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METHODS AND COMPOSITIONS FOR GENERATING CONDITIONAL
KNOCK-OUT ALLELES

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No. 61/658,670,

filed June 12, 2012, the disclosure of which is incorporated herein by reference in its entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted in ASCII
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on June 12, 2013, is named P4905SR1WO_PCTSequenceListing.txt and is 49,214 bytes

in size.

FIELD OF THE INVENTION

The present invention concerns novel methods of producing genetically engineered

conditional knock out alleles.

BACKGROUND

Selective inhibition or enhancement of individual gene expression has greatly assisted
the study of gene function ir vitro and in vivo. Gene targeting of murine embryonic stem (ES)
cells using homologous recombination is a well-established method for manipulating the
murine genome and has allowed creation of null or “knock-out” mice with respect to a gene
under investigation. More recently, conditional or inducible knock-out technology has
advanced the study of genes that, when deleted systemically, result in embryonic or perinatal
lethality (e.g., Lakso, M. et al., Proc. Nati. Acad. Sci. USA 89:6232-36 {1992); Jacks, T. et al.,
Nature 359:295-300 (1992)). Conditional knock-out mice can also be used to study the effects
of selectively deleting a gene in a particular tissue, while leaving its function intact in other
tissues. However, conventional methods for creating conditional knock-out animals are
laborious, inefficient and require the availability of embryonic stem cells.

Engineered sequence-specific nucleases have been used to create knock-out alleles.
Examples of such sequence-specific endonucleases include zinc finger nucleases (ZFNs),
which are composed of sequence-specific DNA binding domains fused to an endonuclease

effector domain (Porteus, M.H. and Caroll, D., Nat. Biotechnol. 23, 967-973 (2005)). Another
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example of sequence-specific nucleases are transcription activator-like effector nucleases
(TALENSs), which are composed of a nuclease domain fused to TAL effector proteins (Miller,
J.C. et al., Nat. Biotechnol. 29, 143-148 (2011); Cermak, T. et al., Nucleic Acid Res. 39, ¢82
(2011)). Sequence-specific endonucleases are modular in nature, and DNA binding specificity
is obtained by arranging one or more modules. For example, zinc finger domains in ZFNs each
recognize three base pairs (Bibikova, M. et al., Mol. Cell. Biol. 21, 289-297 (2001)), whereas
individual TAL domains in TALENs each recognize one base-pair via a unique code (Boch, J.
et al., Science 326, 1509-1512 (2009).) Another example of sequence-specific nucleases
includes RNA-guided DNA nucleases, e.g., the CRISPR/Cas system.

ZFNs, TALENs and most recently CRISPR/Cas mediated gene editing have been used
to efficiently and directly generate gene knock-out alleles (Geurts, A. M. et al., Science 325,
433 (2009); Mashimo, T. et al., PLoS ONE 5, €8870 (2010); Carbery, 1. D. et al., Genetics 186,
451-459 (2010); Tesson, L., et al., Nat. Biotech. 29, 695-696 (2011)). The knock-out alleles
are thought to be produced by an error-prone non-homologous end-joining (NHEJ) of the
endonuclease-mediated double-strand break (DSB).

Recently, ZFNs were successfully used for targeted insertion (knock-in) of a reporter
gene by homologous recombination of the targeted chromosomal locus with a donor DNA in
both mouse and rat (Meyer, M., et al., Proc. Natl. Acad. Sci. USA 107, 15022-15026 (2010);,
Cui, X. et al., Nat. Biotechnol. 29(1), 64-67 (2010)). The sequence-specific insertion of the
donor sequence has been proposed to occur via a synthesis-dependent strand annealing (SDSA)
model of double-strand break repair by homologous recombination between the donor and the
locus at which the double-strand break occurred (Mochle, E. A. et al., Proc Natl Acad Sci USA
104, 3055-3060 (2007)). According to this model, after endonuclease-mediated double-strand
break and strand resection, the single-stranded chromosome ends anneal to the homology
regions present on the donor DNA followed by synthesis using the donor insert as template.

Despite these advances, a need in the art remains for new methods to create conditional
knock-out alleles and to expand this technology to other species. The present invention fulfills

this need and provides other benefits.

SUMMARY

The present invention relates to novel methods and compositions for generating
conditional knock-out alleles. Specifically, the present invention relates to using specific donor

constructs together with sequence-specific nucleases to generate conditional knock-out alleles.
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In one aspect, a method of generating a conditional knock-out allele in a cell
comprising a target gene is provided. The method comprises the steps of:

1. introducing into the cell a donor construct, wherein the donor construct comprises a 5’
homology region, a 5’ recombinase recognition site, a donor sequence, a 3’
recombinase recognition site, and a 3> homology region, wherein the donor sequence
comprises a target sequence having at least one neutral mutation; and

2. introducing into the cell a sequence-specific nuclease that cleaves a sequence within the
target gene, thereby producing a conditional knock-out allele in the cell.

In certain embodiments, the sequence-specific nuclease is a zinc finger nuclease (ZFN),
a ZFN dimer, a transcription activator-like effector nuclease (TALEN), or a RNA-guided DNA
endonuclease. In certain embodiments, the sequence-specific nuclease cleaves the target gene
only once. In certain embodiments, the sequence-specific nuclease is introduced into the cell
as a protein, mRNA, or cDNA.

In certain embodiments, the recombinase recognition site is a loxP site, a rox site or an
frt site. In certain embodiments, the donor sequence comprises one, two, three, four, five, six,
seven, eight, nine, ten, eleven, or twelve neutral mutations. In certain embodiments, the
homology between the donor sequence and the target sequence is 51-99%. In certain
embodiments the homology between the donor sequence and the target sequence is 78%. In
certain embodiments, the donor construct comprises the sequence shown in FIG. 4A or FIG.
4B. In certain embodiments, the 5' homology region comprises at least 1.1 kb and wherein the
3’ homology region comprises at least 1 kb. In certain embodiments, the target gene is Lrp3.

In a further embodiment, the cell is a mammalian cell. In certain embodiments, the
mammalian cell a mouse, rat, rabbit, hamster, cat, dog, sheep, horse, cow, monkey or human
cell. In certain embodiments, the cell is from a non-human animal. In certain embodiments,
the cell is a somatic cell, a zygote or a pluripotent stem cell.

In a further aspect, a method of generating a conditional knock-out animal is provided,
the method comprising the steps of:

1. introducing a donor construct into a cell comprising a target gene, wherein the donor
construct comprises a 5° homology region, a 5’ recombinase recognition site, a donor
sequence, a 3’ recombinase recognition site, and a 3° homology region, wherein the
donor sequence comprises a target sequence having at least one neutral mutation;

2. ntroducing a sequence-specific nuclease into the cell, wherein the nuclease cleaves the

target gene; and
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3.

introducing the cell into a carrier animal to produce the conditional knock-out animal
from the cell.

In some embodiments, the animal is a mouse, rat, rabbit, hamster, guinea pig, dog,

sheep, pig, horse, cow or monkey. In certain embodiments, the cell is from a non-human

animal. In some embodiments, the cell is a zygote or a pluripotent stem cell.

In a further aspect, a method of generating a knock-out animal is provided, the method

comprising the steps of:

1.

introducing a donor construct into a zygote comprising a target gene, wherein the donor
construct comprises a 5’ homology region, a 5’ recombinase recognition site, a donor
sequence, a 3’ recombinase recognition site, and a 3’ homology region, wherein the
donor sequence comprises a target sequence having at least one neutral mutation;
introducing a sequence-specific nuclease into the zygote, wherein the nuclease cleaves
the target gene;

introducing the zygote into a carrier animal to produce a conditional knock-out animal
from the zygote; and

breeding the conditional knock-out animal with a transgenic animal having a transgene
encoding a recombinase that catalyzes recombination at the 5° and 3’ recombinase
recognition sites, thereby producing the knock-out animal.

In certain embodiments, the recombinase recognition site is a loxP site and the

recombinase is Cre recombinase. In certain embodiments, the recombinase recognition site is

an frt site and the recombinase is flippase. In certain embodiments, the recombinase

recognition site is a rox site and the recombinase is Dre recombinase. In certain embodiments,

the transgene encoding the recombinase is under the control of a tissue-specific promoter.

In a further aspect of the invention, a composition for generating a conditional knock-

out allele of a target gene is provided, comprising:

1.

a donor construct comprising a 5* homology region, a 5’ recombinase recognition site, a
donor sequence, a 3’ recombinase recognition site, and a 3” homology region, wherein
the donor sequence comprises a target sequence having at least one neutral mutation;
and

a sequence-specific nuclease that recognizes the target gene.

In certain embodiments, the sequence-specific nuclease is a ZFN, a ZFN dimer, a

ZFNickase, a TALEN, or a RNA-guided DNA endonuclease. In certain embodiments, the

recombinase recognition site is a JoxP site, an fit site or a rox site.
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In a further aspect of the invention, a donor construct comprising the sequence shown in
FIG. 4A (SEQ ID NO: 30), FIG. 4B (SEQ ID NO: 31), or FIG. 14C (SEQ ID NOS: 44-46) is
provided.

In a further aspect of the invention, a cell comprising the donor construct comprising
the sequence shown in FIG. 4A (SEQ ID NO: 30), FIG. 4B, or FIG. 14C (SEQ ID NOS: 44-46)
is provided. In certain embodiment, the cell is a mammalian cell. In certain embodiments, the
mammalian cell a mouse, rat, rabbit, hamster, cat, dog, sheep, horse, cow, monkey or human
cell. In certain embodiments, the cell is from a non-human animal. In certain embodiments,
the cell is a somatic cell, a zygote or a pluripotent stem cell.

In a further aspect of the invention, a non-human conditional knock-out animal

prepared according to the method described herein is provided.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the distribution of ZFN-mediated mutant Lrp35 alleles in live-born mice.
The size of deletions and insertions are indicated in base pairs on the x-axis. Compound KO:
animals with two independent mutant alleles of the same gene and no detectable wildtype allele
of the gene; Multiple allele: chimeric animals carrying more than two alleles; SKG->WTD:
deletion of TCCAAGGGT (ZFN cut site is underlined).

FIGS. 2A-E show vascular phenotypes of 2-month-old mice with compound in frame
and out-of-frame deletions in Lrp5. 542: chimeric functional heterozygous mouse (control)
that carried an allele with a 3bp in-frame deletion that appeared to be silent and an allele with a
1bp out-of-frame deletion; 495: mouse that carried a 4bp out-of-frame deletion allele and a 1bp
out-of-frame deletion allele; 519: mouse that carried a 29bp out-of-frame deletion allele and a
17bp out-of-frame deletion allele; 555: functional heterozygous mouse that carried a 3bp in-
frame deletion allele and a 1bp out-of-frame deletion allele and is a functional heterozygote;
FA: fluorescent angiography; IB4: isolectin B4; NFL: nerve fiber layer; IPL: inner plexiform
layer; OPL: outer plexiform layer.

FIGS. 3A-B show conditional knock-out alleles obtained from co-microinjection or co-
electroporation of Lrp5 exon2 ZFN and donor plasmid. FIG. 3A depicts a schematic of
double-strand break repair by synthesis-dependent strand annealing. Arrow heads represent
recombinase recognition sites; large arrow in Step 1 represents the target sequence; large arrow
with asterisks represents the donor sequence; asterisks represent neutral mutations; half arrows

indicate primer positions. FIG. 3B depicts the results of a polymerase chain reaction (PCR)
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analysis of DNA isolated from tail samples of pups (left panel) or ES cells (right panel). The
respective primer pairs used for the analysis are indicated to the left (primer positions are as
depicted in FIG. 3A).

FIGS. 4A-C show the donor sequences (SEQ ID NOS: 30-32, respectively, in order of
appearance) that were used in plasmids in the correct orientation and with the sequences
flanking the inserts.

FIGS. 5A-B show a sequence alignment of the three Lrp5 CKO DNA donors from 5'
loxP to 3' loxP sites (SEQ ID NOS 33-35, respectively, in order of appearance). Uppercase
bold letters indicate loxP sites; lowercase letters indicate intron sequences; uppercase letters
indicate exon 2 (wild type or modified) sequences; dashed line boxes indicate ZFN binding
sites; solid line boxes indicate silent mutations; underlined letters indicate the sequence at
which the wild type exon 2 is cleaved by the ZFN.

FIGS. 6A-E show normal retinal phenotypes of mice carrying a codon-modified Lip3
conditional knock-out allele. FIGS. 6A-D depict confocal projections of retinal whole mounts
stained with isolectin B4 (scale bars: 50 um). FIG. 6E depicts retinal cross sections of the
opposite eyes to those depicted in FIGS. 6A-D, stained with IB4, MECA32, and DAPI.
Arrows point to example staining as indicated. +/+: wild type control; KO/KO: Lip5
homozygous knock out; KO/+: Lrp5 heterozygous knock out; CKO/KO: Lrp5 conditional
knock out/Lrp5 knock-out compound heterozygous; IB4: isolectin B4; NFL: nerve fiber layer;
IPL: inner plexiform layer; OPL: outer plexiform layer.

FIGS. 7A-D show a graphic representation of possible mechanism that produced each
of the observed donor-derived Lrp5 alleles. Primers that bind to the resulting alleles are
indicated. Neutral mutations are indicated by asterisks.

FIG. 8 depict the results of a SURVEYOR Assay following introduction of either zinc
finger pairs (pZFN1+pZFN2) or Cas9 (+pRKS5-hCas9) together with a guide RNA targeting
Lrp5 exon 2 (p_gRNA T2, p gRNA T5 or p_gRNA T7) or a control plasmid (PMAXGFP)
into NIH/3T3 cells or Hepal-6 cells.

FIGS. 9A-B illustrate a summary of gRNA/Cas9 mutation rates (FIG. 9A) and deletion
sizes (FIG. 9B) at the Lrp5 exon 2 genomic locus in Hepal-6 murine hepatoma cells. The cells
received a gRNA targeting Lrp5 together with either mRNA (Cas9 mRNA + gRNA T2, solid
bars) or a plasmid (Cas9 plasmid + gRNA T2, clear bars), or two plasmids encoding zink
finger pairs targeting exon2 of Lrp5 (ZFN plasmid, grey bars).
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FIG. 10 depicts the result of PCR analysis using a forward primer specific for the
COexon2 sequence and a reverse primer outside of the homology arm in the genomic locus to
identify integration of the donor exon in the Lrp5 locus. Murine Hepal-6 cells received
plasmid (pRK5-hCas9) or mRNA (hCas9 mRNA) encoding Cas9 together with either the guide
RNA alone (p_gRNA T2), the guide RNA and the donor plasmid (p_gRNA T2+ p donorl) or
a control plasmid (PMAXGFP). Some cells received the donor together with the Lrp35 zink
finger pair (pZFN1+pZFN2+p_ donorl).

FIG. 11 depicts the result of PCR analysis using primers that detect 5’ (top, primers P9
and P10) and 3’ (bottom, primers P11 and P12) loxP site integration in the Lrp5 genomic
locus. The treatment groups are as described in FIG. 10. DNA from a heterozygous Lrp5
conditional knock out (mouse CKO/wt) was used as positive control.

FIG. 12 depicts the results of a SURVEYOR Assay following introduction of Cas9
(p_hCas9) together with a guide RNA and respective donor construct targeting Lrp5 (Lrp3
exon 2; p_gRNA T7 +p_Lrp5_donorl), Uspl0 (Uspl0 exon3; p gRNA T1 +
p_Uspl0 _donorl) or Notch3 (Notch3 exon3; p gRNA T1 +p Notch3 donorl) into Hepal-6
cells.

FIG. 13 depicts the result of PCR analysis using primers that detect 5’ loxP site
integration in the Nnmt exon2 genomic locus (left panel, primers P26 and P27) or 3’ loxP site
integration in the Notch3 exon3 genomic locus (right panel, primers P25 and P28) following
Cas9/gRNA and donor administration.

FIG. 14A-D show the sequences (SEQ ID NOS: 36-46, respectively, in order of
appearance) for Cas9/CRISPR targeting of mouse Lrp5, Usp!0, Nnmt, and Notch3 genomic
loci. Sequences for guide RNA (gRNA) sequences specific for Lrp5, Uspl 0, Nnmt, and
Notch3 and donor plasmid sequences for Usp!0, Nnmt, and Notch3 are depicted. In addition,

Cas9 cDNA sequence for mammalian expression and in vitro transcription (mRNA) are shown.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

L DEFINITIONS

For purposes of interpreting this specification, the following definitions will apply and
whenever appropriate, a term used in the singular will also include the plural and vice versa. In
the event that any definition set forth below conflicts with any document incorporated herein

by reference, the definition set forth below shall control.
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The term “donor construct,” as used herein, refers, unless specifically indicated
otherwise, to a polynucleotide that comprises a 5” homology region, a 5’ recombinase
recognition site, a donor sequence, a 3’ recombinase recognition site, and a 3’ homology
region. The donor construct can further include additional sequences, such as sequences that
support propagation of the donor construct or selection of cells harboring the construct.

The term “donor sequence,” as used herein, refers, unless specifically indicated
otherwise, to a nucleic acid having a sequence that comprises a target sequence having at least
one neutral mutation compared to a portion of the sequence of the target gene. As such, the
donor sequence comprises a nucleic acid that encodes a polypeptide that is functionally
substantially similar to or indistinguishable from that encoded by the portion of the target gene.
Consequently, the donor sequence can replace the cognate portion of the target gene at its
position in the target gene without substantially changing the functional properties of the
protein encoded by the target gene. The donor sequence can comprise certain non-coding
sequences, such as intronic or regulatory sequences.

The term “homology region,” as used herein, refers, unless specifically indicated
otherwise, to a nucleic acid in the donor construct that is homologous to a nucleic acid flanking
a target sequence.

The term “recombinase recognition site,” as used herein, refers, unless specifically
indicated otherwise, to a nucleic acid in a donor construct having a sequence that is recognized
by a recombinase.

The term “recombinase,” as used herein, refers, unless specifically indicated otherwise,
to an enzyme that recognizes specific polynucleotide sequences (recombinase recognition sites)
that flank an intervening polynucleotide and catalyzes a reciprocal strand exchange, resulting in
inversion or excision of the intervening polynucleotide.

The term “target gene,” as used herein, refers, unless specifically indicated otherwise, to
a nucleic acid encoding a polypeptide within a cell.

The term “target sequence,” as used herein, refers, unless specifically indicated
otherwise, to a portion of the target gene, e.g., one or more of the exon sequences of the target
gene, intronic sequences, or regulatory sequences of the target gene, or a combination of exon
and intron sequences, intron and regulatory sequences, exon and regulatory sequences, or exon,
intron, and regulatory sequences of the target gene.

The term “sequence-specific endonuclease” or “sequence-specific nuclease,” as used

herein, refers, unless specifically indicated otherwise, to a protein that recognizes and binds to
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a polynucleotide, e.g., a target gene, at a specific nucleotide sequence and catalyzes a single- or
double-strand break in the polynucleotide.

The term “RNA-guided DNA nuclease” or “RNA-guided DNA nuclease” or “RNA-
guided endonuclease,” as used herein, refers, unless specifically indicated otherwise, to a
protein that recognizes and binds to a guide RNA and a polynucleotide, e.g., a target gene, at a
specific nucleotide sequence and catalyzes a single- or double-strand break in the
polynucleotide.

The term “conditional knock-out allele,” as used herein, refers, unless specifically
indicated otherwise, to an allele comprising a polynucleotide sequence that is flanked by
recombinase recognition sites but produces a phenotype that is indistinguishable from that
produced by the cognate wild type allele.

The term “neutral mutation,” as used herein, refers, unless specifically indicated
otherwise, to a mutation in a donor sequence that reduces overall homology between the donor
sequence and the target sequence but leaves the donor sequence capable of encoding a
functional polypeptide. Examples of neutral mutations include silent mutations, i.e., mutations
that alter the nucleotide sequence but not the encoded polypeptide sequence. Examples of
neutral mutations also include conservative mutations, such as point mutations (e.g.,
substitutions), insertions and deletions, i.e., mutations that alter the nucleotide sequence and
the encoded polypeptide sequence but that do not substantially alter the function of the
resulting polypeptide. Examples of conservative substitution mutations are shown in Table 8.
Neutral mutations can also include combinations of silent mutations, combinations of
conservative mutations, or combinations of silent and conservative mutations.

The term “animal,” as used herein, refers, unless specifically indicated otherwise, to any
non-human animal, including, but not limited to, domesticated animals (e.g., cows, sheep, cats,
dogs, and horses), primates (e.g., non-human primates such as monkeys), rabbits, fish, rodents
(e.g., mice, rats, hamsters, guinea pigs), and non-vertebrates (e.g., Drosophila melanogaster
and Caenorhabditis elegans).

An "isolated" nucleic acid refers, unless specifically indicated otherwise, to a nucleic
acid molecule that has been separated from a component of its natural environment. An
1solated nucleic acid includes a nucleic acid molecule contained in cells that ordinarily contain
the nucleic acid molecule, but the nucleic acid molecule is present extrachromosomally or at a

chromosomal location that is different from its natural chromosomal location.
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“Isolated nucleic acid encoding a protein” refers, unless specifically indicated
otherwise, to one or more nucleic acid molecules encoding a protein (or fragments thereof),
inciuding such nucleic acid molecule(s) in a single vector or separate vectors, and such nucleic
acid molecule(s) present at one or more locations in a host cell.

The term “sequence homology," as used herein with respect to the donor and target
gene polynucleotide sequences, is defined as the percentage of nucleotide residues in a donor
sequence that are identical to the nucleotide residues in the target gene sequence, after aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity. Alignment for purposes of determining percent nucleotide sequence homology can be
achieved in various ways that are within the skill in the art, for instance, using publicly
available computer software such as BLAST, BLAST-2, ALIGN, ClustalW2 or Megalign
(DNASTAR) software. Those skilled in the art can determine appropriate parameters for
aligning sequences, including any algorithms needed to achieve maximal alignment over the

full length of the sequences being compared.

I1. EMBODIMENTS OF THE INVENTION

The invention relates, in part, to the recognition and solution of technical challenges
associated with creating conditional knock-out alleles using sequence-specific endonucleases in
combination with a recombinase recognition sequence-flanked donor sequence. This process
relies on targeting specific sequences of nucleic acid molecules, such as chromosomes, with
endonucleases that recognize and bind to such sequences and induce a double-strand break in
the nucleic acid molecule. The double strand break is repaired either by an error-prone non-
homologous end-joining or by homologous recombination. If a template for homologous
recombination is provided in trans, the double-strand break can be repaired using the provided
template. The initial double strand break increases the frequency of targeting by several orders
of magnitude, compared to conventional homologous recombination-based gene targeting. In
principle, this method could be used to insert any sequence at the site of repair so long as it is
flanked by appropriate regions homologous to the sequences near the double-strand break.
However, this approach is associated with certain challenges when applied to creating
conditional knock-out alleles. Conditional knock-out alleles typically include certain
recombinase recognition sequences, such as loxP sites, that flank the gene or portions of the
gene but leaves its function intact, such that the conditional knock-out allele produces

functional polypeptides substantially similar to the unmodified allele but that can be rendered

10
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non-functional at a certain time or within certain tissues by the presence of the recombinase
recognizing the recognition sequences.

A first challenge associated with the approach described above to create conditional
knock-out alleles resides in the fact that, following the double-strand break catalyzed by the
sequence-specific endonuclease, undesirable recombination can occur between the donor exon
and the chromosomal (target) exon, instead of the homology regions outside of the
recombinase recognition sequence-flanked donor, because of their sequence identity with
respect to each other. This will result in alleles that lack one or both recombinase recognition
sequences. A second challenge resides in the fact that the sequence-specific endonuclease can
recognize and cleave not only the target gene but also the donor exon before it can serve as a
template for repair. The methods and compositions described herein provide a solution to

these challenges.

A. Exemplary Methods

In various aspects of the invention, methods of generating a conditional knock-out
allele in a cell comprising a target gene are provided. The method comprises the steps of
introducing into the cell having a target gene a donor construct and a sequence-specific
nuclease that cleaves a sequence within the target gene but does not inhibit function of the
donor construct, thereby producing a conditional knock-out allele in the cell. These and further
aspects of the invention are described below.

In a particular aspect of the invention, a conditional knock-out allele is produced in a
cell comprising a target gene by introducing into the cell a donor construct that comprises a 5’
homology region, a 5° recombinase recognition site, a donor sequence, a 3’ recombinase
recognition site, and a 3> homology region. The donor sequence comprises the sequence of a
target sequence having at least one neutral mutation. In certain embodiments, the donor
sequence and the target sequence are identical except for the at least one neutral mutation. A
neutral mutation means any mutation in the nucleotide sequence of the donor sequence that
reduces homology between the donor sequence and the target sequence but leaves the coding
potential of the donor for a functional polypeptide intact. The neutral mutation decreases the
number of undesired homologous recombination events, compared to a wild type sequence,
between the donor sequence and the target sequence that do not result in a conditional knock-
out allele (FIG. 7B, C, D). In some embodiments, the neutral mutation also abrogates binding

of the sequence-specific nuclease to the donor sequence.
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Examples of neutral mutations include silent mutations, i.e., mutations that alter the
nucleotide sequence but not the encoded polypeptide sequence. Neutral mutations also include
conservative mutations, i.e., mutations that alter the nucleotide sequence and the encoded
polypeptide sequence but that do not substantially alter the function of the resulting
polypeptide. This is the case, for example, when one amino acid is substituted with another
amino acid that has similar properties (size, charge, etc.). For example, Amino acids may be
grouped according to common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln,

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Examples of conservative mutations are shown in Table 8. In certain embodiments, the
donor sequence comprises 1,2, 3,4,5,6,7,8,9, 10, 15, 20, or 50 silent mutations. In certain
embodiments, the homology between the donor sequence and the target sequence is 99%, 98%,
95%, 90%, 85%, 80%, 78%, 75%, 70%, 65%, 60%, 55%, or 50%. In certain embodiments, the
sequence homology between donor and target sequence is less than 50%. Any number of
neutral mutations can be introduced that reduce or inhibit the number of homologous
recombination events between the donor sequence and the target sequence (FIG. 7B-D), rather
than between the homologous regions and their cognate sequence on the targeted molecule, but
maintain the ability of the donor sequence to encode a functional polypeptide. In certain
embodiments, the donor comprises the sequence shown in FIG. 4A (SEQ ID NO: 30), FIG. 4B
(SEQ ID NO: 31), or FIG. 14C (SEQ ID NOS: 44-46). In certain embodiments, at lcast one
neutral mutation abrogates binding of the sequence-specific nuclease to the donor sequence. In
certain embodiments, several neutral mutations are spaced along the length of the donor
sequence to reduce the number of consecutive unmodified base pairs to less than 20-100 base
pairs at any position in the donor sequence.

Because the mutations within the donor sequence are neutral, the donor sequence
encodes a polypeptide that is functionally substantially similar to or indistinguishable from that
encoded by the target sequence. The functionality of a peptide or protein can be assessed by
methods well-known in the art, such as functional assays, enzymatic assays, and biochemical

assays. The donor sequence can replace the target sequence at its position in the target gene
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without substantially altering the functional properties of the polypeptide encoded by the target
gene. However, once integrated in the target gene, subsequent removal of the donor sequence
from the target gene can result in altered, reduced or loss of function of the polypeptide
encoded by the target gene.

Within the donor construct, the donor sequence is flanked 5’ and 3’ by recombinase
recognition sites. These recombinase recognition sites are nucleic acid sequences within the
donor construct that are recognized by a recombinase that subsequently catalyzes
recombination at the recombination recognition sites. Sequence-specific recombination is
well-known in the art and includes recombinase-mediated sequence-specific cleavage and
ligation of a polynucleotide flanked by the recombinase recognition sites. Examples of
recombinase recognition sites include JoxP (locus of X-over P1) sites (Hoess et al., Proc. Natl.
Acad. Sci. USA 79:3398-3401 (1982)), fit sites (McLeod, M., Craft, S. & Broach, J. R.,
Molecular and Cellular Biology 6, 3357-3367 (1986)) and rox sites (Sauer, B. and
McDermott, J., Nucleic Acids Res 32, 6086—6095 (2004).).

The 5’ homology region is located 5’ or “upstream” of the 5’ recombinase recognition
site and 1s homologous to a nucleic acid flanking the target sequence in its nucleotide context.
Similarly, the 3° homology region is located 3’ or “downstream” of the 3’ recombinase
recognition site and is homologous to a nucleic acid flanking the target sequence. In one
embodiment, the homology regions are more than 30bp, preferably several kb in length. For
example, the homology regions can be 50bp, 100bp, 200bp, 300bp, 500bp, 800bp, 1kb, 1.1kb,
1.5kb, 2kb and 5kb in length. In certain embodiments, the 5' homology region comprises 1.1
kb and the 3’ homology region comprises 1 kb. The homology regions can be homologous to
regions of the target gene and also, or instead, be homologous to regions upstream or
downstream of the target gene. In one embodiment, the homology regions are homologous to
chromosomal regions immediately adjacent to the target sequence. For example, in the case of
the 5° homology region, the homology region is homologous to a sequence having its most 3’
nucleotide immediately adjacent to the first (most 5°) nucleotide of the target sequence. In one
embodiment, homology regions are homologous to chromosomal regions that are not
immediately adjacent to the target sequence on the chromosome. In some embodiments, the 5’
and 3’ homologous regioné are each 95-100% homologous to the cognate nucleic acid
sequences flanking the target sequence.

To summarize the above-described component arrangement, the donor construct

comprises, in order from 5’ to 3,” a 5” homology region, a 5’ recombinase recognition site, a
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donor sequence, a 3’ recombinase recognition site, and a 3’ homology region. The donor
construct can further include certain sequences that provide structural or functional support,
such as sequences of a plasmid or other vector that supports propagation of the donor construct
(e.g., pUCI19 vector). The donor construct can, optionally, also include certain selectable
markers or reporters, some of which may be flanked by recombinase recognition sites for
subsequent activation, inactivation, or deletion. The recombinase recognition sites flanking the
optional marker or reporter can be the same or different from the recombinase recognition sites
flanking the donor sequence. In certain embodiments, a single type of donor construct is used
to produce the conditional knock-out allele.

Concomitant with, or sequential to, introduction of the donor construct, a sequence-
specific nuclease is introduced into the cell. The sequence-specific nuclease recognizes and
binds to a specific sequence within the target gene and introduces a double-strand break in the
target gene. As described above, the donor sequence is modified by at least one neutral
mutation to reduce homologous recombination events that do not result in conditional knock-
out alleles. In certain embodiments, the sequence-specific nuclease cleaves the target gene
only once, i.e., a single double-strand break is introduced in the target gene during the methods
described herein.

Examples of sequence-specific nucleases include zinc finger nucleases (ZFNs). ZFNs
are recombinant proteins composed of DNA-binding zinc finger protein domains and effector
nuclease domains. Zinc finger protein domains are ubiquitous protein domains, e.g., associated
with transcription factors, that recognize and bind to specific DNA sequences. One of the
“finger” domains can be composed of about thirty amino acids that include invariant histidine
residues in complex with zinc. While over 10,000 zinc finger sequences have been identified
thus far, the repertoire of zinc finger proteins has been further expanded by targeted amino acid
substitutions in the zinc finger domains to create new zinc finger proteins designed to
recognize a specific nucleotide sequence of interest. For example, phage display libraries have
been used to screen zine finger combinatorial libraries for desired sequence specificity (Rebar
et al., Science 263:671-673 (1994); Jameson et al., Biochemistry 33:5689-5695 (1994); Choo
etal.,, PNAS 91:11163-11167 (1994), each of which is incorporated herein as if set forth in its
entirety). Zinc finger proteins with the desired sequence specificity can then be linked to an
effector nuclease domain, e.g., as described in 6,824,978, such as Fokl, described in PCT
Application Publication Nos. WO1995/09233 and W0O1994018313, each of which is

incorporated herein by reference as if set forth in its entirety.
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Another example of sequence-specific nucleases includes transcription activator-like
effector endonucleases (TALEN), which comprise a TAL effector domain that binds to a
specific nucleotide sequence and an endonuclease domain that catalyzes a double strand break
at the target site. Examples of TALENSs and methods of making and using are described by
PCT Patent Application Publication No. W02011072246, incorporated herein by reference as
if set forth in its entirety.

Another example of a sequence-specific nuclease system that can be used with the
methods and compositions described herein includes the Cas9/CRISPR system (Wiedenheft,
B. et al. Nature 482, 331-338 (2012); Jinek, M. et al. Science 337, 816-821 (2012); Mali, P. et
al. Science 339, 823-826 (2013); Cong, L. et al. Science 339, 819-823 (2013)). The
Cas9/CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) system exploits
RNA-guided DNA-binding and sequence-specific cleavage of target DNA. A guide RNA
(gRNA) contains 20 nucleotides that are complementary to a target genomic DNA sequence
upstream of a genomic PAM (protospacer adjacent motifs) site (NNG) and a constant RNA
scaffold region. The Cas (CRISPR-associated)9 protein binds to the gRNA and the target
DNA to which the gRNA binds and introduces a double-strand break in a defined location
upstream of the PAM site. Cas9 harbors two independent nuclease domains homologous to
HNH and RuvC endonucleases, and by mutating either of the two domains, the Cas9 protein
can be converted to a nickase that introduces single-strand breaks (Cong, L. et al. Science 339,
819-823 (2013)). It is specifically contemplated that the inventive methods and compositions
can be used with the single- or double-strand-inducing version of Cas9, as well as with other
RNA-guided DNA nucleases, such as other bacterial Cas9-like systems. In some
embodiments, the guide RNAs used in the methods described herein are those of SEQ ID NOS:
36-42, respectively, in order of appearance. The sequence-specific nuclease of the methods
and compositions described herein can be engineered, chimeric, or isolated from an organism.

The sequence-specific nuclease can be introduced into the cell in form of a protein or in
form of a nucleic acid encoding the sequence-specific nuclease, such as an mRNA or a cDNA.
Nucleic acids can be delivered as part of a larger construct, such as a plasmid or viral vector, or
directly, e.g., by electroporation, lipid vesicles, viral transporters, microinjection, and biolistics.
Similarly, the donor construct can be delivered by any method appropriate for introducing
nucleic acids into a cell.

Without being limited by any particular mechanism or theory, following sequence-

specific nuclease-introduced double-strand break in the target sequence (e.g., ZFN-induced
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DSB; FIG. 3A, Step 1), strand resection generates 3’single-stranded chromosome ends (FIG.
3A, Step 2). To initiate repair, the single-stranded chromosome ends anneal to complementary
base pairs within the homology regions present on the donor construct by strand invasion (FIG.
3A, Step 3). The donor sequence can then be used as a template to extend the 3’ single-
stranded ends by DNA polymerase-mediated strand extension. Following strand extension, the
extended strand anneals to the single-stranded chromosome end on the other side of the
original double-strand break and repair is completed by DNA synthesis, using the extended
strand as template, and ligation. The resulting double-stranded DNA contains the donor
sequence flanked by recombinase recognition sites (FIG. 3A, Step 4).

This synthesis-dependent strand annealing model of double-strand break repair is
consistent with the observation that very large stretches of foreign DNA with little or no
homology to endogenous sequence, such as a reporter gene, can be inserted precisely into the
point of the double-strand break. Consequently, donor sequences flanked by recombinase
recognition sites can be integrated at the double strand break by resection of the free
chromosome ends to expose regions around the target sequence that are substantially
homologous to the homology regions on the donor construct (FIG. 3A). The homology regions
can be of any length suitable for placement in a donor construct and effective in mediating
strand annealing as described above, e.g., a combined length of 10-5000bp, 100-1000bp, 500-
600bp, or 537 bp. These steps, thus, create a conditional knock-out allele at the site of the
target gene, i.e., an allele comprising the donor sequence flanked by the recombinase
recognition sites that produces a phenotype that is substantially similar to, or indistinguishable
from, that produced by the cognate target gene allele. Two phenotypes are substantially similar
or indistinguishable if upon standard inspection by a skilled artisan the nature of the underlying
allele of the target gene cannot be detected. In some embodiments, the methods described
herein produce cells carrying heterozygous conditional knock-out alleles or homozygous
conditional knock-out alleles, i.e., less than all or all of the endogenous alleles are replaced by
the conditional knock-out allele.

The target gene can be any nucleic acid molecule encoding a protein (or fragments
thereof) within the genetic material of the cell that is being targeted by the donor construct to
produce a conditional knock-out version of the gene. For example, a target gene can be a gene
located on the chromosome of a eukaryotic cell that encodes a protein of unknown function or
that is involved in a cellular process. Such gene can be composed of a series of exons and

introns. A target sequence can include exon, intron (including artificial intron), or regulatory
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sequences of the target gene, or various combinations thereof. A target sequence can include
the entire target gene.

The cell can be any eukaryotic cell, e.g., an isolated cell of an animal, such as a
totipotent, pluripotent, or adult stem cell, a zygote, or a somatic cell. In certain embodiments,
cells for use in the methods described herein are cells of non-human animals, such as
domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates (e.g., non-human
primates such as monkeys), rabbits, fish, rodents (e.g., mice, rats, hamsters, guinea pigs), flies,
and worms. In certain embodiments, cells for use in the methods are human cells. The
methods and compositions described herein can be used to target any genomic locus. Several
specific examples of targeting different loci are described herein. In certain embodiments, the
methods and compositions described herein can be used to target more than one genomic locus
within a cell, i.e., for multiplex gene targeting.

In a further particular aspect of the invention, a conditional knock-out animal is
produced using the methods described herein. To produce a conditional knock-out animal, a
donor construct and a sequence-specific nuclease are introduced into a cell, such as a zygote or
a pluripotent stem cell, such as an embryonic stem cell or an induced pluripotent stem cell, or
an adult stem cell, to create at least one conditional knock-out allele in the cell. Methods for
screening for the desired genotype are well known in the art and include PCR analysis, e.g., as
described herein in the specific examples. The cell is then introduced into a female carrier
animal to produce the conditional knock-out animal from the cell, for example as disclosed by
US Patent No. 7,13,608, incorporated herein by reference as if set forth in its entirety. In
certain embodiments, the cell is expanded to a two-cell stage, introduced into a blastocyst, or
otherwise cultured or associated with additional cells prior to introduction into the carrier
animal. In certain embodiments, the resulting conditional knock-out animal carries the
conditional knock-out allele in its germline such that the conditional knock-out allele can be
passed on to future generations.

In a further particular aspect of the invention, the methods and compositions described
herein can be used to produce a knock-out allele. This method includes excising, inverting, or
otherwise inhibiting normal expression of the recombinase recognition site-flanked donor
sequence, once incorporated into the genome as conditional knock-out allele. The conditional
knock-out allele is converted to a knock-out allele by introducing a recombinase into the cell
that specifically recognizes the recombinase recognition sites. E.g., Araki et al., Proc. Natl.

Acad. Sci. USA 92:160-164 (1995). The recombinase is an enzyme that recognizes specific
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polynucleotide sequences (recombinase recognition sites) that flank an intervening
polynucleotide and catalyzes a reciprocal strand exchange, resulting in inversion or excision of
the intervening polynucleotide. One of skill in the art recognizes the advantageous efficiency
of selecting for use in the methods described herein a recombinase that specifically recognizes
the recombinase recognition sites within the donor construct.

The recombinase can be introduced into the cell containing the donor construct by any
method in form of a protein or nucleotide sequence encoding the recombinase protein. To
produce a knock-out animal, the conditional knock-out animal, produced as described above, is
crossed to a transgenic animal having a transgene encoding a recombinase protein that
catalyzes recombination at the 5” and 3’ recombinase recognition site. Examples of animals
carrying a recombinase transgene are known in the art and disclosed, for example, by US
Patent No. 7,135,608, incorporated herein by reference as if set forth in its entirety. In some
embodiments, the transgene encoding the recombinase is under the control of a tissue-specific
promoter, such that the recombinase is expressed and, consequently, the knock-out allele is
produced, only in such tissue. In some embodiments, the transgene encoding the recombinase
1s under the control of an inducible promoter, such that recombinase expression can be induced
at a specific time. For example, the activation of Tet-On or Tet-Off promoters can be
controlled by tetracycline or one of its derivatives. In some embodiments, the recombinase-
encoding transgene is expressed only at a certain stage of development or in response to a
compound administered to the animal. Examples of recombinases suitable for use in the
methods disclosed herein include any version of P1 Cre recombinase, any version of FLP
recombinase (flippase), and any version of Dre recombinase, including any inducible version of
these recombinases (e.g., fusions to a hormone-responsive domain such as CreERT2 and Cre-

PR, or tetracycline-regulated recombinase).

