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FIELD OF THE INVENTION

[0001] The present invention relates generally to systems and methods for genetic modification, and

more particularly to systems and methods for editing DNA.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] The present application claims priority from the following U.S. Provisional Applications,
the entire disclosures of which, including but not limited to any and all cited references, are
incorporated herein by reference: U.S. Provisional Application Nos. 63/274,128 (filed November 1,
2021) and 63/340,605 (filed May 11, 2022). In addition, the entire disclosure of U.S. Patent
Application No. 16/092,761 (filed October 11, 2018), including but not limited to all of its file
history documents and any and all references cited therein (collectively referred to herein as “the

“761 application™), is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] Ever since discovering the structure and function of DNA and successfully sequencing the
genomes of humans and other animals, scientists have been able to slowly tease apart the extremely
complex cause and effect relationships at the heart of life itself. The deeper one looks, however, the
deeper the complexities and interconnections seem to become.

[0004] Diseases that epitomized the importance of genomics, such as cancer, have revealed
themselves to be caused by much more than a simple on/off switch, or single base-pair mutation.
Instead, we are discovering that cancer is caused by a wide spectrum of different cascading
mutations and ultimately different and constantly evolving diseases. So far, the same has been
shown to be the case with aging. While no one has discovered a definitive cause of aging in humans
or other animals, the current evidence points to aging being an emergent phenomenon resulting
from failures of a large number of different pathways and processes.

[0005] One thing, however, is clear: increases in the amount and rate of mutagenesis, whether by
external or internal factors, contribute greatly to a large number of genetic pathologies. This is

thought to encompass everything from cancer and degenerative disease, to aging itself.
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[0006] Therefore, the integrity of the information contained in DNA is clearly of critical importance
to the survival and viability of an organism. For this reason, many mechanisms have evolved since
the beginning of life to protect and repair DNA from errors and damage. However, it has also been
discovered that although these innate repair and regeneration processes are very robust, they are not
perfect. Given enough time and enough replicative events, errors in DNA replication will occur. For
example, Reference 1 in the Bibliography illustrates and describes certain DNA repair pathways in
the human body and the genes of each pathway that are involved.

[0007] Errors that relate to the sequence of the DNA itself can be considered information errors,
where certain base pairs in the sequence shift to other base pairs. For example, an A-T pair can
become a G-C pair. What makes these forms of errors, called single nucleotide polymorphisms,
especially difficult to reverse is that most repair mechanisms rely on chemical/conformational
changes in the DNA to detect errors, or they rely on one of the two existing DNA strands to act as a
template for comparison. The reason base pair changes, whether single or multiple, remain
undetected is that they succeed in changing both strands of the DNA without creating any overt
signs of error. They effectively introduce noise to the sequence.

[0008] Studies have shown that as humans age or due to pre-existing defects in error correction
genes, these random errors begin to accumulate in cells, and can lead to the emergence of cancers. It
is also hypothesized that these random mutations are a major causative factor in the aging process
itself.

[0009] Accordingly, there is a need to reverse the damage and mutagenesis present in a cell’s

genome, which may help cure and prevent diseases that emerge from their accumulation.

SUMMARY OF THE INVENTION

[0010] The aforementioned and other challenges are addressed by the present invention, which
among other advantages provides for the editing of the DNA of an organism, including but not
limited to editing to reverse accumulated DNA mutations in the organism, and accordingly is useful
for the prevention and treatment of genomic diseases, including but not limited to those somatically
acquired.

[0011] Key challenges addressed by the present invention include (1) each cell having a random
number and location of somatic mutations; (2) the mutations are locally silent, i.e., they do not show

obvious signs of error at the molecular level (e.g., mismatches, dimers, nicks, etc.) and therefore,
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unless the mismatch leads to downstream changes that are detectable or known, there is no
automatic way to know where or if the mutation occurred, and further therefore, it not possible to
use one of the DNA strands as a repair template; (3) the mutation rate of editing these errors must
be lower than the natural growth of the mutation, i.e., the solution cannot introduce more mutations
than are being removed; (4) the mutations must be removed simultaneously, because each cell in the
body accumulates an average of 5000 somatic mutations as humans approach 80-90 years of life,
and therefore any solution would need to be able to make multiple changes at once; and (5) it must
be known to what DNA sequence the mutated DNA sequence should be changed back.

[0012] The present invention addresses these key challenges and allows for the editing of DNA and
accordingly the reversal of accumulated somatic mutations in a cell.

Revertase

[0013] The present invention discloses a novel DNA editor that is referred to sometimes herein, not
by way of limitation but rather for purposes of convenience, as a “Revertase”. While not limited to
this function, the Revertase reveals informatic errors in an organism’s genome and in doing so
causes the organism’s own repair mechanisms to correct the errors. The Revertase will be discussed
in connection with preferred methods of the present invention.

Change Agent Material

[0014] Preferred embodiments of the present invention include a change agent material that cause
an organism DNA sequence to be changed to a desired DNA sequence by causing a changing of one
or both of the nucleotide bases at each of one or more location on the organism DNA sequence to
the nucleotide bases at a corresponding location on the desired DNA sequence.

[0015] To accomplish this, the change agent includes a comparison agent, which is also sometimes
referred to herein in some embodiments as a mismatch template guide (MTG). The change agent
optionally, but preferably, includes a mismatch repair facilitation agent, which is also sometimes
referred to herein in some embodiments as a revertase protein complex (RPC).

Comparison Agent

[0016] As to at least some embodiments, generally speaking without limitation, the comparison
agent (e.g., MTG) serves at least three pertinent purposes: (1) to bind to a specific segment of
organism DNA, which is complementary to the MTG; (2) to surface any mismatches in the bound
segment; and (3) to anchor the mismatch repair facilitation agent (e.g., RPC) so that it can react to
any mismatches.

[0017] A non-limiting example of a proposed mechanism for the MTG is as follows:
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[0018] (1) First the germline sequence of the organism is determined through sequencing. The
germline corresponds to the sequence the organism was conceived with, that is, the “original” DNA
sequence before somatic mutations began accruing.

[0019] (2) The total germline sequence is divided into segments corresponding to the desired guide
sequence. The goal is to subdivide the entire derived germline sequence into guides. The guides
created can be overlapping but must contain all of the sequence that is desired to be reverted. For
example, the guide sequence corresponds to the search space of that sequence. (Mutations that are
contained in sequences outside the guide sequence cannot be found and reverted.)

[0020] (3) The length of the guide sequence is variable but preferably is designed to maximize the
ability to detect true mutations, as opposed to simply detecting a non-complementary sequence.
[0021] (4) The main mechanism of the guide is to bind to one of the DNA strands that contains a
complementary sequence. Once the guide binds, it separates the two DNA strands and forms a
Guide-DNA hybrid.

[0022] (5) The guide may be RNA, DNA, a combination of the two or a sequence of different
chemical components other than RNA or DNA.

[0023] (6) The guide may be single-stranded (ss) double-stranded (ds) or multi-stranded (ms) e.g.
triplex or more.

[0024] (7) At this stage one of two scenarios can occur: (a) Scenario A: The DNA and Guide bind
perfectly. There are no mismatches present. In this scenario, nothing happens; the complex releases
and no additional reactions occur (because no mismatches were present); or (b) Scenario B: The
DNA and Guide bind but contain mismatches. In this scenario, a mismatch loop is generated
between the guide and the DNA. This mismatch loop triggers the activity of the attached RPC. The
RPC binds to the mismatch loop and triggers the innate mismatch repair (MMR) reaction in the
organism, which then reverts the mismatch to the sequence in the guide template.

Strand Bias and Methylation

[0025] In order to direct the mismatch repair to the correct segment (i.e., the targeted DNA and not
the guide), the guide must be appropriately altered to bias the MMR reaction away from altering it
versus the targeted DNA. This could include methylation or any other modification necessary to
bias the strand repair to the correct segment.

Mismatch Repair Facilitation Agent

[0026] Further as to at least some embodiments, generally speaking without limitation, the

mismatch repair facilitation agent (e.g., RPC) can comprise one or more of the MMR pathway
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proteins connected together to form a protein complex. In addition, other proteins can also be
included, such as, for example, CRISPR Caspases (€.g., CRISPR Cas9) as well as various knockout
and modified versions, including deactivated Cas9 (dCas9) and nickase Cas9 (nCas9), Base Editors,
Prime Editors, etc. The MMR proteins that form the RPC an include (but are not limited to) one or
more of the following: hMutSe, hMutSp, hMutLe«, hMutLf, hMutLy, Exol, Pold (an enzyme
complex found in eukaryotes that is involved in DNA replication and repair), PCNA, RPA,
HMGBI1, RFC, DNA Ligase I, Cas9 RuvC domain (alone or in combination with a guide RNA),
Cas9 HNH domain, single-strand DNA (ssDNA) nuclease, deactivated Cas9 (dCas9) fusion with
one or more mismatch repair proteins, CRISPR (or other editor) variants that allow for search,
selection and/or repair of somatic mutations.

[0027] MMR in humans leverages many different proteins. Several key stages are currently known
(see, e.g., Table 2 of Reference 2 in the Bibliography): (1) Recognition of the mismatch within the
repetitive duplex DNA by MutS proteins. (2) Recruitment of the enzymes that function to repair the
lesion in the mismatched DNA. (3) Excision of the mismatch base or incorrect sequence. (4)
Resynthesis of the DNA along the parental template strand by DNA polymerase.

Guided MutSa

[0028] In certain embodiments, having a mismatch recognition protein in the near vicinity improves
the speed and efficiency of the mutation repair. Therefore, preferably, MutSa is guided to the area
that is being checked for mismatching by the PNA template. This aspect of the invention will be
described in greater detail below.

Strand Invasion Agent

[0029] The change agent optionally, but preferably, includes a strand invasion agent. In certain
embodiments, the strand invasion agent includes the comparison agent.

[0030] In embodiments utilizing a strand invasion agent, additional preferred mechanisms can be
used to achieve reversal of mutations in a genome back to germline and/or editing of a section of
cellular DNA to a desired sequence. For example without limitation, there are several different
approaches that can be taken (individually or in combination with one another in any
permutation(s)) to achieve the desired editing results. What one or more have in common is that
they need to (and are able to) solve for one or more discrete mechanistic steps. Non-limiting
example steps are outlined as follows: (1) Strand invasion/nuclear DNA strand separation. (2)
Complementary base-pairing of the targeting strand with the targeted nuclear DNA sequence. (3)

Base-pairing (or similar binding or matching) of the comparison agent (e.g., MTG or also referred
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to herein as a “spell-check template strand”) with the free nuclear DNA strand. (4) Induction of
mismatch between the spell-check template strand and the nuclear DNA strand, only in the presence
of a point mutation. (5) Recognition of the mismatch by mismatch repair enzymes. (6) Repair of the
mismatch by mismatch repair enzymes.

Peptide Nucleic Acid (PNA)

[0031] The stand invasion agent can in certain embodiments use a PNA mismatch recognition
mechanism that includes a template that can invade the DNA efficiently and binds to the organism
DNA strand in a sequence-specific manner (in certain embodiments, sometimes referred to herein
as a “mismatch template”). Upon binding, if there are no mutations, the template binds without any
mismatch bubbles, there will be no repair or editing activity, and the template will dissociate again.
On the other hand, when the sequence does not match on a certain location (e.g., due to a point
mutation), there is a mismatch bubble formed between the mismatch template and the DNA strand.
This mismatch bubble will be recognized by the endogenous MMR mechanism and will be
repaired. Therefore, one of the mechanisms by which our system detects integrated mutations is
through the formation of mismatch bubbles; and thereby includes pointing out the location to the
cell’s own MMR system.

