, human collagen 1A2, Rz907 was used to target a naturally occurring polymorphic site at amino
acid 187, (GGA (glycine) --> GGT (glycine), located in an open loop structure from the predicted 2-D conformations of
the transcript (Figure 8, Table 2B). The ribozyme Rz907 cleaved transcripts containing the GGT sequence but transcripts
with GGA were protected from cleavage. Transcripts from both alleles of individuals homozygous for the GGT polymor-
phism could be cleaved by Rz907 whereas in the case of heterozygotes, cleavage could be directed to single alleles
(in particular to alleles containing deleterious mutations PCT/GB97/00574). In both situations replacement nucleic acids
could have the sequence GGA and therefore would be protected from cleavage by Rz907. The presence of many such
naturally occurring silent polymorphisms highlights that replacement nucleic acids could be modified in a similar fashion
in wobble positions and should produce in most cases functional wild type protein. Multiple modifications could be made
to replacement nucleic acids at wobble positions which would augment protection from suppression effectors. For ex-
ample, in situations where antisense nucleic acids were used for suppression, transcripts from replacement nucleic
acids with multiple modifications at third base positions would be protected partially or completely from antisense binding.
[0158] In all four examples provided, transcripts from cDNA clones were cleaved in vitro in a sequence specific manner
at ribozyme cleavage sites. Additionally one base of the ribozyme cleavage site occurs at a wobble position and moreover
can be altered so as to eliminate the cleavage site. Ribozyme cleavage sites in the examples given were destroyed by
changing nucleotide sequences so that the consensus sequence for ribozyme cleavage sites was broken. However it
may be that in some cases the cleavage site could be destroyed by altering the nucleotide sequence in a manner that
alters the 2-D structure of the RNA and destroys the open loop structure targeted by the ribozyme. cDNAs or DNA
fragments with altered sequences in the regions targeted by ribozymes were generated. RNAs expressed from these
cDNAs or DNA fragments were protected entirely from cleavage due to the absence of the ribozyme cleavage site for
each of the ribozymes tested. Of particular interest is the fact that a single nucleotide alteration can obliterate a ribozyme
target site, thereby preventing RNA cleavage. Although ribozymes have been used in the demonstration of the invention,
other suppression effectors could be used to achieve gene silencing. Again replacement nucleic acids with altered
sequences (at third base wobble positions) could be generated so that they are protected partially or completely from
gene silencing and provide the wild type (or beneficial) gene product.
[0159] The above method of suppression and, where necessary, gene replacement may be used as a therapeutic
approach for treating diseases caused by many different mutations within a given gene. Given the continuing elucidation
of the molecular pathogenesis of dominant and polygenic diseases the number of targets for this invention is rapidly
increasing.

Example 2: Use of siRNA to modulate COL1A1 gene expression

[0160] Duplexes of approximately 21 nucleotide RNAs, known as short interfering RNAs (siRNAs), inhibit gene ex-
pression of a target RNA in a sequence specific manner by RNA interference (RNAi). siRNAs targeting the human
COL1A1 gene, a gene implicated in OI, were designed and evaluated in vitro. In addition, modified replacement genes
altered such that transcripts from these genes avoid siRNA suppression, were generated. The siRNAs were commercially
synthesized by Xeragon (Alabama, USA). These materials were then tested in COS-7 cells using reduction in EGFP
fluorescence as a marker for suppression. Experiments evaluating down-regulation of a COL1A1 target nucleic acid
were carried out by co-transfecting COS-7 cells with an siRNA targeting COL1A1 and a COL1A1- EGFP construct
(Figure 9). Further down-regulation experiments were also carried out on stable COS-7 cell lines expressing a partial
COL1A1-EGFP construct. Stable lines were transiently transfected with COL1A1-specific RNAi. RNAi in both sets of
experiments suppressed the target COL1A1 (by approximately 80-100%). Furthermore modified human COL1A1 targets
with a single base, three and five base changes at degenerate sites escaped suppression by RNAi. Results from these
studies show the usefulness of RNAi as a suppression effector in combination with the degeneracy of the genetic code
to protect sequence modified targets from suppression.
[0161] A COL1A1 target region and replacement gene were cloned into pIRES2-EGFP (Clontech) (Figure 9). The
target was made using primers designed to give a 320 bp COL1A1 fragment surrounding the siRNA recognition site
(Table 4). A replacement construct was made by introducing point mutation(s) at wobble sites via primer-directed PCR
mutagenesis (Table 4). siRNA sequences together with the sequences of modified replacement constructs are provided
in Tables 3 and 4.
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[0162] The COL1A1 gene sequence was scanned for RNAi target sequences. The sequence AA(N19)TT with a 50%
GC content was chosen for the COL1A1 RNAi - however it has been demonstrated that flexibility in RNAi designs can
be tolerated and can result in efficient suppression of the target. The sequence chosen as the siRNA target was BLASTed
(www.ncbi.nlm.nih.gov) to ensure it was not homologous to other known genes. The siRNA targeting region was checked
for any known polymorphisms. Selected siRNA was synthesized by Xeragon. Sense and anti-sense strands were pre-
annealed.

[0163] CollAlRNAiF and CollAlRNAiR DNA primers were used to amplify the human COL1A1 target that was cloned
in to the pIRES2-EGFP vector. The Col1A1Rep1F, Col1A1Rep1R, Col1A1Rep3F, Col1A1Rep3R, Col1A1Rep5F and
Col1A1Rep5R primers were used for primer directed mutagenesis to incorporate sequence alterations at degenerate
sites in the COL1A1 target (Tables 3 and 4). The EGFPseqF primer was used to sequence all constructs in the pIRES2-
EGFP plasmid.
[0164] COS-7 cells were used both for transient transfection experiments and to create stable cell lines expressing
the COL1A1 target using the COLIA1 pIRES2-EGFP vector. Stable cell lines were generated by selecting with G418
using standard techniques. In transient co-transfection experiments Lipofectamine2000 (Invitrogen) was used to transfect
105 cells with 0.8 mg of DNA and 0.20 mg of siRNA. In transient transfection experiments of stable lines, Oligofectamine
(Invitrogen) was used to transfect 0.5 x 105 cells with 0.8 mg (50nmoles) of siRNA.
[0165] Fluorescence was measured using a Picofluor (Turner Designs) on the blue channel (excitation 475 6 15nm,
emission 515 6 20nm) with a minicell adaptor. Cells were trypsinized, pelleted and pellets resuspended in PBS before

Table 3: Sequence of COL1A1 and COL7A1 siRNAs & COL1A1 wild type and replacement targets
COL1A1siRNA A AAC TTT GCT CCC CAG CTG TCT T

Amino acid No: 157 158 159 160 161 162 163 164 165
Wild type target GGA AAC TTT GCT CCC CAG CTG TCT TAT (SEQ ID 

NO: 35)
Modified target GGA AAC TTT GCG 

(Ala)
CCC CAG CTG TCT TAT(SEQ ID 

NO: 36)
Wild type target GGA AAC TTT GCT CCC CAG CTG TCT TAT(SEQ ID 

NO: 37)
Modified target GGC 

(Gly)
AAC TTT GCG 

(Ala)
CCC CAG CTT 

(Leu)
TCT TAT(SEQ ID 

NO: 38)
Wild type target GGA AAC TTT GCT CCC CAG CTG TCT TAT(SEQ ID 

NO: 39)
Modified target GGC 

(Gly)
AAC TTT GCG 

(Ala)
CCA 
(Pro)

CAG CTT 
(Leu)

TCG 
(Ser)

TAT(SEQ ID 
NO: 40)

Col7A1 siRNA AAG GGG CAG GGG GTC AAG CTA TT (SEQ ID NO: 
41)

Table 4: Oligonucleotides used to generate COL1A1 targets (both wild type and modified targets) and to sequence 
resulting constructs

Name Sequence

Col1A1RNAiF CGGAATTCAGGGACCCAAGGGAGAACACT (SEQ ID NO: 42)

Col1A1RNAiR CGGGATCCCATGGGACCTGAAGCTCCAG (SEQ ID NO: 43)

Col1A1Rep1F GGAAACTTTGCGCCCCAGCTGTCTTAT (SEQ ID NO: 44)

Col1A1Rep1R ATAAGACAGCTGGGGCGCAAAGTTTCC (SEQ ID NO: 45)

Col1A1Rep3F GGCAACTTTGCGCCCCAGCTTTCTTAT (SEQ ID NO: 46)

Col1A1Rep3R ATAAGAAAGCTGGGGCGCAAAGTTGCC (SEQ ID NO: 47)

Col1A1Rep5F GGCAACTTTGCGCCACAGCTTTCGTAT (SEQ ID NO: 48)

Col1A1Rep5R ATACGAAAGCTGTGGCGCAAAGTTGCC (SEQ ID NO: 49)

EGFPseqF CGGGACTTTCCAAAATGTCG (SEQ ID NO: 50)
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measuring fluorescence in a 200 ml volume. Light microscopy was used to visualize EGPF cell fluorescence in transfected
and control cells using GFP filters.

Transient co-transfection of target and RNAi in COS-7 cells

[0166] Figure 10 shows results from the co-transfection of the COL1A1 target (in the pIRES2-EGFP vector) and siRNA
targeting COL1A1. Suppression of target COL1A1 transcripts was initially evaluated by co-transfection of COS-7 cells
with siRNA targeting human COL1A1 and the COL1A1-EGFP construct using Lipofectamine2000. The pIRES2-EGFP
vector enabled co-expression of the target and enhanced green fluorescent protein (EGFP) as a single transcript.
Subsequent to transfection EGFP fluorescence was measured using a Picofluor (Turner Designs) using excitation optics
with a blue LED at 475nm (+/-15), emission optics at 515nm (+/-20).Cells transfected with siRNA showed substantial
reduction in COL1A1-EGFP levels as assessed by EGFP fluorescence (column 2) when compared to cells without
siRNA (column 1). In contrast, a non-complimentary control siRNA targeting COL7A1 showed no down-regulation (column
3). The sequence specificity of siRNA suppression was further explored using a modified COL1A1-EGFP construct
carrying a single base change in the sequence targeted by siRNA. This alteration at codon 160 of COL1A1 is at a wobble
site and hence both the wild type GCT and modified GCG sequences code for an alanine residue in the protein. The
modified construct showed no down-regulation by siRNA targeting wild type COL1A1 sequence (Lane D). Thus, in this
case a single base change at a degenerate site was sufficient to eliminate siRNA inhibition. Additional studies incorpo-
rating three and five base changes at degenerate sites in the COL1A1 sequence targeted by siRNA were assessed for
suppression (Lanes E and F). Similarly, COL1A1-EGFP constructs with multiple sequence modifications avoided sup-
pression by siRNA targeting wild type COL1A1 sequence. Although siRNA has been used in the demonstration of the
invention, other suppression effectors could be used to achieve gene silencing. Again replacement nucleic acids with
altered sequences (at wobble positions) could be generated so that transcripts from these constructs are protected
partially or completely from gene silencing and provide the wild type (or beneficial) gene product.

