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POLYNUCLEOTIDES USEFUL FOR CORRECTING

MUTATIONS IN THE RAG1 GENE

FIELD OF THE INVENTION

The present invention relates to methods for gene-editing cells to introduce a RAGH
polypeptide or a RAG1 polypeptide fragment, for example as a treatment for severe combined
immunodeficiency. The present invention also relates to polynucleotides, vectors, guide
RNAs, kits, compositions, and gene editing systems for use in said methods. The present
invention also relates to genomes and cells obtained or obtainable by said methods.

BACKGROUND TO THE INVENTION

The RAG1 and RAG2 proteins initiate V(D)J recombination, allowing generation of a diverse
repertoire of T and B cells (Teng G, Schatz DG. Advances in Immunology. 2015;128:1-39).
RAG mutations in humans cause a broad spectrum of phenotypes, including T- B SCID,
Omenn syndrome (OS), atypical SCID (AS) and combined immunodeficiency with
granuloma/autoimmunity  (CID-G/Al) (Notarangelo LD, et al. Nat Rev Immunol.
2016;16(4):234-246).

Hematopoietic stem cell transplantation (HSCT) is the mainstay for severe forms of RAG1
deficiency, including T- B SCID, OS and AS with an overall survival of ~80% after
transplantation from donors other than matched siblings (Haddad E, et al. Blood.
2018;132(17):1737-49). However, overall survival rate is lower in non-matched-sibling donors
and a high rate of graft failure and poor T and B cell immune reconstitution are observed in
the absence of myeloablative or reduced intensity conditioning. Besides donor type and
conditioning, other factors associated with worse outcomes after HSCT include age (>3.5
months of life) and infections at the time of transplantation.

An alternative approach to overcome the obstacles with HSCT is represented by gene therapy.
Selective advantage of gene-corrected hematopoietic stem cells (HSCs) to overcome the
block of T and B cells that occur in the absence of RAG activity represents the rationale for
developing such a strategy. In recent years, lentiviral vectors have become the strategy of
choice to deliver the transgene of interest, and allow its expression under the control of
suitable promoters (Naldini L, Nature. 2015;526:351-360). In the case of RAG1 deficiency, the
observation that endogenous RAG1 gene expression is tightly regulated during cell cycle and
during lymphoid development, may expose to the risk that ectopic or dysregulated gene
expression could lead to immune dysregulation or leukemia (Lagresle-Peyrou C, et al. Blood.
2006;107(1):63-72; Pike-Overzet K, et al. Leukemia. 2011;25(9):1471-83; and Pike-Overzet
K, et al. Journal of Allergy and Clinical Immunology . 2014;134:242-243). Several groups have
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examined the safety and efficacy of lentivirus-mediated gene therapy for RAG deficiency in
preclinical models showing poor immune reconstitution or severe signs of inflammation, with
cellular infiltrates in the skin, lung, liver, kidney, and presence of circulating anti-double strand
DNA (van Til NP, et al. J Allergy Clin Immunol. 2014;133(4):1116-23).

Overall, these data raise significant concerns on the clinical use of conventional RAG1 gene
therapy vectors that allow suboptimal levels and deregulated pattern of gene expression.

Thus, there is a demand for improved treatments for RAG1 deficiency.

SUMMARY OF THE INVENTION

The present inventors have developed gene editing strategies to correct mutations in the
RAGT gene at the endogenous locus by introducing nucleotide sequence inserts encoding a
RAG1 polypeptide or a RAG1 polypeptide fragment.

The present inventors have developed a gene editing strategy to correct mutations in the
RAGT gene at the endogenous locus by targeting the second exon, which contains the entire
coding sequence of the gene. The present inventors have also developed a gene editing
strategy to correct mutations in the RAG7 gene at the endogenous locus by targeting the first
intron or the start of the second exon.

The present inventors have designed and selected a panel of CRISPR-Cas9 nucleases and
corrective donors for these strategies.

The present invention provides a polynucleotide comprising from 5’ to 3. a first homology
region, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1 polypeptide fragment,
and a second homology region.

In a first aspect, the present invention provides a polynucleotide comprising from 5’ to 3. a
first homology region, a nucleotide sequence encoding a RAG1 polypeptide fragment, and a
second homology region, wherein the first homology region is homologous to a first region of
the RAG1 exon 2 and the second homology region is homologous to a second region of the
RAG1 exon 2.

In some embodiments:

(i) the first homology region is homologous to a region upstream of chr 11: 36574368
and the second homology region is homologous to a region downstream of chr 11:
36574369;
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(i) the first homology region is homologous to a region upstream of chr 11: 36574367
and the second homology region is homologous to a region downstream of chr 11:
36574368;

(iii) the first homology region is homologous to a region upstream of chr 11: 36574394
and the second homology region is homologous to a region downstream of chr 11:
36574395;

(iv) the first homology region is homologous to a region upstream of chr 11: 36574294
and the second homology region is homologous to a region downstream of chr 11:
36574295;

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110;

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911;

(vii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879;

(viii) the first homology region is homologous to a region upstream of chr 11: 36573959
and the second homology region is homologous to a region downstream of chr 11:
36573960;

(ix) the first homology region is homologous to a region upstream of chr 11: 36573957
and the second homology region is homologous to a region downstream of chr 11:
36573958;

(x) the first homology region is homologous to a region upstream of chr 11: 36573879
and the second homology region is homologous to a region downstream of chr 11:
36573880;

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893;
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(xii) the first homology region is homologous to a region upstream of chr 11: 36573955
and the second homology region is homologous to a region downstream of chr 11:
36573956;

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879; or

(xiv) the first homology region is homologous to a region upstream of chr 11: 36574406
and the second homology region is homologous to a region downstream of chr 11:
36574407.

In some embodiments:

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110; or

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911.

In some embodiments:

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893; or

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879.

In some embodiments, the first homology region is homologous to a region upstream of chr
11: 36573878 and the second homology region is homologous to a region downstream of chr
11: 36573879.

In some embodiments:

(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368;
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(i) the first homology region is homologous to a region comprising chr 11:
36574367,

(iii) the first homology region is homologous to a region comprising chr 11:
36574394,

(iv) the first homology region is homologous to a region comprising chr 11:
36574294;

(v) the first homology region is homologous to a region comprising chr 11:
365741009;

(vi) the first homology region is homologous to a region comprising chr 11:
36573910;

(vii) the first homology region is homologous to a region comprising chr 11:
36573878;

(viii) the first homology region is homologous to a region comprising chr 11:
36573959;

(ix) the first homology region is homologous to a region comprising chr 11:
36573957,

(x) the first homology region is homologous to a region comprising chr 11:
36573879;

(xi) the first homology region is homologous to a region comprising chr 11:
36573892;

(xii) the first homology region is homologous to a region comprising chr 11:
36573955;

(xiii) the first homology region is homologous to a region comprising chr 11:
36573878; or

(xiv) the first homology region is homologous to a region comprising chr 11:
36574406.

In some embodiments:

36574318-

36574345-

36574245-

36574060-

36573861 -

36573829-

36573910-

36573908-

36573830-

36573843

36573906-

36573829-

36574357 -
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(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36574369-36574418;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36574368-36574417;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36574395-36574444;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36574295-36574344;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36573960-36574009;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36573958-36574007;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36573880-36573929;
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(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36573956-36574005;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36574407-36574456.

In some embodiments:

() the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO:
25;

(ii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO:
26;

(iii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO:
27;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO:
28;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a

nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
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identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31
or SEQ ID NO: 41;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36
or SEQ ID NO: 42;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a

nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
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identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38
or SEQ ID NO: 44.

In some embodiments:

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 25
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 45;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 26
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 46;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 27
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 47;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 28
and/or the 5’ terminal sequence of the second homology region comprises or consists

of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
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90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 48;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 49 or SEQ ID NO: 59;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 50 or SEQ ID NO: 60;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31
or SEQ ID NO: 41 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 51;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 52;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42 and/or the 5 terminal sequence of the second homology region

10
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comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 53;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 54;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 55;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36
or SEQ ID NO: 42 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 56;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 57; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38

11
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or SEQ ID NO: 44 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 58.

In some embodiments:

(1) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 69, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 77, or a fragment thereof; or

(4) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 71, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 78, or a fragment thereof.

In some embodiments:

(5) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof; or

(6) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 80, or a fragment thereof.

In some embodiments:
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(12) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 153, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has

5 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 155, or a fragment thereof;

(13) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 153, or a fragment thereof and

10 the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof;

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
15 at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has

20 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof.

25 In some embodiments:

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
30 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
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at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof.

The first and second homology regions may each be 50-2000bp in length, 50-1800 bp in
length, 50-1500 bp in length, 50-1000bp in length, 100-500 bp in length, or 200-400 bp in
length.

In a second aspect, the present invention provides a polynucleotide comprising from 5’ to 3
a first homology region, a splice acceptor sequence, a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment, and a second homology region, wherein the first
homology region is homologous to a first region of the RAG1 intron 1 or exon 2 and the second
homology region is homologous to a second region of the RAG1 exon 2.

In some embodiments, the splice acceptor site comprises or consists of a nucleotide sequence
that has at least 70% identity to SEQ ID NO: 95.

In some embodiments, the first homology region is homologous to a region upstream of: (i)
chr 11: 36569295; (ii) chr 11: 36573790; (iii) chr 11: 36573641; (iv) chr 11: 36573351; (v) chr
11: 36569080; (vi) chr 11: 36572472; (vii) chr 11: 36571458; (viii) chr 11: 36571366; (ix) chr
11: 36572859 (x) chr 11: 36571457; (xi) chr 11: 36569351 ; or (xii) chr 11: 36572375.

In some embodiments, the first homology region is homologous to a region upstream of: (i)
chr 11: 36569295; (i) chr 11: 36573351; (iii) chr 11: 36571366, preferably wherein the first
homology region is homologous to a region upstream of chr 11: 36569295.

In some embodiments, the first homology region is homologous to a region comprising chr 11:
36569245-chr 11: 36569294, preferably wherein the 3’ terminal sequence of the first homology
region comprises or consists of a nucleotide sequence that has at least 70% identity to SEQ
ID NO: 81, more preferably wherein the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 93.

In some embodiments, the second homology region is downstream of chr 11: 36574557;
downstream of chr 11: 36574870; downstream of chr 11: 36575183; downstream of chr 11:
36575496; downstream of chr 11: 36575810; downstream of chr 11: 36576123; or
downstream of chr 11: 36576436.

In some embodiments, the second homology region is homologous to a region comprising chr
11: 36576437-chr 11: 36576536.
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In some embodiments:

(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;
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(xi) the first homology region is homologous to a region comprising chr 11: 36573843-
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536.

In some embodiments, the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 79-80, 94 or 157,
or a fragment thereof.

In some embodiments, the 5" terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 67.In

some embodiments:

() the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 25
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(ii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 26
and/or the 5’ terminal sequence of the second homology region comprises or consists

of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
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90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 27
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 28
and/or the 5’ terminal sequence of the second homology region comprises or consists
of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31
or SEQ ID NO: 41 and/or the 5’ terminal sequence of the second homology region
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comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42 and/or the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41 and/or the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and/or the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36

18



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

or SEQ ID NO: 42 and/or the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and/or the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38
or SEQ ID NO: 44 and/or the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67.

In some embodiments:

(2) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 70, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 70, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 80, or a fragment thereof;

(5) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
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at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(6) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 73, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 74, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 75, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 76, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof.
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In some embodiments:

(11) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 93, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 94, or a fragment thereof.

In some embodiments, the first homology region is about 50-1000bp in length, 100-500 bp in
length, or 200-400 bp in length; and/or wherein the second homology region is about 500-
2000bp in length, 1000-2000bp in length, or 1500-2000 bp in length.

In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide comprises or
consists of a nucleotide sequence encoding an amino acid sequence that has at least 70%
identity to SEQ ID NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6.

In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 15.

In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide fragment
comprises or consists of a nucleotide sequence encoding a fragment of an amino acid
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 4, SEQ ID NO: 5, or SEQ
ID NO: 6.

In some embodiments, the RAG1 polypeptide fragment is at least 500 amino acids in length,
at least 550 amino acids in length, at least 600 amino acids in length, at least 650 amino acids
in length, at least 700 amino acids in length, at least 750 amino acids in length, or at least 800
amino acids in length.

In some embodiments, the RAG1 polypeptide fragment comprises or consists of an amino
acid sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at
least 95% identity, at least 98% identity, or 100% identity to any one of SEQ ID NOs: 7 to 14,
164 or 165.

In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide fragment
comprises or consists of a fragment of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 15.
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In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide fragment is at
least 1500 bp in length, at least 1600 bp in length, at least 1700 bp in length, at least 1800 bp
in length, at least 1900 bp in length, at least 2000 bp in length, at least 2100 bp in length, at
least 2200 bp in length, at least 2300 bp in length, or at least 2400 bp in length.

In some embodiments, the nucleotide sequence encoding a RAG1 polypeptide fragment
comprises or consists of a nucleotide sequence that has at least 70% identity, at least 80%
identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100% identity to
any one of SEQ ID NOs: 17 to 24, 158 or 159.

In some embodiments, the polynucleotide comprises or consists of a nucleotide sequence that
has at least 70% identity to any one of SEQ ID NOs: 106 to 115 or 160 to 163. In some
embodiments, the polynucleotide comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least
98% identity, or 100% identity to SEQ ID NO: 116.

In another aspect, the present invention provides a vector comprising the polynucleotide of

the invention.

In some embodiments, the vector is a viral vector, optionally an adeno-associated viral (AAV)
vector such as an AAV6 vector. In some embodiments, the vector is a lentiviral vector, such
as an integration-defective lentiviral vector (IDLV).

In another aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity to any of SEQ ID NOs: 117-130.

In preferred embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 121. In preferred embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
122. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 117. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
118. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 119. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
120. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 123. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
124. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
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that has at least 90% identity to SEQ ID NO: 125. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
126. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 127. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
128. In some embodiments, the guide RNA comprises or consists of a nucleotide sequence
that has at least 90% identity to SEQ ID NO: 129. In some embodiments, the guide RNA
comprises or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO:
130.

In another aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity to any of SEQ ID NOs: 143-148.

In some embodiments, the guide RNA comprises or consists of a nucleotide sequence that
has at least 90% identity to SEQ ID NO: 143. In some embodiments, the guide RNA comprises
or consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 144. In
some embodiments, the guide RNA comprises or consists of a nucleotide sequence that has
at least 90% identity to SEQ ID NO: 145. In some embodiments, the guide RNA comprises or
consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 146. In some
embodiments, the guide RNA comprises or consists of a nucleotide sequence that has at least
90% identity to SEQ ID NO: 147. In some embodiments, the guide RNA comprises or consists
of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 148.

In some embodiments, from one to five of the terminal nucleotides at 5’ end and/or 3’ end of
the guide RNA are chemically modified to enhance stability, optionally wherein three terminal
nucleotides at 5 end and/or 3’ end if the guide RNA are chemically modified to enhance
stability, optionally wherein the chemical modification is modification with 2'-O-methyl

3'phosphorothioate.

In another aspect, the present invention provides a kit comprising the polynucleotide or the

vector of the invention.

In another aspect, the present invention provides a composition comprising the polynucleotide

or the vector of the invention.

In another aspect, the present invention provides a gene-editing system comprising the
polynucleotide or the vector of the invention.

In some embodiments, the kit, composition, or gene-editing system further comprises a guide
RNA of the invention. In some embodiments, the kit, composition, or gene-editing system
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further comprises a RNA-guided nuclease, optionally wherein the RNA-guided nuclease is a
Cas9 endonuclease

In another aspect, the present invention provides for use of the polynucleotide, the vector, the
kit, the composition, or the gene-editing system, for gene editing a cell or a population of cells.

In some embodiments, the use is ex vivo or in vitro use.

In another aspect, the present invention provides a genome comprising the polynucleotide of

the invention.

In another aspect, the present invention provides a cell comprising the polynucleotide, the

vector, or the genome of the invention.

In another aspect, the present invention provides a population of cells comprising one or more
cells of the present invention.

In another aspect, the present invention provides a method of gene editing a population of
cells comprising delivering the polynucleotide or the vector of the invention to a population of
cells to obtain a population of gene-edited cells. In some embodiments, the method is an ex

vivo or in vitro method.

In another aspect, the present invention provides a method of treating immunodeficiency in a
subject in need thereof, comprising delivering the polynucleotide or the vector of the invention
to a population of cells to obtain a population of gene-edited cells and administering the
population of gene-edited cells to the subject.

In another aspect, the present invention provides a population of gene-edited cells obtainable
by the method of the invention.

In another aspect, the present invention provides the polynucleotide, the vector, the guide
RNA, the kit, the composition, or the gene-editing system, for use in treating immunodeficiency
in a subject.

In another aspect, the present invention provides a method of treating a subject comprising
administering a cell, a population of cells, or a population of gene edited cells of the present
invention to the subject.

In another aspect, the present invention provides a method of treating immunodeficiency in a
subject in need thereof comprising administering a cell, a population of cells, or a population
of gene edited cells of the present invention to the subject.
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In another aspect, the present invention provides a cell, a population of cells, or a population
of gene edited cells of the present invention for use as a medicament.

In another aspect, the present invention provides a cell, a population of cells, or a population
of gene edited cells of the present invention for use in treating immunodeficiency in a subject.

DESCRIPTION OF DRAWINGS
Figure 1. RAG1 gene editing strategies

Schematic representation of two RAGT gene editing strategies: (A) the “exon 2 RAGT gene
targeting” strategy and (B) the “exon 2 RAG17 gene replacement” strategy. (C) Schematic
representations of RAG7T gene, protein domains and gRNA positions mapping at the 5’ region
of RAGT exon 2 (C). Guide RNAs shown in the box are specific for the exon 2 RAG1T gene
targeting and replacement strategies. (D) The box highlights the positions of gRNAs targeting
the 3’ region of RAGT exon 2 which can be optionally combined with gRNA targeting the &’
region of RAGT exon 2 or gRNA targeting the intron 1 for the exonic and intronic replacement
strategies, respectively. (A) Abbreviations: HA, homology arm; coRAG1 CDS, codon
optimized RAG1 coding sequence; Ex., exon; gRNA, guide RNA; 3'UTR, 3’ untranslated
region; HDR, homology directed repair. (C-D) Abbreviations: M, methionine; g, guide RNA; C,
conserved cysteine; B, conserved basic amino acids; CH, Conserved cysteine and histidine;
ZDD, zinc-binding dimerization domain; NBD, nonamer binding domain; DDBD, dimerization
and DNA-binding domain; pre-R, pre-RNase H; RNH, catalytic RNase H; CTD, carboxy-

terminal domain.
Figure 2. Guide RNA screening for RAG1 exonic strategies

(A) Schematic representation of gene editing experiment performed in NALM6-WT cells edited
by six gRNAs targeting RAG17 exon 2, guide9 (g9, targeting the intronic region) as negative
control, and guide 14 (g14, targeting the Methionine downstream Methionine 5 causing gene
disruption) as positive control. (B) Graph shows frequency of cutting efficiency of the first six
gRNAs assessed ten days upon gRNA delivery by a T7 mismatch selective endonuclease
assay. (C) Analysis of RAG1 protein expression and housekeeping protein p38 as control by
Western blot assay. (D) Graph shows frequency of GFP+ cells as surrogate of RAG1
recombination activity in bulk NALM6-WT edited cells and in NALM6 cell line lacking RAGH
gene (NALM6.Rag1-KO clone) assessed 7 days after serum-starvation by flow cytometry. (E)
Graph shows frequency of insertion and deletion (indel) obtained from single edited clones by
TIDE analysis of Sanger sequences. (F) Graph shows frequency of GFP+ cells as surrogate
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of RAG1 recombination activity in selected mono- and bi-allelic edited clones assessed 7 days
after serum-starvation by flow cytometry.

Figure 3. Analysis of cutting efficiency of exonic gRNAs in CD34+ cells from
mobilized peripheral blood

(A) Schematic representation of gene editing protocol performed to deliver gRNA in CD34+
cells derived from mobilized peripheral blood (MPB-CD34+) of a healthy donor (HD). (B)
Graph shows frequency of cutting efficiency of the first six guides assessed ten days upon
gRNA delivery by a T7 mismatch selective endonuclease assay.

Figure 4. Analysis of cutting efficiency of gRNAs designed for replacement strategies

(A) Graph shows frequency of cutting efficiency of the first six gRNAs targeting RAGT exon 2,
and g9 as control, assessed ten days upon gRNA delivery by a T7 mismatch selective
endonuclease assay. (B) Schematic representation of the “Intron 1 RAG7T gene replacement
strategy”. Abbreviations: HA, homology arm; SA, splice acceptor; coRAG1 CDS, codon
optimized RAG1 coding sequence; BGHpA, bovine growth hormone poly A; Ex., exon; gRNA,
guide RNA; 3’UTR, 3’ untranslated region; HDR, homology directed repair.

Figure 5. Corrective donor templates

(A) Schematic representation of corrective donor templates specific for “g5 M3 ex2 RAG1T”
(g5) and “g6 M2 ex2 RAG1” (g6) gRNAs. One donor for the gene targeting strategy and two
donors for the replacement strategy have been shown for g5 and g6. (B) Schematic
representation of donor templates specific for the gene replacement strategy exploiting the
following gRNAs: “g7 exon2 M2/3” (g7), “910 exon2 M2/3” (g10), “g13 exon2 M2/3” (g13), “g8
exon2 M2/3” (g8), “g9 exon2 M2/3” (g9), “912 exon2 M2/3” (g12), “g11 exon2 M2/3” (g11) or
“g14 exon2 M5” (g14). (C) Schematic representation of the corrective donor suitable for the
“intron 1 RAGT gene replacement” strategy. (A-C) Abbreviations: 5 and 3’ ITR, inverted
terminal repeat; L-HA, left homology arm; SA, splice acceptor; c.0., codon optimized; R-HA,
right homology arm.

Figure 6. Generation of NALM6 Cas9 and K562 Cas9 cell lines

A) Schematic representation of the protocol for generation of K562 Cas9 and NALM6 Cas9
celllines; B) Vector Copy Number (VCN) of the integrated Cas9 containing cassette measured
by ddPCR, telomerase was used as normalizer; C) Cas9 expression for scaling doses of
doxycycline measured by gPCR in NALM6 Cas9 (left panel) and K562 Cas9 (right panel) cell
lines, represented as fold change Vs actin.
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Figure 7. Selection of the best performing gRNA

A) Schematic representation of the intronic and exonic loci targeted by the different gRNA
tested; B) Schematic representation of the experimental protocol; C) Percentages of NHEJ
induced indels in K562 Cas9 treated with different doses of plasmids encoding for different
guides, 7 days after transfection, n=1; D) Percentages of NHEJ induced indels in NALM6 Cas9
treated with different doses of plasmids encoding for guides 3, 7 and 9, 7 days after
transfection, n=1; E) Percentages of NHEJ induced indels in NALM6 Cas9 treated with
different doses of guides 3 and 9 in vitro preassembled RNPs 7 days after transfection, n=1.

Figure 8. Off-target analysis

A) Table shows the top 10 off-target sites predicted by in silico COSMID tool for guide 9. The
off-target sequence, type of PAM, score, number of mismatches and chromosomal position
are shown. B-C) Cutting efficiency measured as percentage of NHEJ (D) and dsDNA tag
integration (ODN) on target site are evaluated by RFLP in K562 cells. D-E) Plots show the
coverage of on-target reads (chromosome 11) of guide 9 (D) and guide 7 (E) and off-target
reads identified for guide 7 by relaxed constraints (chromosome 20 and 9). F) Percentages of
NHEJ induced indels in hCB-CD34" cells treated with different doses of guides 3 and 9 as in
vitro preassembled RNPs, n=2;

Figure 9. Exonic gene editing strategy exploiting g6/AAV6 donor sets on
NALM6.Rag1-KO cells

(A) Schematic representation of gene editing experiment performed in NALM6.Rag1-KO cells
electroporated with gRNA 6 (g6)/Cas9 RNP and transduced with AAV6 donor for the exon 2
RAGT1 gene targeting strategy or with AAV6 donor for the exon 2 RAGT gene replacement
strategy with long right homology arm (HAR). Bulk edited cells were subcloned and mono-
and bi-allelic edited clones were selected by HDR analysis (ddPCR). (B) Graph shows the
proportion of edited alleles in single clones performed by ddPCR. Clone 11 showed a bi-allellic
editing. (C) Graph shows the transduction efficiency of LV-invGFP measured as proportion of
CD4+ cells by flow cytometry seven days after serum starvation. (D) Recombination activity
was evaluated 7 days after serum-starvation as proportion of GFP+ cells gated on transduced
cells by flow cytometry. NALM6-WT cells and NALM6.Rag1-KO cells are used as positive and
negative controls, respectively. (E) Graph summarizes the recombination activity of NALM6-
WT cells as bulk or single clones, NALM6.Rag1-KO cells and bi- and mono-allelic edited
clones evaluated 4 days after serum-starvation as proportion of GFP+ cells gated on
transduced cells by flow cytometry. Mann-Whitney test; P values: *<0.05; **<0.005;
***<0.0005; ****<0.0001; Meant£SD are shown. (F) Exogenous c.0.RAG1 expression was
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measured in edited clones not starved or four days after starvation by RT-gPCR and shown
as relative expression to beta-actin used as housekeeping gene. (G) Exogenous ¢.0.RAG1
expression levels, measured as described in panel F, are shown according to each
experimental group. Wilcoxon matched-pairs signed rank test between not starved and
starved samples; P values: *<0.05; **<0.005; ***<0.0005; ****<0.0001; MeantSD are shown.
(H) Endogenous ¢.0.RAG1 expression was measured in NALM6-WT bulk cells and in NALM6-
WT single clones not starved or four days after starvation by RT-qPCR and shown as relative
expression to beta-actin used as housekeeping gene. Wilcoxon matched-pairs signed rank
test between not starved and starved samples; P values: *<0.05; **<0.005; ***<0.0005;

****<0.0001; MeanzSD are shown.

Figure 10. Exonic gene editing strategy exploiting g6/AAV6 donor sets on human
HSPC

(A) Schematic representation of gene editing experiment performed in human CD34* cells
isolated from mobilized peripheral blood (mPB) of two healthy donors (HDs). Cells were
electroporated with gRNA 6 (g6)/Cas9 RNP and transduced with AAV6 donor for the exon 2
RAGT1 gene targeting strategy or with AAV6 donor for the exon 2 RAGT gene replacement
strategy which carries the long right homology arm (HAR). (B) Proportion of edited alleles
analyzed by ddPCR on bulk untreated and edited CD34* cells 4 days after the editing. (C)
Graph shows cell growth curves of untreated (UT) and edited cells with targeting (Target.
AAV6) or replacement (Replac. AAV6) after the editing procedure. (D) Distribution of the
CD34" cell subpopulations and CD34 cells measured by flow cytometry based on the
expression of hCD133 and hCD90 analysed 4 days after the editing. (E) Representative plots
of the T cell differentiation stages analysed by flow cytometry 7 weeks after ATO seeding with
CD34" cells untreated (UT) or edited by g6 gRNA with the targeting AAV6 donor (TARGET.
AAVG6) or the replacement AAV6 donor (REPLAC. AAV6). (F) Kinetics of TCRap*CD3"* cells
analyzed by flow cytometry over time upon ATO seeding.

Figure 11. Screening and selection of gRNAs for RAG1 exonic strategies

(A) Schematic representations of RAGT gene, protein domains and gRNA positions mapping
at the 5’ region of RAGT exon 2. (B) Schematic representation of gene editing experiment
performed in NALM6-WT cells edited by eight gRNAs targeting RAG7 exon 2. gRNA 14
(914xKO) targeting the Methionine downstream Methionine 5 represents as positive control of
RAGT gene disruption. (C) Graph shows frequency of cutting efficiency of various gRNAs
assessed seven days upon gRNA delivery by a T7 mismatch selective endonuclease assay.
(D) Graph shows frequency of GFP+ cells as surrogate of RAG1 recombination activity in bulk
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NALM6-WT edited cells and in NALMG6 cell line lacking RAG1 gene (NALM6.Rag1-KO clone)
assessed 7 days after serum-starvation by flow cytometry.

Figure 12. Analysis of cutting and RAG1-disruption efficiency of exonic gRNAs in
CD34" cells from mobilized peripheral blood

(A) Schematic representation of gene editing protocol performed to deliver nine gRNAs in
CD34* cells derived from mobilized peripheral blood (mPB-CD34") of a healthy donors (HDs).
gRNA 14 (g14xKO) targeting the Methionine downstream Methionine 5 represents as positive
control of RAGT gene disruption. gRNA 9 (g9) targeting the intronic region represent the
negative control. (B) Graph shows frequency of cutting efficiency of gRNAs assessed 7 days
upon gRNA delivery by a T7 mismatch selective endonuclease assay (HD_A and B are
shown). (C) Representative plots of the T cell differentiation stages analysed by flow cytometry
6 weeks after ATO seeding and editing of CD34* cells with gRNAs (HD_A is shown). (D)
Proportion of TCRap*CD3* cells were analyzed by flow cytometry 6 weeks upon ATO seeding
and shown the levels of RAG1 disruption in terms of TCR recombination (HD_A and B are
shown). (E) Kinetics of TCRaB*CD3" cells analyzed by flow cytometry over time upon ATO
seeding (HD_A is shown). (F) Graph shows frequency of cutting efficiency of gRNAs in ATO-
derived T cells 7 weeks upon ATO seeding assessed by a T7 mismatch selective
endonuclease assay (HD_A (light grey circle) and HD_B (dark grey circle) are shown).

Figure 13. Additional corrective donor templates

(A) Schematic representation of corrective donor templates specific for “g6 M2 ex2 RAG1T”
(g6), “g11 exon2 M2/3” (g11), and “g13 exon2 M2/3” (g13) gRNAs. Donors for the gene
targeting and the replacement strategies have been shown for g6, g11, and g13. An additional
donor template has been designed for the replacement strategy exploiting g6 with a short right
homology arm (shown in the first lane of g6 donors). Abbreviations: 5’ and 3’ ITR, inverted
terminal repeat; L-HA, left homology arm; SA, splice acceptor; c.0., codon optimized; R-HA,
right homology arm.

Figure 14. Exonic gene editing strategy exploiting g11/AAV6 and g13/AAV6 donor sets
on NALM6.Rag1-KO cells

(A) Schematic representation of gene editing experiment performed in NALM6.Rag1-KO cells
electroporated with g11/Cas9 RNP or g13/Cas9 RNP and transduced with AAV6 donor for the
targeting strategy or for the replacement strategy. (B) Proportion of edited alleles was
analyzed by ddPCR on bulk untreated and edited NALM6.Rag1-KO cells 4 days after the
editing. (C) Graph shows frequency of GFP+ cells measured by flow cytometry as surrogate
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of RAG1 recombination activity in bulk NALM6-WT (WT) edited cells, in NALM6 cell line
lacking RAG1 gene (KO) and in edited NALM6.Rag1KO cells assessed 4 and 7 days after
starvation induced by CDK4/6 inhibitor (CDK4/6i) or serum deprivation (no FBS).

Figure 15. Exonic gene editing strategy exploiting g11/AAV6 and g13/AAV6 donor sets
on human HSPC

(A) Schematic representation of gene editing experiment performed in human CD34* cells
isolated from mobilized peripheral blood (mPB) of two healthy donors (HDs). Cells were
electroporated with gRNA/Cas9 RNP and transduced with AAV6 donor for the targeting or the
donor strategy. (B) Proportion of edited alleles was analyzed by ddPCR on bulk untreated and
edited CD34* cells four days after the editing. (C) Editing efficiency on bulk HSPC is shown in
terms of HDR, analyzed by ddPCR, and NHEJ, analyzed by T7 mismatch selective
endonuclease assay, four days upon gene editing. (D) Distribution of the CD34* cell
subpopulations and CD34" cells measured by flow cytometry based on the expression of
hCD133 and hCD90 analysed four days after gene editing. (E) Colony forming unit (CFU)
assay was performed on untreated or edited HSPC by counting the number of red (erythroid),

white (myeloid) and mixed colonies at microscope 14 days after the plating.