[0032] In order to achieve this, a template that can efficiently invade DNA is used. For this purpose
(and/or other reasons) it is preferable to use peptide nucleic acids (PNAs). As examples, one or
more different forms of PNAs can be used (individually or in combination), which will be detailed
below.

[0033] The strand invasion agent can be modified to have certain beneficial properties, including
but not limited to properties that increase efficiency of the separation of the organism DNA. In
certain embodiments, one or both of the strand invasion agent and the change agent material
comprise a compound having a chemical structure that provides one or more such properties.
Example structures will be detailed below.

[0034] Accordingly, the present invention allows for the editing of DNA and accordingly the
reversal of accumulated somatic mutations in a cell. It is anticipated that by removing accumulated
mutagenesis, the cell will cease to display any of the phenotypic traits associated with the
mutagenesis, such as, for example, cancer, neurodevelopmental disorders, development disorders,
and other disorders. Additionally, to the extent that accumulated mutagenesis contributes to cellular
aging, its removal is anticipated to have a substantial phenotypic effect on age-related properties of

the cells of the organism and the organs and systems to which the cells belongs.
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[0035] Aspects of the present invention are described herein and in the accompanying figures;
however, it should be understood that the specific elements and methods in the descriptions are
merely examples of elements and methods that can be used to embody and/or implement the
described features and processes, and that such broader range of elements and methods are part of
the present invention. Therefore, the descriptions herein and in the accompanying figures should be
read broadly and understood broadly with respect to such specific elements and methods so as to
encompass other elements and methods of such and/or similar and/or related types and/or functions,
now known or hereinafter developed, to gain a proper understanding of the broad scope of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIGS 1-9 illustrate respective preferred change agent material constructs of preferred
embodiments of the present invention and associated methods of use thereof.

[0037] FIG. 10-11 illustrate use of respective preferred mismatch repair facilitation agents of
preferred embodiments of the present invention.

[0038] FIG. 12 illustrates a preferred chemical structure of a strand invasion agent of preferred
embodiments of the present invention.

[0039] FIGS. 13A and 13B illustrate results of testing conducted on a change agent material
construct of preferred embodiments of the present invention.

[0040] FIG. 14 illustrates a method of preferred embodiments of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0041] Preferred embodiments of the present invention will now be described in detail.

[0042] All embodiments disclosed herein are presented not by way of limitation but rather to
provide understanding and clarity. Any and all discussed aspects of the present invention are
preferable and should be understood to be non-limiting examples. Any and all described
components of any disclosed structures are optional, and any and all steps of any described methods
are optional and need not be performed at all or in any particular order.

[0043] Without limiting their meanings in the art, terms used herein are understood to have any

meanings ascribed to them here as well as any meanings ascribed to them in the ‘761 application.
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Preferred Methods

[0044] Referring now to FIG. 14, in preferred embodiments, the present invention comprises a
method of changing a DNA sequence of an organism (e.g., method 1400 of FIG. 14).

[0045] Preferably, the organism DNA sequence comprises a first current sequence of nucleotide
bases and a second current sequence of nucleotide bases matched by base pairing rules to the first
current sequence of nucleotide bases to form a respective base pair of complementary nucleotide
bases at each of one or more locations in the organism DNA sequence.

[0046] In preferred embodiments, the method comprises the steps of (1) determining a desired
DNA sequence (e.g., S1410 of FIG. 14), (2) preparing a treatment configured to cause the organism
DNA sequence to be changed to the desired DNA sequence (e.g., S1420 of FIG. 14), and (3)
applying the treatment to the organism (e.g., S1420 of FIG. 14).

[0047] Preferably, the desired DNA sequence is a DNA sequence to which it is desired that the
DNA sequence of the organism be changed.

[0048] Preferably, the desired DNA sequence comprises a first desired sequence of nucleotide bases
and a second desired sequence of nucleotide bases matched by the base pairing rules to the first
desired sequence of nucleotide bases to form a respective base pair of complementary nucleotide
bases at each of one or more locations in the desired DNA sequence.

[0049] In preferred embodiments, the treatment is configured to cause the organism DNA sequence
to be changed to the desired DNA sequence by causing a changing of one or both of the nucleotide
bases at each of one or more of the organism DNA sequence locations to the nucleotide bases at a
corresponding desired DNA sequence location.

[0050] In preferred embodiments, applying the treatment includes delivering to the organism at
least one dose, and each dose includes respective change agent material that causes the changing.
[0051] In preferred embodiments, the change agent material includes a strand invasion agent and a
comparison agent.

[0052] In preferred embodiments, the strand invasion agent is configured to cause a separation of a
double-stranded DNA strand in at least one cell of the organism. Preferably, the double-stranded
DNA strand includes the organism DNA sequence and comprises a first single-stranded organism
DNA strand (e.g., including the first current sequence) and a second single-stranded organism DNA
strand (e.g., including the second current sequence) bound to the first single-stranded organism
DNA strand. Preferably, the separation causes an unbinding of the first and second single-stranded

organism DNA strands.
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[0053] In preferred embodiments, the comparison agent is configured to bind to the first
single-stranded organism DNA strand. Preferably, the comparison agent is so configured at least in
part by including material that presents a number and configuration of hydrogen bonds of at least a
portion of the second desired sequence.

[0054] Accordingly, in preferred embodiments, when the comparison agent material binds to the
first single-stranded organism DNA strand and at least one mismatched base pair is indicated on the
first single-stranded organism DNA strand as a result of the binding, the organism initiates a
mismatch repair process (e.g., S1440 of FIG. 14).

[0055] Aspects of the above described preferred embodiments will now be discussed in connection
with specific examples.

Organism DNA and Desired DNA

[0056] The organism can be any organism. Without limiting its meaning in the art, an organism can
be a human, a non-human animal, a plant, and/or any entity having a DNA sequence.

[0057] Preferably, the DNA sequence of the organism is at least a portion of (e.g., at least a
sub-sequence of) a current whole-genome DNA sequence of the organism. However, it should be
understood that in some embodiments, the DNA sequence of the organism is a DNA sequence that
is all or substantially all of the whole-genome DNA sequence of the organism. It should be further
understood that the system and method of the present invention also can be used to substantially
change one or more other types of nucleic acid sequences, of any possible length.

[0058] Preferably, the desired DNA sequence is the portion (e.g., sub-sequence) of the organism’s
germline whole-genome DNA sequence corresponding to the portion (e.g., sub-sequence) of the
organism’s current whole-genome DNA sequence referred to above. However, it should be
understood that in some embodiments, the desired DNA sequence is a DNA sequence that is at least
a portion of, or all or substantially all of, one of a germline whole-genome DNA sequence of the
organism, a pre-mutagenic whole-genome DNA sequence of the organism, a global average
whole-genome DNA sequence of the organism, a whole-genome DNA sequence of another
organism, and a whole-genome DNA sequence that is an intentionally modified version of a
germline whole-genome DNA sequence of the organism.

[0059] In certain embodiments, where a goal may be to conduct edits of individual locations on the
organism DNA sequence (e.g., leaving all other locations unchanged), the desired DNA sequences
can be a DNA sequence differing from the organism DNA sequence with respect to only one base

pair. It should be understood that multiplex editing of individual locations (whether separated or
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adjacent) on the organism DNA sequence can also be accomplished by establishing the desired
DNA sequence to be a DNA sequence differing from the organism DNA sequence with respect to
only the base pairs at such locations. It should also be understood that multiplexing can mean,
without limitation, multiple errors detected with a single comparison sequence or also multiple
comparison sequences working on the same cellular DNA simultaneously.

[0060] Any and all methods, whether now known or hereafter developed, of determining the
desired DNA sequence, are contemplated for use with the present invention, including but not
limited to those described in the ‘761 application.

General Example

[0061] As discussed above, in preferred embodiments, the change agent material includes one or
more of a strand invasion agent and a comparison agent. A general, non-limiting example of the use
of the change agent material will now be presented.

[0062] Upon administration to the organism, the change agent material, by way of the strand
invasion agent, effects a separation of a double-stranded DNA in a cell of the organism (e.g., into
first and second single-stranded organism DNA strands), and by way of the comparison agent,
causes the comparison agent material to bind to one of the single-stranded organism DNA strands
(e.g., the first single-stranded organism DNA strand).

[0063] With regard to the binding, because the first single-stranded organism DNA strand, which
includes the first current organism DNA sequence (referred to above in the description of the
organism DNA sequence that is being changed) is exposed to the comparison agent material, which
presents the same number and configuration of hydrogen bonds as the second desired DNA
sequence (referred to above in the description of the desired DNA sequence to which the organism
DNA sequence is being changed), the first single-stranded organism DNA strand binds to the
comparison agent material according to base pairing rules.

[0064] If the binding is complete (e.g., each of the nucleotide bases of the first single-stranded
organism DNA strand pair respectively with its corresponding location on the comparison agent
material), then there is no indication to the organism of a mismatched base pair, and accordingly,
there is no need for a mismatch repair process to be initiated.

[0065] Howeyver, if the binding is not complete (e.g., if any one or more nucleotide bases of the first
single-stranded organism DNA strand each fails to pair respectively with its corresponding location
on the comparison agent material), then there is an indication to the organism of a mismatched base

pair at the location of the nucleotide base on the first single-stranded organism DNA strand. In
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response to the indication, the organism initiates a mismatch repair process to replace the incorrect
nucleotide base with a correct nucleotide base.

[0066] After the incorrect nucleotide base has been replaced, the comparison material becomes
unbound from the first single-stranded organism DNA strand, and the first single-stranded organism
DNA strand re-binds with the second single-stranded organism DNA strand from which it had been
separated, to form a partially repaired organism DNA sequence. Then, as a result of the re-binding,
in which the corrected nucleotide base now faces a non-matching nucleotide base, there is
indication to the organism of a mismatched base pair at the location of the facing nucleotide bases
on the partially repaired organism DNA strand. In response to the indication, the organism initiates
another mismatch repair process, this time to replace the non-matching nucleotide base with a
matching, correct nucleotide base. Once this second mismatch repair process is complete, the
organism DNA sequence matches the desired DNA sequence, as intended.

Iustrated Examples

[0067] A variety of additional non-limiting examples of the change agent material and its use will
now be presented in connection with the figures.

[0068] In certain embodiments, the strand invasion agent includes the comparison agent. In other
embodiments, the strand invasion agent and the comparison agent are separate compounds or
separate molecules. In some of such embodiments, the compounds or molecules are initially bound
to one another and separate during use. In other of such embodiments the compounds or molecules
are initially bound to one another and remain bound during use.

Figure 1

[0069] FIG. 1 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a basic PNA construct. In the example illustrated by FIG. 1, a PNA is the strand
invasion agent and the comparison agent. Generally speaking, without limitation, in the example
illustrated by FIG. 1, the change agent material comprises a PNA with a backbone having a
sequence of nucleotides. This PNA can invade the DNA by binding to one of the DNA strands. If
there is an integrated mutation in the DNA strand, there will be a mismatch “bubble” formed
between the PNA strand and the DNA strand.

[0070] More particularly, in FIG. 1, at time T1-0, a double-stranded organism DNA strand 110 is
represented by a first single-stranded organism DNA strand 120 and a second single-stranded
organism DNA strand 130 bound to the first single-stranded organism DNA strand 120. At a

location 140, nucleotide bases G and C are properly bound, but it has been determined that it would
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be desirable to change them to A and T, respectively. (For example, G and C may be present due to
genetic mutation, and sequencing of the organism genome has indicated that in the germline DNA
sequence of the organism, the nucleotide bases at this location are A and T, respectively.)