Transient transfection of stable COS-7 cell lines expressing COL1A1-EGFP with RNAi

[0167] Figure 11A shows results from studies of siRNA-based suppression of COL1A1 in stable COS-7 cell lines
expressing the COL1A1-EGFP target. Stable COS-7 cells expressing the COL1A1-EGFP construct (in pIRES2-EGFP)
transfected (using Oligofectamine as a transfection agent) with siRNA complementary to COL1A1 showed a level of
down-regulation / silencing partially dependent on transfection efficiency. As with the co-transfection results, the presence
of complimentary siRNA in cells resulted in significant reduction of COL1A1-EGFP mRNA levels as assessed by EGFP
protein fluorescence (Figure 11A). Similarly non-complementary siRNA (designed to target COL7A1) did not suppress
the COL1A1 target (Figure 11A). EGFP fluorescence was measured using a Picofluor (Turner Designs). As seen in co-
transfection experiments above the presence of complimentary siRNA in cells resulted in a significant reduction of
COL1A1-EGFP levels. Non-complimentary siRNA (COL7A1 siRNA) did not suppress the COL1A1 target.Fluorescence
microscopy of COS-7 cells transiently transfected with the COL1A1-EGFP construct and siRNAs
[0168] Fluorescence microscopy was used to visualize EGFP fluorescence in cells (Figure 12). EGFP fluorescence
was evaluated in cells transfected with the COL1A1-EGFP construct, the COL1A1-EGFP construct and siRNA-1 targeting
wild type COL1A1, the COL1A1-EGFP construct and siRNA-2 (control targeting COL7A1) and the modified COL1A1-
EGFP construct and siRNA-1 targeting wild type COL1A1. Suppression with siRNA-1 (targeting COL1A1) was only
effective when the wild type COL1A1 sequence was present. Notably no suppression was observed when a COL1A1
target with a single base change at a degenerate site was used. Results obtained with the Picofluor were confirmed with
the Zeiss Axioplan 2 microscope (Figure 12).

Timepoint analysis of EGFP levels after addition of siRNA

[0169] Figure 13 depicts the results from a time point assay of COL1A1 siRNA-based suppression in COS-7 cells.
COS-7 cell lines stably expressing COL1A1-EGFP were used to establish timepoints for down-regulation using COL1A1
siRNA. Levels of down-regulation were determined at various time points by assessing levels of fluorescence generated
by the cells. Fluorescence was assessed between 24 and 120 hours post transfection (in 4 separate tests). Down-
regulation of EGFP protein levels was observed after 24 hours and persisted for up to 120 hours subsequent to treatment
with COL1A1 targeting siRNA. EGFP fluorescence was measured using a Picofluor (Turner Designs).Presence/Absence
of Transitive Interference in Mammals
[0170] Figure 11B presents results from the study of the presence / absence of transitive interference in mammalian
cells. Prior studies have suggested that in invertebrates, such as C. elegans, dsRNA can stimulate production of additional
siRNAs 5’ of the original targeted sequence termed transitive interference. Suppression using siRNA and replacement
with a gene modified at a wobble position is only possible if this RNA amplification mechanism does not occur in
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mammalian systems. If such a mechanism were in operation in mammals siRNA generated 5’ of the original target
sequence would inhibit expression of both the wild type and modified replacement genes. This phenomenon was as-
sessed in COS-7 cells containing three components - wild type COL1A1-EGFP transcripts (stably expressed), modified
COL1A1-EGFP transcripts with one altered base at a degenerate site termed REP-1 (transiently expressed) and thirdly
with siRNA targeted to wild type human COL1A1 sequence (transiently transfected). If siRNAs were generated 5’ of the
original target, significant inhibition of both wild type and modified COL1A1 transcripts might be expected. The modified
COL1A1-EGFP transcript will be protected from suppression at the original siRNA target site using a wobble modification,
however, no modifications were made 5’ of this. If siRNA were generated 5’ of the original target site the modified
COL1A1-EGFP transcript would not be protected against these. Notably such inhibition was not observed. The data
suggest that the mechanism of transitive interference observed in invertebrates may be absent in mammals and that
siRNA 5’ of the original trigger sequence may not be generated. Other research groups have since confirmed these
findings and hence it would appear that transitive interference does not occur in mammalian systems. This information
is important in optimizing the designs of replacement genes (using the degeneracy of the genetic code such that transcripts
from replacement genes avoid suppression) when using siRNA as the suppression agent. Had transitive interference
occurred in mammals the design of replacement constructs would be radically different and would require alteration of
many of the degenerate sites 5’ of the target siRNA sequence.

Example 3: Plasmid Generated siRNA Targeting Human COL1A1

Plasmid generated human COL1A1 siRNA

[0171] COL1A1 suppression using commercially synthesized siRNA (Xeragon) targeting COL1A1 transcripts was
demonstrated in COS-7 cells expressing the target as described above. In addition the use of plasmid vectors to express
siRNA targeting human COL1A1 is demonstrated in COS-7 cells.

Target human COL1A1 Constructs

[0172] In order to test the efficacy of RNAi plasmid constructs targeting COL1A1 to suppress the target, a stable cell
line expressing a 547bp fragment of the COL1A1 gene that encompasses four siRNA target regions chosen was estab-
lished. Figure 13B shows the design of four siRNAs targeting coding regions in human COL1A1 transcripts. The human
COL1A1 DNA fragment was generated via PCR, the PCR fragment gel excised, digested with BamHl and XhoI restriction
enzymes and then cloned into the BamHl and XhoI sites of the pIRES2-EGFP vector (Clontech see Figure 9, PCR
primers for COL1A1 PCR amplification are provided in Table 5A). Stable cell lines were established via transfection of
COS-7 cells with the COL1A1-EGFP construct carrying the COL1A1 target sequence using Lipofectamine Plus (Invit-
rogen) as a transfection agent and subsequent selection of transfected cells using G418. Stable cell lines could be
monitored by fluorescent microscopy (assaying for EGFP fluorescence). Stable cell lines were subsequently transiently
transfected with COL1A1 RNAi constructs. RNA was extracted from COS-7 cells 48 hours post transfection and COL1A1
mRNA levels analyzed via real time RT PCR (Figure 13C). Significant suppression of the COL1A1 target transcripts
was observed with siRNA generated from the H1 promoter in the pKS vector. siRNA targeting human rhodopsin was
utilized as a negative control in the study. Levels of expression of GAPDH were used as an internal control for real-time
RT PCR reactions. The most effective siRNA targeting COL1A1 thus generated and evaluated was found to be RNAi4
which achieved approximately 60% suppression of the target. Sequence for the COL1A1-EGFP target construct is
provided in Figure 26.

Constructs with RNAi / siRNA targeting human COL1A1

[0173] RNAi constructs were designed following the approach outlined in Brummelkamp et al. (2002). In a similar
manner to the selection of synthetic siRNAs, the target sequence is about 16 - 24 nucleotides in length and should be
flanked in the mRNA by AA at the 5’ and TT at the 3’ - although flexibility in the presence / absence of flanking sequences
and in the nature of the flanking sequences can be afforded. Regions of the mRNA to select the target sequence from
are preferably in the coding region although are not limited to the coding region and can include non-coding and or
intronic sequences. Target sites may preferably be approximately 100 bp from the start and termination of translation
although flexibility again may be afforded. In addition given that the H1 promoter is being used to drive expression it is
preferable that the target sequence selected does not contain a stretch of four or more adenines or thymidines as this
may result in premature termination of the transcript. Four RNAi constructs were cloned into the pBluescript -KS vector
(Stratagene), under the control of the polymerase III H1 promoter as described below (Table 5B). Each primer contains
restriction enzyme overhangs (BglII and HindIII) to enable cloning, followed by the target siRNA sense strand a loop
structure of between 1 and 20 bases, the target antisense siRNA strand, a termination signal for the H1 promoter and
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a restriction site overhang. Sequence for the H1 driven siRNA COL1A1 siRNA construct is provided in Figure 27.

Replacement human COL1A1 Constructs

[0174] Primer directed PCR-based mutagenesis was used to introduce sequence alterations into the replacement
human COL1A1 target sequences using standard methods. PCR primers contain sequences changes from the wild
type human COL1A1 sequence located at wobble / degenerate sites in the COL1A1 gene as detailed in Table 5C. Primer
sequences in 5C include sequences 5’ and 3’ which are 100% complementary to the target to aid primer-binding together
with sequence containing bases that have been modified from the human COL1A1 sequence at degenerate / wobble
sites (sequence in italics) such that replacement sequences encodes for wild type human COL1A1 protein (Figure 13B).

Table 5A: Primer sequences for PCR of COL1A1 target
RNAiTargtF bases 3894 - 3918 in Col1a1 sequence NM 000088
CCTGACTCGAGTGACCTCAAGAGTGTGCCACT (SEQ ID NO: 51)
RNAiTargtR bases 4432 - 4450 in Col1a1 sequence NM000088

CGTATGGATCCGGGCCACATCGATGCTGG (SEQ ID NO: 52)

Table 5B: Primer sequences for siRNA targets
siRNA sequences are given in uppercase and italics, the sequences of loop regions are provided in bold and lower 
case and the leader sequences are provided in uppercase and bold.
Target siRNA sequence Col1a1MM base 4261- 4279 in Col1a1 NM 000088
CTGGCAACCTCAAGAAGAA (SEQ ID NO: 53)

Forward primer
GATCCCCCTGGCAACCTCAAGAAGAAttcaagagaTTCTTCTTGAGGTTGCCAGTTTTTGAAA (SEQ ID NO: 54)
Reverse primer
AGCTTTTCCAAAAACTGGCAACCTCAAGAAGAAtctcttgaa TTCTTCTTGAGGTTGCCAGGGG (SEQ ID NO: 55)
NOTE-MM = Mismatch last 2 bases of construct "AA" are mismatched.
Target siRNA sequence Col1a1R2 base 3982- 39999 in Col1a1 NM 000088

AAGTCTTCTGCAACAATGG (SEQ ID NO: 56)
Forward primer
GATCCCCAAGTCTTCTGCAACAATG ttcaagagaTCCATGTTGCAGAAGACTTTTTTTGAAA (SEQ ID NO: 57)
Reverse primer
AGCTTTTCCAAAAAAAGTCTTCTGCAACAATG tctcttgaa TCCATGTTGCAGAAGACTT GGG (SEQ ID NO: 58)
Target siRNA sequence Col1a1R3 base in 4020 - 4038 Col1a1 in NM 000088

AGCCCAGTGTGGCCCAGAA (SEQ ID NO: 59)
Forward primer
GATCCCCAGCCCAGTGTGGCCCAGAAttcaagagaTTCTGGGCCACATGGGCTTTTTTGAAA (SEQ ID NO: 60)
Reverse
AGCTTTTCCAAAAAAGCCCAGTGTGGCCCAGAAtctcttgaaTTCTGGGCCACATGGGCTGGG (SEQ ID NO: 
61)

Target siRNA sequence Col1a1R4 base 4344-4362 in Col1a1 NM 000088
AGCGTCACTGTCGATGGCT (SEQ ID NO: 62)
Forward primer
GATCCCCAGCGTCACTGTCGATGGCTttcaagagaAGCCATCGACAGTGACGCTTTTTTGAAA (SEQ ID NO: 
63)
Reverse primer

AGCTTTTCCAAAAAAGCGTCACTGTCGATGGCTtctcttgaaAGCCATCGACAGTGACGCTGGG (SEQ ID NO: 
64)

Table 5C: Primer sequences for replacement human COL1A1 constructs
RNAi2MutagF
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Example 4: Methods of Cell Culture, Cell Transfection. DNA and RNA Preparation and Handling

Seeding cells

[0175] Cells were defrosted on ice and transferred to sterile tubes with 10 ml DMEM. Cells were then pelleted at
1000rpm (IEC Centra-3c bench top centrifuge) for 5 minutes. The supernatant was removed and the pellet resuspended
in 5 ml DMEM+. A millilitre of this mix containing 0.5 x 106 cells was placed into a 9 cm tissue culture dish and made up
to 10 mls with DMEM+. Plates were incubated at 37°C and 6% CO2.

Splitting cells (10cm dish)

[0176] Medium was removed form cells and cells washed with PBS. A millilitre of trypsin was added to the plate and
the plate was placed at 37°C for 5 minutes. The plate was tapped to lift cells. DMEM+ was added to bring the volume
to 10 ml. An aliquot of 2 ml was added to each new plate and again made up to 10 ml with DMEM+. Plates were incubated
at 37°C and 6% CO2.