Figure 16. Exonic gene editing strategy exploiting g11-g13/AAV6 donor sets on
NALM6.Rag1-KO cells

(A) Schematic representation of gene editing experiment performed in NALM6.Rag1-KO cells
electroporated with sgRNA 11 or 13 (g11 or g13)/Cas9 RNP and transduced with AAV6 donor
for the exon 2 RAGT gene targeting strategy or with AAV6 donor for the exon 2 RAGT gene
replacement strategy with long right homology arm (HAR). Bulk edited cells were subcloned
and mono- and bi-allelic edited clones were selected by HDR analysis (ddPCR). (B)
Recombination activity was evaluated 7 days after serum-starvation induced by CDK4/6
inhibitor as proportion of GFP+ cells gated on transduced cells by flow cytometry. NALM6-WT
(WT) cells and NALM6.Rag1-KO (KO) cells were used as positive and negative controls,
respectively. Bi-allelic edited clone (clone 69 edited by g11 and targeting donor) was indicated
by the asterisk. (C) Exogenous codon optimized RAG1 expression was measured in edited
clones not starved or four days after starvation by RT-gPCR and shown as relative expression
to beta-actin used as housekeeping gene. Wilcoxon matched-pairs signed rank test between
not starved and starved samples; P values: *<0.05; **<0.005; ***<0.0005; ****<0.0001;
Mean£SD are shown.

Figure 17. Editing and correction efficiency of exonic gene editing strategy exploiting
g11-g13/AAV6 donor sets in human HSPCs
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(A) Schematic representation of gene editing experiment performed in human CD34* cells
isolated from mobilized peripheral blood (MPB) of healthy donors (HDs) and RAG1 -patient
(RAG1-PT). Cells were electroporated with sgRNA 11 or 13 (g11 or g13)/Cas9 RNPs and
transduced with AAV6 targeting or replacement donor in presence of HDR enhancers. (B)
Proportion of edited alleles analyzed by ddPCR on bulk untreated and edited CD34* cells 4
days after the editing. Graph shows cumulative data of two independent experiments. (C)
Distribution of the CD34* cell subpopulations and CD34" cells measured by flow cytometry
based on the expression of hCD133 and hCD90 analysed 4 days after the editing. (D)
Representative plots of the T cell differentiation stages analysed by flow cytometry 6.5 weeks
after ATO seeding. (E) Kinetics of TCRap*CD3* cells analyzed by flow cytometry over time
upon ATO seeding with untreated (UT) or edited HD (top panel) and RAG1-patient cells
(bottom panel). (F-G) Simpson complexity index measuring the clonal diversity of TRB
repertoire (F) and frequency of top 10 productive rearrangements (G) were analyzed by
ImmunoSEQ assay in ATO-derived TCRap*CD3" cells sorted 6.5 weeks post-seeding and in
bulk cells isolated from ATO 7.5 weeks post-seeding.

Figure 18. In vivo transplantation of edited hMPB-CD34+ cells from HD and RAG1-
Patient

(A) Kinetics of human cell engraftment measured by flow cytometry as frequency of hCD45+
cells in peripheral blood (PB) of NSG mice transplanted with untreated (UT) and edited hMPB-
HSPCs derived from healthy donor (HD) and RAG1 -patient (Pt). (B) Kinetics of HDR efficiency
in PB tested over time after the transplant (Tx) by ddPCR. (C) Immune cell distribution in PB
of transplanted mice measured by flow cytometry according to the expression of hCD19 (B
cells), hCD3 (T cells) and hCD13 (myeloid cells) in the hCD45+ gate. (D) Distribution of
hematopoietic populations in bone marrow 18 weeks after the transplant measured by flow
cytometry. (E) Relative frequencies of stages of B cell differentiation were analyzed by flow
cytometry in bone marrow cells according to the expression of hCD45, hCD45, hCD34,
hCD19, hCD22, hCD10 and hCD20. (F) Molecular analysis of HDR on bone marrow cells
analyzed by ddPCR. (G) Proportion of TCRap*CD3"* cells in thymus of transplanted mice
analyzed 18 weeks after the transplant by flow cytometry. (H) Molecular analysis of HDR on
thymocytes analyzed by ddPCR.

Figure 19. Off-target analysis for g11 and g13

(A) Schematic representations of editing of K562 cells co-electroporated with the sgRNA of
interest (g11 or g13) and the double strand oligodeoxynucleotide (dsODN}) to tag off-target
integrations. Cutting efficiency, Tag integration and Guide-Seq analyses were performed 10
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days upon electroporation. (B-C) Cutting efficiency measured as percentage of NHEJ (B) and
dsODN tag integration (ODN) (C) on the on-target sites were evaluated by RFLP in K562 cells.
(D) Summary table showing the total number of off-target sites (OT) identified forg11 and g13
sgRNAs.

DETAILED DESCRIPTION

It must be noted that as used herein and in the appended claims, the singular forms "a", "an",
and "the" include plural referents unless the context clearly dictates otherwise.

The terms "comprising", "comprises" and "comprised of' as used herein are synonymous with
"including”, "includes" or "containing", "contains", and are inclusive or open-ended and do not
exclude additional, non-recited members, elements or method steps. The terms "comprising”,

"comprises" and "comprised of” also include the term "consisting of”.

Numeric ranges are inclusive of the numbers defining the range. Unless otherwise indicated,
any nucleic acid sequences are written left to right in 5' to 3' orientation; amino acid sequences
are written left to right in amino to carboxy orientation, respectively.

All recited genomic locations are based on human genome assembly GRCh38.p13
(GCF_000001405.39). One of skill in the art will be able to identify the corresponding genome
locations in alternative genome assemblies and convert the recited genomic location
accordingly. For example, RAG1 is located at chr 11: 36510353 to 36579762 in assembly
GRCh38.p13 and at chr 11: 36532053 to 36601312 in assembly GRCh37.p13.

The publications discussed herein are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein is to be construed as an admission that such
publications constitute prior art to the claims appended hereto.

Recombination activating gene 1 (RAG1)

The present invention relates to methods for gene-editing cells to introduce a RAGH
polypeptide or a RAG1 polypeptide fragment, for example as a treatment for severe combined
immunodeficiency. The present invention also relates to polynucleotides, vectors, guide
RNAs, kits, compositions, and gene editing systems for use in said methods, and genomes
and cells obtained or obtainable by said methods.

The RAGT gene

“RAG1” is the abbreviated name of the polypeptide encoded by recombination activating gene

1 and is also known as RAG-1, RNF74, and recombination activating 1.
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RAGH1 is the catalytic component of the RAG complex, a multiprotein complex that mediates
the DNA cleavage phase during V(D)J recombination. V(D)J recombination assembles a
diverse repertoire of immunoglobulin and T-cell receptor genes in developing B and T-
lymphocytes through rearrangement of different V (variable), in some cases D (diversity), and
J (joining) gene segments. In the RAG complex, RAG1 mediates the DNA-binding to the
conserved recombination signal sequences (RSS) and catalyses the DNA cleavage activities
by introducing a double-strand break between the RSS and the adjacent coding segment.
RAG?2 is not a catalytic component but is required for all known catalytic activities.

The gene encoding RAG1 (NCBI gene ID: 5896) is located in the human genome at chr 11:
36510353 to 36579762.

Several alternative mRNAs are transcribed from the RAG1 gene. Transcript variant 1
(NM_000448) has two exons and one intron. As used herein, the region of the RAG1 gene
corresponding to the first exon of transcript variant 1 is called the “RAG1 exon 17, the region
of the RAG1 gene corresponding to the intron of transcript variant 1 is called the “RAG1 intron
17, and the region of the RAG1 gene corresponding to the second exon (which encodes a
RAG1 polypeptide) is called the “RAG1 exon 2”.

Suitably, the RAG1 exon 1 is from chr 11: 36568006 to chr 11: 36568122; the RAG1 intron 1
is from chr 11: 36568123 to chr 11: 36573290; and/or the RAG1 exon 2 is from chr 11:
36573291 to chr 11: 36579762.

Suitably, the RAG1 exon 1 consists of the nucleotide sequence of SEQ ID NO: 1, or variants
thereof; the RAG1 intron 1 consists of the nucleotide sequence of SEQ ID NO: 2, or variants
thereof; and/or the RAG1 exon 2 consists of the nucleotide sequence of SEQ ID NO: 3, or
variants thereof.

llustrative RAG1 exon 1 (SEQ ID NO: 1)

agaaacaagagggcaaggagagagcagagaacacactttgccttctctitggtattgagtaatatcaaccaaattge
agacatctcaacactttggccaggceagcectgctgagcaag

llustrative RAGT intron 1 (SEQ ID NO: 2)

gtaacactcatacttttcatgccttgagccaaaatatitattacatttttatgttictaactagaagtgcttgagetttttttccttce
aggtgatgaggggatggaatgagcaaagctacatcaatttittittaatgtatgaaaataaaaaaggtacaagaggec
aagtttagggccactgaaggttcatagaaagatgcaaaatatctgaattactataaatgaatgctattgtcagaggaaa
ggtttaaggagtgcticttgaatgaatgtgtacaaatcagcagaaggtaaggtgtgagactctiggaaatgaatactggt
agttcaggtgagaaaaataatcaggaacataatagggtgggaggaaatgtatggtticccaggtattaacaagtattg
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ccaggcatttcctgaactagattggcectaagtaggagaccaatgttictcaaaatattcactcattttagaatcactgaatg
tttaaaaatgcaatttctggattccttcccaaacagccagactctttgggacctgatgatctgceatttctititaaaaacaaa

ctcgcteatgattctgatitgtattaattitgagaattgccatggtagagaccctgctitgaggttatgticttgagtcaggatte
ctggccagggattgtgatgatatatttctcttictgaagtggttcatgcaagaggttgtctgaaggaagagcaagaattgt

agtgttattttgtggatacttgagacttataaaaaggctttttatttigtcacatttttgatacatgatgtttggcaaaaaacaga
cgatagtatttgcagagtgaatgaataagtggaacaggtgtgataatgagaggtcacactigagcacacagttattact
tggaaattgtgtacagactaagttgaagatgttaggagggaagattgtgggccaagtaacggggtgtatgtgtgtgggt
atagggtgggcagctgggatggaaatggggggctgctgetgetgetgcaccctggectectgaactaatgatatcact

caccagaaactactgttcctgcactgtccaagcecaccccaaactagtttgtcaaaatgaatcetgtgetgtgtggaggga
ggcacgcctgtagctctgatgtcagatggcaatgtcgagatggcagtggecggtggggacagggetgagecageac
caaccactcagcctttgagatcccgaggcetggtctactgctgagaccttitgttagaagagaggagatcaagcatttge

aaggtttctgagtgtcaaaatatgaatccaagataactctticacaatcctaacttcatgetgtctacaggtccatattttag

cctgcttictecatgticatccgaaaagaaagaaaagcetaagggtggtggtcatatitgaaattagccagatcttaagtttt
tctgggggaaatitagaagaaaatatggaaaagtgactatgagcacatatacagctagtctttaaaacagttttatcca

aaataaatgtatcacaaaattaataaaaatagttacttgctigttttgaataattcaaatgatacaaaaattaataaaataa
aaagtgcaaaaggccctcttatcaatgccaattctatttttttcagaaattaaacactgttaagatittagtgtgtatcctitca
gaattcctgtgatttcatatatgtacaaatacaaacgtatctacataaagggaatcctactatacttgctattgtcattctattc
tctgctitttcatgtgagcatctttccatgtcactgatgcatacagaaattgcacatatgcatcagtgcatacagaaaattaa
attttctgcatggttttccactgtatgtctggaccatagtttatttaataataatgccectttgggtaattatitatattgtttcctgcttt
ttcaaagtaacagctittgaaacaaatctctctctgtctttatataaatattgttgcattcctgtggaaatgtitctattggataa

cttcccaaaaggagatttattgcatcaaagataatatattcaaaaattttaaagatattgctaaattgtctagtaggtattta
taccaatttatactcctcccaagaatgtatggagatatcttaatttctccatgcecttcattaatgctgaaccatataagtagttt
taatctttgctaattgaatagataaaaaatatctaatctaagtctagticttaaaagttctatctictaccaaaagtaatacac
gtctattttagggagtaaaaatcacaagtaaggataaaaaatagtgcagcaataaacacaggagtgtagatgtctctg
aacatactgatttaacttccttiggataaatacccagtagtaggactgctggatcatataataattctatctttagtttttttgag
gacctccatactattcttcatagtggctgtactaatitacattcctaccaactgtgtatgaaggttcccttttctctacatccttg

ccagcattcattattgctigtcatttggatacaatctattttaactggggtgagatgacatctcattgtagttttgatatgcattic
tctgatgatcagtggtgttgagcaccttttcatatacctgtttgecatttgtatgtcttcetitgagaaatgtctattcagatatttt

acctattttaaaatcggattattagattgtttcctgtagagttgtttgagctecttgtatattctggttattaatctcttgtcagatge
atagcttacaaatattttctcccatcatgtggattgtgtcttcactttgtggattgtttactttgctgtgcagaagcttitaacttga
tgcaatcccatttgtccacttttgetttggttgecticcacaggagtatttaaataaatgtagtitggtagatttiggtatagtaat
gcaggccagtgggagtcaggggagaaatgtgtagggaagtgagatagtictaaggatcctacaaacatgcecttatga
ttgacttactcaatgtgaaagtcaatattaaacttgatgagctctagagatggtcatgcattttaaaaagaattactcaaaa
tattgtcttggaataccagagagcaagtgctttaagtataggctgggaagtaaaatgctaaaggaatgagaaggceattt
ggggttgagttcaacctaagaggcaggggagccacagggaaagacctagcacctgccacagaagagaattagg

aagcagaattgaactataagcaattttgaggtgttcgtigggctgcagtigaaatatitittgaggttaatgagacatttgaa
atggccgtgtattgtitaactcttgcatagtcctgcatagggaacaatctaataggattictctgtgaatcaagtcttagaaa
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tttgctittaatttttatgaaaaacgcccatttctttgtittigagacagagtectgctetgtcatccaggetgggttgcagtgge
gtgatcttggcccactgcaatctctgectectgggttcaggeaattttcetgtctcagectceecgagtagetgggatttcaa
gtgcctgcecaccatgeccggctaaatttttitgtatitttggtacagatggagtatcaccatgttiggecaggetggtetegaa
ctcetgacctcaagtgattcaccagecttgacctcccaaagtgttgggatcacaggceatgagecactgtgectgtgece
caaaacaccaatttctgatgtgtgatgcatgtaagatagaacaaacttcagtaaagcggggacttgaaaagaggcttt
ggtaacagctgtcagcattaacccttgeccctecgtacctectaatcccaccectgetcaaagtatgttcatctgagaattt
gtctccataactatgtgactataaaaattctcatcgattitgttagttgatcaattgagggaaaaacatatgttacttgatata
actggtgggtcaaaagaattaacccaggcaaatttgagataggtggatgggatgatggattgaaaatacagetgetct
ctttccaatcatgtactaagtaatttgggaaagattgatctaattgggtctagagagtacacttcacatggcattgtttgactt
tttttctgcatcgcetagegatetgtgcattacaactcaaatcagtcgggtitcctggceatatgtaattgccaatgtttitacca
gaagagaaacattactcccacctcticttattatgttacaaactatagtgctaatgaccatcgaccaacagtgacttticag
gatgacctgtgtgagttttatctgaaaccatgtgaatttttcatcttaaaagtcccttagaatctcagtctatgtacactcaggt
ttgttgcaggtitagagttcegtgtitittgttictaatgtagacacagccttataatttacaacagcattcactaattaaaattgt
aagcataattactatccacgatacttattattagtttgcatticataaagctcaaaattcacttcatcctttcaagtagtgaata
attagtttctttgggtitgcagctttatcatccttttatgacccatttggaagaaataaacaaccaaccccctggaagactge
tttaaaaagctggaaatacattgtccagcetagtacaatgaggctaatacaatgtggaaaatattacttttctttgattttagt
agcctgtttatctitacatttactgaacaaataactattgagcacctaatgtatactgggacccttggggaggcaaagatg
aatcaaagattctgtccttaaagaccttaaggtttitgtggaaggaaataaaactttacatgtatatatttaagcacttatat
gtgtgtaacaggtataagtaaccataaacactgtcagaagaggaaataactctatgatcagcacctaacatgatatatt
aaggtagaagatttaatacatatcttttggaatacatgaataaataattgaatgtatttatttttattatitataagatacatca
gtgggatattgatattggtcttaatatgacttgttitcattgttctcag

Hlustrative RAG1 exon 2 (SEQ ID NO: 3)

gtacctcagccagcATGGCAGCCTCTTTCCCACCCACCTTGGGACTCAGTTCTGCCCC
AGATGAAATTCAGCACCCACATATTAAATTTTCAGAATGGAAATTTAAGCTGTTC
CGGGTGAGATCCTTTGAAAAGACACCTGAAGAAGCTCAAAAGGAAAAGAAGGAT
TCCTTTGAGGGGAAACCCTCTCTGGAGCAATCTCCAGCAGTCCTGGACAAGGC
TGATGGTCAGAAGCCAGTCCCAACTCAGCCATTGTTAAAAGCCCACCCTAAGTT
TTCAAAGAAATTTCACGACAACGAGAAAGCAAGAGGCAAAGCGATCCATCAAGC
CAACCTTCGACATCTCTGCCGCATCTGTGGGAATTCTTTTAGAGCTGATGAGCA
CAACAGGAGATATCCAGTCCATGGTCCTGTGGATGGTAAAACCCTAGGCCTTTT
ACGAAAGAAGGAAAAGAGAGCTACTTCCTGGCCGGACCTCATTGCCAAGGTTTT
CCGGATCGATGTGAAGGCAGATGTTGACTCGATCCACCCCACTGAGTTCTGCC
ATAACTGCTGGAGCATCATGCACAGGAAGTTTAGCAGTGCCCCATGTGAGGTTT
ACTTCCCGAGGAACGTGACCATGGAGTGGCACCCCCACACACCATCCTGTGAC
ATCTGCAACACTGCCCGTCGGGGACTCAAGAGGAAGAGTCTTCAGCCAAACTT

35



10

15

20

25

30

35

WO 2023/062030 PCT/EP2022/078298

GCAGCTCAGCAAAAAACTCAAAACTGTGCTTGACCAAGCAAGACAAGCCCGTCA
GCACAAGAGAAGAGCTCAGGCAAGGATCAGCAGCAAGGATGTCATGAAGAAGA
TCGCCAACTGCAGTAAGATACATCTTAGTACCAAGCTCCTTGCAGTGGACTTCC
CAGAGCACTTTGTGAAATCCATCTCCTGCCAGATCTGTGAACACATTCTGGCTG
ACCCTGTGGAGACCAACTGTAAGCATGTCTTTTGCCGGGTCTGCATTCTCAGAT
GCCTCAAAGTCATGGGCAGCTATTGTCCCTCTTGCCGATATCCATGCTTCCCTA
CTGACCTGGAGAGTCCAGTGAAGTCCTTTCTGAGCGTCTTGAATTCCCTGATGG
TGAAATGTCCAGCAAAAGAGTGCAATGAGGAGGTCAGTTTGGAAAAATATAATC
ACCACATCTCAAGTCACAAGGAATCAAAAGAGATTTTTGTGCACATTAATAAAGG
GGGCCGGCCCCGCCAACATCTTCTGTCGCTGACTCGGAGAGCTCAGAAGCACC
GGCTGAGGGAGCTCAAGCTGCAAGTCAAAGCCTTTGCTGACAAAGAAGAAGGT
GGAGATGTGAAGTCCGTGTGCATGACCTTGTTCCTGCTGGCTCTGAGGGCGAG
GAATGAGCACAGGCAAGCTGATGAGCTGGAGGCCATCATGCAGGGAAAGGGCT
CTGGCCTGCAGCCAGCTGTTTGCTTGGCCATCCGTGTCAACACCTTCCTCAGCT
GCAGTCAGTACCACAAGATGTACAGGACTGTGAAAGCCATCACAGGGAGACAG
ATTTTTCAGCCTTTGCATGCCCTTCGGAATGCTGAGAAGGTACTTCTGCCAGGC
TACCACCACTTTGAGTGGCAGCCACCTCTGAAGAATGTGTCTTCCAGCACTGAT
GTTGGCATTATTGATGGGCTGTCTGGACTATCATCCTCTGTGGATGATTACCCA
GTGGACACCATTGCAAAGAGGTTCCGCTATGATTCAGCTTTGGTGTCTGCTTTG
ATGGACATGGAAGAAGACATCTTGGAAGGCATGAGATCCCAAGACCTTGATGAT
TACCTGAATGGCCCCTTCACTGTGGTGGTGAAGGAGTCTTGTGATGGAATGGG
AGACGTGAGTGAGAAGCATGGGAGTGGGCCTGTAGTTCCAGAAAAGGCAGTCC
GTTTTTCATTCACAATCATGAAAATTACTATTGCCCACAGCTCTCAGAATGTGAA
AGTATTTGAAGAAGCCAAACCTAACTCTGAACTGTGTTGCAAGCCATTGTGCCTT
ATGCTGGCAGATGAGTCTGACCACGAGACGCTGACTGCCATCCTGAGTCCTCT
CATTGCTGAGAGGGAGGCCATGAAGAGCAGTGAATTAATGCTTGAGCTGGGAG
GCATTCTCCGGACTTTCAAGTTCATCTTCAGGGGCACCGGCTATGATGAAAAAC
TTGTGCGGGAAGTGGAAGGCCTCGAGGCTTCTGGCTCAGTCTACATTTGTACTC
TTTGTGATGCCACCCGTCTGGAAGCCTCTCAAAATCTTGTCTTCCACTCTATAAC
CAGAAGCCATGCTGAGAACCTGGAACGTTATGAGGTCTGGCGTTCCAACCCTTA
CCATGAGTCTGTGGAAGAACTGCGGGATCGGGTGAAAGGGGTCTCAGCTAAAC
CTTTCATTGAGACAGTCCCTTCCATAGATGCACTCCACTGTGACATTGGCAATG
CAGCTGAGTTCTACAAGATCTTCCAGCTAGAGATAGGGGAAGTGTATAAGAATC
CCAATGCTTCCAAAGAGGAAAGGAAAAGGTGGCAGGCCACACTGGACAAGCAT
CTCCGGAAGAAGATGAACCTCAAACCAATCATGAGGATGAATGGCAACTTTGCC
AGGAAGCTCATGACCAAAGAGACTGTGGATGCAGTTTGTGAGTTAATTCCTTCC
GAGGAGAGGCACGAGGCTCTGAGGGAGCTGATGGATCTTTACCTGAAGATGAA
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ACCAGTATGGCGATCATCATGCCCTGCTAAAGAGTGCCCAGAATCCCTCTGCCA
GTACAGTTTCAATTCACAGCGTTTTGCTGAGCTCCTTTCTACGAAGTTCAAGTAT
AGGTATGAGGGAAAAATCACCAATTATTTTCACAAAACCCTGGCCCATGTTCCTG
AAATTATTGAGAGGGATGGCTCCATTGGGGCATGGGCAAGTGAGGGAAATGAG
TCTGGTAACAAACTGTTTAGGCGCTTCCGGAAAATGAATGCCAGGCAGTCCAAA
TGCTATGAGATGGAAGATGTCCTGAAACACCACTGGTTGTACACCTCCAAATAC
CTCCAGAAGTTTATGAATGCTCATAATGCATTAAAAACCTCTGGGTTTACCATGA
ACCCTCAGGCAAGCTTAGGGGACCCATTAGGCATAGAGGACTCTCTGGAAAGC
CAAGATTCAATGGAATTTTAAgtagggcaaccacttatgagttggtttttgcaattgagtttccctetgggttg
cattgagggctictcctagcaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatge
tacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagticcgaaaagcaacagg
aaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgt
gtgtgttggggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagecagtgaggccaggaaagaaattggt
cttgtggttttcattttittcceccttgattgattatatttigtattgagatatgataagtgcctictatttcatttttgaataattcttcatt
tttataattttacatatcttggctigctatataagatticaaaagagctitttaaattittctaataatatcttacatttgtacagcatg
atgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagt
cctttittatgtttaaattatgtatctattgtaaccticagagtitaggaggtcatctgcetgtcatggattittcaataatgaatttag
aatacacctgttagctacagttagttattaaatctictgataatatatgtttacttagctatcagaagccaagtatgatictttat
ttttactttttcatticaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggctigtaaaa
atataggttagcttgatgtctaaaaatatatticatgtcttactgaaacattttgccagacttictccaaatgaaacctgaatc
aatttttctaaatctaggtttcatagagtcctctectetgcaatgtgttattcttictataatgatcagtttactticagtggattcag
aattgtgtagcaggataaccttgtattittccatccgctaagtttagatggagtccaaacgcagtacagcagaagagtta
acatttacacagtgctttttaccactgtggaatgttticacactcatttttccttacaacaattctgaggagtaggtgttgttatta
tctccatttgatgggggtttaaatgatttgctcaaagtcatttaggggtaataaatacttggcettggaaatttaacacagtect
titgtctccaaagccctictictttccaccacaaattaatcactatgtttataaggtagtatcagaatttttttaggattcacaac
taatcactatagcacatgaccttgggattacatttttatggggcaggggtaagcaagtitttaaatcatttgtgtgcetctggcet
cttttgatagaagaaagcaacacaaaagctccaaagggcecccectaaccctctigtggcetccagttatitggaaactatg
atctgcatccttaggaatctgggattigccagttgctggcaatgtagagcaggceatggaattttatatgctagtgagtcata
atgatatgttagtgttaattagttttttcticctttgattttatiggccataattgctactcticatacacagtatatcaaagagcettg
ataatttagttgtcaaaagtgcatcggcgacattatctitaattgtatgtattiggtgcttcticagggattgaactcagtatcttt
cattaaaaaacacagcagttticcttgctitttatatgcagaatatcaaagtcatttctaatttagttgtcaaaaacatataca
tattttaacattagtttttttgaaaactcttggttitgtititttggaaatgagtgggccactaagccacactttcecttcatectget
taatccttccageatgtcictgcactaataaacagctaaaticacataatcatectatttactgaagceatggtcatgetggtt
tatagattttttacccattictactctttttctctattggtggcactgtaaatactttccagtattaaattatecttttctaacactgta
ggaactattttgaatgcatgtgactaagagcatgatttatagcacaacctticcaataatcccttaatcagatcacattttga
taaaccctgggaacatctggcetgcaggaatticaatatgtagaaacgcetgectatggttitttgeccttactgtigagactg
caatatcctagaccctagttitatactagagttitatitttagcaatgcectatigcaagtgcaattatatactccagggaaattce
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accacactgaatcgagcatttgtgtgtgtatgtgtgaagtatatactgggacttcagaagtgcaatgtatttitctcctgtga
aacctgaatctacaagttttcctgccaagcecactcaggtgcattgcagggaccagtgataatggctgatgaaaattgat
gattggtcagtgaggtcaaaaggagccttgggattaataaacatgcactgagaagcaagaggaggagaaaaagat
gtctttttcttccaggtgaactggaatttagttttgcctcagatttititcccacaagatacagaagaagataaagatttttitgg
ttgagagtgtgggtctigcattacatcaaacagagttcaaattccacacagataagaggcaggatatataagcgecag
tggtagttgggaggaataaaccattatitggatgcaggtggtttitgattgcaaatatgtgtgtgtcticagtgattgtatgac
agatgatgtattcttitgatgttaaaagattitaagtaagagtagatacattgtacccattttacattttcttattttaactacagt
aatctacataaatatacctcagaaatcatttitggtgattattttttgtttigtagaattgcacttcagtttatiticttacaaataac
cttacattttgtttaatggctticcaagagcecttttittittttgtatttcagagaaaattcaggtaccaggatgcaatggattitattt
gattcaggggacctgtgtticcatgtcaaatgtittcaaataaaatgaaatatgagtticaatactttttatatittaatatticca
ttcattaatattatggttattgtcagcaattttatgtttgaatatitgaaataaaagtttaagatttgaaaa

In the illustrative RAG1 exon 2 (SEQ ID NO: 3), upper case letters indicate a nucleotide
sequence which encodes a RAG1 polypeptide.

RAG1 polypeptides

Isolated polynucleotides according to the present invention may comprise a nucleotide
sequence encoding a RAG1 polypeptide, or a fragment thereof.

The RAG1 polypeptide may be a human RAG1 polypeptide. Suitably, the RAG1 polypeptide
may comprise or consist of a polypeptide sequence of UniProtKB accession P15918, or a
variant thereof.

A “RAG1 polypeptide” is a polypeptide having RAG1 activity, for example a polypeptide which
is able to form a RAG complex, mediate DNA-binding to the RSS, and introduce a double-
strand break between the RSS and the adjacent coding segment. Suitably, a RAGH
polypeptide may have the same or similar activity to a wild-type RAG1, e.g. may have at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 100%, at least 110%, at least 120%, at least 130%, at least 140%, or at least 150% of
the activity of a wild-type RAG1 polypeptide.

A “RAG1 polypeptide variant” may include an amino acid sequence or a nucleotide sequence
which may be at least 50%, at least 55%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85% or at least 90% identical, optionally at least 95% or at least 97% or at least
99% identical to a wild-type RAG1 polypeptide. RAG1 variants may have the same or similar
activity to a wild-type RAG1 polypeptide, e.g. may have at least at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 100%, at least
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110%, at least 120%, at least 130%, at least 140%, or at least 150% of the activity of a wild-
type RAG1 polypeptide.

A person skilled in the art would be able to generate RAG1 variants having the same or similar
activity to a wild-type RAG1 polypeptide based on the known structural and functional features
of RAG1 and/or using conservative substitutions. The minimal regions of RAG1 required for
catalysis have been identified. These regions are referred to as the core proteins. Core RAG1
consists of multiple structural domains, termed the nonamer binding domain (NBD; residues
389-464), the central domain (residues 528-760), and the C-terminal domain (residues 761-
980) domains. Besides the ability to recognize the RSS nonamer and heptamer through the
NBD and the central domain, respectively, core RAG1 contains the essential acidic active site
residues (Arbuckle, J.L., et al., 2011. BMC biochemistry, 12(1), p.23). Suitably, a variant of

RAG1 comprises a nonamer binding domain, a central domain, and/or a C-terminal domain.

In some embodiments of the invention, a RAG1 polypeptide comprises or consists of an amino
acid sequence which is at least 70% identical to SEQ ID NO: 4. Suitably, a RAG1 polypeptide
comprises or consists of an amino acid sequence which is at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 4.