B. Exemplary Compositions

In a further specific aspect of the invention, a composition for generating a conditional
knock-out allele of a target gene is provided. Such composition includes a donor construct
comprising a 5” homology region, a 5’ recombinase recognition site, a donor sequence, a 3’
recombinase recognition site, and a 3’ homology region, as described herein. The donor
sequence comprises a target sequence having at least one neutral mutation, as described herein.
The composition further comprises a sequence-specific nuclease that recognizes the target

gene.

18



10

15

20

25

30

WO 2013/188522 PCT/US2013/045382

In certain embodiments, the sequence-specific nuclease is a zinc finger nuclease or a
transcription activator-like effector nuclease. In certain embodiments, the recombinase
recognition site is a JoxP site or an f¢ site. Optionally, the composition can also include a
recombinase, as described herein.

In a further aspect of the invention, a donor construct comprising the sequence shown in
FIG. 4A (SEQ ID NO: 30), FIG. 4B (SEQ ID NO: 31), or FIG. 14C (SEQ ID NOS: 44-46).

In a further aspect of the invention, a guide RNA comprising the sequence shown in
FIG.14A (SEQ ID NOS: 36-42) is provided.

In a further aspect of the invention, a cell comprising the donor construct comprising
the sequence shown in FIG. 4A (SEQ ID NO: 30), FIG. 4B (SEQ ID NO: 31), or FIG. 14C
(SEQ ID NOS: 44-46) is provided. This cell may be isolated from an animal produced by the
methods described herein.

The invention can be further understood by reference to the following non-limiting

examples of certain embodiments of the invention.

III. EXAMPLES

The following are examples of methods and compositions of the invention. It is
understood that various other embodiments may be practiced, given the general description
provided above.

Example 1: Pronuclear microinjection of Lrp5 ZFN mRNA into C57BL/6N fertilized

Cggas.

A custom eHi-Fi CompoZr® ZFN pair targeting exon 2 of mouse Low-density lipoprotein
receptor-related protein 5 (Lrp5) was obtained from Sigma-Aldrich. The ZFNs harbor an
optimized (¢Hi-Fi) FokI endonuclease interface that significantly increases its efficiency in
mtroducing double-strand breaks (Doyon, Y. et al. Nat Meth 8, 74-79 (2011)) at 5'-
gacttccagttctccaagggtectgtgtactggacagat-3' (SEQ ID NO: 29) (ZFN cleavage site is underlined).
No significant potential off-site target activity was observed. Messenger RNA (mRNA)
encoding the ZFN pair was stored at -80°C prior to use. mRNA (Sigma-Aldrich) was used for
pronuclear microinjection and the two plasmids encoding the ZFN pair were used for ES cell
electroporation.

To determine endonuclease activity, various concentrations of mRNAs encoding the
Lrp5 ZFNs were microinjected into the pronucleus of CS7BL/6N zygotes (Table 1). Lrp5 ZFN
mRNA (2 nug of each ZFN in 5 pl) was thawed and diluted to 50 ng/ul in RNase- and DNase-
free microinjection buffer (10 mM Tris and 1mM of EDTA, PH 8.0). ZFN microinjections,
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Lrp5 ZFN mRNA was diluted to working concentrations of 2, 3, 4, or 5 ng/ul. Mouse zygotes
were obtained from superovulated C57BL/6N females mated to C57BL/6N males (Charles
River) the day before microinjection. Zygotes were harvested with M2 medium and
microinjected in M2 following standard procedures (Nagy, A., et al., Manipulating the Mouse
Embryo: A Laboratory Manual, Third Edition (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, USA, (2002)) and transferred into oviducts of E0.5 pseudopregnant ICR
females (Taconic), 30 embryos per pseudopregnant female. ICR females were fed a 9% high
fat diet (Harlan, catalog #2019) after embryo transfer surgery until the pups were weaned.

Microinjectio | mRNA | Zygotes Pup | birth KOs KO rate %
n Experiment | congc. transferred s rate % (KO/borm)
(ng/pl) | after injection | born

3

Table 1. Pronuclear microinjection of Lrp5 ZFN mRNA into C57BL/6N fertilized eggs. KO
mutants include mice with one or more mutant alleles. KO = knock-out.

DNA from the resulting pups was isolated from tail tissue and analyzed by PCR
amplification and subsequent sequencing to identify large and small mutations. Genomic tail
DNA was purified using Extract-N-Amp Tissue PCR kit (Sigma, Cat# XNAT2) or using
Qiagen DNeasy 96 Blood and Tissue kit (Qiagen Cat# 69582). To determine ZFN-mediated
mutation efficiency and to characterize the types of mutations caused by NHEJ repair, a 3-step
PCR approach was performed. In the first step, an outer PCR using primers P1 and P2 was
performed to detect large deletions or insertions. In the second step, an inner PCR using
primers P3 and P4 was performed to detect small to medium size deletions or insertions. In the
third step, direct sequencing of the inner PCR reaction product using primers P3 and P4 was
performed to identify 1 to 20 base pair changes. Individual chromatograms were analyzed
using Sequencher 4.10.1 (Gene Codes Corp.). If two distinct traces were detected, base pair
calls for each individual allele were determined manually. Alleles from a subset of mutants
were further analyzed by PCR TOPO subcloning (Invitrogen, Cat# K4575-J10). Twelve to
twenty-four TOPO clones per mouse were sequenced using M13F and M13R primers.

Mutation rates of up to 63% of live-born pups were observed (5 ng/ul ZFN mRNA).
The mutations ranged widely from insertions of one to three bp and deletions ranging from a
single bp up to ~100 bp as well as one large ~800 bp deletion (summarized in FIG. 1).

Multiple chimeric animals carrying more than two alleles were identified, likely resulting from

20



10

15

20

25

30

WO 2013/188522 PCT/US2013/045382

continuing ZFN activity after the first cell division. Furthermore, five animals were compound
mutants, i.e., these animals carried two independent mutant alleles of the same gene and no
detectable wildtype allele of the gene, indicating ZFN activity on both chromosomes at the one
cell stage.

Example 2: Direct generation of functional homozygous mutant alleles by

microinjection of sequence-specific endonucleases.

LRPS5 plays an obligatory role in retinal vascular development by serving as a co-
receptor for NORRIN. Disrupted NORRIN signaling leads to vascular defects characterized by
a failure to form capillary beds in the deeper layers of the retina, as well as vascular leakage
(Xia, C.-H. et al., Human Molecular Genetics 17, 1605-1612 (2008); Xia, C.-H., PLoS ONE
5, €11676 (2010); Junge, H. J. et al., Cell 139, 299-311 (2009)). Thus, 2-month-old mice with
compound in-frame and out-of-frame deletions in Lrp5 were generating as described in
Example 1 and were examined for retinal vascular development. Animal #542 is a chimeric
functional heterozygous that served as control. This animal carries one wild-type allele (a
small 3bp in-frame deletion appeared to be silent) and an allele with a 1bp out-of-frame
deletion. Animal #495 contains a 4bp out-of-frame deletion allele and a 1bp out-of-frame
deletion allele. Animal #519 contains a 29bp out-of-frame deletion allele and a 17bp out-of-
frame deletion allele. Animal #555 has a 3bp in-frame deletion allele and a 1bp out-of-frame
deletion allele and is a functional heterozygote.

For phenotypic analysis, animals carrying Lrp5 mutations were analyzed by fluorescein
angiography. Mice were anesthetized with a mixture of ketamine/xylazine (80 mg/kg; 7.5
mg/kg) and dilating the eyes with 1% Tropicamide (Akorn, Inc.). Fluorescein angiography was
performed after intraperitoneal injection of sterile 10% fluorescein solution (100 ul, AK-Fluor;
Akorn, Inc.). Images were captured 1 minute after fluorescein injection using imaging setting
of 0 focus and 50 sensitivity.

For histologic analysis, mice were sacrificed two days after angiography, enucleated,
and processed for histology. Eyes were fixed in 4% paraformaldehyde (PFA) prior to
dissection of retinas for whole mount histology, or cryoprotected in 30% sucrose overnight and
embedded in Tissue-Tek® OCT Compound (Sakura) for frozen sections. Isolectin-B4 staining
of whole mounts and sections was performed as previously described (Gerhardt, H. et al., J.
Cell. Biol. 161, 1163-1177 (2003)). For frozen sectioning, cornea and lens were removed and

eyes were washed extensively in PBS to remove residual PFA. Frozen 12 um sections were
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prepared and stained for MECA32, an antigen of the fenestrated endothelial cell marker
PLVAP, essentially as described by Junge ef al, Cell 139, 299-311 (2009).

The retinal phenotype of three compound mutant mice (495, 519 and 555) and a control
heterozygous mutant mouse carrying one wildtype allele (542) is shown in FIG. 2. Mice
carrying the compound mutations displayed an L#p5 null phenotype. Fluorescent angiography
revealed that mice 542 and 555 display no apparent neovascular defects or vessel leakage (FIG.
2A). In contrast, mice 495 and 519, which contain compound out-of-frame deletions in both
alleles of Lrp5, displayed numerous precapillary arteriole occlusions (FIG. 2A, arrows pointing
to examples of precapillary arteriole occlusions) and significant vascular leakage, as indicated
by the diffuse fluorescein signal throughout the retina. Scale bar in the bottom right panel of
FIG. 2 represents 200um for all panels in FIG. 2A.

Confocal projections of isolectin-stained wholemount retinas confirmed the L#p5 null
phenotype of compound mutant mice 495 and 519. For each mouse, a projection of the
maximum depth of the retina containing all three vascular layers (FIG. 2B), and images derived
from projection of a single vascular layer residing in the nerve fiber layer (NFL, FIG. 2C),
inner plexiform layer (IPL, FIG. 2D), and outer plexiform layer (OPL, FIG. 2E) were analyzed.
While functional heterozygous retinas (542 and 555) contain a dense, well-organized three-
tiered network of vessels, compound knock-out retinas (495 and 519) have irregular
vasculature with reduced density (FIG. 2B, C). In addition, 542 and 555 contain normal
capillary networks in the IPL (FIG. 2D) and OPL (FIG. 2E), whereas compound KO mice (495
and 555) have abnormal neovascular clusters in the IPL (FIG. 2D) and a small number of
endothelial cell clusters in the OPL (FIG. 2E). Scale bar in the bottom right panel of FIG. 2
represents 100 pm for all panels in FIG. 2B-E.

In summary, mutant 555, carrying a loss of function allele with a 1 bp deletion and a
functional allele with 3 bp in-frame deletion, displayed a normal retinal phenotype, while
mutant 495, carrying a 4 bp and a 1 bp deletion, and mutant 519, carrying two larger deletions
(17 and 29 bp), were phenotypically homozygous null, with a phenotype recapitulating what
has been reported previously (Xia, C.-H. et al., Human Molecular Genetics 17, 1605-1612
(2008)). These results demonstrate that microinjection of sequence-specific endonucleases can
produce functional homozygotes (compound mutants) directly, although it is not known if

these animals are compound mutants in all cells.
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Example 3: Generation of conditional knock-out alleles by co-microinjection of Lrp5

exon2 ZFN mRNA and donor construct,

FIG. 3A depicts a schematic outline of the strategy employed to generate a conditional
knock-out allele (Gu, H., Science 265, 103-106 (1994)) of Lrp5, targeting exon 2. The ZFN
pair introduces a double-strand break in Lrp5 exon 2 (indicated by interrupted block arrow).
The break is repaired by invasion of the donor plasmid through strand invasion and
homologous recombination between the 5* and 3° Lrp5 homology regions of the donor plasmid
and the respective homologous sequences 5’ and 3’ of exon 2. The resulting locus contains the
codon-optimized LrpJ exon 2 flanked by two loxP sites (FIG. 1A, bottom).

The 5' and 3' Lrp5 homology regions in the donor plasmid were 1.1 and 1 kb,
respectively, in length. Codon-modified (donor 1, FIG. 4A) and wildtype (donor 3, FIG. 4C)
donor sequences were synthesized by Blue Heron/Origene (Bothell, WA) into a modified
pUC19 vector. Donor 2 (FIG. 4B) was generated from donor 3 by replacing a 300 bp Mscl-
BamHI fragment with a synthesized fragment containing seven silent mutations to abrogate
ZFN recognition. The insert in donor 1 is in opposite orientation compared to the insert in
donors 2 and 3. Therefore, PCR amplification using primers that bind the plasmid backbone in
combination with LrpJ5 locus-specific primers was conducted using primer combinations of the
opposite orientation. The donor sequence, with the exception of the loxP sites, corresponds to
mouse genome assembly NCBI37/mm9 chr.19:3658179-3660815. Circular donor plasmids
were used in all experiments.

Silent mutations were introduced into the wildtype Lrp5 exon 2 sequence to produce a
codon-optimized version maintaining the protein-coding potential of the exon, but reducing the
overall homology between wildtype C57BL/6 and donor Lrp5 exon 2 to only 78% (donor 1,
FIG. 4A; FIG. 5). To preserve normal RNA splicing, the first 13 bp or the last 11 bp of exon 2
were excluded from modification. FIG. 5 depicts a sequence alignment of the three Lrp5
conditional knock-out DNA donors, excluding the 1.1 kb 5' homology and 1 kb 3' homology
regions. Alignment was done using the alignment program ClustalW2, available at

http://www.ebi.ac.uk/Tools/msa/clustalw2/. The overall homology between donor 1 (codon

modified) and donor 3 (wildtype) exon 2 is 311/397 = 78%. The overall homology between
donor 2 (ZFN binding site-modified only) and donor 3 exon 2 is 390/397 = 98%. LoxP sites
are indicated by uppercase bold letters, intron sequences are indicated by lowercase letters, and

the exon 2 (wild type or modified) sequences are indicated by uppercase letters. The ZFN
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binding sites are boxed with dashed lines and the sequence at which the wild type exon 2 is
cleaved is underlined. Silent mutations are boxed with solid lines.

Different combinations of ZFN mRNA and donor constructs were co-microinjected into
C57BL/6N pronuclei (Table 2), essentially as described in Experiment 1, except that ZFN
mRNA and donor construct were diluted together to working concentration (2.5 - 5 ng/ul for

ZFN mRNA and 2.5 or 3 ng/ul for donor construct).

Co- mRNA | Zygotes Pups | birth KOs KO rate % CKOs CKO rate %
microinjection | + DNA | transferred | born | rate % (KO/born) (CKO/born)
Experiment . after

injection

8 5+2.5 102 | 18 | 18 8 44 0 -
Table 2. Co-microinjection of LrpS ZFN mRNA (mRNA) and CKO donor 1 plasmid. KO mutants

include mice with one or more mutant alleles. KO = knock-out; CKO = conditional knock-out. *One
mouse (#95) was a false positive (donor 1 plasmid integrated into Lrp5 locus). "Mice #140 and #155.

DNA isolated from tail samples from the 168 resulting pups were analyzed to identify
mice that carry a conditional knock-out allele (FIG. 3B). The respective primer pairs used for
analysis of mutants in the absence (P1-P4) or presence (P5-P12) of donor plasmid are indicated
in FIG. 3B. First, the overall ZFN mutation frequency was determined as described in
Experiment 1 and 2. Initial screening to identify mice carrying a potential conditional knock-
out allele was performed by assaying for presence of the 5’ LoxP site using a 5’ nuclease assay
(TagMan®, Livak, K. J., Genet. Anal. 14, 143-149 (1999)). In brief, 20ul reactions were
constructed with a 2X Qiagen Type-it Fast SNP Probe PCR master mix, 50 — 120 ng template
DNA, 400 nM primers and 200 nM fluorogenic Locked Nucleic Acid (LNA)-based probe
specific for LoxP site recognition (Weis, B., BMC Biotechnol 10, 75 (2010)). Reactions were
thermally cycled in an Applied Biosystems 7900HT (Life Technologies). Presence of the 5'
LoxP was determined by analysis with Applied Biosystems Sequence Detection Software,
version 2.3 (Life Technologies), by visualization of fluorescence evolution in the multi-
component and amplification plots. Lrp5 Locus-specific PCR analysis using primers P5/P6
was then performed to detect a 5” product specific for the codon-modified Lrp5 exon 2
sequence present on both donor 1 and 2 (but not donor 3 used for the ES cell experiment of
Example 4). Similarly, PCR using primers P7/P8 was performed to analyze the 3’ end. To
validate the presence of both 5” and 3’ loxP, PCR analysis using primers P9/P10 and P11/P12,
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respectively, was performed which will result in products only if the appropriate loxP sequence
is present in the Lrp5 locus. As the DNA was isolated from a mixture of chimeric subclones,
false positive results were observed, i.e., PCR products appear to be positive for 5°-3’-floxed
Lrps5 alleles even in the absence of such true conditional knock-out alleles. False positive
results could be produced, for example, if one allele carries only the 5' loxP site and another
allele carries only the 3' loxP site. To confirm the presence of a conditional knock-out allele,
as opposed to false positive, a ~2.8kb Lrp5 exon 2 PCR product was amplified using primers
P5/P8 (both primers anneal outside the donor homology arms), cloned using and TOPO
cloning (Life Technologies), and fully sequenced. This analysis identified conditional knock-
out alleles, alleles with only a single loxP site, and alleles with donor-derived exon 2 sequence
only (i.e., no loxP sites). Alleles identified as false positives by sequencing analysis were
analyzed for the presence of an integrated copy of the entire donor vector in the Lrp35 allele by
additional PCR using flanking primers P5 and P8 in combination with donor plasmid
backbone-specific primers. Presence of random genomic insertions was determined with
primers P6 and P7 (donor 1 and donor 2) in combination with donor plasmid backbone-specific
primers (P13-P14). For random insertions of donor 3, donor plasmid backbone-specific
primers (P13-P14) were used in combination with primers P15 and P16 that bind to the
wildtype Lrp5 sequence of donor 3. All primer sequences and reaction conditions are set forth
in Table 3. The conditions for all PCR studies are set forth in Table 7.

Two mice (#140 and #155) were confirmed as carrying conditional knock-out alleles by
full sequencing of a cloned PCR product obtained using primers located outside of the
homology regions. For both mice, the conditional knock-out allele was transmitted to their
progeny. In addition to the conditional knock-out allele, animal #155 also had one low
frequency allele (not transmitted to progeny) with the 5' loxP site only. Animal #95 was a false
positive as initial PCR analysis suggested a conditional knock-out allele, but detailed analysis
revealed that a full-length donor plasmid was instead integrated into Lrp5 exon 2. The knock-
out mutation rates for each combination of ZFN mRNA and donor DNA ranged from 28 to

67% (Table 2).
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1 CATGTGCCTTTGAAGAGCACACC (SEQIDNO: 1) To detect large deletions/insertions

2 ACTCCACGGTCCTGGGATTATAGA (SEQ ID NO: 2) To detect large deletions/insertions

3 GGCCTATCACTAAGGGAGCC (SEQ ID NO: 3) g;g?;i‘;‘;g:ﬂig;;m’dmm

4 GCCCGAGATGACAATGTTCT (SEQ ID NO: 4) g;gg;i"st/;‘?:rl:ig;?edlum

5 CGAGCTTTTCTTAGTGATCTTTTAAG (SEQ ID NO: 5) lswfllf‘;l;‘g“ygg;‘;’er (outside of

6 CTCACGTCGGTCCAATAAACG (SEQ ID NO: 6) Z;Oigt:‘e’gﬂ‘e’ﬁgé I and donor 2

7 CGTTTATTGGACCGACGTGAG (SEQ ID NO: 7) z;oi;t::tlg‘e’ﬁé’; I'and donor 2

8 CCTAGACTGCAGTGAAGGACAT (SEQ ID NO: 8) floﬂfgill(‘)g‘fg;‘;’er (outside of

9 GCTCACGAGCTTTTCTTAGTGATCTTTTAAGG (SEQ | 5' flanking primer (outside of
ID NO: 9) homology arm)

0 g)AI\(I}gAl}‘)?ATGCACGGATAACTTCGTATAGC (EQ Iy otect 5' loxP integration

" CAGGATTTCTTCTGTAGAGTATAACTTCGTATAAT | [\ o o .
G (SEQ ID NO: 11) s

1 CCTAGACTGCAGTGAAGGACATTCAC (SEQ ID NO: | 3' flanking primer (outside of
12) homology arm)

13 GGATAACAATTTCACACAGGAAACAGCTA (SEQID | To detect random insertions or
NO: 13) plasmid integration

14 | GTAAAACGACGGCCAGTGAATTGG (SEQ ID NO: 14) ;Tﬂ(; :ﬁg";ﬁ;ﬁ)?sem"“ or

15  CAGGGAAAGAGAATCATGCAC (SEQ ID NO: 15) El‘;:rffgﬁz donor 3 random

16 CTGCACATGGGTAAACCTCTG (SEQ ID NO: 16) E}‘;g‘:{fﬁ; donor 3 random

17 CACCTGAACTACTGAAAG (SEQ ID NO: 17) To detect 5' loxP

18 CAGGGAAAGAGAATCATG (SEQ ID NO: 18) To detect 5' loxP

1 EAS(%A%)TEG-IQ-TATAGCATAQATTATAC-Q (SEQ T dotoct S' loxD

Table 3. Primer nucleotide sequences. Primer P19: F=fluorophore (fluorescein); Q=quencher

(Iowa Black FQ, Integrated DNA Technologies); IQ=internal quencher (ZEN, Integrated DNA
Technologies). LNA bp are underlined.

The co-injection experiment in mouse zygotes (4.5 ng/pl ZFN mRNA and 3 ng/pl

donor DNA) were repeated, by co-injecting Lrp5 ZFN mRNA and either donor 1 or a floxed

codon-optimized exon 2 donor that carries seven silent mutations with respect to the wildtype

sequence, which abrogates ZFN-binding and cleaving of the donor (donor 2, FIG. 4B; FIG. 5).

The results of these experiments are summarized in Table 4. Co-injection of donor 1 with
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Lrp5 ZFN mRNA resulted in one out of twelve pups that carried a conditional knock-out allele
(#243, 8.3% conditional knock-out rate). Co-injection of donor 2 with Lrp5 ZFN mRNA
resulted in three out of thirty-five pups (8.6%) that carried donor 2 exon sequence in the Lrp5
locus. However, only one of these was subsequently confirmed as carrying a low frequency
conditional knock-out allele (#250). The second of the three animals carried an allele with the
3' loxP site only (#274); the last animal (#280) harbored one allele with donor 2 exon sequence
only (no loxP sites) and another allele with fully integrated donor 2 plasmid (false positive).
These results suggest that the donor plasmid with the lowest sequence homology to the
endogenous Lrp5 exon 2 sequence (donor 1, FIG. 4A) was more efficient at generating

conditional knock-out alleles.

Co- Plasmid | Zygotes Pups birth KOs KO rate % CKOs CKO rate %
microinjection transferred born rate % (KO/born) (CKO/bom)
Experiment after
injection
1 Donor 1 50 10 20 10 100 1 10
2 Donor 1 67 2 3 1 50 -
3 Donor 1 70 0 - - -

Table 4. Co-microinjection of Lrp5 ZFN mRNA and CKO donor 1 or donor 2 plasmids. All
experiments were performed using 4.5 ng/ul ZFN mRNA and 3 ng/ul donor plasmid DNA. Overall
CKO rate was 1/12 (8.3%) for donor 1 and 1/35 (2.9%) for donor 2. *Mouse #243; "Mouse #250; “One
mouse (#274) carried a 3'l0xP site only allele; “One mouse (#280) carried one allele with donor 2 exon
only (no loxP sites) and one false positive allele (donor 2 plasmid integrated into Lrp5 locus).

Example 4: Generation of conditional knock-out alleles by co-electroporation of Lrp5

exon2 ZFN and donor plasmid.

C57BL/6N ES cells were co-transfected by electroporation with plasmids encoding the
two Lrp5 ZFN pair components alone, or along with either donor plasmid used for the
microinjection experiments, or with an unmodified floxed wildtype Lrp5 exon 2 plasmid
(donor 3). C2 ES cells (Gertsenstein, M. et al., PLoS ONE 5, ¢11260 (2010)) were cultured,
expanded, and electroporated using established methods (Nagy, A., Gertsenstein, M.,
Vintersten, K. and Behringer, R. Manipulating the Mouse Embryo: A Laboratory Manual,
Third Edition. 800 (Cold Spring Harbor Laboratory Press: 2002)). In brief, fifteen million cells
were electroporated with 15 pg of each ZFN plasmid with or without 15 pg donor plasmid.
Electroporated cells were recovered in media and serial dilutions were plated on 10 cm plates
on a feeder layer. Cells were grown for 7-8 days after which 144 clones (1.5 96 well plate)

from each experiment were picked and placed into 96-well plates with feeder cells for
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expansion. Two days after plating, the cells were split 1:2 into new 96-well plates with feeder
cells. One plate was then stored at -80°C and the other plate was split into a new 96-well plate
with 1% gelatin only without feeders cells, for DNA analysis. DNA was isolated as described
in Example 1 except that ES cells were lysed over-night and DNA was precipitated, washed,
and resuspended in TE buffer the following day, essentially as described by Ramirez-Solis, R.
et al., Anal Biochem 201, 331-335 (1992).

ES cell Plasmid | Colonies | KOs | KO rate % CKOs | CKOrate %
experiment screened (KO/analyzed) (CKO/screened)

2 Donor 1 144 ND ND 1* 0.7%

2 Donor 3 144 ND ND 1° 0.7%
Table 5. Electroporation of plasmids encoding the Lrp5 ZFN pair alone or in combination
with CKO donors 1, 2, or 3 into C57BL/6N ES cells. All experiments were performed using 15 ug
donor DNA and/or 15 pg each of ZFN1 and ZFN2. *Donor 1 ES clone #C8; ® one donor 2 clone (F5)
carried a 5' loxP only allele and a donor 2 exon only allele (no loxP sites), clone H10 carried a 3' loxP
only allele; ‘two donor 3 clones (E3 and E4) carried alleles with 5' loxP only. Clone E3 also carried a
false positive allele (donor 3 plasmid integration). Clone E4 also carried a true CKO minor allele (one
positive out of 240 TOPO clones sequenced). ND: not investigated; NA: not applicable.

Results of the DNA analysis are shown in FIG. 3B, right, and the results are
summarized in Table 5. The overall frequency of knock-out alleles observed in ES cells using
electroporation (17%) was lower than obtained in vivo via pronuclear injection. The genetic
alteration patterns from the ES cell electroporation experiment were similar to those observed
after microinjection. Co-clectroporation of donor 1 with Lrp5 ZFN plasmid resulted in one
conditional knock-out clone (clone C8) out of 144 analyzed. Co-electroporation of donor 2
with Lrp5 ZFN plasmid resulted in two ES cell clones out of 144 analyzed that carry alleles
derived from the donor. One of these clones (H10) carried the 3' loxP site allele only; the other
(F5) carried one allele with donor 2 sequence only (no loxP sites) and one allele with the 5'
loxP site only. Co-electroporation of donor 3 (wildtype) with Lrp5 ZFN mRNA resulted in
two targeted ES cell clones (E3 and E4). Both contained one allele with the 5' loxP site only.
In addition, E3' carried another allele resulting from integration of donor 3 plasmid (false
positive). Interestingly, clone E4 also had a very rare subclone positive for both loxP sites
(conditional knock-out allele), possibly resulting from subsequent re-targeting of the previously
targeted allele. These results confirm that using a donor with low homology to the endogenous
exon is most efficient at generating conditional knock-out alleles. Table 6 provides an overall

summary of the data from the microinjection and ES cell experiments.
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ouse

no

Mouse #140 CKO wt - yes
Mouse #155 CKO wt 5'loxP - - no
Mouse #243 3bp del. CKO 1bp del - - no
ES cell C8 CKO 9bp del. wt - - yes
Mouse #274 3' loxP 1 bp del. - no
Mouse #280 donor only plasmid int. - - no
EScell F5 5' loxP donor only - - no

EScell E3

95 bp del.
ES cell E4 wt

5' loxP wt plasmid int. - no
5'loxP 4 bp deletion CKO - no

Table 6. Overview of Lrp5 alleles derived from CKO donor plasmid.

Example 5: Normal gene function of conditional knock-out allele.

To determine if the silent mutations in the conditional knock-out allele obtained from
donor 1 (FIG. 4A; FIG. 5) affected normal function of the Lrp5 gene, mice carrying one knock-
out allele (#140) and one conditional knock-out allele (#155) were bred with Lyp5 knock-out
homozygous mice generated using the ZFN pair of Example 3. Age matched postnatal day 16
(P16) control mice (FIG. 6A, +/+) were derived from an Lrp5 heterozygous cross. The other
mice used for the experiments were derived from a cross between an Lrp5 KO/KO female and
an Lrp5 CKO/+ male. The Lrp5 KO/KO female (FIG. 6B) is the adult mother of KO/+ (FIG.
6C, P16) and CKO/KO (FIG. 6D, P16). FIGS. 6A-D show representative confocal projections
of retinal whole mounts stained with isolectin B4 (IB4) (scale bars: 50 um). For each
projection shown in FIGS. 6A-D, the left image depicts the maximum XY projection and the
right image depicts the Z projection displaying vasculatures in the nerve fiber layer (NFL), the
inner plexiform layer (IPL), and the outer plexiform layer (OPL) (labels on the bottom right
panel of FIG. 6D). The Lrp5 null animal showed a reduced vascular complexity in the XY
projection and the absence of deep vascular layers (FIG. 6B). Mice carrying the conditional
knock-out allele on the null background display a normal vascular phenotype (FIG. 6D),
suggesting that the conditional knock-out allele is functional. FIG. 6E shows retinal cross
sections of the opposite eyes to those depicted in FIGS. 6A-D stained with IB4, MECA32, and
DAPI. Homozygous knock-out mice ectopically expressed the fenestrated endothelial cell
marker MECA32, whereas the CKO/KO, KO/+, and +/+ mice are MECA32 negative.

In summary, homozygous knock-out animals display the retinal phenotypes described above
(FIG. 6), whereas the retinal phenotypes of mice carrying one knock-out allele and one
conditional knock-out allele were indistinguishable from those of wild type mice or mice

having either one knock-out allele and one wild type allele (Fig. 6), indicating that the
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conditional knock-out allele is a functional allele. Together these results demonstrate that a
recombinase-recognition site-flanked donor sequence having neutral mutations can be used
together with a sequence-specific nuclease to generate fully functional conditional knock out
alleles ir vitro and in vivo.

FIG. 7 illustrates possible mechanism that gave rise to the LrpJ alleles observed in
these studies. The overall homology between Lrp5 genomic sequence and donor 1 is reduced
by multiple silent mutations (FIG.7A, asterisks). After resection of chromosome ends, strand
invasion takes place in the large regions of 100% homology outside of the loxP sites, leading to
a conditional knock-out allele having both loxP sites. Due to the limited homology in the
region between the loxP sites, cross-over events inside the loxP sites is rare. Donor 2 contains
larger regions of 100% homology between the loxP sites, allowing for strand invasion to take
place inside of the loxP sites, resulting in alleles having a 3' loxP site only (FIG. 7B), a 5' loxP
site only (FIG. 7C), or no loxP site (FIG. 7D). Primer combinations P9+P10 and P11+P12
both gave rise to PCR products for events according to FIG. 7A. Use of primer pair P9+P10
resulted in a product for events depicted in FIG. 7C but not for events depicted in FIG. 7B or
D. Similarly, primer pairs P11+P12 gave rise to a product for events depicted in FIG. 7B but
not for events depicted in FIG. 7C or D. Primer combinations P5+P6 and P7+P8 resulted in

PCR products regardless of loxP status.
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PI/P2 ?S}iil;f:trca:::\;ﬁ:;[;)PCR ReadyMix 45 sec a) 62C lf;()s’l;g/-cg::)lz)e; 30 sec 1 min Z% %; 1059
P3/P4 z{s}iigf:tg:;l\;?;r;g)PCR ReadyMix 45 sec a) 56C é;()sg(cil_c;/c(:)lz)e; 30 sec 30 sec 8 ;g 370
PS/P6 ég‘(’;’t‘:}g: gfwz 61;(93?1];;‘ 45 sec S6C - 45 sec Imin30scc | 40 1394
P7/P8 g;j:‘g::f;ﬁ;’;‘s’)}’CR ReadyMix 45 sec 63C - 45 sec Imin30sec | 40 1410
PO/P10 fgz‘r‘l’t‘;}gl‘j gft#z 6};(;{1];;‘ 45 sec 56.5C - 45 sec 1min 30 sec 40 1195
P11/P12 ggf:‘g::f;%g)m]{ ReadyMix 45 sec 62C - 45 sec 1 min 30 sec 40 1105
P13/P6 ?gf;‘t‘z}gf gﬁ ;. 61;(9311‘1‘;;‘ 45 sec S6C - 45 sec Imin30sec | 40 1482
P7/P14 é?;f:‘g::ﬁg’;‘;)m}‘ ReadyMix 45 sec 62C - 45 sec Imin30sec | 40 1462
P5/P14 (ngzga’ Cath RRO02M) 45 sec 55C - 45 sec 10 min 4 2836
P13/P8 (L;;g:ga, Cat RROO2M) 45 sec 55C - 45 sec 10 min 47 2871
PSPE | (et &l 630119 45 sec S7C - 45 sec Imin30sec | 40 woHB
PI3/P15 zgf;‘l‘;‘;}gf ((:}:i ;. 6};(9:?1’;? 45 sec S6C - 45 sec Imin30sec | 40 1273
P16/P14 fé’f;)f;‘f’é‘:fﬁ{m)ml‘ ReadyMix 45 sec 63C - 45 sec Imin30sec | 40 1211
Pll;/;l;IS ’(13?1; :;;?g: ;I\;]; 613()1-2;); PCR mix 15 sec 60C - 60 sec 20 sec 40 fluorescence

Table 7. Conditions for PCR reactions used in the Examples described above.
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Original Exemplary Conservative
Residue Substitutions Substitutions
Ala (A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gln; His; Asp, Lys; Arg Gln
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Glu (E) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
e () Leu; Val; Met; Ala; Phe; Norleucine Leu
Leu (L) Norleucine; Ile; Val; Met; Ala; Phe Ile
Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; Ile Leu
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Ala; Norleucine Leu

Table 8. Conservative substitutions.

Example 6: Cas9/CRISPR-mediated mutagenesis of Lrp5 exon 2 using different guide
RNAs.

To confirm that other sequence-specific endonucleases can be used with the methods
and compositions described herein, modified alleles of Lrp5 were produced using the
Cas9/CRISPR system. Hepal-6 murine hepatoma cells were cultured in RPMI supplemented
with 10% FBS, L-glutamine, and antibiotics. After trypsinization and pelleting, 10° cells were
electroporated with 2 pg per plasmid containing hCas9-encoding cDNA or 15 ug of mRNA
encoding Cas9 (FIG. 14, SEQ ID NO: 43) using AMAXA Nucleofector Kit V with AMAXA
Nucleofector program T-028 (Lonza) according to the manufacturer’s instruction and plated

into a 6 well plate. Nucleofection efficiencies reached 80-95% as assessed by GFP expression
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(PMAXGFP). Fresh media was exchanged at 24hrs post-nucleofection and purified genomic
DNA was harvested at 72 hr post-nucleofection using DNeasy Blood and Tissue kit (Qiagen).
HCas9 mRNA was transcribed in vitro with MMESSAGE MMachine T7 Ultra kit (Life
Technologies) following the manufacturer’s protocol, including a polyA tailing reaction.
mRNA was purified and concentrated using standard phenol:chloroform extraction and
precipitation of RNA.

Three unique guide RNAs (gRNAs) targeting mouse Lrp5 exon 2 were generated (FIG.
14A; Lrp5 gRNA T2, Lrp5 gRNA T5 and Lrp5 gRNA T7; SEQ ID NOS: 36-38).

NIH/3T3 cells or Hepal-6 cells were co-transfected with either DNA encoding zinc
finger pairs (pZFN1+pZFN2) or with Cas9 (+pRKS5-hCas9) together with a guide RNA
targeting Lrp5 exon 2 (p_gRNA T2, p gRNA TS or p_ gRNA T7) or a control plasmid
(PMAXGFP). gRNA T7 sequence overlaps with the 3’ end of the right ZFN protein binding
site sequence.

To detect mutations in the Lrp5 locus following co-transfection, indicative of Cas9-
mediated cleavage and subsequent repair, SURVEYOR Assays (Transgenomic) were
performed essentially according to the manufacturer’s instruction. In this assay, PCR products
are hybridized. In the event of mutations, the hybridization complex contains a mismatch
which is cleaved by the SURVEYOR nuclease. In this example, a ~2.7kb PCR product
specific for the Lrp5 exon2 genomic locus was amplified using primers P9 and P12 (SEQ ID
NOS: 9 and 12) using the following parameters and LA Taq (Takara): 95°C for 3min, 35 cycles
of 95°C for 45sec; 57°C for 45sec; 70°C for 2min30sec, followed by 72°C for 7Tmin. One-third
of the PCR product was used in the SURVEYOR Assay. Resulting digested products were
resolved by electrophoresis on a 1.5% agarose gel. Nuclease cutting was identified by the
presence of shorter fragments, which indicated the presence of mutant alleles that annealed
with wildtype.

All three guide RNAs (gRNAs) targeting mouse Lrp5 exon 2 efficiently mediated
Cas9-induced mutations (FIG. 8). The activity of each gRNA/Cas9 pairing appears to be folds
greater than ZFN mediated mutagenesis in these experiments. Mutation rates were calculated
from sequencing TOPO cloned alleles from a 2.7kb PCR product of the Lrp5 exon 2 genomic
locus. Alignments of individual sequences to wildtype determined exact deletion (quantified
above) or insertion sizes (data not shown). A 2.7kb genomic region was amplified by PCR
with primers P9 and P12 as described above. The PCR products were cloned directly using

TOPO-TA cloning (Invitrogen) to capture all possible deletion sizes. After transformation and
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plating for single colonies, clones were selected, plasmid DNA isolated, and sequenced
according to the Sanger method using primers P20 and P21. FIG. 9A-B illustrate a summary of
gRNA/Cas9 mutation rates (FIG. 9A) and deletion sizes (FIG. 9B) in Hepal-6 murine
hepatoma cells.

Example 7: Cas9/CRISPR mediated gene targeting using a codon-optimized

conditional knock-out donor vector.

Hepal-6 cells were co-transfected with Cas9 plasmid or mRNA, a gRNA and the Lrp5
CKO donor 1 comprising the codon-optimized exon sequence. For comparison, some cells
were co-transfected with LrpS ZFN plasmids and the donor plasmid (FIG. 10). After 72 hours,
genomic DNA from the transfected cells was analyzed by PCR with a primer specific to the
codon-optimized Lrp5 donor exon (P7; SEQ ID NO: 7), and a primer specific to a region
outside of the 3’ homology arm (P12; SEQ ID NO: 12). Primers P7 and P12 were used for the
PCR reaction with REDExtract-N-Amp PCR ReadyMix (Sigma) with the following
conditions: 95°C for 3 min, 38 cycles of 95°C for 45sec; 63°C for 45sec; 72°C for 1min30sec,
followed by 72°C for 7min. PCR products were resolved by electrophoresis on a 1% agarose
gel. As described above, the Lrp5 exon 2 donorl vector contains a codon optimized exon
(COexon2) harboring many neutral mutations, excluding from mutation the first 13bp and the
last 11bp, as well as exogenous flanking loxP sites. The PCR above uses a forward primer
specific for COexon2 sequence and a reverse primer outside of the homology arm in the
genomic locus, therefore producing a PCR product only if the donor exon sequence was
incorporated in the correct Lrp5 locus. The use of gRNA/Cas9 resulted in donor sequence
integration at the Lrp5 locus with great efficiency, exceeding that observed when using the
ZFN system and the same donor vector strategy (FIG. 10).

Example 8: Cas9/CRISPR mediated targeted introduction of loxP sites.