Counting cells (10cm dish)

[0177] DMEM+ was removed and the cells washed with 10 mls PBS. Two millilitres of trypsin was added and the plate
was placed at 37°C for 5 minutes. The plate was tapped to lift cells. DMEM+ was added to bring the volume to 10 ml.
The mix was placed in a sterile tube and spun at 1000rpm (IEC Centra-3c bench top centrifuge) for 5 minutes. The
supernatant was removed and pellet resuspended in 1 ml DMEM+. Equal volumes of cell suspension and trypan blue
were mixed (usually 10 ml of each) and placed on a haemocytometer. Sixteen squares were counted and the quantity
of cells per millilitre calculated.

Freezing down cell stocks

[0178] Freezing ampoules were placed in a pre-cooled Mr. Frosty box. Cells were diluted so that 500 ml contained
approximately 2x107 cells. Equal volumes of cells and 2x freezing medium (500 ml of each) were added to an ampoule.
The ampoules were then frozen at -80°C or place in liquid nitrogen.

Transfection with LipofectAMINE PLUS

[0179] Cells were counted and seeded at a density to give 50-90% confluency on the day of transfection. Volumes of
DNA, reagents and media varied depending on the plate format used. On the day of transfection the DNA was diluted
in serum free DMEM. LipofectAMINE PLUS reagent was added, mixed and incubated at room temperature for 15
minutes. Meanwhile the LipofectAMINE reagent was diluted in serum free DMEM and after the 15 minutes incubation
added to the DNA/LipofectAMINE PLUS mixture. This was then mixed and left at room temperature for a further 15
minutes. The media was then taken off the cells and was replaced by serum free DMEM and the DNA/LipofectAMINE
PLUS/LipofectAMINE mixture. The plates were incubated at 37°C and 6% CO2 for 3 to 5 hours. DMEM+ with 30% FCS
was added to bring the concentration of FCS on the cells to 30% FCS.

(continued)

GGA TGC ATC AAG GTG TTT TGT AAT ATG GAG ACT GGT GAG ACC (SEQ ID NO: 65)
RNAi2MutagR
CAC ACC AGT CTC CAT ATT ACA AAA CAC CTT GAT GCA TCC AGG (SEQ ID NO: 66)
RNAi3MutagF
TAC CCC ACT CAA CCG AGC GTA GCT CAA AAA AAC TGG TAC ATC (SEQ ID NO: 67)
RNAi3MutagF

GTA CTA GTT TTT TTG AGC TAC GCT CGG TTG AGT GGG GTA CAC (SEQ ID NO: 68)
RNAi4MutagF
TTC ACC TAC TAT AGT GTA ACG GTG GAC GGC GGT TGC ACG GTA AGT (SEQ ID NO: 69)
RNAi4MutagR
TAC CGT GCA ACC GCC GTC CAC CGT TAC ACT ATA GTA GGC GAA GCG (SEQ ID NO: 70)
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Transfection with Lipofectamine 2000 (Gibco/BRL)

[0180] Cells were counted and seeded at a density to give 90-95% confluency on the day of transfection. The volumes
of DNA, (and siRNA), reagents and media varied depending on the plate format used. On the day of transfection the
medium in the plates was replaced with antibiotic free DMEM+. The DNA was diluted in Opti-MEM I reduced serum
medium. Lipofectamine 2000 reagent was diluted in Opti-MEM I reduced serum medium and after mixing was incubated
for 5 minutes at room temperature. After this time the diluted DNA was added to the diluted Lipofectamine 2000 and left
for a further 20 minutes at room temperature. Opti-MEM was used to bring the mixture up to its final volume. DNA/Lipo-
fectamine 2000 complexes were added to the medium and cells. Plates were then mixed by gentle rocking and incubated
at 37°C and 6% CO2 for 24 hours.

Transfection with Oligofectamine

[0181] Cells were counted and seeded at a volume to give 30-50% confluence on the day of transfection. The volumes
of siRNA, reagents and media varied depending on the plate format being used. On the day of transfection the medium
in the plates was changed for antibiotic free DMEM+. The siRNA was diluted in Opti-MEM I reduced serum medium.
Oligofectamine reagent was diluted in Opti-MEM I reduced serum medium and after mixing was incubated for 10 minutes
at room temperature. After this time the diluted siRNA was added to the diluted Oligofectamine and left for a further 25
minutes at room temperature. Opti-MEM was used to bring the mixture up to its final volume. siRNA/Oligofectamine
complexes were added to the medium and cells. Plates were then mixed by gentle rocking and left at 37°C and 6% CO2
for 24 hours.

Generation of stable cells

[0182] Transfections were carried out using standard techniques with either LipofectAMINE PLUS or Lipofectamine
2000. Two days after transfection G418 selection was initiated. Media was then changed every 24 hours for 3 days.
G418 selection was continued for at least 4 weeks after which cells were grown without G418.

Transient co-transfection with target COl1A1 sequence (in a plasmid) and RNAi

[0183] Co-transfections were carried out using Lipofectamine 2000 (GIBCO/BRL) in a 24 well format. Cells where
transfected with 0.8 mg of DNA and 0.2 mg of siRNA.

Transient transfection of stable cell lines expressing COL1A1 sequence with RNAi

[0184] Transfections were carried out using Oligofectamine in a 24 well format. Typically COS-7 cells where transfected
with 0.8 mg of siRNA.

Measuring EGFP production by cells using fluorimetry

[0185] 72 hours post transfection wells were rinsed with PBS and incubated for 5 minutes at 37°C with 100 ml of
trypsin. Cells were dislodged and 400 ml of PBS added. Cells were transferred to eppendorfs and spun at 1000rpm (IEC
Micromax bench top centrifuge) for 5 minutes. The supernatant was discarded and the cells resuspended in 200 ml PBS.
A Picofluor from Turner Designs was used to measure fluorescence. The minicell adaptor was used so volumes of 75
- 200 ml would be measurable. The fluorimeter was first blanked with PBS. Readings were taken on the blue channel
(excitation 475 6 15nm, emission 515 6 20nm).

Fluorescence microscopy

[0186] Fluorescence microscopy was undertaken using a Zeiss Axioplan 2 with a UV light source and filters. Images
were analyzed by computer using the KS300 imaging system from Zeiss.

Cloning of COL1A1 Constructs

[0187] Primers were designed for PCR amplification of a fragment of the human COL1A1 gene around the dsRNA
target site. Primers CollAlRNAiF and CollAlRNAiR amplified a 320bp fragment. The primers had EcoRl and BamHl
restriction enzyme sites incorporated into them. These sites were used to clone the PCR generated fragment of COL1A1
into the pIRES2-EGFP plasmid. Primers were designed to PCR amplify replacement fragments of the human COL1A1
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gene incorporating one, three or five altered bases at degenerate sites. Primers CollAlReplF and Col1A1Rep1R were
used to introduce a single base change, primers Col1A1Rep3F and Col1A1Rep3R used to introduce three base changes
and primers Col1A1Rep5F and Col1A1Rep5R used to introduce five base changes. All COL1A1 replacement DNA
fragments were cloned into pIRES2-EGFP using the EcoR1 and BamHl restriction enzyme sites. Ligations, transforma-
tions and DNA minipreps were carried out for all constructs. DNA minipreps were tested by PCR to screen for those
containing the appropriate inserts. Clones carrying the inserted fragment gave a PCR product of the expected size.
Sequencing was carried out on these DNA minipreps to ensure that the correct inserts were present.

RNA isolation from COS-7 cells.

[0188] RNAs were isolated using Trizol (Gibco/BRL) and standard procedures.

Real time RT PCR Analysis

[0189] Real time RT PCR was performed using the Quantitect Sybr Green RT-PCR kit. (Qiagen GmBH, Hilden).
GAPDH or β-actin was used as an internal control. All primers for real time RT PCR were HPLC purified. The ROCHE
lightcycler real time RT PCR machine was used in all analyses. Real time RT PCR reactions involved a denaturing step
at 95°C, annealing at 55°C and extension step at 72°C for 34 cycles. PCR products were analyzed by electrophoresis
on a 2% agarose gel.
[0190] Examples herein show the power of RNAi as a means of suppressing a target gene for, e.g., investigating the
biological function of the gene(s), the generation of transgenic animals and/or plants and in the design and/or imple-
mentation of potential therapeutic agents. Notably, the target recognition of RNAi is specific and is sensitive to even a
single base change. Generation of replacement constructs with one, three and five base changes using the degeneracy
of the genetic code to avoid RNAi suppression and at the same time providing wild type sequence are also demonstrated.
Both synthesized siRNA and plasmid generated siRNA has been used to successfully suppress the target human gene
in COS-7 cells.
[0191] Notably, the approach adopted enables suppression of a target nucleic acid in a manner that is independent
of the individual mutation(s) present in COLIA1. Furthermore, COLIA1 can be modified using the degeneracy of the
genetic code such that transcripts from the replacement construct avoid siRNA suppression but can provide the wild
type protein sequence. The same approach may be utilized for many applications including many other disorders where
mutational heterogeneity represents a substantial obstacle.

Example 5: Expression of Rhodopsin and Rhodopsin Ribozymes in COS-7 Cells

[0192] Translating ribozyme cleavage efficiencies observed in vitro to in vivo situations, primarily requires the availability
of suitable model systems to test ribozyme functionality. Cell culture systems offer an ideal semi-natural and therapeu-
tically relevant environment in which to test ribozymes. However target photoreceptor cell specific transcripts such as
rhodopsin are problematic, since photoreceptor cells are non-dividing they do not propagate in cell culture. Therefore,
COS-7 cells, derived from African Green monkey kidneys and cells and known to divide well in culture, were stably
transfected with rhodopsin using LipofectAMINE PLUS (Invitrogen) and art known protocols. Selection was carried out
using 600 mg/ml G418. Rhodopsin expression levels were analyzed by Northern blotting and RT-PCR (with Primer F:
5’ ATGGTCCTAGGTGGCTTCACC 3’ (SEQ ID NO: 71) in exon 3 of rhodopsin and Primer R: 5’ CATGATGGCATGGT-
TCTCCCC 3’ SEQ ID NO: 72 in exon 5 of rhodopsin).
[0193] Subsequently, stable cell lines were transiently transfected with Rz 30, Rz10, Rz40 and RzMM (see below for
sequence).

Rz30 5’ ACUUUCAGCUGAUGAGUCCGUGAGGACGAAAGCGCCA 3’ (SEQ ID NO: 73)

Rz10 5’ GGUCGGUCUGAUGAGUCCGUGAGGACGAAACGUAGAG 3’ (SEQ ID NO: 74)

Rz40 5’ GGACGGUCUGAUGAGUCCGUGAGGACGAAACGUAGAG 3’ (SEQ ID NO: 75)

RzMM 5’
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[0194] The antisense arms are underlined. A single base mismatch in Rz10 is highlighted in bold print. In RzMM
conserved ribozyme core sequence is regular type and random intervening sequence is italicized. Rz30 is an inactive
ribozyme. Rz10 and Rz40 are identical except for one base mismatch in one of the antisense arms of Rz10 that is
highlighted in bold print in Rz10 (see Figure 1 for ribozyme target site). Notably, RzMM is a connected multimeric
ribozyme, which consists of Rz40, Rz41, Rz42 and Rz43 in tandem. All ribozymes target degenerate sites (wobble) of
human rhodopsin (Table 6).