[0071] At time T1-1, change agent material of the present invention has been administered to the
organism. In this example, the change agent material includes a PNA 150 having on a backbone a
sequence of nucleotide bases complementary to a sequence of nucleotide bases on the first
single-stranded organism DNA strand 120 that includes incorrect nucleotide base G at the location
140. The PNA 150 invades the double-stranded organism DNA strand 110 and binds to the first
single-stranded organism DNA strand 120, as denoted by the dashed arrow 102.

[0072] At time T1-2, it can be seen that the PNA strand 150 is complementary to the DNA strand
120. However, at the location 140, the PNA strand 150 includes nucleotide base T. Due to the DNA
strand 120 having nucleotide base G at the location 140, the binding of the PNA strand 150 to the
DNA strand 120 causes a mismatch to be indicated at the location 140 on the DNA strand 120, as
denoted by the bump surrounding nucleotide base G at the location 140. Further at time T1-2, the
organism has initiated a mismatch repair process (as denoted by dashed arrow 104) in which
endogenous MMR proteins 160 target the nucleotide base G and replace it with nucleotide base A to
complement nucleotide base T on the PNA strand 150.

[0073] At time T1-3, it can be seen that the PNA strand has released or otherwise become unbound
from the DNA strand 120 and the first and second single-stranded organism DNA strands 120,130
have paired to re-form the double-stranded organism DNA strand 110, except that at the location
140, there is a mismatch due to the nucleotide base A on the first single-stranded organism DNA
strand 120 facing the nucleotide base C on the second single-stranded organism DNA strand 130.
This causes a mismatch to be indicated at the location 140, as denoted by the bump surrounding the
nucleotide bases A and C at the location 140. Further at time T1-3, the organism has initiated a
mismatch repair process (as denoted by dashed arrow 104) in which endogenous MMR proteins 160
target the nucleotide base C on the second single-stranded organism DNA strand 130 and replace it
with nucleotide base T to complement nucleotide base A on the first single-stranded organism DNA
strand 120.

[0074] At time T1-4, it can be seen that the replacement is complete and the incorrect nucleotide
bases G and C have been replaced with desired nucleotide bases A and T, respectively.

[0075] Accordingly, in this example illustrated by FIG. 1, the PNA 150 is the strand invasion agent

and the comparison agent.
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Figure 2

[0076] FIG. 2 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a Janus PNA construct. In the example illustrated by FIG. 2, a PNA is the strand
invasion agent and the comparison agent. Generally speaking, without limitation, in the example
illustrated by FIG. 2, the change agent material comprises a PNA with one backbone having
nucleotides on two sides. This PNA can invade the DNA by binding both single-stranded DNA
strands to the respective base pairs on either side of the PNA. If there is an integrated mutation in
the DNA, there will be mismatch “bubbles” formed between the PNA strands and both DNA
strands (e.g., two mismatch “bubbles” are formed simultaneously).

[0077] More particularly, in FIG. 2, at time T2-0, a double-stranded organism DNA strand 210 is
represented by a first single-stranded organism DNA strand 220 and a second single-stranded
organism DNA strand 230 bound to the first single-stranded organism DNA strand 220. At a
location 240, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0078] Further at time T2-0, change agent material of the present invention has been administered
to the organism. In this example, the change agent material includes a PNA 250 having on a
backbone a first sequence of nucleotide bases 252 (complementary to a sequence of nucleotide
bases on the first single-stranded organism DNA strand 220, except at the location 240), and on the
backbone a second sequence of nucleotide bases 254 (complementary to the sequence of nucleotide
bases on the second single-stranded organism DNA strand 230 matching the sequence of nucleotide
bases on the first single-stranded organism DNA strand 220, except at the location 240). The PNA
250 invades the double-stranded organism DNA strand 210 (as denoted by the dashed arrow 202).
[0079] At time T2-1, it can be seen that the first sequence of nucleotide bases 252 has bound to the
first DNA strand 220, and the second sequence of nucleotide bases 254 has bound to the second
DNA strand 230. Further at time T2-1, it can be seen that the sequences 252,254 are each
complementary to the corresponding DNA strands 220,230. However, because the facing nucleotide
bases at the location 240 are not complementary, the binding causes a mismatch to be indicated at
the location 240 on both DNA strands 220,230, as denoted by the bumps surrounding the location
240. Further at time T2-1, the organism has initiated a mismatch repair process (as denoted by
dashed arrow 204) in which endogenous MMR proteins 260 target the location 240 to replace the

nucleotide bases with complementary ones.
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[0080] Accordingly, in this example illustrated by FIG. 2, the PNA 250 is the strand invasion agent
and the comparison agent.

Figure 3

[0081] FIG. 3 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a tail-clamp construct. In the example illustrated by FIG. 3, a PNA is the strand
invasion agent and the comparison agent. Generally speaking, without limitation, in the example
illustrated by FIG. 3, the change agent material comprises a PNA that can bind DNA according to
the base pairing rules and, in addition, by binding partially to the backbone in a sequence-specific
manner forming, partially, a PNA:DNA:PNA triplex. The tail-clamp comparison construct is very
stable, due to the triplex that is formed. The part that does not form a triplex but simply a
PNA:DNA D-loop (P-loop) is the mismatch recognition part because mismatches in this part can be
identified by the organism’s MMR proteins.

[0082] More particularly, in FIG. 3, at time T3-0, a double-stranded organism DNA strand 310 is
represented by a first single-stranded organism DNA strand 320 and a second single-stranded
organism DNA strand 330 bound to the first single-stranded organism DNA strand 320. At a
location 340, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0083] Further at time T3-0, change agent material of the present invention has been administered
to the organism (denoted by the arrow 302). In this example, the change agent material includes a
PNA 350 having a tail-clamp formation, including a loop having a DNA binding section 352 and a
backbone binding section 354. The DNA binding section 352 includes a sequence of nucleotide
bases complementary to a sequence of nucleotide bases on the first single-stranded organism DNA
strand 320, and the backbone binding section 354 includes a sequence that can bind to the
backbone of the first single-stranded organism DNA strand 320.

[0084] The binding section 354 sequence is preferably a sequence of PNA that preferentially binds
to the major groove in the DNA backbone as opposed to the DNA sequence. This "tail clamp"
wraps around the DNA on the back and increases the stability of the PNA binding sequence overall.
[0085] At time T3-1, it can be seen that the sequence of nucleotide bases of the DNA binding
section 352 has bound to the complementary to a sequence of nucleotide bases on the first DNA
strand 320, and the binding section 354 sequence has bound to the backbone of the first DNA strand
320. Further at time T3-1, it can be seen that the facing sequences are complementary, except at

location 340, which causes a mismatch to be indicated at the location 340 on the first DNA strands
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320, as denoted by the bumps surrounding the location 340. Further at time T3-1, the organism has
initiated a mismatch repair process (as denoted by dashed arrow 304) in which endogenous MMR
proteins 360 target the location 340 to replace the nucleotide base on the first DNA strand with a
complementary one.

[0086] Accordingly, in this example illustrated by FIG. 3, the PNA 350 is the strand invasion agent
and the comparison agent.

Figure 4

[0087] FIG. 4 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a dSPNA/PNA construct. In the example illustrated by FIG. 4, a PNA is the strand
invasion agent and the comparison agent. Generally speaking, without limitation, in the example
illustrated by FIG. 4, the change agent material comprises two PNA strands that are bound together
according to the base-pairing rules. Pseudo-complementary base pairs (that prefer to bind to DNA
rather than PNA) are used. Therefore, upon reaching the target site, both PNA strands invade the
DNA and bind to their complementary DNA strand. Thus, both strands are simultaneously checked
for mismatches.

[0088] More particularly, in FIG. 4, at time T4-0, a double-stranded organism DNA strand 410 is
represented by a first single-stranded organism DNA strand 420 and a second single-stranded
organism DNA strand 430 bound to the first single-stranded organism DNA strand 420. At a
location 440, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0089] Further at time T4-0, change agent material of the present invention has been administered
to the organism (denoted by the arrow 402). In this example, the change agent material includes a
double-stranded PNA 450 in which two single-stranded PNA strands 452,454 are bound together,
each having a backbone and a respective sequence of nucleotide bases complementary to a
respective one of the single-strand organism DNA strands 420,430.

[0090] At time T4-1, it can be seen that the PNA 450 has invaded the DNA 410 and each of the
PNA strands 452,454 has bound to a respective one of the DNA strands 420,430. Further at time
T4-1, it can be seen that the facing sequences are complementary. However, while not shown, at
location 440 the bases of the DNA strands 420,430 are not complementary to the bases of the facing
PNA strands 452,454, which causes a mismatch to be indicated at the location 440 on the DNA

strands 420,430. Further at time T4-1, while not shown, the organism will in response initiate a
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mismatch repair process in which endogenous MMR proteins target the location 440 to replace the
nucleotide base on the DNA strands with complementary ones.

[0091] Accordingly, in this example illustrated by FIG. 4, the PNA 450 is the strand invasion agent
and the comparison agent.

Figure 5

[0092] FIG. 5 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a dSPNA/RNA or dsPNA/DNA construct. In the example illustrated by FIG. 5, a PNA
is the strand invasion agent and an RNA or a DNA is the comparison agent. Generally speaking,
without limitation, in the example illustrated by FIG. 5, the change agent material comprises a
PNA/RNA or PNA/DNA hybrid double-strand. The PNA does strand invasion while the DNA or
RNA portion acts as a mismatch comparison agent (while discussed hereinbelow as applying to a
PNA/RNA construct, this also applies to a PNA/DNA construct). First, the PNA invades the
organism DNA, occupying one strand and forming a P-loop. The now single-stranded RNA part can
bind to the unoccupied strand and screen for the mismatch.

[0093] More particularly, in FIG. 5, at time T5-0, a double-stranded organism DNA strand 510 is
represented by a first single-stranded organism DNA strand 520 and a second single-stranded
organism DNA strand 530 bound to the first single-stranded organism DNA strand 520. At a
location 540, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0094] Further at time T5-0, change agent material of the present invention has been administered
to the organism (denoted by the arrow 502). In this example, the change agent material includes a
double-stranded PNA/DNA 550 in which a single-stranded PNA strand 552 and a single-stranded
DNA strand 554 are bound together, each having a backbone and a respective sequence of
nucleotide bases complementary to a respective one of the single-strand organism DNA strands
520,530.

[0095] At time TS5-1, it can be seen that the single-stranded PNA strand 552 has invaded the DNA
510 and bound to the second DNA strand 530 while the single-stranded DNA strand 554 has bound
to the first DNA strand 520. As noted above, the single-stranded PNA strand 552 binds to the
second DNA strand 530 without causing a mismatch indication, and instead functions to ensure that
the single-stranded DNA strand 554 is able to more efficiently bind to the first DNA strand 520 and

cause a mismatch indication if one is warranted.
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[0096] Accordingly, further at time T5-1, it can be seen that the facing sequences of the
single-stranded DNA strand 554 and the first DNA strand 520 are complementary, except that,
while not shown, at location 540 the bases of the DNA strands 554,520 are not complementary,
which causes a mismatch to be indicated at the location 540 on the DNA strand 520. Further at time
T5-1, while not shown, the organism will in response initiate a mismatch repair process in which
endogenous MMR proteins target the location 540 to replace the nucleotide bases on the DNA
strands 520,530 with complementary ones.

[0097] Accordingly, in this example illustrated by FIG. 5, the PNA 552 is the strand invasion agent
and the DNA 554 is the comparison agent.

Figure 6

[0098] FIG. 6 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a dSPNA/RNA or dsPNA/DNA + intercalator construct. In the example illustrated by
FIG. 6, a PNA is the strand invasion agent and an RNA or a DNA is the comparison agent.
Generally speaking, without limitation, in the example illustrated by FIG. 6, the change agent
material is the same in form and function as that in FIG. 5, except that the DNA/RNA portion
carries an additional DNA intercalator, making the invasion and binding more efficient.