To determine if the donor design strategy and the Cas9/CRISPR system can be used to
introduce loxP sites at a genomic locus, genomic DNA from cells transfected as described in
Example 7 was analyzed by PCR analysis using one primer located outside the homology arms,
and one primer anchored at either the 5’ or 3’ loxP sites from the donor. For the 5’ genomic to
5’ loxP reaction, primers P9 and P10 (SEQ ID NOS: 9 and 10) were used with the standard
Expand High Fidelity PCR System (Roche) protocol except for an addition of DMSO to a final
concentration of 2%. PCR parameters were as follows: 95°C for 3min, 45 cycles of 95°C for
45sec; 63°C for 45sec; 72°C for Imin30sec, followed by 72°C for 7min. For the 3’ loxP to 3’

genomic reaction, primers P11 and P12 were used following the standard REDExtract-N-Amp
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PCR ReadyMix (Sigma) protocol. PCR parameters were as follows: 95°C for 3min, 40 cycles
of 95°C for 45sec; 62.5°C for 45sec; 72°C for 1min30sec, followed by 72°C for‘ 7min. PCR
products were resolved by electrophoresis on 1% agarose gels. PCR products were obtained
for the 3’ 1oxP site from samples isolated from cells that were transfected with either of the two
different LrpS gRNAs and the CKO donor (FIG. 11; p_ gRNA T2). Similarly, PCR products
were obtained from samples isolated from cells that were transfected with gRNA T7 for the 5
loxP site (FIG. 11). Thus, FIG. 11 shows that in Hepal-6 cells, Lrp5 gRNA T2/Cas9 and Lrp5
gRNA T7/Cas9 mediated double-strand breaks resulted in introduction of loxP sites at the Lip5
locus using the codon optimized exon donor vector strategy. Only cells electroporated with
Cas9, gRNA, and donor exhibit evidence of 5° (FIG. 11, top) and 3’ (FIG. 11, bottom) loxP
sites in the Lrp5 genomic locus. gRNA T7 resulted in more prominent 5’1oxP presence
whereas integrated loxP sites were not detectable with ZFNs. The absence of detectable loxP
sites in the ZFN samples and low levels in the gRNA samples in these experiments using
Hepal-6 cells might be explained by both low homologous recombination rates in cell lines
and the fact that the full cell pool transfected, not clonal subsets, were analyzed. A single
mouse genomic DNA sample with an Lrp5 CKO/wt genotype was used as a positive control.
These results show that the CKO design strategy can be used in somatic cells and that it
effectively reduces the frequency of undesirable cross-over events between the double strand
break and the location of both the 5’ and 3’ loxP sites. In summary, targeting of specific
genomic loci by introducing RNA-guided nuclease-mediated DNA breaks that are
subsequently repaired using an engineered codon-optimized CKO donor sequence can be used
to insert loxP sites and thereby produce conditional knock-out alleles.

Example 9: Targeting of Uspl0, Nnmt, and Notch3 genomic loci.

To confirm that other genes can be targeted with the inventive methods, donor and
gRNAs for the Uspl0, Nnmt, and Notch3 genomic loci were generated. These Cas9/gRNAs
and donors were introduced into Hepal-6 cells as described in Example 6 and as depicted in
FIG. 12 to introduce DNA double-strand breaks at the respective loci and subsequent repair
using the codon-optimized donor as a template. A SURVEYOR Assays were performed
essentially as described above. PCR products 2.2 - 2.7kb in size, specific for Lrp5, Usp10, and
Notch3 genomic loci were amplified using primers P9, P12, P22, P23, P24, P25 (SEQ ID NOS:
9,12, 22, 23, 24 and 25, respectively) and the following parameters with LA Taq (Takara):
95°C for 3min, 35 cycles of 95°C for 45sec; Ta for 45sec (Lrp5=57C, Usp10 & Notch3 = 63),
70°C for 2min30sec, followed by 72°C for 7min. One-seventh, 1/3, and all of the PCR
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products were used, respectively, in the SURVEYOR Assay as following the manufacturer’s
instruction (Transgenomic). Resulting digested products representing nuclease cutting where
strands of wildtype and mutant alleles have annealed, were resolved by electrophoresis on a
1.5% agarose gel

FIG. 12 and FIG. 13 show that as observed with the L#p5 locus, Usp10, Nnmt, and
Notch3 genomic loci were efficiently targeted by specific gRNA/Cas9 complexes (FIG. 12) and
that loxP sites were integrated (FIG. 13).

Example 10: Generation of conditional knock-out and knock out alleles of L#p3 using

RNA-guided sequence-specific endonucleases and codon-optimized donor.

The Lrp5 locus can be targeted with the Lrp5-specific gRNAs described herein to
introduce a floxed codon-optimized exon thereby creating conditional knock-out alleles.
Subsequent expression of the Cre recombinase protein in cells harboring the conditional knock

out allele can excise the floxed exon resulting in a knock-out allele.

o  AGGAAAGCTAGCTTTCCAGGAGTA (0 00 0
TG (SEQ ID NO: 20) q §IP- 8

GGA AGT CAAATCCTCCTGGTT ACG A

21 (SHO D NO: 21) Sequencing Lrp5 genomic PCR
29 I(\}I((;Cz(;';c CAG ATT ATG CACAC (SEQID Amplify Usp10 locus

23 I(\}IléTzfgz;\T CAT GGAATCTAATC (SEQID  p 1oy Usp10 focus

24 TCT TTG CCT GAC CTG GCT ATG AG Amplify Notch3 locus

(SEQ ID NO: 24)

CAATCT TTC TAA CGC TCA ACT CAG . .
25 AGT C (SEQ ID NO: 25) Amplify Notch3 locus/Detect 3'loxP

CAT TGG GCT GGT ACACGG A(SEQID
NO: 26)

GAG CTG AAG TTA TAG ATA ACT TCG .
27 TAT AGC (SEQ ID NO: 27) Detect Nnmt 5'loxP
GGG AAC CCT ATA ACT TCG TAT AAT G

28 (SEQ ID NO: 28) Detect Notch3 3'loxP

26 Detect Nnmt 5'loxP

Table 9. Primer nucleotide sequences.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, the descriptions and
examples should not be construed as limiting the scope of the invention. The disclosures of all
patent and scientific literature cited herein are expressly incorporated in their entirety by

reference.
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WHAT IS CLAIMED IS:

1.

10.

11

12.

13.

A method of generating a conditional knock-out allele in a cell comprising a target
gene, the method comprising the steps of:
~ a. introducing into the cell a donor construct, wherein the donor construct
comprises a 5° homology region, a 5’ recombinase recognition site, a donor
sequence, a 3’ recombinase recognition site, and a 3’ homology region, wherein
the donor sequence comprises a target sequence having at least one neutral
mutation; and
b. introducing into the cell a sequence-specific nuclease that cleaves a sequence

within the target gene, thereby producing a conditional knock-out allele in the
cell.

The method of claim 1, wherein the sequence-specific nuclease is a zinc finger nuclease

(ZFN).

The method of claim 1, wherein the sequence-specific nuclease is a transcription

activator-like effector nuclease (TALEN).

The method of claim 1, wherein the sequence-specific nuclease is a ZFN dimer that

cleaves the target gene only once.

The method of claim 1, wherein the sequence-specific nuclease is an RNA-guided

nuclease.

The method of claim 5, wherein the RNA-guided nuclease is Cas9.

The method of claim 1, wherein the sequence-specific nuclease is introduced as a

protein, mRNA, or cDNA.

The method of claim 1, wherein the recombinase recognition site is a JoxP site, an fit

site, or a rox site.

The method of claim 1, wherein the donor sequence comprises seven silent mutations.

The method of claim 1, wherein sequence homology between the donor sequence and

the target sequence is 98% or less.

. The method of claim 10, wherein sequence homology between the donor sequence and

the target sequence is 78%.

The method of claim 1, wherein the donor construct comprises the sequence of SEQ ID
NO: 30, 31, 44, 45, or 46.

The method of claim 1, wherein the 5' homology region comprises at least 1.1 kb and

wherein the 3° homology region comprises at least 1 kb.
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14. The method of claim 1, wherein the target gene is selected from the group consisting of

Lrp5, Uspl0, Nnmt, and Notch3.

15. The method of claim 1, wherein the cell was isolated from a mammal.

16. The method of claim 15, wherein the mammal is selected from the group consisting of

mouse, rat, rabbit, hamster, guinea pig, cat, dog, sheep, horse, cow, monkey, and

human.

17. The method of claim 1, wherein the cell is a zygote or a pluripotent stem cell.

18. A method of generating a conditional knock-out animal, the method comprising the

steps of’

a.

introducing a donor construct into a cell comprising a target gene, wherein the
donor construct comprises a 5* homology region, a 5’ recombinase recognition
site, a donor sequence, a 3’ recombinase recognition site, and a 3> homology
region, wherein the donor sequence comprises a target sequence having at least
one neutral mutation;

introducing a sequence-specific nuclease into the cell, wherein the nuclease
cleaves the target gene; and

introducing the cell into a carrier animal to produce the conditional knock-out

animal from the cell.

19. The method of claim 18, wherein the cell is a zygote or a pluripotent stem cell.

20. A method of generating a knock-out animal, the method comprising the steps of:

a.

introducing a donor construct into a cell comprising a target gene, wherein the
donor construct comprises a 5” homology region, a 5’ recombinase recognition
site, a donor sequence, a 3’ recombinase recognition site, and a 3° homology
region, wherein the donor sequence comprises a target sequence having at least
one neutral mutation;

introducing a sequence-specific nuclease into the cell, wherein the nuclease
cleaves the target gene;

introducing the cell into a carrier animal to produce a transgenic animal from
the transfected cell; and

breeding the conditional knock-out animal with a transgenic animal having a
transgene encoding a recombinase protein that catalyzes recombination at the 5’

and 3’ recombinase recognition site.

21. The method of claim 20, wherein the cell is a zygote or a pluripotent stem cell.
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22.

23.

24.

25.

26.

27.

28.
29.
30.

The method of claim 20, wherein the recombinase recognition site is a JoxP site and
wherein the recombinase is Cre recombinase.

The method of claim 20, wherein the recombinase recognition site is an frt site and
wherein the recombinase is FLP recombinase.

The method of claim 20, wherein the recombinase recognition site is a rox site and
wherein the recombinase is Dre recombinase.

The method of claim 20, wherein the transgene encoding the recombinase is under the
control of a tissue-specific promoter or an inducible promoter.

A composition for generating a conditional knock-out allele of a target gene
comprising:

a. a donor construct comprising a 5> homology region, a 5’ recombinase
recognition site, a donor sequence, a 3’ recombinase recognition site, and a 3’
homology region, wherein the donor sequence comprises a target sequence
having at least one neutral mutation compared to the sequence of the target
gene; and

b. a sequence-specific nuclease that recognizes the target gene.

The composition of claim 26, wherein the sequence-specific nuclease is selected from
the group consisting of ZFN, TALEN, and RNA-guided nuclease.

A donor construct comprising the sequence of SEQ ID NO: 30, 31, 44, 45, or 46.

A cell comprising the donor construct of claim 28.

A non-human conditional knock-out animal prepared according to the method of claim

18.
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aatgecagetggcacgacaggttteccgactyggaaagegyggeagtgagegeaacgcaattaatgt
gagttagcteoactcattaggecaccccaggetttacactttatgettecggetegtatgttgtgt
ggaattgtgageggataacaatttcacacaggaaacagetatygaccatgattacgecaagetee
ttcctettecagececttectetitecactgactgactgactggaagacacacctgeggeogoegea
agetgggeceatggggcettaaccectaacatcactottggtgtgactiggcacaagtgtatgett
ctttatgaaggctgecagetetgggectggagaatgtataccaggacccectagtetaccaggggce
tgtgcatttgagaggcatgggteacetggtaggggaggaaceegtaggaccageetoctgacty
aggotggeactgtgtgtttctacectgggaacttitgeatgggttttaatgaggectecectaac
cactgtatgtagtgtgeagecttotectgttctgtteccactectgtectgtecctgactetygg
ceccattecacagecattaacctgacagatgtecactacctgettttggtetttgececggtgtetgtt
tetecactyggaacgggaaccttggaggeocetggtacaageageccetgettgeecagectatga
aggcatcttggttitgecactgtggetetttttetttcacteecagaactitetttttctecte
ctgagetttcetttgeagettctgecettgaaaaggagaggctggtyggagecttggggtgatac
agtgtotgtgttgtctaggattecceccaggegggggaggagaggagaageagectgececaggtyg
agggtggggagecaceccacattetyggectgecteactgtgyggtocetgggygecactgecaggec
tettagaaggaaagetagettteocaggagtatygctgtgggtteoccttaaaacttagyggattaa
gtgtgtggtttetttacttticagagetgggageactgececaceateteacagtgagyggttgy
agaaaaaaaaagtectaggttacaaatccacccececcagectecctgtecectgeccectgoceccte
cecteceatgtgecttigaagageacacctgaactactgaaageaagttgaggtgaggaagtyyg
tetttecagtttggggagcagtagagecagagettggggatttggggagecttectgeetetet
atactggectatecactaagggagectittgggecaactyggaaggaaggagtettgggagcagggge
coggggtagataacttegtataatgtatgetatacgaagttateegtgeatgattctetticee
tgggagetggttectgtecectgettagecatectgaceetgtgetetgeccacagectcacaget
cctoctetttgetaacegeogagatgttegactegtagacgetggeggegtgaagotggagagt
acaatcgtigetagtggactggaggatgetgeegetgtegacttocagttoteaaagggageay
tttattggaccgacgtgagegaagaggcaataaaacagacataccttaaccagactggagetygc
cgeecagaatategtaatetetggettggtgagecctgatggactegettgtgattgggtegga
aaaaagetttattggactgatagtgasacgaateggatagaagtagegaaccttaacggtacat
caagaaaggtcectgttttggeaggatettgaccagectagageaatogeoctegaceoctgeaca
tgggtaaacctetgttttictoctgotectatggggaggegeggggaacaggatttettetgta
gagtataacttegtataatgtatgotatacgaagttatacctgaggeaggetgatgaggtgect
tgggaageageccttgetgggaatcacoteccttcoagatectgaactgtaaaacatggeatgt
ttagecagggatyggtggtteacacctacaatectageattetggaggetgaggecaggagtgtty
ccacaagtitccaggecaacctgagetataaagacecgtecttaaaaatatacaggaactggggaga
tgectecattggtgatgtacttacctegtaaccaggaggatttgacttecateoatgaagaaag
ttaggtgoggggegtcacatgtetataateccaggaccgtggagttagagacacagggatetgt
gaggcettgetggetgectgeagteaaattgoocageccetggteccagtgagagacaaggtgtt
ttaaggtatttatattgecgtcttaaaaactecatgaccaagaacagcttggggatgaatcagt
cagtatacttgatcagacaatactcaagtcatgeceecacctetgagtaaagtcagggeaggace
tcaaggcaggaacccagagtcaagaactaaactgettagtggtttgetectecattggtigttca
gattgctoetettgtageaccecaggaccatcageccaggeactgaactgeccacagtgacctgta
cocteoccecaccaatecatcageocaaggaaatgetteccaggettagaggecaatgecaaactgac
tgtagettagetgageaggacgttgtgtoteaatecaaacacacaaacaagggeagatgaggaty
atgettgggtittgaagettageatocttetgeactaggacaggtgacccaggtaagttcaggga
ccteccaceecttetgtgactgttyggetgtyggtggetetgtgtetggatgtagecacctactetyg
tgtattctggaagttacctatattggtgecagtcaacteactetgaccetggaaagegoaggaca
gecatgaaggocacgeggecgecacqacagtaetteactgactgactgactggaaagtectetaca
ctgactgtagectecaattcactggeegtegtittacaacgtegtygactgggaaaacectyggey
ttacccaacttaategecttgecageacateoceoctttegecagetggegtaatagogaagagyge
cogecacegategeocctioccaacagttgegecagectgaatggegaatggegeetgatgoggtat
tttetecttacgeatetgtgeggtatitcacaccgeatacgteaaageaaccatagtacgogee
ctgtageggegeattaagegeggagggtgtggtggttacgegeagegtgacogetacacttgeo
agegeectagegeecogetectttogetttottecottectttotegecacgtegeecggetttc
cocegteaageotctaaataegggggetocetttagggticogatttagtgetttacggeacetoga
coccaaaaaacttgatttgggtgatggttcacgtagtgggecatage
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cetgatagacggtttticgecetttgacgttggagtecacgttetttaatagtggactettgtt
ccaaactggaacaacactcaaccctatcteogggetattettttgatttataagggattttgecy
attteggectattggttaaaaaatgagectgatttaacaansaatttaacgcgaattttaacaaaa
tattaacgtttacaattttatggtgcactectcagtacaatectgetetgatgeocgecatagttaag
ceageeecgacaceagecaacaceegetgacgegecctgacgyggettgteotgeteceggecaten
geottacagacaagetgtgaccgtetecgggagetgecatgtgtcagaggttttecacegtecateac
cgaaacgegegagacgaaagggectegtgatacgectatttttataggttaatgtecatygataat
aatggtttottagacgtcaggtggcactttioggggaaatgtgegeggaaccectatttgttta
tttttctaaatacatteaaatatgtatecgetecatgagacaataaccectgataaatgetteaat
aatattgaaaaaggaagagtatgagtatitcaacatttececgtgtegecettatteocettttttge
ggcattttgecttoctgtttttgetcacecagaaacygctgygtgaaagtaaaagatgotgaagat
cagttgggtgecacgagtgggttacatcegaactyggatotecaacageggtaagatectitgagagtt
ttegececocgaagaacgttttcoccaatgatgageacttttaaagttetgetatgtggegeggtatt
atecccogtattgacgecgggcaagagoaacteggtegecgecatacactatteotecagaatgactty
gttgagtactecaccagtcacagaaaageatettacggatggeatgacagtaagagaattatgea
gtgctgecataaccatgagtgataacactgeggecaacttacttotgacaacgateggaggacc
gaaggagetaacegetttittgeacaacatgggggatcatgtaactegecttgategttgggaa
coggagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgtagecaatggeaa
caacgttgegeaaactattaactggeogaactacttactetagetteceggeaacaattaataga
ctggatggaggeggataaagttgeaggaccacttetgegoteggeectteeggetggetggtit
attgetgataaatctggagecggtgagegtgggtctogeggtatecattgeageactggggecayg
atggtaageocteocgtategtagttatetacacgacggggagtcaggeaactatggatgaacy
aaatagacagatogetgagataggtgectecactgattaageattggtaactgteagaceaagtt
tactcatatatacttitagattgatttaaaacttcatttittaatttaaaaggatctaggtgaaga
tectttttgataatoteatgaccaaaateccttaacgtgagttttoegticcactgagegteaga
coccgtagaaaagatcaaaggatettettgagatecttttittetgegegtaatotgotgettyg
caaacaaraaaaccacaegetaceageggtggtittgtitgecggatcaagagectaccaactetit
ttecgaaggtaactggecttcageagagegcagataccaaatactgtectictagtgtageocgta
gttaggecaccacttcaaqgaactectgtagecacegectacatacctegetetgetaateotgtta
ccagtggetgetgocagtggegataagtegtgtottaccgggttggactecaagacgatagttac
cggataaggcgeageggtegggetgaacggggggttogtgeacacagececagettggagegaac
gacctacaccgaactgagatacctacagegtgagetatgagaaagegecacgottooccgaaggg
agaaaggeggacaggtatecggtaageggeagggteggaacaggagagegeacgagggagette
cagggggaaacgectggtatetttatagtoctgtegggtittegecacctetgacttgagegtey
atttttgtgatgetegtecaggyggggcggagectatggaaaaacgoecagoaacgeggeettttta
cggttectggectittgetgygectttigoteacatgticetiteotgegttateceotgattetyg
tggataaccgtattacegectttgagtgagetgatacegetegeegeageogaacgaceqgagey
cagcgagtcagtgagcgaggaagceggaagagegoccaatacgecaaaccgectetececogegegt
tggeagattcatt
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ttteecgactggaaagegyggecagtgagegeaacgcaattaatgtgagttagetcactecattagg
caccecaggetttacactttatgettecggeotegtatgttgtgtggaattgtgageggataaca
atttcacacaggaaacagctatgaccatgattacgeccaagetecttectettecagecettect
cttteccagtcagtcagtecagtggagactgtegtgeggecgegtggecttcatggetgtectgeg
ctttecagyggtecagagtgagttgactgeaccaatataggtaactteccagaatacacagagtagy
tgctacatcragacacagageocaccacagocaacagtcacagaaggggtgggaggtecctgaac
ttacctgggteacctgtectagtgecagaaggatgetaagetteaaacecaageateatecteat
ctgcecettgtttgtgtgtitgattgagacacaacgtectgectcagetaagetacagtecagtityg
cattggectectaagectgggaageatttecttggetgatgattggtggygggagggtacaggtcea
ctgtgggcagttcagtgectgggetgatggtectgggtygctacaagagagecaatetgaacaacce
aatggagagcaaaccactaageagtttagticttgactetygggttectgecttgaggtectgee
ctgactttacteagaggtggggecatgacttgagtattgtetgatcaagtatactgactgattca
teeccaagetgticttggteatggagtttttaagacggeaatataaatacecttaaaacacettyg
tetetecactgggaccaggggetygggeaatttgactgecaggeagecagecaageetcacagatooe
tgtgtetctaactecacggtectgggattatagacatgtgacgeccegeacctaactttottea
tggatggaagtcaaatcctectggttacgaggtaagtacatcaccaatggaggecatctecceag
ttectgtatatttttaagacggtetttatagetecaggttggectyggaacttgtggecaacactae
tgccteagectecagaatygctaggattgtaggtgtgaaccaccatececctggeotaaacatgecat
gttttacagttcaggatctggaagggaggtgatteccagecaagggetgetitcacaaggeacete
atcagectgectecaggtataacttegtatageatacattatacgaagttatactetacagaaga
aatcetgtitcceegegecteeccataggageaggagasaaacagaggtttacecatgtgcagga
tecagggcaatggeccttggetyggtocaggteetgecagaagagaacettacgggacgteccat
tgaggttggcaaccteaatgeggttggteteggagtecgtecagtacagettattgecaaceea
gtcacaggecaggcecatecaggtgacacgaggaecegagatgacaatgttotgtgcagecageteca
gtetggtteaggtaggtetgtttgatggectectegetcacgteggtecaataaacggetecet
ttgagaactggaagtctacageagetgcatectocaggecactyggecacaatggtggactocay
cticacteegecggeatecactagecgeacateceggeggttggcaaacaacaggageyggtgayg
gectgtgggeagagecacagggtecaggatggetaageaggacaggaaccagetoocagggaaagag
aatcatgcacggataacttegtatageatacattatacgaagttatectacecegggecectget
cocaagactocttoctteocagttgeccaaaggeteecttagtgataggecagtatagagaggea
ggaaggetececaaatececaagetetggetotactgetococaaactggaaagaccacticet
cacctcaacttgetttcagtagttcaggtgtgeotettcaaaggracatgggaggggagggggea
ggggeagggacagggaggetgggggtggatttgtaacctaggacttttttttitctecaacecte
actgggagatggtggggeagtgeteccagetotgaaaagtaaagaaaccacacacttaatoocct
aagttttaaggggaacccacageatactectggaaagetagetttectictaagaggeetggea
gtggccccagggacccacagtgaggcaggecagaatgtgggtggetecccacectecacctgggg
caggetgettoetectetectececoegectggggaatectagacaacacagacactgtatcacee
caaggotcecaccagectotecttticaagggecagaagetgcaaaggaaagotcaggaggagaaa
aagaaagttetgggagtgasagaaaaagagecacagtggcaaaaccaagatgecttecatagget
ggcaagceaggggetgottgtacecaggggectocaaggttoccegttecagtggagaaacagacas
cgggeaaagaccasaageaggtagtgacataetgtcaggttaatgetgtgaatgggecagagtea
gggacaggacaggagtgggaacagaacaggagaaggctgcacactacatacagtggttagggga
ggcctcattaaaaccecatgecaaagtteccagggtagaaacacacagtgecagectcagtecagga
ggctggtoctacgggttectoecctaccaggtgacccatgectectcaaatgoacageococtggt
agactaggggtectggtatacattetecaggeccagagetgecagectteataaagaageataca
cttgtgccaagtcacaccaagagtgatgttaggggttaagecccatggcccagettgogeggeo
geaggtgtgtettecagteagteagteagtgaaagtectetecactgactgtagectecaatte
actggcecegtegttttacaacgtegtgactgggaaaaccetyggegttacccaacttaategeott
geageacatcecectttegecagetggegtaatagegaagaggeccgeacegategecetteac
aacagttgcegcagectgaatggegaatggogectgatgeoggtattttotecttacgcatetgtyg
cggtatitcacaccgeatacgteaaageaaccatagtacgegeecctgtageggegecattaageg
cggcgggtgtggtggttacgegeagegtgacogctacacttgecagegeeetagegeeaogeteo
tttcgetticetteccttectitetegaecacgticgeeggettteccegtcaagetectaaateygy
gggctoccotttagggticegatttagtgetttacggeacctogacceccaaaaaacttgatttygy
gtgatggttecacgtagt
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gggccategeectgatagacyggtttttegeectttgacgttggagtecacgttetttaatagty
gactcttgttccaaactggaacaacactcaacccetatectegggetattettttgatttataagy
gattttgcegattteggectattggttaaaanatgagetgatttaacaaaaatttaacgegaat
tttaacaaaatattaacgtttacaattttatggtgcactctcagtacaatctgetctgatgecg
catagttaagecageecacgacacoegecaacaceegetgqaegegecctgacgggettgteotget
coccggeatecogettacagacaagetgtgaccgteteegggagetgeatgtgtecagaggttttea
cegtecatcacegaaacygogegagacgasagggectegtgatacgectatttttataggttaatg
tcatgataataatggtitettagacgtcaggtggecacttttecggggaaatgtgegeggaaceee
tatttgtittatttttctaaatacattcaaatatgtatecgetecatgagacaataacectgataa
atgcttcaataatattgaaaaaggaagagtatgagtattcaacatttecgtgtegeccttattce
ccttttthgeggeattitgeottectgtttttgetecaceccagaaacgectggtgaaagtaaaaga
tgctgaagatcagttgggigcacgagtgggttacategaactggatcectcaacageggtaagate
ctitgagagttttegeceogaagaacgttttocaatgatgageacttttasagttetgetatgty
gegeggtattatecegtattgacgeocgggeaagagcaacteggtegeegeatacactattetea
gaatgacttggttgagtactcaccagteacagaaaageatettacgygatggcatgacagtaaga
gaattatgcagtgetgecataaccatgagtgataacactgeggecaacttacttetgacaacga
toggaggaccgaaggagetaacegetitttigeacaacatgggggatcatgtaactegecttga
togttgggaaccggagetgaatgaagccataccaaacgacgagegtgacaccacgatgectgta
geaatggecaacaacgtigegeaaactattaactggegaactacttactetagetteceggeaac
aattaatagactggatggaggcggataasagttgcaggaccacttetgegeteggeocttaocyge
tggctggtttattgetgataaatetggageaeggtgagegtgggtetaegeggtatecattgecagea
ctggggecagatggtaageccteecegtategtagttatectacacgacggggagtcaggecaacta
tggatgaacganatagacagategetgagataggtgectecactgattaageattggtaactgte
agaccaagtttactcatatatactttagattgatttaaaacttecatttttaatttaaaaggatc
taggtgaagateotttttgataateteatgaccaaaateoettaacgtgagttttegticeact
gagcegtcagacceocgtagaaaagatcaaaggatottettgagateotttttttetgegegtaat
ctgectgettgeaaacaaaaaaaccacegetaccagegygtggtttgtttgecggatcaagageta
ccaactettitteocgaaggtaactggettcagecagagegeagataccaaatactgteoettetag
tgtageegtagttaggecaccactteaagaactetgtagecacegectacatacctegetetget
aatcctgttaccagtggotgetgecagtggegataagtegtgtettacegggttggactcaaga
cgatagttacceggataaggegeageggtegygetgaacggggagttogtgeacacageccaget
tggagegaacgacctacacogaactgagatacctacagegtgagetatgagaaagegecacget
tecegaagggagasaggeggacaggtatecggtaageggcagyggteggaacaggagagageacy
agyggagettecaggyggaaacgeotggtatetttatagtectgtegggtttegecacctetgac
ttgagegtegatttttgtgatgetegtecagggygggeggagectatggaaaaacgecageaacge
ggeotttttacggttectggeettttgotyggectitigotcacatgttettteetgegttateo
cekgattetgtggataacegtattacegecttigagtgagetgatacegetegocgeagocgaa
cgaccgagegeagogagtecagtgagoegaggaagogygaagagogeccaatacgeaaacegectoet
cecegegegtitggeegattecattaatgeagetggeacgacagy
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ttteccgactggaaageygggcagtgagegeaacgeaattaatgtgagttageteacteattagg
cacccecaggetttacactttatgeoticoggetegtatgttgtgtggaattgtgageggataaca
atttcacacaggaaacagetatgaccatgattacgecaageteectitcctettecageectteet
ctttecagtcagtecagtecagtyggagactgtegtgeggeegegtggecttcatggetgtectgeg
cttteecagggtcagagtgagtigactgeaccaatataggtaacttecagaatacacagagtagqy
tgotacatecagacacagagecaccacagecaacagtcacagaaggggtgggaggtecctgaac
ttacctgggtecacotgtectagtgeagaaggatgetaagettcaaacccaagecateateecteat
ctgeccoctbgtitgtgtgttitgatitgagacacaacgtectgetcagetaagetacagtcagttig
cattggectetaagectgggaageatttocttggoetgatgattggtgggggagygtacaggtea
ctgtgggcagttcagtgectygggetgatggtectgggtgetacaagagageaatotgaacaace
aatggagageaaaccactaageagtttagttettgactetgyggttectgecttgaggtectgee
ctgactttactcagaggtggggcatgacttgagtattgtetgatcaagtatactgactgattca
tececaagetgttettggtcatggagtitttaagacggeaatataaatacecttasaacacetty
tctectecactgggaccaggggetgggeaatttgactgcaggecagecagecaagoctcacagateoe
tgtgtctetaactecacggtectgggattatagacatgtgacgececgecacctaactttettca
tggatggaagtcaaatectectggttacgaggtaagtacatcaccaatggaggecatcteeccag
tteotgtatatttttaagacggtetttatageteaggttggectggaacttgtggeaacactee
tgocteagecteccagaatgetaggattgtaggtgtgaaccacecatecctggetaaacatgeecat
gttttacagttcaggatetggaagggaggtgattcecageaagggetgetteccaaggecacete
atcagecctgectecaggtataactteogtatagecatacattatacgaagttatactcectacagaaga
aatcctgtteccegegectececataggagecaggagaaaaacagaggtttaceeatgtgeagga
tecagggcaatggecctitggetggtecaggteetgecagaagagaacettacgggacgtoecat
tgaggttggeaaccteaatgeggttggtoteggagtecgtecagtacagettettygecaaccea
gtcacaggecaggecatcaggtgacacgaggoeocgagatgacaatgttotgtgecagecageteca
gtectyggttcaggtaggtetgtttgatggectectoegetcacatetgtecagtacacageacect
tggagaactggaagtctacageagetgeatoctecaggocactyggecacaatyggtggacteeag
ctteactecgeeggeatecactagecgeacateceggeggttggcaaacaacaggageggtygay
getgtgggeagageacagggtcaggatggetaagcaggacaggaaccagectoccagggaaagag
aatcatgcacggataacttaegtatagecatacattatacgaagttatctacceegggeccetyget
cocaagactecttecttecagttgeccaaaggetococcttagtgataggecagtatagagaggea
ggaaggctcecocecaaatececaagetetggetetactgetececasactggaaagaccactteet
cacctcaacttgettteagtagttecaggtgtgetettcaaaggeacatgggaggggaggggygca
gygggcagggacagggaggctgggggtggattigtaacctaggactitttttitetecaacecte
actgggagatggtgygggcagtgoteccagetectgaaaagtaaagaaaccacacacttaatceect
aagttttaaggggaaccecacageatactoctggaaagetagettteottetaagaggectggea
gtggoccecagggacecacagtgaggeaggecagaatgtgggtggetececacectecacectgyygy
caggetgettetectetectecceegectggggaatectagacaacacagacactgtatcacee
caaggcteccaccagecteteettticaagggecagaagetgecasaggaaagetcaggaggagaaa
aagaaagttctgggagtgaaagaaaaagagecacagtggeaaaaccaagatygeottecatagget
ggcaagcaggggctgettgtaccaggygocteccaaggttcocgttecagtggagaaacagacac
cgggcaaagaccaaaageaggtagtgacatctgtcaggttaatgetgtgaatgggecagagtea
dgggacaggacaggagtgggaacagaacaggagaaggctgecacactacatacagtggttagggga
ggcetcattaaaacecatgeaaagticecagyggtagaaacacacagtgecageoteagteagga
ggctggtectacgggttoctocectaccaggtgacecatgaoctetcaaatgecacageceetggt
agactaggggtectggtatacattetocaggeccagagetgeagecttecataaagaageataca
cttgtgocaagtecacaccaagagtgatgttaggggttaagecccatggeccagettgegeggeo
geaggtgtgtettecagtecagtcagtecagtgaaagtactetecactgactgtagectacaatte
actggeegtegttttacaacgtegtgactgggaaaaccetggegttacccaactitaateogectt
geageacatecocectttegecagoetyggegtaatagegaagaggoecageacegategeecttece
aacagttgegeageotgaatggegaatggegectgatgeggtattttetecttacgecatetgty
cggtatttcacaccegeatacgtcaaageaaccatagtacgegecctgtageggegeattaagey
cggegggtgtggtggttacgogcagegtgacegetacacttgecagegooctagegecegatec
tttegetttetteecttecttictegecacgttegecggettteccegteaagetetaaategy
gggctecctttagggticegatttagtgetttacggeacctegaccoccaaaaaacttgattigy
gtgatggttcacgtagt
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gggecategecotgatagacggtttttegecetttgacgttggagtecacgttetttaatagty
gactcttgticcaaactggaacaacactcaaccctatetegggetattettttgatttataagg
gattttgecgattteggectattggttaasaaaatgagotgatttaacaaaaatttaacgegaat
tttaacaaaatattascgtttacaattttatggtgecactctcagtacaatectgectcectgatgeeyg
catagttaagcecagececegacaccegecaacaceegctgacgegecectgacgggettgtetget
ceoggeatecgettacagacaagetgtgacegteteocgggagetgeatgtgtcagaggtttica
coegtecatecacegaaacgagegagacgaaagggectegtgatacgectatttttataggttaaty
tcatgataataatggiticecttagacgtcaggtggcacttttecggggaaatgtgogeggaacceo
tatttgttitatitttcetaaatacaticaaatatgtatecgetecatgagacaataacectgataa
atgcttcaataatattgaaaaaggaagagtatgagtattcaacatttecegtgtegececttatte
cetttittgegygeatittgecttectgttitigetecacceagaaacgetggtgaaagtaaaaga
tgetgaagatcagttgggtgecacgagtgggttacatcgaactggatctcaacageggtaagatce
cttgagagttttcgececgaagaacgtttitccaatgatgageacttttaaagtictgetatgty
gegeggtattatecogtattgacgeeogyggeaagagecaacteggtegecgeatacactattoetea
gaatgacttggttgagtactcaceagtecacagaaaagcatcttacggatggeatgacagtaaga
gaattatgecagtgetgceccataaccatgagtgataacactgeggecaacttacttetgacaacyga
teggaggaccegaaggagetaacegettititgeacaacatgggggatcatgtaactegecttga
tegttgggaaccggagetgaatgaagoecataccaasacgacgagegtgacaccacgatgectgta
geaatyggeaacaacgttgegecaaactattaactggegaactacttactctagetteeeggeaac
aattaatagactggatggaggceggataaagttgecaggaccacttetgegeteggecocttecgge
tggetggtttattgctgataaatoetyggageoggtgagegtygggtetegeggtatcattgeagea
ctggggeocagatggtaageccteccgtategtagttatetacacgacggggagtcaggecaacta
tggatgaacgaaatagacagatcgetgagataggtgecteactgattaageattggtaactgte
agaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttasaaggate
taggtgaagatectttttgataatetecatgaccaaaateccttaacgtgagttttegttccact
gagegteagaccececgtagaaaagatcaaaggatcttecttgagatectttttttectgegeogtaat
ctgetgettgcanacaaaaaaaceacegetaccageggtggtttgtttgecggatecaagagota
ccaactetttttecgaaggtaactggettcageagagegeagataccaaatactgtecttctag
tgtagecgtagttaggccacecactteaagaactetgtageaccgectacatacetegetetget
aatecctgttaccagtggetgetgecagtggogataagtogtgtettacegggtiggactecaaga
cgatagttaccggataaggegeageggtegggetgaacggggggttegtgeacacagececaget
tggagegaacgacctacacegaactgagatacctacagegtgagotatgagaaagegecacget
tecegaagggagaaaqggeggacagygtateceggtaageggeagggteggaacaggagagegeacy
agggagottecagggyggaaacgoectggtateotttatagtectgtegggtttegecacetetgac
ttgagegtcgattitigtgatgectogteaggggyggeggagectatggaaaaacgooageaasge
ggccetttttacggttectggeoottttgetyggectittgetoacatgttotticctgogttatee
cetgattetgtggataacegtattacegectttgagtgagetgatacogetogecgecageegaa
cgaccgagcecgeagegagtecagtgagegaggaagaeggaagagegeecaatacgeaaacegectot
cocegagegttggocgatteattaatgeagetggecacgacagy
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1561723

CRISPR vs. ZFNs: Hepat1-6 Mouse Cells

MMM

Number of Alleles
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Lrp5 gRNA T2
ggtgeggctagtggatgeegggttttagagetagaaatagecaagttaaaataaggctagteegt
tatcaacttgaaaaagtggcaccgagteggtgettttttt

Lrp5 gRNA T5
ggagtceccaccattgtggecaggttttagagotagaaatagecaagttaaaataagygctagtecygt
tatcaacttgaaaaagtggcaccgagteggtgottttttt

Lrp5 gRNA T7
ggtactggacagatgtgageggttttagageotagaaatagcaagttaaaataaggctagteegt
tatcaacttgaaaaagtggeaccgagteggtgettttttt

Uspll gRNA T1
getgaagatgaactgocagagttttagagetagaaatagcaagttaaaataaggetagteegtt
atcaacttgaaaaagtggeaccgagteggtgettttttt

Nnmt gRNA T6
gatctcogtgaaggactcacygttttagagctagaaatagcaagttaaaataaggetagteoegtt
atcaacttgaaaaagtggcaccgagteggtgettttttt

Nnmt gRNA T9
gaccactggggaccagtcaagttttagagctagaaatagcaagttaaaataaggctagtececatt
atcaacttgaaaaagtggeaccgagteggtgettttttt