In some embodiments, a RAG1 polypeptide comprises or consists of SEQ ID NO: 4.
RAGT polypeptide isoform 1, UniProtKB accession P15918 (SEQ ID NO: 4)

MAASFPPTLGLSSAPDEIQHPHIKFSEWKFKLFRVRSFEKTPEEAQKEKKDSFEGKP
SLEQSPAVLDKADGQKPVPTQPLLKAHPKFSKKFHDNEKARGKAIHQANLRHLCRI
CGNSFRADEHNRRYPVHGPVDGKTLGLLRKKEKRATSWPDLIAKVFRIDVKADVDS
IHPTEFCHNCWSIMHRKFSSAPCEVYFPRNVTMEWHPHTPSCDICNTARRGLKRKS
LQPNLQLSKKLKTVLDQARQARQHKRRAQARISSKDVMKKIANCSKIHLSTKLLAVD
FPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYCPSCRYPCFPTDL
ESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEIFVHINKGGRPRQ
HLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLALRARNEHRQADE
LEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAE
KVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVDTIAKRFRYDSALV
SALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSEKHGSGPVVPEK
AVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESDHETLTAILSPLIA
EREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGSVYICTLCDATRL
EASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGVSAKPFIETVPSID
ALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHLRKKMNLKPIMRM
NGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVWRSSCPAKECPES
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LCQYSFNSQRFAELLSTKFKYRYEGKITNYFHKTLAHVPEIIERDGSIGAWASEGNE
SGNKLFRRFRKMNARQSKCYEMEDVLKHHWLYTSKYLQKFMNAHNALKTSGFTM
NPQASLGDPLGIEDSLESQDSMEF

In some embodiments of the invention, a RAG1 polypeptide comprises or consists of an amino
acid sequence which is at least 70% identical to SEQ ID NO: 5. Suitably, a RAG1 polypeptide
comprises or consists of an amino acid sequence which is at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 5.

In some embodiments, a RAG1 polypeptide comprises or consists of SEQ ID NO: 5.
RAG1 polypeptide isoform 2, UniProtKB accession P15918 (SEQ ID NO: 5)

MAASFPPTLGLSSAPDEIQHPHIKFSEWKFKLFRVRSFEKTPEEAQKEKKDSFEGKP
SLEQSPAVLDKADGQKPVPTQPLLKAHPKFSKKFHDNEKARGKAIHQANLRHLCRI
CGNSFRADEHNRRYPVHGPVDGKTLGLLRKKEKRATSWPDLIAKVFRIDVKADVDS
IHPTEFCHNCWSIMHRKFSSAPCEVYFPRNVTMEWHPHTPSCDICNTARRGLKRKS
LQPNLQLSKKLKTVLDQARQARQHKRRAQARISSKDVMKKIANCSKIHLSTKLLAVD
FPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYCPSCRYPCFPTDL
ESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEIFVHINKGGRPRQ
HLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLALRARNEHRQADE
LEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAE
KVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVDTIAKRFRYDSALV
SALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSEKHGSGPVVPEK
AVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESDHETLTAILSPLIA
EREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGSVYICTLCDATRL
EASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGVSAKPFIETVPSID
ALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHLRKKMNLKPIMRM
NGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVWRSSCPAKECPES
LCQYSFNSQRFAELLSTKFKYRN

In some embodiments of the invention, a RAG1 polypeptide comprises or consists of an amino
acid sequence which is at least 70% identical to SEQ ID NO: 6. Suitably, a RAG1 polypeptide
comprises or consists of an amino acid sequence which is at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 6.

In some embodiments, a RAG1 polypeptide comprises or consists of SEQ ID NO: 6.

Hllustrative RAG1 polypeptide (SEQ ID NO: 6)
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MAASFPPTLGLSSAPDEIQHPHIKFSEWKFKLFRVRSFEKTPEEAQKEKKDSFEGKP
SLEQSPAVLDKADGQKPVPTQPLLKAHPKFSKKFHDNEKARGKAIHQANLRHLCRI
CGNSFRADEHNRRYPVHGPVDGKTLGLLRKKEKRATSWPDLIAKVFRIDVKADVDS
IHPTEFCHNCWSIMHRKFSSAPCEVYFPRNVTMEWHPHTPSCDICNTARRGLKRKS
LQPNLQLSKKLKTVLDQARQARQRKRRAQARISSKDVMKKIANCSKIHLSTKLLAVD
FPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYCPSCRYPCFPTDL
ESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEIFVHINKGGRPRQ
HLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLALRARNEHRQADE
LEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAE
KVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVDTIAKRFRYDSALV
SALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSEKHGSGPVVPEK
AVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESDHETLTAILSPLIA
EREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGSVYICTLCDATRL
EASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGVSAKPFIETVPSID
ALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHLRKKMNLKPIMRM
NGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVWRSSCPAKECPES
LCQYSFNSQRFAELLSTKFKYRYEGKITNYFHKTLAHVPEIIERDGSIGAWASEGNE
SGNKLFRRFRKMNARQSKCYEMEDVLKHHWLYTSKYLQKFMNAHNALKTSGFTM
NPQASLGDPLGIEDSLESQDSMEF

RAG1 polypeptide fragments

Isolated polynucleotides according to the present invention may comprise a nucleotide
sequence encoding a RAG1 polypeptide fragment.

A “RAG1 polypeptide fragment” may refer to a portion or region of a full-length RAG1
polypeptide or variant thereof. Suitably, a RAG1 polypeptide fragment may be at least 50
amino acids in length, at least 100 amino acids in length, at least 150 amino acids in length,
at least 200 amino acids in length, at least 250 amino acids in length, at least 300 amino acids
in length, at least 350 amino acids in length, at least 400 amino acids in length, at least 450
amino acids in length, at least 500 amino acids in length, at least 550 amino acids in length,
at least 600 amino acids in length, at least 650 amino acids in length, at least 700 amino acids
in length, at least 750 amino acids in length, at least 800 amino acids in length, at least 850
amino acids, or at least 900 amino acids in length.

Suitably, the RAG1 polypeptide fragment may comprise at least the final 50 amino acids, at
least the final 100 amino acids, at least the final 150 amino acids, at least the final 200 amino
acids, at least the final 250 amino acids, at least the final 300 amino acids, at least the final
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350 amino acids, at least the final 400 amino acids, at least the final 450 amino acids, at least
the final 500 amino acids, at least the final 550 amino acids, at least the final 600 amino acids,
at least the final 650 amino acids, at least the final 700 amino acids, at least the final 750
amino acids, at least the final 800 amino acids, at least the final 850 amino acids, or at least
the final 900 amino acids of a full-length RAG1 polypeptide or variant thereof, optionally
wherein 1 to 20 amino acids (e.g. about 15 amino acids) are absent from the C-terminus of
the full-length RAG1 polypeptide or variant thereof.

In some embodiments of the invention, the RAG1 polypeptide fragment comprises or consists
of an amino acid sequence which is at least 70% identical to any of SEQ ID NOs: 7-14 or 164-
165. Suitably, the RAG1 polypeptide fragment comprises or consists of an amino acid
sequence which is at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at
least 99% identical to any of SEQ ID NOs: 7-14 or 164-165.

In some embodiments, the RAG1 polypeptide fragment comprises or consists of any of SEQ
ID NOs: 7-14 or 164-165.

llustrative RAG1 polypeptide fragment 1 (SEQ ID NO: 7)

SKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYC
PSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEI
FVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLA
LRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGR
QIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVD
TIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSE
KHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESD
HETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGS
VYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGYV
SAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHL
RKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVW
RSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKITNYFHKTLAHVPEIIERD
GSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMEDVLKHHWLYTSKYLQKFMN
AHNALKTSGFTMNPQASLGDPLGIEDSLESQDSMEF

llustrative RAG1 polypeptide fragment 2 (SEQ ID NO: 8)

SKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYC
PSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEI
FVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLA
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LRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGR
QIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVD
TIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSE
KHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESD
HETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGS
VYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGYV
SAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHL
RKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVW
RSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKITNYFHKTLAHVPEIIERD
GSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMEDVLKHHWLYTSKYLQKFMN
AHNALKTSGFTMNPQASLGDP

Hllustrative RAG1 polypeptide fragment 3 (SEQ ID NO: 9)

EWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQARQRKRRAQARIS
SKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKHVFCRVCI
LRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYN
HHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKEEGGDV
KSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHK
MYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSG
LSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTVVVK
ESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCC
KPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTGYDEKL
VREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWRSNPYHE
SVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEE
RKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHEALRE
LMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKITNYFH
KTLAHVPEIIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMEDVLKHHW
LYTSKYLOQKFMNAHNALKTSGFTMNPQASLGDPLGIEDSLESQDSMEF

Hlustrative RAG1 polypeptide fragment 4 (SEQ ID NO: 10)

EWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQARQRKRRAQARIS
SKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKHVFCRVCI
LRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYN
HHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKEEGGDV
KSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHK
MYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSG
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LSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTVVVK
ESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCC
KPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTGYDEKL
VREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWRSNPYHE
SVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEE
RKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHEALRE
LMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKITNYFH
KTLAHVPEIIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMEDVLKHHW
LYTSKYLOQKFMNAHNALKTSGFTMNPQASLGDP

lllustrative RAG1 polypeptide fragment 5 (SEQ ID NO: 11)

EVYFPRNVTMEWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQAR
QRKRRAQARISSKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVET
NCKHVFCRVCILRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKE
CNEEVSLEKYNHHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVK
AFADKEEGGDVKSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRV
NTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSS
STDVGIIDGLSGLSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDD
YLNGPFTVVVKESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVF
EEAKPNSELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFK
FIFRGTGYDEKLVREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERY
EVWRSNPYHESVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEV
YKNPNASKEERKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIP
SEERHEALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKY
RYEGKITNYFHKTLAHVPEIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCY
EMEDVLKHHWLYTSKYLQKFMNAHNALKTSGFTMNPQASLGDP

lllustrative RAG1 polypeptide fragment 6 (SEQ ID NO: 12)

RRGLKRKSLQPNLQLSKKLKTVLDQARQARQRKRRAQARISSKDVMKKIANCSKIH
LSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKHVFCRVCILRCLKVMGSYCPSC
RYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEEVSLEKYNHHISSHKESKEIFVHI
NKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKEEGGDVKSVCMTLFLLALRAR
NEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGRQIFQ
PLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGIIDGLSGLSSSVDDYPVDTIAK
RFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTVVVKESCDGMGDVSEKHG
SGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPNSELCCKPLCLMLADESDHETL
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TAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTGYDEKLVREVEGLEASGSVYIC
TLCDATRLEASQNLVFHSITRSHAENLERYEVWRSNPYHESVEELRDRVKGVSAKP
FIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNASKEERKRWQATLDKHLRKKM
NLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHEALRELMDLYLKMKPVWRSSC
PAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKITNYFHKTLAHVPEIIERDGSIGA
WASEGNESGNKLFRRFRKMNARQSKCYEMEDVLKHHWLYTSKYLQKFMNAHNAL
KTSGFTMNPQASLGDP

Hllustrative RAG1 polypeptide fragment 7 (SEQ ID NO: 13)

PRNVTMEWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQARQRKR
RAQARISSKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKH
VFCRVCILRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEE
VSLEKYNHHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFAD
KEEGGDVKSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFL
SCSQYHKMYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDV
GIIDGLSGLSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNG
PFTVVVKESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKP
NSELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGT
GYDEKLVREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWR
SNPYHESVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNP
NASKEERKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEER
HEALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEG
KITNYFHKTLAHVPEIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMED
VLKHHWLYTSKYLQKFMNAHNALKTSGFTMNPQASLGDP

lllustrative RAG1 polypeptide fragment 8 (SEQ ID NO: 14)

LEKYNHHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFADKE
EGGDVKSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFLSC
SQYHKMYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDVGII
DGLSGLSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPF
TVVVKESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKPN
SELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGTG
YDEKLVREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWRSN
PYHESVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNPNA
SKEERKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEERHE
ALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEGKIT
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NYFHKTLAHVPEIIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMEDVLK
HHWLYTSKYLQKFMNAHNALKTSGFTMNPQASLGDP

lllustrative RAG1 polypeptide fragment 9 (SEQ ID NO: 164)

PRNVTMEWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQARQRKR
RAQARISSKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVETNCKH
VFCRVCILRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKECNEE
VSLEKYNHHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVKAFAD
KEEGGDVKSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRVNTFL
SCSQYHKMYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSSSTDV
GIIDGLSGLSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNG
PFTVVVKESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVFEEAKP
NSELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFKFIFRGT
GYDEKLVREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERYEVWR
SNPYHESVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEVYKNP
NASKEERKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIPSEER
HEALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKYRYEG
KITNYFHKTLAHVPEIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYEMED
VLKHHWLYTSKYLQKFMNAHNALKTSGFTMNPQASLGDPLGIEDSLESQDSMEF

llustrative RAG1 polypeptide fragment 10 (SEQ ID NO: 165)

EVYFPRNVTMEWHPHTPSCDICNTARRGLKRKSLQPNLQLSKKLKTVLDQARQAR
QRKRRAQARISSKDVMKKIANCSKIHLSTKLLAVDFPEHFVKSISCQICEHILADPVET
NCKHVFCRVCILRCLKVMGSYCPSCRYPCFPTDLESPVKSFLSVLNSLMVKCPAKE
CNEEVSLEKYNHHISSHKESKEIFVHINKGGRPRQHLLSLTRRAQKHRLRELKLQVK
AFADKEEGGDVKSVCMTLFLLALRARNEHRQADELEAIMQGKGSGLQPAVCLAIRV
NTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAEKVLLPGYHHFEWQPPLKNVSS
STDVGIIDGLSGLSSSVDDYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDD
YLNGPFTVVVKESCDGMGDVSEKHGSGPVVPEKAVRFSFTIMKITIAHSSQNVKVF
EEAKPNSELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELMLELGGILRTFK
FIFRGTGYDEKLVREVEGLEASGSVYICTLCDATRLEASQNLVFHSITRSHAENLERY
EVWRSNPYHESVEELRDRVKGVSAKPFIETVPSIDALHCDIGNAAEFYKIFQLEIGEV
YKNPNASKEERKRWQATLDKHLRKKMNLKPIMRMNGNFARKLMTKETVDAVCELIP
SEERHEALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKY
RYEGKITNYFHKTLAHVPEIERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCY
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EMEDVLKHHWLYTSKYLQKFMNAHNALKTSGFTMNPQASLGDPLGIEDSLESQDS
MEF

RAG1 polynucleotides

A nucleotide sequence encoding a RAG1 polypeptide (or a variant of fragment thereof) may
be codon-optimised. Suitably, a nucleotide sequence encoding a RAG1 polypeptide (or a
variant of fragment thereof) may be codon optimised for expression in a human cell.

Different cells differ in their usage of particular codons. This codon bias corresponds to a bias
in the relative abundance of particular tRNAs in the cell type. By altering the codons in the
sequence so that they are tailored to match with the relative abundance of corresponding
tRNAs, it is possible to increase expression. By the same token, it is possible to decrease
expression by deliberately choosing codons for which the corresponding tRNAs are known to
be rare in the particular cell type. Thus, an additional degree of translational control is
available. Codon usage tables are known in the art for mammalian cells (e.g. humans), as well
as for a variety of other organisms.

In some embodiments of the invention, a nucleotide sequence encoding a RAG1 polypeptide
comprises or consists of a nucleotide sequence which is at least 70% identical to SEQ ID NO:
15. Suitably, a nucleotide sequence encoding a RAG1 polypeptide comprises or consists of a
nucleotide sequence which is at least 80%, at least 85%, at least 90%, at least 95%, at least
98% or at least 99% identical to SEQ ID NO: 15. In some embodiments of the invention, a
nucleotide sequence encoding a RAG1 polypeptide comprises or consists of the nucleotide
sequence SEQ ID NO: 15.

In some embodiments of the invention, the nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of a nucleotide sequence which is at least 70% identical to a
fragment of SEQ ID NO: 15. Suitably, the nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of a nucleotide sequence which is at least 80%, at least 85%,
at least 90%, at least 95%, at least 98% or at least 99% identical to a fragment of SEQ ID NO:
15. In some embodiments of the invention, a nucleotide sequence encoding a RAGH
polypeptide fragment comprises or consists of a fragment of the nucleotide sequence SEQ ID
NO: 15.

Exemplary nucleotide sequence encoding a RAG1 polypeptide (SEQ ID NO: 15)

atggccgcectecttcccacctacecttggattgtectccgeccetgacgaaattcaacatccccacatcaaattctcgga
gtggaagttcaagctctitcgcgtgegcetegticgaaaagacccccgaggaageccaaaaggagaagaaagactc
attcgaaggaaaacccagcctcgaacagtccccggecgtectggacaaggecgacgggceagaagectgtgecga
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cccagecgctgcetgaaagegcacccgaaattctccaagaagtttcacgataacgagaaggeccggggaaaggec
atccaccaagcaaaccttagacacctgtgccgeatetgtgggaactcattcagagecgacgaacataaccggagat
accctgtgcatggecctgtcgacggaaagaccctggggctectgagaaagaaggagaagagggegacatectgg
ccggacctgatcgcaaaggtgticagaatcgacgtgaaggcagatgtggacagcatccacccaaccgagttetgec
acaactgctggagcattatgcaccggaagttcagctcagegecctgtgaagtgtacttcccgegceaacgtgactatgg
agtggcatccacacactcegtectgegacatcetgtaacactgctcggegeggactcaagaggaagtcecctgecagecy
aatctgcagctgagcaagaagcttaagaccgtgctggaccaggetcggeaggeccgecagcacaagegacgcege
ccaggcccggatctcatctaaggatgtgatgaagaagatcgccaattgcagcaaaatccacctgtctaccaagcetgcet
ggcggtggacttcccggagceacttcgtgaagtccatcagetgtcagatctgegageatattctcgecgacceegtgga
gactaattgcaagcacgtgttctgccgegtgtgcatectgegcetgectgaaggtcatgggetectattgeccttectgecg
gtacccctgtttcectactgatctggagtccecggtcaagtecttettgtcecgtgetgaactcectgatggtcaaatgteceg
caaaggagtgcaatgaggaagtgtccctggaaaagtacaaccaccacatcagcagcecacaaggagtccaaaga
aatctttgtgcacattaacaagggcggtcggecccggceagcatctgetctegetgactcgecgggeccagaagceaca
ggcteccgggagetgaagetgcaagtcaaggcecttcgecgacaaggaagagggaggagatgtgaagteegtgtgea
tgaccctgtttttgctggegetgegggctcggaacgaacacagacaagcetgatgaactggaggcecatcatgcaggge
aaaggatcgggactccagccggctgtgtgtctcgecatecgegtcaacacattectctcatgetcccaataccacaag
atgtacaggactgtgaaggccatcaccggacggcagatctttcagcecactccacgeccttcggaacgcagaaaagg
tcttgctgecgggataccatcatttcgaatggcagecgcecctigaaaaacgtgtectegtccaccgacgtgggceattatt
gatgggctgagcggcectgtectectetgtggatgactaccectgtggataccatcgecaaacggttcagatacgattceg
cgctggtgteggcecctgatggacatggaggaggacatectggagggaatgagatcacaagatctggacgactacct
caacgggcccttcacggtggtggtcaaggaategtgcgatggaatgggegacgtgtcggagaageacggttccgga
cctgtggtgecggaaaaggcecgtgegcttctecticaccatcatgaagatcaccattgcgeatagetcccagaacgtca
aagtgttcgaagaggccaagccgaactcagagctetgctgcaagecgctgtgectgatgttggecggacgagagega
tcacgaaaccctgaccgccattctgtcgectetgatcgecggagagggaggcecatgaagtectccgaactgatgetgg
agctgggeggtattitgcggactittaagticatcticcggggaaccggttatgacgaaaagcetegtgcgegaagtgga
gggcctggaagcectcaggcetecgtctacatctgcactetctgecgacgccacceggetggaggegtcacagaatettgt
gttccactcgatcactaggtcccacgcggagaacctggaacgctatgaggtetggegctctaacccataccacgaate
cgtggaagaacttcgggacagagtgaagggagtgtcagcaaagcctttcattgaaaccgtgectagcatcgacgec
ctccattgcgacatcggcaacgecgccgagtictacaagatcticcagettgagatcggggaagtgtacaagaacce
gaacgcctccaaggaagaaagaaagceggtggcaggctacccttgacaaacacctccgcaagaagatgaacctg
aagcccattatgcggatgaacggaaacttcgctaggaagctgatgactaaggaaacggtcgacgeggtctgtgaact
gatccccagcgaagaacgacatgaagegctgegegaactcatggacctgtacctgaagatgaagectgtctggegg
agctegtgccctgccaaggagtgececggagtegetgtgtcagtacagcetttaacagecaaaggttcgcagagetgetg
tcgaccaagttcaagtacagatacgaaggaaagattaccaactacttccacaagactctcgetcacgtgcccgagatt
atcgaacgcgatggttccatcggggectgggectccgagggcaacgagtcgggeaacaagttgttccgecggtitag
aaagatgaacgcccgcecagtccaagtgctacgaaatggaagatgtgctgaagcatcactggcetgtatacctccaagt
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acctccagaagttcatgaacgcacataacgcecctcaagacctccgggttcaccatgaacccccaggectcecteggt
gaccctctgggaattgaagatagcettggagagccaggactcgatggaattcta

In some embodiments of the invention, a nucleotide sequence encoding a RAG1 polypeptide
comprises or consists of a nucleotide sequence which is at least 70% identical to SEQ ID NO:
16. Suitably, a nucleotide sequence encoding a RAG1 polypeptide comprises or consists of a
nucleotide sequence which is at least 80%, at least 85%, at least 90%, at least 95%, at least
98% or at least 99% identical to SEQ ID NO: 16. In some embodiments of the invention, a
nucleotide sequence encoding a RAG1 polypeptide comprises or consists of the nucleotide
sequence SEQ ID NO: 16.

In some embodiments of the invention, the nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of a nucleotide sequence which is at least 70% identical to a
fragment of SEQ ID NO: 16. Suitably, the nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of a nucleotide sequence which is at least 80%, at least 85%,
at least 90%, at least 95%, at least 98% or at least 99% identical to a fragment of SEQ ID NO:
16. In some embodiments of the invention, a nucleotide sequence encoding a RAGH
polypeptide fragment comprises or consists of a fragment of the nucleotide sequence SEQ ID
NO: 16.

lllustrative nucleotide sequence encoding a RAG1 polypeptide (SEQ ID NO: 16)

atggccgecagctttcctectacactgggactgtcetagegeccctgacgagattcagcaccctcacatcaagttcageg
agtggaagttcaagctgticagagtgcggagcticgagaaaacccectgaggaagceccagaaagagaagaaggac
agcttcgagggcaagceccagectggaacagtceteetgetgtgctggataaggecgacggecagaaacctgtgecta

cacagcctctgctgaaggctcaccccaagtictccaagaagttccacgacaacgagaaggecagaggcaaggcee

atccaccaggccaatctgagacacctgtgccggatctgcggeaacagcettcagagecgacgagcacaatcggaga
taccctgtgcacggecctgtggatggaaagactctgggcectgetgecggaagaaagaaaagagagecaccagctgg
cccgacctgatcgecaaggtgticagaatcgacgtgaaggcecgatgtggacageattcaccccaccgagttctgeca
caactgctggtccatcatgcaccggaagttcagctctgeccctigecgaggtgtacticcccagaaacgtgaccatgga

atggcacccacacacacccagctgcgacatctgcaacacagccagaagaggectgaageggaagtecctgecage
ctaatctgcagcetgagcaagaaactgaaaaccgtgctggaccaggcecagacaggeccggcaaagaaaaagacy
cgcccaggctagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatccacctgagceacca
aactgctggccegtggacttcectgagceacttcgtgaagtccatcagetgecagatctgegageacatectggecgatee
tgtggaaacaaactgcaagcacgtgttctgcagagtgtgcatcctgcggtgectgaaagtgatgggeagetactgece
cagctgtagatacccttgcticcccaccgacctggaaagecctgtgaagtectttctgagegtgctgaacagectgatg

gtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagecacaa
agagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccecggcageatctgetgtctettacaagaagg
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gcccagaagceaccggctgcgggaactgaagetgcaagtgaaggectitgccgacaaagaggaaggeggegacg
tcaagagcgtgtgcatgaccctgtttctgctggecctgagageccggaatgageatagacaggecgatgagetggaa
gccattatgcaaggcaaaggcagceggactgcagectgetgtgtgtctggetatcagagtgaataccttcctgagetge
agccagtaccacaagatgtaccggaccgtgaaagccatcaccggcagacagatcticcagecactgcacgecctg
agaaacgccgagaaagttctgctgectggctaccaccacttcgagtggcagectccactgaagaacgtgtccagea
gcaccgacgtgggcatcatcgatggactgtctggactgagcagcagegtggacgattacceegtggacacaatcge
caagagattcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggceatgegg
agccaggacctggacgactatctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacg
tgtccgagaaacacggatctggacctgtggtgccagagaaggcecgtgeggttcagcettcaccatcatgaagatcact
atcgcccacagcagcecagaacgtgaaggtgttcgaggaagcecaagectaacagegagcetgtgetgcaagectetgt
gtctgatgctggecgacgagagcegatcacgagacactgaccgecattctgagecctctgatcgeccgaacgggaage
catgaagtcctccgagcetgatgcetcgaactcggeggcatectgagaaccttcaagttcatcticcgeggeaccggcetac
gacgagaagctcgttagagaggtggaaggcectggaagcectctggeagegtgtacatetgcaccctgtgtgacgeca
ccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgecgaaaacctcgagagatac
gaagtgtggcggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggegtgtccgecaa
gectttcatcgagacagtgcectagcatcgacgecctgeactgcgatattggcaacgecgecgaattctacaagatctttc
agctggaaatcggegaggtctacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacacty
gataagcacctgagaaagaagatgaatctgaagceccatcatgcggatgaacggcaacticgcccggaagcetgatg
accaaagaaaccgtggatgccgtgtgcgagctgatccectctgaggaaagacacgaggecctgagggaactgatg
gacctgtacctgaagatgaagcccegtgtggeggtctagetgtectgecaaagagtgecctgagtetetgtgecagtaca
gcttcaacagccagagattcgcecgagcetgcetgagcacaaagticaagtacagatacgaggggaagatcacgaact
acttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctetattggegectgggectetgaggge
aatgagtctggcaacaagctgtticggeggttcagaaagatgaacgccagacagagceaagtgctacgagatggaa
gatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaaga
ccagcggctttaccatgaatcctcaggecagectgggagatcectctgggeatigaggatagectggaatcccaggac
agcatggaattctga

Suitably, a nucleotide sequence encoding a RAG1 polypeptide fragment may be at least 100
bp in length, 200 bp in length, 300 bp in length, 400 bp in length, 500 bp in length, 600 bp in
length, 700 bp in length, 800 bp in length, 900 bp in length, 1000 bp in length, 1100 bp in
length, 1200 bp in length, 1300 bp in length, 1400 bp in length, 1500 bp in length, at least
1600 bp in length, at least 1700 bp in length, at least 1800 bp in length, at least 1900 bp in
length, at least 2000 bp in length, at least 2100 bp in length, at least 2200 bp in length, at least
2300 bp in length, at least 2400 bp in length, at least 2500 bp in length, at least 2600 bp in
length, at least 2700 bp in length, at least 2800 bp in length, at least 2900 bp in length, or at
least 3000 bp in length.
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Suitably, a nucleotide sequence encoding a RAG1 polypeptide fragment may comprise at
least the final 200 bp, at least the final 300 bp, at least the final 400 bp, at least the final 500
bp, at least the final 600 bp, at least the final 700 bp, at least the final 800 bp, at least the final
900 bp, at least the final 1000 bp, at least the final 1100 bp, at least the final 1200 bp, at least
the final 1300 bp, at least the final 1400 bp, at least the final 1500 bp, at least the final 1600
bp, at least the final 1700 bp, at least the final 1800 bp, at least the final 1900 bp, at least the
final 2000 bp, at least the final 2100 bp, at least the final 2200 bp, at least the final 2300 bp,
at least the final 2400 bp, at least the final 2500 bp, at least the final 2600 bp, at least the final
2700 bp, at least the final 2800 bp, at least the final 2900 bp, at least the final 3000 bp of a
full-length RAG1 nucleotide or variant thereof, optionally wherein 1 to 100 bp (e.g. about 50
bp) are absent from the 3’-end of the full-length RAG1 nucleotide or variant thereof.

A nucleotide sequence encoding a RAG1 polypeptide fragment may be in-frame with the
RAGT1 gene. A person skilled in the art would be able to generate nucleotide sequences
encoding a RAG1 polypeptide fragment which are in-frame with the RAG7 gene using
technigues known in the art.

A nucleotide sequence encoding a RAG1 polypeptide fragment may be used replace part of
the RAGT gene which encodes an endogenous RAG1 polypeptide. The nucleotide sequence
encoding a RAG1 polypeptide fragment may be introduced in-frame with the remaining part
of the RAG1T gene. For example, a nucleotide sequence encoding a downstream portion of
the RAG1 polypeptide fragment may be introduced into the RAG1 exon 2 in-frame with an
upstream portion of the endogenous RAGT gene, such that the edited RAG7 gene encodes a
RAG1 polypeptide.

In some embodiments of the invention, the nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of a nucleotide sequence which is at least 70% identical any
of SEQ ID NOs: 17-24 or 158-159. Suitably, the nucleotide sequence encoding a RAG1
polypeptide fragment comprises or consists of a nucleotide sequence which is at least 80%,
at least 85%, at least 90%, at least 95%, at least 98% or at least 99% identical to any of SEQ
ID NOs: 17-24 or 158-159.