[0195] Transient transfections were carried out as follows: 1.5-8.0 x 105 cells were plated in 3cm tissue culture dishes
and grown to 50-80% confluency. Each dish was transfected with 8 ml LipofectAMINE, 30mg DNA and 7 ml PLUS reagent
according to the manufacturer’s protocols.
[0196] Poly (A) RNA was extracted 48 h post transfection from cells using standard procedures. Levels of rhodopsin
expression in the stable cell lines, which had been transfected with Rz10, Rz40 and RzMM, were compared with levels
in cells that had been transfected with inactive Rz30 by Northern blotting. The housekeeping gene β-actin was used as
the internal control of loading levels. The β-actin probe for Northern blots was generated by PCR and the following
primers: F Primer 5’ CGTACCACTGGCATCGTG 3’ (SEQ ID NO: 77) and R Primer 5’ GTTTCGTGGATGCCACAG 3’
(SEQ ID NO: 78). [α32P] dCTP was included in the reaction. A human rhodopsin probe was generated by random labeling
a plasmid with the gene using art known methods. Levels of expressions, represented by amount of radioactivity on the
probed Northern blot, were determined by Instant Imaging (Packard). Levels of down-regulation, carried out in duplicate
were substantial. Down-regulation of rhodopsin in COS-7 cells transiently transfected with Rz10, Rz40 and RzMM were
62%, 46% and 45%, respectively (Figure 15).

Example 6: Transgenic Animal Expressing Modified Human Rhodopsin Gene

[0197] Five mouse models were generated. The first mouse is a model for the disorder Retinitis Pigmentosa (RP)
(Pro23His). The second mouse carries a hammerhead ribozyme, Rz40, which targets human rhodopsin at a wobble
site (Rz40). The third mouse carries a modified replacement human rhodopsin gene, which has been altered at wobble
/ degenerate positions such that it escapes suppression by Rz40 (RhoM) (Figures 16-19). The fourth mouse model
carries the wild type human rhodopsin transgene (RhoNhr). The fifth mouse model is a knockout of the endogenous
mouse rhodopsin gene (rho-/-).
[0198] One transgenic mouse with a human rhodopsin transgene, which harbors the common Pro23His mutation
(Olsson JE et al. Neuron 1992 9(5): 815-30) has been constructed previously. The Pro23His transgenic mouse, which
presents with a retinal degeneration akin to human RP, has been bred onto a null mouse rhodopsin background (rho-/-
mice; Humphries et al. 1997), in preparation for testing ribozymes, inter alia Rz40. An additional transgenic mouse line
has been generated that carries 3.8kb of the mouse rhodopsin promoter followed by Rz40 and the small T1 intron
(approximately 65bp in length). This mouse has been shown by RT-PCR to express the ribozyme and splice out the
intron. An additional line of transgenic mice has been generated that carries the 3.8kb mouse rhodopsin promoter, the
full length human rhodopsin cDNA with both the 5’ and 3’ untranslated regions (UTRs) and intron 9 of the HPRT gene,
which is approximately 1.9kb. The human rhodopsin cDNA in this transgenic mouse carries 5 base alterations at the

Table 6

Ribozyme Motif Amino acid Position in Rhodopsin

Rz10 GUC Val 475-477

Rz40 GUC Val 475-477

Rz41 CTC Leu 544-546

Rz42 CTC Leu 577-579

Rz43 GTC Val 982-984
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site of Rz40 binding and cleavage. However, these alterations all occur at wobble / degenerate positions in the gene,
which means that wild type protein should be generated from the altered rhodopsin gene. The alterations, however,
ensure that Rz40 will not cleave mRNA arising from this altered rhodopsin gene and in addition will not bind or will bind
the mRNA from this modified gene less efficiently (figure 20A and 20B). Additionally, a transgenic mouse carrying the
wild type human rhodopsin gene without any sequence changes at degenerate sites has previously been generated
(Olsson et al 1992). Mouse breeding programs interbreeding these various transgenic lines have been established
(Figure 19).
[0199] Here we show that the modified human rhodopsin gene carrying sequence alterations at degenerate sites in
the replacement transgenic mouse can substitute for the endogenous mouse rhodopsin gene - the modified replacement
transgene produces rhodopsin protein that can function like wild type protein. Mice carrying a human rhodopsin transgene
(modified to carry altered sequence at degenerate sites; RhoM mice) were mated to mice that lack endogenous mouse
rhodopsin (rho-/- mice). Mice lacking mouse rhodopsin (rho-/-) present with a retinal degeneration, for example, rho-/-
mice present with an abnormal electroretinogram (ERG) and a severe retinal pathology (Humphries et al. 1997). Notably,
rho-/- mice that have been designed to also carry the modified human rhodopsin transgene have ERGs akin to those
found in wild type / normal mice (rho-/-; RhoM) (Figure 18A & 18B). Figure 18A demonstrates the electroretinographic
responses of the dark-adapted rho-/- animal (upper panels) to a low intensity flash stimulus designed to elicit a pure rod
response (left hand panel) and a maximal intensity flash designed to elicit a mixed rod/cone response (right hand panel).
The equivalent responses from the modified human rhodopsin transgene animal are shown in the lower panels. No rod-
isolated response could be recorded from the rho-/- mouse (upper left) whereas the responses from the transgenic animal
(rho-/- RhoM) are entirely normal (lower left). The rho-/- animal shows only the cone contribution to the maximal intensity
flash (upper right) whereas the transgenic animal (rho-/- RhoM) shows the normal combination of rod and cone contri-
butions to the waveform (lower right). Figure 18B contrasts the extinguished rod-isolated responses from the right and
left eyes of a rho-/- mouse (1st panel) with the normal equivalent responses from a modified human rhodopsin transgene
rescued animal (3rd panel). The responses to a maximal intensity flash designed to stimulate both rods and cones are
shown in the 2nd panel (rho-/- mouse) and in the 4th panel (modified human rhodopsin transgene rescued animal) In the
rhodopsin knockout animal only the cone contribution to this response is evident compared to the larger amplitude mixed
rod and cone response from the transgene rescued mouse. Furthermore retinal histology from these mice (rho-/-, RhoM)
suggests that the photoreceptor degeneration present in rho-/- has been rescued by the presence of the modified human
rhodopsin transgene (Figure 18C) - the human rhodopsin transgene carrying sequence alterations at degenerate sites
in the rhodopsin gene was able to rescue the retinal disease present in rho-/- mice (Figure 18C). Figure 18C A showing
a retinal section from rho-/- RhoM mice is compared to a retinal section from rho-/- mice (Figure 18C B). Notably, the
outer segments of the photoreceptor cells are entirely absent in rho-/- mice but are present in rho-/- RhoM mice.

Example 7: Transgenic Animal Expressing A Suppression Effector Targeting Rhodopsin

[0200] In addition transgenic mice carrying a suppression effector targeting human rhodopsin transcripts was generated
(Figures 21A and 21B). The suppression effector, a hammerhead ribozyme Rz40 is expressed from a human rhodopsin
promoter (3.8kb) (Figure 21A). The Rz40 construct was generated as follows: The CMV promoter was first removed
from the mammalian expression vector pcDNA3.1(-) (Invitrogen) using Nru1 and Nhe1. Restriction ends were Klenow
filled and the vector blunt ligated. Using Spe1 and Xho1, a 3.8kb mouse rhodopsin promoter fragment (bases 4792-8640)
was isolated from a 17.1kb mouse rhodopsin genomic clone in pBluescript. The promoter fragment was subsequently
cloned into the Xbal and Xho1 sites of pcDNA3.1(-). Hammerhead ribozyme, Rz40, targeting a degenerative site in
human rhodopsin mRNA was synthesised and inserted into the Xho1 site of the vector. Lastly, the SV40 derived small-
t-antigen intron was PCR amplified (66 bases) and cloned into the BamHl and Kpn1 sites of the above plasmid to increase
expression and intracellular trafficking of the ribozyme. The sequence and restriction details of pcDNA3.1(-) can be
obtained from the Invitrogen website at www.invitrogen.com.
[0201] Transgenic mice carrying Rz40 were mated onto rhodopsin knockout mice (rho-/-) and then mated onto mice
carrying a single copy of the wild type human rhodopsin transgene (RhoNhr +/-) to generate the following combination
of transgenes in a single mouse (rho-/-, RhoNhr +/-, Rz40 +/-). Retinal sections from mice carrying the suppression
effector Rz40 (rho-/- RhoNHr +/- Rz 40 +/-) were compared to retinal sections from mice that do not carry the suppression
effector (rho-/-, RhoNhr+/-). Thickness of the outer nuclear layers of the retinas from these mice were compared (in resin
embedded retinal sections). Retinas from mice carrying the suppression effector (Figure 21B A&B) were thinner than
retinas from mice without the suppression effector (Figure 21B C&D). This is likely due to a reduction in levels of rhodopsin
in the retinas of mice carrying the suppression effector Rz40. While a ribozyme, Rz40, has been utilized for suppression
of the target other suppression agents such as siRNA or antisense may be utilized in the invention. In summary, the
functionality of the modified human rhodopsin replacement construct and the suppression agent were demonstrated in
vivo using transgenic mice.
[0202] The Rz40 construct described in Figure 21A has been subsequently used to generate a RzMM vector for use
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in the development of transgenic mice expressing the rhodopsin-specific connected-type multimeric ribozyme carrying
four ribozymes targeting human rhodopsin (details of the RzMM multimeric ribozyme are provided in Example 5). Rz40
was removed from the Rz40 ribozyme construct by digestion with Xho1. Xho1 restriction ends were end-filled with
Klenow. Following isolation of the RzMM fragment from pcDNA3 using Xho1 and Xba1 and end-filling both restriction
ends, RzMM was blunt-ended into the end-filled Xho1 site of the Rz40 transgenic vector. Rz40 and RzMM DNA fragments
used for micro-injection into fertilized mouse eggs were obtained as follows.

Isolation of DNA fragments for micro-injection into mouse eggs

[0203] For example: Digestion of the Rz40 clone with Ssp1 and Nsil produces two fragments of 5.183Kb and 3.512Kb
respectively. The former fragment is required for micro-injection whereas the latter fragment is the vector backbone. In
order to optimally separate the fragments on a gel to isolate the desired 5.1kb fragment, digestion with BstB1 was
undertaken. BstB1 digests the 3.5kb vector fragment into two smaller fragments of 2.4Kb and 1.1kb (restriction enzymes
available from New England BioLabs). The Ssp1 site is at position 8575 of the clone and the two Nsi1 sites are present
at positions 5067 and 5139 respectively. Additionally, the BstB1 site occurs at nucleotide 6209. All DNA fragments for
micro-injection were isolated in a similar fashion. Transgenic mice were generated using techniques known in the art
and described in the description of the invention above.

PCR-based assays for presence of transgenes in DNA from transgenic mice

[0204] The presence/absence of transgenes in mice subsequent to generation of transgenic mice and interbreeding
of various lines of transgenic mice were monitored using PCR-based assays and DNA extracted from mouse tails.