Notch3 gRNA Til
gaggegtttgeocagagttcaggttttagagetagaaatageaagttaaaataaggetagtoegt
tatcaacttgaaaaagtggcaccgagteggtgettttttt

hCas9 <¢DNA

atggacaagaagtacagcateggectggacateggeaccaactetgtgggetgggeegtgatea
ccgacgagtacaaggtgeccagcaagaaatteaaggtgetgggeaacaccgacecggeacageat
caagaagaacctgatoggegecctgetgttogacagoggagaaacageogaggeecaceaggetg
aagagasccgccagaagaagatacaccagacggaagaaccggatectgetatectgeaagagatet
tcagcaacgagatggccaaggtggacgacagcttcttccacagactggaagagtccttcctggt
ggaagaggataagaageacgageggcaceccatctitoggeaacatecgtggacgaggtyggeotac
cacgagaagtaceccaccatctaccacctgagaaagaaactyggtggacageacegacaaggecy
acctygcggectgatoctatectggcoctggeccacatgatcaagtteecgggygecacttectgatega
gggegaccotgaaceoegacaacagoegacygtyggacaagetgttoatecagaetggtgeagacetace
aaccagetgttcegaggaaaaccccatecaacygceagegygegtygacygecaaggecatecotgtety
cecagactgageaagagoagacggetggaaaatetgategeccagetgececggegagaagaagaa
tggcetgtteggecaacctgattgeoectgagectgggectgaccaoccaacttcaagagcaactto
gacctggecgaggatgecaaactgeagetgageaaggacacctacgacgacgacetyggacaace
tgctggeccagateggegaccagtacgecgacetgtttetggecgecaagaacctgtoocgacyge
catcctgctgagegacatectgagagtgaacacegagatcaceaaggeocecctgagegeetet
atgatcaagagatacgacgagcaccaccaggacctgaccectgetgaaagetetegtgeggeage
agctgectgagaagtacaaagagattttettegaccagagecaagaacggectacgecggetacat
cgatggeggagecagecaggaagagttetacaagttcatcaageccatectggaaaagatggac
ggcaccgaggaactgectegtgaagetgaacagagaggacctgetgeggaagecageggacctteg
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acaacggcagcatccccoccaccagateccacctgggagagetgecacgecatteotgecggeggeagga
agatttttacccattcctgaaggacaacegggaaaagatecgagaagatectgacecttecgeate
ccectactacgtgggecctetyggecaggggaaacageagattegoctggatgaccagaaagagoeg
aggaaaccatcaccecctggaacticqgaggaagtggtggacaagggegecagegeecagagett
catcgagcggatgaccaacttegataagaacctgeccaacgagaaggtgetgeccaagecacadge
ctgctgtacgagtacttecaccegtgtacaacgagetgaccaaagtgaaatacgtgacegagggasa
tgagaaageccgecttectgageggcgagecagaaaaaagecategtggacctygetgttcaagac
caaccggaaagtgaccgtgaagcagectgaaagaggactacttcaagaaaategagtgeticgac
toegtggaaatetecoggegtggaagateggticaacgectecetgggcacataccacgatetge
tgaaaattatcaaggacaaggacttcectggacaatgaggaaaacgaggacattctggaagatat
cgtgctgaceotgacactgtttgaggacagagagatgatecgaggaacggoetgaaaacctatgec
cacctgttecgacgacaasagtgatgaagcagetgaageggeggagatacacecggetggggeagge
tgageceggaagetgatcaacggeatoegggacaageagtecggeaagacaatectggatttect
gaagtcogacggettegecaacagaaactteatgeagetgateccacgacgacagectgaccttt
aaagaggacatccagaaagcccaggtgtecggecagggegatagectgeacgagecacattgeca
atctggeceggecageccegecattaagaagggecatectgcagacagtgaaggtggtggacgaget
cgtgaaagtgatgggcoggecacaageccgagaacategtgategaaatggecagagagaaccad
accacccagaagggacagaagaacagecgcegagagaatgaageggategaagagggeatcaaag
agetgggeagecagatoctgaaagaacaccoegtggaaaaracccagetgcagaacgagaaget
gtaccetgtactacctgecagaatgggcgggatatgtacgtggaccaggaactggacatcaaccyy
ctgteegactacgatgtggaccatategtgecteagagetttotgaaggacgactecategata
acaaagtgctgactoggagogacaagaaccgygdggeaagagegacaacgtgecctocgaagaggt
cgtgaagaagatgaagaactactggegecagetgoetgaatgecaagetgattaceeagaggaay
ttecgacaatctgaccaaggcogagagaggocggoctgagegaactggataaggecyggetteatea
agagacagcetggtggaaacceggcagatcacaaagecacgtggeacagatectggacteeegygat
gaacactaagtacgacgagaacgacasactgateogyggaagtgaaagtgatcacectgaagteo
aagetyggtgteocgatticeggaaggatttecagttttacaasagtgegegagatcaacaactace
accacgeccacgacgcectacctgaacgeogtegtgggaacegecctgatcaasaagtaceetaa
getggaaagegagttegtgtacgygcgactacaaggtgtacgacgtgeggaagatgategecaay
agegageaggaaateggeaaggetacogecaagtactteottctacageaacatcatgaactttt
tcaagaccgagattaccectggcecaacggogagateeggaagoeggectetgategagacaaacqgy
cgaaacaggegagategtgtgggataagggecgggactttgecaccecgtgeggaaagtgetgtet
atgcccecaagtgaatategtgasaaagaccegaggtgcagacaggeggotitcageaaagagteta
tectygeccaagaggaacagegacaagetgategecagaaagaaggactgggaccoctaagaagta
cggegygcttcgacagecccaccygtggeetattetgtgetggtyggtgygccaaagtggaaaagygge
aagtcocaagaaactgaagagtgtgaaagagetgetggggatecacecatcatggaasagaageaget
tcgagaagaateccateogactttectggaagecaagggetacaaagaagtgaaaaaggacctygat
catcaagetgectaagtactecotgttegagetggaaaacgyceggaagagaatgetggectat
gceggcgaactgeagaagggaaacgaactggecctgecctecaaatatgtgaactitectgtace
tggecagecactatgagaagetgaagggeteccecgaggataatgagecagaaacagoetgtttgt
ggaacagcacaaacactacctggacgagatcatecgageagateagegagttotecaagagagty
atectyggecqgacgetaatetggacaaggtygetgagegectacaacaageacagagacaagecta
tecagagageaggecgagaatatcateccacctgtttaccectgaccaatetgggagececoctgecyge
cttcaagtactttgacaccaccategaceggaagagygtacaccageaccaaagaggtgetggac
gecacccotgatccaccagageatecaceggectgtacygagacacggategacctgtotecagetygy
gaggogacgeotatecctatgacgtgecegattatgecagectgggeagaeggetecocecaagaa
aaaacgcaaggtggaagatcctaagaaasageggaaagtggactga
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CO_UsplOex3 donor
cgtetgtecectagtaccatecacagagecagacattetetgtaagggtgtettgecocttttgtg
acctagagacgggatttggtgagecagecgtggtgatgttgotgtaccacactygettoetgtgtge
tgtcagegatggecatgtggaagagtttgectgtgteaaggtgetaagtectaggetgecaggte
ctgagtggttgggetectticcagecatggttggttttttettgetgtttgtcatcacctectyg
gggagagaacccageactttattittggggaaggaagtaaccttgectegttagaactgttgea
ttggectageccagagttecatectggagacacgagectaggaggocacgggcacagcagacagtgat
tgcectgggeaccagetagagectoctggactactteacagatgetygcageaggygtggtgttty
gggcteggttetgteagetgactcactteteagacaceoecaaatectaaataaataatagaat
tagcaggaagaagtatttgagaggttcataaaatttgecaggttitcacaaagtageocagacct
atgttgttttcttcetttcttcatacaaggaaggtgacgttaaaccattaactcatetgecatgyg
cgcactgtaaaatgacagttaagggeccageccttiettggggactetggetcacttotgecag
tggtgctgactetteagtieccactgttaacagatggagtgttggggttygggatecatectgeot
gcotgacactcaggeagtatececagtctecegtigeagtgtatttagecagtggtaaacgattgaa
ageattectacactgtttggttcagattggggegaatetgtgtetteoctgggaacgtgatgtea
tggeccagttgcttctgeagagettagaggaagggttgagetggtgecagtggettetgtecataac
ttegtataatgtatgetatacgaagttatgggetttgataatetgttaagatttgtttotgact
tctotegecageteectecatacagegggactetttgtagecatccaggeoctgaagacgaactygeca
gatggtaagceccgggttgcatggactgggtygggeaggaaacctgecaaacatgtecataacttegt
ataatgtatgctatacgaagttataacattgggtcatettttctcaacacaaattittatttat
tecatttattttggagtgtgettttgtgtgygaggtecagaggtecagetetectyggaatatgtectet
tetgettttgectgggtttggtgatitggacagaggtecategggettatgecagecaagtetottge
tgagetgtotecetgatetgteoctgttgacteccatectttgtaggttageaggetecaggett
gtgccecagagetgecagtgteogtteagecggaggegeatttcattagagettgaagettetget
ctgacctgcagctecacttaacteoctgtettacagtttecattgetgtggagagacaccatgace
agagcagccagtatgaaggcaaacatttatttggggetggtttacaggttcagaggttcagtec
gttatcatggagyggaaacatggcagcatecgggcatgeatggecactygggagetgagaattetet
atgttgttotceaaggcaaacaggagaagtettgeaagcagtgaggagggteteatagoocacec
gcacagtgccagtitcctcectaacaaggecacacctacccacagtgecteggeccatgggocaage
atactcaaaccaccacaactgaecaagtcactecagattggecaggtgtgettteaaggttgtgeea
cgctcacteotgggcatggtaagttgtyggtcaggagagaggtgetetagteteatcagecaggece
tggtgttgtgggtgtgteateccacatggetgtgetcaactetgecgggtecagggagttgtta
tagcagttggtgtteatgaccecatgeetgggeatttaggectecageatgagecetggecgatt
tatgeataagtgtcatgtttatecaaggtgcageagtgtttgttactgaggtgtgtttaagatat
cectggetatgeagt

CO_Nnmtex2 donor

gaaagtttaattctactettatttgaaaggaatgtttgtthacteatgaagtasaggacegeee
aatattaagaactgggtgatttgattattaattaatctcagtgttttaaattttaatatatata
catctaageatatgtgtacatggtotatgeaggtacatgcatggggecagaagagggeaccaga
tgtatgecttcecatcacteteotecacctatteottgtgygggecagegtecccctectaaacctygggge
ttgtgtgttgactagactggaagecagaasagectocagagageectetectetetgetecteteay
agatgggagcataggtatttgtgagatgectgactigttacacaggtteotygggacctgaatyget
ggccctecatetetggaccateactecaggecttaaaatecagttgttacacaacaacaacgacaa
caccaccaccaccacaacaaaaatggeacaatceccecagtaaagacaataacttegtataatgtat
getatacgaagttatectataacttecagetetgectgttocettttgatgectgattocctgece
ctettetgtectaggtgetgtaaaaggagaacteocteattgacateggetoetggeccaaceate
taccagcettetgtetgectgtgagtetttecacggagateategtectetgactatacagaccaaa

FiG. 14C
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acctetgggaactygcagaaatggectcaagaaggagceccaggagectttgattggtecccagtegt
cacctatgtgtgegatettgaagygcaacaggtagaggaatgagtatetgetettecaactitety
aagggacctgcataactitcgtataatgtatgectatacgaagttatatgtttctatcageccaaa
ctaccactaagatcecagatganaaatgcaaaagaasactcaaagaccaaagggaactegggatayg
aagatgagggctecaggagaatagctgggttgtcagatgtaccaccagagtactatttggttacce
agtcatcecaacacaaaggtggtggetaatgectaatgeccacacoaceggaaacagoaaaacac
tggcagatgtatttttttagecaacagaaataacctgaagecaattatggggaaagaattcatta
cttaccatctataaagttagaatcetttaggatctgggagacggteagtgggtaaagtgettgte
acagaggttgtcetttetecagtgtgtectettageatetttattgaaaaccagetggetgeag
attcatggcttagtectatactgtctattctgtteocattattetgtgttctetggetggtgatyg
ttttgtggaaagactttgctggtttgatgatatagtttttttgttgttgttgttgetgetgety
ctgctgtigttgaagetaagtagtgtgtgatttetgatattttettggtgetatttgggettty
tgtgtacggttgectaaaaattcectagaattgtititctagtectgteattagtattttaagagyga
atggcattggetacactaattgetttgggtagtatggacatattcatgatecttgattcettcaga
tcagogaacagatetttecattttgatggtgtetgeactattettotecattgatgttttcagt
gtaaagatcattggecttgttttageaaaattcattitgaatttatatattatatttattaataa
atacattaatasaataatattaaatattacattttatttatttttaatagetattgecaatagga
ttgacttettgatittotgaatcaaataattetotattggy

CO _Notch3ex3 donor
gacagaggcaggtaaattactgtgaattecagtctagecagegatatgtagtgagaccetgeet
aaaatatattaaaaaasnaasnaasaagggaagygaagagtaaatggatttgtetgatagtetgt
ctggcacgagtgttgtttgataaacgcatcttgtgataacttegtataatgtatgetatacgaa
gttatttatetgtetggeattgecatgettttatacegtecegaccacacatetteccacaggt
geotgecaggeotgggttggtgagegctygecagetegaagaccectgecactoeggeecttgtge
cggeegaggcgtetgecagageteagtggtggetggeacegecacgattetectgeeggtgectt
cgaggettcocaaggtgaaggaggtgtgtctyggacgggaaceetataacttegtataatgtatget
atacgaagttattggtaggcgagaatgtagtcagacceaagetcaccctetectggtietteca
ggcccagactgoteocagecagacecotgegteageaggecctgtgtteatggtgeccecetget
cagtggggccyggatggecgattigectgtgectgeceacctggetaccagyggtcaaagetgeca
aagtgacatagatgagtgecgatetggtacaacttgecgtecatggtggtacctgtetecaataca
cetggatecttocgetgecagtgtectettggttatacagggetgetgtgtgagaaceeegtag
tgecetgtgececetteccegtgtegtaatggtggecacctgtaggeagagecagtgatgteacata
tgactgtgettgectteoctggtaagtaagtitgtgececcagggaaggcagetyggaggacaatagget
agectecttagtgaccattgtecaccttgteoctecactacgaggettegagygoecagaactgtgaa
gtcaacgtggatgactgteoctggacateggtygtetecaatgggggaacgtgtgtagacggtgtea
atacttacaactgecagtgecctecggagtyggacaggtygggcatoagyggetygecagagaaceagy
gtggctgacctcaggtgggcacacgggcaacttagactagecacatectttgtgecctaggecagt
tetgtacagaagatgtggatgagtgteagetgecageecaatgectgecacaatgggggtacetg
cttcaacctactgggtggccacagetgtgtatgtgtcaatggetggacgggtgagagectgecagt
cagaatatcgatgactgtgetacagecgtgtgtttecatggggecacctgecatgacegtgtgy
cctetttctactgtgectgecoctatggggaagacaggtgagtggececttttetttgtaggeaac
agaatggtttcageatgaaaggt
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“P”  document published prior to the international filing date but later than  « & .

the priority date claimed document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
22 January 2014 (22.01.2014) . ] 9 FE B 20]4
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
. P 0. Box 1450, Alexandria, Virginia 22313-1450
PCT Helpdesk: 571-272-4300
Facsimile No.  571.273-3201 _ PCT OSP; §71-272-7774
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Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

GenBank_AC113548, Mus musculus chromosome 9, clone RP23-268F 15, complete
sequence, 28 July 2004 [online]. [Retrieved on 2012.11.21]. Retrieved from the Internet:
<URL: http://ww.ncbi.nim.nih.gov/nuccore/AC113548> Source, and Origin: sequence the
region between nucleotides 59239-57476

GenBank_AC090975, Mus musculus strain C57BL6/J chromosome 17 clone RP23-290119,
WORKING DRAFT SEQUENCE, 15 unordered pieces, 15 May 2002 [online]. [Retrieved on
2012.11.21). Retrieved from the Internet: <URL:

“http://www.ncbi.nlm.nih.gov/nuccore/AC090975> Source, and Origin: sequence the region

between nucleotides 93683-92321

FRIEDEL et al. Generating conditional knockout mice. Methods Mol Biol. 2011, Vol. 693, p.
205-31. Abstract ’

12, 28-29

12, 28-29

1-2, 4, 7-22, 25-30
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Box No. I Nucleotide and/or amino aéfd sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international-application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

D on paper

in electronic form

b. (time)
m in the international application as filed
D together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a séquence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the appllcatlon as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. l:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

-Group I+, claims 1-30, drawn to methods of and compositions for generating a knock-out/conditional knock-out allele in a cell and
animal. The first invention is restricted to the first named sequence-specific nuclease that is a zinc finger nuclease (ZFN)(claim 2), the
first named recombinase recognition site that is a loxP site (claim 7), the first named recombinase cre (claim 22). Group I+ will be
searched to the extent that it reads on ZFN, Cre/loxP, and the donor construct comprises the sequence of SEQ ID NO: 30, 31, 44, 45,
or 46, without fee. Itis believed that claims 1-2, 4, 7-17, 18-22, 25-30 read on this first named invention. Applicants must indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election for (an) additional claim(s) to be searched would be; wherein the sequence-specific
nuclease is a transcription activator-like effector nuclease (TALEN) (clalm 3) and wherein the recombinase recognition site is an frt site
and wherein the recombinase is FLP recombinase (claims 23), for paying an additional fee for the pair of election. **see extra sheet***

1. D As all recjuired additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. L__l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-2, 4, 7-22, 25-30

Remark on Protest D The additional search fees were accompanied by the apphcant s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009) .
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Continuation of:
Box No it (unity of invention is lacking)

The inventions listed as Group 1+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Feature :

Among Group I+, zinc finger nuclease (ZFN) in the first named invention is structurally and functionally different from all other nucleases
asit targets to different sequence-specific sites than TALEN or Cas9; and loxP recoombinase regognltlon site in the first named
invention is also structurally different from all other recombination sites including frt and rox, each requires a different specific
recombinase for catalyzing the recombination.

Common Technical Features

The inventions of Group I+ share the technical feature of (claim 20) a method of generating a knock-out /conditional knock-out animal,
the method comprising the steps of:

a. introducing into the cell a donor construct, wherein the donor construct comprises a 5 homology region, a 5' recombinase recognition
site, a donor sequence, a-3' recombinase recogpnition site, and a 3' homology region, wherein the donor sequence comprises a target
sequence having at least one neutral mutation;

b. introducing into the cell a sequence-specnf c nuclease that cleaves a sequence within the target gene,

c. introducing the cell into a carrier animal to produce a transgenic animal from the transfected cell; and

d. breeding the conditional knock-out animal with a transgenic animal having a trans gene encoding a recombinase protein that
catalyzes recombination at the §' and 3' recombinase recognition site.

However, these shared technical features do not represent a contribution over prior art as being obvious over US 2011/0023143 A1 to
WEINSTEIN et al. (hereinafter ‘Weinstein'), in view of an article entitled ‘Cloning-Independent and Counterselectable Markerless
Mutagenesis System in Streptococcus mutans’ by XIE et al. (hereinafter ‘Xie"; Appl Environ Microbiol. 2011, Vol. 77(22), p. 8025-33) as
follows:

Weinstein teaches a method of generating a knock-out or conditional knock-out animal (para [0013])- "knock out” or a "conditional knock
out.” [0014]- [0019]), comprising generating a conditional knock-out allele in a cell comprising a target gene (para [0013] - *a genetically
modified ... animal cell ...edited chromosomal sequence encoding a neurodevelopmental protein- ‘conditional knock out', wherein ‘edited

.-chromosomal sequence’ is ‘a target gene'; para [0014] - ‘the chromosomal sequence may be modified ... mutation’; para [0006] - 'The
genetic modifications ... include ... temporal-specific knockouts using loxP-flanked ("floxed") alleles ... Cre-recombinase......or over-
expression of alleles'), the method comprising the steps of:

a. introducing into the cell a donor construct, wherein the donor construct comprises a 5' homology region, a donor sequence, and a 3'
homology region, wherein the donor sequence comprises a target sequence (para [0013]; para [0085] - 'editing chromosomal
sequences ...introducing ...donor polynucleotide ... encoding a neurodevelopmental protein into... cell. A donor ... three components
...sequence encoding the protein is flanked by the upstream and downstream sequence, wherein the upstream and downstream
sequences share sequence similarity with either side of the site of integration in the chromosome', wherein 'sequence encoding the
protein is flanked by the upstream and downstream sequence...share sequence similarity with either side’ are ' the donor construct
comprises a 5 homology region, a donor sequence and a 3' homology region', and wherein 'upstream and downstream sequences’ are
' 8" homology region' and 'a 3' homology region', respectively; para [0091] - 'to construct a donor polynucleotide ...well-known standard
recombinant techniques'); and

b. introducing into the cell a sequence-specific nuclease that cleaves a sequence within the target gene, thereby producing a
conditional knock-out allele in the cell (para [0067] - 'the genetically modified ...cell ... using a zinc finger nuclease-mediated genome
editing process. ... comprises:(a) introducing into ... cell at least one nucleic acid encoding a zinc finger nuclease that recognizes a target
sequence ... able to cleave a site in the chromosomal sequence, and ... (i) at least one donor polynucleotide comprising a sequence for
integration flanked by an upstream sequence and a downstream sequence that share substantial sequence identity with either side of
the cleavage site’; para [0013] - 'a genetically modified ... cell ...edited chromosomal sequence...conditional knock out’).

Weinstein further discloses the system used for generating a conditional knock-out allele in a cell is a zinc-finger system (para
(0067] - 'the genetically modified ...cell ... using a zinc finger nuclease-mediated genome editing process.... cleavage site' and [0013)).
Weinstein further discloses methods of generating a conditional knock-out allele in a cell include Cre-lox recombination system
comprising a donor censtruct comprises a 5' recombinase recognition site, a donor sequence, a 3' recombinase recognition site (para
[0019] - "A Cre-lox recombination system comprises a Cre recombinase enzyme ... to produce temporal and tissue specific expression ..
generated with lox sites flanking a chromosomal sequence, such as a chromosomal sequence encoding a neurodevelopmental protem
‘lox sites flanking a chromosomal sequence’ is a sequence comprising 'a 5' recombinase recognition site, a donor sequence, a 3'
recombinase recognition site’; para [0006] - 'The genetic modifications ... include ... temporal-specific knockouts using loxP-flanked
("floxed”) alleles ... Cre-recombinase......or over-expression of alleles').

One of ordinary skill in the art at the time the invention was made would have been motivated to combine both Zinc-finger system and
Cre-lox recmination system to generate a donor construct, wherein the donor construct comprises a 5" homology region, a 5
recombinase recognition site, a donor sequence, a 3' recombinase recognition site, and a 3' homology region, because both systems

-are featured by flanking a donor sequence with sequences that specific for the respective system, that is to have 5' and 3' homology
regions for Zinc-finger system, and 5’ and 3' recombinase recognition sites for Cre-lox recombination system, in order to use a donor
construct that can be regulated by two different systems for facilitating generating a conditional knock-out allele in a cell comprising
target gene with the possibility to compare both systems in the same set of cells for achieving a desnred result with expected success
without undue experimentation.

Weinstein further discloses 5' homology region and 3' homology region sequences may share different percentage of homology with
the targeted chromosomal sequence (para [0088] - 'The upstream and downstream sequences in the donor polynucleotide may share
about 75%...100% sequence identity with the targeted chromosomal sequence").

HrassamartanssssaseerContinued in the next extra sheet
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"Continuation of:
The previous extra sheet - Box No Il (unity of invention is lacking)

Weinstein does not specifically teach wherein the donor sequence comprises a target sequence having at least one neutral mutation.
Xie discloses a method of solving a problem caused by high rate of recombination of donor sequence and targeted chromosomal
sequence by introducing at least one neutral mutation into the donor sequence comprising a target sequence to reduce the homology of
a donor sequence with a chromosomal sequence (Pg 8029, col 2, para 1: By engineering a series of silent mutations in the remaining
codons after the pheS314AG mutation site, we created a new pheS* cassette (mpheS) that still retained the amino acid sequence of the
original cassette but exhibited much lower homology at the nucleotide level downstream of pheS314AG (Fig. 5A and B); pg 8030, Fig 5:
a series of silent mutations were engineered in the region downstream of codon 314 to create the new mpheS negative-selection
cassette. Three overlapping oligonucleotides containing the desired pheS silent mutations were synthesized. The oligonucleotides were
mixed and subjected to overlapping PCR to produce an amplicon carrying the 3' portion of pheS; pg 8032, col 1, top para - ‘high rate of
recombination between the pheS* cassette and the chromosomal copy of pheS....The problem was finally solved by introducing a series
of silent mutations downstream of the pheS* point mutation site to reduce the overall homology of the cassette with the wild-type pheS',

" wherein 'silent mutations' are ‘neutral mutations’; Specification: pg 9, In 15 - * Examples of neutral mutations include silent mutations').

It would have been obvious to one of ordinary skill in the art at the time the invention was made to combine the teachings of Weinstein
and Xie, to obtain a method of generating a conditional knock-out allele in a cell comprising a target gene, comprising the steps of: a.
introducing into the cell a donor construct, wherein the donor construct comprises a §' homology region, a 5' recombinase recognition |
site, a donor sequence, a 3' recombinase recognition site, and a 3' homology region, wherein the donor sequence comprises a target
sequence; and b. introducing into the cell a sequence-specific nuclease that cleaves a sequence within the target gene, thereby
producing a conditional knock-out allele in the cell, based on the teaching of Weinstein, and further wherein the donor sequence
comprises a target sequence having at least one neutral mutation, based on the combination of Xie and Weinstein, in order to use the
method taught by Xie to produce a series of donor constructs with different degree of reduced homology for selecting a desired
homology of the donor sequence with the target sequence to obtain a donor construct that will produce a desired result with expected -
success without undue experimentation.

Weinstein further discloses c. introducing the cell into a carrier animal to produce a transgenic animal from the transfected cell (para
[0066] - ‘the cell may be a stem cell... embryonic 'stem cells'; para [0104] - 'an embryo may be cultured in vivo by transferring the embryo
into the uterus of a female host? result in a live birth of an animal derived from the embryo’; para [0100) - ‘methods of introducing the
nucleic acids to the embryo or cell include ... calcium phosphate-mediated transfection, cationic transfection’; [0019}- 'a genetically
modified animal is generated with lox sites flanking a chromosomal sequence, such as a chromosomal sequence encoding a
neurodevelopmental protein’; Specification: pg 17: In 19-20 - "The, cell is then intraduced into a female carrier animal to produce the

" conditional knock-out animal from the cell’).

d. breeding the conditional knock-out animal with a transgenic animal having a trans gene encoding a recombinase protein that
catalyzes recombination at the 5' and 3' recombinase recognition site (para [0108]; para [0019] - 'The genetically modified animal
comprising the lox-flanked chromosomal sequence encoding a neurodevelopmental protein may then be crossed with another
genetically modified animal expressing Cre recombinase. Progeny animals comprising the lox-flanked chromosomal sequence and the
Cre recombinase are then produced...leading to deletion or inversion of the chromosomal sequence encoding a neurodevelopmental
protein', wherein ‘be crossed with another genetically modified animal expressing Cre recombinase’ is ‘breeding the conditional knock-
out animal with a transgenic animal having a trans gene encoding a recombinase protein that catalyzes recombination at the 5' and 3'
recombinase recognition site'; para [0006] - 'The genetic modifications ... include ... temporal-specific knockouts using loxP-flanked
("floxed”) alleles ... Cre-recombinase’; Please also see: Friedel et al.; Methods Mol Biol. 2011, Vol. 693, p. 205-31: Abstract - for how
Cre works). Without a shared special technical feature, the inventions lack unity with one another.

Group I+ therefore lack unity under PCT Rule 13 because they do not share a same or correspondlng special technical feature providing
a contribution over prior art.
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L. 72L& S0 BRI R 40 i o 7= A A T R B SR AL BRI 5 ¥, BRI TR B PR

a. [T 5 AR AR A, KPP RENRBEE 5 REKX .5 EABRAIAL
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2. BN ESK 1 073, Hodb 755 5 L FR R R BE R IR B (ZFN) .

3. A ESK 1 f7E, Hb AR R R R B 5 RIIE IR R A% B2 & (TALEN) .

4. BRI SR 1 773, HP 5 R 7 A% B R I DB Frid $E 2 (Rl — K i) ZFN 2 1k,

5. UMK 1 W77k, PRI 7 LRI 2 RNA 18 S L IRES .

6. BUAE K 5 #9777%, A RNA 15 FHIZEREE 2 Cas9.

TRRESK 107, B R 5 R X R B R O B 5. mRNA 8K cDNA 5|\,

8. WAE K 1 W avk, A EHBERAN A2 loxP ALA . frt A7 A E rox £ &S,

9. FUMZE SR 1 §977%, KPR Fa s -t M EBRERE.

10. BUREER 1 (9773, HAp A5 FEL 5 2 8 B 751 RIS A 98 % B /)

L1 BRI R 10 B 753, Hrp A PR R FEEFF 51 2 181 P 5 RIS P 78 % .

12, AR SK 1 8758, HoP A= A4 SEQ 1D NO:30.31.44.45 ¥ 46 1551,

13 BRI K | 7775, Hop 5" YRR A& 2 1. 1kb, HH A 3’ RIIRK B84 /0 1kb,

14, BUREESKR 1 (1773, A $ELRIE B Lrp5. Uspl10. Nnmt A Notch3.,

15, BCREESKR 1 B773%, P a7 B B AL sh i .
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c. FETIAAR T I NBAFI D, DUNEE G4 r= AL R E R B s H

d. fEPTR SRR IS TR R R YA, frid 2 R AA RIS E AR R
B ER, Frid EARE A FRENL 5 EHBRAA AN 3 EABHRBIAL ALK ES.
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22. BAIER 20 B 5%, Hp EABIRAAL S 2 LloxP L8, BT EHBER Cre EA
.

23. BURIE Sk 20 B 5%, R EABIRBIM 52 fre s, EHPEHE L FLP E4
B .

24. BUF)E Kk 20 B 7515, o EHBEIR BN ZUE rox A7 8, AH P EHEEZE Dre A
538

25. BURIE K 20 (7778, P migprd EH MM ERE LA FALAR TR s FaE S
BB FHIFEHEIT

26. F FrA i X R P& RS EE N A EY, Has .
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AR, AP AR S & 5T IR R E i 5 L BF B> — NP R TS
Fa

b. R BT IR L R 7 51 R S M A BRI

27. BURIEESK 26 MG, Hob 7505 R AZ BRI B ZENL TALEN F1 RNA /S AR IR
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AT LSRR EMERN T EMESY

[0001] AHXHIFMAZXN &%

[0002)  AHRIEE K 20124 6 A 12 HIRAZ 3R E kBT B1iE 5 61/658, 670 M3, %% B
[&Bt iR AN EENTEESINENSE,

[0003]  JRAIF

[0004]  AHEQE AR, 1ZF7IE O EFS-Web LLASCIT 4 RIRAT, TR K528 5| N 1E
A5, F 201346 A 12 HEIEKZ ASCIT #£ N £y 44 24 P4905R1W0_PCTSequenceListing.
txt, K/NK 49, 214 75,

A
[0005] A% B J 7= A a8 A% DAIE ) 4 A Mk st Pk S5 7 25 BT B B 77 92

BEEHEA

[0006]  BELANERERIFR IA A I8 B 4 31 | B o AR K Hb 3R Bh T 4R 41 R0 py ZE R D BE A 5T
FHREEANRESET ES) ARMEFRLERZHTRERERANTETE BB R
VFE13& g BT B B ZE R T 5 B “RiR” AN R Bl M S B R R B R
TAER B RS ERAG BUHE T S BSER M ER I 5T (F10 Lakso, M. % , Proc. Natl.
Acad. Sci. USA89:6232-36(1992) ;Jacks, T. %, Nature 359:295-300(1992)) . 4541 mdi g
NI ] DR SR AR 8 AR e B R B EAE A, R AR FE LA A R A i oh
fescig. B, HT A5t mRs e &M AR 7 R BRES G401,
[0007]  BSEBIFHNGE R LR O T RS BT X2 N IR
B H SE P IR BEIR L IRIE (ZFN) , I B 5 P UL BR B AN 540 3Bl & 19 7 51 15 57 14 DNA 45
& G R (Porteus, M. H. F1 Caroll, D., Nat. Biotechnol. 23, 967-973(2005)) » /&%
Ry I A% R B 1) 5y — SEH) R B RE IR N AZ BR B (TALEN) , 2l 5 TAL N & A R4
)12 BR 8 45 M 40 Bl Miller, J.C. %, Nat. Biotechnol. 29, 143-148(2011) ;Cermak, T.
% ,Nucleic Acid Res. 39,e82(2011)) . FFA4E= M N UIIZEREE 2 5 4R St O, T8 i HE
=D ERE MEHORIRNTT DNA &56 5 7. 40, ZFN R EeTR 45 /5 1R ) = i xod
(Bibikova, M. % ,Mol. Cell.Biol. 21, 289 - 297 (2001) ) , ifi TALEN A ffj 254 TAL &3 &
T — SR TR B — M EEIERT (Boch, J. 2%, Science 326, 1509 - 1512(2009)) . JE41)4E 5
M BRBE ) 55 — SB35 RNA 5 5/ DNA A% B2, 504 CRISPR/Cas &%

fooo8]  © A ZFN. TALEN Fl#% i K] CRISPR/Cas / S R 4wk A S H = £ 5
o Ba &5 47 3£ (A (Geurts, A.M. %5, Science 325, 433(2009) ;Mashimo, T. 2 ,PLoS ONE
5, €8870(2010) ;Carbery, I.D. % ,Genetics 186,451 - 459(2010) ;Tesson, L. %% , Nat.
Biotech. 29, 695-696 (2011)) « AN REFREE A7 ] B P9 VI IZ IR EE ) 5 B WU EEWT 22 (DSB) 1)
S IERIE R ImiEE: (NHE)) 7=,

[0009]  Hifr, ZFN 7E /) BRI R =& st oh b A 18 5 B B8 i) f) e 68 AR L (R JRE 55 it
DNA () [El VR B A REE M A (A ) IIEZEE Meyer,M. %, Proc. Natl. Acad. Sci. USA

4
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107, 15022 - 15026 (2010) ;Cui, X. %%, Nat. Biotechnol. 29 (1), 64-67(2010)) . 4% H 4t
BV 7515 5 4\ 28 b TR A R R A XU BT R4 225 TR R 2 1) () [R) I 28 4R 1R AT 1Y
MW RME T & KB BEIE K (SDSA) #EAT &4 (Moehle, E. A. %, Proc Natl Acad
Sci USA 104, 3055 - 3060 (2007)) . #R¥E IR, N UL EREE A T B RUEE W R N VI R 2
J& B AR R iR K EIFEAE T A DNA ERIRIVE, 285 BRSO\ B BB S AR i
176 Ko

[0010] RUEH XL R, (BARYUISNFEN = ELGURREMERMEREARYT RE
HAL R TR E . AR EILTEE, FRE a4,

[o011] A EAMER

[0012) AR EKHTELMMERECERGH AERAEY. BEME, 2K H
W B R e ME AR R R 5 P DR S I A BRI — 1S R 7 AR A A M R P S T A

[0013]  FE— 77T, $RALTE A& SO AR R A 40 Mo b 7= 28 AR MERBR SR BRI 7V . T
AL

[0014] 1. ENZAMEFTIANRAEEE N, Kzt AW ha s 5 FRFEX .5 EHE IR
fr S AR 3" EBABFRAAL S 37 FYRR , R iz Ry as g 20— NP iR
AL P51 0

[0015] 2. [a)i% 4 a5 | A DIFISEERE N B FE5) 0 751 e e 1 A% BRI, DA T 78 2 48 o b 7=
A R A MR R SRR R A

[oot6]  TEELLSLHlTy B, &Py R E LR ES 2 BE X IRES (ZFN) . ZFN R {E ik
BB FIRER N A% B EE (TALEN) K RNA 355 () DNA V)% BREE . 7ESEeseii iy £, %75
B LR B ) R BE R R — IR ZERE LS T =P, W% T B AL R B A R R A B
mRNA 8% cDNA 5| A48/

[0017] FERLEsTiE R, HEARRAAL A2 LoxP 47 4 rox AL S8k fri 7 8. EXR
oS i 7 =, AR LS 1.2.3.4.5.6.7.8.9.10,11 B 12 D h i 5Rar, 7R LS
75 R, AR R FIZHE ) 2 B R RV MR 51-99% . FERAESTE s &P, %A 51
FZAB P2 2 IR B BRI R 78% » FESLLUSERETT R, St A A6 & K 4A BE 4B
BRI Fsl. RSl £, 1% 5 REREEED 1. 1kb, AEAZ 3’ RABEXAER
/b 1kbo FEFELESLHE 5 R, ZAREEF Z Lrps,

[0018]  7EF—SLiEH P, LM MR IS MM . 2EFLSETT B R A4
BB KR R ORI 5E D E ORI A M. ERLSTiE R, Ak 8 3E
NEWY). TEFRLSE T R, ZAEE AU, & TS RT4 .

[0019]  fE5— A, I L HRIR S Tk, LR PR

[0020] 1. [mfLESEEFRA M5 AR AR A, Bzt R e s 57 FYEK.57
A B R AL A RS 3 EARGRAAL SR 3 RV, izt m s ey BAE b
— R SR R R

[0021] 2. WA I ANFARE R LIRS, H P IR V) B4 R 0

[0022] 3. M4BTI ABASHY T, LAANZ A M7= A A T R R B0 A

[0023] fE—LBSjEs B, ZEhR /DR KRR B R KR 8% 8. D A,
HERLESLE T RP, ZAMR BIEADY . E—BZHETEPR, ZAREEFHALETH
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[0024] 75 —J7H, IRMEF= AR A, ZHEETEL R

[0025] 1. AEEFHERKEFPIIARAEEERSE, Pzt Emgaasd s’ FEK.5’
BARRAA S HATH). 3 EABFRAA SR 3 R, Xzt Fsae s RaE)
— MRS TS

[0026] 2. FHZEFHFTIAFIAEZEE, P ZZREBUIEIEER

[0027] 3. BiXEFIIABMEEPD, NS T EL RSN s F

[0028] 4. fFiZLMAMRRIIME BB B ML 5”0 3° EAMIRFIAL AN EANER
Al e 2L R R 3 R R S A L, AT 7= AR B Bh )

[0020]  FERLLLSCHET R, ZEABIRAALSZ loxP 7 &8, ZEHERZ Cre ELE. 7E
KL 7 B, HZEAR R A2 frt AL, S EAME flippase. ARSI TR
W, ARG IR AL 52 rox AL 55, X EARS & Dre E4M . ERELHHREF, EZMBE
ARGH R A THRRERE B FIEHT .

[0030] FEARBANIS—J5H, VAR T ERERNAHERBRSMERMAEY, H
BE

[0031] 1. % 5" [FYEK 5" EHABIRAINL & AT 3" EARIRAHAL S 3" FFEX
RIME R 1, o s a8 BE 20— MR RIEEF5) s H0

[0032] 2. iRGIZFEIER 17 IR B A% ER R .

[0033] FEHLETT Zh, 2TV S A B RE 2 ZFN.ZFN — B8k, ZFNickase TALEN B
RNA 55 5 ) DNA PR U)A% BRI . 7ESELESTil s R, ZE AR IR AL 52 LoxP £ s frt I &
5 rox 7 5.

[0034] FEARKFARS—J5 M, I24E 5 4A (SEQ ID NO:30) . & 4B (SEQ ID NO:31) Bk
14C(SEQ 1D NOS:44-46) = Fi7R i 75 LA R 22 44

[0035]  7EAKEARI S -7, 34L& %A B 4A (SEQ ID NO:30) . [ 4B 58] 14C(SEQ ID
NOS:44-46) FFiRBIF IR AR R4 M. ARt r =9, %40 e 2 SLah i 4n
Mo FEFELSTRE T P, XIS A A D B K R RO R 485 D A BEA
M. FEFRLSHET R, ZAMKR AN . EFLLH T RS, Z4AR2 A M. 4
FHEL T

[o036]  FEA KBRS —J7H , PR R A ST AR I 7 i 1 & B 3E N SR RR )
[0037] [} Bl i

[o038] [ 1 &R ZFN A F ISR Lrps S ERAEE/NMRP WS M. FRFEAR
KN x Bl L DB RIR . BA KO : B R —ZE BT 1 535 (R 5 47 2 IR T 44 0
AR ZEER W E SRR ; 2 S ER BTN EFMERG RGN
SKG->WTD : TCCAAGGGT (ZFN YL & T Rk ) BBk,

[0039] K& 2A-E RIRTE Lrpd 1 BB B &N S ZEMASF G EERM SR KM 2 AR/ REY
MAERA, 542 A4 BAH R AVIERE 3bp A ZAEM SRR KIS EE AR 1bp AFH
AR BB R B SR AL B R & Th e tE 24 A/ B (STIR ) 5495 357 dbp RFF A AR FIBR 2%
FALERF 1bp AFFEZHERER R AL E BN, 5519 3585 29bp AFFE MR B L%
AL FEEFFA 1Tbp AT G A B B R AL R R/ IR 5555 «#57 3bp FF A RAE MG RS AL FE
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ERIF0 1bp AT EZMERIB RS EE B2 DR F I ThseMaa /DR FA 56 ML E
AR ;IB4 :[B TEEEE S B4 NFL M Z A4 E ;IPL : AW E ;0PL 4R E.