[0099] More particularly, in FIG. 6, at time T6-0, a double-stranded organism DNA strand 610 is
represented by a first single-stranded organism DNA strand 620 and a second single-stranded
organism DNA strand 630 bound to the first single-stranded organism DNA strand 620. At a
location 640, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0100] Further at time T6-0, change agent material of the present invention has been administered
to the organism (denoted by the arrow 602). In this example, the change agent material includes a
double-stranded PNA/DNA 650 in which a single-stranded PNA strand 652 and a single-stranded
DNA strand 654 are bound together, each having a backbone and a respective sequence of
nucleotide bases complementary to a respective one of the single-strand organism DNA strands
620,630. Further, the single-stranded DNA strand 654 further includes at least one intercalator 656.
[0101] At time T6-1, it can be seen that the single-stranded PNA strand 652 has invaded the DNA
610 and bound to the second DNA strand 630 while the single-stranded DNA strand 654 has bound
to the first DNA strand 620. As noted above, the single-stranded PNA strand 652 binds to the

second DNA strand 630 without causing a mismatch indication, and instead functions to ensure that
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the single-stranded DNA strand 654 is able to more efficiently bind to the first DNA strand 620 and
cause a mismatch indication if one is warranted.

[0102] Accordingly, further at time T6-1, it can be seen that the facing sequences of the
single-stranded DNA strand 654 and the first DNA strand 620 are complementary, except that,
while not shown, at location 640 the bases of the DNA strands 654,620 are not complementary,
which causes a mismatch to be indicated at the location 640 on the DNA strand 620. Further at time
T6-1, while not shown, the organism will in response initiate a mismatch repair process in which
endogenous MMR proteins target the location 640 to replace the nucleotide bases on the DNA
strands 620,630 with complementary ones.

[0103] Accordingly, in this example illustrated by FIG. 6, the PNA 652 is the strand invasion agent
and the DNA 654 is the comparison agent.

Figure 7

[0104] FIG. 7 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a PNA-RNA or PNA-DNA chimera. In the example illustrated by FIG. 7, a PNA is
the strand invasion agent and an RNA or a DNA is the comparison agent. Generally speaking,
without limitation, in the example illustrated by FIG. 7, the change agent material comprises a PNA
strand attached to either an RNA or a DNA strand. The PNA and the DNA or RNA part have
different functions: the PNA is used for the invasion of the target DNA, while the RNA or DNA
part functions as the mismatch comparison agent. There are at least two ways to use the chimera
template: by detecting mismatches in trans or in cis. Trans mismatch detection: In this detection,
while the PNA invades one strand, the other part of the template (DNA or RNA) can check for
mismatches on the unoccupied strand. Cis mismatch detection: In this detection, the PNA invades
the DNA and zips it open; this chain reaction allows the DNA or RNA portion of the chimera
template to bind to the free strand of the target DNA, inducing mismatch detection and mismatch
repair.

[0105] More particularly, in FIG. 7, at time T7-0, a double-stranded organism DNA strand 710 is
represented by a first single-stranded organism DNA strand 720 and a second single-stranded
organism DNA strand 730 bound to the first single-stranded organism DNA strand 720. At a
location 740, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0106] Alternative sides of FIG. 7 will be discussed, one with reference to 7rans mismatch

detection and the other with reference to Cis mismatch detection.
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[0107] With regard to Trans mismatch detection, further at time T7-0, change agent material of the
present invention has been administered to the organism (denoted by the arrow 702t). In this
example, the change agent material includes a single-stranded PNA-DNA strand 750t in which a
single-stranded PNA strand 752t and a single-stranded DNA strand 754t are linked together in
series, each having a backbone and a respective sequence of nucleotide bases complementary to a
respective one of the single-strand organism DNA strands 720,730. (It can be seen illustrated at
time T7-1 that the link 756t between the single-stranded PNA strand 752t and the single-stranded
DNA strand 754t enables them to move away from one another while remaining linked. Preferably,
the link is a covalent bond that is achieved through standard chemical reactions. It connects the
peptide backbone of the PNA with the phosphate backbone of the DNA through a direct covalent
bond.)

[0108] At time T7-1, it can be seen that the single-stranded PNA strand 752t has invaded the DNA
710 and bound to the second DNA strand 730 while the single-stranded DNA strand 754t has bound
to the first DNA strand 720. The single-stranded PNA strand 752t binds to the second DNA strand
730 without causing a mismatch indication, and instead functions to ensure that the single-stranded
DNA strand 754t is able to more efficiently bind to the first DNA strand 720 and cause a mismatch
indication if one is warranted.

[0109] Accordingly, further at time T7-1, it can be seen that the facing sequences of the
single-stranded DNA strand 754t and the first DNA strand 720 are complementary, except that,
while not shown, at location 740 the bases of the DNA strands 754,720 are not complementary,
which causes a mismatch to be indicated at the location 740 on the DNA strand 720. Further at time
T7-1, while not shown, the organism will in response initiate a mismatch repair process in which
endogenous MMR proteins target the location 740 to replace the nucleotide bases on the DNA
strands 720,730 with complementary ones.

[0110] Further with regard to Trans mismatch detection, FIGS. 7A and 7B illustrate that the PNA
752t and the DNA 754t in this example need not be linked, but rather the PNA 752t can be separate
from the DNA 754t. With regard to FIG. 7A, once the PNA 752t separates the initial part of the
organism DNA 710, it will be energetically easier to separate the neighboring areas. So if after
invasion by the PNA 752t, a separate DNA 754t can invade the neighboring location in Trans. With
regard to FIG. 7B, this does not need to happen immediately adjacent to the invading PNA 752t. It
can instead be overlapping with the invading PNA 752t (for both the PNA:DNA chimera or PNA
752t and DNA 754t delivered separately).
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[0111] With regard to Cis mismatch detection, further at time T7-0, change agent material of the
present invention has been administered to the organism (denoted by the arrow 702c). In this
example, the change agent material includes a single-stranded PNA-DNA strand 750c in which a
single-stranded PNA strand 752c¢ and a single-stranded DNA strand 754c are linked together in a
loop, each having a backbone and a respective sequence of nucleotide bases complementary to a
respective section of the single-stranded organism DNA strand 720.

[0112] At time T7-1, it can be seen that the single-stranded PNA strand 752c¢ has invaded the DNA
710 and bound to a section of the first DNA strand 720 while the single-stranded DNA strand 754c
has bound to a nearby section of the first DNA strand 720. The single-stranded PNA strand 752c¢
binds to the first DNA strand 720 without causing a mismatch indication, and instead functions to
ensure that the single-stranded DNA strand 754c is able to more efficiently bind to the first DNA
strand 720 and cause a mismatch indication if one is warranted. The arrow 706 represents the DNA
part of the DNA-PNA chimera continuing to separate the duplex DNA until the entire portion of the
DNA is bound to either the same (Cis) or opposite (7rans) side. The PNA invades initially, but the
arrow 706 shows that if the DNA and PNA are bound together, then once the PNA lands and starts
to separate the strands then the DNA can continue that process (e.g., because it is less energy
intensive than the initial separation). The arrow 706 shows the direction of that binding and
separation.

[0113] Accordingly, further at time T7-1, it can be seen that the facing sequences of the
single-stranded DNA strand 754c and the first DNA strand 720 are complementary, except that,
while not shown, at location 740 the bases of the DNA strands 754c,720 are not complementary,
which causes a mismatch to be indicated at the location 740 on the DNA strand 720. Further at time
T7-1, while not shown, the organism will in response initiate a mismatch repair process in which
endogenous MMR proteins target the location 740 to replace the nucleotide bases on the DNA
strands 720,730 with complementary ones.

[0114] Further with regard to Cis mismatch detection, FIG. 7C illustrates that the PNA 752c and the
DNA 754c¢ in this example need not be linked, but rather the PNA 752¢ can be separate from the
DNA 754c. With regard to FIG. 7C, once the PNA 752c separates the initial part of the organism
DNA 710, it will be energetically easier to separate the neighboring areas. So if after invasion by
the PNA 752c, a separate DNA 754c¢ can invade the neighboring location in Cis.

[0115] Further with regard to both 7rans and Cis mismatch detection, FIG. 7D illustrates that in
certain constructs, the DNA 754 can be flanked by two PNAs (752a,752b), forming one long strand.
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The PNA flanks will be the invader, whereas the DNA will be the mismatch comparison agent. This
configuration and similar configurations, for example without limitation, would in certain
embodiments, allow a larger portion of the double-stranded DNA strand to be opened, since the
invading PNA strands flanking the comparison agent DNA allow for more space for the comparison
agent DNA to make a comparison. The separated organism DNA strands will not close between the
flanked comparison agent DNA because they are very close to each other (only separated by the
comparison agent DNA they are bound/ligated to).

[0116] Accordingly, in this example illustrated by FIG. 7, the PNA 752 is the strand invasion agent
and the DNA 754 is the comparison agent.

Figure 8

[0117] FIG. 8 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a PNA-DNA mechanism. In the example illustrated by FIG. 8, a PNA is the strand
invasion agent and an RNA or a DNA is the comparison agent. Generally speaking, without
limitation, in the example illustrated by FIG. 8, the change agent material comprises a PNA strand
attached to either an RNA or a DNA strand. The PNA and the DNA or RNA part have different
functions: the PNA is used for the invasion of the target DNA, while the RNA or DNA part
functions as the mismatch comparison agent, binding to the free strand of the target DNA, inducing
mismatch detection and mismatch repair.

[0118] More particularly, in FIG. 8, at time T8-0, a double-stranded organism DNA strand 810 is
represented by a first single-stranded organism DNA strand 820 and a second single-stranded
organism DNA strand 830 bound to the first single-stranded organism DNA strand 820. At a
location 840, nucleotide bases are being damaged by radiation. At time T8-1, fault damage repair
has led to a mutation at location 840, and it is desirable that the mutation be reverted.

[0119] At time T8-2, change agent material of the present invention has been administered to the
organism (denoted by the dashed arrow 802). In this example, the change agent material includes a
PNA-DNA strand 850 in which a single-stranded PNA strand 852 and a single-stranded DNA
strand 854 are linked in series and bound to form a loop. Each has a backbone and a respective
sequence of nucleotide bases complementary to a respective one of the single-strand organism DNA
strands 820,830. It can be seen at time T8-2 and T8-3 that the link 856 between the single-stranded
PNA strand 852 and the single-stranded DNA strand 854 enables them to move away from one

another while remaining linked.
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[0120] At time T8-3, it can be seen that the single-stranded PNA strand 852 has invaded the DNA
810 and bound to the second DNA strand 820 while the single-stranded DNA strand 854 has bound
to the first DNA strand 830. The single-stranded PNA strand 852 binds to the second DNA strand
820 without causing a mismatch indication, and instead functions to ensure that the single-stranded
DNA strand 854 is able to more efficiently bind to the first DNA strand 830 and cause a mismatch
indication if one is warranted.

[0121] Accordingly, further at time T8-3, it can be seen that the facing sequences of the
single-stranded DNA strand 854 and the first DNA strand 830 are complementary, except that at
location 840 the bases of the DNA strands 854,830 are not complementary, which causes a
mismatch to be indicated at the location 840 on the DNA strand 830. Further at time T8-3, the
organism will in response initiate a mismatch repair process (denoted by dashed arrow 804) in
which endogenous MMR proteins 860 target the location 840 to replace the nucleotide base on the
DNA strand 830 with a complementary one.

[0122] At time T8-4, it can be seen that the nucleotide base on the DNA strand 830 has been
replaced with a complementary one, while the corresponding nucleotide base on the DNA strand
820 remains incorrect.