In some embodiments of the invention, a nucleotide sequence encoding a RAG1 polypeptide
fragment comprises or consists of the nucleotide sequence of any of SEQ ID NOs: 17-24 or
158-159.

lllustrative nucleotide encoding a RAGT polypeptide fragment 1 (SEQ ID NO: 17)
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gcagcaagatccacctgagcaccaaactgctggecgtggacttccetgageacttcgtgaagtccatcagetgecag
atctgcgagcacatcctggecgatectgtggaaacaaactgcaageacgtgttctgcagagtgtgcateetgeggtge
ctgaaagtgatgggcagctactgcccctectgcagatacccttgeticcccaccgatctggaaagecctgtgaagtectt
cctgagegtgctgaacagcectgatggtcaagtgeceegecaaagaatgcaacgaggaagtgteccctggaaaagta
caaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggceggcagaccccgge
agcatctgctgtctcttacaagacgggceccagaagcaccggctgagagaactgaagcetgcaagtgaaggcctttgee
gacaaagaggaaggcggcgacgtcaagagcegtgtgcatgacccetgtitctgetggecctgagageccggaatgag
catagacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtetggeta
tcagagtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggecattaccggcagaca
gatcttccagcectetgcacgecctgagaaacgcecgagaaagttetgetgectggctaccaccacttcgagtggeagece
tccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggac
gactaccccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgecctgatggacatggaag
aggacatcctggaaggcatgcggagcecaggacctggacgattacctgaacggcecctttcacegtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgecagagaaggecegtgeggttc
agcttcaccatcatgaagatcactatcgcccacagcagcecagaacgtgaaagtgticgaggaagccaagectaaca
gcgagctgtgctgcaagectetgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgage
cctetgatcgecgaacgggaagecatgaagtcectccgagcetgatgetcgaactcggeggeatectgagaaccttcaa
gttcatcticcgcggeaccggcetacgacgagaagctegttagagaggtggaaggectggaagectctggeagegtgt
acatctgcaccctgtgtgacgccaccagactggaagctagccagaacctggtgttccacagcatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgegggat
agagtgaagggcgtgtccgcecaagectttcatcgagacagtgectagcatcgacgcecectgcactgegatattggcaa
cgccgecgaattctacaagatctttcagetggaaatcggegaggtgtacaagaaccccaacgcectctaaagaggaa
cggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaa
cggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgateccctctgaggaaaga
cacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgecaaaga
gtgcectgagtetctgtgccagtacageticaacagecagagattcgecgagetgcetgtccaccaagttcaagtacag
atacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctet
attggcgectgggcectetgagggceaatgagtctggcaacaagcetgtticcggeggticcgcaagatgaacgecagaca
gagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaattcatg
aacgcccacaacgccctcaagaccageggctitaccatgaatcctcaggecagectgggegaccetctgggaattg
aggatagcctggaatcccaggacagceatggaattctga

lllustrative nucleotide encoding a RAGT polypeptide fragment 2 (SEQ ID NO: 18)

gcagcaagatccacctgagcaccaaactgctggecgtggacttccetgageacttcgtgaagtccatcagetgecag
atctgcgagcacatcctggecgatectgtggaaacaaactgcaageacgtgttctgcagagtgtgcatectgeggtge
ctgaaagtgatgggcagctactgcccctectgcagatacccttgeticcccaccgatctggaaagecctgtgaagtectt
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cctgagegtgctgaacagcectgatggtcaagtgeccegecaaagaatgcaacgaggaagtgteectggaaaagta
caaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccecgge
agcatctgctgtctcttacaagacgggceccagaagcaccggctgagagaactgaagcetgcaagtgaaggcctttgee
gacaaagaggaaggcggcgacgtcaagagcegtgtgcatgacccetgtitctgetggecctgagageccggaatgag
catagacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtetggeta
tcagagtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggecattaccggcagaca
gatcttccagcectetgcacgecctgagaaacgcecgagaaagttetgetgectggctaccaccacttcgagtggeagece
tccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggac
gactaccccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgecctgatggacatggaag
aggacatcctggaaggcatgcggagcecaggacctggacgattacctgaacggcecctttcacegtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggtte
agcttcaccatcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagcectaaca
gcgagctgtgctgcaagectetgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgage
cctetgatcgecgaacgggaagecatgaagtectcegagcetgatgetcgaactcggeggeatectgagaaccticaa
gttcatcticcgcggeaccggcetacgacgagaagctegttagagaggtggaaggectggaagectctggeagegtgt
acatctgcaccctgtgtgacgccaccagactggaagctagccagaacctggtgttccacagcatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgegggat
agagtgaagggcgtgtccgcecaagcctticatcgagacagtgectagcatcgacgcecectgcactgegatattggcaa
cgccgecgaattctacaagatctttcagetggaaatcggegaggtgtacaagaaccccaacgectctaaagaggaa
cggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaa
cggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecctetgaggaaaga
cacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgccaaaga
gtgcectgagtetctgtgccagtacageticaacagecagagattcgecgagetgcetgtccaccaagttcaagtacag
atacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggcetct
attggcgectgggcectetgagggceaatgagtctggcaacaagcetgtticcggeggticcgcaagatgaacgecagaca
gagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaattcatg
aacgcccacaacgccctcaagaccageggctitaccatgaatcctcaggecagectgggegatecttt

lllustrative nucleotide encoding a RAGT polypeptide fragment 3 (SEQ ID NO: 19)

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgea
gcctaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagaga
agggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagcaagatccacctgagea
ccaaactgctggecgtggacttcectgageacttegtgaagtccatcagetgecagatctgcgageacatectggeceg
atcctgtggaaacaaactgcaagceacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagetact
geccctectgcagatacccettgettccccaccgatctggaaagecctgtgaagtecticetgagegtgetgaacagect
gatggtcaagtgcececcgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagec
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acaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggcagceatctgctgtctcttacaag
acgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggectttgccgacaaagaggaaggegge
gacgtcaagagcgtgtgcatgaccctgtitctgctggecctgagageccggaatgagceatagacaggecgatgagcet
ggaagccatcatgcaaggcaaaggcagcggactgcagectgctgtgtgtctggctatcagagtgaacaccttectgtc
ctgcagccagtaccacaagatgtaccggaccgtgaaggccattaccggcagacagatcttccagectctgcacgec
ctgagaaacgccgagaaagttctgctgectggctaccaccacttcgagtggcagectcecactgaagaacgtgtecag
cagcaccgacgtgggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaate
gccaagceggttcagatacgacagegcecctggtgtetgecctgatggacatggaagaggacatectggaaggceatge
ggagccaggacctggacgattacctgaacggcecctttcaccgtggtggtcaaagaaagcetgtgacggceatgggega
cgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagettcaccatcatgaagatca
ctatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagcectaacagegagcetgtgctgcaagectct
gtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgagecctetgatcgecgaacgggaa
gccatgaagtcctcecgagcetgatgcetcgaactcggeggceatectgagaaccttcaagttcatcttccgeggeaceggct
acgacgagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccctgtgtgacge
caccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgccgaaaacctggaaagat
acgaagtgtggcggagcaacccectaccacgagagegtggaagaactgcgggatagagtgaagggegtgteegee
aagcctttcatcgagacagtgcctagcatcgacgccctgcactgegatattggcaacgccgecgaatictacaagate
tttcagctggaaatcggegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggcaacttcgcceggaagct
gatgaccaaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgegggaact
gatggacctgtacctgaagatgaageccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetetgtgecag
tacagcttcaacagccagagattcgcecgagetgetgtccaccaagticaagtacagatacgagggcaagatcacca
actacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctattggegectgggectctgagg
gcaatgagtctggcaacaagctgttccggeggttccgcaagatgaacgecagacagagcaagtgctacgagatgg
aagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaa
gaccagcggctttaccatgaatcctcaggccagectgggegacccetctgggaattgaggatagectggaatcccagg
acagcatggaattctgataa

lllustrative nucleotide encoding a RAGT polypeptide fragment 4 (SEQ ID NO: 20)

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgea
gcctaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagaga
agggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagcaagatccacctgagea
ccaaactgctggecgtggacttcectgageacttegtgaagtccatcagetgecagatctgcgageacatectggeceg

atcctgtggaaacaaactgcaagceacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagetact
geccctectgcagatacccettgettccccaccgatctggaaagecctgtgaagtecttectgagegtgetgaacagect

gatggtcaagtgcececcgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagec
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acaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggcagceatctgctgtctcttacaag
acgggcccagaagcaccggctgagagaactgaagcetgcaagtgaaggectttgccgacaaagaggaaggegge
gacgtcaagagcgtgtgcatgaccctgtttctgetggecctgagageccggaatgagceatagacaggecgatgagct
ggaagccatcatgcaaggcaaaggcagcggactgcagectgctgtgtgtctggctatcagagtgaacaccttectgtc
ctgcagccagtaccacaagatgtaccggaccgtgaaggccattaccggcagacagatcttccagectctgcacgec
ctgagaaacgccgagaaagttctgetgectggctaccaccacttcgagtggcagectccactgaagaacgtgtccag
cagcaccgacgtgggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaate
gccaagceggttcagatacgacagegcecctggtgtetgecctgatggacatggaagaggacatectggaaggceatge
ggagccaggacctggacgattacctgaacggcecctttcaccgtggtggtcaaagaaagcetgtgacggeatgggega
cgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticageticaccatcatgaagatca
ctatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagcectaacagegagcetgtgctgcaagectct
gtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgagecctetgatcgecgaacgggaa
gccatgaagtcctcecgagcetgatgetcgaactcggeggcatectgagaaccttcaagttcatettccgeggeaccggcet
acgacgagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccctgtgtgacge
caccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgccgaaaacctggaaagat
acgaagtgtggcggagcaacccectaccacgagagegtggaagaactgcgggatagagtgaagggegtgtecgec
aagcctttcatcgagacagtgcctagcatcgacgccctgcactgegatattggcaacgccgecgaatictacaagate
tttcagctggaaatcggegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagcet
gatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgegggaact
gatggacctgtacctgaagatgaageccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetetgtgecag
tacagcttcaacagccagagattcgccgagetgetgtccaccaagttcaagtacagatacgagggcaagatcacca
actacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctattggegectgggectcetgagg
gcaatgagtctggcaacaagctgttccggeggttccgcaagatgaacgecagacagagcaagtgctacgagatgg
aagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaa
gaccagcggctttaccatgaatcctcaggccagectgggegatecttt

lllustrative nucleotide encoding a RAGT polypeptide fragment 5 (SEQ ID NO: 21)

gcgaagtgtacticcccagaaacgtgaccatggaatggeaccctcacacacccagctgcegacatctgcaacacage
cagaagaggcctgaagcggaagtccctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgetggace

aggccagacaggcccggcaaagaaagagaagggceccaagecagaatcagcagcaaggacgtgatgaagaag
atcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtecate
agctgccagatctgcgagceacatcetggecgateetgtggaaacaaactgcaagceacgtgttctgcagagtgtgeate
ctgcggtgcctgaaagtgatgggcagcetactgeccctectgcagatacccttgcttccccaccgatctggaaageccty
tgaagtccttcctgagegtgctgaacagectgatggtcaagtgcceecgecaaagaatgcaacgaggaagtgteectg

gaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
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accccggcagcatctgetgtcetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaa
ggcctttgccgacaaagaggaaggeggcegacgtcaagagegtgtgcatgaccctgttictgetggecctgagagece
ggaatgagcatagacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagcectgetgtgt
gtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattaceg
gcagacagatcttccagectctgcacgccctgagaaacgcecgagaaagtictgetgectggetaccaccacttcgagt
ggcagcctccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctageag
cgtggacgactacccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgeectgatggac
atggaagaggacatcctggaaggcatgcggagcecaggacctggacgattacctgaacggcecctitcacegtggtgg
tcaaagaaagctgtgacggcatgggcegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecg
tgcggttcageticaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagecaag
cctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgecat
tctgagccctetgatcgccgaacgggaagecatgaagtectccgagcetgatgcetcgaactcggeggeatectgagaa
ccttcaagttcatcttccgeggeaccggcetacgacgagaagctegttagagaggtggaaggectggaagectctgge
agcgtgtacatctgcaccctgtgtgacgcecaccagactggaagcetagecagaacctggtgttccacageatcaccag
aagccacgccgaaaacctggaaagatacgaagtgtggcggagceaaccectaccacgagagegtggaagaactg
cgggatagagtgaagggcgtgtccgecaagectttcatcgagacagtgectagcatcgacgecctgcactgegatatt
ggcaacgccgccgaattctacaagatctttcagetggaaatcggegaggtctacaagaaccccaacgcectctaaag
aggaacggaagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagceccatcatgagg
atgaacggcaacttcgcccggaagetgatgaccaaagaaaccgtggatgecgtgtgecgagctgatecectetgagg
aaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgee
aaagagtgccctgagtctctgtgccagtacagcettcaacagccagagattcgccgagcetgctgtccaccaagttcaag
tacagatacgagggcaagatcaccaactacttccacaagaccctggetcacgtgcccgagatcatcgagagagatg
gctctattggegectgggectcetgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgeca
gacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctgcagaaatt
catgaacgcccacaacgccctcaagaccagceggctttaccatgaatcctcaggecagectgggegatecttt

lllustrative nucleotide encoding a RAGT polypeptide fragment 6 (SEQ ID NO: 22)

tagaagaggcctgaagcggaagtcectgcagcectaatetgcagctgagcaagaaactgaaaaccgtgetggacca
ggccagacaggceccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaaga
tcgccaactgcagcaagatccacctgagcaccaaactgcetggecgtggacttcectgageacttcgtgaagtecatca
gctgccagatctgcgagceacatectggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgeatee
tgcggtgectgaaagtgatgggceagetactgeccctectgcagatacccttgettceccaccgatctggaaagecctgt

gaagtccttcctgagegtgctgaacagectgatggtcaagtgcceecgecaaagaatgcaacgaggaagtgteectgg
aaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggeggcaga
ccecggceagceatcetgetgtctettacaagacgggeccagaagceaccggctgagagaactgaagetgcaagtgaag

gectttgccgacaaagaggaaggeggcegacgtcaagagegtgtgcatgaccetgtitetgetggecctgagagecceg
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gaatgagcatagacaggccgatgagctggaagcecatcatgcaaggcaaaggcageggactgcagectgetgtgtg
tctggctatcagagtgaacaccttcctgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattacegg
cagacagatcttccagectctgcacgccctgagaaacgcecgagaaagttctgetgectggcetaccaccacttcgagtg
gcagcctccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcage
gtggacgactaccccgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgeectgatggacat
ggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggte
aaagaaagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtg
cggttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagecaage
ctaacagcgagctgtgctgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgcecatt
ctgagccectctgatcgecgaacgggaagcecatgaagtectccgagetgatgetcgaactcggeggceatectgagaa
ccttcaagttcatcttccgeggeaccggcetacgacgagaagctegttagagaggtggaaggectggaagectctgge
agcgtgtacatctgcaccctgtgtgacgcecaccagactggaagcetagecagaacctggtgttccacageatcaccag
aagccacgccgaaaacctggaaagatacgaagtgtggcggagcaaccectaccacgagagegtggaagaactg
cgggatagagtgaagggcgtgtccgecaagectttcatcgagacagtgectagcatcgacgecctgcactgegatatt
ggcaacgccgccgaattctacaagatctttcagetggaaatcggegaggtctacaagaaccccaacgcectctaaag
aggaacggaagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagcccatcatgagg
atgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagcetgatecectetgagg
aaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgee
aaagagtgccctgagtctetgtgccagtacagcettcaacagccagagattcgecgagcetgctgtccaccaagticaag
tacagatacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatg
gctctattggegectgggectcetgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgeca
gacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctgcagaaatt
catgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatecttt

lllustrative nucleotide encoding a RAGT polypeptide fragment 7 (SEQ ID NO: 23)

cccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaacacagcecagaagaggect
gaagcggaagtccctgcagcectaatctgcagcetgagcaagaaactgaaaaccgtgctggaccaggecagacagg
cccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaagatcgecaactgea
gcaagatccacctgagcaccaaactgctggecgtggacttcectgagceacttcgtgaagtccatcagetgecagatct
gcgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatcctgeggtgectga
aagtgatgggcagctactgcccctectgcagatacccettgcticcccaccgatctggaaagecctgtgaagtecttectg
agcgtgctgaacagcectgatggtcaagtgeccegecaaagaatgcaacgaggaagtgtccctggaaaagtacaac
caccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggcagaccccggeage
atctgctgtctcttacaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggectttgecgac
aaagaggaaggcggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaatgageata
gacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgctgtgtgtctggcetatcag
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agtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatet
tccagcectetgcacgcecctgagaaacgecgagaaagttctgetgectggcetaccaccacttcgagtggeagecteea
ctgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgact
accccgtggacacaatcgccaageggticagatacgacagegecctggtgtetgeectgatggacatggaagagga
catcctggaaggcatgcggagecaggacctggacgattacctgaacggcecctitcacegtggtggtcaaagaaagcet
gtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagett
caccatcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagccaagectaacagega
getgtgctgcaagectetgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattetgagecctet
gatcgccgaacgggaagccatgaagtcectccgagcetgatgcetcgaactcggeggcatectgagaaccttcaagttca
tcttccgeggeaccggcetacgacgagaagcetcegttagagaggtggaaggcectggaagectetggeagegtgtacate
tgcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgecg
aaaacctggaaagatacgaagtgtggcggagcaacccectaccacgagagegtggaagaactgcgggatagagt
gaagggcgtgtccgecaagcctttcatcgagacagtgectageatcgacgcecctgcactgegatattggcaacgeceg
ccgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacgectctaaagaggaacggaa
gcgetggecaggcecacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaacggea
acttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecctctgaggaaagacacga
ggccctgegggaactgatggacctgtacctgaagatgaagecegtgtggeggtctagetgtectgccaaagagtgec
ctgagtctctgtgccagtacagcticaacagcecagagattcgecgagetgcetgtccaccaagticaagtacagatacg
agggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctattgge
gectgggectctgagggceaatgagtetggcaacaagctgttccggeggttccgcaagatgaacgecagacagagea
agtgctacgagatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacge
ccacaacgccctcaagaccagceggctttaccatgaatcctcaggecagectgggegatecttt

lllustrative nucleotide encoding a RAGT polypeptide fragment 8 (SEQ ID NO: 24)

ccctagaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggce
ggcagaccccggcagcatctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagcetgcaa
gtgaaggcctitgccgacaaagaggaaggcggcegacgtcaagagegtgtgcatgaccctgttictgetggecctgag
agcccggaatgagcatagacaggccgatgagetggaagcecatcatgcaaggcaaaggeageggactgcagect
getgtgtgtetggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggec
attaccggcagacagatcttccagectctgcacgccctgagaaacgccgagaaagttctgctgectggcetaccacca
cttcgagtggcagcectccactgaagaacgtgtccagcagcaccgacgtgggeatcatcgatggactgageggactgt
ctagcagcgtggacgactaccccgtggacacaatcgccaageggticagatacgacagegecctggtgtetgecctg
atggacatggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcace
gtggtggtcaaagaaagctgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgecagag
aaggccgtgcggttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactg
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accgccattctgagecctetgatcgecgaacgggaagecatgaagtcectccgagcetgatgcetcgaactcggeggceat
cctgagaaccttcaagttcatcticcgcggeaccggctacgacgagaagcetcgttagagaggtggaaggectggaa
gectetggeagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaacctggtgtticcacage
atcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagcaacccctaccacgagagegtgg
aagaactgcgggatagagtgaagggcegtgtccgecaagcectttcatcgagacagtgectagcatcgacgecctgea
ctgcgatattggcaacgccgcecgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacy
cctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgatee
cctetgaggaaagacacgaggcecctgecgggaactgatggacctgtacctgaagatgaagecegtgtggeggtcetag
ctgtcctgccaaagagtgecctgagtctetgtgecagtacagceticaacageccagagattcgecgagcetgcetgtccace
aagttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgecccgagatcatcg
agagagatggctctattggcgectgggectctgagggceaatgagtctggcaacaagcetgttccggeggttccgecaag
atgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtac
ctgcagaaattcatgaacgceccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggeg
atccttt

Hllustrative nucleotide encoding a RAGT polypeptide fragment 9 (SEQ ID NO: 158)

cccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaacacagcecagaagaggect

gaagcggaagtccctgcagcectaatctgcagcetgagcaagaaactgaaaaccgtgctggaccaggecagacagg
cccggcaaagaaagagaagggeccaagcecagaatcagcagcaaggacgtgatgaagaagategecaactgea
gcaagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagetgecagatct
gcgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatcctgeggtgectga
aagtgatgggcagctactgcccctectgcagatacccttgcttccccaccgatctggaaagecctgtgaagtecttectg
agcgtgctgaacagcectgatggtcaagtgcccegecaaagaatgcaacgaggaagtgteectggaaaagtacaac
caccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggcagaccccggeage

atctgctgtctcttacaagacgggcccagaagcaccggcetgagagaactgaagetgcaagtgaaggectttgcegac
aaagaggaaggcggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagagececggaatgagceata
gacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgctgtgtgtctggcetatcag
agtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatet
tccagcectetgcacgcecctgagaaacgecgagaaagtictgetgectggetaccaccacttcgagtggcagecteca

ctgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgact
accccgtggacacaatcgccaageggticagatacgacagegecctggtgtetgeectgatggacatggaagagga
catcctggaaggcatgcggagcecaggacctggacgattacctgaacggecctttcacegtggtggtcaaagaaagcet
gtgacggcatgggcegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagett

caccatcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagccaagectaacagega
gctgtgctgcaagectetgtgtctgatgcetggecgacgagagegatcacgagacactgaccgecattetgagecctet
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gatcgccgaacgggaagccatgaagtcectccgagcetgatgcetcgaactcggeggeatectgagaaccttcaagtica
tcttccgeggeaccggcetacgacgagaagcetcegttagagaggtggaaggcectggaagectetggeagegtgtacate
tgcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgecg
aaaacctggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgcgggatagagt
gaagggcgtgtccgecaagcctttcatcgagacagtgectagcatcgacgecctgcactgegatattggcaacgecg
ccgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacgectctaaagaggaacggaa
gcgetggecaggecacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaacggea
acttcgcceggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgatceectetgaggaaagacacga
ggccctgegggaactgatggacctgtacctgaagatgaagecegtgtggeggtctagetgtectgccaaagagtgec
ctgagtctctgtgccagtacagcticaacagcecagagattcgecgagetgcetgtccaccaagticaagtacagatacg
agggcaagatcaccaactactticcacaagaccctggctcacgtgcccgagatcatcgagagagatggctctatigge
gectgggectctgagggceaatgagtctggcaacaagctgttccggeggttccgcaagatgaacgecagacagagea
agtgctacgagatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacge
ccacaacgccctcaagaccagceggctttaccatgaatcctcaggecagectgggcegatectetgggaattgaggata
gcctggaatcccaggacagcatggaattctga

lllustrative nucleotide encoding a RAGT polypeptide fragment 10 (SEQ ID NO: 159)

gcgaagtgtacticcccagaaacgtgaccatggaatggeaccctcacacacccagctgcegacatctgcaacacage
cagaagaggcctgaagcggaagtccctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggace

aggccagacaggcccggcaaagaaagagaagggceccaagecagaatcagcagcaaggacgtgatgaagaag
atcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtecate
agctgccagatctgcgagceacatcetggecgateetgtggaaacaaactgcaagceacgtgttctgcagagtgtgeate
ctgcggtgectgaaagtgatgggeagcetactgeccctectgcagatacccttgettccccaccgatctggaaagecctg
tgaagtccttcctgagegtgctgaacagectgatggtcaagtgcceecgecaaagaatgcaacgaggaagtgteectg

gaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaa

ggcctttgccgacaaagaggaaggcggcegacgtcaagagegtgtgcatgaccctgttictgetggecctgagagece
ggaatgagcatagacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagcectgetgtgt
gtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattaceg
gcagacagatcttccagectctgcacgecctgagaaacgccgagaaagttctgctgectggetaccaccacttcgagt
ggcagcctccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctageag
cgtggacgactacccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgeectgatggac

atggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggcecctitcacegtggtgg
tcaaagaaagctgtgacggcatgggcegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecg
tgcggttcageticaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagecaag
cctaacagcgagctgtgetgcaagcectetgtgtctgatgetggecgacgagagegatcacgagacactgaccgecat
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tctgagecctetgatcgccgaacgggaagcecatgaagtectccgagcetgatgcetcgaactcggeggeatectgagaa
ccttcaagttcatcttccgeggeaccggcetacgacgagaagctegttagagaggtggaaggectggaagectctgge
agcgtgtacatctgcaccctgtgtgacgcecaccagactggaagcetagecagaacctggtgttccacageatcaccag
aagccacgccgaaaacctggaaagatacgaagtgtggcggagcaaccectaccacgagagegtggaagaactg
cgggatagagtgaagggcgtgtccgecaagectttcatcgagacagtgectagcatcgacgecctgcactgegatatt
ggcaacgccgccgaattctacaagatctttcagetggaaatcggegaggtctacaagaaccccaacgcectctaaag
aggaacggaagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagcccatcatgagg
atgaacggcaacttcgcccggaagetgatgaccaaagaaaccgtggatgecgtgtgecgagctgatecectetgagg
aaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgee
aaagagtgccctgagtctetgtgccagtacagcettcaacagccagagattcgecgagcetgctgtccaccaagticaag
tacagatacgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatg
gctctattggegectgggectcetgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgeca
gacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctgcagaaatt
catgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectetggga
attgaggatagcctggaatcccaggacagceatggaattctga

Polynucleotides and genomes

In one aspect, the present invention provides a polynucleotide comprising from 5’ to 3’: a first
homology region, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region. The first homology region may be
homologous to a first region of the RAG1 intron 1 or exon 2 and the second homology region
may be homologous to a second region of the RAG1 exon 2. The polynucleotide may be an
isolated polynucleotide. The polynucleotide may be a DNA molecule, e.g. a double-stranded
DNA molecule.

Suitably, the polynucleotide of the invention may be limited to a size suitable to be inserted
into a vector (e.g. an adeno-associated viral (AAV) vector, such as AAV6). Suitably, the
polynucleotide of the invention may be 5.0 kb or less, 4.9 kb or less, 4.8 kb or less, 4.7 kb or
less, 4.6 kb or less, 4.5 kb or less, 4.4 kb or less, 4.3 kb or less, 4.2 kb or less, 4.1 kb or less,
4.0 kb or less in total size. In some embodiments, the polynucleotide of the invention is 4.1 kb
or less or 4.0 kb or less in size.

In another aspect, the present invention provides a genome comprising a nucleotide sequence
encoding a RAG1 polypeptide or a RAG1 polypeptide fragment. Suitably, the genome may
comprise the polynucleotide of the present invention. The genome may be an isolated

genome. The genome may be a mammalian genome, e.g. a human genome.

Homology regions
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A “homology region” (also known as “homology arm”) is a nucleotide sequence which is
located upstream or downstream of a nucleotide sequence to be inserted (a “nucleotide
sequence insert” e.g. a splice acceptor sequence and a nucleotide sequence encoding a
RAG1 polypeptide). The polynucleotide of the present invention comprises two homology
regions, one upstream of the nucleotide sequence insert (the “first homology region”) and one

downstream of the nucleotide insert (the “second homology region”).

Each “homology region” is designed such that the nucleotide sequence insert can be
introduced into a genome at a site of a double strand break (DSB) by homology-directed repair
(HDR). One of skill in the art will be able to design homology arms depending on the desired
insertion site (i.e. the site of the DSB) (see e.g. Ran, F.A., et al., 2013. Nature protocols, 8(11),
pp.2281-2308). Each “homology region” is homologous to a region either side of the DSB. For
example, the first homology region may be homologous to a region upstream of the DSB and
the second homology region may be homologous to a region downstream of the DSB.

As used herein, the term “homologous” means that the nucleotide sequences are similar or
identical. For example, the nucleotide sequences may be at least 70% identical, at least 75%
identical, at least 80% identical, at least 85% identical, at least 90% identical, at least 95%
identical, at least 98% identical, at least 99% identical, or 100% identical.

As used herein, “upstream” and “downstream” both refer to relative positions in DNA or RNA.
Each strand of DNA or RNA has a 5 end and a 3’ end and, by convention, “upstream” and
“‘downstream” relate to the 5' to 3' direction respectively in which RNA transcription takes
place. For example, when considering double-stranded DNA, “upstream” is toward the 5' end
of the coding strand for the gene in question (e.g. RAG1) and downstream is toward the 3'
end of the coding strand for the gene in question (e.g. RAG1).

The homology regions may be any length suitable for HDR. The homology regions may be
the same or different lengths. Suitably, the homology regions are each independently 50-2000
bp in length, 50-1800 bp in length, 50-1500 bp in length, 50-1000 bp in length, 100-500 bp in
length, or 200-400 bp in length. For example, the first homology region may be 50-2000 bp in
length and homologous to a region upstream of a DSB and the second homology region may
be 50-2000 bp in length and homologous to a region downstream of the DSB.

In some embodiments, the first homology region is about 50-1000bp in length, 100-500 bp in
length, or 200-400 bp in length and the second homology region is about 50-1000bp in length,
100-500 bp in length, or 200-400 bp in length. In other embodiments, the first homology region
is about 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length and the second
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homology region is about 500-2000bp in length, 800-2000bp in length, 1000-2000bp in length,
or 1500-2000 bp in length.

In some embodiments:

(i) the first homology region is homologous to a first region of the RAG1 exon 2 and
the second homology region is homologous to a second region of the RAG1 exon 2;

or

(i) the first homology region is homologous to a first region of the RAG1 intron 1 or the
start of the RAG1 exon 2 (e.g. the first 200 bp of the RAG1 exon 2) and the second
homology region is homologous to a second region of the RAG1 exon 2, preferably
wherein the first homology region is homologous to a region of the RAG1 intron 1 and
the second homology region is homologous to a region of the RAG1 exon 2.

As used herein, embodiment (i) may be referred to as an “exon 2 RAG17 gene strategy” and

embodiment (ii) may be referred to as an “intron 1 RAGT gene strategy”.
Exon 2 strategies

In preferred embodiments, the first homology region is homologous to a first region of the
RAG1 exon 2 and the second homology region is homologous to a second region of the RAG1

exon 2.
In some embodiments:

(i) the first homology region is homologous to a region upstream of chr 11: 36574368
and the second homology region is homologous to a region downstream of chr 11:
36574369;

(i) the first homology region is homologous to a region upstream of chr 11: 36574367
and the second homology region is homologous to a region downstream of chr 11:
36574368;

(iii) the first homology region is homologous to a region upstream of chr 11: 36574394
and the second homology region is homologous to a region downstream of chr 11:
36574395;

(iv) the first homology region is homologous to a region upstream of chr 11: 36574294
and the second homology region is homologous to a region downstream of chr 11:
36574295;
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(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110;

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911;

(vii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879;

(viii) the first homology region is homologous to a region upstream of chr 11: 36573959
and the second homology region is homologous to a region downstream of chr 11:
36573960;

(ix) the first homology region is homologous to a region upstream of chr 11: 36573957
and the second homology region is homologous to a region downstream of chr 11:
36573958;

(x) the first homology region is homologous to a region upstream of chr 11: 36573879
and the second homology region is homologous to a region downstream of chr 11:
36573880;

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893;

(xii) the first homology region is homologous to a region upstream of chr 11: 36573955
and the second homology region is homologous to a region downstream of chr 11:
36573956;

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879; or

(xiv) the first homology region is homologous to a region upstream of chr 11: 36574406
and the second homology region is homologous to a region downstream of chr 11:
36574407.

In some embodiments:
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(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110; or

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911.

In some embodiments:

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893; or

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879.

In some embodiments, the first homology region is homologous to a region upstream of chr
11: 36573878 and the second homology region is homologous to a region downstream of chr
11: 36573879.

The first homology region may be homologous to a region immediately upstream of the DSB.

In some embodiments, the second homology region is: (a) homologous to a region
immediately downstream of the DSB; or (b) homologous to a region distantly downstream of
the DSB.

As used herein, embodiment (a) may be referred to as an “exon 2 RAG7 gene targeting
strategy” and embodiment (b) may be referred to as an “exon 2 RAG17 gene replacement

strategy”.

As used herein, “immediately upstream” or “immediately downstream” may mean the region
is 100bp or less, 50bp or less, 40bp or less, 30bp or less, 20bp or less, 10bp or less, Sbp or
less, 4bp or less, 3bp or less, 2bp or less, or 1bp upstream of the DSB.

As used herein, “distantly downstream” may mean the region is 150bp or more, 200bp or
more, 250bp or more, 300bp or more, 350bp or more, 400bp or more, 450bp or more, 500bp
or more, 600bp or more, 700bp or more, 800bp or more, 900bp or more, 1000bp or more,
1500bp or more, or 2000bp or more downstream of the DSB. For example, a distantly
downstream region may be downstream of chr 11: 36574557; downstream of chr 11:
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36574870; downstream of chr 11: 36575183; downstream of chr 11: 36575496; downstream
of chr 11: 36575810; downstream of chr 11: 36576123; or downstream of chr 11: 36576436

In some embodiments:
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(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574369-36574418; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574368-36574417; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574395-36574444; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574295-36574344; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to: (a) a region
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comprising chr 11: 36574110-36574159; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573911-36573960; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573960-36574009; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573958-36574007; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;
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(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573880-36573929; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573893-36573942; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573956-36574005; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574407-36574456; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
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comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536.

In some embodiments:

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574110-36574159; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536; or

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573911-36573960; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536.

In some embodiments:

(xi) the first homology region is homologous to a region comprising chr 11: 36573843-
36573892 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573893-36573942; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536; or

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36574558-
36574657, a region comprising chr 11: 36574871-36574970, a region comprising chr
11: 36575184-36575283, a region comprising chr 11: 36575497-36575596, a region
comprising chr 11: 36575811-36575910, a region comprising chr 11: 36576124-
36576223, or a region comprising chr 11: 36576437-36576536.