[0040] [ 3A-B 7R Lrpb #b BF 2ZFN FGEAA Bk 1) 4t S A 59 Bk e R FLERAS 1 4%
PRSI R A . B 3A Bl & Sk IR KT MU R B B R B 7S
REEHIRANAL S P8 | RRRETLARIEFY 7 E SRR AR REF AT
RFEAFMERD 2L LFRIWAE. BB BN RIESES (AR ) SKES 418 (A
&) 4> & DNA R &R Y. (PCR) /AT SR . AMERHET2IN&E519% (519
PLEME 3A PHTIR ) .

loo41] [ 4A-C /R CLIEBNI 7 M TR B RE B AR B ET5) 1REF5) (57
i SEQ ID NOS:30-32, 3% HILAINF ) o

[0042] & 5A-B & RM 5" 1oxP & 3’ loxP A S K=~ Lrp5CKO DNA 4K ( 43 5124 SEQ 1D
NOS 33-35, i HIRMIILF ) BIFHIEERT . KB BARFHRIR LloxP AL & s/ NEF RNV E
FRH  KEFRRRIET 2(FFERGEM ) FFH) s BENERR ZEN 4641 4 ; LR
FKRVIBRRA ; PRI FRERR ZFN 12874 RIS 8 F 2 b5 o

[0043] 6A-E BR 5T B BRI Lrpd 4% o 1H fis ok S Ao B R /) BB IE % AL i
A, B 6A-D B R AR THEEEF B4 AN AR A AHRS (FIR :50um) .
K 6E 7~ IB4. MECA32 F1 DAPT Ze£a, (¢ €] 6A-D FF BT 7 (k) 8 L Fry Stk 00 IR A 400 X RS AR 1) o
Bk M BTN (R SEB Je e, +/+ BF A ST BR KO/KO :Lrpb 46 i B sKO/+ :Lrpb 24 & &
F& ;CKO/KO :Lrpb 45 IR ER /Lrpb @ik B &24A ;1B4 [ THEE R B4 NFL :fHERLTYEE
IPL : A2 ;0PL :4F M2 o

[0044] TA-D B 7R 7= A BT B B B AT 2 9 Lrpb 2567 35 B o i 45 — KT RT R BIHT
MER. BRSREINEMNEESE SRS 1Y. ESRARPHERE,

[0045] & 8 B 4EFeXT (pZFNL+pZFN2) B Cas9 (+pRK5—hCas9) H&#R[A] Lrpb 4 &1 2
fF5 5 RNA (p_gRNA T2.p_gRNA T5 B p_gRNA T7) BiXf e Bk (PMAXGFP) —#25] N\ NIH/3T3
“H Mus¥ Hepal-6 40 /5 A SURVEYOR il 52 ) 45 &R

[0046] 9A-B & 7~ Hepal—6 i T2 4 M oh Lrp5 b 8 F 2 5 DA 40 & BRI 8 Ak /g gRNA/
Cas9 ZRAZ % (& 9A) FUER Sk K/ (K 9B) My s 45, 40 Mo 2 52 88 1A Lrp5 B gRNA 3% [/
mRNA (CasOmRNA+gRNA T2, ST 4% ) B (Cas9 ki +gRNA T2, 25004k ) , BL4mAZ LA Lrp5
ok 2F 2 RIBEFEXT HIPIFh SR (ZFN Bki, K4k ) o

[0047] 10 B7RAEHXT CO 4 EF 2 FFFHR 5 09 IE 7 5 | 90 RV S R =) 5149, LA
Y BRI B FAE Lrp5 FE K BE AR A EEA 10 PCR 2 BT I 45 R - B, Hepal—6 41 fu 4 3% {5 Cas9
BBk (pRK5-hCas9) B mRNA (hCas9mRNA) % [E] 5T RNA Bl (p_gRNA T2) .¥5-5 RNA Fifi
1 FRL (p_gRNAT2+p_ fit4K 1) BXFE ik (PMAXGFP) » — b4 fides 52 it K3% /] Lrp5 Bedext
(pZFN1+pZFN2+p_ fE1k 1),

[0048] 11 SR AF AL Lrps ZEHERES R 5° (£, 5149 P9 F1P10) F13° (T,
3|49 P11 0 P12) 1oxP 47 S B8 & K15 MR PCR 43 HTE 45 3. AFRA T 10 FHrR. Ak B
Ze4r Lrpb Rk (/B CKO/wt) [#7 DNA 4B S BRIt o R o

[0049] 12 B4 Cas9 (p_hCas9) 5 g5 RNAFIEL [ Lrp5 (Lrpb #MEF 2 ;p_gRNA T7+p_
Lrp5_ 4K 1) .Uspl0 (Uspl0 #+EF 3 ;p_gRNATL+p_UsplO_ ft{E 1) 8K Notch3 (Notch3 4+ &
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T 3 ;p_gRNA Tl+p_Notch3_ fitff 1) MI&tEEA—42 5] A\ Hepal-6 40} /5 # SURVEYOR
MERIS R

foos0] [l 13 &7~ Cas9/gRNA FAMEAA R /5, 487 A AU Nomt &1 8 2 2[RI 4 B P iy
5" loxP i s34 (B, 514 P26 1 P27) 5 Notch3 #MEF 3 EFEHEE EFH M 3’ 1loxP
frE#4 (K, 514 P25 1 P28) HI3IYIH) PCR g .

[0051] 14A-D S 7~ T /M Lrp5.Usp10.Nnmt Fll Notch3 J K 44 & [K B ) Cas9/CRISPR
B FE (435004 SEQ ID NOS:36-46, & HILHIIRT ) « E7<Ta T RNA (gRNA) HIF51), Xf
Lrp5~ Uspl0. Nnmt FI Notch3 ¢ 5 (I E 5, & Uspl0. Nnmt #1 Notch3 FIE4AFR FEF. I
bh, B TSR A HY Cas9cDNA FEFIFIASM 5 (mRNA) o

[0052] R EHVER

[0053] I. E¥X

[0054] & T f#REA LI B H B, LAR B SCBER, R8T IE 2, DLBESOE A E R KA
BIEBEFEELEE R, RZ MR £ FXUTRIMERE X 5XXFINERS % FEE X
MSERT, 4% LUT SRR i SOAHE.

[0055] RAERHRAML S A I, AT AR BB EAIREE 5 FERK .5 E4HE
RIS A3 EABPRIM S 3 FFERMEHER. SAERESTUSH—5
A5 WIFES), s AR AN BEBE R ZWE AR A RN IEER T,

[o056] Bk AR A U8, AT MARTE “HHAFF)” 18 B X BT IR, 1%
FHSHERNFIRT A E AR — NPT Bk, 5558
BIXEE VLR, SR RS 5 SRR R (343 4ehE ) 2 BRTETh B8 L E AU AT X 2 £
AR AL, A4 51 BT DAZE BLAE $0 2 R H (194 B A BUREEE BRI RV (cognate) #4TZE
A EAAR SRR R R AR R . (AR B R LU EE SR RID RS, i A
FIRAEE T .

[0057]  BRIAEEARGH S A BB, ASCAT R ARTE“ R X7 fe M 2 oh o S5 805 51 fo il 2
W% RISRRIAZ IR

[oos8]  FRAEEATMM S H I, AT AMAREBAR RIS BEEARGPERE
HBFRH P H IR .

[0059] B3k BHREH A UiAH, ASCHT R ARIE “ EARE” X BE, %8RB A3 2 %
RN B R R 22 TR (EABRIN R, ST B, SBREEZ %7
B B SRS

[oo60]  BRIAEEARAHL A Ui B, 4308 A RAE “SB B[R Fa 4n i 40 Mo Y B9 2 BREIAZ TR
[oo61]  BRAEBAHAHL 7 H IO, A3CHT BRIARE “SEF7)” e dB R EBIH 4, Bl an R H —
MRENINBFFH, AE FIFH, SEEE R R F, SR ERA EF NS FF
B TR A A B F AT A BN E T R B FRRTT RS A E .

[oo62]  BRIAEEARAH A VLB, ASCHT A ARTE “FRolie i W UIAZEREE ” 3 “ P 5% 7%
ZREREE” IR R R EF IR TP IRAF S & 2 TR (FIEER ) HEMZZ%HEFR
I B Bl U R W S B AR

[o063]  [FRAEAMAHE 534 UL B, AL BT A I ATE “RNA $i5 3 1) DNA RS ” B0 “RNA $5 3 1
DNA #ZBREE " BL “RNA 8 S I VIZIRRE” e 7R R MR B IR AU AL R M AN g5 &48 5 RNA A1
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ZRER (FIWEER ) FELZSHEFR SO RNEA .

[0064]  [RIEBAHAHL S B ULIE, ASCHT ARG “ KRR S ER RS MBEANER
B RGO S 2 E BRI HE £ 5 RVRE AR SRR T AN RUAT X 4R
ST LR

[0065]  BRIEBA#AHL A YLEH , X SCHT FHBURTE “ 52 FR IR 7 51 o 1 5878, HL PR
P4k Fr 5 FIEE 751 2 A S AR RISE T (BRI R P RE S S ThEetE 2 K. P HRTR
LA FETTER SRR, Al B H R S IMEA SR s 2 IF 5 5824 . i SRAR ) 52
P AR SF AL, W 2248 (HIamEAR ) 3l AN FAER 5%, BN SO 4% H BR 7 5 FUBT 4n b £ ik
FEIMBEAR LA AR Z IR RERIRE . RTFIHRRERLHIER S P ER, P
M RAZE A BTN HE RFRENAEHTTRREN R TR A S .

[ooe6]  FRIEBAFAMN A Ui BH, A ST FIARTE “3i)” fREEIEAZY), BFEARETH
FERIBNY) (BIansE 4836 8 A ) (RE2E (FlndE A RS, wfR) (f L ks (4
/N R B R ) TSR HES A (BB E R 48 (Drosophila melanogaster) F
FHIREFF £ B8t (Caenorhabditis elegans))

(oo67]  FRIEBATALL A ULEH, “ 4 BN &R C AR RARH BRI RS 77 FF IR S F .
SBEHZRABEEXFEMZRY 7, 2R, FEREERE S HEZZRY FRH RS, (HiZ
BB TIHETROMIBFLE FAETHRAR O E R EAAEL.

[oo68]  [RAERAHIHL S H ULEH, “H BN EEEARNEZR” B — B2 M ED i (5
HFBR) KRRy T, SR BRSSP XM () 8By F, KEETHEE
MM R — D EREB AL E IR (2K) ERFo.

(o069]  AICHR MR AR IR 2 H BR 7 51 BT IR TR “ R4 RIVE 1% 8 A TE X 7 5]
FHRIE FETIABR O RE R B KE 77 tF AR — 2 G, A F 5 S8R R 55 H i
R R ZEAH R AT BRR B I B /0 oo AT LALAAR SR AR 2 P 2 A 5 SO BI DA 2 5 4)
HAZ BB 7 9 R R I 0 B B B, B, 488 A A P RIS R S L34, 2 BLAST\BLAST-2.
ALIGN.ClustalW2 B Megalign (DNASTAR) #ff. A4 AR A R A Ui & A S40H T
LE X P41, BB LR BT LR I P 5)  PIE Bl i K LU XS P R E B V.

[0070]  TT. AKRBARISEHE T &

[0071]  ARBAE S K5 H P55 7 N U IR EE 5 U B A E A BT A 7
FUIAI LR B 7 A 4t P R I S5 o 255 R A 20 B B R Bk e ) R Sl A e o I T A8 T A TR
A REF I HEZLR S P S WA NI L BREE L 1 B 7 F (g etk ) Bt
FHFH). M RE S 45 ERE R miEERBE FREAEE .. R kSIEBEA TR
VR 2 RS, U XU B B T LR TR M ARAE . 555 T 0 VB L i R B [
LG, ] B XU M 2R A5 B 1) BSZRAR 3 T LN B R B A b, ST VETT DURSRIEIE B AT
SEFENAF B AY, KB ) B2 5 XU R T e 41 B YR R S X 8 R, ZER A
PSR R S A R R, TR S BBk AE . SRR R R E T AR
EABIRATS), a0 LoxP A7 s, FoAL T2 R SR F 158 /0 (0 3, (B A e L shie se 3, (F15
SAFPE R R S5 ZE R P AR FE AR B ST RAB M (0 S5 AL 2 R K ThEe 1 2 B, B ] LR iR 5
IR 5 ) B ZE B A7 SR A L N [R) B AR T e A R (F LT Thde

[0072] 5 _E IR AR 4 1 i k55 A K TR R 1) T VR AR R B B8 — PRk AE FIX RE R B S, 7
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Fro\%se 5 M N VIR IR B AL RO SR R 2 Ja, B T ENst ikt 5 WP FIE — %, AR E
MEAR LR LRI B FRPEES (B) 4SBT0, A RMNE A EHEEIRMNTS
(EARSMU B EVR X o XK= R Z — NN EABRITIIMEAER . 5 ki
TIXFER B, 790 e v A VDX R B AN AT RGN B SRR R, 1B 7] LAFEfE 40 B 7
A] LME A& B SRR AR A Z TR FIVI B S « RSO 7 B - Wieft 7ix L8k
AR IR R TT SR

{00731  A. FRBIMES VA

[0074]  FEA R BN £ Fh 5 TH , SR HETEE 7 BEEE R A0 40 fi o 7= A 4 A M B AL R R I 0
o T E AR N B R R4 T | AR AR T EZEEE T A B SIE AT )
ZPHA AR B ThEE B 754 e M AR TR B B0 2P BRI R 1240 B b 7= A 4 (M i PR S5 AL
Bl TR AN R B B L f HAR 5 T

[0075] FEARRKHMNEAFTES, EdmAEFTsINEE 5 FAEKX .5 EHRIRAA &
5.3 EABFRAAL SR 37 [FYR X AL A AR 7 & SU B R A M = e A
R SEALER . AP A BT 20— AR RS IS ERASE T R
o, BRiZZE D — A RS SN, SRR R AR AR . P R B IR AR S
BB 75 BT B 3R AR, 14 540 BRAR L4 P 5 AN 2L 7 ) 22 T8) /) RV 1, (B AR B it A 4R fig 5o 48
HIZhReME 2 BRI Re. SEFAERIFFRUFELL, oM SAR D (A4 7 5 TR 8 51 2 [B) AN A2 2%
HHRPRFEMNERGAFENFREEARSHIEE (B 7B.C.D) . E—WjErEd, b
WRBEER T RV R LR S RPN 46

[0076] ot SRAR Y SEF) B FE VTR RAL, RIS A% 1R Jr- 5 ME AN Bl A8 i 4 653 1) 22 R P 51 B4
KA. FHERAIEAIERT R, NYUR TR F R T B i 2 ke 7B R AR EA AR
B 2 IR DI RER R . X 2B A 75— BEAALERE (KD RS ) BEERE
R—NEER IS B, EERR T U RILR Rt o 4 -

[0077] (1) BK :IEREER Met. Ala.Val, Leu. Ile ;

[0078]1  (2) "H£3E/K :Cys. Ser. Thr. Asn.Gln ;

[0079]  (3) BRME :Asp.Glu ;

[0080]  (4) #¥ME :His.Lys.Arg;

[0081]  (B) FMAHETT M A% :Gly. Pro;

[0082]  (6) 5} :Trp~ Tyr. Phe.

[o083]  FRSFEHISEFIFER 8 /R, EFLSLH TR, fHAFFIEE 1.2.3.4.5.6,
7.8.9.10.15.20 B 50 MTBRRAR . AEFEL STy =, L0k e 51 I EE 5 51 2 18] 14 R) 5
2 99%.98%.95%.90% .85% .80% .78%.75% .70 % .65% .60% .55 % &% 50% . 7T F-Lbs:
J77 =, SR R S EE 2 2 R B RPN T 60% . FTUABI NEB S E B PR, 1%
o M S AR kD BN AR A 7 5 FUEE PR 41 2 18] (] TB-D) Tl AN 2 IR YR X R0 B AT 78 A SR 1] )
ST LW EEF 2 B RREEAEHORE B RFREFIHEI RS IKEE . #F
Rty rh, AR A B 4A(SEQ 1D NO:30) . 4B(SEQ ID NO:31) (& 14C(SEQ ID
NOS:44-46) S FREIFH. TEFELLH T R, 20— NP U RBER T LR
SIS G FERLEST i T, JLA P R AT 5 A RIFE FF, LAZEAE 44
Fr 55 B B AL B ALK S H AR BRI ZE XS 18 B k> 2 A>T 20-100 JREEST .
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[0084]  H T-HtAFr 5 N A SRAR A itk , B R S gm RS 7E thise b S 3EF 5 4R 1) £ Ik 4
DA AT X 73 B2 k. IREUER B R Dh R8P AT LB T AR Sk 28 S B D7 VAR VR 4L, 20T &8
7€ BB A DAL E . SRS R LATE SR SR IR Y 5047 B AL BUAAE 7 51 T 2 A
AR E R RIS 2 IR D Rede e . (B2, — BB AR, W5 MR &
Btk Fr 5 AT LS B A R 4R A i 22 IR B D) B B 250 b Bl 2k .

[oo8s]  FEME AR, AR R A4 T HAFFIKSE" M3 ME, XLEEH
Pl PR A B A B RN AR Y B B S R A A S R AT A A B EE A B A B R 0 A
Brsl. FHRRMEEARIATE AN, BEEEAREAN S0 WE S EHB RIS
MZZEBRKN IR VIR AER. EAB RN S ML FH A LoxP (locus of
X-over P1) i & (Hoess %% ,Proc.Natl. Acad. Sci.USA 79:3398-3401(1982)). frt {if
A (McLeod, M., Craft, S. &Broach, J.R. ,Molecular and Cellular Biology 6, 3357 -
3367 (1986)) Fl rox £ & (Sauer,B. FlI McDermott, J.,Nucleic Acids Res 32, 6086 -
6095 (2004) ) .

(oogs] 5’ RIUEIXEAIAE 5 EABRAM AR S B LiF”, BSEEZHFRERTLT
FEFPAN R AR FIE . 28100, 3” RIVEX AL E 3° AR IRAIAL A 37 B Fig”, B
SEFEIMBENZRER. €Ll R4, RUEK FK AR 30bp, ik /LA kbe
, [F) Y5 X B & E R] BL & 50bp. 100bp . 200bp . 300bp .500bp.800bp. 1kb. 1. 1kb. 1. 5kb.2kb
F5kb. FEFLESHEH FH,5 FEXAE 1. 1kb, 3" AEXAE 1kb. FEEXA L S5IEE
PRI D IR, LA B (BAR R ) S REEE R B Ek TF i X BRI . E— 6077 =, RV
X5 ZMELFF R EARIEEYR. F1n, 75" RERHELT, RRR 5H&EER 3™ K
BERZWILFINNE— (FEE L) RETRWFIRE. E— ML R REXS
guga kISR BARL T PR B e A X SRR . AF— L sEiE s R, 57/ 3 AR & S
F B R FIVRZER FF51) 95-100 % =] .

loo87] &5 EIREAHS, A ER AL 67 2 37 BT E 57 FYRX.5" EARA
AL R HER RS 3 BB IR RO S 37 AR . BB AR T Lt — 2B 8 SRR it
S5 FEX T Re SRR FF A1) Bk SO 4t ST A A R B BAE B B ()40 pUCLY &4k )
[IF5 . A F fA I T L RT 128 1 B, B A g B s il B 2R (R, L A — ] DL |y E A
RHNALSAL T E, F TS RS  RVE SRR . AL TRt PRt SR IEE R E R EH
BB IRAIAL s AT A S5 A0 T4 P 51 22 5 A B R AL S AR R B R . FEZRELESK T S
FH BB R A T A Sfe 7 A 45 Ao i ot ok S5 o R R o

[0088]  HE5| N IR EIN B S | AMMAMRAZ G, M4 5 FI R R
B o 5 e AL BRI IR R 455 BT 5 A B R e MR R 41 FRAEBEEE IR vh 5 | AU
EICRR, @ R D — A i SR ASRAE R A B, LA AN = A A A 1 e ok S 6 R R Y
VR E A A . FERLESTE T b, P51 R IR B A I R AE B R — IR, BIEEA SU R 77
FEEFE PR R 5 N R T R

[0089]  FpZI)F S 1t 1% BR B FA) SE A7) 0 R A ¥R A% ER Al (ZFN) . ZFN 2t DNA & & FHE RS
FIRA N R S M B A R EA E A . SRR ASWIE R 5 IRH &% R0
DNA [ 3 R F AR IBE | AR L MR “¥e” 4y — U B EESEE SR
HIARRIRENA=Z TN EERA K. BAES CEE BT 10,000 MEERFS), HE#E
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W FEFR S P R M B AR REA AR TR B NS ERERFIIN SRR
BHECRE—SY R THREGRNE. Fluw, B AR ARERCER X & BN FETGS
MG EEF2H 6 0 (Rebar %, Science 263:671-673(1994) ;Jameson %%, Biochemistry
33:5689-5695 (1994) ;Choo %5 , PNAS91:11163-11167 (1994), 45 & STk 78 It UL H 884 5|
Ao R L EAFBENFIFRERSEEQTUERZ 4 6, 824, 978 ATl 113K
I % BSEE 45 4935, 4 PCT HRi A FF 5 W01995/09233 F1 W01994018313 H BTk [ Fok I, & 45 3¢
PREENLEHIINENSHE.

[0090]  J %I ME AL FR B 1Y) 55 — L9040 ¥6 5 SRIRVE T RE RN o9 DA% BR B (TALEN) , A
B ERMZERRE YIS -G TAL 3505 55 5 8RN (A0 BRAT Ak 09 XUBE T 24 19 8 V) A% B B
8. PCT ERIEIE A5 W02011072246 8 T TALEN {52450 % 4 Fn 4 F (K0 5 v 1%
MBI SERESINERNSH.

[00901]  FAILLAH TAXFIRM T EMA GV FIRFUEZRERAN S — L4625
Cas9/CRISPR %t (Wiedenheft,B. % Nature 482,331 - 338(2012) ;Jinek, M. % Science
337,816 - 821(2012) ;Mali,P. % Science 339,823 -826(2013) ;Cong,L. %% Science
339, 819 - 823(2013)) . Cas9/CRISPR( fE A MIBE A EISCER TS ) RAEF A RNA
T80 DNA Z5-& FEE 2R8I %] . $5F RNA (gRNA) L5 20 A 5EEE 4 PAM( JR
()R X 4RI 2T ) A7 (NNG) _E¥iF B RO SRIE K1 25 DNA JFP 51 B 40 A% FF R AN B 52 9 RNA S48
[X. Cas(CRISPR #H% )9 B 454 gRNA, #E[A]1% gRNA 454 1) DNA, JE4F PAM 47 45 I I
ERLE R FIAERH . Cas9 B85 HNH F RuvC P4 k% BREE [R5 i 3N I 37 F 4% BR el
K3, A] AT RPN G B — Ak H Cas9 E OS5I BRI 1)
OB (Cong, L. %% Science 339, 819-823(2013)) . JLHFZEMNE, A KA T EFAESY
AT LA T Cas9 RYBBEBUXUEE S T 5K, DL L flh RNA $5 5 (1) DNA X BRES, o H/h 40 5 Cas9
FERG . fE— sty &h, HFARCIR 78T S RNA 32 IR 43 5 & SEQ 1D
NOS:36-42 HARLE . AR J7 i F 4 -& W05 54 5 A% BRI AT LA B 1 & A, R
SEBEEY.

(0002]  FE%IHF 5 A% BRI AT LA CLER B 3 1 72 R B LA ga b 7 5145 S M IR BE R AR (T
mRNA B, cDNA) FITE R 5 I NJPHE 57 YA IR B . IR ] LA Wil i s 27 FL IR R R R B aE
B BAE ST A AW R AR D BRI (TR SRR ) R RIS E B
Ko UL, AW EAT DUB I EREE S TEZRS I IK T iEisE%.

[0003] AZBETEE RN HIBERR, 7T X REAESL TP 5 AR EERT R (5
1 ZFN 53 5 DSB s & 3A, 2038 1) J5, BEVIERS4 37 BeEvtihkin (B 3A, 2] 2). A
TRIBEER, SRR A AR E T R NE K EFE T A2 7R LA RIE X A 8 BN
=X (B 3A, BT, 3) . AR5 R FFE AR, @it DNA REEEN SRS KSRIEK 37
BRI BRI ST , A BUBEIR K B B ] B RURE T 24 140 55 — N 1) SR e e E A R o, R I
P HOBEVE A AEAR ) DNA & IAE R SE IS B . 7 A2 19 XU5E DNA A5 (i) 3 E A IR
AL S B ERAE RS (B 3A, 2058 4) .

[0094]  XUHEHIRME S K& BRI AR KT 5 X ME —E, S RTEFFRFR
/N TR) 5 18 BTE [R) R 1 ARk DNA B EEH R RIFP S CAndREEE R ) R LURS i M 38 N SURE B
FR . BRI, ) 384 FE AR BRI AL S B BE R 7 1 BT LU I P R il B8 e ek R o R B ¥ P
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B JE PR 5 A A b 7 Ak L fify ) 05 (R A R 908 ) XS T 38 7 S 3 Ak (181 3A) o [RJERIXCAT
UAHIEEH THRAEEE P B EENS L XFTRRER K P B ERKE, fln
10-5000bp . 100-1000bp.500-600bp BY, 537bp KIS . B, iX LA TR 7E B0 Bl {47 5
b7 A A ME R S AL R IR, B P AE 5 R R VR SR 3 TR 4 7 B 1R 7= A ) 38 AR B A AR AU BR AN 7]
DX 7 B 2% 288 A0 2 ) 3 Ok B 2 B R A KA R A I S R R SR BBV IR R I
BEAT BOARAES 25 A5 BRI 2 5L R () 8 70 S 2 B ) P 3, T P o R S A AL B AN 7T X
Gye ST R, A SUHTR M 7 VA AR R 2 B A I R R SR B TR Bt A A R
RSO IR R, B R bR S AL U T HF I E AR e S IR SRR

[0095]  AEELPR| AT DL T8 a1 4 JaE 1 B0 ) SR 77 A 1 R ) 4% 1o e e ok 702 =X 400 P 1 st
EYRAMERRBEAR (BHRFB) BIZRSF. B, SEEET LR EMEEZA
A et b B SRAG R SN T B I IR BB K 40 A FR A R B SRR (R o IX 2R R LA
—RIV BTN EFARR. EFH T UEREERMIREF RETF (BEATRET)
SIFA, S LS. ST DR FE A SRR

[0096] 41 I AT LA AT R LA 4R, 0 A0 3040 1 4 5 B 40 L, a4 B 2 B s A 40
G B, R RS, AT AR A RN EIEASY, iAFRK Y
(Bltnsd 4R D )  REE (Blnde AR, k) R B b2 (Bl
KEER VKR ) PR B RFE R R, SR, P ZEmargE A
Fil o A SCHIR B D5V A2 A4 PT DR SR AR T RS BRI AH BE R R « A SCHEIR T #8185 AN F 2 A
FER) LA RAR KA . FEFLESEIE Ty & o, AR SCATR I 75 150 40 A4 mT LUF SR8 1) 4 MR PN Y
— AL BRI R, B T % RS 1) .

[0097]  FEA K BH 75— BARDT T, FIAR SO ) 77457 A B s . A T4
YRR B, (P 4E A (WA T2 BT 40 ML, QR AR T 40 e Bk i35 5 780 2 BT 4 d Bl R4
T PEHINGHER R AT IR R AL ER T, DR 40 e = A 2 D — AR R
BALEER . T A BE A 2 TR L T V2 O AR AU 2 S, LA 8 AR S L AR SE )
PETIR Y PCR 73 #1. ARG W Z 40 M 5| N BEME Bk sh Y, DA MZ A0 i 7= A 4 dn 36 BB R S
7,13, 608 T & FFE S A ERE R BN Z BRI E ML SE BT | \NE R 555 TR A ST T R,
iz My K E PR B, IR, B DA A 7 g sl 5 AW iR & &, RS I AN
RSN FER LTS Z b, 7= AR I 2 At TR R BR B D AE EL PR R 43 SR M R R S T B 1AL,
1515 12 2% 1 Tk e Pk S5 5 R ] DA 13 22 LA S5 (T HEARG

[0008] A BH B 53— B AR J5 [, A ST IR 0 77 iE RN A4 W LU SR 7= A i o 25 47 2
Bl W77 EAsE, — HAE A &R S A R B N B, BIPIRR 5 B DAt 75 =30
w0 3 4 2 20 Bl TR S 7 5B B RS IE 0 R IK o B KR e 1 R EE L B R A S
LGS |\ J SR S M R S AL B R A R R S L 2R Bl o 52, Araki %, Proc. Natl.
Acad. Sci. USA92:160-164 (1995) . E5 ZH B /23X B B, 1B TR (8] 47 22 1 B IR 32 10 F 7
WERERTS) (EAHBRAA S ), FUEAT B 5T e, 53008 3 % 1% 8 191847 5 Bk
Ko AU AN 51 A AT RS 52 1 TR L AR R Y Y EE LR R AT S AR T A
SCHTIR B T ER B R

[oog9]  EARFR LLES AR EUE A REREEEAME A RAZERTIMERS
NEG AR, 0 T ERERIY), 18 LSO &GRS
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HRENYIAL, ZHEEEY AARIBENL S 13 EARRM AN EANELAR
HAMKEER., 5 EHBERER PRI SEH 8 A0 5, el kB EH 5
7,135,608 AF, ZEREMTEIANENSE, A—LLHEHED, RIDEARNEE
FEaFARFERE B FRESRT, FEHEABNEXHARPRE, FHEXFHFAR
PR SRR ST R, RIS EABRNEEREL TH S LB FRES
T EE R IR e S S EARRE. flan, LA R RS E ATEYZ —RKE
Tet-On B Tet-Off jZh FHIEAAEH . E— 2L R, MIEABMNEERNERE
(RSB B s N ST i AL BT R 1A 18 & F A SCA FF I 75 1R B E 4 R ) SE 51
BIFEELRA PL Cre EAB EEEA M FLP 4B (flippase) FEEL KK Dre &
HEg, BFEXUEARNTENESER (Fln, SEENE SIS/ A, W CreERT2
F Cre-PR, (UM R TTROELAR ) .

[0100] B. R"BIHEAEY

[o101] XK —BEATE, BEHAT4AEERN AR REMERNAE
Y. XMAEWEEAFBNEE S REX.5" EHMRAAM S A55).3° ELARE
WRHIAL SN 37 FRX SRR A ZBREFIEE AR AR Z D — AP iR
IFEFF5) . ZA A — A RA SR R 755 5 A% IR EE

[0102]  fEHELOSLE T R, ZFE Ve 7 M A BRI 2 B R I IR B B R TR A R
B, TERLESTiiy b, ZEARIRAIN A2 loxP AL fri 74, Ak, ZA Y8
A A HEAR SR I A

[0103] ZEAR RS — J7 1, 454 & 4A(SEQ ID NO:30).[& 4B(SEQ ID NO:31) =&
14C(SEQ ID NOS:44-46) =751 (0 (A4 ke g 4

[0104] FEARKBAMSH —J7 M, 1245 & 14A (SEQ 1D NOS:36-42) T HiRHIFEFIIES:
RNA.

[0105) FEAREANISE —J7H, 4L -4 44 B 4A (SEQ 1D NO:30) ./ 4B (SEQ 1D NO:31)
B[ 14C(SEQ ID NOS:44-46) H Bz B 751 AR A R (R O 40 o L4 e m] LA 38 B iR T
ASCATIR B TR B

{0106] A DLIE T 235 4k B A 35 L 5 i 77 B8 B9 LA SRR il ok L) SRk — S AR AR R B
[01071  TII. SEjifs)

[0108]  LAFRAKBAMITVEMAEGWHISEH] . NERE, BT F 3R — R R, 7T LLsg
T 22 Foh FLAth ST 7 5%

[0109]  SEjfEf 1 :Lrp5 ZFN mRNA Bij#% B15E & A C57BL/6N 5245 U

[ot10] Mm PRMEFEREOZAHMEXRELLHLd) K48 F 28 E

eHi-Fi CompoZr® ZFN %3k H Sigma-Aldrich. ZFN 4 B2 % L4 5 —gacttceag

ttctecaagggtgetgtgtactggacagat—3" (SEQ ID NO:29) (ZFN YEIAL &S TRk ) 45\ X 4k
WrEd 3R (Doyon, Y. % Nat Meth 8,74 - 79(2011)) BIRALAY (eHi-Fi)Fokl K VIR ES
FH. R EZFREIENSE (off-site target) iEME. 4wh3 ZFEN XT K515 RNA (mRNA)
A8 P TR 7E4E -80°C o F mRNA (Sigma-Aldrich) BT BT S0 ST, F4RH5 ZFN Xt P% 4
FURIAT ES A AL

14



CN 104540382 A Ww B B 12/24 T

o111l AT NYIZERERE S, M2 M IRE R %D Lrpd  ZFN B mRNA & 307E 5t A\
C57BL/6N & THIRTH (£ 1), F4k Lrp5 ZFN mRNAQu g IR ZEN T 5ul ), IEETL
RNA i #0 DNA 8 19 830 5 2R (10mMTris A1 ImM EDTA, PH 8.0) H#iBEE 50ng/ 1 1.
XfF ZFN B0, ¥ Lrp5 ZEN mRNA B 2 2,34 B 5ng/u 1 (I T/EWRE. WIEEM
S BT — K 5 C57BL/6N HfEPE (Charles River) ATECAI#BHEGN C57BL/6N MEVE K13/ &
Fo FAM2 B BIEESF, HARE T VETE M2 T BRIE ST (Nagy, A. %% ,Manipulating the
Mouse Embryo:A Laboratory Manual, Third Edition(Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, USA, (2002)), 3% A E0. 54522 ICRMEME: (Taconic) HAmONE,
g AR HEM 30 M IRAG . TCR MEMEAEMR AR F ARG MR 9% mRNI & (Harlan, B

5 2019), HEL B,
[0112]

BREHRE  mRNA R A |[BYAEHBY  HENY B £ | KO KO £% KO/
= (ng/ply Ca ¥ % th4)

[0113] 3 1. Lrp5 ZFN mRNA 57 84S A C57BL/6N 524550, KO RBAAREARF 1
BREZNGAREAEL BN . KO =Rk

(o114 WRBLL Bk A 8 3 40 UK DNA, FH3@ 0k PCR H B4 F0BE 5 5030 FE ke 43 1, LA
W KRB /PNRAE, FH Extract-N-Amp 4447 PCR iR £& (Sigma, Cat#XNAT2) 5iJH Qiagen
DNeasy 96 M EFIHLURFIE (Qiagen Cat#69582) 4ith (A BB DNA. K T %E ZFN A+ &
(IR R FIRAE B NHEJ 8 B 5 AR KM, 4T T 3 46 PCR . E—Drh, #4T
549 P1 A P2 B4 PCR SRATIN KGRI . 3 0 F, AT 514 P3 F
P4 (1A ) PCR SRAS /N2 A & K/ BB R BN . 7638 =20 7P, BT A5 |4 P3 F1 P4 i)
P PCR RNV ERIFREE 1 2 20 MEEX S . H Sequencher 4. 10. 1 (Gene
Codes Corp.) 73 Hr NN ENTE . an AT BT & FIAR 28, WIS 3hil 52 & B A5 A1 ZE A )
TREXTEESR . @it PCR TOPO W HEfE (Invitrogen, Cat#K4575-710) i—3543047 T Sk A 548
R H R SEA B . FH ML3F R ML3R 54007 T 8 R/ R 20 & 24 4 TOPO FLf%.

[0115] W R| TiE "4 BRI RS 63% IR AE (Bng/ vl ZFN mRNA) . Z¥4F M 1 2 3bp
FRI 4 A FI M B~ bp 22~ 100bp BBR 2K BA R — A~ K~ 800bp Stk 23k ( REAERE 1
). BEHTEEEEAANFMERERN L ERE3Y, TR0 B B IR 5 RS
ZENJEME . SO, 1 R h B & 5878, BRI EL B35 4 R — 25 Bl B0 9 A B ST f) e AR A 2%
A FEEE], BRI AN B 125 ] ) B A 700 S 6 R, 2% B 55 40 B P B 5o 79 2 e € (R K9 ZPN V5 1 o

for16]  SEHEM 2 @I BRES R R R VKRB B R ThRe A A R AL
ER

(0117 LRP5 i 4EN NORRIN (I FEZAMAEMMENEREPREEEEH. 2
PR NORRIN 15 5 & 5 M8 R B, LR AE O R BEAE 5898 3 B0 B 0 5 o T ol B 40 if
PR, LL R I & % (Xia, C.—H. %, Human Molecular Genetics 17, 1605 - 1612(2008) ;

15
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Xia, C. -H.,PLoS ONE 5,e11676(2010) ;Junge, H. J. &, Cell 139,299 - 311(2009)) .
I, 2 S L P TR = A Lrps H AB E 6 NS IREFART G M B KRR 2 &R/
R, R EUMIELE XS . 3iY) 4542 RIEAIRIRATIREIRE . LandFEw—A 5
A RIGEA R (R AVTERAI/NE 3bp FFERAERIELR) FIEF 1bp AR IRMERIERK A
SR Y #495 BF dbp AFFEEME RIS RS ZERF 1bp NFF A R MR R EAL
FE. 30 #519 B5 29bp DTG EAE AR R E AL FEIAN 17bp ANFF & I HE BBk O S A7 2
KKl 3h¥ #555 B 3bp A & AE IR ARSI IR T 1bp AFFA RAERIBR A EALE R H 2
heetE 4«4 ¥
{o118] X TREHT, BERICMEERL RS T HH Lrpd ZEM. FAEIRE / F
ZEBELE (80mg/kg ;7. bmg/ke) HIVR-EWIAREE/ DR, 7 1 % ¥ B (Akorn, Inc.) ¥ 3KHER .
JEJE ST EH 10 % 72 6 E W (100 1 1, AK-Fluor ;Akorn, Inc. ) 54T %8 % I & iE %
Ko RAEES | 80EH 0 BAEF 50 FUEM I RE R ERHIRERL.
[o119] X THR %G, MEEHEHRLEIED R, HAEHTFARE. 4% 2R
FEE (PFA) FPESERR, R 5 S BR F T 2R 8 8 4R 2%, BUFE 30 % RERE P 4 1R (R P
TR, a8 7E Tissue-TeK® 0CT Compound (Sakura) o i#EAT KT F. %2 81 frid
(Gerhardt, H. %%, J. Cell.Biol. 161, 1163 - 1177 (2003) ) #ATREE T R F 19 R L kkde
R BA G XTIV, 225 A RN R R A, FF7E PBS H 78 43 Rk R 2R 55 [ B8 i) PRA. 1l
BRI 120 m Y15, A _F#% Junge %5, Cell 139, 299 - 311(2009) FriRk 4L fs MECA32 (H
FLIN B2 40 ffubRic PLVAP BIHLIR ) o
(01201 =R EERE/PNR (495,519 F1 555) Ry — AN B A= I & Aoy B IR 0 BR e & 58
AN (542) PN ER T BoRER 2 . B RS RER/D R E/R Lrps THEE, %
JCMLEE R ARG, /DR 542 1 555 K B B R RH MAE G AU &R (B 20 . K,
75 Lrpb PSS A E F P EE B 6 ARG S HE fIE R /0 & 495 1519 B /RF L 60
B4 ME/NSHFKBAZE (B 24, B 3k¥e 17 AT B 40 M8 /NS IkBEZE A 52 ) B i AR R fiE
BRI RE T AN 2R EBIR. X TE 28 FRAEE, B 2 #0A T BH )
RALFE 200 1 m,
[0121] A THEESER L ER 2R MM RN I AR TN T 5658 /N R 495 f1519
f) Lrpd JeiaR B T4 R/NR, 07 T8 & 23 =AM 2 1A IR Y 5% KV B B 445
(FE 2B), RE BT &L 4E)Z (NFL, B 20) W JZ (IPL, B 2D) 14 2 (OPL, B 2E)
R 8 2 BB . BARThREME A4S MR PIRE (542 F1555) A& B AR RIFHI=Z M
Mg, BE G RBRMMAL (495 f1519) RAZEERIKMEMUKE R%E (B 28.0) . 4,
542 #1555 7 IPL ( & 2D) F1 OPL( & 2E) AL IEH FEMME ML, ME A KO /MR (495
A 555) A IPL PEREHMEHR (B 2D) A1 OPL R /DH A 4 ik (B 28) » XFT Bl
2B-E PHITEE, B 2 A T B R L R AR 100 1 m,
[0122]  RHIRUL, #H B Lbp SR TIREE R EME R FAE 3bp F54 SHER 6K [
Thae it SEAL B R 1 58748 14 555 7R IEH AL IR R BY , T #E7H5 4bp F1 1bp B 2R (AR 4 495
KA AR Se (17 F1 29bp) RISEARAA 519 FERE LA A M, ARG a2k
EHIERE Xia, C. -H. 2, Human Molecular Genetics 17, 1605 - 1612(2008)) HIFR AL, X
WEERIEH, R RN VIR EREN T U EE~ R adesF (REaRE
16
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) BRI LB Y R BT A AR AT 2 B 4 RAE .