Rz40 Assay (Rz40)

[0205]

RzF: 5’- CGA CTG TGC CTT CTA GTT GC - 3’ (SEQ ID NO: 79)
RzR: 5’- CAC ACC CTA ACT GAC ACA CA - 3’ (SEQ ID NO: 80)
Rz40F: 5’- CGG TCT GAT GAG TCC GTG A - 3’ (SEQ ID NO: 81)
Rz40R: 5’ - AGA AGG CAC AGT CGA GGC T - 3’ (SEQ ID NO: 82)
Rz40 Assay F: 5’- AAG CAG CCT TGG TCT CTG TC -3’ (SEQ ID NO: 83)
Rz40 Assay R: 5’ - CTT AAG CTT GGT ACC GAA TC -3’ (SEQ ID NO: 84)

RhoNHR Assay: Accession NO: K02281, U49742 (RhoNhr)

[0206]

NHRAssay(F) 5’- TTC CAA GCA CAC TGT GGG CA - 3’ (5114-5133) (SEQ ID NO: 85)
NHRAssay(R) 5’- TGT GAC TTC GTT CAT TCT GC - 3’ (5371-5390). (SEQ ID NO: 86)

Murine Rhodopsin Assay (rho-/-)

[0207]

FEx2Rho: 5’ - TCT CTC ATG AGC CTA AAG CT - 3’ (SEQ ID NO: 87)
REx2Rho: 5’ - ATG CCT GGA ACC AAT CCG AG - 3’ (SEQ ID NO: 88)
P2N - 5’- TTC AAG CCC AAG CTT TCG CG - 3’ (SEQ ID NO: 89)

Modified Human Rhodopsin Assay (RhoM)

[0208]

Rho551F 5’ - AGT GCT CGT GTG GGA TC - 3’ (SEQ ID NO: 90)
HPRTR1 5’ - CAA ATC CCT GAA GTC CTC - 3’ (SEQ ID NO: 91)
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Pro23His Assay (RhoP23H)

[0209]

Pro23HisF 5’ - CAT TCT TGG GTG GGA GCA G - 3’ (SEQ ID NO: 92)
Pro23HisR 5’ - GGA CAG GAG AAG GGA GAA GG - 3’ (SEQ ID NO: 93)
Pro23HisR2 5’ - CCACCTAGGACCATGAAGAG - 3’ (SEQ ID NO: 94)

[0210] Mice with a retinal degeneration akin to human RP, that is Pro23His mice are interbred with the transgenic
mouse lines described above (Figure 19). To demonstrate suppression of the mutant human rhodopsin target and
replacement with a modified human rhodopsin gene a mouse with a retinal pathology is used (Pro23His mice). Mice
carrying the following genotypes are generated: rho-/-, Pro23His, Rz40, RhoM using standard mouse breeding techniques
and PCR-based tail assays to track the presence / absence of transgenes in interbred mice. Retinal histology and retinal
function are compared between rho-/-, pro23His, rhoM mice with and without the suppression effector Rz40 using
protocols outlined below. In the same way that Rz40 has been used to suppress the target gene (rhodopsin) any
suppression effector(s) could be utilized for the same purpose.

Example 8: Protocols for Mouse Electroretinolgraphy and Mouse Retinal Histology

[0211] The electroretinogram (ERG) is a mass potential recorded from the corneal surface of the eye. The ERG
generated by a brief flash includes an initial cornea-negative a-wave, the early portion of which reflects photo-transduction
activity of rod and cone photoreceptors and the later portion of which reflects inner retinal negative components. The a-
wave is followed by components that arise from post-receptor processes. Among these components is the b-wave, a
cornea-positive potential that in the mammalian eye reaches a peak at ∼ 60-100 ms after a moderately intense flash
and, over a wide range of stimulus conditions, far exceeds the a-wave in absolute peak amplitude. Several new devel-
opments have vastly increased the value of the ERG as a research tool for studying abnormal photoreceptor function
in inherited retinal degenerations.
[0212] The protocol for rodent Ganzfeld electroretinography is as follows: The animal is dark adapted for 12 hours
and prepared for electroretinography under dim red light. The subject is anaesthetized by means of Ketamine and
Xylazine. Pupillary dilatation is achieved by instillation of Atropine 0.1% and Phenylephrine HCL 2.5%. The subject is
held steady by means of a bite-bar and nose-clamp and placed on a heating pad to maintain body temperature.
[0213] Standardized flashes of light are presented to the mouse in a Ganzfeld bowl to ensure uniform retinal illumination.
The ERG responses are recorded simultaneously from both eyes by means of small contact lens electrodes placed on
the corneas, using Amethocaine 1 % as topical anaesthesia and Methylcellulose to maintain corneal hydration. A gold
reference electrode is positioned subcutaneously approximately 1 mm from the temporal canthus and the ground elec-
trode is clipped to the ear. The responses are analyzed using RetiScan RetiPort electrophysiology equipment (Roland
Consulting Gmbh).
[0214] In the standard protocol (based on that approved by the International Clinical Standards Committee for human
electroretinography) rod-isolated responses are recorded using a dim blue flash presented in the dark-adapted state.
The maximal combined rod/cone response to the maximal intensity flash is then recorded. Following light adaptation for
10 minutes to a background light of 30 candelas per m2 presented in the Ganzfeld bowl the cone-isolated responses
are recorded. a-waves are measured from the baseline to the trough and b-waves from the baseline (in the case of rod-
isolated responses) or from the a-wave trough.
[0215] This protocol is the same as that used for electroretinography on human patients. In the case of human subjects
general anaesthesia is not required, the procedure being conducted entirely under topical corneal anaesthesia.

Protocol for Mouse Retinal Histology - Resin embedding

[0216] The mouse was euthanased under CO2 and the superior pole of cornea marked with a small cautery burn. The
mouse eye was then enucleated. For fixation the eye was placed in 2% Paraformaldehyde/2.5% Glutaraldehyde/0.1M
Phosphate Buffer at pH7.2. A small bubble of air was injected into the anterior chamber to maintain the shape of the
globe during fixation. The eye was fixed overnight at 4°C. For washing: the fixed eye washed X6 in 0.1M PBS and the
globe bisected through the optic nerve and the corneal cautery burn; lens removed. A small wedge of cornea was excised
in the region of the cautery mark to indicate superior/inferior orientation of subsequent histological sections. For resin
embedding - the hemi-globes were incubated in 1% Osmium O4/0.1M Phosphate Buffer for 1 hour at room temperature
and then washed in 50% Ethanol for 1 hour, washed in 75% Ethanol for 1 hour, washed in 95% Ethanol for 1 hour,
followed by X3 washes in 100% Ethanol for 1 hour each. Subsequently X3 washes in Propylene Oxide for 1 hour each
were undertaken. Samples were incubated in 50:50 Propylene Oxide/Agar™ Resin overnight followed by incubation in
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full strength Agar™ Resin for 4 hours. Freshly made Agar™ Resin was degassed under vacuum. Conical end of capped
former shaved off; cap closed; former filled with degassed Agar™ Resin. The hemi-globes were positioned with the cut
end of the hemi-globe flush with the cap of the former. The resin-filled former containing the hemi-globe was degassed
under vacuum. The position of hemi-globe was checked and re-positioned if necessary and samples were then baked
overnight at 65°C. 5mm sections were cut from resin embedded sample using a microtome and sections then stained
with Toluidene Blue or H&E.

Example 9: siRNA-based Suppression of Human Rhodopsin

[0217] siRNAs targeting the human rhodopsin gene were designed and commercially synthesized by Xeragon (Figure
22, Table 7). siRNAs were designed such that they covered one or more of the degenerate sites engineered into the
construct that was used to generate the RhoM transgenic mouse (Figure 22).The human rhodopsin cDNA was cloned
into pcDNA3.1 vector (Invitrogen) and used to generate a COS-7 stable cell line expressing human rhodopsin using
G418 selection and standard protocols (detail on generation of stable COS-7 cells expressing human rhodopsin are
provided in Examples 4 & 5). 5 x 105 COS-7 cells were transfected with 100pMol siRNA using Oligofectamine as a
transfection agent (Invitrogen). siRNA targeting EGFP was used as a non-targeting siRNA control. RNA was extracted
from COS-7 cells 48 hours subsequent to addition of the siRNA/Oligofectamine mix. Significant reductions in levels of
human rhodopsin RNA were found in cells treated with siRNA Silencer A and Silencer B but not in cells treated with the
non-targeting siRNA EGFP control as assessed by real-time RT PCR (Figure 23A, Table 7) (all real-time RT PCR assays
used GAPDH expression levels as an internal control). DNA primers utilized for real-time RT PCRs are also provided
in Table 7.

[0218] The human rhodopsin replacement gene with sequence modifications at degenerate sites was cloned into the
pIRES-2 EGFP vector (Figure 9). This modified rhodopsin gene contains the same sequence alterations that are found
in the transgenically engineered RhoM mouse. The pIRES-2 EGFP vector can be used to transcribe fusion transcripts
containing both the target gene sequence and the sequence for EGFP separated by an IRES. This system enables
evaluation of siRNA-based suppression of the target gene, in this case the human rhodopsin gene (modified at degenerate
sites), using the EGFP protein as a read-out. Transient transfections of the pIRES-2 vector carrying the target modified
human rhodopsin gene into COS-7 cells were undertaken using Lipofectamine 2000 as a transfection agent. Significant
down-regulation of EGFP levels was observed using a positive siRNA control targeting EGFP. In contrast Silencer B
did not result in down-regulation of the modified replacement rhodopsin target as assessed by EGFP fluorescence using
light microscopy (Figure 24; see Examples 2 and 3 for details of protocols). The presence of sequence alterations at

Table 7:

siRNA SEQUENCE

Silencer A DNA target CTCTACGTCACCGTCCAGCACAA (SEQ ID NO: 95)

Sense strand CUACGUCACCGUCCAGCACAA (SEQ ID NO: 96)

Anti-sense GUGCUGGACGGUGACGUAGAG (SEQ ID NO: 97)

SilencerB DNA target AACAACTTCCTCACGCTCTACGT (SEQ ID NO: 98)

Sense strand CAACUUCCUCACGCUCUACGUUU (SEQ ID NO: 99)

Anti-sense ACGUAGAGCGUGAGGAAGUUGUU (SEQ ID NO: 100)

SilencerGFP DNA target CGGCAAGCTGACCCTGAAGTTCAT (SEQ ID NO: 101)

Sense strand GCAAGCUGACCCUGAAGUUCAU (SEQ ID NO: 102)

Anti-sense GAACUUCAGGGUCAGCUUGCCG (SEQ ID NO: 103)

PRIMER SEQUENCE

GapdH F CAGCCTCAAGATCATCAGCA (SEQ ID NO: 104)

GapdH R CATGAGTCCTTCCACGATAC (SEQ ID NO: 105)

Rho1037F CTTTCCTGATCTGCTGGGTG (SEQ ID NO: 106)

Rho1179R GGCAAAGAACGCTGGGATG (SEQ ID NO: 107)
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degenerate sites can protect against siRNA-based suppression.

Protocol for cells transfections

[0219] Cell transfections involved standard techniques know in the art and detailed in Example 5.

Real time RT PCR Analysis

[0220] Real time RT PCR was performed using the Quantitect Sybr Green RT-PCR kit. (Qiagen GmBH, Hilden). PCR
amplification primers for the human rhodopsin cDNA sequence were designed to include nucleotides 1037 to 1047
(forward primer) and 1179 to 1199 (reverse primer): Gapdh was used as an internal control with primers designed also
to give a 100bp PCR product (Forward primer: CAGCCTCAAGATCATCAGCA (SEQ ID NO: 108); Reverse primer:
CATGAGTCCTTCCACGATAC (SEQ ID NO: 109)). All primers for real time RT PCR were HPLC purified and designed
to flank an intron to identify potential DNA contamination. The ROCHE lightcycler real time RT PCR machine was used
in all analyses. Real time RT PCR reactions involved a denaturing step at 95°C, annealing at 55°C and extension step
at 72°C for 34 cycles. PCR products were analysed by electrophoresis on a 2% agarose gel.

Example 10: siRNA-based suppression of rhodopsin in mice

[0221] To explore if siRNA Silencer B which demonstrated the best down-regulation of human rhodopsin in cell culture
might function in vivo the Silencer B siRNA was sub-retinally injected into a mouse. The mouse carried a single copy of
the wild type human rhodopsin gene (PhoNhr+/-) and a single copy of the endogenous mouse rhodopsin gene (rho+/-).
Notably siRNA Silencer B targets a region of the rhodopsin sequence that is 100% homologous between mouse and
human and therefore may suppress both human and mouse rhodopsin transcripts. Approximately 1mg siRNA Silencer
B in a 6ml volume was sub-retinally injected into the left eye of this mouse in a 50% Xeragon buffer and 50% PBS buffer.
The control right eye was sub-retinally injected solely with 6ml of the 50% Xeragon: 50%PBS buffer. Mice were sacrificed
5 days subsequent to siRNA administration, retinal tissues isolated and RNA extracted from retinas for real-time RT
PCR assays. Initial results from this preliminary experiment demonstrate that significant suppression of rhodopsin ex-
pression was obtained in the left eye (3.42%) when compared to the right eye control (100%) of the mouse (Figure 23B).