In some embodiments:
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(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574369-36574418; or (b) a region comprising chr 11: 36576437 -
36576536;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574368-36574417; or (b) a region comprising chr 11: 36576437 -
36576536;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574395-36574444; or (b) a region comprising chr 11: 36576437 -
36576536;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574295-36574344; or (b) a region comprising chr 11: 36576437 -
36576536;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574110-36574159; or (b) a region comprising chr 11: 36576437 -
36576536;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573911-36573960; or (b) a region comprising chr 11: 36576437 -
36576536;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36576437 -
36576536;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573960-36574009; or (b) a region comprising chr 11: 36576437 -
36576536;
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(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573958-36574007; or (b) a region comprising chr 11: 36576437 -
36576536;

5 (x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573880-36573929; or (b) a region comprising chr 11: 36576437 -
36576536;

(xi) the first homology region is homologous to a region comprising chr 11: 36573843

10 36573892 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573893-36573942; or (b) a region comprising chr 11: 36576437 -
36576536;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to: (a) a region

15 comprising chr 11: 36573956-36574005; or (b) a region comprising chr 11: 36576437 -
36576536;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-

36573878 and/or the second homology region is homologous to: (a) a region

comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36576437 -
20 36576536; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574407-36574456; or (b) a region comprising chr 11: 36576437 -
36576536.

25 In some embodiments:

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36574110-36574159; or (b) a region comprising chr 11: 36576437 -
36576536; or

30 (vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to: (a) a region
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comprising chr 11: 36573911-36573960; or (b) a region comprising chr 11: 36576437 -
36576536.

In some embodiments:

(xi) the first homology region is homologous to a region comprising chr 11: 36573843-
36573892 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573893-36573942; or (b) a region comprising chr 11: 36576437 -
36576536; or

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36576437 -
36576536.

In some embodiments, the first homology region is homologous to a region comprising chr 11:
36573829-36573878 and/or the second homology region is homologous to: (a) a region
comprising chr 11: 36573879-36573928; or (b) a region comprising chr 11: 36576437-
36576536.

In some embodiments:

(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36574369-36574418;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36574368-36574417;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36574395-36574444;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36574295-36574344;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159;
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(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36573960-36574009;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36573958-36574007;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36573880-36573929;

(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36573956-36574005;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36574407-36574456.

In some embodiments:

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159; or
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(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960.

In some embodiments:

(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942; or

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928.

In some embodiments, the first homology region is homologous to a region comprising chr 11:
36573829-36573878 and/or the second homology region is homologous to a region
comprising chr 11: 36573879-36573928.

In some embodiments:

(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;
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(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536.

In some embodiments:

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536; or
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(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -

36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536.

In some embodiments:

(xi) the first homology region is homologous to a region comprising chr 11: 36573843-

36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536; or

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-

36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36576437-36576536.

In some embodiments, the first homology region is homologous to a region comprising chr 11:

36573829-36573878 and/or the second homology region is homologous to a region
comprising chr 11: 36576437-36576536.

Exemplary first homology regions for the exon 2 strategies are shown below in Tables 1 and

2.

In some embodiments, the first homology region comprises or consists of a nucleotide

sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 25-44.

Table 1 - Exemplary first homology regions for exon 2 strategies

Guide RNA First homology region

g1 M5 ex2 gacctggagagtccagtgaagtectttctgagegtcttgaattcectgat (SEQ ID NO: 25)

g2 M5 ex2 tgacctggagagtccagtgaagtccttictgagegtcttgaattcectga (SEQ ID NO: 26)

g3 M5 ex2 tctgagegtcttgaattcectgatggtgaaatgtccagcaaaagagtgea (SEQ ID NO: 27)

g4 M4 ex2 gggtctgcattctcagatgectcaaagtcatgggceagctattgteectct (SEQ ID NO: 28)

g5 M3 ex2 agctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaact (SEQ ID NO: 29)
g6 M2 ex2 agtttagcagtgccccatgtgaggtttacttcccgaggaacgtgaccatg (SEQ ID NO: 30)

g7 exon2 M2/3

ctgccataactgcetggagcatcatgcacaggaagtttagcagtgecccat (SEQ ID NO: 31)

g8 exon2 M2/3

ggagtggcacccccacacaccatcctgtgacatctgcaacactgeccgte (SEQ ID NO: 32)

g9 exon2 M2/3

atggagtggcacccccacacaccatcctgtgacatctgcaacactgeecg (SEQ ID NO: 33)

g10 exon2 M2/3

tgccataactgctggagcatcatgcacaggaagtttagcagtgecccatg (SEQ ID NO: 34)

g11 exon2 M2/3

ggagcatcatgcacaggaagtttagcagtgccccatgtgaggtttactic (SEQ ID NO: 35)

g12 exon2 M2/3

ccatggagtggcacccccacacaccatcectgtgacatctgcaacactgee (SEQ ID NO: 36)

g13 exon2 M2/3

ctgccataactgcetggagcatcatgcacaggaagtttagcagtgecccat (SEQ ID NO: 37)

g14 exon2 M5

gaattccctgatggtgaaatgtccagcaaaagagtgcaatgaggaggtca (SEQ ID NO: 38)
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Table 2 - Exemplary first homology regions for exon 2 strategies

Guide RNA First homology region

g5 M3 ex2 AGCTCAGGCAAGGATCAGCAGCAAGGATGTCATGAAGAAGAT
CGCAAACT (SEQ ID NO: 39)

g6 M2 ex2 AGTTTAGCAGTGCCCCATGTGAGGTTTACTTCCCGAGGAATGT

CACTATG (SEQ ID NO: 40)

g7 exon2 M2/3
g10 exon2 M2/3
g13 exon2 M2/3

CTGCCATAACTGCTGGAGCATCATGCACAGGAAGTTTAGCAGT
GCACCAT (SEQ ID NO: 41)

g8 exon2 M2/3
g9 exon2 M2/3
g12 exon2 M2/3

ACCATGGAGTGGCACCCCCACACACCATCCTGTGACATCTGC
AACACTGC (SEQ ID NO: 42)

g11 exon2 M2/3

GGAGCATCATGCACAGGAAGTTTAGCAGTGCCCCATGTGAGG
TTTACTTC (SEQ ID NO: 43)

g14 exon2 M5

GAATTCCCTGATGGTGAAATGTCCAGCAAAAGAGTGCAATGAG
GAGGTCA (SEQ ID NO: 44)

Exemplary second homology regions for the exon 2 gene targeting strategies are shown below

in Tables 3 and 4.

In some embodiments, the second homology region comprises or consists of a nucleotide

sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 45-60.

Table 3 - Exemplary second homology regions for exon 2 targeting strategies

Guide RNA Second homology region

g1 M5 ex2 ggtgaaatgtccagcaaaagagtgcaatgaggaggtcagtttggaaaaat (SEQ ID NO: 45)
g2 M5 ex2 tggtgaaatgtccagcaaaagagtgcaatgaggaggtcagtitggaaaaa (SEQ ID NO: 46)
g3 M5 ex2 atgaggaggtcagtttggaaaaatataatcaccacatctcaagtcacaag (SEQ ID NO: 47)
g4 M4 ex2 tgccgatatccatgcettecctactgacctggagagtccagtgaagtectt (SEQ ID NO: 48)

g5 M3 ex2 gcagtaagatacatcttagtaccaagctccttgcagtggacttcccagag (SEQ ID NO: 49)
g6 M2 ex2 gagtggcacccccacacaccatcctgtgacatctgcaacactgeecgteg (SEQ ID NO: 50)

g7 exon2 M2/3

gtgaggtttacttcccgaggaacgtgaccatggagtggcacceccacaca (SEQ ID NO: 51)

g8 exon2 M2/3

ggggactcaagaggaagagtcticagccaaacttgcagctcagcaaaaaa (SEQ ID NO: 52)

g9 exon2 M2/3

tcggggactcaagaggaagagtcticagccaaacttgcagctcagcaaaa (SEQ ID NO: 53)

g10 exon2 M2/3

tgaggtttacticccgaggaacgtgaccatggagtggcacccccacacac (SEQ ID NO: 54)

g11 exon2 M2/3

ccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacat (SEQ ID NO: 55)

g12 exon2 M2/3

cgtcggggactcaagaggaagagtcticagccaaacttgcagetcagecaa (SEQ ID NO: 56)

g13 exon2 M2/3

gtgaggtttacttcccgaggaacgtgaccatggagtggcacccccacaca (SEQ ID NO: 57)

g14 exon2 M5

gtttggaaaaatataatcaccacaictcaagtcacaaggaatcaaaagag (SEQ ID NO: 58)

Table 4 - Exemplary second homology regions for exon 2 targeting strategies
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Guide RNA Second homology region

g5 M3 ex2 gcagtaagatacatcttagtaccaagctcectigcagtggacttcccagagcactttgtgaaatccatct
cctgecagatetgtgaacacattctggetga (SEQ ID NO: 59)
g6 M2 ex2 gagtggcacccccacacaccatcectgtgacatctgcaacactgecegtcggggactcaagaggaa

gagtcticagccaaacttgcagctcagcaaaaaac (SEQ ID NO: 60)

Preferably, the first and second homology regions comprise or consist of nucleotide
sequences that have at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to first and second homology regions in
Tables 1 to 4, which are designed for the same guide RNAs. Suitably, the first homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least 80%
identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100% identity to
any of SEQ ID NOs: 25-44 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,
at least 95% identity, at least 98% identity, or 100% identity to the corresponding nucleotide
sequence in Tables 3 or 4 (i.e. SEQ ID NOs: 45-60). For example, in some embodiments:

(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 25 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to SEQ ID NO: 45;

(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 26 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to SEQ ID NO: 46;

(iii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 27 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to SEQ ID NO: 47;
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(iv) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 28 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to SEQ ID NO: 48;

(v) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 29 or SEQ ID NO: 39 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 49 or SEQ ID NO: 59;

(vi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 30 or SEQ ID NO: 40 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 50 or SEQ ID NO: 60;

(vii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 31 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 51;

(viii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 32 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 52;

(ix) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 33 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
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least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 53;

(x) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 34 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 54;

(xi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 35 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 55;

(xii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 36 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 56;

(xiii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 57; or

(xiv) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 38 or SEQ ID NO: 44 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 58.

In some embodiments:
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(v) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 29 or SEQ ID NO: 39 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 49 or SEQ ID NO: 59; or

(vi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 30 or SEQ ID NO: 40 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 50 or SEQ ID NO: 60.

In some embodiments:

(xi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 35 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 55; or

(xiii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to SEQ ID NO: 57.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and
the second homology region comprises or consists of a nucleotide sequence that has at least
70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least 98%
identity, or 100% identity to SEQ ID NO: 57.

In some embodiments, the 3’ terminal sequence of the first homology region consists of a

nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,

81



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 25-44
and/or the 5 terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,
at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 45-60.

Suitably, the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,
at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 44-60 and
the 5’ terminal sequence of the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to the corresponding nucleotide sequence
Tables 3 or 4 (i.e. SEQ ID NOs: 45-60). For example, in some embodiments:

() the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 25
and the 5’ terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 45;

(ii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 26
and the 5’ terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 46;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 27
and the 5’ terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 47;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a

nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
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identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 28
and the 5’ terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 48;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 49 or SEQ ID NO: 59;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 50 or SEQ ID NO: 60;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 51;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 52;
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(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 53;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 54;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 55;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36
or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 56;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
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80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 57; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%

5 identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38
or SEQ ID NO: 44 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 58.

10 In some embodiments:

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the 5 terminal sequence of the second homology region

15 comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 49 or SEQ ID NO: 59; or

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%

20 identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 50 or SEQ ID NO: 60.

25 In some embodiments:

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region

30 comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 55; or
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identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the 5 terminal sequence of the second homology region

comprises or consists of a nucleotide sequence that has at least 70% identity, at least

80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%

identity to SEQ ID NO: 57.

In some embodiments, the 3’ terminal sequence of the first homology region comprises or

consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least

90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37

or SEQ ID NO: 43 and the 5’ terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least

90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 57.

Exemplary second homology regions for the exon 2 gene replacement strategies are shown

below in Table 6.

In some embodiments, the second homology region comprises or consists of a nucleotide

sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68.

Table 6 - Exemplary second homology regions for exon 2 gene replacement strategies

Exon 2 region

Second homology region

chr11: 36574558-36574657

Caaagcctttgctgacaaagaagaaggtggagatgtgaagtcegtgtgceatg
accttgttcctgctggcetetgagggegaggaatgagcacaggceaagcet (SEQ
ID NO: 61)

chr11: 36574871-36574970

cagccacctictgaagaatgtgtcttccagcactgatgttggcattattgatgggct
gtctggactatcatcctcetgtggatgattacccagtggacacca (SEQ ID
NO: 62)

chr11: 36575184-36575283

tcacaatcatgaaaattactattgcccacagctctcagaatgtgaaagtatitgaa
gaagccaaacctaactctgaactgtgttgcaagcecattgtgect (SEQ ID
NO: 63)

chr11: 36575497-36575596

tctttgtgatgccaccegtctggaagectictcaaaatcetigteticcactctataace
agaagccatgctgagaacctggaacgttatgaggtctggegt (SEQ ID
NO: 64)

chr11: 36575811-36575910

tggacaagcatctccggaagaagatgaacctcaaaccaatcatgaggatgaa
tggcaactttgccaggaagctcatgaccaaagagactgtggatgcagt (SEQ
ID NO: 65)

chr11: 36576124-36576223

caaaaccctggcccatgticctgaaattattgagagggatggctccatigggge
atgggcaagtgagggaaatgagtctggtaacaaactgtttaggege (SEQ
ID NO: 66)

chr11: 36576391-36576440

aggcatagaggactctctggaaagccaagattcaatggaattttaagtag
(SEQ ID NO: 67)
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gtagggcaaccacttatgagttggttttigcaattgagtttccctctgggttgeattg
chr11: 36576437-36576536 | agggcttctcctagcaccctttactgcetgtgtatggggcettc (SEQ ID NO:
68)

In some embodiments:

(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 25 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to any of SEQ ID NOs: 61-68;

(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 26 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to any of SEQ ID NOs: 61-68;

(iii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 27 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to any of SEQ ID NOs: 61-68;

(iv) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 28 and the second homology
region comprises or consists of a nucleotide sequence that has at least 70% identity,
at least 80% identity, at least 90% identity, at least 95% identity, at least 98% identity,
or 100% identity to any of SEQ ID NOs: 61-68;

(v) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 29 or SEQ ID NO: 39 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;
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(vi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 30 or SEQ ID NO: 40 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(vii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 31 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(viii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 32 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(ix) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 33 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(x) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 34 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(xi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 35 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
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least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(xii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 36 or SEQ ID NO: 42 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(xiii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68; or

(xiv) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 38 or SEQ ID NO: 44 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68.

In some embodiments:

(v) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 29 or SEQ ID NO: 39 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68; or

(vi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 30 or SEQ ID NO: 40 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68.
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In some embodiments:

(xi) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 35 or SEQ ID NO: 41 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68; or

(xiii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and the
second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at
least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37 or SEQ ID NO: 43 and
the second homology region comprises or consists of a nucleotide sequence that has at least
70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least 98%
identity, or 100% identity to any of SEQ ID NOs: 61-68.

In some embodiments:

() the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 25
and the second homology region comprises or consists of a nucleotide sequence that
has at least 70% identity, at least 80% identity, at least 90% identity, at least 95%
identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(ii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 26
and the second homology region comprises or consists of a nucleotide sequence that
has at least 70% identity, at least 80% identity, at least 90% identity, at least 95%
identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;
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(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 27
and the second homology region comprises or consists of a nucleotide sequence that
has at least 70% identity, at least 80% identity, at least 90% identity, at least 95%
identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 28
and the second homology region comprises or consists of a nucleotide sequence that
has at least 70% identity, at least 80% identity, at least 90% identity, at least 95%
identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31
or SEQ ID NO: 41 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;
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(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36
or SEQ ID NO: 42 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
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identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38
or SEQ ID NO: 44 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68.

In some embodiments:

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68; or

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68.

In some embodiments:
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(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68; or

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID
NOs: 61-68.

In some embodiments, the 3’ terminal sequence of the first homology region comprises or
consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 61-68.

In some embodiments:

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 25
and the 5 terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 26
and the 5 terminal sequence of the second homology region comprises or consists of

a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
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90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(iii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 27
and the 5 terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 28
and the 5 terminal sequence of the second homology region comprises or consists of
a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID
NO: 67;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 31

or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
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comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 32
or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 33
or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 34
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 36
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or SEQ ID NO: 42 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 38
or SEQ ID NO: 44 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67.

In some embodiments:

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 29
or SEQ ID NO: 39 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67; or

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 30
or SEQ ID NO: 40 and the 5’ terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67.
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In some embodiments:

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 35
or SEQ ID NO: 41 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67; or

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the 5 terminal sequence of the second homology region
comprises or consists of a nucleotide sequence that has at least 70% identity, at least
80% identity, at least 90% identity, at least 95% identity, at least 98% identity, or 100%
identity to SEQ ID NO: 67.

In some embodiments, the 3’ terminal sequence of the first homology region comprises or
consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 37
or SEQ ID NO: 43 and the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity, at least 80% identity, at least
90% identity, at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 67.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 69-76 or 153-154,
or a fragment thereof. Suitably, the fragments are at least 50 bp in length, for example 50-
1000 bp or 100-500 bp in length.

In some embodiments, the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 77-78 or 155-156,
or a fragment thereof. Suitably, the fragments are at least 50 bp in length, for example 50-
1000 bp or 100-500 bp in length.

In some embodiments, the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
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95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 79-80 or 157, or a
fragment thereof. Suitably, the fragments are at least 500 bp in length, for example 500-2000
bp or 900-1800 bp in length.

In some embodiments:

(1) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 69, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 77, or a fragment thereof;

(2) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 70, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 70, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 80, or a fragment thereof;

(4) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 71, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 78, or a fragment thereof;

(5) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
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at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(6) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 72, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 73, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 74, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 75, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 76, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 79, or a fragment thereof.

In some embodiments:
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(12) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 153, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has

5 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 155, or a fragment thereof;

(13) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 153, or a fragment thereof and

10 the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof;

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
15 at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has

20 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof.

25 In some embodiments:

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
30 at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
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at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof and
the second homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof
and the second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least
98% identity, or 100% identity to SEQ ID NO: 156, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 154, or a fragment thereof
and the second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least
98% identity, or 100% identity to SEQ ID NO: 157, or a fragment thereof.

In some embodiments:

(1) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 69, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 77, or a fragment thereof;

(2) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 70, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 70, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 80, or a fragment thereof;

(4) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 71, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 78, or a fragment thereof;

(5) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 72, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof;
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(6) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 72, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 73, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 74, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of the nucleotide sequence of SEQ
ID NO: 75, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 76, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 79, or a fragment thereof.

In some embodiments:

(12) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 153, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 155, or a fragment thereof;

(13) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 153, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 157, or a fragment thereof;

(14) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 154, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 154, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 157, or a fragment thereof.

In some embodiments:
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(14) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 154, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of the nucleotide sequence of
SEQ ID NO: 154, or a fragment thereof and the second homology region comprises or
consists of the nucleotide sequence of SEQ ID NO: 157, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 154, or a fragment thereof and the second homology region
comprises or consists of the nucleotide sequence of SEQ ID NO: 156, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 154, or a fragment thereof and the second homology region
comprises or consists of the nucleotide sequence of SEQ ID NO: 157, or a fragment thereof.

Hllustrative first homology region for g5 exon 2 (SEQ 1D NO: 69)

gatccatcaagccaaccttcgacatctctgecgceatctgtgggaatictittagagcetgatgagcacaacaggagatate
cagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagctacttcctggecggac
ctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatccacccecactgagtictgccataactgcetgg
agcatcatgcacaggaagtttagcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcaccce
cacacaccatcctgtgacatctgcaacactgeccgtcggggactcaagaggaagagtcticageccaaacttgcagct
cagcaaaaaactcaaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaagg
atcagcagcaaggatgtcatgaagaagatcgcaaact

Hllustrative first homology region for g5 exon 2 (SEQ 1D NO: 70)

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggcecggacctcattgccaaggttttccggate
gatgtgaaggcagatgttgactcgatccaccccactgagttctgccataactgctggageatcatgcacaggaagttta
gcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcacceeccacacaccatectgtgacatct
gcaacactgcccgtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgt
gcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaaggatcagcagcaaggatgtcatg
aagaagatcgcaaact

Hllustrative first homology region for g6 exon 2 (SEQ ID NO: 71)

tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctitgaggggaaaccctctctgga
gcaatctccageagtcetggacaaggctgatggtcagaagecagtcccaactcagecattgttaaaageccacccta
agttttcaaagaaatttcacgacaacgagaaagcaagaggcaaagcgatccatcaagcecaaccttcgacatctetg
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ccgcatctgtgggaattcttttagagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaacc
ctaggcctittacgaaagaaggaaaagagagctacticctggcecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagttctgccataactgctggageatcatgcacaggaagtitagcagtge
cccatgtgaggtttacttcccgaggaatgtcactatg

Hllustrative first homology region for g6 exon 2 (SEQ ID NO: 72)

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggectittacgaaagaaggaaaaga
gagctacttcctggecggacctcattgeccaaggttttccggatcgatgtgaaggeagatgttgactcgatccaccecact
gagttctgccataactgctggagceatcatgcacaggaagtitagcagtgecccatgtgaggtitacttcccgaggaatgt
cactatg

Hllustrative first homology region for g7, g10, g13 exon 2 (SEQ ID NO: 73)

gaattcttttagagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggecttitac
gaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggceagatgtt
gactcgatccaccccactgagttctgccataactgetggagcatcatgcacaggaagtitagcagtgcaccat

Hllustrative first homology region for g8, g9, g12 exon 2 (SEQ ID NO: 74)

ccagtccatggtectgtggatggtaaaaccctaggcectittacgaaagaaggaaaagagagctacttcctggecgga
ccteattgccaaggtittccggatcgatgtgaaggceagatgtigactcgatccaccecactgagttctgecataactgctg
gagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacticccgaggaacgtgaccatggagtggcace
cccacacaccatcctgtgacatctgcaacactge

Hllustrative first homology region for g11 exon 2 (SEQ ID NO: 75)

ctgatgagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaa
aagagagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggceagatgttgactcgatecace
ccactgagttctgccataactgctggagcatcatgcacaggaagtttagcagtgecccatgtgaggtttacttc

Hllustrative first homology region for g14 exon 2 (SEQ ID NO: 76)

catggagtggcacccccacacaccatcctgtgacatctgcaacactgceecegtcggggactcaagaggaagagtcttc
agccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaageccgtcagegcaagaga

agagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtacca
agctecttgcagtggacttcccagagceactttgtgaaatccatctectgccagatetgtgaacacattctggcetgaccectg

tggagaccaactgtaagcatgtctttigccgggtctgcattctcagatgcctcaaagtcatgggcagcetattgtcectcttg

ccgatatccatgcttcectactgacctggagagtccagtgaagtectttctgagegtctigaattcectgatggtgaaatgt

ccagcaaaagagtgcaatgaggaggtca
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Hllustrative first homology region for g11 exon 2 (SEQ ID NO: 153)

ttcagcacccacatattaaattttcagaatggaaatttaagctgttccgggtgagatectitgyaaaagacacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtectggacaaggctg
atggtcagaagccagtcccaactcagecattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgaga
aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaaticttttagagetgatg
agcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagag
agctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatecaccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgecccatgtgaggtttacttc

Hllustrative first homology region for g7, g10, g13 exon 2 (SEQ ID NO: 154)

ttcagcacccacatattaaattttcagaatggaaatttaagctgttccgggtgagatectitgyaaaagacacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtceetggacaaggetg
atggtcagaagccagtcccaactcagecattgttaaaagceccaccctaagttttcaaagaaatttcacgacaacgaga
aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaaticttttagagetgatg
agcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggectittacgaaagaaggaaaagag
agctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatccacccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgcaccat

lllustrative second homology region for g5 exon 2 — targeting strategy (SEQ ID NO:
77)

gcagtaagatacatcttagtaccaagctcctigcagtggactticccagagcactttgtgaaatccatctcctgecagatct
gtgaacacattctggctgaccctgtggagaccaactgtaagcatgtettttgccgggtetgcatictcagatgectcaaag
tcatgggcagctattgtcectettgecgatatccatgcettcectactgacctggagagtccagtgaagtectttctgagegt
cttgaa

lllustrative second homology region for g6 exon 2 — targeting strategy (SEQ ID NO:
78)

gagtggcacccccacacaccatcctgtgacatctgcaacactgeecgtcggggactcaagaggaagagtcettcage
caaacttgcagctcagcaaaaaactcaaaactgtgctigaccaagcaagacaagceccgtcagegcaagagaaga
gctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgecaactgcagtaagatacatcttagtaccaage
tcettgcagtggacttcccagage

lllustrative second homology region for exon 2 — replacement strategy (SEQ 1D NO:
79)
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aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaatt
gagtttccetetgggttgeattgagggcttctectagcaccctitactgetgtgtatggggceticaccatccaagaggtggta
ggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagtgagttc
cgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagag
atgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagccaaggtigtcaaagaacagcecagtgagge
caggaaagaaattggtcttgtggttttcatttttticccecttgattgattatattitgtattgagatatgataagtgcecttctatttc
atttttgaataattcttcatttttataattttacatatcttggcttgctatataagattcaaaagagctttttaaatttttctaataatat
cttacatttgtacagcatgatgacctitacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggac
aactttgagaaaatcagtccttititatgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatgg
atttttcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcaga
agccaagtatgattctttatitttactttttcatticaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaage
cacagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatticatgtcttactgaaacattttgccagactttcte
caaatgaaacctgaatcaatttitctaaatctaggtttcatagagtcctctcctctgcaatgtgttattctitctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtattttccatccgctaagtttagatggagtccaaacgcea
gtacagcagaagagttaacatttacacagtgctitttaccactgtggaatgttttcacactcatttttccttacaacaattctg
aggagtaggtgttgttattatctccattigatgggggtttaaatgatttgctcaaagtcatttaggggtaataaatacttggett
ggaaatttaacacagtccttttgtctccaaagcccticttctttccaccacaaattaatcactatgtttataaggtagtatcag
aatttttttaggattcacaactaatcactatagcacatgaccttgggattacatitttatggggcaggggtaagcaagttttta
aatcatttgtgtgctctggctetitigatagaagaaagcaacacaaaagctccaaagggecccectaaccctettgtgget
ccagttatttggaaactatgatctgcatccttaggaatctgggatttgccagttgctggcaatgtagagcaggeatggaat
tttatatgctagtgagtcataatgatatgttagtgttaattagttitticticctitgattttattggccataattgctactcttcataca
cagtatatcaaagagcttgataatitagttgtcaaaag

lllustrative second homology region for exon 2 — replacement strategy (SEQ 1D NO:
80)

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaatt
gagtttccetetgggttgeattgagggcettctectageaccctttactgetgtgtatggggceticaccatccaagaggtggta
ggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagtgagttc
cgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagag
atgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagcecaaggttgtcaaagaacagcecagtgagge
caggaaagaaattggtcttgtggttttcatttttticccecttgattgattatattitgtattgagatatgataagtgcecttctatttc
atttttgaataattcttcatttttataattttacatatcttggcttgctatataagattcaaaagagctttitaaatittictaataatat
cttacatttgtacagcatgatgacctitacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggac
aactttgagaaaatcagtccttititatgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatgg
atttttcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcaga
agccaagtatgattctttatttttactttttcatttcaagaaatttagagtttccaaatttagagct
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lllustrative second homology region for g11 exon 2 — targeting strategy (SEQ ID NO:
155)

ccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgeccgtcggggactca
agaggaagagtcttcagccaaacttgcagctcagcaaaaaactcaaaactgtgettgaccaagcaagacaagecc
gtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgecaactgcagtaa
gatacatcttagtaccaagctccttgcagtggacttcccagagcactitgtgaaatccatctcctgcecagatetgtgaaca
cattctggctgaccctgtggagaccaactgtaagceatgtcettttgccgggtetgeattctcagatgectcaaagtcatggg
cagctattgtccctettgccgatatccatgettcectactgacctggagagtccagtgaagtecttictgagegtcttgaatt
ccctgatggtgaaatgtccagcaaaagagtg

lllustrative second homology region for g13 exon 2 — targeting strategy (SEQ ID NO:
156)

gtgaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgece
gtcggggactcaagaggaagagtcticagccaaacttgcagctcagcaaaaaactcaaaactgtgcttgaccaage
aagacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgec
aactgcagtaagatacatcttagtaccaagctccttgcagtggacttcccagagceactttgtgaaatccatctectgeca
gatctgtgaacacattctggctgaccetgtggagaccaactgtaagceatgtcttitgccgggtctgceattctcagatgecte
aaagtcatgggcagctattgtccctettgecgatatccatgettcectactgacctggagagtccagtgaagtectttctga
gcgtcttgaattcectgatggtgaaatgt

lllustrative second homology region for exon 2 — replacement strategy (SEQ 1D NO:
157)

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaatt
gagtttccetetgggttgeattgagggcettctectageaccctttactgetgtgtatggggcticaccatccaagaggtggta
ggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagtgagttc
cgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagag
atgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagcecagtgagge
caggaaagaaattggtcttgtggttttcatttttticccecttgattgattatattitgtattgagatatgataagtgcecttctatttc
atttttgaataattcttcatttttataattttacatatcttggcttgctatataagattcaaaagagctttttaaatttttctaataatat
cttacatttgtacagcatgatgacctitacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggac
aactttgagaaaatcagtccttititatgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatgg
atttttcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcaga
agccaagtatgattctttatitttactttttcatttcaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaage
cacagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatticatgtcttactgaaacattttgccagactttcte
caaatgaaacctgaatcaatttitctaaatctaggtttcatagagtcctctcctctgcaatgtgttattctitctataatgatcag
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tttactttcagtggattcagaattgtgtagcaggataaccttgtatttttccatccgcetaagtttagatggagtccaaacgca
gtacagcagaagagtt

Intron 1 strategies

In some embodiments, the first homology region is homologous to a first region of the RAG1
intron 1 or the start of the RAG1 exon 2 (e.g. the first 200 bp of the RAG1 exon 2) and the
second homology region is homologous to a second region of the RAG1 exon 2.

In some embodiments, the first homology region is homologous to a region of the RAG1 intron
1 and the second homology region is homologous to a region of the RAG1 exon 2.

In some embodiments, the first homology region is homologous to a region upstream of: (i)
chr 11: 36569295; (ii) chr 11: 36573790; (iii) chr 11: 36573641; (iv) chr 11: 36573351; (v) chr
11: 36569080; (vi) chr 11: 36572472; (vii) chr 11: 36571458; (viii) chr 11: 36571366; (ix) chr
11: 36572859 (x) chr 11: 36571457; (xi) chr 11: 36569351 ; or (xii) chr 11: 36572375.

In some embodiments, the first homology region is homologous to a region upstream of: (i)
chr 11: 36569295; (ii) chr 11: 36573351 (iii) chr 11: 36571366

In some embodiments, the first homology region is homologous to a region upstream of chr
11: 36569295.

In some embodiments: (i) the first homology region is homologous to a region comprising chr
11: 36569245-36569294; (ii) the first homology region is homologous to a region comprising
chr 11: 36573740-36573789; (iii) the first homology region is homologous to a region
comprising chr 11: 36573591-36573640; (iv) the first homology region is homologous to a
region comprising chr 11: 36573301-36573350; (v) the first homology region is homologous
to a region comprising chr 11: 36569030-36569079; (vi) the first homology region is
homologous to a region comprising chr 11: 36572422-36572471; (vii) the first homology region
is homologous to a region comprising chr 11: 36571408-36571457; (viii) the first homology
region is homologous to a region comprising chr 11: 36571316-36571365; (ix) the first
homology region is homologous to a region comprising chr 11: 36572809-36572858; (x) the
first homology region is homologous to a region comprising chr 11: 36571407-36571456; (xi)
the first homology region is homologous to a region comprising chr 11: 36569301-36569350;
or (xii) the first homology region is homologous to a region comprising chr 11: 36572325-
36572374.