[0123]  SEjlfe) 3 il it FL B & Lrp5 4bEF 2ZFN mRNA FOH (i 28 4ok 7= AE 4 -1 vt
KRS

[0124] [ 34 BR3EMANE T 2 BSR4 Lrpb B4 E MR % A7 2 (Gu, H., Science
265, 103 - 106 (1994) ) HIEBEHIRE K. ZFN X ZE Lrpb Fh 5 F 2 FPr= A XU (e
BTN ) o B RAA RS BER N IR AN B AR BRI 57 F1 37 Lrps FEX 548 T 2
H% VRS 57 M3 ZIRIMFEEAREEMA, ~ENEREBEEEMEALPA loxP
B 5 BB FARAL K Leps 4h BT 2 (B 1A, B3 ) .

[0125] KBk 57 F1 3” Lrpb RVER K E S BI04 1. 1 F 1kb. FEFBFEM (kK
1, B 4A) FnBFAR (fitfk 3, B 40) BI#E4KFF)H Blue Heron/Origene (Bothell, WA) &k
MNEMRE) pUCLO BRIt A AS BN TTBR R SRIE R ZEN IR A 1-& A BLERAR 300bp
MscI-BamHI A B&SRMBEAR 3 P4k 2 (B 4B) . S48tk 2 F0 3 HF 93 A 5 BRdl EL, 444 1
PRI BT A . BRI, AR R T RIS 1A &3 AT 55 Lepd ZEH EER: R 514
LA IS E TR ERERI B W PCR 418 . % ToxP f7 41, A5 R T/ BRI R 415 e
NCBI37/mm9 chr. 19:3658179-3660815, W ERRALIA TR T T L5

[0126]  [qEFAEA! Lrp5 4 BF 2 JE 5 5] N PTERSRRAE R 7= AL AR #4187 A B A TR 4w i 98
REAE AT A B C57BL/6 R4k Lrp5 4M BT 2 2 [8] [tk R R M PR AR X 78 % HIZERG TR
W (R 1, B 44 ;B 5) . 8 TIREEIER () RNA BIEE, B MHERR SN 2T 2 9ET 13bp
B /E Llbp. B 5 B/R=A Lrpb 4 F R DNA AR R A0 LLRT, HEBR 1. 1kb 57 FIRX
Fl1kb 3’ FYEX . FHEILE http://www. ebi. ac. uk/Tools/msa/clustalw2/ 378 1 EL XS FE
J¥ ClustalW2 @ATHEST. iR 1 (FRSFE0 ) FEAk S(BAER) S4BT 2 Z 1A B E
PR 311/397 = 18% . b4k 2 (fUEH ZFN 45440 8 ) FifilAk 3 4L EF 2 Z IR BAA ]
Y5 390/397 = 98% . LoxP A RR N KNE BAAFEEE, NE FRIIRRANNEFER, S
BT 2( WEMBUEM ) FHRTFNKREF B, ZFN G546 SEREIERN, VBB LIS E
T2 MBI T RIZ . ITBRSEAR AR SELRAE Y

[0127]  [&4% ZFN mRNA FOEL A A — AR E TAEWE (ZFN mRNA 25 2. 5-5ng/ u 1, fit
R RN 2.5 B 3ng/ 1 1) 4b, ZEA HHSEHER] | BT ZFN mRNA FO{E AR B AR AN
[FIZH &3k B4 S N\ C57BL/6N Bit% (£ 2) .

[o128]

# B2 | mRNA + DNA |
HEE | RE(gpl)

CKO % %
(CKO/d )

......

17
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[0129] 3R 2. Lrp5 ZFN mRNA (mRNA) FI CKO {44 1 SR RIIE BAES . KORTHRORERAR
—ANRENREGEMEFR/NR . KO =ik ;CKO =&k, *— /MR (#95) K|
BAME (BtA 1 FoRIEE A N Lrpb ZEEE ) . "N #140 1 #155.,

[0130] 437 T AR B BT /3 2 H 168 R 4 BUA B FE &l 23 55 ) DNA SR 45 52 #8545 4 1o 1 il Bk
LMEREDR (B 3B). ATFoHEHT (P1-P4) BifE# (P5-P12) A4k Fki f1E i T 5
RBEHETIYXTEE 3B P B, B, LW 1 f 2 PHriRilE T .2 ZFN R,
@it 5 izl (TaqMan®, Livak, K. J., Genet. Anal. 14, 143 - 149 (1999)) U=
5’ LoxP o S IAFAERIFAT B B BB AN LM TR BRSNERK/DRMVIGHE. &5
2, [ 2XQiagen Type-it Fast SNP Probe PCR FJB&4).50-120ng #R% DNA.400nM 3| 440
200nM Xf LoxP A7 S RG4S 5 IR T 7O BUZER (LNA) IEREF I 20 1 1 MY (Weis, B. , BMC
Biotechnol 10, 75(2010)) . 17 Applied Biosystems 7900HT (Life Technologies)
B, JBid A Applied Biosystems JFAAINEAL 2. 3 iR (Life Technologies) 447,
Wik B7R 2 o T 38 i 26 i 28 LI AR SR 5 LoxP BI1F1E . RIGHEAT A 5149 P5/P6
[ Lrpb PR EERE 5 M PCR 43 M SRASII S F7 78 THb 0k 1 F0 2 =% (MR Fscid) 4 1
ES 4S50 B4k 3) _EZETDF BT Lrps MEF 2 FFAME R 5" F= 4. K0, #4T
#5149 P7/P8 [ PCR R0 4f 37 ¥ i THRIE 5 F1 37 LoxP — & HITEAE, #H4T T 20 SMFE
F14) P9/P10 1 P11/P12 fJ PCR 2347, HoHFAXAE Lrpd ZE0H BB R 7716 3E 2419 LoxP [T 51 =4
. BT DNA B B G W R ERRAEY, URR THRMAEER, EZFAHFZXRAE
[ 2% At TR BR ST EE R B UL T PCR P=BRIN Ny 57 -3 M3 My LoxP {7 55 89 Lrpb %54%
FEFIBAYE o B30, ZE— NI EAUHESS 5 LoxP A & 53— AN A7 ZE PN #5485 37 1oxP {7 /5,
I, BT RAP= AR A R 4 T #RA A R R S A L (R A2 7, S EBAEAE R, 514 P5/
P8 ( W 4% 514 ER A AL 14 [R5 RS AMUGR K ) #38~ 2. 8kb (K] Lrp5 #h B+ 2PCR =4y, F§ TOPO
cloning (Life Technologies) Fol&, H 78 /7 . Sb7r Hris 2 & - R S A B A N R
A ToxP {7 s 54T B R ARG SHAATERSN ST 2 FF5 (BPTE loxP £ 5 ) KI5
R, B S 0Tk B R S 1A A 0 B S 14 P5 T P8 (B N PCR ekt s %
A AR BAATE Lrps AL A IR 0BT T T U543 4 48 52 o 18 BE e 0 <4
Kl F 514 P6 M P7 (ft4k 1 Ffiti4 2) S0k puR R8RS 7149 (PL3-PL4) HAEWE T
BEALEE E A 3E N AFLE . ST T4k 3 BIBEMLIE N, 3G 4E A Bk =545 R 514 (P13-P14)
S A4k 3 BT AR Lrps FEFIE14) P15 F1 P16 -4 H. i BYE5IF R RN 41t
TR 3IHBER. I PRIARMEMLER TR ER.,

01311 @ A 7 A7 7 RV DX AU B4 5 1 3145 B 52 B PCR =4 (0 52 400 5 4 9 R/ R,
(#140 F1#155) HAU B &AF MR S FE R o ST RN, ot mie S A L 3%
%ﬁ)ﬁ%ﬁo PR 4 ME R BR St ZE R 51, Zh W) #1565 BB —/MYRE 5 loxP A & K& %
BAER (MMEBEF) . W #95 R, B RWIH PCR 43 7R 44 M R 2541
FE, B BN 2 ALK BRI 38-E N Lrp5s 427 2. ZFN mRNA FIL 44 DNA (&40
GHIRERRABRLEN 28% E 67X HITEEN (£ 2).

[0132]

18
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| CGAGETTTTCTTAGTGATCTTITTAAG (SEQ ID NO: 5) | 54@1 It#z(
CTCACGTCEGTCCAATAAACG (SEQ ID'NO= 6) AR 1 ﬁvw# 2 9!‘3--3' 2 A5
CGTTTATTGGACCGACGTGAG (SEQ ID NO: 7) &mM 1 Fefk 2 2R 8- 2 A5

CCTAGACTGCAGTGAAGGACAT (SEQ ID NO: §) SRR )
T GCTTTICTTAGTGATCTTITAAGG (SEQ | st an AR )

1
2
4 | GCCCGAGATGACAATGTTCT (SEQ ID NO: 4)
5
6
7
8

: GAGAATCATGCACGGATAACTTCGTATAGC {SEQ ID A 5 loxP A

[ CAGGATTTETTCTGTAGAGTATAACTTCGTATAATG | ot o oo
| SEQIDNO: 11) | AR o e
[ CCTAGACTGCAGTGRAGEACATICAC (BEQ 1D NOY | 1ty oo gt o

[ GOATAACAATTTCACACAGGAAACAGCTA (SEQ 1D |

xS é,&mmmmﬁﬁ
15 | CAGGGAAAGAGAATCATGCAC(SEQ ID-NO: 15) Rl 3’&@!«’!&)\

16 | CTGCACATGGGTAAACCTCTG (SEQ ID NO: 16) R VEAUEA

17 | CACCTGAACTACTGAAAG (SEQID NO; 17) | s loxp
| CAGGH SEQ D NO: 18) RS loxP
CATACATTATAC-Q  (SEQ

RS loxP

[0133] K 3. I EERFFI. 1 PI9F =%IH (%EF) Q=K KH (Towa
Black FQ, Integrated DNA Technologies) ;IQ = W # & K 3§ (ZEN, Integrated DNA
Technologies) . LNA bp TXI%k.
[0134] B FHIEHT Lrps ZEN mRNA Fu4t i 1 sk BF A4 2Y Fr- 51T & #57 -B AR (3L
FEB: T ZFN G55 F A EIEE]) K&k LoxP BIE3508 T4 B F 2 fiiiE ({14 2, B 4B |
@I 5) REZ T /PRAETFHILEH LR (4. 5ng/ w1 ZFN mRNA H 3ng/ u 1 #t4K DNA) .
LRI RBGIER 4 o 5 1 5 Lrps ZPN mRNA RFEVE =48 1/12 #3 4cpE i
f‘%#ﬂ%lﬁ‘]%ﬁ (#248, 8. 3% F AR EE ) o 44 2 5 Lrps ZFN mRNA KIS 74
3/35 7F Lrpd R EHHE A 2 S EFFFIKSE 8.6% ). HE, XELEPREF—
HB JE B R A - MR R S A 2R R (#250) « = RENYF I — RN EH
3 loxP 7 MM ERE (#274) s&mfa— R34 #280) B8 —MUEG 1k 2 4 B FF5)
(T loxP i i1 ) MISEMERFF — 1 BATEEENHA 2 ki SR (BREMHE) .
XL LE SRR, 5 MR Lrpd S8 F 2 751 B A SARF 51 RIS st AomoRn (B 1, B 44)
TEF= 4 MR R S A BE R R
[0135]
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RBRE | B (BHSH dHL 4 | KO[KO $ % |CKO[CKO # %
HRB et (4% | % RO/ ) (CKO/ghi%)
1 | 10 20 |10 | 100 ESERET!

3

sk
[0136] 3K 4.Lrpb ZFN mRNA F1 CKO {4 1 Biftf4 2 B3t BAE ST . B SEERHTA 4. 6ng/
11 ZFN mRNA FI 3ng/ u 1 fit4K 50k DNA HE4T . S CKO ZR XK | 5 1/12(8.3% ), Xt
K20 1/35(2.9% ) “/NER #243 ; /N E #250 ; “— HUNRL (#274) #BHUE 3 LoxP £ 4

RIS EER — /N (#280) 5 — MU AA A 2 4MEF (£ LoxP i) A EE

F— MR EALREE (i 2 ki R4 N Lrpb ZEFEE ) .

[0137]  SEjfEfd] 4 @ F 3L A ZEFL Lrpd 48 F 2ZPN R4 Bk 3R 7= A 4 A M s B S 2
fo138] i@ i FH WA P A Lrps ZEN X A 43 9 ks S5 BlO% B A T S0 5 S0 50 i it
P JFURLS BYFE R AU (9 0 3B 24 1oxP (BT AE R Lrp5 4F B F 2 R (444 3) L FLR
IL B5 4 C57BL/6N ES 40 fid. A & 2 3L ) 77 ¥ (Nagy, A. , Gertsenstein, M., Vintersten
,K. F0 Behringer, R. Manipulating the Mouse Embryo:A Laboratory Manual, 38 3 iR
800 (Coid Spring Harbor Laboratory Press:2002)) % 5. 3" Kl B 2¥ L C2ES 44 Jim
(Gertsenstein, M. % ,PLoS ONE 5, e11260(2010)). fMiE2, & EAE 151 g ik Fk:
f¥) 15 1 g % ZFN R L ZE L 15x LO°AN IR % L FLI A R Bl FE B 3= 2 b, 0% RAUHR

BEVEHEANLE 10em SPAR ERIIRAZRE b BER410E 7-8 K, AR BREUR BB SLR R 144 4N ig
% (1.596 fLIR ), AN BB 17740 M) 96 FLAR P TH K. BMBIRE, M4 1:2 o
NHFTH R R R 96 FLIRP . AREE— A FIRIRIELE —80°C, ¥ 57 — AR 73 AT Y
EA 1% BB iR 40 B ) 96 FLAR T, AT DNA 04 [Rid B3R ES 44D, 125K
1] 1 FP TR 4> 25 DNA, R A<#% Ramirez—Solis, R. %%, Anal Biochem201, 331 - 335 (1992) Ff
RYTVE DNA, Ph¥k, FHERAE TE Zri.

CKO %% (CKOI |

o)

[0140] 3R 5. #mAT Lrph ZFN S fJFkr SR AR ER 5 CKO {44 1.2 81 3 404 s 2 FL A C57BL/6N
ES 4iMl. FrAsci#RFH 150 g itk DNA il / B 15 1 g & ZFNL F1 ZFN2 #4T . “Ht4k 1ES 78
& #C8 ;"— M4k 2 TilE (F5) #EH N B 5 loxP RIS fr EE MY B A 1K 2 4 B T 1%
RrFER (TE loxP i /), S HI0 #Ei (BT 3’ loxP BISEALEER P14 3 o (E3 AN
B4) WA EA 5" loxP FIZEAEEI . WM& B3 B# M PH A R R (K 3 Foh 4 ) .

20
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Tl B4 A HE T HIE I CKO IR B EAMZER (FTIFH 240 4~ TOPO & F— AN HFAME ) - ND -
RHEE NA AFEM .

[0141]  DNA 3 #T S5 R B7x7E B 3B A, & R GG 1ER 6 . B EFFLIEES 41 ffurh s
B ) R B S AL B R B R R SR AR T A RTRIE S FER W AR 2R . Sk B BS 41 R B 27 L5
BB T BE S E MR B . k1 5 Lrpd ZFN LRI RL 2 AL
FEAERT A I 144 D e BE P B — D& RRR TERE (FEFE C8) o itk 2 5 Lrpb ZEN BURLK)
HERFAERSITR 144 A e IR B AR S EE P4 ES i iE. XLk
FLEF I — (HL0) [ 3’ loxP ALE BN ER ; H—4 F5) HBH—MUEEHE 2 7
FIRI AL (B loxP AL ) FI—AMUERF 5 loxP AL M RIS ERE . ik 3(BFAER)
5 Lrp5 ZFN mRNA F3E e 28 7L A B N B0 19 () BS AT (B3 fIE4) « ZFEEEF— MY
HA 5 loxP fL SIS FRE . B6Ah, E3 #7 5— IR B4R 3 PR RS B B E (]
BHE) o Mk, SURE B4 B A HAEE ERAIPIA 1oxP AL S ESH MR W B (4T
SALEE ), HWTReIE B 2 ATHE [ (0 S FE IR 5 AR (). X eS8 REIA, (F 5 IR
81 REIRFEEME RS A4 SRR AL E EEA . &K 6 184k B BuF 51 A
ES 20 B8 56 008 1) B AR

[0142]

R #155
& #243

3" loxP
wi

95 hp K 5'lo RBEE
] 5'oxP 4bp %X CKO
[0143] K 6. ¥ B CKO &SR Lrpb 547 EE R FME R .

[0144]  SEHEE] 5 S MEREPR S A EE R IE 7 B F Th Bk
[0145] 5 THAEIR B HE 1 A ERR A E T TR A (K 448 5) BEBH
W) Lrpd ZE PR B 1E % Thie, [ HH — DR S A2 B (#140) F0— > 5k M a5k S5 A 2 B
(#155) 19/ R 55 F SEf9) 3 649 ZPN X 7= £ 1) Lrp5 i R 485 /I RAYAT  AE RS UCEL I H AR f5 38
16 X (P16) ByXTR/NEL (Bl 6A,+/4) J§ B Lrpb 22 & 244 TR Ah/ IR B Lrps
KO/KO MEEFN LrpbCKO/+ HEME 2 [A]HI4¥AC . Lrp5 KO/KO MEME (& 6B) 2 K0o/+( B 6C,P16)
F1 CKO/KO ( & 6D, P16) HImiiAfEE. & 6A-D S B TitsE R B4 (IB4) Hefafusl M4
FEE A AR ML R3S (EUBIR (50 um) o XTI 6A-D P ETRIEAN RS, LB Rk
21
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KXY 85, A BN Z 84, Z 85 BRMaadgEE (NFL)  WIRE (IPL) FI4MEZE (OPL)
(& 6D A T B ERIFRID ) REIKE RS, Lrpd B ER XY 5T b BRI 1 1 2 55 ¢
HAMRDEENGHZ (B 6B). ETLME R LTEF R MRREMEEN/MRERERH
MEXRR (& D), RPFMHMRBIHREMNEFGIEE. & 6E £/-A IB4.MECA32 F1 DAPT 4
1 B 6A-D BT 7S B HR B AR AL AR U1 o A6 3R/ BR R A 3R A FL P 52 41 g
FRic MECA32, T CKO/KO. KO/+ 11 +/+ /N ff i MECA32 BA .

[0146] S HIRUL, AR ER LA RAMERT (B 6), i — 1 RfRSE
P EEFE R — A AR M B S A B R /D RO W IR R A 5 8F A RN R R — 1 R %
A B BRUFI— A BF A PR S AT R R A/ R B BRR R AT X 4 (B 6) , 3R B4 e mle e S5 L
FERR et SR . XL g R —iEHE 8, 3B 8 EAB IR SR BA R R 4t
PR3] L5 5 5 AL BRI — 2 B SR AE AR SN0k 9 7= A 2 Th s 4 ri R AL EE A
[0147] B 7 B/RFAEX LR T ME RN Lrps S EE TR El. SATIBRRD
(E7AB'5) F#KT Lrpd ZRAFF S 1 2[RI SARIE . VIRG ARG,
LoxP {7 FLAMU 100% RIEM KK IF P RAEFERN, F=EBAPA LoxP A H K&
SSALER . BT loxP A7 S RIEI R I A B RIVETER B, LoxP {7 57 P I B9 38 B B fF 55 Lo it
& 2 B LoxP AL S Z (B K] 100% FIVEHE B KK, RVFTE loxP £ | AR AESER N, 7=
ENAH 3 loxP(E 7B) N ATHF 5 loxP AL (KBl 7C) BTG loxP 7 s (B 7D) Ky%Efr It
. 5I¥HE PO+P10 F1 P11+P12 #7=£ & 7TA KIS PCR =4, 314Xt P9+P10 Hy{¥
FEAEE TC B R B TS 2 B 7B 8K D TR RIS B . SE AN, 514X PLL+P12
PR 7B PR E T AS 2 B 7C B D FET AR EH =Y. 514 S P5+P6 Fll PT+P8
FEAE S loxP ARATL I PCR P24,

[0148]
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.(Clontec I; Cat#6 39119)

308

ReadyMlx

REDExtract-N-Amip: PCR |

63 -a5 %

PO/P10

(Clonte'éh' Cat# 639119)

565°C ~454F

1430

40

P11/P12

REDExtract-N-Anip: PCR
ReadyMix.
(Sigma, Cat# R4775)

62°C -45%F

L &
30 #F

40

| P13/P6

Advantage GC 2 PCR A&
(Clontech;, Cat# 639119)

1

30

40

1482

PI/P14

REDEXxtract-N-Amp. PCR
ReadyMix:
(Sigma, Cat# R4ATTS)

1 &

30#F

40,

1462

PS/P14

LA Tag
(TaKaRay Cat# RROO2M)

sH

55 454

2836

P13/P8

LA Taq
(TaKaRa, Caté RRI02M)

454

85°C =454

104

47

28

P5/P§

Advantage GC 2 PCR ZFH &
(Clontéch, Cat# 639119)

458

57C -454F

3 &}

304

40

wt-2729 |
CKO -
2797

P13/P15

Advantage GC 2 PCR-ZH &
(Clontech, Cat# 639119)

1 56T -45%F

B
| 30%

40

1273

P16/P14

REDExtract—N-Amp PCR |
dvMix

63C 458

304

40

21

PIT/PIS
P19

Type-lt Fast SNP Probe PCR

(Qia“gen, Cat 206042)

154

60T - 60

208

| 40

L3

[0149]
[0150]

R T AT ERSEHERI ) PCR B 251

RAE

| sw&m

 Ala (&)

 Arg (R)

- Asn (N)

Glu; Asn

[Cys (©)

 Ser; Ala

[0151]

23
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RAE THBRRA [ PP IR
Gln (Q) Asn; Glu Asn

Gl (E) ' Asp; GIn Asp
T . P i
| His (H) Asn; Glng Lys; Arg Arg

— ® e Leu,Val,Met,Ala Phe.ﬁ%-ﬁ.& i
 Leu (L) SEFEEM; Tle; Val; Met; Ala; Phe Tle

Lys (K) Argy Glng Asn Arg

Met (M) Leu; Phe; 1le: Lén

Phe (F) Trp; Lew; Val; Tle; Ala; Tyr Tyr
Pro(P) Ala | Ala

Ser (8) Thy Thir

Thr (T) Val; Ser [ Ser

Trp (W) Tyr; Phe: | Tyr

Tyr (Y) Ti'p; Phe; Thr; Ser: Phe
VT e Lo o Phe iy EREE [T

[0152] X 8. {RTHUR.,

[0153]  SEJ#fs) 6 AT FHANEFE S RNA () Cas9/CRISPR /-5 Lrps S 2 F 2 FIER

(01541 X T HA AL PR R A VIR E T L F AR F B AEY, A
Cas9/CRISPR RZ =4 T Lrpb WG FE [ . 4% Hepal—6 AT s 524N 7R T 10%
FBS. L- BE BB TG RPML H . BRET ABSTHALFIUTIE J5 , $2 B R B9 UL HH A AMAXA
Nucleofector Kit V LA AMAXA Nucleofector F£/5 T-028 (Lonza) A 21 g B2 hCas9 4R45
cDNA 8 Ff FORIBY 15 1 g 4RfE Cas9 [ mRNA (&l 14, SEQ 1D NO:43) HZFFL 10440, JF88
N 6 FLIR . BT GFP R 1E (PMAXGEP) ¥F{hiZ#5 4 (Nucleofection) RHRIA 80-95% . #%%%
Geig 24 /N B e RS FE 2, IR YL )5 72 /N B DNeasy Blood and Tissue kit (Qiagen)
WA AL LRI 2 DNA. 58 KR (BFE polyA MNEX ML ) A MMESSAGE MMachine
T7 Ultrai®#)& (Life Technologies) k4% F HCas9 mRNA. FH RNA KIFRVERY : &4
B FNPTIE SR AL FNIR 4 mRNA

[0155]  F=A T SB[ /MR Lrpd MR F 2 B9 =/ MMERFF9HE S RNA (gRNA) (] 14A ;Lrp5 gRNA
T2.Lrp5gRNA T5 #1 Lrp5gRNA 17 ;SEQ ID NOS:36-38) .

[o156]  FH 4w 4D FF +8 XT 9 DNA (pZFN1+pZFN2) B¢ Cas9 (+pRK5-hCas9) 5 4B [ Lrp5 4+ &
+ 2 [11$25 RNA (p_gRNA T2, p_gRNA T5 B p_gRNA T7) ¥ Fki (PMAXGFP) —jdkik Ju
NIH/3T3 48 f B Hepal—-6 ZH L. gRNAT7 #7541 ZFN BEE S AFIIR 3’ InES.
[0157] & ¥ A dFEHE 44 )5 Lrpb ZE BB I RAZ FR7R Cas9 M FIVIEIFE B, AR
7RI UL B 4T T SURVEYOR JU5E (Transgenomic) » FEULHNE A, 2435 PCR 74, FERES
HIE LT, 2228 8 A Y4 & SURVEYOR #4 ERBEVIEIRIER L . RS, {5 A LU R 2 50R0 LA
Taq (Takara) :95°C 3 4% ;95°C 45 §5.57°C 45 F5.70°C 2 43 30 #b ) 35 MEIR ;88 )5 72°C 7

24
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4350, F514 PO F1 P12(SEQ ID NOS:9 A1 12) ¥73¥ Lrpb AN 8 F 2 F5 [ 5 K s R 5~
2. 7kb PCR ™). # =4> 2 —HI PCR F=43FH T SURVEYOR M52 . 1Bk 1. 5% B AEbE B LY
Bk B A RN Y. B N A Bk E B R IR, Hie R 584 A
1R K B GEAL A S8 4 ZE R A7 HE

[0158]  &B[]/MR Lrpd 4FBF 2 B2 E =145 F RNA (gRNA) #E AT Cas9 B FHIRA
(B 8) . TRIXRELSLIO T, % gRNA/Cas9 FLXf BINE HELE L ZEN A RV EE S HUE . AT
sk B Lrpb 48 F 2 FEF SRR B ) 2. TkbPCR =41 TOPO FLlk &N SR v e 8, £
NFH) 5B AR EE T R E RS Rk ( ECEE) BEEA KD (BHERER) . A EX
Frik K5 |4 PO A1 P12 83T PCR k418 2. Tkb R A X . F TOPO-TA FifE (Invitrogen)
BEEE PCR YRR A R RIS R KN AL HBEM B TEG, BB wE, 78R
Fii DNA, FFFH 514 P20 1 P21 #% B8 Sanger i&WI/F. &l 9A-B E.7R Hepal—6 A2 40 fLH gRNA/
Cas9 FEAFZ ([ 9A) FaEkR A/ (B 9B) HISEE,

lo150]  SEJifh) 7 oA P B A5 LA B S A PE R AR A4 2 1A 1 Cas9/CRISPR A B A S5
BT $E 1]

[0160]  F{ Cas9 JFukiEX mRNA. gRNA FiE0& %08 TR 4L B F R 1/ Lrpd CKO {44 1 3¢
B Hepal—6 M0, 7 LA, —4L 40 Mo Lrps ZFN BURLFMEL R ki dhat g (18 10) . 72
AN SRS BT RAG B Lrp5 (R4 B-FhRe 80514 (P7 ;SEQ ID NO:7) FuXy 37 [F) U5
[ M I S5RRF 5 (195140 (P12 sSEQ TD NO:12) B PCR 340 M7k H 5 4 40 o i 5 R 20 DNA.
UL T 41 314 P7 F0 P12 34T 48 REDExtract-N-Amp PCR ReadyMix (Sigma) 4 PCR
I :95°C 3 23%h ;95°C 45 #.63°C 45 Fp.72°C 1 4% 30 FPH 38 MERR 4R JE 72°C 7 40k, @
I 1% BPRHE GRS R KOk B PCR 724, 0 SO, Lrps 4h 87 2 itk 1 ka8
THETZ PR (WS HEFRET 13bp ME )5 11bp) M EFIRAKISNEF (CO 4 EF
2) » AR AM RN 3R ToxP £7 &, LAL PCRAFHIXT CO S EBT 2 R34 (0 1 [ 51 ) AN &E (R 40
& BRL B 1) [R) U5 MBS 5 T 519, RGN (A 40 B F 7 51483 AN IERA Y Lrpb 25 R R I
P4 PCR 7). gRNA/Cas9 B8 F AR R B30 BAE Lrpb FEER BB b F= AR A PR 51 B 5, Bt
5 H ZEN R G RAR R AR R S ph S s B 2R B 1 %R (] 10) o

[0161]  SEJfEf5) 8 :Cas9/CRISPR /1§ H) LoxP {7 B AIER[E I

[0162] & 7 #A5E (LK1 v 55 R& F0 Cas9/CRISPR 245 & 76 7] LA FH Sk 78 2k R 40 25 [R] 8 Ak B
A LoxP 47 g, 48 — 4% 2 AL 75 IR RS S 1) 5 | F0— £l e e SR B 578K 37 LoxP fif
AT, @it PCR 2 Hfr SR 79 Sk B 4 SS9 7 7 Bk 3% L B 40 e ¥ 22 (K140 DNA. X F 57
EREAZE 5 1oxP KM, BRI DMSO 2 2% FIZE 4, #5149 P9 #1 P10 (SEQ ID NOS:9 Fl
10) F T 4wt Expand High Fidelity PCR System(Roche) Vif#. PCR Z¥inTF :95°C 3 4>
B ;95°C 45 F2.63°C 45 F#6.72°C 1 43 30 PR 45 NMEIR 2R JG 72°C T . XTF 37 1oxP
F 3" FFA R, #EARUE REDExtract-N-Amp PCR ReadyMix (Sigma) ViFE{F S|4 P11 #1
P12, PCR 240U F :95°C 3 43%h ;95°C 45 #5.62.5°C 45 #2.72°C 1 4 30 #hH) 40 MBI ;
SNJE T2°C T 3%, @It 1% R TeE R L B FRLIKOR 238 PCR P2 ). MBS B R FR AR
Lrp5 gRNA A2 {4 — Il CKO (b % () 40 i B9 4 A 3R 45 37 LoxP 7 s ) PCR =4 (K& 11 5
p_gRNA T2). 25{BiMh, M558 B A gRNA T7 3 4L 40 i (O FE L 3RA5 5 1oxP AL s PCR 7=
(B 1) . El, B 1L BIR, 7F Hepal—-6 G, Lrp5 gRNA T2/Cas9 F1 Lrp5 gRNA T7/

25
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Cas9 N F FIXAE T T B Z WS F AL A B F AR B AR SRR AE Lrpd ZEEEAL TN 1oxP
fiL . R M Cas9.gRNA F{ 1A i ZFFLAIAI M B 7R Lrpd ZFEAREFEH R 5° (B 11, L)
F13" (B 11, T ) loxP A7 S HIE S . gRNA T7 F=AFE R ZEM 5 loxP F1E, AT ZFN, £
PASFEE-E1) 1oxP A7 A5 . 751X L8 F Hepal—6 40 M fISEI , ZFN BE R sP AT A B i 1oxP
P s B9 Z 0 gRNA A 5 HR aT A T BB 1oxP A7 s FE /KRl LUBERE A G R R P R EVRE
HERSATHENEARET AR EWANELX —#. ARH Lrp5 CKO/wt ZEH &
(SRS B FEEEL £ DNA B2 SR AE R B RT HR . I dbgh BB R, CKO v SRBg AT LA TR 40 i,
R MEEERR S 57 F1 37 LoxP AL 8 ZF WAL E Z AR E MR B4R B
SRk, BT 51\ RNA 15 S AU BEEE /) 5 i DNA W2 Sk 80 [ 5 S M R DR 4R 6 R 8 , Bl i R i
R ZEBE FACAL B CKO AR FFHME &, FT ARG 1oxP 47 &, MM P4 S/ M r i S A B 1R o
[0163]  SCjf5) 9 :Uspl0. Nnmt F1 Notch3 3 [Kl 2H 3 [K] FE (1 5 )

(0164] b T HAIAR] LA KR R 75548 ) AR, 74 T Uspl10. Nomt 1 Notch3 EH
0 R R F (R A F0 gRNA. 255 15) 6 TP BT iR F ] 12 1 7R 7] Hepal-6 40 f 5 A\ 1% 48
Cas9/gRNA FOL AR 78 & FE K BE 5| A\ DNA SUBEHT Y, B 5 F 2508 7 AL O BE R4 S 15AR Sk
BE. FEA& L ESCHTREIT SURVEYOR Wl5E . LA LA Taq(Takara) fi5|4) P9, P12, P22,
P23. P24, P25( 4> %)k SEQ ID N0S:9.12.22.23.24 F1 25) FILLF SEF 1 Lrp5. Uspl0 FA
Notch3 25 BRI 28 2L [R Bt S R/ 4 2. 2-2. Tkb I PCR7F=4) :95°C 3 4349 ;95°C 457).Ta 45
F (Lrp5 = 57°C,Uspl0&Notch3 = 63°C ) .70°C 2 4y 30 #>f#) 35 MEF ;2R )5 72°C 7 149,
KMt (Transgenomic) 42 1% 1/7.1/3 A4 PCR A=) F T SURVEYOR i 2 . i@
i 1. 5% BEHRFH B 11 ko 7 B AR B R E A B A R R RS R H 3 2R
KRR EE UI R B T A=

[o165] [ 12 FIE 13 &R, 55 Lrpd ZEH W Z 2 6 —#E, 5 7 gRNA/Cas9 B &W1H
4L UsplO. Nnmt 1 Notch3 ZEFEIAREFE (B 12), HEAT loxP 78 (K 13).

fo166]  SEEfH 10 - FH RNA 35 5 B /7 514 5 1 P9 U0 4% BR B AN 25 35 7 046 AU fE 47 42 Lirp5
P9 % 11 e ok T e o o [

(o167]  AILARIASCATIR Y Lrpb 4r 7 14 gRNA 8 [m) Lrps ZEEK BESRk 51 AU 24 LoxP (2545
TSN BT, AT = E L HERIREM ERE . BE/E Cre EAME A RAE S &M
AL EE B A M P R BT LAYIBR IR 2 LoxP #9587, P AR R S A 2 H o

[0168] :
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‘ 20

AGG AAA GCT AGC TTT CCA GGA GTA. e ;.o % gas per

TG (SEQ'ID NO; 20)

51 A AGT “CAA:_ATC CTC CTG GTTACGA gy oo o man pOR

GG:C C;TC CAG ATT ATG- CAC AC (SEQ' ID #” USpIO | ;EIE &
AAT CAT GGA ATC TAATC SEQ 1D g yopro 258

22

23
" ¥ Nowch3 KB BB 3'oxP

24

25

AGT';C.(SEQ-,'m' -
15 CAT TGG GCT GGT ACA CGG A (SEQ ID PR

'GAG CTG AAG TTA TAG ATA ACT TCG 4. : _—
TATAGC (SEQ 1D N©: 27) B Ninini 5'loxP
CRotDNos 7y ACTTCOTATALTS ) worchs 'toxp
[o169] XK 9. 5IVEEIRTH.

01701 BEARCA T HM B ER B ALY BN SE G 1977 B A F A Tird &
B, (ELZ R R RN SE B A NAR R A IR A R B YEE . 4305 B rE TR FRH=E SCERIT 2

TTHEHHTESINEASE,

27

28
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foo01]
F 5l &
LIS B AR T 3] (GENENTECH, INC. ET AL, )
203 F AR ERF A R b nsy

£130> P4805R1-V0

<1805 617658, 670

160> 46

<170> PatentTn Ak 3.5
<2105 1

<211y 23

212> DNA

<218 ALAF]

<220
<223y AERFIEG R AR 2 4

400 1
catgtgectt tgadgageac ace 23

<9113 24
212> DNA
<213y ALFF)

€220> o _ o
4223> ALFH| R A 54

CEREEET cotEppatta taga 24

12> DNk

213y ALES|

<2205 o

€228 ALE-PIRAEE & sty 5140

<400> 3

ggcotateac taagggaged 2
[0002]

28
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[0003]

<213y ALEF]

<2205 -
<298% AL BI04 484 A 3] i

<400 4

gettgagate acaatgtict
Q11> 26
212> DNA
<213y ALFF]

<220 o
4223 AL BRI AR B

42125 DNA
213 A LA5]

<220 ) ‘
K22%> A LAk Akt 5l dhy

<4005 6
cteacgtegg tecattaaac g

<2105 7

211> 21

<212> DNA
<213y ALA5|

€293> AL BFGR AR5

800> 7

CEtttattgy acdgrcgtEn ¢
<2105 8

{911y 92

<2123 DNA

<2183 AL RF

<220 o
223> ALFFIEIRGE AR5 B

29

20

26

2

21
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[0004]

£400> 8
cotagactge agbgaaggac at

211> 32
£212> DNA
£213> A LS5

220>
228> ATFIARE G R 54

400> 9
geteacgage tittottagt gatettttaa ge

<2105 10
£211> 30
£212> DNA
<213y ALFFF

<220 ‘
223> AL I HRE - E T

£400> 10

<210 11
€211 36
<212> DNA
<218 ALEF|

2205
223> ATFFIRIIRA LAY 5]

£400> 11
caggatittet tchgtagagt ataacttegt ataatg

210> 12
<211y 26
<212 DNA
L2135 AT HF)

B ATE AL AR 514

100> 12
cetagactge aglgaaggac attieac

210> 13

211> 29
<212> DNA

30

37

30

36.
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[0005]

18> ALIRF]

€220
223> A LBpREAGE AR5 Y

<4903 B3
ggataacadt tlcacacagy adacageta

<210> 14
< .