Mouse Eye Subretinal Injection

[0222] The mouse was anaesthetized by means of Ketamine (2.08 mg per 15 gram body weight) and Xylazine (0.21
mg per 15 gram body weight) injected intraperitoneally. The eye was proptosed and maintained in position means of a
loosely tied 10.0 nylon suture placed at the junction of the nasal 1/3rd and temporal 2/3rd of the upper and lower eyelids.
Using a Leica Wild™ operating microscope the conjunctiva was reflected back to expose the sclera temporally. A
puncture wound was made in the sclera approximately 1mm behind the corneo-scleral limbus by means of a beveled
30-gauge needle. 3ml of the solution to be injected was delivered subretinally by means of a 10ml Hamilton syringe and
a 30-gauge beveled needle to raise a subretinal bleb. The bleb could be visualized using the operating microscope after
a drop of Vidisic™ and a small glass cover slip were placed over the cornea. The suture was removed and the eye
gently replaced. The mouse was placed on a 37°C heating pad until it recovered from the anaesthetic, after which it was
replaced in the cage.

Retinal RNA extraction

[0223] Mouse retinas were vortexed in a solution of 500ml Guanidinium Thiocyanate and 7.1ml/ml β-mercaptoethanol
and left overnight at room temperature. 50ml of 2M Sodium Acetate (pH4.0), 500ml DEPC-treated H2O saturated Phenol
and 200ml chloroform/Isoamyl alcohol (49:1) were added to the lysate and mixed gently by inversion. The solution was
left on ice for 30 minutes and centrifuged at 13,200rpm for 20 minutes. The supernatant was transferred to a new
eppendorf. 1ml Glycogen and 1ml of cold isopropanol was added and mixed by inversion before being left at -20°C for
2 hours. The supernatant from a 30 minutes spin discarded and the pellet washed in 500ml of 75% ethanol. Pellets were
dried at 80°C for 3 minutes. RNA was resuspended in 30ml depc-treated H20 and stored immediately at -70°C. The
quality of the RNA was assessed by spectrophotometric reading of OD260/OD280 and also by examining 28S, 18S, and
5S bands on a 2% agarose gel.
[0224] siRNA was subretinally injected into a mouse eye and well tolerated in the tissue. Notably, sub-retinal injections
into human eyes is an ophthalmological procedure that has previously been undertaken. Administration of therapeutic
nucleotides into patients could follow multiple routes of administration including inter alia sub-retinal injection, intravitreal
injection, intraocular implantation of a devise / drug factory and or systemic administration. Various carriers including
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viral and non-viral vectors or chemical or physical transfection agents may be used to aid in delivery of therapeutics/nu-
cleotides.
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<150> US 60/414,698
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<150> PCT/GB97/00927
<151> 1998-04-02

<150> GB9606961.2
<151> 1996-04-02

<160> 34

<170> PatentIn version 3.1

<210> 1
<211> 617
<212> DNA
<213> Artificial Sequence

<220>
<223> The human rhodopsin cDNA cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (617)
<223> n is any nucleotide

<400> 1

<210> 2
<211> 639
<212> DNA
<213> Artificial Sequence

<220>
<223> The human rhodopsin hybrid cDNA with a C-->G change at nucleotide 271
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<220>
<221> misc_feature
<222> (1) .. (639)
<223> n is any nucleotide

<400> 2

<210> 3
<211> 686
<212> DNA
<213> Artificial Sequence

<220>
<223> A human rhodopsin adRP mutation, a C-->T change at nucleotide 217

<220>
<221> misc_feature
<222> (1) .. (686)
<223> n is any nucleotide

<400> 3
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<210> 4
<211> 787
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme (termed Rz10) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1)..(787)
<223> n is any nucleotide.

<400> 4
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<210> 5
<211> 665
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme (termed Rz20) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (665)
<223> n is any nucleotide.

<400> 5
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<210> 6
<211> 624
<212> DNA
<213> Artificial Sequence

<220>
<223> Mouse rhodopsin cDNA cloned into pCDNA3

<220>
<221> misc_feature
<222> (1) .. (624)
<223> n is any nucleotide.

<400> 6

<210> 7
<211> 630
<212> DNA
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<213> Artificial Sequence

<220>
<223> Mouse rhodopsin hybrid cDNA with a T-->C change at nucleotide 190

<220>
<221> misc_feature
<222> (1) .. (630)
<223> n is any nucleotide.

<400> 7

<210> 8
<211> 649
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme (termed Rz33) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (649)
<223> n is any nucleotide.

<400> 8
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<210> 9
<211> 681
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin cDNA cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (681)
<223> n is any nucleotide.

<400> 9
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<210> 10
<211> 612
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin hybrid DNA with a A-->G change at nucleotide 332

<220>
<221> misc_feature
<222> (1) .. (612)
<223> n is any nucleotide.

<400> 10
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<210> 11
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Forward 257 mutation primer

<400> 11
catggcgctg ctgaaagtca 20

<210> 12
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Forward 359 mutation primer

<400> 12
catcttcagc ctgggactgt 20

<210> 13
<211> 610
<212> DNA
<213> Artificial Sequence

<220>
<223> A second human peripherin hybrid DNA with a A-->G change at nucle otide 468

<220>
<221> misc_feature
<222> (1) .. (610)
<223> n is any nucleotide.

<400> 13
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<210> 14
<211> 679
<212> DNA
<213> Artificial Sequence

<220>
<223> Hammerhead ribozyme (termed Rz30) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (679)
<223> n is any nucleotide.

<400> 14
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<210> 15
<211> 691
<212> DNA
<213> Artificial Sequence

<220>
<223> Hammerhead ribozyme (termed Rz31) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1).. (891)
<223> n is any nucleotide.

<400> 15
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<210> 16
<211> 805
<212> DNA
<213> mammalian

<220>
<221> misc_feature
<222> (1) .. (805)
<223> n is any nucleotide

<220>
<221> misc_feature
<223> Human collagen 1A2 (B)

<400> 16
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<210> 17
<211> 797
<212> DNA
<213> mammalian

<220>
<221> misc_feature
<222> (1) .. (797)
<223> n is any nucleotide

<220>
<221> misc_feature
<223> Human collagen 1A2 (A)

<400> 17
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<210> 18
<211> 697
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme (termed Rz907) cloned in pCDNA3

<220>
<221> misc_feature
<222> (1) .. (697)
<223> n is any nucleotide

<400> 18
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<210> 19
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human rhodopsin unadapted sequence with ribozyme cleavage site

<400> 19
tacgtcaccg tccag 15

<210> 20
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human rhodopsin adapted sequence

<400> 20
tacgtgaccg tccag 15

<210> 21
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Mouse rhodopsin unadapted sequence with ribozyme cleavage site

<400> 21
aatttttatg tgccc 15

<210> 22
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<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Mouse rhodopsin adapted sequence

<400> 22
aatttctatg tgccc 15

<210> 23
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin unadapted sequence with ribozyme cleavage site

<400> 23
gcgctactga aagtc 15

<210> 24
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin adapted sequence

<400> 24
gcgctgctga aagtc 15

<210> 25
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin unadapted sequence with ribozyme cleavage site

<400> 25
agcctaggac tgttc 15

<210> 26
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human peripherin adapted sequence

<400> 26
agcctgggac tgttc 15

<210> 27
<211> 15
<212> DNA
<213> Artificial Sequence
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<220>
<223> Human type I collagen 1A2 (A) sequence with ribozyme cleavage sit e

<400> 27
gctggtcccg ccggt 15

<210> 28
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<223> Human type I collagen 1A2 (B) sequence

<400> 28
gctggacccg ccggt 15

<210> 29
<211> 37
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz10

<400> 29
ggtcggtctg atgagtccgt gaggacgaaa cgtagag 37

<210> 30
<211> 37
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz20

<400> 30
tactcgaact gatgagtccg tgaggacgaa aggctgc 37

<210> 31
<211> 37
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz33

<400> 31
ggcacatctg atgagtccgt gaggacgaaa aaattgg 37

<210> 32
<211> 37
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz30
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<400> 32
actttcagct gatgagtccg tgaggacgaa agcgcca 37

<210> 33
<211> 37
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz31

<400> 33
acagtccctg atgagtccgt gaggacgaaa ggctgaa 37

<210> 34
<211> 35
<212> DNA
<213> Artificial Sequence

<220>
<223> A hammerhead ribozyme Rz907

<400> 34
cggcggctga tgagtccgtg aggacgaaac cagca 35

Claims

1. A composition comprising:

a) a suppression effector that binds to the coding region of a DNA or the corresponding mature RNA encoding
a mutant allele of rhodopsin, thereby to inhibit the expression of the mutant allele, wherein said suppression
effector binds the DNA nucleotide sequence CTCTACGTCACCGTC or the RNA nucleotide sequence CU-
CUACGUCACCGUC; and
b) a replacement nucleic acid that encodes a wild-type or non-disease causing allele and that comprises five
degenerate / wobble nucleotides that are altered so that the replacement nucleic acid is not suppressed, or is
only partially suppressed, by the suppression effector.

2. The composition according to claim 1, wherein said replacement nucleic acid has the nucleotide sequence CTG-
TATGTGACGGTG or the corresponding mature RNA sequence thereof.

3. The composition according to claim 1 or 2, wherein said suppression effector is a ribozyme that cleaves said DNA
or mature RNA encoding said mutant allele.

4. The composition of claim 1 or 2, wherein the suppression effector is a nucleic acid or a peptide nucleic acid (PNA).

5. The composition of claim 4, wherein the nucleic acid is an antisense nucleic acid or a nucleic acid that forms a triple
helix with the mutant allele.

6. The composition of claim 1, claim 2, or claim 4, wherein the suppression effector is a single-stranded RNA.

7. The composition of claim 1, claim 2, or claim 4, wherein the suppression effector is a dsRNA.

8. The composition of any one of claims 1, 2, 4, 5, 6, or 7, wherein the suppression effector is operatively linked to an
expression vector.

9. The composition of any one of claims 1, 2, 4, 5, 6, 7, or 8, wherein the suppression effector suppresses both alleles
of an endogenous gene.
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10. The composition of claim 3, wherein the ribozyme cleaves the RNA at an NUX ribozyme cleavage site.

11. The composition of claim 3 or claim 10 wherein the ribozyme comprises a sequence selected from the group
consisting of SEQ ID NO: 29 and the sequence GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUAGAG.

12. The composition of any one of claims 3, 10 or 11 wherein the ribozyme is operatively linked to an expression vector.

13. The composition of any one of the preceding claims, wherein the RNA is an mRNA.

14. The composition of any one of the preceding claims, wherein the replacement nucleic acid is operatively linked to
an expression vector.

15. A method for preparing a suppression effector and replacement nucleic acid, the method comprising the steps of:

a) preparing a suppression effector that binds to a coding region of a DNA or the corresponding mature RNA
of rhodopsin encoding a mutant allele, thereby to inhibit the expression of the mutant allele, wherein said
suppression effector binds the DNA nucleotide sequence CTCTACGTCACCGTC or the RNA nucleotide se-
quence CUCUACGUCACCGUC; and
b) preparing a replacement nucleic acid that encodes a wild-type or non-disease causing allele and that com-
prises five degenerate / wobble nucleotides that are altered so that the replacement nucleic acid is not sup-
pressed, or is only partially suppressed, by the suppression effector.

16. The method according to claim 15 wherein said replacement nucleic acid has the nucleotide sequence CTGTAT-
GTGACGGTG or the corresponding mature RNA sequence thereof.

17. The method according to claim 15 or claim 16, wherein said suppression effector is a ribozyme that cleaves a DNA
or mature RNA encoding a mutant allele.

18. The method of claim 15 or claim 16, wherein the suppression effector is a nucleic acid or a peptide nucleic acid (PNA).

19. The method of claim 18, wherein the nucleic acid is an antisense nucleic acid or a nucleic acid that forms a triple
helix with the mutant allele.