In some embodiments: (i) the first homology region is homologous to a region comprising chr
11: 36569245-36569294; (ii) the first homology region is homologous to a region comprising
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chr 11: 36573301-36573350; or (iii) the first homology region is homologous to a region

comprising chr 11: 36571316-36571365.

In some embodiments, the first homology region is homologous to a region comprising chr 11:

36569245-36569294.

Exemplary first homology regions for intron 1 strategies are shown below in Table 7.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 81-92.

Table 7 - Exemplary first homology regions for intron 1 strategies

Guide RNA | First homology region

9 TGCTGTGTGGAGGGAGGCACGCCTGTAGCTCT
GATGTCAGATGGCAATGT (SEQ ID NO: 81)

1 AAGAGAGCTACTTCCTGGCCGGACCTCATTGC
CAAGGTTTTCCGGATCGA (SEQ ID NO: 82)

2 AAGCAAGAGGCAAAGCGATCCATCAAGCCAAC
CTTCGACATCTCTGCCGC (SEQ ID NO: 83)

3 CAGCATGGCAGCCTCTTTCCCACCCACCTTGG
GACTCAGTTCTGCCCCAG (SEQ ID NO: 84)

4 TTGTGTACAGACTAAGTTGAAGATGTTAGGAGG
GAAGATTGTGGGCCAAG (SEQ ID NO: 85)

5 TTACTCCCACCTCTTCTTATTATGTTACAAACTA
TAGTGCTAATGACCAT (SEQ ID NO: 86)

6 ACAGAAGAGAATTAGGAAGCAGAATTGAACTAT
AAGCAATTTTGAGGTGT (SEQ ID NO: 87)

7 GGGAAGTAAAATGCTAAAGGAATGAGAAGGCA
TTTGGGGTTGAGTTCAAC (SEQ ID NO: 88)

8 AACCAACCCCCTGGAAGACTGCTTTAAAAAGCT
GGAAATACATTGTCCAG (SEQ ID NO: 89)

10 CACAGAAGAGAATTAGGAAGCAGAATTGAACTA
TAAGCAATTTTGAGGTG (SEQ ID NO: 90)

11 GGCAGTGGCCGGTGGGGACAGGGCTGAGCCA
GCACCAACCACTCAGCCTT (SEQ ID NO: 91)

12 TTTTTTCTGCATCGCTAGCGATCTGTGCATTAC

AACTCAAATCAGTCGGG (SEQ ID NO: 92)

In some embodiments:

(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,

at least 98% identity, or 100% identity to SEQ ID NO: 81;
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(i) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 84; or

(iii) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity,
at least 98% identity, or 100% identity to SEQ ID NO: 88.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 81.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 98% identity to SEQ ID NO: 81.

In some embodiments, the first homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 81.

In some embodiments, the 3’ terminal sequence of the first homology region consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,
at least 95% identity, at least 98% identity, or 100% identity to any of SEQ ID NOs: 81-92.

In some embodiments:

(i) the 3’ terminal sequence of the first homology region consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at
least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 81;

(i) the 3’ terminal sequence of the first homology region consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at
least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 84; or

(iii) the 3’ terminal sequence of the first homology region consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at
least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 88.

In some embodiments, the 3’ terminal sequence of the first homology region consists of a
nucleotide sequence that has at least 70% identity, at least 80% identity, at least 90% identity,
at least 95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 81.
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In some embodiments, the 3’ terminal sequence of the first homology region consists of a
nucleotide sequence that has at least 98% identity to SEQ ID NO: 81.

In some embodiments, the 3’ terminal sequence of the first homology region consists of the
nucleotide sequence of SEQ ID NO: 81.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 93, or a fragment thereof.
Suitably, the fragment is at least 50 bp in length, for example 50-250 bp or 100-200 bp in
length.

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 98% identity to SEQ ID NO: 93, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 93.

Hllustrative first homology region for guide RNA 9 (SEQ ID NO: 93)

tgagcacacagttattacttggaaattgtgtacagactaagtigaagatgttaggagggaagattgtgggccaagtaac
ggggtgtatgtgtgtgggtatagggtgggcagetgggatggaaatggggggcetgetgetgetgetgcacectggecte
ctgaactaatgatatcactcaccagaaactactgttcctgcactgtccaagccaccccaaactagtttgtcaaaatgaat
ctgtgctgtgtggagggaggcacgcectgtagcetctgatgtcagatggeaatgt

The second homology region may be homologous to a region distantly downstream of the
DSB.

Suitable second homology regions which are homologous to a region distantly downstream of
the DSB are described above for the “exon 2 RAGT gene replacement strategy” (see e.g.
Table 6). Any suitable second homology region described above may be used in the “exon 2
RAGT gene replacement strategy” may also be used in the “intron 1 RAG1 gene replacement

strategy” and vice versa

In some embodiments, the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 94, or a fragment thereof.
Suitably, the fragment is at least 500 bp in length, for example 500-2000 bp or 900-1800 bp
in length.
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In some embodiments, the second homology region comprises or consists of a nucleotide
sequence that has at least 98% identity to SEQ ID NO: 94, or a fragment thereof.

In some embodiments, the second homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 94, or a fragment thereof.

lllustrative second homology region for intron 1 — replacement strategy (SEQ ID NO:
94)

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaatt
gagtttccetetgggttgeattgagggcettctectageaccctttactgetgtgtatggggceticaccatccaagaggtggta
ggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagtgagttc
cgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagag
atgagcaaagatctgtgtgtgtiggggagctgtcatgtaaatcaaagcecaaggtigtcaaagaacagcecagtgagge
caggaaagaaattggtcttgtggttttcatttttticccecttgattgattatattitgtattgagatatgataagtgcecttctatttc
atttttgaataattcttcatttttataattttacatatcttggcttgctatataagattcaaaagagctttttaaatttttctaataatat
cttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggac
aactttgagaaaatcagtccttititatgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatgg
atttttcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcaga
agccaagtatgattctttatitttactttttcatticaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaage
cacagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatticatgtcttactgaaacattttgccagactttcte
caaatgaaacctgaatcaatttitctaaatctaggtttcatagagtcctctcctctgcaatgtgttattctitctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttttccatccgcetaagtttagatggagtccaaacgcea
gtacagcagaagagttaacatttacacagtgctitttaccactgtggaatgttttcacactcatttttccttacaacaattctg
aggagtaggtgttgttattatctccattigatgggggtttaaatgatttgctcaaagtcatttaggggtaataaatacttggett
ggaaatttaacacagtccttitgtctccaaagceccticttctttccaccacaaattaatcactatgtitataaggtagtatcag
aatttttttaggattcacaactaatcactatagcacatgaccttgggattacatitttatggggcaggggtaagcaagttttta
aatcatttgtgtgctctggctetitigatagaagaaagcaacacaaaagctccaaagggecccectaaccctettgtgget
ccagttatttggaaactatgatctgcatccttaggaatctgggatttgccagttgctggcaatgtagagcaggceatggaat
tttatatgctagtgagtcataatgatatgttagtgttaattagttitticticctitgattttattggccataattgctactcttcataca
cagtatatcaaagagcttgataatttagtt

In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 98% identity, or 100% identity to SEQ ID NO: 93, or a fragment thereof
and the second homology region comprises or consists of a nucleotide sequence that has at
least 70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least
98% identity, or 100% identity to SEQ ID NO: 94, or a fragment thereof.
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In some embodiments, the first homology region comprises or consists of a nucleotide
sequence that has at least 98% identity to SEQ ID NO: 93, or a fragment thereof and the
second homology region comprises or consists of a nucleotide sequence that has at least 98%
identity to SEQ ID NO: 94, or a fragment thereof.

In some embodiments, the first homology region comprises or consists of the nucleotide
sequence of SEQ ID NO: 93, or a fragment thereof and the second homology region
comprises or consists of the nucleotide sequence of SEQ ID NO: 94, or a fragment thereof.

Genome insertion sites

The site of the double-strand break (DSB) can be introduced specifically by any suitable
technique, for example using a CRISPR/Cas9 system and the guide RNAs disclosed herein.
In the present invention, the DSB is introduced into the RAG1 intron 1 or RAG1 exon 2. For
example, a DSB may be introduced at any of the sites recited in Tables 8 or 11 below.

Suitably, each homology region is homologous to a fragment of the RAG1 gene either side of
the DSB. For example, the first homology region may be homologous to a region upstream of
the DSB and the second homology region may be homologous to a region downstream of the
DSB. The first homology region may be homologous to a region immediately upstream of the
DSB and the second homology region may be homologous to either (a) a region immediately
downstream of the DSB; or (b) a region distantly downstream of the DSB.

In the present invention, the nucleotide sequence insert (e.g. a nucleotide sequence encoding
a RAG1 polypeptide or a RAG1 polypeptide fragment) may be introduced at the DSB site by
homology-directed repair (HDR). Thus, the nucleotide insert (e.g. a nucleotide sequence
encoding a RAG1 polypeptide or a RAG1 polypeptide fragment) may replace the region of the
genome flanked by the homology regions and comprising the DSB.

As used herein, the “nucleotide sequence insert” may consist of the region of the
polynucleotide flanked by the first homology region and the second homology region. For
example, the nucleotide sequence insert may comprise a nucleotide sequence encoding a
RAG1 polypeptide fragment. In some embodiments, the nucleotide sequence insert may
comprise a splice acceptor sequence and a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment.

Exon 2 strategies
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In some embodiments, a DSB is introduced into the RAG1 exon 2 (e.g. in the exon 2 strategies
discussed above). For example, a DSB may be introduced at any of the sites recited in Table
8 below.

Table 8 — Exemplary DSB sites in RAG1 exon 2 (for exon 2 strategies)

Guide Exemplary DSB site

gl M5 ex2 between chr 11: 36574368 and 36574369
g2 M5 ex2 between chr 11: 36574367 and 36574368
g3 M5 ex2 between chr 11: 36574394 and 36574395
g4 M4 ex2 between chr 11: 36574294 and 36574295
g5 M3 ex2 between chr 11: 36574109 and 36574110
g6 M2 ex2 between chr 11: 36573910 and 36573911

g7 exon2 M2/3 between chr 11: 36573878 and 36573879
g8 exon2 M2/3 between chr 11: 36573959 and 36573960
g9 exon2 M2/3 between chr 11: 36573957 and 36573958
g10 exon2 M2/3 | between chr 11: 36573879 and 36573880
g11 exon2 M2/3 | between chr 11: 36573892 and 36573893
g12 exon2 M2/3 | between chr 11: 36573955 and 36573956
g13 exon2 M2/3 | between chr 11: 36573878 and 36573879
g14 exon2 M5 between chr 11: 36574406 and 36574407

The nucleotide sequence insert may be introduced into a genome at any of the sites recited
in Table 8 above. In other words, the genome of the present invention may comprise the
nucleotide sequence insert at any of the sites recited in Table 8 above.

In preferred embodiments, a nucleotide sequence insert comprising a nucleotide sequence
encoding a RAG1 polypeptide fragment is introduced into a genome at any of the sites recited
in Table 8 above. In some embodiments, the nucleotide sequence insert is introduced between
chr 11: 36574109 and 36574110 or between chr 11: 36573910 and 36573911. In some
embodiments, the nucleotide sequence insert is introduced between chr 11: 36573892 and
36573893 or between chr 11: 36573878 and 36573879.

When an exon 2 RAGT gene targeting strategy is used, the nucleotide sequence insert may
replace any of the regions recited in Table 9 below. In other words, the genome of the present
invention may comprise the nucleotide sequence insert replacing any of the regions recited in
Table 9.
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Table 9 — Exemplary insertion sites in RAG1 exon 2 (largeting strategy)

Guide Exemplary region to replace
g1 M5 ex2 chr 11: 36574367 to 36574370
g2 M5 ex2 chr 11: 36574366 to 36574369
03 M5 ex2 chr 11: 36574393 to 36574396
g4 M4 ex2 chr 11: 36574293 to 36574296
g5 M3 ex2 chr 11: 36574108 to 36574111
g6 M2 ex2 chr 11: 36573909 to 36573912

g7 exon2 M2/3 | chr 11: 36573877 to 36573880
g8 exon2 M2/3 | chr 11: 36573958 to 36573961
g9 exon2 M2/3 | chr 11: 36573956 to 36573959
g10 exon2 M2/3 | chr 11: 36573878 to 36573881
g11 exon2 M2/3 | chr 11: 36573891 to 36573894
g12 exon2 M2/3 | chr 11: 36573954 to 36573957
g13 exon2 M2/3 | chr 11: 36573877 to 36573880
g14 exon2 M5 chr 11: 36574405 to 36574408

In some embodiments, the nucleotide sequence insert replaces chr 11: 36574108 to
36574111 or chr 11: 36573909 to 36573912. In some embodiments, the nucleotide sequence
insert replaces chr 11: 36573891 to 36573894 or chr 11: 36573877 to 36573880.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising a nucleotide sequence encoding a RAG1 polypeptide fragment, which replaces
chr 11: 36574108 to 36574111 or chr 11: 36573909 to 36573912. In some embodiments, the
genome of the present invention comprises a nucleotide sequence comprising a nucleotide
sequence encoding a RAG1 polypeptide fragment, which replaces chr 11: 36573891 to
36573894 or chr 11: 36573877 to 36573880.

When an exon 2 RAGT gene replacement strategy is used, the nucleotide sequence insert
may replace any of the regions recited in Table 10 below. In other words, the genome of the
present invention may comprise the nucleotide sequence insert replacing any of the regions
recited in Table 10.

Table 10— Exemplary insertion sites in RAG1 exon 2 (replacement strategy)

Guide Exemplary region to replace
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gl M5 ex2 chr 11: 36574367 to about 36576436
g2 M5 ex2 chr 11: 36574366 to about 36576436
g3 M5 ex2 chr 11: 36574393 to about 36576436
g4 M4 ex2 chr 11: 36574293 to about 36576436
g5 M3 ex2 chr 11: 36574108 to about 36576436
g6 M2 ex2 chr 11: 36573909 to about 36576436

g7 exon2 M2/3 chr 11: 36573877 to about 36576436
g8 exon2 M2/3 chr 11: 36573958 to about 36576436
g9 exon2 M2/3 chr 11: 36573956 to about 36576436
g10 exon2 M2/3 | chr 11: 36573878 to about 36576436
g11 exon2 M2/3 | chr 11: 36573891 to about 36576436
g12 exon2 M2/3 | chr 11: 36573954 to about 36576436
g13 exon2 M2/3 | chr 11: 36573877 to about 36576436
g14 exon2 M5 chr 11: 36574405 to about 36576436

In Table 10, “about chr 11: 36576436” may refer to the end of the exon 2 CDS region or the
start of the 3'UTR. Suitably, “about chr 11: 36576436” may refer to chr 11: 36576436+1000,
chr 11: 365764361500, chr 11: 36576436+400, chr 11: 365764361300, chr 11:
365764361200, chr 11: 365764361100, chr 11: 36576436x50, chr 11: 36576436140, chr 11:
36576436130, chr 11: 36576436120, chr 11: 36576436x10, chr 11: 3657643615, chr 11:
3657643614, chr 11: 3657643613, chr 11: 3657643612, chr 11: 365764361, or chr 11:
3657643.

In some embodiments, the nucleotide sequence insert replaces chr 11: 36574108 to about
36576436 or chr 11: 36573909 to about 36576436. In some embodiments, the nucleotide
sequence insert replaces chr 11: 36573891 to about 36576436 or chr 11: 36573877 to about
36576436.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising a nucleotide sequence encoding a RAG1 polypeptide fragment, which replaces
chr 11: 36574108 to about 36576436 or chr 11: 36573909 to about 36576436. In some
embodiments, the genome of the present invention comprises a nucleotide sequence
comprising a nucleotide sequence encoding a RAG1 polypeptide fragment, which replaces
chr 11: 36573891 to about 36576436 or chr 11: 36573877 to about 36576436.

Intron 1 strategies
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In some embodiments, a DSB is introduced into the RAG1 intron 1 or the start of the exon 2
(e.g. the first 200 bp of the RAG1 exon 2), for example in the intron 1 strategies discussed
above. For example, a DSB may be introduced at any of the sites recited in Table 11 below.

Table 11— Exemplary DSB sites in RAG1 intron 1 or RAG1 exon 2 (for intron 1 strategies)

Guide Exemplary DSB site

©

between chr 11: 36569296 and 36569297
between chr 11: 36573791 and 36573792
between chr 11: 36573642 and 36573643
between chr 11: 36573352 and 36573353
between chr 11: 36569081 and 36569082
between chr 11: 36572473 and 36572474
between chr 11: 36571459 and 36571460
between chr 11: 36571367 and 36571368
between chr 11: 36572860 and 36572861
10 between chr 11: 36571458 and 36571459
11 between chr 11: 36569352 and 36569353
12 between chr 11: 36572376 and 36572377

—_

O N O O &~ W[ N

The nucleotide sequence insert may be introduced into a genome at any of the sites recited
in Table 11 above. In other words, the genome of the present invention may comprise the
nucleotide sequence insert at any of the sites recited in Table 11 above.

In some embodiments, the nucleotide sequence insert is introduced:

(i) between chr 11: 36569296 and 36569297
(i) between chr 11: 36573352 and 36573353; or
(iii) between chr 11: 36571367 and 36571368.

In some embodiments, the nucleotide sequence insert is introduced between chr 11:
36569296 and 36569297.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising a splice acceptor sequence and a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment, which is introduced:

(i) between chr 11: 36569296 and 36569297
(i) between chr 11: 36573352 and 36573353; or
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(iii) between chr 11: 36571367 and 36571368.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising a splice acceptor sequence and a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment, which is introduced between chr 11: 36569296
and 36569297.

When an intron 1 RAG1 gene replacement strategy is used, the nucleotide sequence insert
may replace any of the regions recited in Table 12 below. In other words, the genome of the
present invention may comprise the nucleotide sequence insert replacing any of the regions
recited in Table 10.

Table 12— Exemplary insertion sites in RAG1 exon 2 (replacement strategy)

Guide Exemplary region to replace

©

chr 11: 36569295 to about 36576436
chr 11: 36573790 to about 36576436
chr 11: 36573641 to about 36576436
chr 11: 36573351 to about 36576436
chr 11: 36569080 to about 36576436
chr 11: 36572472 to about 36576436
chr 11: 36571458 to about 36576436
chr 11: 36571366 to about 36576436
chr 11: 36572859 to about 36576436
chr 11: 36571457 to about 36576436
chr 11: 36569351 to about 36576436
chr 11: 36572375 to about 36576436

—_
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In Table 10, “about chr 11: 36576436” may refer to the C-terminal region of the exon 2 CDS
region or the start of the 3UTR.

In some embodiments, the nucleotide sequence insert replaces:

(i) chr 11: 36569295 to about 36576436;
(i) chr 11: 36573351 to about 36576436; or
(i) chr 11: 36571366 to about 36576436.
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In some embodiments, the nucleotide sequence insert replaces chr 11: 36569295 to about
36576436.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising splice acceptor sequence and a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment, which replaces:

(i) chr 11: 36569295 to about 36576436;
(i) chr 11: 36573351 to about 36576436; or
(i) chr 11: 36571366 to about 36576436.

In some embodiments, the genome of the present invention comprises a nucleotide sequence
comprising splice acceptor sequence and a nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment, which replaces chr 11: 36569295 to about
36576436.

Splice acceptor and donor sequences

RNA splicing is a form of RNA processing in which a newly made precursor messenger RNA
(pre-mRNA) transcript is transformed into a mature messenger RNA (mRNA). During splicing,
introns (non-coding regions) are removed and exons (coding regions) are joined together.

Within introns, a donor site (5' end of the intron), a branch site (near the 3' end of the intron)
and an acceptor site (3' end of the intron) are required for splicing. The splice donor site
includes an almost invariant sequence GU at the 5' end of the intron, within a larger, less
highly conserved region. The splice acceptor site at the 3' end of the intron terminates the
intron with an almost invariant AG sequence. Upstream (5'-ward) from the AG there is a region
high in pyrimidines (C and U), or polypyrimidine tract. Further upstream from the
polypyrimidine tract is the branchpoint.

A “splice acceptor sequence” is a nucleotide sequence which can function as an acceptor site
at the 3’ end of the intron. Consensus sequences and frequencies of human splice site regions
are described in Ma, S.L., et al., 2015. PLoS One, 10(6), p.e0130729.

Suitably, a splice acceptor sequence may comprise the nucleotide sequence (Y).NYAG,
where n is 10-20, or a variant with at least 90% or at least 95% sequence identity. Suitably, a
splice acceptor sequence may comprise the sequence (Y).NCAG, where n is 10-20, or a
variant with at least 90% or at least 95% sequence identity.
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In some embodiments of the invention, a splice acceptor sequence comprises or consists of
a nucleotide sequence which is at least 70% identical to SEQ ID NO: 95 or a fragment thereof.
Suitably, a splice acceptor sequence comprises or consists of a nucleotide sequence which is
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% identical
to SEQ ID NO: 95 or a fragment thereof.

In some embodiments of the invention, a splice acceptor sequence comprises or consists of

the nucleotide sequence SEQ ID NO: 95 or a fragment thereof.
Exemplary splice acceptor sequence (SEQ ID NO: 95)
ctgaccitcttctcticctcccacag

In some embodiments of the invention, the polynucleotide of the invention does not comprise
a splice acceptor sequence (e.g. in exon 2 strategies).

The polynucleotide of the invention may comprise a splice donor sequence. The genome may
comprise a splice donor sequence in the RAG1 intron 1. Suitably, the splice donor sequence
nucleotide sequence is 3’ of the nucleotide sequence encoding a RAG1 polypeptide or a
RAG1 polypeptide fragment. The splice donor sequence may be used to provide an mRNA
comprising a RAG1 polypeptide.

A “splice donor sequence” is a nucleotide sequence which can function as a donor site at the
5’ end of the intron. Consensus sequences and frequencies of human splice site regions are
describe in Ma, S.L., et al., 2015. PLoS One, 10(6), p.e0130729.

In some embodiments of the invention, the splice donor sequence comprises or consists of a
nucleotide sequence which is at least 85% identical to SEQ ID NO: 96 or a fragment thereof.
In some embodiments of the invention, the splice donor sequence comprises or consists of

the nucleotide sequence SEQ ID NO: 96 or a fragment thereof.
Exemplary splice donor sequence (SEQ ID NO: 96)
aggtaagt

In some embodiments of the invention, the polynucleotide of the invention does not comprise
a splice donor sequence.

Regulatory elements

The polynucleotide of the invention may comprise one or more regulatory elements which may
act pre- or post-transcriptionally. Suitably, the nucleotide sequence encoding a RAG1
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polypeptide or a RAG1 polypeptide fragment is operably linked to one or more regulatory
elements which may act pre- or post-transcriptionally. The one or more regulatory elements
may facilitate expression of a RAG1 polypeptide in the cells of the invention.

A “regulatory element’ is any nucleotide sequence which facilitates expression of a
polypeptide, e.g. acts to increase expression of a transcript or to enhance mRNA stability.
Suitable regulatory elements include for example promoters, enhancer elements, post-
transcriptional regulatory elements and polyadenylation sites.

In preferred embodiments, the polynucleotide of the invention does not comprise a regulatory
element. Endogenous regulatory elements may be sufficient to drive expression of the RAGH
polypeptide following the introduction of the nucleotide sequence insert.

Polyadenylation sequence

In preferred embodiments, the polynucleotide of the invention does not comprise a
polyadenylation sequence.

In some embodiments, the polynucleotide of the invention may comprise a polyadenylation
sequence. Suitably, the nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment is operably linked to a polyadenylation sequence. The polyadenylation

sequence may improve gene expression.

Suitable polyadenylation sequences will be well known to those of skill in the art. Suitable
polyadenylation sequences include a bovine growth hormone (BGH) polyadenylation
sequence or an early SV40 polyadenylation signal. In some embodiments of the invention, the
polyadenylation sequence is a BGH polyadenylation sequence.

In some embodiments of the invention, the polyadenylation sequence comprises or consists
of a nucleotide sequence which is at least 70% identical to SEQ ID NO: 97, 98 or 99 or a
fragment thereof. Suitably, the polyadenylation sequence comprises or consists of a
nucleotide sequence which is at least 80%, at least 85%, at least 90%, at least 95%, at least
98% or at least 99% identical to SEQ ID NO: 97, 98 or 99 or a fragment thereof.

In some embodiments of the invention, the polyadenylation sequence comprises or consists
of the nucleotide sequence SEQ ID NO: 97, 98 or 99 or a fragment thereof.

Exemplary BGH polyadenylation sequence (SEQ ID NO: 97)

122



10

15

20

25

WO 2023/062030 PCT/EP2022/078298

Getgtgecttctagtigccagecatetgttgttigeccctecceegtgecttectigacectggaaggtgecacteecactgt
cctttcctaataaaatgaggaaattgcatcgceattgtctgagtaggtgteattctattctggggggtggggtggggcagga

cagcaagggggaggattgggaagacaatagcaggcatgctggggatgecggtgggctetatgg

Exemplary BGH polyadenylation sequence (SEQ ID NO: 98)

Actgtgccttctagttgccagecatetgttgtttgeccctecceegtgcecttcetigacectggaaggtgcecacteecactge
cctttcctaataaaatgaggaaattgcatcgceattgtctgagtaggtgteattctattctggggggtggggtggggcagga

cagcaagggggaggattgggaagacaatagcaggcatgctggggatgecggtgggctetatgg

Exemplary BGH polyadenylation sequence (SEQ ID NO: 99)

ctgtgccttctagtigccagecatcetgttgtitgecectecceegtgecttccttgaccctggaaggtgecacteccactgte
ctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgteattctattctggggggtggggtggggeaggac

agcaagggggaggattgggaagacaatagcaggcatgctggggatgeggtgggctctatgg

Kozak sequence

In preferred embodiments, the polynucleotide of the invention does not comprise a Kozak

sequence.

In some embodiments, the polynucleotide of the invention may comprise a Kozak sequence.
Suitably, the nucleotide sequence encoding a RAG1 polypeptide or a RAG1 polypeptide
fragment is operably linked to a Kozak sequence. A Kozak sequence may be inserted before
the start codon of the RAG1 polypeptide or RAG1 polypeptide fragment to improve the

initiation of translation.
Suitable Kozak sequences will be well known to those of skill in the art.

In some embodiments of the invention, the Kozak sequence comprises or consists of a
nucleotide sequence which is at least 70% identical to SEQ ID NO: 100 or a fragment thereof.
Suitably, the Kozak sequence comprises or consists of a nucleotide sequence which is at least
80%, or at least 90% identical to SEQ ID NO: 100 or a fragment thereof.

In some embodiments of the invention, the Kozak sequence comprises or consists of the
nucleotide sequence SEQ ID NO: 100 or a fragment thereof.

Exemplary Kozak sequence (SEQ ID NO: 100)
gccgecaccatg

Post-transcriptional requlatory elements

123



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

In preferred embodiments, the polynucleotide of the invention does not comprise a post-

transcriptional regulatory element.

In some other embodiments, the polynucleotide of the invention may comprise a post-
transcriptional regulatory element. Suitably, the nucleotide sequence encoding a RAGH
polypeptide or a RAG1 polypeptide fragment is operably linked to a post-transcriptional
regulatory element. The post-transcriptional regulatory element may improve gene

expression.
Suitable post-transcriptional regulatory elements will be well known to those of skill in the art.

The polynucleotide of the invention may comprise a Woodchuck Hepatitis Virus Post-
transcriptional Regulatory Element (WPRE). Suitably, the nucleotide sequence encoding a
RAG1 polypeptide or a RAG1 polypeptide fragment is operably linked to a WPRE.

In some embodiments of the invention, the WPRE comprises or consists of a nucleotide
sequence which is at least 70% identical to SEQ ID NO: 101 or a fragment thereof. Suitably,
the WPRE comprises or consists of a nucleotide sequence which is at least 80%, or at least
90% identical to SEQ ID NO: 101 or a fragment thereof.

In some embodiments of the invention, the WPRE comprises or consists of the nucleotide
sequence SEQ ID NO: 101 or a fragment thereof.

Exemplary WPRE (SEQ ID NO: 101)

aatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcctittacgctatgtggatacgcet

gctttaatgcectttgtatcatgctattgettceegtatggctttcattttctectecttgtataaatectggttgetgtetctttatgag

gagttgtggcccgttgtcaggcaacgtggegtggtgtgcactgtgtttgetgacgcaaccceccactggttggggeattge
caccacctgtcagctectitccgggactttcgetttceecctecctattgeccacggeggaactcatcgecgectgecttgee
cgctgetggacaggggcteggetgttgggeactgacaattcegtggtgttgtcggggaaatcatcgtectttecttggetg
ctegectgtgttgecacctggattctgecgegggacgtecttetgctacgteecttcggecctcaatccageggaccttectt

ccegeggectgetgecggcetetgeggectettecgegteticg cettcgecctcagacgagteggatetecctttgggec

gectceecgecty

In some embodiments of the invention, the RAG1 polypeptide or the RAG1 polypeptide
fragment is not operably linked to a post-transcriptional regulatory element. In some
embodiments of the invention, the RAG1 polypeptide or the RAG1 polypeptide fragment is not
operably linked to a WPRE.

Endogenous 3’'UTR
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In preferred embodiments, the polynucleotide of the invention does not comprise an
endogenous RAG1 3’ UTR.

In some other embodiments, the polynucleotide of the invention may comprise an endogenous
RAG1 3'UTR. Suitably, the nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment is operably linked to an endogenous RAG1 3’'UTR.

In some embodiments of the invention, the RAG1 3'UTR comprises or consists of a nucleotide
sequence which is at least 70% identical to SEQ ID NO: 102 or a fragment thereof. Suitably,
the RAG1 3’'UTR comprises or consists of a nucleotide sequence which is at least 80%, or at
least 90% identical to SEQ ID NO: 102 or a fragment thereof.