213> ALTF5]

£290>
€223> AL 8945 A 055 4

<400> 14
glansasgae ggeuagigaa tlyg

<2105 15
211> 21

212> DNA
213y ALEH

220>
223> ALEF| 045 RE5]4

<400> 1H
¢aggpadaga gaateatgea ©

@10 16
211> 21
<212> DNA

213> AT

<2205
223> ALBF| fy AR A BT Y

€400 16
ctgoacatygg gtaascctet g

210> 17
211> 18
217> BRA
213> AL

<220
223> ALAF| R SR

<400> 17
cacetgasnet actganag

31

29

24

21

21

18
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[0006]

<210> 18
211> 18
Q2L ATAES]

<2205 7
993> AT AP 45k A% a531 4

<4005 18
chggEAngn Chaltale

€220>
223> AT BRIk k5] 4

<4007 19
tatageatac attatae

210> 20
<211> 26

<2125 DNA

213> ATE

€205
223> AL RBGE Bk HGH] Ay

€400> 20
aggaaagcta gotitesagy agtaty

£210> 21
L2013 25
<212> DNA
213y ATRF]

£220%
0285 ARG eyt A3 4

4400> 21
grangteaas toctoctaet tacga

a10s 22
211> 20

<212> DNA
213> ALAF

<2203 S N
298y A TP etk g A4

32

18

17

26

95
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[0007]

<213> }\;L}§IU

<2207
€223 ALF IR SRET

<4005 23
gataatcatg gaatctaate

<210> 24

211> 23
<212 DNA
<9135 ATEF]

<220
<223y A LTI A4

<400> 24
tetttgecte acetggotat gag

<210> 25

<211y 28
42125 DNA
213> AL HF]

290>
€223 AT REIE MR8

celbomac tengay bo

<213> AEFTY

29933 AT FICAREE AR 5 M

<4005 26

cattggeotg gtacaegga
€210> 27

<2711> 30

<212> DNA

2135 AL S5

33

20

20

28

28

19
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[0008]

€220>
£223> AZLFHIaE

<4005 27
gagetgaagt tatagataac tteglatage

<210> 28
L2113 25
<2195 DNA
G213 ALEF)

<2207
223> ALK 5 HABAE SR 5] 4
100> 28

ggpaacceta taacttcegta taaty

<2103 29
K21

<212 DNA
QLY ALEF

€220
223> ATRFIH B 1 BB 5140

oligonucl eotide

<400> 29
pacticeagt tetecaagpg tgetgtgtie tggacagat

<2105 30

<211> 5918
<212> DNA
Q1 ALK

£220>

<223> ALAFIRHE AR SR AR
<400 30

aatgeagety geacgacagg tttocegact. ggasngogey

atgtgagtta gotoasteat tagpraccss dggettitaca etttatgctt

tettetetay aattgieage geataacant tteacacags

aggeeaaget cotrettold coagiectte ctilttoacs

cacetgeger cgegeaagct ggrecatges gottaascce taacatcast

cttggeoacaa gigtatgott cthtatgaag getgrageto teggeategga |

vaggaceset agtetaccayg gegetgtzes tilgagagge

peascooeta pgaceagcct crtgactens geleecacty tetgtdteta

34

agacagetay

atgggtedes

ragtgagoes Aargoaatta

ceggetegta

gaseatzatt

ctggaagaca

cltgetgtea

gaatgtatac

Lggtagggea:

certggeadc

30

25,

39

60

120

180

240
300
360

480
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[0009]

titgeatgeg

gttetgttce
galgleacta

tiggaggeee

céactetget

ttttaatgag
cactcetgte
cetgebilty
¢tggtacaag

tekttitett

geetoceeta

ctgtcectga :

eageceetge

accactgtal

ctetggeeca

gleltigoee getetvtgtit

tigccageet

teactoccag aactiteltt

Tteét

gtagtgreca
‘tteacageat
letecdaclsy

wigadggoat

geettoteet:
taacctgaca
AdUgELaacs

dttgrtetie

L gagetitect

tgttegtetag

tggggagury

tottagadsg

ttaagtetgt

agggLlegag

cechgeecoe
tgagetgagg
ggg@g@cftc

ggasggagte

adgtiateng
tgaccetgte

cgactogtag

gatgctgecy
gaagaggcan
atetetgget
tggactgata
gtectgbtst
taaacctetg
gagtataact

geettgggas

gattccceag
teescaliot
agagetaget
ggtttetita,
aagdadadasg
teeectcoca
aagtggtett
ctgcatetet
ttegeagean
tgeateatic
ctetgeceac
acgetggegg
ctgtegactt
taasagagae

tggtgageee

gtgaaacgan
ggeaggatct
tttttotect
tegtataaty

geageeetig

BCRERALARE ‘AgaRgAgaag

yreelgevte actgigeete

ttecagpagt

atgctgteee

etitteagay ctggeageac

tectaggtita casatoe

tetgocttite
tecagtttgg |
atactggeet
EgEccogeRe
tettieecty

ageeteaccg

aagagcacac
ggageagtag
atcactaagg
tagataastt
geagetpett

cliecteatct

cgtgaagoty gagagtacan

ceagttetea
datacettaae
tgatggacte
teggatagaa
tgascagect:

goteotatgg: |

adggeagccy
cagactgpag
gettgtgatt
gtagegaace
agageaateg

g8agececse

tatgetatac ggagttatae

ctagdaaton

ctteccttee

35

GG Geeagee

cagectgeec

cclyggyees

ttececttas

tgocceagca

etgaactact

agecagaget

gagsetiteg

cgtataatat

eetgleetee

ttgetaaccg

tegttgetag

tttattggac

glgcegecea

ggetogeaasn

tlaacggtac

Gootegaccs
ggaacaggat

clgaggragg

agatcotgaa

caggtgages
efpeengges
agettagpga

tetgecagte

tggggatttg

gegactggaa

atgetatace

ttagecatee
ccgagatgtt
tggactggag

cgacgteage

gaatategta

agagetitat
atcdaganag
tgeacatggg
ttettetgta
ctgatgagat

ctetasaaca

540
600
660
720
780:
840
900
960
1020
1080
1140
1200
1260
1320

1380

1440

1500

1566

1620

1680

1740

1800
1860
1920
1980

2040
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[0010]

tggeatgtit
geaggagtet
acaggaactg

acttecdtse

ggagtiagag

gegtggtest

catgaccaag

tcatgeecea

aactaaacty

¢dggaccatc

atcagcoang

BageagEacy

gtitgaaget
goaccectie

tetattetes

gacagesaty

cctetecact

Aaaacectygg

gtaatagega

astggogeet

gtegasgeas

tacgegeage
cecttootit
titegegtite
tggticacgt

cacgtietit

agceaggeat.
tgocacaagt
ggragatgce
atgaaghaag
acacaggeat
aftgagagac

aacagetigg

cctetgagta

cttagieggtt
ageecaggoa
gagatgetie
ttgtgtclca
tageatoott
tgtgactgty
aagttacets:
aaggoracy,
gactgtagoe
cgttacecaa
agagECceEr
gatgcgetat
ceatagtacy
gtgacegeta
ctegeeacgt
cgatttagle
agteggoeat

aataglggac

getagtteac: acctacaalc etageaticl

tecaggecaa:
teeatteete
trageteces

ehetgageet

ggatgaatca
Aagicaggpe
tgeteteqat
ctgaactgee
ccaggettag:
atoaaacaca
etgeactagg
ggetgteets
tattggtgeca.
ggoTgCacEa
tecaatioac
cttaategoe
acegatogee
Tttgtectta
cgecetglag
cacttgceag
tegeeggett:
ctitacggea
cgocetyata,

tettgticea

ccigagetat
atgtacttac
gggteapat
tgctegciec
aaggrattta
gleagtatac
aggacotcan
teettgtted

dacagtgadc

aggecaatye. a:

Ca8acaages
acaggteace
gétergtgte
glcaacteac
cagtetteac

Pgreogtegt
ttgeageaca
otiéccaaca-
ceeatetete
cggegeatia
cgeegtaged
teccegtcaa

tategaceee

gacggtittt

aactggaaca

36

aaagaccgte
ctegtaacca
gtotataate
ctecagivaa
taltgeggtie
ttgatcagace
ggraggaaec

gattgerote

tgtacectee

cagatgagga

eaggtaagtt

tggatgrage

tetgaceatg

tgactgacte

tttacaacet

teescottte

gligegeage

cegtatitea

SECECRECEE

ceegetectt

getetaaate
agaaaacttg
cgoestitga

acactedace

ggaggoigag
ttaaaaatat:
geaggattty
ceaggacegt
attgoecage
ttaaaaacte
aatactcaag
cagagtcaag
ttetagedce

cegacecaatc

tg tagettaget

tgatgotteg
cagggacetc
acetactetg
ganagegcag
actgganagt
cgtgactgge
geeagetgge
cteaategeg

cacegtatac

gtgtggteat

ECECLERCEL
gggpgeteen
atttgegtea
cgtiggagte

etatetegg

2100
2160
2220
2280
2340
2400

2460

2520

2580
2640
700

2760

2820

2880

2940

3000

2060

8120

3180

3240

3300
3360
3420
3480
3540

3600
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[0011]

ctattetttt

gatttaacaa

cactoteagt

Acccge tgds

ttagacgtoa

ctagatacat

atattganan

tgogecattt
tgaagateag

cettgagagt

atgtegogey

gtatteteag
gatgacagta

sttacttete

ggatcatgta

cgageglhgac
vgaactastt

tgedggacea

ageegateag
cégtategta

gategotgag

atatatactt
chtﬁﬁtgat

agacerogta

gatttataag geattitgoe gatticggee

aaatttaacyg
acaatetget

gegeaetgac

ctogtgatac
ggtegeactt
teazatatgh
dggaagagta
tgeeticety
ttggptgeac.

tttegecoog,

Egaatﬁttaax

caaaatatta

cteatgegee atagttaage

gtragag

gootatttt

goteteggea
ghtttoases

ataggtiaat

ttcggggaaa tgtgegegga

atcegeteat gagacaataa

tgagtatten

tttttgctca

agatttoegt

eecagagacg

gagtggetta categasacty

aagaacgltl

tceaatgaty

tattggitaa

acgtttacaa

gagecetgac
tecgetoatd
teatcatoga
gtcatgataa

accoctattt

ceetgataaa

gtegecotta

etggteaaag

gatcteaaca

gtattatece gtattgacge cgggraagay caacteggte

aatgactiey
agagaattat
acaacgateg
actegecttg
aceacgatge
Eotétagctt
cttetgeget
cgtggitete
gttatétaca
ataggtgoct
tagattgatt.
dateteatpa

gaaaagatea

tgaptaety

gaggacegaa

ategtiggga

ctgtageaat ggeaacascy

ceoggeaacs

ageagtedta

geagtettee datasccaty

ggagetaace

aecggagctg

attaatagac

cggeectten gpetegeten

géggtateat,

cgacgEegag

tgeagoacty

traggoaact

cactgattaa geattggtaa

taadacttes ttittaattt

cranaatees

aaggatetie

ttaacgteag

ttgagatect

37

gaaadageate

agtgataaca

aatgaagrea
tEtgegcaaac
tggategagy
ftiattgets
ggpeeagaty
dtggatgaac
etgteagace
agaaggatct
trttegitee

ttitttetege

sasatgaget
ttttategbe

ageegeeaat

gacasgotgt

falaleasies des qalos

taatggtete

gtttatttst:

tgotteaata
theotttttt
taaadgalec
geggtaagat
aagtbotget:
gecgeataca
ttacggatde
glgeggeoan
taccaaacga
tattaactyg

cegatdzast

ataastetes

gtaageecte:
ganatagacs

aagkttacte:

aggtgaagat

aplgdagegte

gegtaatetg

3660
320
3780
3840
3900
3960
4026
4080
4140
4200
4260
4320
4380
1410

4500

4560

4620
4880
4749
4800

4860

4920

4980

5040
5100

5160
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otgetigeaa acasaasaac caccgotace ageggteetl tatttgocgy atcaagaget 5220
accaactelt ttbecgaagg faactggett cageagageg cagataccaa atactgiect 5280
tetagtgtag cegtagttay gecaccaett caagaactct gtageacege ctacatacet 5340
cgetetgeta ateptgttae cagtggetge tgecagigge gataagtegt gtettacceg 5400.

gtiggactca agacgatagt taccggataa ggescagees togggotdaa coedgegtic 5460

8520

glgeacacag cecage agé £ac £tacacegan: ctgagatace 1a

getatgagaa agogecacge ttcocgasgy gagaaagecg gacaggiatc cggtaagegg 5980
caggglegga scaggagage goacgagess gottecages: ggaaacgeet ggtatertta 5640
tagteotgte gegtttegee acetetgact tgagogtega tttitytgat getegtcagg 5700
gepgcggage ctatpgadaa dcgotageaa vgoggeettt ttacegtice gttty 5760
CLECeittE giteacat et Totttectge grtateceet BattotEteg ataacogtat 5820
tacegecttt gagtgagetg atacegeleg cogeagocga atgacogage goagegagte 5880
aglgagceay gdaagoggaay agogocoaat acgeaaaccy osotelceoeeg cgegttggee 5940

gattcatt 5948

€228 ALAZW4BE 188 BAT IR

<400> 31

tttccegact gganagegeg cagtgagege aacgeaatta atgtgagtta geteacreat 60
faggeacces aggetttaca ctitatgett ctggetegta tottatateg aattgtpags 120

geataacaat tleacacagg Aaacagctat. gaccatgatt acgeeaaget oettoctett 180:

oeagecette ctet

cag teagtoagte aglggagact gleghgegge cgegtggect A

teatggetgt cotgegcttt ceaggeteag agtgagtiga ctgeaccaat ataggtaact 300

teeagaatae aeagagtagg tgetapatcd agacacagag cedaccacage cancagioac 360
agaaggeety ggaggtcect gaacttacet gggtcacety tectagtgea gaaggatget 420

aagctteaan cepadgeate ateoteatetr geoctigttt gtetatttna tivagacaca 480
[0012]

38
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[0013]

acgtestget
cettggetga
tyatggtent

goagtttagt

tgggaceagg

telotaaete
tggatggdag
ecagticetg
aavactéety
taaacatgoe
ctleceaagg
dagttatact
acagagettt
cagapgagad
gagtoegtoe.
aggeecgaga
atggeoteot
geagetgeat
tecdetagee
geacaggetc
acggataact
agactcette
ggaaggctoe

tecteaccte

cagetaaget. acagtcagtt: tgeatiggee tctaagectg

tgattggteg gegngegtac

tetegagtet

gragtittta; .
ggctgggcaa
cacggtecty ggatlatags
teaaatecte .
tatatttita
geteagecte

atgtttiaca

ggptyclaca agagageaat

grgttestyge

car aglatac

agacggeaat

ttigactgea

ctgettacea
agacggtott
cagaat

gtteaggate

caccteatca geetgeetea

ctacagagga. .
atceatgtec
cettacggea -
agtacagott
tgacaatgtt .
cgeteacgte

getecaggee

aatcetgtte
agatotagy
egteceattg
ctigecaace
ctgtgragea

ggtecastaa

actggecaca

geacateacg gepittggea

agpateggetas ¢

agedggacag

tegtatagea; tacattatac

cttecagtig

geaaatecce

cocaaaggct

aagotetere

gacttpetit cagtagtica

aggteactgt .
¢ tgdd(_, A

ttudptes

tga
atsaatacet
ggeageeage:
catglgacye
gegtaagtaca
tatagctean

‘tggaagggag
getataactt
ceegegoete
gCaAtEpECE

aggtiggean -

gggeagttea
aalggagage
tgecetiact

ctgatteate

taaaacaset.

aagectcaca

seegudsela

tedceaatgg
ghtegectes
tglga
gtgattecea
cgtatageat
cccataggag
ttggotggte

ceteaatgeg

cagtcacage ecaggeeatc

acggetecet

gotocagtet ggttcageta

ttgagadcty

atggregact coageticac

aacdacagga gegitgagge

gaBECapcts |

ccagggaang

gaagttatet acccegggeo

ceettagtga

tetactgete

‘taggeocagta

ceoazactyg

getgtgetet teaaaggeat

39

ggaageattt
gtgectggec
ddaecaeldd
ttdeteagag
gegadgiiet
tgtetateas
gatccctgtg
actllottea
aggeatetec

aacttetegc

geaagegely
acalttatacg
taggagadaa
gaggtestec
gttgateteg
aggtgacacg
ggtetghtte
gaagtctaca
tecgteggca
agaateatge
cetgetocea

tagagaggea

anagascact

ateggagess

540
600
660

720

4020
1080
1740
1200
1260.
1320
1380
1440

1500

1566

1620

1680

1740

1800
1860
1920
1980

2040
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[0014]

AgLELELags. gecaggeaca

tetecaacee
cagacactta
teotietaag
gtegeteece
totagacadc
agaagotgea
ageeacagty

ggggcetcca

gtagigacat
gggaacagaa
agecafgeaa

ctaegggtte

tagggetoet

cttgtgccas
ggeogeaggt
tecaatteac
stigategee
acegategoe
i;i@tecfta
cgeeetgtag
cacttgocag

tegeeggett

ctttaeggoa
sgeecigata

fettgttcea

- tecactgegag
- atcectaagt
s aggectyges

- acecteacet

. dcagacactg ta

aaggaaagol:
. geaaagccas
aggitoecst
¢tgteagett
caggdgaagg
agtioccagg,
ctoecctace
ggtatacaty

gleacatcan

tggeogtegt
ttgoageaca
cttcceaaca
ogeatetgty
cggbgeatta
cgecetagog
teceogteaa
cotegaceey
gacgetttil

aactigaace

gtetetiteca

gsgaggctgg gegtegattt glaacctagg

atgetzegge
tttaaggegae
ghggecccag

gggecagect

caggaggaga

gatgeetica

Teraghgeag

aghgctecca getetgaaaa

dcegacaged |

tactectega

ggactcacag tEagECagEe

gettotoete -

a aggetccace.

saaagaaagt:

toctececeg

dageeteteet

totgggagte

taggetggea ageaggggot

daagagdcac

aatgetgtea atggdccaga

ctgcacacta;
gtagaaacac
aggtgaccea.

¢tecaggece

catacagteg

acagtgeeag

cggpcaanga

gtecagegaca

trtagggga; gg

ccteoagtcag

tgeetorcaa atgeacagec

agagetgeag

gagtgatgtt agssgtiang

greagtesgt
tttacaacgt
teeece Bt te
etigcgedgs
sgetattton
agedeggess
céégetectt
gotetaaate
agaaanette
sgegetitga

acaetcadce

cagteganagt -

cglgactgeg: -

¢erteataas

ecceatggee

cctotocant

aaaaceeteg

geuvagelgge gtaatagega

Gteaatgece
eacegeatae
gtgtggtept
tegetttett
gggEerTece
atttgegtes
cettggaple

ctatetegss

40

aatggogect

gtoaadgoda

tacgegcage

eceticettt

tttagggtto

tggttcacet

gdoptietit

étattettst

acttttitit

gtaaagaasc

aagetagetlt
cagaatglge
cctggggaat

tttcanggge

aaagAAaAsg,

getigtagea
goahadgedg
ggacaggagt
gctcatvaaa
gaggetggle
cetggtagac
gadgeataca
cagettgose
gactgtagee
cgttacccaa
agagegeeege
gatgogetat
coataghacg
gtgacegeta
Gtegocacet
cgatttagtg
agtgggecat,
aatagtygae

gatttataag

2100
2160
2220
2280
2340
2400

2520.

26580

2640

2700

2760

2820

2880

2940:

3000
3060

3120

3186

3240

3300

4960

3480
3540

3600
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[0015]

ggattitgee

cgaatittaa

ctgatgeege

gattteggee
caaaatatta

atagttasge

Gt getedtggea:

ttogrggaaa.

ateogoteat
tgagtattoa
tttttgetea
gagtggetta

aagaacgbtt

gtattgacge

tigagtacte

gtagtgetae

gaggacegaa

atcgtigeea
ctgtageaat
cecggeaata
cggecettce

goggtateat

cgacaREeng

cactgattaa

tagnacttoa
ccadaatect

asggatettc

gtttteaceg
ataggttaat
tgtgorcgga
gagacaataa,
deattteogt
cceagaaaeg
categaacty
tcecaatgaty
cgggcaagag
aecapteasy
tataaccaty
gpagetdant,
accsgagete,
ggeaacaaty
attaatagac

goetggeteg

tattggttaa -

acgttiacas

aazatgaget

ttttatggte

gageecegac ateegteaac.

teegettacs gacangetat

teatcaccia ¢

gleatgataa

aceectattt ;

gtegecetta
ctggtgaaag
gateteadcs |

ageacttitta

aasgreceas
tastggLite
gtttattttt
ccctgataaa tgetteaats
ttoeettttt
faagdagatge
geggraagat

aaghictget

caacteggtc goegeataca

‘Paaaagedte
agtgatadca

gettttttge
aatgaageea.

ttgegeaane

ttaogeates
etgceecead
acaacatgeg
taccaaacga
tattaactgg

cppatanagt

‘tttatigety atadatetag

tgcageacty, pREcCagaty gtaagecete

teaggcaact
goattggtaa
tttttaatit
ttadegtgay

ttgagatoot

atggatgaac gaaatagaca

ctgtcagace aagtttacto

agaaggatct. .

aggtedagat

tttteptice actgagegte

tttittetye

gogtaatety

41

gatttaacaa

ageegetegac

AcEadageRc

ttagacgtea

wtaaatacat

atattgaaaa

teeggeattt
tgaagatcag
goltgagagt
atgtggegeg
ctatteteag
catgacagta

gttacticty

ggateatota

cgagegtgac
cgaactactt

tgcaggacea

ageoggtgag

cogtategta
gatégetpgag
atatatactt
cettttigat
agacecogta

etgettgcaa

aaatttaacg
acaatctget

pegeectgae

gggagetgea

ctogteatac
ggtggeacit

tcaaatatgt

apgaagagta

tgeettoete
ttgggtecac

tELCEcEceR

gtattateeo

aatgacttes
agdgaattat

acaaggateg

actegectty

accacgatge

actetagett

cttetgeget
egtgggtete
gitatetaca
ataggrgect
tagattgatt.
agteteatea
gaadagatia

acdaaagdac

3660

3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320

4380

4680

4719

4800

4860

4920
4980
5040
5100

5160



CN 104540382 A

F

5 R

15/29

[0016]

cacegetace
taactggett
goueaceaelt

cagtggetye

taccggataa

agcgaacgae
tteccgaagg
gracgagggs

doetotgast

degocageas

tge gtiateccet gattetglee

ataccgctog
agegoeceaat,
acgacagg
210> 32

<211% 5948
€212> DNA

ageggtggtt tgitigeegg atcaagaget

cageagageg cagataccaa

caagaaclel glageacege

tgecagtege gataagtegt

ggegoagony Toggectgaa

ctacdacegan; ctgagatace

gagaaaggeg gacaggtate

gellceaggy gganacgoeel

atactgtect -

eldcakacet -

cgrggEgtte

accaactett

tolaglgtag

ogrielgeia

gtottacege gtipgactea

glgeacatag

tacagogtga gotalgagaa

cggtaagegg

gelateltta

tgagegtoga ttittgtgat getogteage

cgaggechkil ttacggtice.

cocgeageoga acgacegage. goagogagte

acgeaaaceg octetecceg

<L ATHH)

£220>

tegoctitty

atdacugtat

egegitggee

€928 AT RI|RIEE AR 28

<400> 82

tttecegact ggasageggy cagtgagege aacgeaatta atgtgagtta

taggcactoe
ggataacaat
ceagtcetite
teatggetgt
tecagaatae
agaagegrtly

aagcttenas

aggetitaca

- gtttategett cogpotegta

tteatacage aaacagetat gaccatgatt

ctotttecag téagteagte agtggagact

cetgegetitt ceagggteag agtgaglhtga

acagagtagg tgetacatce agacacagag

ggaggtodct

cecaageate atecteatet. geortigttt

42

cagggtogga
laglocigle
Beggegiage
ctegeotitt

tacegeettt

agtgagegag

gaticattaa

tgttetegtey
acgecaaget
glogtegee
ctgeaccaat

geagecacage

. gaacttacet gegteaccty tectagtged

gtetgtitea

tttecgaagy
ccgtagltag
ateulygtiac
aggegatagt
gogagetige

AGEECCACES

BCALLALAEC

gpglitegec
ctatggagaa

geteacatgt

gagtgagety

ROAGCERODE

tgeagotege

geteacteat:
aattgtgage
cattectort
cgégtggcet
atagghtaact
cadcagteac:

tigagacaca

5700

5760

5820

5880

5940

5948

60
120
180

240

300

360

420

480.
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[0017]

aecgteetect

cettggetga

tgatuglont
gragttidgt
glegggeaty
tettggteat
tgggaceagy

tulabaaetc

tggatggaag

ccagttecty

taaacatges.

cttcocaagy
gagttatact

acagagetit

tagasgagad

gagtcogtos
aggeoogaga
atggcetect
goagotgeat
tecactagee
goacaggatc
acggataact
agactcette
ggaaggctoe

tocteaccte

cagetaagok

tgattggteg

gptpelaca
tettgastet
acttgagtat
gragttttta,
ggotgggeaa
cdcggtecty
téaaateéctec

tatattitta,

& cetoageete cag

atgttttaca
caceteatea
ctacagasga
acdoatgbgc
cottacgega
agtacagott
tgacaatght

cpeteacate

eoeteodggeo.

geacatooes |

acagtcaght: tgeattegee totaagestg

gegagggtac
agugageaat
gagttectae
tetetgaton
agaeggeaat
tttgactgea
ggattataga
ctggttaces

agacggtott:

gttoaggate
geetgeetea
gatcetgtte
aggatecage
cgteeeatty
cttgeeaacea
ctgtgeagea
tgtecagtac

agaatygeta agoass

tegtatagea
cttecagttg
ceagatecce

gacttgettt

tacattatac

ecoanagget.

aagetetees

cagtagtica

aggtcactgt

Clgaataace

cttgaggtce

agtatactea
atasatacet
ZECALCCAZE
vatglgacge
ggtaagtaca

tatagcteag

sta ggatigbags

‘tggaagggag
getataactt

ceegegacte

goaatggece
aggtiggean

cagtcacagg

getecagtof:

acageacect

- atggtegact

gacaacagga

gaagttatet
ceettagtga
tetactgete

getgtgctet

43

GCagets -

BREcagltea

dal gaguge

teeddtgact

ctgatteate

ggaagoattt
gtgectgggo
adarcaetaa
ttagtsagag

cevangetet

taaaacacet tg

aagecteaca

cceguase ba

teascdatay

gttgrecteg

ghgattiecca

cgtatageat

cccataggag

ttgpetepte
ceteaatgeg
‘ccaggeeato
ggtteaggta
tggagadacty
geageticae
gegptgagst

aceccegggce

taggecagta

ccoagastes

Leaadgpeac

aggeatetec
aacttglege
éateeetggo
goaagggrety
acattataecg
Caggagadaa

gaggtestec

gttegtoteg

aggtgacacg
getetglite,
gaagtetaca
tecgereged
tetgggeaga
ectgetocea
tagagaggca

aaagaccact.

atgReaEges

540
600
660
7266
780

840

1680
1740
1800
1860
1920
1980,

2040
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[0018]

AggegLcagy

tetecaacee
cacagactta
tocttetadg
gtggoiceee

cclagacand

agaagotgea

agceacagtyg
gegcetcoa

gtagteacat

gggaacagas

acccatgeaa

ctaegggtte

taggegtoct

ettgtgecas

ggoegeaget
toeaatteac
ctiaategeo

AgegateEce

fttetectta
cgeectgtag

cacttgoag

tegeeggett
ctitacegoa

fettgtteca

ggecagggaca geeaggotgg geategattt gtaaccragg

teactggeag
atecctaagt
aggectggea

agecticacct:

acagacacty

aaggaanget
gragagceaa.
dgEttoccgt

ctgteaggtt

GAggaAgaage:

aghtoecage,
ctecectace
gptatacatt
gloacactas
ghygtokteva
tiggoegtogt
ttgrageaga
cticteadea,
cgeatotaty
cggogeatta
cRecctageg
teaccgtcan
cetogaceey
gacgg bt

aactggaaca

atggtgegec

agtgetecen getctgaaaa

tttaaggeea acecacagea

gtggececag

tagtectged

ggacecacag tgagecagec

ggggragget: gettetcete

tateacceca

caggageaga,
gatgeettea.
‘tecagtggag
aatgctgtega
ctgcacacta
gtagaaacac;
aggtgaecca.
gapteatett
gleagteagt

tttacaacgl

‘aggeticact
aaaagaaagh
taggetggea
agacagacac
atggegceaga

catacagtye

tegtoogoeg
ageotetoot
tetggeagte
agragggget
egBgeaaagE
gtcagggaca

ttageggage

acagiggﬁag*eetcagtcag

tgeetoteaa atgeacagec

agggettaag

ceecatggce

cagteagagh ogtoteoaet

cglgactege:

teeceettte gecagetgge

ptigegodge otgaategcy

tggtatiten

eéepctiEctt

caccgeatag

tEgET Ot

getetaaate geggectees

agaaaacttg
cgocettiga.

acacteance

atftezgten
cgtiggagho

ctateteges

44

aapaccetgg
gtaatagega
aatggegeet
gtoasageds
tacgegeage
ceEttoEttt.
titagggtte
tgettcacet
gacgtictit

ctattertit

acttbtitis

gtaaagaaac.

aagetagett

gagaatglgs
cctggggaat
trtcaaggge
aaagaaaaag
gettptacca
cendasgcag
gEacaggagt
ecteattaaa
gaggctggto
cetggtagac
gaggcataca
cagettecdc
gactgtagee
cgltacceaa
Agaggeeege
gatgaegtat
ceatagltacy
glgagegcta
etegccacgt

cgatttagty

-agtigggecat
antagteggas

gatttataag

2100

2160
2220
2280
2340
2400
2460
2520
2580
2640.
2700
2760
2820
2880
2940

3000

3060

8120
3180
3240

3300

3360

3420
3480
3540

3600
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[0019]

ggattitgee

cgaattttaa

ctgatgocge

gegettgtet

tebetcagag

gootattitt

ttoggegana
ateegotcat

tgagtatica

ttitteetea

gagtgggita

aagaacghtt
gtattgacge
ftgagtacte

goagtpatee

gaggaccgas

atcgttegea

ctgtageaat
tocggeaata
cgpecettcs

goggtateat

cactgattaa

taaaacttca
gcdaaatcet

asggatettc

gatiteggee
caaaatatta
atagttaage
getedrggea
gtttteacog
ataggttaat.

tetgegegga

tattggttaa aaaatgaget gatttaacaa

acgtttacaa ttttatgete

cageeecegac dctegeeaac

tedgettaca
toateaceza

gteatgataa

accgotattt

gataagetet
aacgegceag
tastegtittc

ghttattttt

gagacaataa, ecctgataaa tgettcaata

dcatttocgt
coceagaaacy
categaactg
tcecaatgatyg,
cgggeaagag
accagteass
tataaccaty
gpagetaact
aceggagoty
ggeaacaacy
attaatagae

geetggctes

- teaggcaact:

geattggtaa,
tttttaatit.
ttaacgtgay

ttgagateot

gtogeeetta
ctggtgadag
gateteadcs -

agcactitia

teeeottttt
tagaagatge
geggraagat

aagttotget

vaacteggte geegeataca

‘gaansEgeate
agtpatadca
getretttye
aatgaageca

ttgcgpaaac

ttacggateg
ctecggecan
dgagcatggy
tagcaaacga

tagtadetey

tggatggage cegataaagt

tthattgote atasateleg

‘gggceagaty
atggatgaac
ctgteagace:.

adgaggatet.

ttttegttee actgagegte

tttttteotee

gtaageeete
gaadtagéca
aagtttacte

dggteaagat

gtetaatetg

45

cacteteagt
aceogetgac

gacegtotee

dcgadageec

ttagacgtea
ctaaatacat
atattgaana

tgoggcattt

tgaagatcag
goltgagagdt

atglggeecy

ctatteteag
gatgacagta

pttagticts

ggatoatgta

‘cgagegtgac

cgaactactt
tgcaggacea
agecggteag
eegtategta
gategetgag
atatatactt

cettttrgat

‘agacecogha

etgettgedn

gaatttaacy
acaatetget

pegeectgac

gggagetyea

ctegtgatac
ggtggcactt
teaaatatgt:
aggaagagta
tgcotteete
ttegzteacac
trtogeaceg
gtattatecc
aatgactigg
agagaattat

acaacgates

actegectty

accacgatgo

actetagett

cttetgeget
egtgggtete
gttatctdca
ataggtgect:
tagattgatt
agtetoatega
gaaaagatea

acdaaaaaac

4440
4500
4560

4620

4680

AT4)

4800

4860
4920
4980
5040
5100

5160
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[0020]

cascgetace &

taactggett
gecaccactt
cagtgectyge

tacéggataa

ageg
ttecegaagg
geacgaggea
acetotgact
acgtdagcaa
terttectet
ataccgetog
agegeceaat
dcgacagg

<210> 33

<211> 605
£912> DNA

cageagageg
caagadectct.
tgecagtege

ghcgoagegt

ae clacacegan

£ARAAABECE
gettecagse
tgagegtoga
cgeggecttt
gtiateccet
cegeagocga.

acgcaAdACCy

913> AT

0>

€400> 33

- AT

1 tptttgecge atcaagagetl accaactett

cagataccaa atactgtect tctagtgltag
gtagcacege ctacatacet cgetetgeta
gataagtegt gtettasege gtiggactea

tegggetgaa cageiegtte glgvacacag

¢tgagatdce tacagegtga

gacaggtatc cggtaagegg

graaacgect: ggtatcttta

tttttetgat getogtoage

faceptice tgecetttty

gattets

gg ataaccgtart

acgaccgage geagegaghe

cetetesery cgegttgeee

EI R ) B AR

gotatgagaa

cagggtogga

‘tagteetete

gegecERage
etpgectitt
tacegeattt
aglgagegasg

gattcattaa

ataacttcgt ataatgtatg ctatacgaag ttatccgtge atgatictet

gotggtteet
steetoftte
dgtacaatcg
geageegttt
actggagetg

tgtgatigng

grectgetta geeateetsa

ctaacegeeg agatgtitega

tigetagtey actggaggat

attggacega cglgagesaa

cegoceagan tatcgtaato

gegaacetla dcpitacdic aagdaagite

seetgtgete
etogtagacy
getgeogets
gaggcaataa

tetggctiey

.actgatagty

ctatittoes

46

tgescavage
ctggegecat
‘tegactieca
‘aacagacata

‘tgagecetga

asdacgaateg .

aggatettea

tticcgaagg
ccgtagitag
atectgitac
agacgatagt
ceeagottag
agegecacge
acaggagage
gegtttegee
otatggaaaa
geteacatet
gaglgageog
gaageggang

LgCAgeLERoC

tteectggga

gteagegets

gaagotegal

gttotcasag
cettaaceag
tggacteget

ccageotaga

5280

5340
5400

5460

5520

5580

60

120

189
240

300

360

420

480
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[0021]

geaatogose tegaccotge acatggetaa acetetghtt thotectect cctatgggga

ggogrgegga acaggattte ttotgtegag tataacktog tataatgtat getatecgaa

gl Lat
219> 34

€211> 605
<212> DNA

£220>

<4005 34

> ALHF

S LA FI BB AR BT

ataactlegt altaxtgtaly otataegaay tlabeoplye alyatteted

getggttent
etgtigttite

tegaccatty

ggageogtit attggacega

actgeagety
tgtgactgeg
gecaacetoa
gecattgese
g8CEORLLLA. |
glhtat
€210> 85

€211% 605
<212% DNA

gteoetgetta
CeAaCEECeE

tggecagteg

ctpeacagaa

ttggeaagaa

atggracete

acaggattic

913y ALBEF)

<220

geedteetpy cretptpste

tgeseacage

pratgtgoer ctagboeaty ceggogeagt

ectggaggal gragetgety

cgtgagegag gaggecatea

cattgteate togggoeteg tgteacotga
getgtactey doggactecg agiaceaacey

coptadgett ctettetgee

acatgggtaa acctetpttt

ttetgtagag tataacttcg

L9985 AT S i o AN A B s

400> 35

ataacttogt ataatgtatg ctatacgang ttatecgtgo

getgettect gtectgetta gocatectga ceetghacto

ctgttgtity ccaacegecy gratetgegy ctagiggaty

tocaccatty tggccagtde coctggaggat geagetgety

47

tagactieca

aacagaecha

ageacchaga
tietecrget

tataatgtat

atgattetet
tgeceacage
ceggoggagt

tagactteca

Uteeetgega
ctedesgete
gaagetggag
gttcteaaag
celgaaceag
tggeetgges
cattgaggtt
codgecadgy
cotatgggea

gotatacgaa

ttecetggga
cteacegeto
gaagetegag

gttetecadg

540

600:

608

60
120
180
240
300
360
420
480
540
600

605

60

L20

180.

240
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[0022]

tgt aectggacaga tgtgagegag gaggecatca aacagacceta eotgaaccag
actggagely ctgeacagaa cattgleate tegggeetcy tgteacetga. tggectggee
tptgactggy ttggeaagaa getgtacteg acggactcey dgaceaaccg cattgaggtt
gecaacctea atgggacgte cegltaagelt ¢tettotgee dggacetgga ceageeaagg
gecattigeee tggateetye acatggitaa dectetpttt tictectgct cetategegs
geegogegga acaggattte btotgtagag tataactiog tataatgtat gotatacgaa
gttat

<210> 36

211> 104

£212> DNA
K213> ALFH

228> ATZHAIEHEE R 5 AR
<400> 36
getgoggeta gtggatgoeg galtttagag ctagaaatag caagltaaaa vaaggeragh

210> 37
€211% 104
<2175 TNA

> ATRF| WA SRAY 5 R
400> 37
ggagtorcace attgtggeca gghtttagag otagaaatag caagttaaaa taaggetagt

cegttateaa ctigaaaaag tggeacegag tcggtgettt titt

210> 38
<aLLy 104
<212> DNA
13> ALAYY

0>
¥ ALBH| B8 B R AL

£400> 38

getactgeae agatgtgage ggttttagag ctagaaatag caagttaaaa taggeetapt
cegttatcan ctigaasaag tggeacegag tegetgettt titt

210> 39

48

300

460

420

480

540

£00

605

60

104.

60

104:

60

104
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£220%

223> ATAF B S R B AT

<400> 39

getgaagaty asstgoeaga gtittagage tagadatage aagttaanat asggetagte 60:

i Tlgdanangl gEratEgagl CERLELTITE Tl 103

220>
<223y AT FEE oA A F R
<4007 40

spletecely yhggacy

sae gLl agage Tagadalage dagliaasal saggelaghe [61]
cgttatcaac tigaaaaagl ggoaccgagt cggtgotitt 1t 103
<210> 41
L2115 103

<942> DNA
€213> AL

<2207.