20. The method of claim 15, claim 16, or claim 18, wherein the suppression effector is a single-stranded RNA.

21. The method of claim 15, claim 16, or claim 18, wherein the suppression effector is a dsRNA.

22. The method of any one of claims 15, 16, 18, 19, 20, or 21 wherein the suppression effector is operatively linked to
an expression vector.

23. The method of any one of claims 15, 16, 18, 19, 20, 21 or 22, wherein the suppression effector suppresses both
alleles of an endogenous gene.

24. The method of claim 17, wherein the ribozyme cleaves the RNA at an NUX ribozyme cleavage site.

25. The method of claim 17 or claim 24 wherein the ribozyme comprises a sequence selected from the group consisting
of SEQ ID NO: 29, and the sequence GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUAGAG.

26. The method of any one of claims 17, 24 or 25 wherein the ribozyme is operatively linked to an expression vector.

27. The method of any one of the claims 15 to 26, wherein the RNA is an mRNA.

28. The method of any one of claims 15 to 27, wherein the replacement nucleic acid is operatively linked to an expression
vector.

29. A kit comprising:

a suppression effector that suppresses the expression of a DNA or the corresponding mature RNA encoding
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a mutant allele of rhodopsin wherein said suppression effector binds the DNA nucleotide sequence CTCTACGT-
CACCGTC or the RNA nucleotide sequence CUCUACGUCACCGUC; and
a replacement nucleic acid that encodes a wild-type or non-disease causing allele that is not suppressed, or is
only partially suppressed, by the suppression effector and that differs from the mutant allele in five degenerate
/ wobble nucleotides.

30. The kit according to claim 29, wherein said replacement nucleic acid has the nucleotide sequence CTGTATGT-
GACGGTG or the corresponding mature RNA sequence thereof.

31. The kit according to claim 29 or claim 30 wherein said suppression effector is a ribozyme that cleaves a DNA or
mature RNA encoding a mutant allele.

32. The kit of claim 29 or claim 30, wherein the suppression effector is a nucleic acid or a peptide nucleic acid (PNA).

33. The kit of claim 32, wherein the nucleic acid is an antisense nucleic acid or a nucleic acid that forms a triple helix
with the mutant allele.

34. The kit of claim 29, claim 30 or claim 32, wherein the suppression effector is a single-stranded RNA.

35. The kit of claim 29, claim 30 or claim 32, wherein the suppression effector is a dsRNA.

36. The kit of any one of claims 29, 30,32, 33, 34, or 35, wherein the suppression effector is operatively linked to an
expression vector.

37. The kit of any one of claims 29, 30, 32, 33, 34, 35, or 36 wherein the suppression effector suppresses both alleles
of an endogenous gene.

38. The kit of claim 31, wherein the ribozyme cleaves the RNA at an NUX ribozyme cleavage site.

39. The kit of claim 31 or claim 38 wherein the ribozyme comprises a sequence selected from the group consisting of
SEQ ID NO: 29, and the sequence GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUAGAG.

40. The kit of any one of claims 31, 38 or 39 wherein the ribozyme is operatively linked to an expression vector.

41. The kit of any one of the claims 29 to 40, wherein the RNA is an mRNA.

42. The kit of any one of claims 29 to 41, wherein the replacement nucleic acid is operatively linked to an expression vector.

43. The composition according to any one of claims 1 to 14 for use in therapy.

44. The composition according to any one of claims 1 to 14 for use in the treatment of retinitis pigmentosa and/or
congenital stationary night blindness.

45. Use of the composition according to any one of claims 1 to 14 in the preparation of a medicament for the treatment
of retinitis pigmentosa, or congenital stationary night blindness.

Patentansprüche

1. Eine Zusammensetzung, die Folgendes beinhaltet:

a) einen Suppressionseffektor, der an die kodierende Region einer DNA oder der entsprechenden reifen RNA,
die für ein mutantes Allel von Rhodopsin kodiert, bindet, um dadurch die Expression des mutanten Allels zu
hemmen, wobei der Suppressionseffektor die DNA-Nukleotidsequenz CTCTACGTCACCGTC oder die RNA-
Nukleotidsequenz CUCUACGUCACCGUC bindet; und
b) eine Ersatznukleinsäure, die für ein Wildtyp-Allel oder ein Allel, das keine Erkrankung verursacht, kodiert
und die fünf degenerierte/wobbelnde Nukleotide beinhaltet, die derart verändert sind, dass durch den Suppres-
sionseffektor die Ersatznukleinsäure nicht supprimiert wird oder nur teilweise supprimiert wird.
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2. Zusammensetzung gemäß Anspruch 1, wobei die Ersatznukleinsäure die Nukleotidsequenz CTGTATGT-
GACGGTG oder die entsprechende reife RNA-Sequenz davon aufweist.

3. Zusammensetzung gemäß Anspruch 1 oder 2, wobei der Suppressionseffektor ein Ribozym ist, das die DNA oder
reife RNA, die für das mutante Allel kodieren, spaltet.

4. Zusammensetzung gemäß Anspruch 1 oder 2, wobei der Suppressionseffektor eine Nukleinsäure oder eine Peptid-
Nukleinsäure (PNA) ist.

5. Zusammensetzung gemäß Anspruch 4, wobei die Nukleinsäure eine Antisense-Nukleinsäure oder Nukleinsäure
ist, die eine Dreifachhelix mit dem mutanten Allel bildet.

6. Zusammensetzung gemäß Anspruch 1, Anspruch 2 oder Anspruch 4, wobei der Suppressionseffektor eine Einzel-
strang-RNA ist.

7. Zusammensetzung gemäß Anspruch 1, Anspruch 2 oder Anspruch 4, wobei der Suppressionseffektor eine dsRNA
ist.

8. Zusammensetzung gemäß einem der Ansprüche 1, 2, 4, 5, 6 oder 7, wobei der Suppressionseffektor funktionsfähig
mit einem Expressionsvektor verbunden ist.

9. Zusammensetzung gemäß einem der Ansprüche 1, 2, 4, 5, 6, 7 oder 8, wobei der Suppressionseffektor beide Allele
eines endogenen Gens supprimiert.

10. Zusammensetzung gemäß Anspruch 3, wobei das Ribozym die RNA an einer NUX-Ribozymspaltungsstelle spaltet.

11. Zusammensetzung gemäß Anspruch 3 oder Anspruch 10, wobei das Ribozym eine Sequenz, ausgewählt aus der
Gruppe, bestehend aus SEQ ID NO: 29, und die Sequenz GGACGGUCUGAUGAGGCCGAAAGGCCGGAAAC-
GUAGAG beinhaltet.

12. Zusammensetzung gemäß einem der Ansprüche 3, 10 oder 11, wobei das Ribozym funktionsfähig mit einem Ex-
pressionsvektor verbunden ist.

13. Zusammensetzung gemäß einem der vorhergehenden Ansprüche, wobei die RNA eine mRNA ist.

14. Zusammensetzung gemäß einem der vorhergehenden Ansprüche, wobei die Ersatznukleinsäure funktionsfähig mit
einem Expressionsvektor verbunden ist.

15. Ein Verfahren zum Zubereiten eines Suppressionseffektors und einer Ersatznukleinsäure, wobei das Verfahren die
folgenden Schritte beinhaltet:

a) Zubereiten eines Suppressionseffektors, der an eine kodierende Region einer DNA oder der entsprechenden
reifen RNA, die für ein mutantes Allel von Rhodopsin kodiert, bindet, um dadurch die Expression des mutanten
Allels zu hemmen, wobei der Suppressionseffektor die DNA-Nukleotidsequenz CTCTACGTCACCGTC oder
die RNA-Nukleotidsequenz CUCUACGUCACCGUC bindet; und
b) Zubereiten einer Ersatznukleinsäure, die für ein Wildtyp-Allel oder ein Allel, das keine Erkrankung verursacht,
kodiert und die fünf degenerierte/wobbelnde Nukleotide beinhaltet, die derart verändert sind, dass die Ersatz-
nukleinsäure durch den Suppressionseffektor nicht supprimiert wird oder nur teilweise supprimiert wird.

16. Verfahren gemäß Anspruch 15, wobei die Ersatznukleinsäure die Nukleotidsequenz CTGTATGTGACGGTG oder
die entsprechende reife RNA-Sequenz davon aufweist.

17. Verfahren gemäß Anspruch 15 oder Anspruch 16, wobei der Suppressionseffektor ein Ribozym ist, das eine DNA
oder reife RNA, die für ein mutantes Allel kodieren, spaltet.

18. Verfahren gemäß Anspruch 15 oder Anspruch 16, wobei der Suppressionseffektor eine Nukleinsäure oder eine
Peptid-Nukleinsäure (PNA) ist.
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19. Verfahren gemäß Anspruch 18, wobei die Nukleinsäure eine Antisense-Nukleinsäure oder eine Nukleinsäure ist,
die eine Dreifachhelix mit dem mutanten Allel bildet.

20. Verfahren gemäß Anspruch 15, Anspruch 16 oder Anspruch 18, wobei der Suppressionseffektor eine Einzelstrang-
RNA ist.

21. Verfahren gemäß Anspruch 15, Anspruch 16 oder Anspruch 18, wobei der Suppressionseffektor eine dsRNA ist.

22. Verfahren gemäß einem der Ansprüche 15, 16, 18, 19, 20 oder 21, wobei der Suppressionseffektor funktionsfähig
mit einem Expressionsvektor verbunden ist.

23. Verfahren gemäß einem der Ansprüche 15, 16, 18, 19, 20, 21 oder 22, wobei der Suppressionseffektor beide Allele
eines endogenen Gens supprimiert.

24. Verfahren gemäß Anspruch 17, wobei das Ribozym die RNA an einer NUX-Ribozymspaltungsstelle spaltet.

25. Verfahren gemäß Anspruch 17 oder Anspruch 24, wobei das Ribozym eine Sequenz, ausgewählt aus der Gruppe,
bestehend aus SEQ ID NO: 29, und die Sequenz GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUAGAG,
beinhaltet.

26. Verfahren gemäß einem der Ansprüche 17, 24 oder 25, wobei das Ribozym funktionsfähig mit einem Expressions-
vektor verbunden ist.

27. Verfahren gemäß einem der Ansprüche 15 bis 26, wobei die RNA eine mRNA ist.

28. Verfahren gemäß einem der Ansprüche 15 bis 27, wobei die Ersatznukleinsäure funktionsfähig mit einem Expres-
sionsvektor verbunden ist.

29. Ein Set, beinhaltend:

einen Suppressionseffektor, der die Expression einer DNA oder der entsprechenden reifen RNA, die für ein
mutantes Allel von Rhodopsin kodiert, supprimiert, wobei der Suppressionseffektor die DNA-Nukleotidsequenz
CTCTACGTCACCGTC oder die RNA-Nukleotidsequenz CUCUACGUCACCGUC bindet; und
eine Ersatznukleinsäure, die für ein Wildtyp-Allel oder ein Allel, das keine Erkrankung verursacht, kodiert, die
durch den Suppressionseffektor nicht supprimiert wird oder nur teilweise supprimiert wird und die sich von dem
mutanten Allel in fünf degenerierten/wobbelnden Nukleotiden unterscheidet.

30. Set gemäß Anspruch 29, wobei die Ersatznukleinsäure die Nukleotidsequenz CTGTATGTGACGGTG oder die
entsprechende reife RNA-Sequenz davon aufweist.

31. Set gemäß Anspruch 29 oder Anspruch 30, wobei der Suppressionseffektor ein Ribozym ist, das eine DNA oder
reife RNA, die für ein mutantes Allel kodieren, spaltet.

32. Set gemäß Anspruch 29 oder Anspruch 30, wobei der Suppressionseffektor eine Nukleinsäure oder eine Peptid-
Nukleinsäure (PNA) ist.