[0123] At time T8-5, it can be seen that once the PNA-DNA strand 850 has dissociated, the first
and second DNA strands 820,830 re-pair to re-form the double-stranded organism DNA strand 810,
except that at the location 840, there is a mismatch due to the nucleotide base on the first
single-stranded organism DNA strand 830 facing a now-incompatible nucleotide base on the second
single-stranded organism DNA strand 820. This causes a mismatch to be indicated at the location
840, as denoted by the bump surrounding the nucleotide bases at the location 840. Further at time
T8-5, the organism has initiated a mismatch repair process (as denoted by dashed arrow 806) in
which endogenous MMR proteins 860 target the nucleotide base on the second single-stranded
organism DNA strand 820 and replace it with a nucleotide base compatible with the nucleotide base
on the first single-stranded organism DNA strand 830.

[0124] At time T8-S, it can be seen that the replacement is complete and the incorrect nucleotide
bases have been replaced with desired nucleotide bases.

[0125] Accordingly, in this example illustrated by FIG. 8, the PNA 852 is the strand invasion agent
and the DNA 854 is the comparison agent.
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Figure 9

[0126] FIG. 9 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a multiple mismatch construct. In this example, the comparison DNA is inducing two
simultaneous mismatches in the cellular DNA strand it is bound to. This shows the ability of the
comparison sequence to detect multiple mismatches simultaneously in its area of comparison.

[0127] FIG. 9 illustrates a construct referred to herein not as limiting but for the sake of
convenience, a multiple mismatch construct. In the example illustrated by FIG. 9, a PNA is the
strand invasion agent and an RNA or a DNA is the comparison agent. Generally speaking, without
limitation, in the example illustrated by FIG. 9, the change agent material comprises a PNA/RNA or
PNA/DNA hybrid double-strand. The PNA does strand invasion while the DNA or RNA portion
acts as a mismatch comparison agent (while discussed hereinbelow as applying to a PNA/RNA
construct, this also applies to a PNA/DNA construct). First, the PNA invades the organism DNA,
occupying one strand and forming a P-loop. The now single-stranded RNA part can bind to the
unoccupied strand and screen for mismatches.

[0128] More particularly, in FIG. 9, at time T9-0, a double-stranded organism DNA strand 910 is
represented by a first single-stranded organism DNA strand 920 and a second single-stranded
organism DNA strand 930 bound to the first single-stranded organism DNA strand 920. At
locations 940,942, nucleotide bases are properly bound, but it has been determined that it would be
desirable to change them.

[0129] Further at time T9-0, change agent material of the present invention has been administered
to the organism (denoted by the arrow 902). In this example, the change agent material includes a
double-stranded PNA/DNA 950 in which a single-stranded PNA strand 952 and a single-stranded
DNA strand 954 are bound together, each having a backbone and a respective sequence of
nucleotide bases complementary to a respective one of the single-strand organism DNA strands
920,930.

[0130] At time T9-1, it can be seen that the single-stranded PNA strand 952 has invaded the DNA
910 and bound to the second DNA strand 930 while the single-stranded DNA strand 954 has bound
to the first DNA strand 920. As noted above, the single-stranded PNA strand 952 binds to the
second DNA strand 930 without causing a mismatch indication, and instead functions to ensure that
the single-stranded DNA strand 954 is able to more efficiently bind to the first DNA strand 920 and

cause mismatch indications if any are warranted.
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[0131] At time T9-2, it can be seen that the facing sequences of the single-stranded DNA strand 954
and the first DNA strand 920 are complementary, except that at locations 940,942 the bases of the
DNA strands 954,920 are not complementary, which causes two mismatches to be indicated (one at
at each of the locations 940,942) on the DNA strand 920. Further at time T9-1, while not shown, the
organism will in response initiate a mismatch repair process in which endogenous MMR proteins
target the locations 940,942 to replace the nucleotide bases on the DNA strands 920,930 with
complementary ones.

[0132] Accordingly, in this example illustrated by FIG. 9, the PNA 952 is the strand invasion agent
and the DNA 954 is the comparison agent.

Mismatch Repair Facilitation Agent

[0133] As discussed above, in certain embodiments, the change agent material includes a mismatch
repair facilitation agent configured to facilitate the mismatch repair process.

[0134] Preferably, the mismatch repair facilitation agent includes one or more of the following
molecules: hMutSe«, hMutSp, hMutL«, hMutLp, hMutLy, Exol, Pol 5, PCNA, RPA, HMGBI,
RFC, DNA Ligase I, Cas9 RuvC domain (alone or in combination with a guide RNA), Cas9 HNH
domain, single-strand DNA (ssDNA) nuclease, deactivated Cas9 (dCas9) fusion with one or more
mismatch repair proteins, CRISPR (or other editor) variants that allow for search, selection and/or
repair of somatic mutations.

[0135] These molecules are known to have beneficial effects on one or more processes involved in
the MMR process.

Figure 10

[0136] FIG. 10 illustrates a non-limiting example of a mechanism for the mismatch repair
facilitation agent (e.g., RPC): (1) (See times T10-0 and T10-1.) A goal of the RPC (e.g., revertase
complex 1010) is to trigger mismatch repair in the organism DNA 1020 while targeting it to the
locus of interest (e.g., the point mutation 1030). (2) (See time T10-2.) To achieve this a guide 1040
is used to form a mismatch bubble 1050 at the site of mutation 1030. (3) (See time T10-3.) This
mismatch bubble 1050 is then recognized by the RPC 1010 and flagged for repair. (4) (See times
T10-3, T10-4 and T10-5.) Once flagged and signaled, the full MMR repair process can be carried
out by either the endogenous MMR process that exists in the target organism (e.g., by endogenous
MMR proteins 1060) or by the MMR complex 1010 itself.
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[0137] In certain embodiments, instead of creating a cut in one of the DNA strands with Cas9 RuvC
and/or other ss-nucleases, the other strand is left intact and bound to an extended guide RNA
(gRNA), surfacing an existing mismatch.

Guided MutSa

[0138] In certain embodiments, having a mismatch recognition protein in the near vicinity improves
the speed and efficiency of the mutation repair. Therefore, MutSa is guided to the area that is being
checked for mismatching by the PNA template. This aspect of the invention will be described in
greater detail below.

[0139] To make a guided form of MutSa, a repeating peptide array termed SunTag, which can
recruit multiple copies of an antibody-fusion protein, is fused to an inactive form of Cas9 (dCas9)
(lacking a nuclear localization signal). A single-chain variable fragment (scFv) is fused to the
MutSa. subunit MSH6. In the cytosol the scFv binds to the SunTag, attaching the dCas9 to the
MSH6; MSH6 dimerizes with MSH2 in the cytosol forming MutSa and is then imported to the
nucleus. The nuclear localization of MSH6 is dependent on MSH2, and therefore dCas9 and the
complete MutSa can be imported together.

[0140] In order to target a specific region, a guide is used. At least two types of guides are
preferred: (1) The first one is a classical guide RNA that brings the dCas9-MutSa in close proximity
to the mismatch control location, where the mismatch template is screening for mutations. (2) The
second one is a PNA-RNA chimera guide. The guide goes to the location while being bound to the
Cas9-MutSa, where the PNA is invading, and part of the RNA is checking for mismatches.
Therefore, in this case, the PNA-RNA chimera is both the mismatch template and the guide. Upon
mismatch formation, the MutSa can immediately recognize it and start the MMR process.

Figure 11

[0141] FIG. 11 illustrates dCas9 1110 and MutSa 1120, and an example mechanism of
dCas9-MutSa guided by gRNA 1130 (1) At time T11-0, dCas9-MutSa forms a ribonucleoprotein
1140 with the mismatch guide 1130 (formation process denoted by arrow 1102). (2) At time T11-1,
the mismatch guide 1130 directs the complex 1140 to the sequence-specific location 1150. (3) At
time T11-2, the complex 1140 invades the organism DNA 1150 and the mismatch template 1130
checks for errors. (4) At time T11-3, mismatch bubbles 1160 are recognized by MutSa 1120 and the
MMR repair cascade is initiated by MMR proteins 1170 (see arrow 1104).
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Comparison Agent

[0142] As discussed above, in preferred embodiments, the comparison agent is configured to bind
to the first single-stranded organism DNA strand, and is so configured at least in part by including
material that presents a number and configuration of hydrogen bonds of at least a portion of the
second desired sequence (of the desired DNA sequence, see above).

[0143] That is, the change agent material can be any material that presents the number and
configuration of hydrogen bonds of at least a portion of the second desired sequence (of the desired
DNA sequence, see above). Stated alternatively, the change agent material can be material that
chemically complements the first single-stranded organism DNA strand according to base pairing
rules, such that the first single-stranded organism DNA strand will bind to the material in a manner
sufficient to induce the indication of a mismatch if indeed a mismatch is present.

[0144] It should be understood that the number and configuration of hydrogen bonds presented
need not be the number and configuration of hydrogen bonds of the entire second desired sequence
(of the desired DNA sequence, see above). That is, the number and configuration of hydrogen
bonds presented can be less than that of the entire second desired sequence (of the desired DNA
sequence, see above). This enables, among other things, for the editing process of the present
invention to provide for fixing multiple mismatches simultaneously or at least with the same dose.
Further, this allows for the possibility that the number and configuration of hydrogen bonds
presented for some unknown reason does not match that of the entire second desired sequence (of
the desired DNA sequence, see above) exactly.

[0145] Accordingly, the comparison agent material can include one or more of the following
presenting the second desired sequence number and configuration of hydrogen bonds: a sequence of
nucleotide bases, a sequence of proteins, and a molecule.

[0146] Further accordingly, the comparison agent material can include one or more of the following
complementary to the first single-stranded organism DNA strand: a single-stranded DNA strand, a
double-stranded DNA strand, a single-stranded PNA strand, a double-stranded PNA strand, a
single-stranded RNA strand, a double-stranded RNA strand, a strand including any permutation of
any two or more of the foregoing, in series and/or parallel.

[0147] Therefore, in any of the illustrated examples, or other embodiments described herein, the
PNA, RNA, and DNA instances of comparison agent material can be replaced by any other material

that presents the second desired sequence number and configuration of hydrogen bonds, including
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but not limited to one or more of a PNA, a RNA, a DNA, a sequence of nucleotide bases, a
sequence of proteins, and a molecule.

Strand Invasion Agent

[0148] As discussed above, in preferred embodiments, the strand invasion agent is configured to
cause a separation of a double-stranded DNA strand in at least one cell of the organism, the
double-stranded DNA strand including the organism DNA sequence and comprising a first
single-stranded organism DNA strand including the first current sequence (of the organism DNA
sequence, see above) and a second single-stranded organism DNA strand bound to the first
single-stranded organism DNA strand and including the second current sequence (of the organism
DNA sequence, see above), the separation causing an unbinding of the first and second
single-stranded organism DNA strands.

[0149] While PNA is used in the illustrated examples and discussed in several embodiments, any
material that causes the separation can be used as the strand invasion agent, and the strand invasion
agent is not limited to a PNA. Other materials for strand invasion can be DNA, RNA, guide RNA
(gRNA), proteins, and other molecules. Full DNA denaturation can also occur through heat, salt,
and NaOH (https://info.gbiosciences.com/blog/the-top-methods-for-dna-denaturation).

Strand Invasion Agent Binding

[0150] In certain embodiments, the strand invasion agent is configured to bind to the second
single-stranded organism DNA strand.

[0151] For example, the strand invasion agent can bind to the second single-stranded organism
DNA strand while the comparison agenet material binds to the first single-stranded organism DNA
strand. This is shown in some of the illustrated examples.

[0152] Accordingly, in certain embodiments, the strand invasion agent includes binding material
that presents a number and configuration of hydrogen bonds of at least a portion of the first current
sequence.