In some embodiments of the invention, the RAG1 3'UTR comprises or consists of the

nucleotide sequence SEQ ID NO: 102 or a fragment thereof.
Exemplary RAG1 3'UTR (SEQ ID NO: 102)

gtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgag ggcettctcctagcaccctttactg
ctgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaa
actgatgagctgattgcttgaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaa
ctcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaaatcaa
agccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtcttgtggttttcatttttttcceccttgattgat
tatatttigtattgagatatgataagtgcctictatitcattittgaataattcticattittataattitacatatcttggcttgctatat
aagattcaaaagagctttitaaattittctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatge
atttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtcctttittatgtttaaattatgtatctattgt
aaccttcagagtttaggaggtcatctgctgtcatggatttitcaataatgaatttagaatacacctgttagctacagttagtta
ttaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttattittactttttcatttcaagaaatttagag
tttccaaatttagagctictgcatacagtcttaaagccacagaggcttgtaaaaatataggttagcttgatgtctaaaaata
tatttcatgtcttactgaaacattttgccagactitctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagte
ctetectetgeaatgtgttattctitctataatgatcagtttactttcagtggattcagaattgtgtagcaggataacctigtatttt
tccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacatttacacagtgcttittaccactgtg
gaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgatgggggtttaaatgattt
gctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtecttttgtctccaaagceccticttctttccac
cacaaattaatcactatgtttataaggtagtatcagaatttttttaggattcacaactaatcactatagcacatgaccttggg
attacatttttatggggcaggggtaagcaagtttitaaatcatttgtgtgctctggctetittgatagaagaaagcaacacaa
aagctccaaagggccccctaaccetettgtggctecagttatitggaaactatgatctgcatcecttaggaatctgggatttg
ccagttgctggcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttttctt
cctttgatittattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaagtgcatcg
gcgacattatctitaattgtatgtattiggtgcticticagggattgaactcagtatctitcattaaaaaacacagcagttttect
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tgctttttatatgcagaatatcaaagtcatttctaatttagttgtcaaaaacatatacatattttaacattagtttitttgaaaactc
ttggttttgttttittggaaatgagtgggcecactaagecacactttcecticatectgcttaatccticcagceatgtctetgcact

aataaacagctaaattcacataatcatcctatttactgaagcatggtcatgctggtttatagattitttacccatttctactetttt
tctctattggtggcactgtaaatactticcagtattaaattatectittctaacactgtaggaactattttgaatgcatgtgacta
agagcatgatttatagcacaacctttccaataatcccttaatcagatcacattttgataaaccctgggaacatctggcetge
aggaatttcaatatgtagaaacgctgcctatggttttttgcccttactgtigagactgcaatatcctagaccctagttitatact
agagttttatttttagcaatgcctattgcaagtgcaattatatactccagggaaattcaccacactgaatcgagcatttgtgt
gtgtatgtgtgaagtatatactgggacticagaagtgcaatgtatttitctcctgtgaaacctgaatctacaagtittcctgec
aagccactcaggtgcattgcagggaccagtgataatggctgatgaaaattgatgattggtcagtgaggtcaaaagga

gecttgggattaataaacatgcactgagaagcaagaggaggagaaaaagatgtctitticttccaggtgaactggaatt
tagttttgcctcagattttitcccacaagatacagaagaagataaagatttitttggttgagagtgtgggtcttgcattacate
aaacagagttcaaattccacacagataagaggcaggatatataagcgccagtggtagttgggaggaataaaccatt

atttggatgcaggtggtttttgattgcaaatatgtgtgtgtcticagtgattgtatgacagatgatgtattctittgatgttaaaag
attttaagtaagagtagatacattgtacccattttacattttcttattttaactacagtaatctacataaatatacctcagaaat

catttttggtgattattttttgttttgtagaattgcacttcagtttattticttacaaataaccttacattttgtttaatggcttccaaga

gccttttttittittgtatitcagagaaaattcaggtaccaggatgcaatggatttatttgattcaggggacctgtgtttccatgte
aaatgttttcaaataaaatgaaatatgagtttcaatactttttatattttaatatttccattcattaatattatggttattgtcagca

attttatgtttgaatatttgaaataaaagtitaagatttgaaaatggtatgtattataattictaticaaatattaataataatattg
agtgcagcatt

Further coding sequences

The polynucleotide of the invention may comprise a further coding sequence. The
polynucleotide of the invention may comprise an internal ribosome entry site sequence (IRES).
The IRES may increase or allow expression of the further coding sequence. The IRES may
be operably linked to the further coding sequence.

In some embodiments of the invention, the IRES comprises or consists of a nucleotide
sequence which is at least 70% identical to SEQ ID NO: 103 or a fragment thereof. Suitably,
the IRES comprises or consists of a nucleotide sequence which is at least 80%, or at least
90% identical to SEQ ID NO: 103 or a fragment thereof.

In some embodiments of the invention, the IRES comprises or consists of the nucleotide
sequence SEQ ID NO: 103 or a fragment thereof.

Exemplary IRES (SEQ ID NO: 103)

gaattaactcgaggaattccgCccctctccctececceeccctaacgttactggecgaagecgctiggaataaggecy
gtgtgcgtttgtctatatgttattticcaccatattgcegtettttggcaatgtgagggeccggaaacctggecctgtcettettg
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acgagcattctaggggtctttccectetcgccaaaggaatgcaaggtctgttgaatgtcgtgaaggaagceagttcetetg
gaagcttctigaagacaaacaacgtctgtagcgaccctttgcaggcagceggaaccccccacctggegacaggtgec
tctgcggcecaaaagcecaacgtgtataagatacacctgcaaaggceggceacaaccccagtgcecacgttgtgagttggat
agttgtggaaagagtcaaatggctctcctcaagegtaticaacaaggggctgaaggatgcccagaaggtaccccatt

gtatgggatctgatctggggcecteggtgcacatgctttacatgtgtitagtcgaggttaaaaaacgtctaggeccceega

accacggggacgtggttttcctttgaaaaacacgatgataatatggccacaacc

The further coding sequence may encode a selector, for example a NGFR receptor, e.g. a low
affinity NGFR, such as a C-terminal truncated low affinity NGFR. The selector may be used

for enrichment of cells.

In some embodiments of the invention, the NGFR-encoding sequence comprises or consists
of a nucleotide sequence which is at least 70% identical to SEQ ID NO: 104 or a fragment
thereof. Suitably, the NGFR-encoding sequence comprises or consists of a nucleotide
sequence which is at least 80%, or at least 90% identical to SEQ ID NO: 104 or a fragment
thereof.

In some embodiments of the invention, the NGFR-encoding sequence comprises or consists
of the nucleotide sequence SEQ ID NO: 104 or a fragment thereof.

Exemplary NGFR-encoding sequence (SEQ ID NO: 104)

atgggagctggtgctaccggcagagctatggatggacctagactgctgctectgetgetgcteggagtttctetiggegg
agccaaagaggcctgtcctaccggectgtatacacactctggegagtgctgcaaggcectgcaatcttggagaaggeg
tggcacagccttgcggegctaatcagacagtgtgcgagecttgectggacagegtgacctitagegacgtggtgtetge
caccgagccatgcaagcecttgtaccgagtgtgtgggcectgcagageatgtctgecccttgtgtggaagecgacgatge
cgtgtgtagatgcgectacggctactaccaggacgagacaacaggcagatgcgaggectgtagagtgtgtgaagec
ggctctggactggtgttcagctgccaagacaagcagaacaccgtgtgcgaggaatgecccgatggeacctatageg
acgaggccaaccatgtagatccctgectgecttgtactgtgtgcgaagataccgageggeagetgegegagtgtaca
agatgggctgatgccgagtgcgaagagatcceeggeagatggatcaccagaagcacacctccagagggeagey
atagcacagccccttctacacaagagcccgaggctcectectgagcaggatctgattgectctacagtggecggegtgg
tcacaacagtgatgggatcttctcagcccgtggtcaccagaggcaccaccgacaatctgatccecgtgtactgtagea
tcctggecgecgtggtigtgggactegtggcectatategecticaageggtggaaccggggceatectgtaa

The further coding sequence may encode a destabilisation domain, for example a peptide
sequence rich in proline (P), glutamic acid (E), serine (S), and threonine (T) (PEST).
Endogenous RAG1 protein may be destabilized by the destabilisation domain, e.g. PEST
signal peptide via proteasome degradation.
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In some embodiments of the invention, the PEST-encoding sequence comprises or consists
of a nucleotide sequence which is at least 70% identical to SEQ ID NO: 105 or a fragment
thereof. Suitably, the PEST-encoding sequence comprises or consists of a nucleotide
sequence which is at least 80%, or at least 90% identical to SEQ ID NO: 105 or a fragment
thereof.

In some embodiments of the invention, the PEST-encoding sequence comprises or consists
of the nucleotide sequence SEQ ID NO: 105 or a fragment thereof.

Exemplary PEST-encoding sequence (SEQ ID NO: 105)

atgaggaccgaggcccccgagggeaccgagagegagatggagacccccagegecatcaacggcaaccccage
tggcac

Promoters and enhancers

In preferred embodiments, the polynucleotide of the invention does not comprise a promoter
or an enhancer element. Transcription of a nucleotide sequence encoding a RAG1 polypeptide
may be driven by an endogenous promoter. For example, if the polynucleotide of the present
invention is inserted into the RAG1 intron 1 or exon 2, transcription of a nucleotide sequence
encoding a RAG1 polypeptide may be driven by the endogenous RAG1 promoter.

In some other embodiments, the nucleotide sequence encoding a RAG1 polypeptide or a
RAG1 polypeptide fragment is operably linked to a promoter and/or enhancer element.

A “promoter” is a region of DNA that leads to initiation of transcription of a gene. Promoters
are located near the transcription start sites of genes, upstream on the DNA (towards the 5'
region of the sense strand). Any suitable promoter may be used, the selection of which may
be readily made by the skilled person.

An “enhancer” is a region of DNA that can be bound by proteins (activators) to increase the
likelihood that transcription of a particular gene will occur. Enhancers are cis-acting. They can
be located up to 1 Mbp (1,000,000 bp) away from the gene, upstream or downstream from the
start site. Any suitable enhancer may be used, the selection of which may be readily made by
the skilled person.

Exemplary polynucleotides and genomes

In some embodiments, the polynucleotide of the invention comprises, essentially consists of,
or consists of from 5’ to 3’: a first homology region, a nucleotide sequence encoding a RAG1

polypeptide or a RAG1 polypeptide fragment, and a second homology region.

128



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

In some embodiments, the polynucleotide of the invention comprises, essentially consists of,
or consists of from 5’ to 3’: a first homology region, a nucleotide sequence a RAG1 polypeptide

fragment, and a second homology region.

In some embodiments, the polynucleotide of the invention comprises, essentially consists of,
or consists of from 5’ to 3’: a first homology region, a splice acceptor sequence, a nucleotide
sequence encoding a RAG1 polypeptide or a RAG1 polypeptide fragment, and a second
homology region.

In some embodiments, the polynucleotide of the invention comprises, essentially consists of,
or consists of from 5’ to 3’: a first homology region, a splice acceptor sequence, a nucleotide

sequence encoding a RAG1 polypeptide, and a second homology region.

In some embodiments, the polynucleotide of the invention comprises or consists of a
nucleotide sequence that has at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, or at least 99% identity to any of SEQ ID NOs: 106-116 or
160-163.

In some embodiments, the polynucleotide of the invention comprises or consists of the
nucleotide sequence any of SEQ ID NOs: 106-116 or 160-163.

In some embodiments, the genome of the invention comprises a nucleotide sequence that has
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
98%, or at least 99% identity to any of SEQ ID NOs: 106-116 or 160-163.

In some embodiments, the genome of the invention comprises the nucleotide sequence of any
of SEQ ID NOs: 106-116 or 160-163.

Exemplary polynucleotide specific for ‘g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1
gene targeting strategy (SEQ ID NO: 106)

gatccatcaagccaaccttcgacatctctgecgceatctgtgggaattcttttagagcetgatgagcacaacaggagatatc
cagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagctacttcctggecggac

ctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatccacccecactgagtictgccataactgcetgg
agcatcatgcacaggaagtttagcagtgccccatgtgaggtitacticccgaggaacgtgaccatggagtggcaccce
cacacaccatcctgtgacatctgcaacactgeccgtcggggactcaagaggaagagtcticageccaaacttgcagct
cagcaaaaaactcaaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaagg
atcagcagcaaggatgtcatgaagaagatcgcaaactgcagcaagatccacctgagcaccaaactgctggecgtg
gacttccetgagcacttcgtgaagtccatcagetgecagatctgcgageacatcetggecgateetgtggaaacaaac
tgcaagcacgtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggceagetactgeccctectgcagatace
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cttgcticcecaccgatctggaaagecctgtgaagtecttectgagegtgctgaacagectgatggtcaagtgeceege
caaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaa
atcttcgtgcacatcaacaaaggcggcagaccccggcagcatetgetgtctettacaagacgggeccagaageace
ggctgagagaactgaagctgcaagtgaaggcctitgccgacaaagaggaaggeggegacgtcaagagegtgtge
atgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgatgagcetggaagecatcatgcaag
gcaaaggcagcggactgcagectgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccaca
agatgtaccggaccgtgaaggccattaccggcagacagatcttccagectctgcacgecctgagaaacgecgaga
aagttctgctgectggctaccaccacttcgagtggeagcectccactgaagaacgtgtccagcageaccgacgtggge
atcatcgatggactgagcggactgtctagcagcgtggacgactacccegtggacacaatcgcecaageggticagata
cgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggcatgcggagecaggacctgga
cgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgtccgagaaacac
ggatctggacctgtggtgccagagaaggcecgtgeggticagettcaccatcatgaagatcactatcgcccacageag
ccagaacgtgaaagtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggeeg
acgagagcgatcacgagacactgaccgccattctgagecctctgatcgecgaacgggaagcecatgaagtecteeg
agctgatgctcgaactcggeggceatcetgagaaccttcaagttcatcttccgeggceaccggetacgacgagaagcte
gttagagaggtggaaggcctggaagcectctggcagegtgtacatctgcaccctgtgtgacgccaccagactggaag
ctagccagaacctggtgttccacagceatcaccagaagcecacgcecgaaaacctggaaagatacgaagtgtggegga
gcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggegtgtccgecaagcectticatcgaga
cagtgcctagcatcgacgccctgcactgegatattggcaacgcecgecgaattctacaagatctticagetggaaateg
gcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagegcetggcaggecacactggataageacctg
agaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagctgatgaccaaagaaac
cgtggatgecgtgtgecgagctgatccectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctga
agatgaagcccgtgtggeggtctagetgtectgccaaagagtgecctgagtctetgtgecagtacagcettcaacagec
agagattcgccgagctgctgtccaccaagttcaagtacagatacgagggcaagatcaccaactacttccacaagac
cctggcetcacgtgeccgagatcatcgagagagatggctetattggegectgggectctgagggeaatgagtetggeaa
caagctgttccggeggttccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgetgaagea
ccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccageggctttace
atgaatcctcaggccagectgggegaccctctgggaattgaggatagectggaatcccaggacagcatggaattctg
ataagcagtaagatacatcttagtaccaagctccttgcagtggacttcccagageactttgtgaaatccatctcctgeca
gatctgtgaacacattctggctgaccetgtggagaccaactgtaagceatgtcttitgccgggtctgceattctcagatgecte
aaagtcatgggcagctattgtccctettgecgatatccatgettcectactgacctggagagtccagtgaagtectttctga
gcgtcttgaa

Exemplary polynucleotide specific for ‘g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1
gene replacement strategy with long right HA (SEQ ID NO: 107)
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aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggcecggacctcattgccaaggttttccggate
gatgtgaaggcagatgttgactcgatccaccccactgagtictgccataactgctggageatcatgcacaggaagttta
gcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcacceeccacacaccatectgtgacatct
gcaacactgcccgtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgt
gcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaaggatcagcagcaaggatgtcatg
aagaagatcgcaaactgcagcaagatccacctgagcaccaaactgetggecgtggacttcectgageacttcgtga
agtccatcagctgccagatctgcgagceacatcctggecgatcetgtggaaacaaactgcaageacgtgtictgcaga
gtgtgcatcctgcggtgectgaaagtgatgggcagcetactgeccctectgcagatacccttgettccccaccgatctgga
aagccctgtgaagtcecttcctgagegtgctgaacagcectgatggtcaagtgecccgecaaagaatgcaacgaggaa
gtgtccetggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaa
ggcggcagaccccggcagcatetgetgtetettacaagacgggceccagaagceaccggetgagagaactgaagetg
caagtgaaggcctttgccgacaaagaggaaggcggcegacgtcaagagegtgtgcatgaccctgtitctgetggecct
gagagcccggaatgagcatagacaggccgatgagctggaagcecatcatgcaaggcaaaggcageggactgcag
cctgctgtgtgtetggcetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtaccggaccgtgaagg
ccattaccggcagacagatcttccagectetgcacgecctgagaaacgecgagaaagtictgctgectggcetaccac
cacttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggeatcatcgatggactgageggac
tgtctagcagegtggacgactacccegtggacacaatcgecaageggttcagatacgacagegecctggtgtetgee
ctgatggacatggaagaggacatcctggaaggceatgcggagecaggacctggacgattacctgaacggecctttca
ccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgtccgagaaacacggatcetggacctgtggtgecaga
gaaggccgtgcggticagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgagg
aagccaagcctaacagcgagcetgtgctgcaagectetgtgtctgatgctggecgacgagagegatcacgagacact
gaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectccgagetgatgetcgaactcggeggea
tcctgagaaccttcaagttcatcttccgeggeaccggctacgacgagaagctegttagagaggtggaaggectggaa
gectetggeagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaacctggtgtticcacage
atcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagcaacccctaccacgagagegtgg
aagaactgcgggatagagtgaagggcgtgtccgecaagcectttcatcgagacagtgectageatcgacgecctgea
ctgcgatattggcaacgccgecgaattctacaagatctttcagctggaaatcggegaggtgtacaagaaccccaacg
cctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagetgatee
cctetgaggaaagacacgaggcecctgcgggaactgatggacctgtacctgaagatgaageccegtgtggeggtcetag
ctgtcctgccaaagagtgecctgagtctetgtgecagtacagceticaacageccagagattcgecgagcetgcetgtccace
aagttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctggctcacgtgccecgagatcateg
agagagatggctctattggcgectgggectctgagggceaatgagtctggcaacaagctgticcggeggttcegcaag
atgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtac
ctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcagg ccagectgggeg
atcctttaggcatagaggactctctggaaagcecaagattcaatggaattttaagtagggcaaccacttatgagttggtttt
gcaattgagtttccctetgggttgcattgagggcttctcctagcacccetttactgetgtgtatggggcettcaccatccaagag
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gtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggctittag
tgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcagggga
ccagagatgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagccaaggtigtcaaagaacagcecag
tgaggccaggaaagaaattggtcttgtggttticattitticccecttgattgattatattttgtattgagatatgataagtgectt
ctatttcatttttgaataattcticattittataatittacatatctiggcttgctatataagaticaaaagagctttttaaatttitctaa
taatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatc
aggacaactttgagaaaatcagtccttttttatgtttaaattatgtatctattgtaaccticagagtttaggaggtcatctgetgt
catggatttttcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagcta
tcagaagccaagtatgattcttattittacttittcatttcaagaaatttagagtticcaaatttagagcttctgcatacagtett
aaagccacagaggctigtaaaaatataggttagcttgatgtctaaaaatatatticatgtcttactgaaacatittgccaga
ctitctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtectctectctgcaatgtgttaticttictataat
gatcagtttactttcagtggattcagaattgtgtagcaggataaccttgtatitttccatccgctaagtttagatggagtccaa
acgcagtacagcagaagagttaacatttacacagtgctttttaccactgtggaatgttttcacactcattticcttacaaca
attctgaggagtaggtgttgttattatctccattigatgggggtttaaatgatttgctcaaagtcatttaggggtaataaatact
tggcttggaaatttaacacagtccttitgtctccaaageccttctictitccaccacaaattaatcactatgtttataaggtagt
atcagaattttittaggattcacaactaatcactatagcacatgaccttgggattacatttttatggggcaggggtaagcaa
gtttttaaatcatttgtgtgctctggctetittgatagaagaaagcaacacaaaagctccaaagggceccectaaccetctt
gtggctccagttatitggaaactatgatctgcatccttaggaatctgggatttgccagttgetggecaatgtagagcaggea
tggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttticttcctttgattitattggccataattgctactett
catacacagtatatcaaagagcttgataatttagttgtcaaaag

Exemplary polynucleotide specific for ‘g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1
gene replacement strategy with short right HA (SEQ ID NO: 108)

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggcecggacctcattgccaaggttttccggate
gatgtgaaggcagatgttgactcgatccaccccactgagttctgeccataactgctggagceatcatgcacaggaagttta
gcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcacceeccacacaccatectgtgacatct
gcaacactgcccgtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgt
gcttgaccaagcaagacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatg
aagaagatcgcaaactgcagcaagatccacctgagcaccaaactgetggecgtggacttcectgageacttcgtga
agtccatcagctgccagatctgcgagceacatcctggecgatcetgtggaaacaaactgcaageacgtgtictgcaga
gtgtgcatcctgcggtgectgaaagtgatgggcagctactgeccctectgcagatacecttgettccccaccgatctgga
aagccctgtgaagtcecttcctgagegtgctgaacagcectgatggtcaagtgecccgecaaagaatgcaacgaggaa
gtgtccetggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaa
ggcggcagaccccggcagcatetgetgtetettacaagacgggceccagaagceaccggetgagagaactgaagetg
caagtgaaggcctttgccgacaaagaggaaggcggegacgtcaagagegtgtgcatgaccctgtttctgetggecct
gagagcccggaatgagcatagacaggccgatgagctggaagcecatcatgcaaggcaaaggcageggactgcag
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cctgctgtgtgtetggcetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtaccggaccgtgaagg
ccattaccggcagacagatcttccagectetgcacgccctgagaaacgccgagaaagttctgetgectggcetaccac
cacttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggeatcatcgatggactgageggac
tgtctagcagegtggacgactacccegtggacacaatcgecaageggttcagatacgacagegecctggtgtetgee
ctgatggacatggaagaggacatcctggaaggceatgcggagecaggacctggacgattacctgaacggeccttica
ccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgecaga
gaaggccgtgcggticagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgagg
aagccaagcctaacagcgagcetgtgctgcaagectetgtgtctgatgctggecgacgagagegatcacgagacact
gaccgccattctgagcecctctgatcgccgaacgggaagcecatgaagtectccgagetgatgetegaactcggeggea
tcctgagaaccttcaagttcatcttccgeggeaccggctacgacgagaagctegttagagaggtggaaggectggaa
gectetggeagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaacctggtgtticcacage
atcaccagaagccacgccgaaaacctggaaagatacgaagtgtggecggagceaaccectaccacgagagegtgg
aagaactgcgggatagagtgaagggcgtgtccgecaagcectttcatcgagacagtgectageatcgacgecctgea
ctgcgatattggcaacgccgecgaattctacaagatctttcagctggaaatcggegaggtgtacaagaaccccaacg
cctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgatee
cctetgaggaaagacacgaggcecctgcgggaactgatggacctgtacctgaagatgaageccegtgtggeggtcetag
ctgtcctgccaaagagtgecctgagtctetgtgecagtacagceticaacageccagagattcgecgagcetgcetgtccace
aagttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgccecgagatcateg
agagagatggctctattggcgectgggectctgagggceaatgagtctggcaacaagctgticcggeggttcegcaag
atgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtac
ctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggecagectgggeg
atcctttaggcatagaggactctctggaaagcecaagattcaatggaattttaagtagggcaaccacttatgagttggtttt
gcaattgagtttccctetgggttgcattgagggcttctcctagcacccetttactgetgtgtatggggcettcaccatccaagag
gtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctg atigcttgaggcttttag
tgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcagggga
ccagagatgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagccaaggtigtcaaagaacagcecag
tgaggccaggaaagaaattggtcttgtggtiticattttttcccecttgattgattatattttgtattgagatatgataagtgectt
ctatttcatttttgaataattcticattittataattttacatatctiggcttgctatataagaticaaaagagctttttaaatttitctaa
taatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatc
aggacaactttgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccticagagtttaggaggtcatctgetgt
catggatttttcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtttacttagcta
tcagaagccaagtatgattctttatttttacttittcatttcaagaaatttagagtttccaaatttagagct

Exemplary polynucleotide specific for ‘g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1
gene targeting strategy (SEQ ID NO: 109)
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tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctttgaggggaaaccctetctgga
gcaatctccageagtcetggacaaggctgatggtcagaagecagtcccaactcagecattgttaaaageccacccta
agttttcaaagaaatttcacgacaacgagaaagcaagaggcaaagcgatccatcaagcecaaccttcgacatetctg
ccgcatctgtgggaattcttttagagcetgatgagcacaacaggagatatccagtecatggtectgtggatggtaaaacc
ctaggcctittacgaaagaaggaaaagagagctacticctggcecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagttctgccataactgctggageatcatgcacaggaagtitagcagtge
cccatgtgaggtttacttcccgaggaatgtcactatggaatggcaccctcacacacccagetgegacatctgcaacac
agccagaagaggcctgaagceggaagtecctgcagectaatctgcagetgagcaagaaactgaaaaccgtgetgg
accaggccagacaggcccggcaaagaaagagaagggceccaagecagaatcagcagcaaggacgtgatgaag
aagatcgccaactgcagcaagatccacctgagcaccaaactgcetggecgtggacttcectgagceacttcgtgaagtc
catcagctgccagatctgcgagceacatcctggecgateetgtggaaacaaactgcaageacgtgtictgcagagtgtg
catcctgeggtgectgaaagtgatgggeagctactgeccctectgcagatacccttgettccccaccgatctggaaage
cctgtgaagtecticctgagegtgctgaacagectgatggtcaagtgecccgecaaagaatgcaacgaggaagtgte
cctggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeg
gcagaccccggcagcatctgetgtctcttacaagacgggceccagaagcaccggctgagagaactgaagetgcaag
tgaaggcctttgccgacaaagaggaaggeggcegacgtcaagagegtgtgcatgaccctgtttctgetggecctgaga
gceccggaatgagcatagacaggcecgatgagctggaagecatcatgcaaggcaaaggceageggactgcagectg
ctgtgtgtctggctatcagagtgaacaccticetgtcctgcagecagtaccacaagatgtaccggaccgtgaaggecat
taccggcagacagatcttccagcectctgcacgecctgagaaacgecgagaaagtictgctgectggetaccaccactt
cgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtet
agcagcgtggacgactaccccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgeectga
tggacatggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgt
ggtggtcaaagaaagctgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgccagagaa
ggccgtgeggttcagcettcaccatcatgaagatcactatcgeccacagcagecagaacgtgaaagtgticgaggaag
ccaagcctaacagcgagcetgtgcetgcaagectetgtgtetgatgctggecgacgagagegatcacgagacactgac
cgccattctgagecctetgatcgeccgaacgggaagecatgaagtcectccgagcetgatgetcgaactcggeggceatect
gagaaccttcaagttcatcttccgcggeaccggctacgacgagaagcetcgttagagaggtggaaggectggaagec
tctggcagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaacctggtgttccacagceate
accagaagccacgccgaaaacctggaaagatacgaagtgtggcggagceaaccectaccacgagagegtggaa
gaactgcgggatagagtgaagggcegtgtccgecaagcctttcatcgagacagtgectagcatcgacgecctgeactg
cgatattggcaacgccgcecgaatictacaagatctttcagetggaaatcggegaggtgtacaagaaccccaacgect
ctaaagaggaacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccate
atgaggatgaacggcaacttcgcccggaagcetgatgaccaaagaaaccgtggatgeegtgtgcgagetgateecct
ctgaggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagcetg
tcctgccaaagagtgcecctgagtctctgtgccagtacageticaacagecagagattcgecgagetgetgtccaccaa
gttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctggctcacgtgccecgagatcatcgag
agagatggctctattggcgcectgggectctgagggcaatgagtctggcaacaagcetgttccggeggticcgcaagatg
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aacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctg
cagaaattcatgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegacce
ctctgggaattgaggatagcectggaatcccaggacagcatggaattctgataagagtggcacccccacacaccatee
tgtgacatctgcaacactgcecegtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaact
caaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaaggatcagcagcaag
gatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagcetecttgcagtggacttcccagage

Exemplary polynucleotide specific for ‘g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1
gene replacement strategy with long right HA (SEQ ID NO: 110)

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggectittacgaaagaaggaaaaga
gagctacttcctggecggacctcattgccaaggttticcggatcgatgtgaaggceagatgtigactcgatccaccecact
gagttctgccataactgctggagceatcatgcacaggaagtitagcagtgecccatgtgaggtitacttcccgaggaatgt
cactatggaatggcaccctcacacacccagcetgcgacatctgcaacacagccagaagaggcectgaageggaagt

ccetgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacagg cccggcaaaga
aagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccac

ctgagcaccaaactgctggecgtggacticcctgagceacttcgtgaagtccatcagetgecagatctgegageacate
ctggecgatectgtggaaacaaactgcaageacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatggge
agctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttectgagegtgcetgaa
cagcctgatggtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcag
cagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceagcatetgetgtetett

acaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggectitgccgacaaagaggaag
gcggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacacctt
cctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectetge
acgccctgagaaacgcecgagaaagttctgetgectggctaccaccacttcgagtggcagectccactgaagaacgt

gtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtggac
acaatcgccaagcggttcagatacgacagcegccctggtgtctgcectgatggacatggaagaggacatectggaag
gcatgcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggceat

gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcticaccateatg

aagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagcecaagcectaacagegagcetgtgetge
aagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecga

acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacecetgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty

gaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
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caagatctttcagctggaaatcggcegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegcetggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggceaacttcgeccg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgeccgagctgcetgtccaccaagticaagtacagatacgagggceaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagatgaacgecagacagagceaagtgctacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagceggctitaccatgaatcctcaggccagcectgggegatectitaggcatagaggactctctggaaag
ccaagattcaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagg
gcttetectagcaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatg
ctctcaagtcaggaatagaaactgatgagctgattgcttgaggctittagtgagticcgaaaagcaacaggaaaaatce
agttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttg
gggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagcecagtgaggccaggaaagaaattggtettgtggt
titcatttitticcecctigattgattatatttigtattgagatatgataagtgectictatitcatittigaataaticticatitttataatt
ttacatatcttggcttgctatataagattcaaaagagcttittaaatititctaataatatcttacatttgtacagcatgatgacct
ttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtccttttita
tgtttaaattatgtatctattgtaacctticagagtttaggaggtcatctgctgtcatggatititcaataatgaatttagaataca
cctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatitttacttt
ttcatttcaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaatatagg
ttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatgaaacctgaatcaatttttct
aaatctaggtttcatagagtcctctectctgcaatgtgttaticttictataatgatcagtttactttcagtggattcagaattgtg
tagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacatttac
acagtgctttttaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctecattt
gatgggggtttaaatgattigctcaaagtcattitaggggtaataaatactiggctiggaaatttaacacagtectittgtctce
aaagcccticttctttccaccacaaattaatcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcact
atagcacatgaccttgggattacatttttatggggcaggggtaagcaagtttttaaatcatttgtgtgctetggetcttitgata
gaagaaagcaacacaaaagctccaaagggccccctaaccetctigtggctecagttatttggaaactatgatctgeat
ccttaggaatctgggatttgccagttgctggcaatgtagagcaggceatggaattttatatgetagtgagtcataatgatatg
ttagtgttaattagttttitcticctitgattitattggccataattgcetactcticatacacagtatatcaaagagctigataattta
gttgtcaaaag

Exemplary polynucleotide specific for ‘g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1
gene replacement strategy with short right HA (SEQ ID NO: 111)

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggectittacgaaagaaggaaaaga
gagctacttcctggecggacctcattgeccaaggttttccggatcgatgtgaaggeagatgttgactcgatccaccecact
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gagttctgccataactgctggagceatcatgcacaggaagtitagcagtgecccatgtgaggtitacttcccgaggaatgt
cactatggaatggcaccctcacacacccagcetgcgacatctgcaacacagccagaagaggcectgaageggaagt
ccetgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaaga
aagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccac
ctgagcaccaaactgctggecgtggacticcctgagceacttcgtgaagtccatcagetgecagatctgegageacate
ctggecgatectgtggaaacaaactgcaagcacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatggge
agctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttcctgagegtgctgaa
cagcctgatggtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcag
cagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceagceatctgctgtetctt
acaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggectttgccgacaaagaggaag
gcggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacacctt
cctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatettccagectctge
acgccctgagaaacgcecgagaaagttctgetgectggctaccaccacttcgagtggcagectccactgaagaacgt
gtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtggac
acaatcgccaagcggttcagatacgacagegcecctggtgtctgecctgatggacatggaagaggacatcctggaag
gcatgcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggceat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcticaccateatg
aagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagcecaagectaacagegagetgtgcetge
aagcctetgtgtctgatgctggecgacgagagegatcacgagacactgaccgcecattctgagecctetgatcgecga
acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacecetgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty
gaaagatacgaagtgtggcggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegetggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggceaacttcgeccg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagceccgtgtggeggtctagcetgtectgccaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggcaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagatgaacgecagacagagceaagtgctacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagceggctitaccatgaatcctcaggccagcectgggegatectitaggcatagaggactctctggaaag
ccaagattcaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagg
gcttetectagcaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgetacagatg
ctctcaagtcaggaatagaaactgatgagctgattgcetigaggcttttagtgagtticcgaaaagcaacaggaaaaatc
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agttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttg
gggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagcecagtgaggecaggaaagaaattggtettgtggt
titcattttticcecctigattgattatatttigtattgagatatgataagtgcectictatticattttigaataattcticattittataatt
ttacatatcttggcttgctatataagattcaaaagagcttittaaatititctaataatatcttacatttgtacagcatgatgacct
ttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtectttttta
tgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggattittcaataatgaatttagaataca
cctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatitttacttt
ttcatttcaagaaatttagagtttccaaatttagagct