33. Set gemäß Anspruch 32, wobei die Nukleinsäure eine Antisense-Nukleinsäure oder eine Nukleinsäure ist, die eine
Dreifachhelix mit dem mutanten Allel bildet.

34. Set gemäß Anspruch 29, Anspruch 30 oder Anspruch 32, wobei der Suppressionseffektor eine Einzelstrang-RNA ist.

35. Set gemäß Anspruch 29, Anspruch 30 oder Anspruch 32, wobei der Suppressionseffektor eine dsRNA ist.

36. Set gemäß einem der Ansprüche 29, 30, 32, 33, 34 oder 35, wobei der Suppressionseffektor funktionsfähig mit
einem Expressionsvektor verbunden ist.

37. Set gemäß einem der Ansprüche 29, 30, 32, 33, 34, 35 oder 36, wobei der Suppressionseffektor beide Allele eines
endogenen Gens supprimiert.
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38. Set gemäß Anspruch 31, wobei das Ribozym die RNA an einer NUX-Ribozymspaltungsstelle spaltet.

39. Set gemäß Anspruch 31 oder Anspruch 38, wobei das Ribozym eine Sequenz, ausgewählt aus der Gruppe, beste-
hend aus SEQ ID NO: 29 und die Sequenz GGACGGUCUGAUGAGGCCGAAAGGCCGGAAACGUAGAG, bein-
haltet.

40. Set gemäß einem der Ansprüche 31, 38 oder 39, wobei das Ribozym funktionsfähig mit einem Expressionsvektor
verbunden ist.

41. Set gemäß einem der Ansprüche 29 bis 40, wobei die RNA eine mRNA ist.

42. Set gemäß einem der Ansprüche 29 bis 41, wobei die Ersatznukleinsäure funktionsfähig mit einem Expressionsvektor
verbunden ist.

43. Zusammensetzung gemäß einem der Ansprüche 1 bis 14 zur Verwendung in einer Therapie.

44. Zusammensetzung gemäß einem der Ansprüche 1 bis 14 zur Verwendung in der Behandlung von Retinitis pigmen-
tosa und/oder kongenitaler stationärer Nachtblindheit.

45. Eine Verwendung der Zusammensetzung gemäß einem der Ansprüche 1 bis 14 in der Zubereitung eines Medika-
ments oder der Behandlung von Retinitis pigmentosa oder kongenitaler stationärer Nachtblindheit.

Revendications

1. Une composition comprenant :

a) un effecteur de suppression qui se lie à la région codante d’un ADN ou de l’ARN mature correspondant
codant pour un allèle mutant de la rhodopsine, afin d’inhiber par là l’expression de l’allèle mutant, ledit effecteur
de suppression se liant à la séquence nucléotidique ADN CTCTACGTCACCGTC ou à la séquence nucléotidique
ARN CUCUACGUCACCGUC ; et
b) un acide nucléique de remplacement qui code pour un allèle de type sauvage ou n’engendrant pas de maladie
et qui comprend cinq nucléotides dégénérés / de flottement qui sont altérés de sorte que l’acide nucléique de
remplacement ne soit pas supprimé, ou ne soit que partiellement supprimé, par l’effecteur de suppression.

2. La composition selon la revendication 1, dans laquelle ledit acide nucléique de remplacement a la séquence nu-
cléotidique CTGTATGTGACGGTG ou sa séquence ARN mature correspondante.

3. La composition selon la revendication 1 ou la revendication 2, dans laquelle ledit effecteur de suppression est un
ribozyme qui clive ledit ADN ou ARN mature codant pour ledit allèle mutant.

4. La composition de la revendication 1 ou de la revendication 2, dans laquelle l’effecteur de suppression est un acide
nucléique ou un acide nucléique peptidique (ANP).

5. La composition de la revendication 4, dans laquelle l’acide nucléique est un acide nucléique antisens ou un acide
nucléique qui forme une triple hélice avec l’allèle mutant.

6. La composition de la revendication 1, de la revendication 2, ou de la revendication 4, dans laquelle l’effecteur de
suppression est un ARN simple-brin.

7. La composition de la revendication 1, de la revendication 2, ou de la revendication 4, dans laquelle l’effecteur de
suppression est un ARNdb.

8. La composition de l’une quelconque des revendications 1, 2, 4, 5, 6, ou 7, dans laquelle l’effecteur de suppression
est relié de manière fonctionnelle à un vecteur d’expression.

9. La composition de l’une quelconque des revendications 1, 2, 4, 5, 6, 7, ou 8, dans laquelle l’effecteur de suppression
supprime les deux allèles d’un gène endogène.
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10. La composition de la revendication 3, dans laquelle le ribozyme clive l’ARN à un site NUX de clivage par ribozyme.

11. La composition de la revendication 3 ou de la revendication 10 dans laquelle le ribozyme comprend une séquence
sélectionnée dans le groupe consistant en la SEQ ID N° 29 et la séquence GGACGGUCUGAUGAGGCCGAAAG-
GCCGGAAACGUAGAG.

12. La composition de l’une quelconque des revendications 3, 10 ou 11 dans laquelle le ribozyme est relié de manière
fonctionnelle à un vecteur d’expression.

13. La composition de l’une quelconque des revendications précédentes, dans laquelle l’ARN est un ARNm.

14. La composition de l’une quelconque des revendications précédentes, dans laquelle l’acide nucléique de remplace-
ment est relié de manière fonctionnelle à un vecteur d’expression.

15. Une méthode pour la préparation d’un effecteur de suppression et d’un acide nucléique de remplacement, la méthode
comprenant les étapes consistant à :

a) la préparation d’un effecteur de suppression qui se lie à une région codante d’un ADN ou de l’ARN mature
correspondant de la rhodopsine codant pour un allèle mutant, afin d’inhiber par là l’expression de l’allèle mutant,
ledit effecteur de suppression se liant à la séquence nucléotidique ADN CTCTACGTCACCGTC ou à la séquence
nucléotidique ARN CUCUACGUCACCGUC ; et
b) la préparation d’un acide nucléique de remplacement qui code pour un allèle de type sauvage ou n’engendrant
pas de maladie et qui comprend cinq nucléotides dégénérés / de flottement qui sont altérés de sorte que l’acide
nucléique de remplacement ne soit pas supprimé, ou ne soit que partiellement supprimé, par l’effecteur de
suppression.

16. La méthode selon la revendication 15 dans laquelle ledit acide nucléique de remplacement a la séquence nucléo-
tidique CTGTATGTGACGGTG ou sa séquence ARN mature correspondante.

17. La méthode selon la revendication 15 ou la revendication 16, dans laquelle ledit effecteur de suppression est un
ribozyme qui clive un ADN ou un ARN mature codant pour un allèle mutant.

18. La méthode de la revendication 15 ou de la revendication 16, dans laquelle l’effecteur de suppression est un acide
nucléique ou un acide nucléique peptidique (ANP).

19. La méthode de la revendication 18, dans laquelle l’acide nucléique est un acide nucléique antisens ou un acide
nucléique qui forme une triple hélice avec l’allèle mutant.

20. La méthode de la revendication 15, de la revendication 16, ou de la revendication 18, dans laquelle l’effecteur de
suppression est un ARN simple-brin.

21. La méthode de la revendication 15, de la revendication 16, ou de la revendication 18, dans laquelle l’effecteur de
suppression est un ARNdb.

22. La méthode de l’une quelconque des revendications 15, 16, 18, 19, 20, ou 21 dans laquelle l’effecteur de suppression
est relié de manière fonctionnelle à un vecteur d’expression.

23. La méthode de l’une quelconque des revendications 15, 16, 18, 19, 20, 21, ou 22, dans laquelle l’effecteur de
suppression supprime les deux allèles d’un gène endogène.

24. La méthode de la revendication 17, dans laquelle le ribozyme clive l’ARN à un site NUX de clivage par ribozyme.

25. La méthode de la revendication 17 ou de la revendication 24 dans laquelle le ribozyme comprend une séquence
sélectionnée dans le groupe consistant en la SEQ ID N° 29, et la séquence GGACGGUCUGAUGAGGCCGAAAG-
GCCGGAAACGUAGAG.

26. La méthode de l’une quelconque des revendications 17, 24 ou 25 dans laquelle le ribozyme est relié de manière
fonctionnelle à un vecteur d’expression.
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27. La méthode de l’une quelconque des revendications 15 à 26, dans laquelle l’ARN est un ARNm.

28. La méthode de l’une quelconque des revendications 15 à 27, dans laquelle l’acide nucléique de remplacement est
relié de manière fonctionnelle à un vecteur d’expression.

29. Un kit comprenant :

un effecteur de suppression qui supprime l’expression d’un ADN ou de l’ARN mature correspondant codant
pour un allèle mutant de la rhodopsine, ledit effecteur de suppression se liant à la séquence nucléotidique ADN
CTCTACGTCACCGTC ou à la séquence nucléotidique ARN CUCUACGUCACCGUC ; et
un acide nucléique de remplacement qui code pour un allèle de type sauvage ou n’engendrant pas de maladie
qui n’est pas supprimé, ou n’est que partiellement supprimé, par l’effecteur de suppression et qui diffère de
l’allèle mutant par cinq nucléotides dégénérés / de flottement.

30. Le kit selon la revendication 29, dans lequel ledit acide nucléique de remplacement a la séquence nucléotidique
CTGTATGTGACGGTG ou sa séquence ARN mature correspondante.

31. Le kit selon la revendication 29 ou la revendication 30 dans lequel ledit effecteur de suppression est un ribozyme
qui clive un ADN ou un ARN mature codant pour un allèle mutant.

32. Le kit de la revendication 29 ou de la revendication 30, dans lequel l’effecteur de suppression est un acide nucléique
ou un acide nucléique peptidique (ANP).

33. Le kit de la revendication 32, dans lequel l’acide nucléique est un acide nucléique antisens ou un acide nucléique
qui forme une triple hélice avec l’allèle mutant.

34. Le kit de la revendication 29, de la revendication 30, ou de la revendication 32, dans lequel l’effecteur de suppression
est un ARN simple-brin.

35. Le kit de la revendication 29, de la revendication 30, ou de la revendication 32, dans lequel l’effecteur de suppression
est un ARNdb.

36. Le kit de l’une quelconque des revendications 29, 30, 32, 33, 34, ou 35, dans lequel l’effecteur de suppression est
relié de manière fonctionnelle à un vecteur d’expression.

37. Le kit de l’une quelconque des revendications 29, 30, 32, 33, 34, 35, ou 36 dans lequel l’effecteur de suppression
supprime les deux allèles d’un gène endogène.

38. Le kit de la revendication 31, dans lequel le ribozyme clive l’ARN à un site NUX de clivage par ribozyme.

39. Le kit de la revendication 31 ou de la revendication 38 dans lequel le ribozyme comprend une séquence sélectionnée
dans le groupe consistant en la SEQ ID N° 29, et la séquence GGACGGUCUGAUGAGGCCGAAAGGCCG-
GAAACGUAGAG.

40. Le kit de l’une quelconque des revendications 31, 38 ou 39 dans lequel le ribozyme est relié de manière fonctionnelle
à un vecteur d’expression.

41. Le kit de l’une quelconque des revendications 29 à 40, dans lequel l’ARN est un ARNm.

42. Le kit de l’une quelconque des revendications 29 à 41, dans lequel l’acide nucléique de remplacement est relié de
manière fonctionnelle à un vecteur d’expression.

43. La composition selon l’une quelconque des revendications 1 à 14 pour une utilisation en thérapie.

44. La composition selon l’une quelconque des revendications 1 à 14 pour une utilisation dans le traitement de la rétinite
pigmentaire et/ou de la cécité nocturne congénitale stationnaire.

45. Utilisation de la composition selon l’une quelconque des revendications 1 à 14 dans la préparation d’un médicament
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pour le traitement de la rétinite pigmentaire, ou de la cécité nocturne congénitale stationnaire.
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