[0153] That is, the strand invasion agent binding material can be any material that presents the
number and configuration of hydrogen bonds of at least a portion of the first current sequence (of
the organism DNA sequence, see above). Stated alternatively, the strand invasion agent binding
material can be material that chemically complements the second single-stranded organism DNA
strand according to base pairing rules. In some embodiments, the second single-stranded organism
DNA strand should bind to the material in a manner sufficient to induce the indication of a

mismatch if indeed a mismatch is present.
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[0154] It should be understood that the number and configuration of hydrogen bonds presented
need not be the number and configuration of hydrogen bonds of the entire first current sequence (of
the organism DNA sequence, see above). That is, the number and configuration of hydrogen bonds
presented can be less than that of the entire first current sequence (of the organism DNA sequence,
see above). This enables, among other things, for the editing process of the present invention to
provide for fixing multiple mismatches simultaneously or at least with the same dose. Further, this
allows for the possibility that the number and configuration of hydrogen bonds presented for some
unknown reason does not match that of the entire first current sequence (of the organism DNA
sequence, see above) exactly.

[0155] Accordingly, the binding material can include one or more of the following presenting the
first current sequence number and configuration of hydrogen bonds: a sequence of nucleotide bases,
a sequence of proteins, and a molecule.

[0156] Further accordingly, the binding material can include one or more of the following
complementary to the second single-stranded organism DNA strand: a single-stranded DNA strand,
a double-stranded DNA strand, a single-stranded PNA strand, a double-stranded PNA strand, a
single-stranded RNA strand, a double-stranded RNA strand, a strand including any permutation of
any two or more of the foregoing, in series and/or parallel.

[0157] Therefore, in any of the illustrated examples, or other embodiments described herein, the
PNA, RNA, and DNA instances of strand invasion agent material can be replaced by any other
material that presents the first current sequence number and configuration of hydrogen bonds,
including but not limited to one or more of a PNA, a RNA, a DNA, a sequence of nucleotide bases,
a sequence of proteins, and a molecule.

Strand Bias and Methylation

[0158] As discussed above, in certain embodiments, one or more of the strand invasion agent and
the comparison agent material include features facilitating direction of the mismatch repair process
to the organism DNA strand(s) and/or causing a bias of the mismatch repair process toward the
organism DNA strand(s), the features including one or more of pseudo-complementary base pairs,
and methylation modifications.

[0159] These features assist in directing the mismatch repair to the correct segment (i.e., to the
organism DNA strand and not the comparison agent (e.g., guide)). In certain embodiments, these

features alter the comparison agent (e.g., guide) to bias the MMR reaction away from altering the
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comparison agent versus altering the targeted organism DNA strand(s). Certain features include
methylation and/or other modification necessary to bias the strand repair to the correct segment.
[0160] In certain embodiments, pseudo-complementary base pairs (that prefer to bind to DNA
rather than PNA) are used for one or both of the strand invasion agent and the change agent.

[0161] At least one purpose for such use is to avoid the invasion (part of the) strand and the
comparison (part of the) strand binding to each other instead of binding to the target strand. The
pseudo-complementary base pairs are formally sequence-complementary, but have significantly
reduced affinity for forming duplexes with each other due to chemical modification.
Pseudo-complementary base pairing can be for example achieved by substituting the following base
pairs: adenine by 2,6-diaminopurine, thymine (or uracil) by 2 -thiouracil (or 2-thiothymine)(1),
guanine N6-methoxy-2,6-diaminopurine, and cytosine by and N4-benzoylcytosine (2). There are
however other modifications possible and existing to create such pseudo-complementary base pairs
e.g., 7-nitro-7-deazahypoxanthine and 2-thiocytosine (3).

[0162] In certain embodiments, in order to encourage DNA repair machinery to discriminate
between comparison agent and target DNA strand and bias toward the target DNA when deciding
which side of the mismatch to repair, the comparison strand will be modified to bias away from
itself. These modifications can include methylation of the nucleobases. Methylation of nucleobases
could be (but is not limited to) N6-Methyladenine, 5-Methylcytosine, N4-Methylcytosine,
5-methyluracil, n7-methylguanosine.

[0163] Further types of modification to the comparison strand can be modification to the
comparison strand backbone e.g. using phosphorothioates, methylphosphonates, or modifications on
the 2’-sugar position.

Increasing Separation Efficiency

[0164] In certain embodiments, one or both of the strand invasion agent and the change agent
material has at least one property that increases efficiency of the separation.

[0165] In certain embodiments, the at least one property is one or more of (1) Increased binding
strength between strand invasion agent and targeted strand (and/or between change agent and
targeted strand), so that it "sticks" to the target sequence longer, (2) increased energetic favorability
between change agent and targeted strand versus targeted strand and its complementary existing
strand, (3) lower energy required for unbinding, (4) higher energy requirement to bind, in order to
increase accuracy (since it would need higher sequence complementarity to have enough energy to

bind), (5) modification to bias it against the comparison material and towards the targeted strand,
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(6) changes to increase stability during delivery, (7) changes to increase ease of removal by cell, (8)
changes to decrease removal by cell, and (9) changes to increase/decrease solubility.

[0166] For example without limitation, it is possible to increase or decrease the binding strength of
the comparison agent material as to a given target DNA strand, such that it “sticks” on the target
DNA strand more or less strongly. This can be important, for example without limitation, for safety
because if it is too tightly bound the body might assume it is toxic and cut out the DNA entirely,
causing damage. The binding efficiency is most preferably in the “goldilocks™ zone: tight enough to
give the comparison agent time to compare, and loose enough to unbind and let the cell continue
functioning. This is also important, for example without limitation, for multiplex editing (e.g.,
conducting multiple edits to the DNA strand at one time).

[0167] In certain embodiments, one or both of the strand invasion agent and the change agent
material comprise a compound having a chemical structure that provides the at least one property.
[0168] A preferred chemical structure of a strand invasion agent is illustrated in FIG. 12. The
illustrated structure forms an oligomeric sequence comprising a repeating unit having the formula
illustrated in FIG. 12, wherein R1 is an alkyl group covalently bound to a nucleobase, R2-4 group is
a hydrogen group, and the at least one property results from modifying one or more of the R groups
to have one or more of the following, combinatorially: amide group, ketone, alkyl, O-alkyl.

[0169] The illustrated structure forms a PNA that is useful and effective for the purposes described
herein with reference to PNAs. The illustrated PNA is useful and effective even with no
modifications (e.g., the R groups are not modified), but modification of the R groups as indicated
can cause the PNA to have properties (those set forth above, and others) that increase the efficiency
of the separation.

[0170] Such variations can include but are not limited to the following:

[0171] (1) Where R s alkyi or O-alkyl, any of which is unsubstinged or substituted; and n is 4, 2, 3,
4,5,6,7, 8, %, or 10, or g pharmacentically-acceptable sali or ionized form thereof, and R?, ®%, and
R’ is a hydrogen{H).

[0172] {Z} Where R® and R* is a hydrogen, and R? an amide group, ketone, alkyl, O-alkyl any of
which is unsubstituted or substitwted: and n 18 3, 2, 3, 4, 5, 6, 7, & 8, or 18, or g
pharmacentically-acceptable salt or ionized form thereof.

[0173] (3) Where R? and R* are hydrogens, and R? an amide group, ketone, alkyl, O-alkyl any of
which i3 unsubstified or substitvied; and n is & 2, 3, 4, 5, 6, 7, 8, 9, or 14, or a

pharmaceutically-accepiable salt or ionized form thereof
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[0174] (4) Where R? and R? are hydrogens and R* an amide group, ketone, alkyl, O-alkyl any of
which is unsubstituted or substitvted; and n 18 4, 2, 3, 4, 5, & 7, & 8§, or 14, or 3
pharmaceutically-acceptable salt or ionized form thereof

[0175] (5) The compound in any one of (1), (3) and (4) where R? is a linear alkyl.

[0176] (6) The compound in any one of (1), (3) and (4) where R? is a methyl.

[0177] (7) The compound in any one of (1), (2) and (4) where R? is a linear alkyl.

[0178] (8) The compound in any one of (1), (2) and (4) where R® is a methyl.

[0179] (9) The compound in any one of (1), (2) and (3) where R* is a linear alkyl.

[0180] (10) The compound in any one of (1), (2) and (3) where R* is a methyl.

[0181] (11) The compound in any one of (3), (7) and (8) where R?is an an amide group, ketone,
alkyl, methyl, O-alkyl any of which is unsubstifuted or substitiied; and n 81,2, 3.4, 5,6, 7, 8, %, or
18, or 2 pharmacentically-acceptable salt or jonized form thereoll

[0182] (12) The compound in any one of (4), (9) and (10), where R?is an an amide group, ketone,
alkyl, methyl, O-alkyl any of which is unsubstitoded or substituted; and ni81, 2, 3,4, 5,6, 7, 8,9, or
19, or a pharmaceuticativ-acceptable salt or ionized form thersof.

[0183] (13) The compound in any one of (2), (5) and (6), where R?is an an amide group, Ketone,
alkyl, methyl, O-alkyl any of which is unsubstituted or substitoted; and n i, 2,3, 4, 5,6, 7.8, 8, or
10, or 3 pharmaceutically-acceptable salt or ionized form thereof

[0184] (14) The compound in any one of (4), (9) and (10), where R*is an an amide group, ketone,
alkyl, methyl, O-alkyl any of which is unsubstituied or substitited; and 1181, 2,3, 4,5, 6,7, §, 9, or
18, or 2 pharacentically-acceptable salt or jonized form thereofl

[0185] (15) The compound in any one of (2), (5) and (6), where R*is an an amide group, ketone,
alkyl, methyl, O-alkyl any of which is unsubstitoted or substituted; and nis1, 2, 3,4.5,6,7, 8,9, or
19, or a pharmaceutically-acceptable salt or ionized form thersofl

[0186] (16) The compound in any one of (3), (7) and (9), where R*is an an amide group, ketone,
alkyl, methyl, O-alkyl any of which is unsubstituted or substitnted; andnis 1, 2, 3,4, 5,6, 7.8, %, or
10, or g pharmaceutically-acceptable salt or ionized form thereof,

[0187] (17) The compound in (11) where R* is an an amide group, ketone, alkyl, methyl, O-alkyl
any of which I8 unsubstituted or substinited; and n i34, 2, 3, 4, 5, 6, 7, 8, 9, or 1§, or a
pharmaceutically-acceptable salt or lonized form thereof

[0188] The oligonucleotide preferably has a length between 10-100, but can be longer.
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[0189] Preferably, on R' is the area where the nucleobases will be attached. The present invention
contemplates the attachment of any nucleobase and any modifications thereto, including but not
limited to adenine, guanine, thymine, uracil, cytosine, methylated-cytosine (SmC, 4mC),
methylated-adenine ~ (6mA)  2-thiouracil, = 2-aminopurine, = methoxy-2,6-diaminopurine,
N4-benozylcytosine, N7-methylguanin, and any other purine and pyrimidine derivative.

Testing Data

[0190] As noted above, the illustrated structure forms a PNA that is useful and effective for the
purposes described herein with reference to PNAs. The illustrated PNA is useful and effective even
with no modifications (e.g., the R groups are not modified).

[0191] The illustrated PNA has been tested in accordance with the method of the present invention,
and data has been obtained showing it successfully invading and displacing DNA that is in a duplex
double-stranded form.