€998y AL FFIh4aE AN S B EE

400> 41

gaccactgey paccagtean gtittagage tagasatage aagttasast aaguctagto 60

cgttateaac ttgaaasagt ggoaccgagh cgeteolttt tit 103

<2103 42

400> 42
gageogtite coagagttca gettttagag ctagaaatag caagttadaa taaggetagt 60

cegttatoan ottganaaag tggeaccgag Loggtgettt LTk 104

<210 43
<211% 4206
¢212% DNA.
<2133 ALAF]

[0023]

49
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[0024]

220>

K223> AL F e ahA

<400> 43
atggacaaga

atcaccgacg
cacageatea
gcgaceegge
tatetgeaag
ciggaagagt
aacategtgg
aaa¢tggtyy
atgatcaagt
glggacange
altgaacgecy
cggelggaan
ctgattgcce
gatgeeaade
cagategrey
clgetgagey
atgateagga
cageagotge
ggetacatog
gaquagates
angtagcgsa
gecattctgo
gagaagatce
agatlegeet.

giggtegaca

agtacageat
agltacaaggt.

agaagaacel

tgaagAREAC cEccaRARLA
agatcttaag cas

cetteobegt. |

acgaggtgge
acageiviga
tecgggeces
tgtueatoca
geggeglyga
atctgatege
tgageeteey
tgeagethag
aceagtacgy
acatectgay
gatacgacga
ctgagaagta

atggorgage

acggeacega ggadct

cggectggac. ateggeacca. actelgtgre clgggeogte
goteageaag anattcaagg tgetgegeaa caccgaccgg
gateggegce otgetgticy dcageggaga dacagecgag

agatacacca gacggaagds ceggatctee

SEEARBETEE AeEatagctt

telos Teriers

ctaccacgag

caaggeogac
ctteetgate
gatgrtgcag
CECCABERCL
ecagetgees
cetgacecce
caaggacacy
cgaggigttt
aghguacdce
geacoaceag
cAaagagatt

cageraggas

cettogacad CEEC

BRCRRCARHA

tgacettecg

ggaLgacay

agggegeeag

agatttitae

i gte

. aagaagracy

aagtacecca
etgeggotpa

Bagggerace

abdtacaacy agetglitga geasdaateat:

ateetglely
ggegagaaga
aacitcaaga
taggacgacy
ctggtcgica
gagatcaeca
gacetgacer:
ttettogace

gagttetaca

ecatteetga

8 dcagagae

a tecacelged agagctgcad

ageggeacse:

ccatctacea

f¢tatctggp

‘tgaacectra -

suagactgag -

catottcgge
cctgagaaag

¢etggecear

caacagegae

Lddgagrdgd

agadtegect gttoggeaas

geageticga

aectggacay -

Agaseetgtc -

aggeececel .

tgotgaaage

‘AgAgeangaa

agtteatcaa |

aggacdaceg

cetggeegag

cet@otense
tgatgocate
gagegeolol
tetegtgegg
cgretacgee

gecoatecty

ggannagate

cateccetae taeghgegen cletiggecag gggaaacage
aaaghgeray gaadecalea veeectyggaa oltlcgaggaa

cgectagags ttodatcgage ggatgacean oty

60:
120:
180

210

360

420

480

29

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

15800
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[0025]

aaoctgeoca:

tacaacgage

agegggage

gigasgedye

tecggoeten

ca A

ctgaccetga
cacetgllog
aggotedages
gatttectea
agectgaett
CaCgagCaca
glgaagglag
atcganatsg
atgaagegga
glgraasacs
gatatgtacyg
ategtgecte
gacaagaace
aactactgge
ageaaggety
CLEgtEsand
actaaghacg
aggetgetgt
tacoaccasg

taccctaage

acgagaaggt
tgaccaaagt
agadaaaagy.
tgaagagagea
aagategett

et

cactgtttga
dcgacanagl
gpaagctegat

agtocgacge

traaagagga.

ttgccaatet
tggacgaget.
ceagagapan
tegaagaggy
cceagetgca
tegaccagga
agagotttot
ggggcaagag
gecagetget
agagappegy
ecoggeagat
AcLALARCIA
cegatttecg
CeLacgacgt

tgeaangcEa

getgoccaag |

cacageetge

gaaatacglg acegagggaa

categtggay ctyctglted
ctagtteaag
¢aaceeetos -

ggacastgag.

ggacagagag: |

dasatcgagt

ctgggcacat

atgatogagg

galgaageay vigaagegge

Cadcggtdte

cticgetaac

catecagaaa gectagglgt cogy

EECOEECata |

cgtgaaagty

ceagactace

catcaaagag

gaacgagdag

Cgggacaage

agadacttca

ceegecatta,
atgggcegge
cagaagggac
clgggrages

elgfdeetnt

actggacatc -aaccggelgt

ga@ggaqgaa
cgacaacgty

gaatgecaag

tetgagegaa

gacaaageac
eaaactgatc

ganggattte

wtacctgaad |

gttegtgtae .

tecategata
ccetecgaag
¢tgattaces
ctggataagy
gtggeacaga
cgegaagea
cagttttaca
gecgtogtey

ggcgactaca

‘tgbacgagta
‘tgagaaagec
HEACTHALUL
gottogaste
aggacgatet
attetgga
aacggctgaa
ggagatacac
HEtscggraa

tgcagetgat

cagey

agaagggcat

acaageeoga

‘agaagaacag’

agatectpgda
agtdetigea
‘ecgactacga

acaaaglegct

aggtegtgaa

agaggaagtt

ceggeticat

tedtggacte

aaghgatecac
aagtgogega
jgaaccgecet

aggtdtacga

cticacegtg

gaaaglyace
dgmggaaﬁﬁd

dgatatcgty

aacctatgee

cggelgegee
gacastecty
ceaggacgac
égatageety
cctgeagaca
gaacatcgty
ccgcgagaga
agaacacect:
gaatgegegs
tgtggaceat

gactcggage

gaggatgaag

cpacaatety
caagagacdg
ceggatgadc
cetgaaghes
gatcaacaac
gatcaaaaag

cgtgeggadg

2700;

2760
2820
5580
2940
3000

3060
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[0026]

atgategeca
aacatcatga

cetetgatey

goCActEtge

cagacaggog

gecagdaaga
tatteigtee
aaagagetsc
tttetggaag

tactecetagt

CAgAdgELaa.

cactatgaga

cageacande
atcstegece

vetgeegost

gaggtgeteg

gacetgtete

Bgeageggat

gactga

L2202

agagegagea
actttttcaa
agacaaacgy
geadagtgat

gottcageaa

tggtegtege
tggggateac
ccaagggcta
tegagctigga
acgaactgge
agotgaaggg
actacctgga
acgotaatiet
aggaggecga
toangtactt
acgeeacoot
agetegeags

cecccangan

ggaaatcgge aaggetaceg ceaagtactt ctictacage

gaccgagatl accetggeea

CEAAACAEEC
gtctatgece
agagtotato |

gagatcgtet

acggegagat

gegataageg

CCERBAARCES

cegggaettt

taggtgdata teglgaadad gacegagets

etgotoaaga

tacggegget

capagtggaa aagggeaagt

catcatggaa. agaageaget
danagaagty
43aCgRCORE: |

CELEGLLECE

aa3dageacs
aagagaatgc

anatatgtgs

ggaacagoga
Teg

ccaagaaact

tegagaagaa:

tgatsarcaa
tggectetge

otecocegag gamaatg@gﬁzagaaagagct

egagateate gageagatesa

‘ggacadgety
gaatateate -
tgagacoase.
gatccaceag
cgacgeetat

ddaacgoaag gleggaagatc

ctgagegect
ategaccgea
ageatcaceg

ceetatgacg

223> ALAF| R SRS FR

400> 44

gegagitete
deadcangea
gcetgaceaa
agagptavac
gcetghaega
tgeeegatta

ctaagasaaa

caagetgate

gazgagiete

tecrategac
gotgectaag
eggegaaciy
cetgEacagt
gtitgtggaa
caagagagte
cHgagaEANg
t¢tgegagen
cagcaccaaa
gacacggatc
tgeeageety

gCggaadgte

cgtotgteee ctagtaceat ceacagagea gacattetet gtaagpptet ctigerctit

3600
3660
3720

3780

60

120
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[0027]

ctgtgtgetg

tcagcgateg

ggolbgeeagy tecktgagtey

tigteatene
geetegttag
geoacgggea
Gacagategct
gacaceeeca
taaaatttge
aagggeecag
gtheocacty
ggoagtatew
tacdctgtit
cagltgetis
ttegtataat
aactgocaga
ceataactte
acaaatitit
cletetggas
gggettatee
Ecctttgtag
ggegeattic
tracagtite
atttatttes

ggeagearec

cteotpggga

aactgtiges

cageagacag

geagcaggat
aatectaaat

caggtittica

- teatgttaas

geettiotte

ttadcagate

cagtetecgt
g ltoagalt
Tgeagngelt,
gtatgetata
geagoteeot:
tegtaageeyg
ghtataatgta
atttatteat
tatgtoctet
agcadgteto
gttageagge.
attagagett
cattgctate

ggetpettia

catgtggaag agttigecty tgtoaaggty

ttgggetect ttecagecat

gagaacgeag

ttgpetagee -

caetrtattt.

agagtteate

tgattgecct gggeaccage

gatgtetg
agatantaga
caaagtaged :
ccattaacte
ggeactetze
gaghtgtigeg .
guggcrdate
HEAZEHALRE
¢gaagttate ;
geatacageg |
ggttgoatge .
tgetatacka
ttattttgga |
tetgottity

ttgetgagct gtetecotea

attagcagea

agacctatgt
ateigeatge

cteacttety

gtlgggatca.

ttageagteg
tgtglotice
Flgagelegh
geetitgata
geactetity
aclegelegs
agttataaca
gigtectitt

sEtgppttig

téaggettet goccaghgot

gaagettoty ctetgacetg
gagagacace

caggtteaga

ggcactagga

datgaccagag
getteagtee

goteagaatt

Bgttggtttt
ttegggangy
tegagacacg

tagagestee

agaagtattt
tpttttettc
geactebaa
epagtegbee
toctgectgo
‘taaacgattg
Lgggaacgly

guaglggett

atetgitaag at

tageatecag
caggaaacet
ttgggteato
gtatggagat
rtpattisae
tétgteccty
geagtgtecg
gagetcactt
cageragtat.
gttateateg

ctotatetty

ctaagtecta
Ttotigotgt

saghaacett

ageetaggag

tggactaett

¢ tcactictea

gagaggrtea
ctttetioat
aatgacagtt
‘tgactetica
¢ctgagactea
aaagealitec
algluatyes
etgloarans

titet

ththeteaac
cagaggtcag
apapgtcate
ttgactecca
rteageegga
aacteotgte
gaaggcaaac
agggdaacat,

180
240
300:
360
420
4180
540
600

660

1560

1620

1680
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[0028]

aaacaggaga:
ttectetaae
AecuLeatad
caGtetggge
tegtgtiety
gtitatageag

ggecgattta

agtettgeaa

geagtgagga gegtetcata gocecaceege

aaggccacac ctacceacag tgectegges:

wtgcraagle wetoagalty geageliglyge

atggtﬁagtf
giteteteat

tiggt

gtiggteages

¢ecacatgee

a: tgaceeatge.

gagaggtget

tgtgctedae ol

chgggeattt

tgoataagty tcatglital: caaggtgeag

tglttaagat atectggela tgeagt

210> 45
<211 1832
212> DNA

Q13> ALEF

<2905

gaaagtttag
eeoeaatatt
tatatataca
gagededcla
ctectaaane.
cisgtotolg
cacaggttict
ateagtigtl
ceeagtadhg
tetgcetgtt
aggagaactc
tgagtottte
gaaatggete

cgatetigas

3> ATAGIE RS AR S HEH

ttctactctit atttgaaage aatgittgtt

aagaactygy
tetangedta
gatgtatect
tggggettph
ctecteteag
gigacetgag
A¢agaicass
dcaataactt

ceGttttgat

cteatitgaca

acggagatca

aagaaggage

ggeaacagst

tgatttgatt
tetetacats
teeatcacte
gtgttgacta
agatgegagc:
tgetggeect:
daggdcadaca
cgtataatgt
gectgattcd
toggototgg
tegtetetga
caggagectt

dgaggaales

Attaattaat

gletatpeay

teteecaceta

gactggaage
atagghattt
catetetgea

¢oacciceac

atgetatace

ctfccsctet:
‘cocaaccatc
ctatacagac

tgatiggtoe

gtatcteete

catgggeeaa
Ltteangell
gtagltorget

ceggt

aggeetecag

cagtgtitet

tactoatgaa

¢toagtpttt
gtagatgeat
ttettdrgeg
cagaaageet
gtgagatgee
c¢catcactee
gagadcadan
aagttateta
tetgteetag
taceagettc
caaaacctet
goagtogtea

tleagettte

acagtgecag

geatactoan
glgucarget
cageaggece
ceagggagtt
catgageect

tactgaggtg

gtaaaggace
tagattttaa

gpggceagaa

geagegtoee

cagagageet
tgacttgtta
aggecttaaa
atggcacaat
taactteage
gtgotgtaas
tgtetgeety
gggadctgea
cotatgtele

traagggace

1740
1800
1860
1920
1980

2040

7100

2126

60

120

180
240
300

360

420

480
540
600.

660

120

780

840
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[0029]

tgeataactt
cactaagate
aagalygagey
téceagtcat
cadaacacly
aagaatteat
gagtaaagty
tgaaaaceuy
ttetgtgtte
ttttttgttg
tetgatattt
ttgttttcta
tigggtagta
ttitgatggt
tgttitagea
aaldaatatta
ttgatttotle
€210 46

211> 1431
€212> DNA.

cgtataatgt.
cagatgaaaa
cleaggagad
ceaacatadsa
Tagttaccal
ctitgtoacag
clugetpeag
tetggetegt
ttettettec
Tertpptget
ghectgtoat.
tggacatatt
gtetgearta
aadtteatit
aatattacat

aatcaaataa

135 ATEF]

<220%
£223>
<400> 46

gacagaggra
guetaaaata
tagtotgtot

atgotatacy

agatettese

atgetatacg -

aagttatatyg

atgcoaaaga aactcaaaga

tagutegetl pteagatyta

getasteget aatygectaat

ttitttages adcagdaata

ctatasagtt

aggttgtoct:

ghlealgeet:

gatgttitat

tectgctest. gotgttetin

Ltrggrett

ttetccagte
lagtentaty

geaddgactt

tgtggtacy ¢

tagtatttta agaggaatge

catgatette attetteaga

ttetteteca ttgatgtitt

tgaatttata

titatttatt

ttotctatty

fattatatit
titagataget

g8

KR S B R B R

gotaaattac tgteaattce agletageca

tattaaaaag

ggeacgagty

aagttattta

Aaaaaaana:

ttgtttgata

tetgtotgae.

agggaaggaa
aacgeatott

attgeeatge

55

tttetateag
coanAgERan.
cracedgagl
geoddratea
dcetgaagea
ggatatggea
tgteetetta
elgtetalic
tgetgettty
aagctaagta

ctaag

wattggetac

teagrgasaca

cagtgtaasg

attaatamat

attgeaatag

gegatatgta
gagtaaateg

gtgataaegtt

tittataceg

getpecaget

ceraaactac
ctegggatag
actaltiiggt

¢eggaadcag

attatggega

gacggtoagt
geatctttat:
tytlocalta
atgatatagt
ghetegtzatt
antbetagas
actaaftget

gatettfcea

dtecattgget

acattaatas

gattgactic

gtgagaccet
atttghetga
cgtataatgt:
tedegaceas

cgaagdecce

900

960
1020
1086
1140
1200
1260
1320
138¢
1440
1500
16560
1620

1680

1740
1300

1832

60.

120

180

240,

300
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tgocacteog
geacgattet
aaccctataa,

agagtcaage

gegtoageay

getgtedcty
gatetggtac
gecagtgtoe
ctieceogty
ctigeetice
tettagtgac
gteaacgtgg
gteaatactt
gaaeccagggt
ceelaggoca
acaatgegey
ggacgggtga
gggocacatyg

gtgagteggee

geeettglge

cetgeeggty

cttegtataa

teagcetote
Becetgtety
ceeacetgee
aacttgeegt
teftggttat

tegtaatgst

tgetaagtaa,

cattg

atgactgltoe

acaactgeca:

geetgacete
tacetgette
gagetgragt
ccatgacegt

ctittettty

‘gangatetes

ecttegagge
tgtatgetat
etggttette
catggteeee

taceagggtc

gatgetggta
acagggetge

gevacctgta

ttecaaggly
acgaagitat
caggeccaga
cetgeteagt
agagotgeca
ectgtcticaa
tgtgtgagaa

ggeagageag

gtteteocod gogdagecay

tiggacategg

gtgoecetoeg .

aggtgggeac :

aacotactee
cagaatateg
gtggectett:

taggecaacag

¢ TEELECECE CtacgagEct:

tgtetoaaty
gagtggacag

acgggeaact

atgagleten

ghegceacag

atgactglge

tehactetege

aatgetttea

greteagtegt
aaggggtetey

tegtaggcea

ofgetececag

gEgeceggat

aagtgacata

tacagctgga.

ceeogtagty

tgatgteasga

clegggacan

tegAgeptea -

ggggaacglg

gteggeatea

tagactagea

getgoageoe

ctetgtatet

‘tacagocgly

goatgaaagg;

ggetggeacs

tctggacgge

gaatgtagte
ceagaccoet
ggecgatity

gatgagtEoes

toctteoeget
eeetgtgeee

tatgdactegtg

taggetagee

tgtagacggt

‘gegctgeaga

catettigtg

aatgeetsce

iteget

tgtiteoatyg

gggaagacag

360
420
480:
540:
600
660
720
80
840,
900
960

1020

1080

1146

1200

1260

1320

1380

1431
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adtgcagctg “cgdCdggtf%cccgdcfggaaagcgggcagtgdgcgcddcgcaatfaa gt

fefe sfelsls acaaaggadaaagctat_addafg thasy
ttcctc Lccagccctt etctttcactgactgacanctggaaqacacacctgcg

fg gcat?fgagag@catgggtcdcctggfaggggaggaacccgfaggdccagccfcctgadt@
aggetggecactgtgtgtttctaccctgggaactitgcatgggttttaatgaggectecectaac

ctgtatgtagtgtgeagectietectgttetgtteccactectgtectgtecotgactetyyg
£ LcacagcattaacctgacagatgtcactaccLgctttbggtcttbgcccggtgtctgtt
tctccao?ggadcgqgaaccftggdqgccccfggtacaaQCdgccccfgvttgccagcctatga
aggcatcLtggttttgccactgtgchctttLtthtcactcccagaactLtcttLttctcctc

v ot g sCCeca
agggtggggagccacccacattc ggcctgcctcactgtgggtccctggggccdcfggcdggcc
tettagaaggaaagctagettecaggagtatgetgtgggttccecttaaaacttagggattaa
gtgtgtggtttetttacttttecagagetyggageactgececaccateteccagtgagggttygy
agaaasaaaaagtectaggttacaaatccaceeceagectecctgtocotgocectgoeccate
cegteocoatgtgoctttgaagagcacacctgaactactgadageaagttgaggtgaggaagtygy
toetttecagtttgyggagoagtagagecagagettggggatttggggageetteetgoctotet
atdc+ggcctatcactaagqgagcctttgggcaactggdaggddggagtcttgggdgcaggggc
coggggtagataactiegtataatgtatgotatacgaagttatecegtgecatgattetotitece
fgqgagcfggttcctgfcctgctfagccatcc?gaccctgfgctctgccchagcctcaccgct

P ﬁ
gdgtdtadcttcgtafdatgtatvctatacgaagtfdtacctgaggcaggctgatgdggfg ot
tgagaageageccttgotgggastecacoteoctiogagatoctgaactgtasaacatggeatgt
ttaqgcagggatggfggt'ﬂ"caccfacaafccfagcattctggaggctgdggaaggagtgf%g
ceacaagtbtocaggooaa gagetataaagacegtettadaaatatacaggaactggggaga
tgectecattggtgatgtacttacdtegtaaccaggaggatttgacttccatecatgaagaaay
ttaggtgaggggcgtcacatgtcLataatcccaggaccgtggagttagagacacagggatctgL
gaggettgetggetgeotyeagtoagattgeecageccetyggtoecagtgagagacaagghs

thaaggtat ”aLattgccgtcttaaaaactccatgaccaagaacagc:.ggggatgaatcagt
¢dgtatauttgmtcagacdatacfoaagtcafgccccacctctgaqtaddgfcaggga.}'

gattgcfctcttgtagcacccaqgacaatcagcccaggcactgaachCGCdcagtgac;
coctococcaatcaatcatcageocaaggaaatgoctteccaggottagaggecdatgoaaac
tgtagettagoetgagoaggacgttgtgtotdaateaaacacacaaacaagyggeagatgadggaty
atgcttgggtttgaagcttagcahccttctgcacLaggauaggtgacccaggtaagttcaggga
cotogeaccocttotgtgactgtbggetgtggtgygctotgtgtotggatgtageacctactotyg

tgtattetggaagttacctatattygtgcagtcaactcactictgacootggaaagegcaggaca
gvcatgaagqccacgcggccgvdcgaoagfcf%cactgac%gactgaofggaaagfcctc%oca
ctgactgtagectecaattcactggecgtagttttacaangtegtgactgggaaaacectygyey
ttacecaacttaatogecttgrageadatecceoottegecagetygegtaatagegaagayye
o caccgatcgcactLcccaac;gttgcgcagccfgaatggcgaatggcgccLgatacggtat
tttctccffacgcatcfgtgcggtattfeaca@vgcatacqtcaaagcddccatagfdég¢gcc
ctgtageggegcattaagegeggegggtgtggtyggttacgegecagegtgacogotacactt gc
gegeestkagagecegoteotttegetttettecottectitotugaecacgttegeo gy
-;r,qt'aagatCAaaachggggctcchttagggttccgatttagtgcLttacggcaccLuga
ceccdaaaaacttgatitgggtgatggttcacgtagtggygccatege

Kl 4A-1

61
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‘&qtggf fcftgft

ocggcafcc

Ccaqccc qaoan@gccadcacccgwtga goge
& Emolelet cgtcatcac

adggaay catttccgtvt

tfttgccf%cc%gtt gotoacccagaaacygatgygtyaaa
cagttgggtgcacgag gggttacatcgaantggatctcaacagc
ttcgcccc'aagaacg+tftccadtgat,' o

aaagatgcetygaay f
:gtaaga ccttgagagtt

gttcdgtﬂcfcaccic-c c@gad@d_ ,
gtgctgccataacca gagtgataacactg ggccaacw

; .:,dccg¢cqffgagkgaoctgatdccgctcgccccagcc-udcgacmgagcg
cagcgag+cajtgagcgaggaagcggaagagcgcccaatacgcaaaccqcctcLccccgcgcgt
bggeegatteatt

4A-2

62
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tttoeegactgg agcgggcagtgdgcgcaacgcaattaatgtgagttagctcdotcattagg

&t cagtcagtwagtcagtggagactgtcgtgcggccgcg\ggcc,” géete :
ct%tccaqggtcagdgtcagttgdc%gcacadatdtaggtaacttccagadtacacagdgtagg

~tggatggaaqtcaaatchCCngttacgaggtaagtaaatcadcaatggaggcatctccccag
tfcctctatafttftaagacggtcttfatagctcaggttggcctggadcffgtggcaaCdcfcc
'LgcctuagcctccagaahgcLaggaLtgtaggtgtgaaccaccaLccctggcLaaacatgccat
gttttacagttcaggatetggaagggaggtgatteecageaagggetgetteseaagyencete
atcagectgectcaggtataacttegtatagecatacattatacgaagttatactotacagaaga
aatectgtieccegegectecccataggageaggagaaaaacagaggtttacecatgtgecagga
LccagggcaatgqcccttggctggtccaggtcctgccagaacagaaccLtacgggacgtcccat
gtcacagvccaggccatcaggtqacacgaggcccgagatgacaatgttctgtgcagcagctcca
gtoetggtteaggtaggtetgtitgatggecteetegetecacgteggtecaataaacggetocot
ttgagadctygaagtctacageagetygcatecctecagyeccactygecacaatggt ggactecay
cttoactecgecggeatecactagoegeadatecegyeygttggcaaacadcaggageggtgag
getgtgggoragagcacagggtecaggdgatggetaageaggacaggaaccagetoccagyggaaagag
aafCafgvacggataacfngtafagcatagdtfataagaagttatctduaccgggcccctgc

ceccaagactecttocttccagttgoecasaggetocottagtgataggaecagtatagagaggca
dgadggetaedecaaatdcotaagetctggetetadtgetodecaaactggagagaccadtiact
cacctcaactgcttteagtagttcaggtgtgotettcaaaggeacatgggaggggaggggygca
ggggcaggyacagggaggetyggggtggatttgtaacctaggacttitttbtctegaaccote
actgggagatggtggggoagtgeteccagototgagaagtaaagagaccacacacttaateoct
-dagftttad9gggaacccacagcatactcctggaaagﬁtagctftccﬁtctaagaggcé%ggca

caggctgctfotccfvtcctcccccgcctggggaatcctagacaacaoagacac%gtafcaccc
:caaqgctccaccacccictccttttcaagggcagaaqctgcaaaggaaagctcaqgaggagaaa
aagaaagttotgggagtgaaagaaaaagagecacagtyggcaaaaccaagatgeethcatagget
ggcaagoaggggetdgottgtadcagyggectecaagygttecegttecagtggagaaacagacac
:cgggcaadgaocaaadgcaggtagtgacatctgtcaqgttaafgc?gtqadtgggecagagtcd

ggvctcaftdaadCCCdtgeadagttrccagggtagddaCdCdCdgtgccagcctcagtcégga

ggctggtectacgggttectcetotaccaggtgacocatgectoteaaatgoacageeaotygt

agaotaggggtcctggtafacatfcfccaggcccagagctgcagccttcatdaagaagcdtaca
' agtaac 1 '

‘gcaggtgfgt cagtcagtcagtcagfqaaagtcctctc 1s {
acngccgtcgtttLacaacgtcgtgactgggaaaaccctggcgttacccaactLamtcgcctt
grageacateecectitegecagetggegtagtagegaagaggeecgcacegatogeesttoce
aacagttycgeagoctgaatggegaatyggogcetygatgeggtatttietoe cgcatotgty
wggtatttﬂacaéagcatapgtcaaagcaaccatagtacgcgcvctgtanggcgcatta&gvg
cggeggagtgtggtyggttacgdgcagegtygaccgetacacttgocagigeoctagegoeogetao
tthegetttotteccttoctttotogecacgttegeooggetttocecagteaagetetaaatogy
gggetecotttaggghtecgatitagtgctttacgycacctoyacoccaaaaaacttgatittyy
gtgatggttecacygtagt

K 4B-1
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gygccatcgecctgatagacygtttttegceoctttgacgttygagtecacgttotttaatagty
gactcttgttccaaactggaacaacactcaaccctatctcgggc attcttttgatttataa g

'cffgagdg*tttcgcccdgaagaacq%tttcoaafgatgfgcactt+taaagt#vtgéfdtgtg
gegeggtattatecogtattgacgecgggecaagagecaactecggtecgoogeatacactattetea
;gdatqdct ggttqaqtdcfcaccagthcagaaaagcgfcttacggatggcatgacagtdaga

3tcggaggaccgaaggdgcfdaccgctftttfgcacdacatgggggatcatgtaactcg¢cttga
tegttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacgatgecetgta
geaatggecaacaacgttgegeaaactattaactyggogaactacttactectagettecoggeaas
aaLLaataga"ggatggaggcggataaagtLgcaggaccacLtctchctcggcccttccggc
: : i< gtatgattgcagda
cngggccagatggtaagccctcccgtatcgtagttatctapacqadgqggagLcég§éaacta
'fggatgaacgadatagdcagdtugctgagataggtgcctcactgattaagcattggfdacfgtg

taggtgaagafcct%tttgdtaatctcatgdccaadafccctTaacgtgagttf%cg%fccact

gagegtcagaccoegtagaaaagatcaaaggatettettgagateottttttlotgegogtaat

ctgcfgctfgcaadcaadaadaccaccgctaccagcggtggfttgtttgacggdtcad‘agcta
ctt \ ‘ .

tcgcgaagggagaaaggcggaaaggfatccggtadchgcagggtcggaacaggagagﬁgcaeq
agggagcttccaeggggaaacgcctggtatctLtatagtcctgtcgggttthc&acctctgac

ccfgatucfgkgaa?aaccgtaffaccgéciﬁﬁéagtgaécféaédccgc hgccgcagc ;;
cgacegagegcagegagtoagtgagegaggaageggaagageygeocaatacgeaaaccgeotot
ccccgcgcgttggccadttcattaatgcagctggcacgacagg

& 4B-2
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ttfcccgactggfaagcgggcagfgaocgcadcgcdattaatg%gagttagctcacfcattaog

"v_g_ i . g _ raceat
-gftttdcag~fcaggatctgcaagggdggfgaffcccagcaagggctgcftcccdaggcacctc
atcagcctgcctcaggLataacttcgtatagcatacattatacgaagttatactctacagaaga

,gtcacaggCCaggc"atcaggtgacacgaggcccgagatgacaatgttctgtgcagcagcLCCa
‘gtcfgg%tcaggtaggtcfgtttgatggcctcctcgctcacatctgtccagfacacag_;ccct

ggaagqé ”ccaaatccccdagcfctggctctartgctccccaaactggaaagavcacttact
‘cacctcaacttgctttcagtagtLcaggtgtgctcttcaaaggcacatgggaggggagggggca
ggggeagggacagggagygcetgggggtggatttgtaacetaggactttitttttetecaacecte
aeﬁqggagatggtgggqcagtgcﬁd iagcLctgaaaagtaaagaaaccacacacttaat”0”5
ddgttftaaggggaacccacagcatdctcctggaaagctagctttcottctaagaggc¢tggca
gtggccccaggqacccacagtgaggcaggccagaatgtgggtggctcc»caccctcaccnggg
caggctgettoteatetocteoocegeatggygaatectagacaacacagacactgtatcacee
caaggctccaccagcctcLccLtttcaagggcagaagcLgcaaaggaaagctcaggaggagaaa

aagaaagttetyggagtgasagaaaaagagecacagtyggeaaaaccaagatygcotteatagget
ggcaagcaggggetgcLtgtaccaggggcctccaaqgttcccgttccagtggagaaacagacac

ggrctcattaaa&cccatqcaaagftcccagggf&gaaacacacagfgccdgcctcagtcagga
.ggcngtcctaagggttcctccccLaccaggtgacccatgcctctcaaatgcacagcccctggL
> ok o ( o g

cgqta(ftcécaccgéafdcgtcadagcaaccatdqtacgcgccctgtaécégcgcaftadgdé
cggeygy  £ggtggLLacgcgcagcgtgaccgctacactngcagcqccctagcqcccgchcc
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L @tttétttttc aatacattcaaata g?a" Ga gacaataaccctgatéé
atgcttcaataatattgaaaaaggaagagLatgagtatLcaauatttccgtgtcgcccttattc

ot 5iatqcaqtgctgccataaccatgagtgataacactgcggccaacttactuctgacaacga
-téggaggaccgaaggagctaaccgcttttttgcacaaca%gggggafcatgtaacfcgccttga
tcc‘ttgggaaccggagctgaa LgaagccaLaccaaacgacgagcg‘t gacacc ac vatgactgta

: attaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggCCLttc ggc
tggctggtttattgctgataaatctggagccggtgagagtgggtctcgcggtatcaﬁthagca

fgtdgccgtagftaggccaccacttcaagaac%ctgtagcagcgcptacatac»tcgctctgcf
aatoeotgttaccagtyggetgotgocagtggegataagtegtgtettacegggttggactoaaga
& g@tag‘ctac'cggataaggagcagcggtcgggctgaacggggggttcgtgcac acageeodget
tggagegadogacotacacodaactgagatacctacayegtgagetatgagasagegocansyget
tedagaagggagaaaggeggacaggtatecggtaageggcagygteggaacaggagagegeacy
agggagcttcaagggggaaacgcctgﬁtatcttLatagtchgtcgggtLtcgecacctctgac

AN s
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CRISPR 3} ZFNs: Hepa1-6 | S 200
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Lrp5 gRNA T2
gagtgegychagt tgccgguttbtagagetagaaatageadgttasastaaggotagtasydt
tatcaacttgaaaasfggcacegagtaogghgotbtbttt

Lrp5 gRNA 5
ggagtecaccatigtggecaggttttagagotagaaatageaagttasaataaggetagtcogt
tateaacttganaaagtggcacegagtcggtgotbtittt

Lrp5 gRNA T7
ggtéctggacagatgtyageggttobagagctadaadtageaagbhaaaataaggetagtcegt
tatcaacttgaadaagtggoadegagtéggbygotttattt

Uspld gRNA TI
getgaagatgaactgeccagagttttagagetagaaatageaagt tasaataaggetagteegtt
atcaacttgaaaaagtygeagegagteggtgebittttt

Numt gRNA T6
gatctcegtgaaggactcacgtbtbagagotagaaatagcaagttaaaataaggetagteogtt
atcaacttgasaaagtggcadcgagtegatgottttttt

Nnmt gRNA FO:
gaccactyggggaccagtcaagttttagagetagaaatagecaagttaaaataaggetagteogtt
atgaacttyaaaaagtggcacegagtogatgottititt

chgh3 gRNA T1
: “gtt gccagagttcaggttttagagctagaaataguaaqttaaaataaggctagtccqt

hCas9 chNA

a%qgacaagaagtacagcathgcc%ggacatuggcaccaactctgﬁgggctgggccgﬁgatca

g aagaggataagaaqcacgachgoaccdcaLctchgcaacachtggacgagqhgqcc ad
cacgagaagtacadctaccatctacdacctgagaaagaaactyggtggacagcacoacaadgcay
acctgcggetgatctatotggoooctggeocacatgatecaagttcoggggeeacttcotgatoga
gggcga¢c+gaaccccgaca&g&chacctggacaagcfgtfcafgcagcfggfgcagaccfac
gttcgaggaaaaccccatcaacgccagcggcgngacgccaaggccatcctghctg

gef: ‘gccgccaagaacctgtccgacga
cafoctqgfgagcgacdtccfgagdgtgddcaf gatcactaaggorcocetyagegectet
atgatcaagagatacgaegagvacuacc¢ggaactgaccctgctgaaagctatcgtgcggcagc
agctgcctgagaagtacaadgagattt*cttcgaccagagcadgaacggctacgccggctacat
cgatggeggagoecagecaggaagagttetacaagiteatoaageeccatectggaaaagatgyac
ggcaccgaggaactgetegtygaagetgaacagagaggacctgotgeggaageageyggacctiog

14A
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tocccsacaagatecacctgygagagotycacgecattotgsygogycagga
agattittacecattoctgaaggacaacegggaaaagategagaagatcetgacettecogeate
coctactac tgggcc tot gccaggggaaaoagcagattcgccngatgaccagaaagagcg

dCdacgdgCtngCAaaqfgdadtacgtgaccgagqgad
tgagaaagcccgccLtccLgagcggcgagcagaaaaaagccatchggaccthLgttcaagac
caaccggaaagtgacegtgaagragetgaaagaggactacttcaagaaaategagtgeticgac
tecgtggasatetecggegtggaagateggbteaacgectecotgggeacataceacgatetyge
tgaaaattatecaaggacaaggacttectyggacaatyaggadascgaggacattatggaagatat
Gégrgctgatectgacactgtitgaggacagagagatygatogaggaatggdtygaaaacctatygac
cacetgttocgacgacaaagtgatgaageagctgaageggeggagatacaceggetggggeagge

tgagecggaagctgatcaacggeatecgggacaageagto:
gaagtecyacgygcttogocraacagasacticatgeagetgatecacgacgacagectyga

asagagdacatecagaaageecayggtgtetyggecagygegatagectgoacgageacattigeca
atctggcegyragedoagceattaagaagygeatectgoagadagtgaaggtgytggacgaget
cgtgasagtgatgggeoggeacaageecgagaacatoegtgategaaatggecagagagaaccag
aqgacccauaagggacagaagaacagccgcgagagaatgaachgaLegaagagggcatcaaag
agcﬁggg agccagatcctgaadgadcaccccgfggaadacac&ca 'Gagdacgdgdu ok o

geaagacaateetggattteot

aaqcfggtgtccgdttfccggddggdfttccagt%tt@caa@gtgcgqgagatcddgd@ataﬁc
ageacgrecacgacgectacetyaacyeegtcgtgggaacegecetgateaasaagtaceetaa
getggasagegagtteghgtacyggegacstacaaggtytacgacgtgoggaagatgategecoaay
agegagdaggaatitogidasguotagagecaagtactbotichagagriacatcatgsacttil
teaagaccgagattaccctgyocaacggogagatocggaageggocteigatogagacaaacyy
egamacaggegagatogtytgggataagggoegggactttgocaccytgeggaaagtgetgtot
atgocaecaagtgaatategtyaaagagacegaggtgcagacaggcggettcageaaagagteta
tectgoceaagaggaacageygacaagotgatcgecayasagaagyactyggacaotaagaagta
cggeggotteygcagsrccaccgtggcctattetgtgotygt gyt JAaddgtggassaggyc
aagtcocaagaaactgaagagtgtgaaagagotgoctggggatcaccateatggaaagaagoagot
togagaagaatcceatogactitctggaagocaagggotacaaagaagtgaaagaggacctyat
categagekgectaagtactecotgttogagetggaasacygocygaagagastgetggeotot
googgegaactgcagaagggaaacgaadtgycectgeagottcaaatatgtyaactboctgtaed
tggcagesattatgagaggotgaagggotodacogagyataatgagoagaaadagetytitgt
ggaacago&caaacactaggtggacgagaLcatcgagcagaLcagcgagttctccaagagaghg

gccaccctgaLccaccagagcaLcacdggcctgtacgaqacacggachacctétctCachgg
gaggegacgeotateoctatgacgtyocegattatgecagectyggoageggetoccocaagaa
aaagcgcaaggtggaagatcetaagaaasagcggaaagtggactyga

K] 14B
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CO UsplOex3 donor

vétatgtcéet. tgadtﬁﬁ‘atccttfgtaggttagcaggctcagqctt
gtgcccagagctgcagtgtccgtLC” céggagycgcattteattagagettgaagottctyot

gagcatgdatyggeactgggadetdadaattétet
atthgttctaaaggcaaacaggagaagtawtgcaagcag%gaggagggtatcatagcccacce
geacagtgecagttectetaacaaggecacacctacccacagtgoatcggeccatgggocaago
atactcaaaccaccacaactgecaagtcactecagattggeaggtgtgettteaaggtigtyeca
cgceteactotgggoatggtaagttgtggtcaggagagaggtgctetagtotectoagecaggece
tggtgttgtgggtgtgtaatcccacatqgatgtgatéaéétctgccgggtccagggagttgtta
tagcagttggtgticatgaccecatgectgggoatttaggoctosagoatgagoectggeogatt
tatgcataagtgtGatgtttatcaéggtgcagcagtgtttgttaatgaqgtgtg%ttaagatat
cotggotatgoagt ' - ' '

€0_Nnmtex2 donor

gasagtttaattotactettatttgaaaggaatgtitgtttactoatyaagtaaaggaccocee
aatattaaga ctgggtgatttgattattasttaatoteagtgttttagattttaatatatata
_ aagoatatgtgtacatygtetatgraggtacatgcatgggyo agagggoaceaga
tgtatgottecatecactotetocacetaticttgtygggyragegteceotectaaacctyggage
ttgtgtgttgactagactygaagecagaaagecteagagay totectotetgetecteteay
agatgggageataggtattigtgagatgectgacttgttacacaggttetgggacctgaatget
gycceteatetotggaceatoactee cottaapateagtigttgcacaacagcaacgacaa
caccaccaCNaccacaacaaaaatggcacaatcccagtaaagauaataacLtcghataa -8
getatacgaagttatet taacftcago?c“grcfgftcccf#ttgdtq¢atgdttbcofg0Pc
ctettetgteotaggtgetgtaaaaggagaacteocteattgacateggetetggeecaaceate
taccagettetgtctgectgtgagtetttcacygagatcategtetectgactatacagaccaaa

Kl 14C
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acctctgggaactgcagaaatggctcaagaagqagccaggagc"tttgattggtcccwﬂchgL

+tttgtggaaagactttg-tggtttgatgatatagtttttttgttgLtgtLgttgctgctgctg
ctgctgttgttgaagctaagtagtgtgtgatttctgatattttcttggtthattt getttyg

fcagugaacagatctttccattttgatggtgtctgcactattcttctccattgatgttttcagt
gtaaagatcattggecttgttttagecaaaatteattttgaatttatatattatratttattaataa
atacattastaaaataatattaaatattacattttatttatttitaatagetattgeaatagya
ttgacttcttgatttctgaatcaastaattctatatiggy

Coﬁﬁotch3ex3<donor-
qacaqaggcaqgtaaattactqtgaatthagtctagccagCQataLgtaqﬁgagaccétqéct

cgaggcttccaaggtqaagggqtg_g“. ga‘gggaag cta_aactt‘gtataatgtatqct
atacgaagttattyggtaggcgagaatgtagteagacceaagetcacectetectggttetteca
ggcccagactgekeccagecagaceectgegteageaggcectgtgtteatggtgeoeectget
cagtggggeeggatggeegatttgoectgtgectgoecacetggetaccagyggteaaagetgeca
aa@tgacatag&ﬁgagﬁgccgat@tggtacaacﬁtgﬁcqﬁcatggﬁggﬁaﬁctgtﬁ%caa%aaa
tetggatocettecgetgocagtgtectottggttatacagggetygetgtytgagaaceocytag
tgccotgtgeccotteceoegtgtegtaatggtggcacetgtaggeagageagtgatgtoacata
tgactgtgettgeottoctggtaagtaagttgtgeecagggaaggeagetggggacaatagget
agectettagtgaccattgtoacettgteotecectacgaggettegagggecagaartgtgaa
gteaacgtggatgactgtoctggacateggtgtetcaatgggggaacgtgtgtagacggtygtca
afdctfacaactgccdgtgccctccggdgtggagaggfggqcatcd gofgoagaqaac__qg

CCVTgaccgtgfgg
tgtaggecaac
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Abstract
The disclosure provides methods and compositions for generating
conditional knock-out alleles using donor constructs together with
sequence-specific nucleases to generate conditional knock-out alleles.
Specifically, the donor construct comprises a 5' homology region, a 5'
recombinase recognition site, a donor sequence, a 3' recombinase
recognition site, and a 3' homology region. Further disclosed are the
donor sequences each comprises a target sequence having at least one
neutral mutation. Different sequence-specific nucleases can be used with

the donor constructs are further disclosed.