[0192] With regard to the conducted testing, tested was invasion of double-stranded DNA by a
PNA strand. More specifically, referring now to FIGS. 13A and 13B, in two experiments A (FIG.
13A) and B (FIG. 13B), electrophoretic mobility shift assay was performed to determine whether a
20mer PNA can invade and kick off the double-strand DNA (dsDNA), either with 20mer dsDNA
(Experiment A) or 40mer dsDNA (Experiment B). It was determined that the complementary PNA
can bind to the single-strand DNA (ssDNA)(A&B: lane 3) and it efficiently invades dsDNA (A&B:
lane 4 and 5). In addition, the PNA not only invades but can kick off the 2mer DNA (A: lane 4 and
5). PNA that is not bound to DNA does not run into the gel, because of its charge (A&B: lane 5).
All DNA is labeled with a red dye, the fluorescent labeled PNA is visualized in green. Control
details and experiment parameters are indicated on FIGS. 13A and 13B.

Acronyms and Terms

[0193] The following acronyms and terms as used herein are understood to have the following
definitions, as complementary and/or supplementary to (and not as a replacement for) their
definitions as known in the relevant art and/or to a skilled artisan in the relevant art:

[0194] CRISPR (Clustered Regular Interspaced Short Palindromic Repeats): a genetic engineering
tool that uses a CRISPR sequence of DNA and its associated protein to edit the base pairs of a gene.
[0195] DNA (Deoxyribonucleic Acid): a self-replicating material present in nearly all living

organisms as the main constituent of chromosomes. It is the carrier of genetic information.
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[0196] RNA (Ribonucleic Acid): a nucleic acid present in all living cells. Its principal role is to act
as a messenger carrying instructions from DNA for controlling the synthesis of proteins, although in
some viruses RNA rather than DNA carries the genetic information.

[0197] ssODN (single-stranded Oligodeoxynucleotide): a short sequence of nucleotides, whose
nucleotides contain deoxyribose.

[0198] RNP (ribonucleoprotein): a nucleoprotein that contains RNA.

[0199] DSB (double-strand break): a break in the DNA in which both strands in the double helix
are severed.

[0200] sgRNA (single guide RNA): a chimera of ¢crRNA and tracrRNA that is typically 100
nucleotides in length and consists of three regions: (a) a user defined, 17-20nt base-pairing region
for specific DNA binding; (b) a 40nt Cas9 handle hairpin for Cas9 protein binding; and (c) a 40nt
long transcription terminator derived from S. pyogenes, that contains hairpin structures that provide
stability to the RNA molecule.

[0201] Cas (CRISPR associated genes): RNA-guided DNA endonuclease enzyme associated with
the CRISPR adaptive immunity system in Streptococcus pyogenes, among other bacteria.

[0202] NHEJ (Non-homologous end joining): a pathway that repairs double-strand breaks in DNA.
NHE] is referred to as "non-homologous" because the break ends are directly ligated without the
need for ahomologous template, in contrast to homology directed repair, which requires
a homologous sequence to guide repair.

[0203] BER (Base Excision Repair): a cellular mechanism that repairs damaged DNA throughout
the cell cycle. It is responsible primarily for removing small, non-helix-distorting base lesions from
the genome.

[0204] DN (Double Nick): a discontinuity in a double stranded DNA molecule where there is no
phosphodiester bond between adjacent nucleotides of both strands of the DNA molecule, typically
through damage or enzyme action.

[0205] SN (Single Nick): A nick is a discontinuity in a double stranded DNA molecule where there
is no phosphodiester bond between adjacent nucleotides of one strand typically through damage or
enzyme action.

[0206] ctTRNA (CRISPR RNA): contains variable targeting sequence required for the Cas9 protein
to target the DNA strand. crRNA forms a complex with tractrRNA to allow the Cas9 protein to bind
to and cleave the DNA strand.
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[0207] SaCas9 (Staphylococcus aures Cas9): Cas9 homologue found natively in Staphylococcus
aureus bacteria.

[0208] SpCas9 (Staphylococcus pyogenes Cas9): Cas9 homologue found natively in
Staphylococcus pyogenes bacteria.

[0209] tracrRNA (Trans-activating crRNA): a small trans-encoded RNA. It was first discovered in
the human pathogen Streptococcus pyogenes. TractRNA is complementary to and base pairs with a
pre-ctRNA forming an RNA duplex. This is cleaved by RNase III, an RNA-specific ribonuclease,
to form a crRNA/tracrRNA hybrid. This hybrid acts as a guide for the endonuclease Cas9, which
cleaves the invading nucleic acid.

[0210] nDNA (Nuclear deoxyribonucleic acid): the DNA contained within the nucleus of a
eukaryotic organism. Nuclear DNA encodes for the majority of the genome in eukaryotes, with
mitochondrial DNA and plastid DNA coding for the rest.

[0211] AAV (Adeno-associated Virus): a small virus which infects humans and some other primate
species. AAV is not currently known to cause disease. The virus causes a very mild immune
response, lending further support to its apparent lack of pathogenicity. Gene therapy vectors using
AAV can infect both dividing and quiescent cells and persist in an extrachromosomal state without
integrating into the genome of the host cell, although in the native virus some integration of virally
carried genes into the host genome does occur. These features make AAV a very attractive candidate
for creating viral vectors for gene therapy, and for the creation ofisogenic human disease
models. Recent human clinical trials using AAV for gene therapy in the retina have shown promise.
[0212] Donor sequence: Also referred to sometimes as a repair sequence, this is a sequence of DNA
in, e.g., a homologous repair template, that is to replace a DNA sequence to be changed, e.g., as a
result of a CRISPR event.

[0213] Intercalator: “DNA intercalators include aromatic heterocyclic compounds of various
chemical classes with profound biological activities. The flat molecules of these ligands intercalate
between base pairs of DNA right-handed helix, lengthening and unwinding this structure at the
intercalation sites. Besides, other physico-chemical criteria of DNA intercalation are as following:
the increase in the contour length of duplex DNA; unwinding of supercoils from natural supercoiled
covalently closed duplex DNA; the increase in Tm of DNA in the complexes with ligands.” (from
https://pubmed.ncbi.nlm.nih.gov/1814033/).
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Preparing the Treatment

[0214] In preferred embodiments, preparing the treatment comprises preparing the change agent
material.

[0215] Further in preferred embodiments, preparing the change agent material comprises preparing
the strand invasion agent. In certain embodiments, in which the strand invasion agent incorporates a
PNA, preparation of the strand invasion agent comprises synthesis of a PNA.

[0216] Preferably, the strand invasion agent is prepared using any effective technique, now known
or hereafter developed. Such techniques can include, but are not limited to, for strand invasion
agents incorporating PNA, the PNA synthesis methods described at the following link:
https://pna.creative-peptides.com/services/pna-synthesis.html.

[0217] Further in preferred embodiments, preparing the change agent material comprises preparing
the comparison agent. In certain embodiments, in which the comparison agent incorporates a DNA,
preparation of the strand invasion agent comprises synthesis of a DNA.

[0218] Preferably, the comparison agent is prepared using any effective technique, now known or
hereafter developed. Such techniques can include, but are not limited to, for comparison agents
incorporating DNA, the DNA synthesis methods described at the following link:
https://synbio-tech.com/dna-synthesis-definition-and-methods/.

[0219] Further with regard to the preparation of the comparison agent, the preparation of the
comparison agent can comprise one or more of the following steps:

[0220] (1) sequence target cellular DNA to get the full germline sequence; (2) determine or
otherwise decide on a desired length (e.g., size; base pair number; etc.) that will be the length of
each comparison agent material sequence (e.g., guide sequence) that will be used for comparison
against (e.g., mismatch detection on) a corresponding portion of the organism’s current DNA; this
length will be referenced here as “L”; (3) using L, determine or otherwise decide on a desired length
(e.g., size; base pair number; etc.) of overlap (this length will be referenced here as “O”) to
establish, when using multiple adjacent sequences to cover a portion of the genome longer than L,
between the adjacent sequences (e.g., the first guide sequence spans from position 1 to position 35,
and a second guide sequence spans from position 30 to position 65; these example guide sequences
have an O of 5, i.e., 5 nucleotide bases of overlap). (4) generate the comparison agent material
guide sequences, as follows: For guide sequence 1, determine or otherwise decide on a starting
location/position X; on the organism DNA sequence/strand; X;+L is then the ending

location/position of the guide sequence 1. X,=(X;+L)-O is then the starting location/position of the
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next guide sequence. Continue this process (with Xs,;=(Xs+L)-O being a starting position and
Xs+ytL being an ending position of each of the comparison agent material sequences (S = 0 to n))
until a desired area of the organism DNA sequence/strand is covered. (If O=0 the sequences are
back to back with no overlap.)

Applying the Treatment

[0221] In preferred embodiments, applying the treatment comprises delivering the change agent
material to one or more cells of the organism by one or more of of the following processes:
injection, intra venous, intra muscular, intra ocular, intra peritoneal, intra-cranial, topical,
aerosolized spray, oral liquid, oral pill, transdermal patch, ex-vivo alteration and re-injection.

[0222] It should be understood that any suitable methods, now known or hereafter developed, can
be used to apply the treatment.
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Additional Aspects of the Invention

[0233] It should be understood that the present invention encompasses the use of the described
systems, devices and methods for partial or whole genome replacement in one or more cells of an
organism, and not only in the medical fields, but also in other fields, and that the present invention
is not limited to DNA sequence replacement, and that applications of the present invention to DNA
sequence replacement are merely a subset of the possible embodiments of the present invention.
[0234] It should be understood that one or more systems and methods of the present invention
preferably can be integrated with existing systems and methods and that any of such systems and
methods of the present invention can be applied to effect partial or whole genome replacement in
connection with one or more aspects of such systems and methods.

[0235] It should be understood that while certain methods are discussed herein as including
preferred steps in a preferred order, it is contemplated that the present invention encompasses the
steps being accomplished in other orders, not all of the steps being necessary, and/or one or more
additional steps being taken, without departing from the scope of the present invention.

[0236] It should be understood that systems and methods described herein can be, but are not
required to be, accomplished with or without the use of machines (including, but not limited to, with
or without computers), and/or by one or more engines (such engines preferably including software
running on at least one computer machine with a processor, memory, data storage capability, and
networking capability, and preferably on two or more such computer machines communicating over
a network such as, for example, the Internet), and, in certain embodiments, accomplished remotely,
that is, over a network such as, for example, the Internet, an intranet, a wide area network, a local
area network, and/or other network, through the operation of machines communicating with one
another over the network, such as, for example, computers, tablets, smartphones, appliances, or any
other network-enabled device. Further, calculations, transmissions and storage needed and/or
employed by the present invention can be, but are not required to be, accomplished with secure

calculation, transmission and storage protocols and using encryption and decryption protocols.
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[0237] It should be understood that the headings set forth herein are non-limiting and provided for
convenience. It should be understood that while arrows and lines on the drawings have in certain
instances been described herein as representing one direction of communication and/or activity, the
present invention encompasses embodiments in which such lines of communication and/or activity
are bi-directional or in the opposite direction than as indicated. Unless otherwise defined, all
technical and scientific terms used herein have the same meaning as commonly understood by one
of ordinary skill in the art. Preferred methods and materials are described herein, although methods
and materials similar or equivalent to those described herein can be used in practice or testing of the
presently disclosed subject matter. All publications, patent applications, patents and other references
mentioned herein are incorporated by reference in their entirety. The materials, methods, and
examples disclosed herein are illustrative only and not intended to be limiting. The terms
“comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and variants thereof, as used
herein, are intended to be open-ended transitional phrases, terms, or words that do not preclude the
possibility of additional acts or structures. The singular forms “a,” “an” and “the” include plural
references unless the context clearly dictates otherwise. The present disclosure also contemplates

27 ¢

other embodiments “comprising,” “consisting of,” and “consisting essentially of,” the embodiments
or elements presented herein, whether explicitly set forth or not. It should be understood that
descriptions of embodiments, examples and instances of the present invention set forth, and any and
all aspects thereof are non-limiting and that the present invention encompasses at least the broadest

concepts brought to light by the present disclosure.
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WHAT IS CLAIMED IS:

1. A method of changing a DNA sequence of an organism, the organism DNA sequence
comprising a first current sequence of nucleotide bases and a second current sequence of nucleotide
bases matched by base pairing rules to the first current sequence of nucleotide bases to form a
respective base pair of complementary nucleotide bases at each of one or more locations in the
organism DNA sequence, the method comprising the steps of:

determining a desired DNA sequence, the desired DNA sequence being a DNA sequence to
which it is desired that the DNA sequence of the organism be changed, the desired DNA sequence
comprising a first desired sequence of nucleotide bases and a second desired sequence of nucleotide
bases matched by the base pairing rules to the first desired sequence of nucleotide bases to form a
respective base pair of complementary nucleotide bases at each of one or more locations in the
desired DNA sequence;

preparing a treatment configured to cause the organism DNA sequence to be changed to the
desired DNA sequence; and

applying the treatment to the organism; wherein

the treatment is configured to cause the organism DNA sequence to be changed to the
desired DNA sequence by causing a changing of one or both of the nucleotide bases at each of one
or more of the organism DNA sequence locations to the nucleotide bases at a corresponding desired
DNA sequence location;

applying the treatment includes delivering to the organism at least one dose; and

each dose includes respective change agent material that causes the changing; and wherein

the change agent material includes:

a strand invasion agent configured to cause a separation of a double-stranded DNA
strand in at least one cell of the organism, the double-stranded DNA strand including the organism
DNA sequence and comprising a first single-stranded organism DNA strand including the first
current sequence and a second single-stranded organism DNA strand bound to the first
single-stranded organism DNA strand and including the second current sequence, the separation
causing an unbinding of the first and second single-stranded organism DNA strands; and

a comparison agent configured to bind to the first single-stranded organism DNA
strand, the comparison agent being so configured at least in part by including material that presents
a number and configuration of hydrogen bonds of at least a portion of the second desired sequence;

and wherein
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when the comparison agent material binds to the first single-stranded organism DNA strand
and at least one mismatched base pair is indicated on the first single-stranded organism DNA strand

as a result of the binding, the organism initiates a mismatch repair process.

2. The method of claim 1, wherein the change agent material further includes a mismatch
repair facilitation agent configured to facilitate the mismatch repair process, the mismatch repair
facilitation agent including one or more of the following molecules: hMutSoc, hMutSpB, hMutL o,
hMutLp, hMutLy, Exol, Pol , PCNA, RPA, HMGBI1, RFC, DNA Ligase I, Cas9 RuvC domain
(alone or in combination with a guide RNA), Cas9 HNH domain, single-strand DNA (ssDNA)
nuclease, deactivated Cas9 (dCas9) fusion with one or more mismatch repair proteins, CRISPR (or

other editor) variants that allow for search, selection and/or repair of somatic mutations.

3. The method of claim 1, wherein one or more of the strand invasion agent and the
comparison agent material include features causing a bias of the mismatch repair process toward the
first single-stranded organism DNA strand, the features including one or more of

pseudo-complementary base pairs, and methylation modifications.

4, The method of claim 1, wherein one or both of the strand invasion agent and the change
agent material has at least one property that increases efficiency of the separation, the property
being one or more of: increased binding strength, increased energetic favorability, lower energy
required for unbinding, higher energy requirement to bind, modification biasing against, increase
stability during delivery, increase ease of removal by organism cell, decrease removal by organism

cell, increase solubility, decrease solubility.

5. The method of claim 4, wherein one or both of the strand invasion agent and the change

agent material comprise a compound having a chemical structure that provides the at least one

property.
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6. The method of claim 5, wherein the chemical structure forms an oligomeric sequence

comprising a repeating unit having the following formula:

Ri—\r =0
R 3 > \1 2 0
§ A,.»»-J\\ N §
TN he g
!
R? R?

wherein each R1 is an alkyl group covalently bound to a nucleobase, R2-4 group is a hydrogen
group, and the at least one property results from modifying one or more of the R groups to have one

or more of the following, combinatorially: amide group, ketone, alkyl, O-alkyl.

7. The method of claim 1, wherein the strand invasion agent is configured to bind to the second

single-stranded organism DNA strand.

8. The method of claim 7, wherein the strand invasion agent includes binding material that
presents a number and configuration of hydrogen bonds of at least a portion of the first current

sequence.

9. The method of claim 8, wherein the binding material includes one or more of the following
presenting the first current sequence number and configuration of hydrogen bonds: a sequence of

nucleotide bases, a sequence of proteins, and a molecule.

10.  The method of claim 9, wherein the binding material includes one or more of the following
complementary to the second single-stranded organism DNA strand: a single-stranded DNA strand,
a double-stranded DNA strand, a single-stranded PNA strand, a double-stranded PNA strand, a
single-stranded RNA strand, a double-stranded RNA strand, a strand including any permutation of

any two or more of the foregoing, in series and/or parallel..
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11.  The method of claim 1, wherein the comparison agent material includes one or more of the
following presenting the second desired sequence number and configuration of hydrogen bonds: a

sequence of nucleotide bases, a sequence of proteins, and a molecule.

12. The method of claim 11, wherein the comparison agent material includes one or more of the
following complementary to the first single-stranded organism DNA strand: a single-stranded DNA
strand, a double-stranded DNA strand, a single-stranded PNA strand, a double-stranded PNA
strand, a single-stranded RNA strand, a double-stranded RNA strand, a strand including any

permutation of any two or more of the foregoing, in series and/or parallel.

13.  The method of claim 1, wherein the desired DNA sequence is at least a portion of one or
more of a germline DNA sequence of the organism and a DNA sequence differing from the

organism DNA sequence with respect to only one base pair.

14.  The method of claim 13, wherein the desired DNA sequence is the germline DNA sequence
of the organism and determining the desired DNA sequence comprises sequencing one or more cells

of the organism.

15.  The method of claim 1, wherein preparing the treatment comprises preparing one or both of
the strand invasion agent and the comparison agent, the preparation of the strand invasion agent
comprising synthesis of a PNA, the preparation of the comparison agent comprising synthesis of
DNA strands in accordance with the following steps: determine a sequence length L; determine an
overlap length O; generate a plurality of adjacent comparison agent material sequences, using a
formula referencing a starting position X on the second desired sequence, with X, y=(Xs+L)-O
being a starting position and X, ytL being an ending position of each of the comparison agent

material sequences (S = 0 to n), until the second desired sequence is covered by the DNA strands.
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16.  The method of claim 1, wherein applying the treatment comprises delivering the change
agent material to one or more cells of the organism by one or more of of the following processes:
injection, intra venous, intra muscular, intra ocular, intra peritoneal, intra-cranial, topical,

aerosolized spray, oral liquid, oral pill, transdermal patch, ex-vivo alteration and re-injection.

17. A compound for changing a DNA sequence of an organism to a desired DNA sequence, the
organism DNA sequence comprising a first current sequence of nucleotide bases and a second
current sequence of nucleotide bases matched by base pairing rules to the first current sequence of
nucleotide bases to form a respective base pair of complementary nucleotide bases at each of one or
more locations in the organism DNA sequence, the desired DNA sequence being a DNA sequence
to which it is desired that the DNA sequence of the organism be changed, the desired DNA
sequence comprising a first desired sequence of nucleotide bases and a second desired sequence of
nucleotide bases matched by the base pairing rules to the first desired sequence of nucleotide bases
to form a respective base pair of complementary nucleotide bases at each of one or more locations
in the desired DNA sequence, the compound comprising:

change agent material configured to cause the organism DNA sequence to be changed to the
desired DNA sequence by causing a changing of one or both of the nucleotide bases at each of one
or more of the organism DNA sequence locations to the nucleotide bases at a corresponding desired
DNA sequence location, the change agent material including:

a strand invasion agent configured to cause a separation of a double-stranded DNA
strand in at least one cell of the organism, the double-stranded DNA strand including the organism
DNA sequence and comprising a first single-stranded organism DNA strand including the first
current sequence and a second single-stranded organism DNA strand bound to the first
single-stranded organism DNA strand and including the second current sequence, the separation
causing an unbinding of the first and second single-stranded organism DNA strands; and

a comparison agent configured to bind to the first single-stranded organism DNA
strand, the comparison agent being so configured at least in part by including material that presents
a number and configuration of hydrogen bonds of at least a portion of the second desired sequence;
such that

when the comparison agent material binds to the first single-stranded organism DNA
strand and at least one mismatched base pair is indicated on the first single-stranded organism DNA

strand as a result of the binding, the organism initiates a mismatch repair process.
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18.  The compound of claim 17, wherein one or both of the strand invasion agent and the change
agent material has at least one property that increases efficiency of the separation, the property
being one or more of: increased binding strength, increased energetic favorability, lower energy
required for unbinding, higher energy requirement to bind, modification biasing against, increase
stability during delivery, increase ease of removal by organism cell, decrease removal by organism

cell, increase solubility, decrease solubility.

19.  The method of claim 18, wherein one or both of the strand invasion agent and the change

agent material comprise a compound having a chemical structure that provides the at least one

property.

20. The method of claim 19, wherein the chemical structure forms an oligomeric sequence

comprising a repeating unit having the following formula:

wherein R1 is an alkyl group covalently bound to a nucleobase, R2-4 group is a hydrogen group,
and the at least one property results from modifying one or more of the R groups to have one or

more of the following, combinatorially: amide group, ketone, alkyl, O-alkyl.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US22/48617

A.
IPC

CPC -

CLASSIFICATION OF SUBJECT MATTER

- INV. C12N 15/10; A61K 31/7088; A61K 38/16; A61K 48/00; C12N 15/82; C12N 15/85; C12Q 1/68 (2022.01)

ADD.

ADD. C12N 2310/20; C12N 2320/30

INV. C12N 15/1024; A61K 31/7088; AB1K 31/7115; AB1K 31/712; AB1K 38/16; AB1K 48/00; C12N 15/09; C12N 15/10; C12N
15/102; C12N 15/11; C12N 15/82; C12N 15/85; C12Q 1/68

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database consulted during the international search (name of database and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with i-ndication, where appropriate, of the relevant passages Relevant to claim No.
X US 2019/0300872 A1 (WOOLF TM) 03 October 2019; paragraphs [0010], [0025], [0028], 1-5, 7-14 & 16-19
- [0031], [0034], [0036], [0043], [0056], [0063], [0082], [0099], [0101], [0123], [0169], [0213], -
A [0220], [0224], [0233], [0246]; tables i & IV 6,15& 20
A US 2016/0281111 A1 (EDITAS MEDICINE, INC.) 29 September 2016; figure 12B; paragraphs | 6, 156 & 20
[0261], [1201] & [1203] — [1204]
A WO 2019/169233 A1 (GENERATION BIO CO) 06 September 2019; claim 59; paragraphs 6,15& 20
[003], [00175], [00353] — [00355]
A «— | NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION. 6,20
"N-(2-aminoethyl)-N-(2-oxoethyl)acetamide: Pubchem CID 21303823" . Pubchem entry
(online). Retrieved From The Internet: [URL:
Https://pubchem.ncbi.nlm.nih.gov/compound/21303823]. 05 December 2007; structure
A WO 2020/102659 A1 (THE BROAD INSTITUTE, INC.) 22 May 2020; paragraphs [0118], 15
[0196], [0198]

D Further documents are listed in the continuation of Box C.

[:l See patent family annex.
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Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the 1[{aublxcatlon date of another citation or other
special reason (as specified)

document referring toan oral disclosure, use, exhibition or other means

document published prior to the international filing date but later than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

10 January 2023 (10.01.2023)

Date of mailing of the international search report

FEB 10 2023

Name and mailing address of the [SA/

Mail Stop PCT, Attn; ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)
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