Exemplary polynucleotide specific for “g7 exon2 M2/3”, “g10 exon2 M2/3” and “g13
exon2 M2/3” gRNAs for the exon 2 RAG1 gene replacement strategy with long right
HA (SEQ ID NO: 112)

gaattcttttagagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggecttitac
gaaagaaggaaaagagagctacttcctggceecggacctcattgccaaggttttccggatcgatgtgaaggeagatgtt
gactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagtttagcagtgcaccatgegaa
gtgtacttccccagaaacgtgaccatggaatggcaccctcacacacccagcetgegacatctgcaacacagecagaa
gaggcctgaagcggaagtcectgcagectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggeca
gacaggcccggcaaagaaagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgec
aactgcagcaagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagcetge
cagatctgcgagcacatcctggecgatectgtggaaacaaactgcaagceacgtgtictgcagagtgtgcatcetgegg
tgcctgaaagtgatgggceagcetactgecccteetgecagatacccttgeticcccaccgatetggaaagecctgtgaagt
ccttectgagegtgctgaacagcectgatggtcaagtgcceegecaaagaatgcaacgaggaagtgtcectggaaaa
gtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggceggcagaccce
ggcagcatctgctgtetcttacaagacgggeccagaagcaccggcetgagagaactgaagctgcaagtgaaggectt
tgccgacaaagaggaaggceggegacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaat
gagcatagacaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtetg
gctatcagagtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggeag
acagatcttccagectctgcacgecctgagaaacgecgagaaagtictgctgectggetaccaccacttcgagtggea
gccteccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtg
gacgactaccccgtggacacaatcgccaagceggtticagatacgacagegcecctggtgtetgecctgatggacatgg
aagaggacatcctggaaggcatgcggagcecaggacctggacgattacctgaacggcecctttcacegtggtggtcaa
agaaagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeg
gttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgaggaagecaagecta
acagcgagctgtgctgcaagcectcetgtgtetgatgetggecgacgagagegatcacgagacactgaccgcecattctg
agccctctgatcgecgaacgggaagecatgaagtectcegagetgatgetcgaactcggeggceatectgagaacctt
caagttcatcttccgecggcaccggctacgacgagaagctegttagagaggtggaaggectggaagectctggeage
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gtgtacatctgcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaag
ccacgccgaaaacctggaaagatacgaagtgtggeggagcaaccectaccacgagagegtggaagaactgegg
gatagagtgaagggcgtgtccgecaagcctttcatcgagacagtgectagcatcgacgecctgeactgegatattgge
aacgccgccgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacgcctctaaagagg
aacggaagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatg
aacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagetgateecectetgaggaaa
gacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgecaaa
gagtgccctgagtctetgtgccagtacagcettcaacagccagagattcgecgagetgetgtccaccaagticaagtac
agatacgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggct
ctattggcgectgggectctgagggceaatgagtctggcaacaagctgticcggeggttccgcaagatgaacgecaga
cagagcaagtgctacgagatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattca
tgaacgcccacaacgccctcaagaccageggctttaccatgaatectcaggecagectgggegatectttaggeata
gaggactctctggaaagccaagaticaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtttcc
ctetgggttgcattgagggcttctectagecaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttgga
gtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggctttitagtgagttccgaaaa
gcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgage
aaagatctgtgtgtgttggggagctgtcatgtaaatcaaagecaaggtigtcaaagaacagcecagtgaggecaggaa
agaaattggtctigtggttttcattittitcccecttgattgattatatitigtattgagatatgataagtgecttctatttcatittgaa
taattcttcatttttataattttacatatcttggcttgctatataagattcaaaagagctttttaaattittctaataatatcttacattt
gtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttga
gaaaatcagtcctittitatgtttaaattatgtatctattgtaaccticagagtttaggaggtcatctgctgtcatggatitttcaat
aatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtttacttagctatcagaagccaag
tatgattctttatttttactttttcatttcaagaaatttagagtticcaaatttagagcttctgcatacagtcttaaagccacagag
gcttgtaaaaatataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatga
aacctgaatcaattttictaaatctaggtttcatagagtcctctectctgcaatgtgttattctttctataatgatcagtttactttc
agtggattcagaattgtgtagcaggataaccttgtatttticcatccgetaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgctttttaccactgtggaatgtittcacactcatttttccttacaacaattctgaggagta
ggtgttgttattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatacttggettggaaatit
aacacagtccttttgtctccaaagccctictictttccaccacaaattaatcactatgtitataaggtagtatcagaattttttta
ggattcacaactaatcactatagcacatgaccttgggattacatitttatggggcaggggtaagcaagtttttaaatcattt
gtgtgctctggctctittgatagaagaaagcaacacaaaagctccaaagggeccectaaccctettgtggcetecagttat
ttggaaactatgatctgcatccttaggaatctgggatitgccagttgctggcaatgtagagcaggceatggaattttatatge
tagtgagtcataatgatatgttagtgttaattagttttttcticctttgattttattggccataattgctactcticatacacagtatat
caaagagcttgataatitagttgtcaaaag
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Exemplary polynucleotide specific for ‘g8 exon2 M2/3”, g9 exon2 M2/3” and “g12
exon2 M2/3” gRNAs for the exon 2 RAG1 gene replacement strategy with long right
HA (SEQ ID NO: 113)

ccagtccatggtectgtggatggtaaaaccctaggcectittacgaaagaaggaaaagagagctacttcctggecgga
cctcattgccaaggtittccggatcgatgtgaaggceagatgtigactcgatccaccecactgagttctgccataactgctg
gagcatcatgcacaggaagtitagcagtgccccatgtgaggtitacticccgaggaacgtgaccatggagtggcacce
cccacacaccatcctgtgacatctgcaacactgctagaagaggcectgaageggaagtcectgcagectaatetgeag
ctgagcaagaaactgaaaaccgtgctggaccaggcecagacaggeccggcaaagaaagagaagggeccaage
cagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgetgg
ccgtggacttcectgageacttcgtgaagtccatcagcetgecagatctgecgagcacatectggecgatectgtggaaac
aaactgcaagcacgtgttctgcagagtgtgcatcctgeggtgectgaaagtgatgggeagcetactgeccctectgcag
atacccttgcttccecaccgatctggaaagcecctgtgaagtecttectgagegtgctgaacagectgatggtcaagtgec
ccgccaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagecacaaagagtccaa
agaaatcttcgtgcacatcaacaaaggcggcagaccccggeagcatctgcetgtetcttacaagacgggeccagaag
caccggctgagagaactgaagctgcaagtgaaggcctttgccgacaaagaggaaggceggegacgtcaagagegt
gtgcatgaccctgtttctgetggeectgagageccggaatgagcatagacaggecgatgagctggaagcecatcatge
aaggcaaaggcagcggactgcagcectgctgtgtgtetggetatcagagtgaacaccttectgtectgcagecagtace
acaagatgtaccggaccgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgecy
agaaagttctgetgectggctaccaccacttcgagtggcagcectccactgaagaacgtgtccagecagcaccgacgtg
ggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaatcgcecaageggttca
gatacgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggceatgcggagecaggacce
tggacgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgtccgagaaa
cacggatctggacctgtggtgccagagaaggcecgtgeggttcageticaccatcatgaagatcactatcgeccacag
cagccagaacgtgaaagtgticgaggaagccaagcectaacagegagcetgtgcetgcaagectetgtgtctgatgetgg
ccgacgagagcgatcacgagacactgaccgcecattctgagecctetgatcgccgaacgggaagcecatgaagtecte
cgagctgatgctcgaactcggeggcatcctgagaaccttcaagttcatettccgeggeaccggetacgacgagaage
tcgttagagaggtggaaggcectggaagcectctggcagegtgtacatctgcaccetgtgtgacgecaccagactggaa
gctagccagaacctggtgttccacagceatcaccagaagecacgcecgaaaacctggaaagatacgaagtgtggegg
agcaacccctaccacgagagcgtggaagaactgecgggatagagtgaagggegtgtcegecaagectttcatcgag
acagtgcctagcatcgacgecctgcactgcegatattggcaacgccgecgaatictacaagatctitcagctggaaatc
ggcgaggtctacaagaaccccaacgcctctaaagaggaacggaagegctggcaggecacactggataageacct
gagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcecggaagetgatgaccaaagaaa
ccgtggatgecgtgtgcgagctgatceectctgaggaaagacacgaggcecctgegggaactgatggacctgtacctg
aagatgaagcccgtgtggcggtctagcetgtcctgccaaagagtgecctgagtetctgtgecagtacagcetticaacage
cagagattcgccgagctgctgtccaccaagttcaagtacagatacgagggcaagatcaccaactacttccacaaga
ccetggctcacgtgeccgagatcatcgagagagatggcetetattggegectgggectctgagggeaatgagtctggea
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acaagctgttccggcggticcgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgetgaage
accactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccagceggctttac
catgaatcctcaggccagectgggcegatectttaggcatagaggactctctggaaagccaagattcaatggaattttaa
gtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagggcttctcctagcaccctttactg
ctgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaa
actgatgagctgattgcttgaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaa
ctcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaaatcaa
agccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtcttgtggttttcatttttttcceccttgattgat
tatatttigtattgagatatgataagtgcctictatitcattittgaataattcticattittataattitacatatcttggcttgctatat
aagattcaaaagagctttitaaattttictaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatge
atttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtcctttittatgtttaaattatgtatctattgt
aaccttcagagtttaggaggtcatctgctgtcatggatttitcaataatgaatttagaatacacctgttagctacagttagtta
ttaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttattitt actttttcatttcaagaaatttagag
tttccaaatttagagctictgcatacagtcttaaagccacagaggcttgtaaaaatataggttagcttgatgtctaaaaata
tatttcatgtcttactgaaacattttgccagactitctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagte
ctetectetgeaatgtgttattctitctataatgatcagtttactttcagtggattcagaattgtgtagcaggataaccttgtatitt
tccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacatttacacagtgcttittaccactgtg
gaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgatgggggtttaaatgattt
gctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtecttitgtctccaaageccttcttetttccac
cacaaattaatcactatgtttataaggtagtatcagaatttttttaggattcacaactaatcactatagcacatgaccttggg
attacatttttatggggcaggggtaagcaagtttitaaatcatttgtgtgctctggctetittgatagaagaaagcaacacaa
aagctccaaagggccccctaaccctcttgtggctecagttatitggaaactatgatctgcatecttaggaatctgggatttg
ccagttgctggcaatgtagagcaggcatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttctt
cctttgattttattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaag

Exemplary polynucleotide specific for “g11 exon2 M2/3” gRNA for the exon 2 RAG1
gene replacement strategy with long right HA (SEQ ID NO: 114)

ctgatgagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaa
aagagagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggceagatgttgactcgatecace
ccactgagttctgccataactgctggagcatcatgcacaggaagtttagcagtgcecccatgtgaggtttacttccccaga
aacgtgaccatggaatggcaccctcacacacccagcetgcgacatctgcaacacagccagaagaggectgaageg
gaagtccctgcagcectaatctgcagctgagcaagaaactgaaaaccgtgcetggaccaggecagacaggeccgge
aaagaaagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgecaactgcageaag
atccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagctgecagatctgegag
cacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgceatcctgeggtgectgaaagtg
atgggcagctactgcccctectgcagatacccettgettccccaccgatctggaaagecctgtgaagtecttcetgagegt
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gctgaacagcctgatggtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccacca
catcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggceggcagaccccggceagceatctget
gtctcttacaagacgggceccagaagceaccggctgagagaactgaagcetgcaagtgaaggcectttgccgacaaaga
ggaaggcggcgacgtcaagagegtgtgcatgaccctgtttctgctggecctgagageccggaatgagcatagacag
gccgatgagetggaagcecatcatgcaaggcaaaggceageggactgcagectgcetgtgtgtetggcetatcagagtga
acaccttcctgtcctgcagcecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccag
cctetgecacgecctgagaaacgecgagaaagttctgetgectggetaccaccacttcgagtggeagectceactgaa
gaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacccee
gtggacacaatcgccaagcggttcagatacgacagcgecctggtgtctgcectgatggacatggaagaggacatect
ggaaggcatgcggagccaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagctgtgac
ggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettcacca
tcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagecaagcectaacagegagcetgt
gctgcaagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctetgateg
ccgaacgggaagcecatgaagtcctccgagetgatgetcgaactcggeggcatectgagaaccttcaagttcatcttce
gcggceaccggctacgacgagaagctegttagagaggtggaaggectggaagectctggeagegtgtacatetgea
ccetgtgtgacgecaccagactggaagetagecagaacctggtgticcacagcatcaccagaagcecacgecgaaa
acctggaaagatacgaagtgtggcggagcaacccectaccacgagagcegtggaagaactgcgggatagagtgaa
gggcgtgtccgecaagectitcatcgagacagtgectageatcgacgcecctgcactgegatattggcaacgecgecg
aattctacaagatctticagctggaaatcggcgaggtctacaagaaccccaacgcctctaaagaggaacggaagey
ctggcaggccacactggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaactt
cgcccggaagetgatgaccaaagaaaccgtggatgecgtgtgcgagcetgatecectctgaggaaagacacgagge
cctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgecaaagagtgecctga
gtctetgtgccagtacagcttcaacagccagagattcgecgagctgctgtccaccaagticaagtacagatacgaggg
caagatcaccaactactticcacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegect
gggcctctgagggcaatgagtctggcaacaagcetgttccggeggticcgcaagatgaacgecagacagagceaagt
gctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaattcatgaacgecca
caacgccctcaagaccagceggctttaccatgaatcctcaggecagectgggegatectttaggcatagaggactetct
ggaaagccaagattcaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtticcctctgggtige
attgagggcttctcctagcaccctttactgctgtgtatggggcettcaccatccaagaggtggtaggttggagtaagatgcet
acagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggctittagtgagticcgaaaagcaacagg
aaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgt
gtgtgttggggagctgtcatgtaaatcaaagcecaaggtigtcaaagaacagecagtgaggecaggaaagaaattggt
cttgtggttttcatittittcceccttgatigattatatitigtatigagatatgataagtgcctictatttcatttitgaataattcticatt
tttataattttacatatcttggcttgctatataagattcaaaagagctttitaaatttttctaataatatcttacatttgtacagcatg
atgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagt
ccttttttatgtttaaattatgtatctatigtaaccticagagtttaggaggtcatctgctgtcatggattittcaataatgaatttag
aatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttat
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ttttactttttcatticaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaa
atataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatgaaacctgaatc
aatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttatictitctataatgatcagtitactitcagtggattcag
aattgtgtagcaggataacctigtattittccatccgctaagtitagatggagtccaaacgcagtacagcagaagagtta
acatttacacagtgctitttaccactgtggaatgttttcacactcattittccttacaacaattctgaggagtaggtgttgttatta
tctccatttgatgggggtitaaatgatttgctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtect
tttgtctccaaagccctictictticcaccacaaattaatcactatgtitataaggtagtatcagaatttttttaggattcacaac
taatcactatagcacatgaccttgggattacattittatggggcaggggtaagcaagtttttaaatcatttgtgtgctctgget
ctittgatagaagaaagcaacacaaaagctccaaagggcecccctaaccetcttgtggctecagttatitggaaactatg
atctgcatccttaggaatctgggatttgccagttgetggecaatgtagagcaggceatggaatittatatgctagtgagtcata
atgatatgttagtgttaattagttitttcttcctttgatittattggccataattgctactcttcatacacagtatatcaaagagcettg
ataatttagttgtcaaaag

Exemplary polynucleotide specific for “g14 exon2 M5” gRNA for the exon 2 RAG1 gene
replacement strategy with long right HA (SEQ ID NO: 115)

catggagtggcacccccacacaccatcctgtgacatctgcaacactgceecegtcggggactcaagaggaagagtcttc
agccaaacttgcagcetcagcaaaaaactcaaaactgtgctigaccaagcaagacaageccgtcagcgcaagaga
agagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtacca
agctecttgcagtggacttcccagagceactttgtgaaatccatctectgccagatcetgtgaacacattctggetgacceetg
tggagaccaactgtaagcatgtctttigccgggtctgcattctcagatgcctcaaagtcatgggceagcetattgtcectcttg
ccgatatccatgcttcectactgacctggagagtccagtgaagtectttctgagegtctigaattcectgatggtgaaatgt
ccagcaaaagagtgcaatgaggaggtcaccctagaaaagtacaaccaccacatcagcagccacaaagagtcca
aagaaatcttcgtgcacatcaacaaaggcggcagaccccggcagcatctgctgtetcttacaagacgggeccagaa
gcaccggctgagagaactgaagetgcaagtgaaggcecttigccgacaaagaggaaggeggegacgtcaagage
gtgtgcatgaccctgtitctgctggecctgagageccggaatgagcatagacaggecgatgagetggaagecatcat
gcaaggcaaaggcagcggactgcagcectgetgtgtgtetggetatcagagtgaacaccttectgtectgcagecagta
ccacaagatgtaccggaccgtgaaggccattaccggcagacagatcttccagectetgcacgecctgagaaacgec
gagaaagttctgctgectggctaccaccacttcgagtggcagectccactgaagaacgtgtccagcagcaccgacgt
gggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaatcgecaageggttc
agatacgacagcgccctggtgtctgcectgatggacatggaagaggacatcctggaaggeatgecggagecaggac
ctggacgattacctgaacggcecctttcacegtggtggtcaaagaaagctgtgacggceatgggegacgtgtccgagaa
acacggatctggacctgtggtgccagagaaggecgtgeggticagettcaccatcatgaagatcactatcgeccaca
gcagccagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgctgcaagectetgtgtctgatgcetg
gccgacgagagcegatcacgagacactgaccgcecattctgagcecctetgatcgccgaacgggaagecatgaagtee
tccgagcetgatgctcgaactcggeggceatectgagaaccticaagttcatcttccgeggeaccggctacgacgagaa
gctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcaccetgtgtgacgcecaccagactgg
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aagctagccagaacctggtgticcacagcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtgge
ggagcaacccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtccgecaagectttcateg
agacagtgcctagcatcgacgecctgcactgegatattggcaacgecgecgaattctacaagatctttcagetggaaa
tcggcgaggtctacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecacactggataageac
ctgagaaagaagatgaatctgaagcccatcatgaggatgaacggceaacttcgeccggaagcetgatgaccaaagaa
accgtggatgecgtgtgegagcetgatccectctgaggaaagacacgaggecctgcgggaactgatggacctgtacet
gaagatgaagcccegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgecagtacageticaacag
ccagagattcgcecgagctgcetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacttccacaag
accctggctcacgtgeccgagatcatcgagagagatggcetctattggegectgggectctgagggeaatgagtetgge
aacaagctgttccggeggttccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaag
caccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgcecctcaagaccageggcttta
ccatgaatcctcaggccagectgggcegatectitaggcatagaggactctctggaaagecaagattcaatggaatttta
agtagggcaaccacttatgagttggttittgcaattgagtttccctctgggttgcattgagggcttctectagcaccctttact
gctgtgtatggggcettcaccatccaagaggtggtaggtiggagtaagatgcetacagatgctctcaagtcaggaataga
aactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagta
actcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagctgtcatgtaaatca
aagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtcttgtggtittcatittittcccecttgattg
attatatttigtattgagatatgataagtgcctictatticattittgaataattcticattittataattttacatatcttggctigetat
ataagattcaaaagagctttitaaattttictaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatg
catttacccattcgttatataaatatgttacatcaggacaacttigagaaaatcagtccttttttatgtttaaattatgtatctatt
gtaaccttcagagtttaggaggtcatctgctgtcatggatttitcaataatgaatttagaatacacctgttagctacagttagt
tattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatitttactttitcatitcaagaaatttag
agtttccaaatttagagcttctgcatacagtcttaaagccacagaggctigtaaaaatataggttagettgatgtctaaaa
atatatttcatgtcttactgaaacattttgccagacttictccaaatgaaacctgaatcaatttttctaaatctaggtttcataga
gtcctetectetgcaatgtgttatictitctataatgatcagtitactitcagtggattcagaattgtgtagcaggataaccttgta
tttttccatccgetaagtttagatggagtccaaacgcagtacagcagaagagttaacatitacacagtgctitttaccactg
tggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgatgggggtitaaatgat
ttgctcaaagtcatttaggggtaataaatacttggettggaaatttaacacagtccttttgtctccaaageccttettctitcca
ccacaaattaatcactatgtttataaggtagtatcagaatttttttaggattcacaactaatcactatagcacatgaccttgg
gattacatttttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggcetcttttgatagaagaaagcaacaca
aaagctccaaagggccccctaaccctettgtggetccagttatitggaaactatgatctgeatecttaggaatctgggattt
gccagttgctggcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttttct
tcctttgattttatiggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaag

Exemplary polynucleotide specific for g9 gRNA for the intron 1 RAG1 gene
replacement strategy with long right HA (SEQ ID NO: 116)
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tgagcacacagttattacttggaaattgtgtacagactaagtigaagatgttaggagggaagattgtgg gccaagtaac
ggggtgtatgtgtgtgggtatagggtgggcagetgggatggaaatggggggcetgetgetgetgetgcacectggecte
ctgaactaatgatatcactcaccagaaactactgttcctgcactgtccaagccaccccaaactagtttgtcaaaatgaat
ctgtgctgtgtggagggaggcacgcectgtagcetctgatgtcagatggeaatgtgaattcctgacctetictettecteecac
aggccgcecaccatggecgecagctticetectacactgggactgtctagegeccectgacgagattcageaccctcaca
tcaagttcagcgagtggaagttcaagctgticagagtgcggagceticgagaaaacccctgaggaageccagaaaga
gaagaaggacagcttcgagggcaagcccagcectggaacagtctectgcetgtgctggataaggecgacggecaga
aacctgtgcctacacagcctctgctgaaggctcaccccaagtictccaagaagttccacgacaacgagaaggecag
aggcaaggccatccaccaggccaatctgagacacctgtgecggatctgeggeaacagcettcagagecgacgage
acaatcggagataccctgtgcacggecctgtggatggaaagactctgggectgetgcggaagaaagaaaagagag
ccaccagctggcccgacctgatcgcecaaggtgticagaatcgacgtgaaggecgatgtggacagceattcaccecac
cgagttctgccacaactgctggtccatcatgcaccggaagttcagcetetgecccttgegaggtgtacticcccagaaac
gtgaccatggaatggcacccacacacacccagctgcgacatctgcaacacagccagaagaggectgaagegga
agtccctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgetggaccaggecagacaggeccggeaa
agaaaaagacgcgcccaggctagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatec
acctgagcaccaaactgctggecgtggacttcectgagceacttcgtgaagtccatcagetgecagatctgegageaca
tcctggecgatectgtggaaacaaactgcaagceacgtgttctgcagagtgtgeatectgeggtgectgaaagtgatgg
gcagctactgccccagetgtagatacccttgettccccaccgacctggaaagecctgtgaagtecttictgagegtgctg
aacagcctgatggtcaagtgcccegecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacate
agcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggcggcagaccccggcagceatctgcetgtet
cttacaagaagggcccagaagcaccggctgcgggaactgaagetgcaagtgaaggectitgccgacaaagagga
aggcggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgageatagacaggec
gatgagctggaagccattatgcaaggcaaaggcageggactgcagcectgctgtgtgtetggcetatcagagtgaatac
cttcctgagetgecagecagtaccacaagatgtaccggaccgtgaaagecatcaccggeagacagatcttccageca
ctgcacgecctgagaaacgcecgagaaagttetgetgectggetaccaccacttcgagtggeagcectecactgaagaa
cgtgtccagcagcaccgacgtgggceatcatcgatggactgtctggactgagcagcagegtggacgattaccecgtgg
acacaatcgccaagagattcagatacgacagcgecctggtgtctgecctgatggacatggaagaggacatcctgga
aggcatgcggagccaggacctggacgactatctgaacggcecctttcacegtggtggtcaaagaaagcetgtgacgge
atgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcttcaccatcat
gaagatcactatcgcccacagcagcecagaacgtgaaggtgticgaggaagccaagcectaacagegagetgtgetg
caagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgecattctgagecctetgatcgecga
acgggaagccatgaagtcctccgagcetgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacecetgt
gtgacgccaccagactggaagctagccagaacctggtgttccacagceatcaccagaagecacgccgaaaaccteg
agagatacgaagtgtggcggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggegt
gtccgecaagcctttcatcgagacagtgectagcatcgacgcecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgectctaaagaggaacggaagegctggea
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ggccacactggataagcacctgagaaagaagatgaatctgaagcccatcatgeggatgaacggcaacttcgeccy
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagetgatceectctgaggaaagacacgaggcecctgag
ggaactgatggacctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgagcacaaagttcaagtacagatacgaggggaa
gatcacgaactacttccacaagaccctggctcacgtgccecgagatcatcgagagagatggctetattggegectggg
cctetgagggcaatgagtctggcaacaagctgtttcggeggticagaaagatgaacgccagacagagcaagtgceta
cgagatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaaticatgaacgcccacaac
gccctcaagaccageggctitaccatgaatcctcaggccagectgggagatectetgggceattgaggatagectgga
atcccaggacagcatggaattctgaaggcatagaggactctctggaaagccaagattcaatggaattttaagtaggg
caaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagggcetictectagcaccctttactgctgtgtat
ggggcttcaccatccaagaggtggtaggtiggagtaagatgctacagatgctctcaagtcaggaatagaaactgatg
agctgattgctigaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaa
caggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggggagctgtcatgtaaatcaaagecaa
ggttgtcaaagaacagccagtgaggccaggaaagaaattggtcttgtggttttcattittitcceccttgattgattatattttg
tattgagatatgataagtgccttctatttcatttttgaataattcttcatttttataattttacatatcttggcttgctatataagattca
aaagagctttitaaatitttctaataatatcttacatttgtacagcatgatgacctitacaaagtgctctcaatgcatttacccat
tcgttatataaatatgttacatcaggacaactttgagaaaatcagtccttititatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttct
gataatatatgtttacttagctatcagaagccaagtatgattctttatitttactttttcatticaagaaatttagagtttccaaattt
agagcttctgcatacagtcttaaagccacagaggcttgtaaaaatataggttagctigatgtctaaaaatatatttcatgtc
ttactgaaacattttgccagacttictccaaatgaaacctgaatcaatittictaaatctaggtttcatagagtcctctectcetg
caatgtgttattcttictataatgatcagtitactttcagtggattcagaattgtgtagcaggataaccttgtatttttccatccge
taagtttagatggagtccaaacgcagtacagcagaagagttaacatttacacagtgctitttaccactgtggaatgttttc
acactcatttttccttacaacaattctgaggagtaggtgttgttattatctccattigatgggggtttaaatgatttgctcaaagt
catttaggggtaataaatacttggcttggaaatttaacacagtccttttgtctccaaageccttcttctttccaccacaaatta
atcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcactatagcacatgaccttgggattacattttt
atggggcaggggtaagcaagtttitaaatcatttgtgtgctctggctctittgatagaagaaagcaacacaaaagctcca
aagggccccctaaccctettgtggetccagttatttiggaaactatgatctgcatecttaggaatctgggatttgecagtiget
ggcaatgtagagcaggcatggaatittatatgctagtgagtcataatgatatgttagtgttaattagtttittcticctttgatttt
attggccataattgctactcttcatacacagtatatcaaagagcttgataatttagtt

Exemplary polynucleotide specific for “g11 exon2 M2/M3” gRNA for the exon 2 RAG1
gene targeting strategy (SEQ ID NO: 160)

ttcagcacccacatattaaattttcagaatggaaatttaagctgttccgggtgagatcctitgaaaag acacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtectggacaaggctg
atggtcagaagccagtcccaactcagecattgttaaaagceccaccctaagttttcaaagaaatttcacgacaacgaga
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aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaaticttttagagetgatg
agcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagag
agctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatccacccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgecccatgtgaggtitacttccccagaaacgt
gaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagt
ccetgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaaga
aagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccac
ctgagcaccaaactgctggecgtggacticectgagceacttcgtgaagtccatcagetgecagatctgegagceacate
ctggecgatectgtggaaacaaactgcaageacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatggge
agctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttcctgagegtgctgaa
cagcctgatggtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcag
cagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagacccecggeagcatetgetgtetett
acaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggectttgccgacaaagaggaag
gcggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacacctt
cctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctge
acgccctgagaaacgcecgagaaagttctgetgectggctaccaccacttcgagtggcagectccactgaagaacgt
gtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactaccecgtggac
acaatcgccaagcggttcagatacgacagcegccctggtgtctgcectgatggacatggaagaggacatectggaag
gcatgcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggceat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcticaccateatg
aagatcactatcgcccacagcagcecagaacgtgaaagtgttcgaggaagccaagectaacagegagetgtgetge
aagcctetgtgtctgatgctggecgacgagagegatcacgagacactgaccgcecattctgagecctetgatcgecga
acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectetggcagegtgtacatctgcaccctgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty
gaaagatacgaagtgtggcggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgectctaaagaggaacggaagegctggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggceaacttcgeccg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagccecgtgtggeggtctagetgtectgccaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggcaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagatgaacgeccagacagagcaagtgctacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagcggctitaccatgaatcctcaggccagcectgggegatectctgggaattgaggatagectggaate
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ccaggacagcatggaattctgataaccgaggaacgtgaccatggagtggcacccccacacaccatectgtgacate
tgcaacactgcccgtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgy
tgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaaggatcagcagcaaggatgtcatg
aagaagatcgccaactgcagtaagatacatcttagtaccaagctecttgcagtggacttcccagagceactttgtgaaat
ccatctectgecagatcetgtgaacacattctggctgacccetgtggagaccaactgtaageatgtettttgccgggtcetgea
ttctcagatgcctcaaagtcatgggcagcetattgteectetigecgatatccatgettcectactgacctggagagtccagt
gaagtccttictgagegtcttgaattcectgatggtgaaatgtccagcaaaagagtg

Exemplary polynucleotide specific for “g11 exon2 M2/M3” gRNA for the exon 2 RAG1
gene replacement strategy (SEQ ID NO: 161)

ttcagcacccacatattaaattttcagaatggaaatttaagctgttccgggtgagatectitgyaaaagacacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtectggacaaggctg
atggtcagaagccagtcccaactcagecattgttaaaageccaccctaagtittcaaagaaatttcacgacaacgaga
aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaaticttttagagetgatg
agcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagag
agctacttcctggccggacctcattgccaaggtittccggatcgatgtgaaggcagatgttgactcgatccaccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgecccatgtgaggtitacttccccagaaacgt
gaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagt
ccetgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaaga
aagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccac
ctgagcaccaaactgctggecgtggacticcctgagceacttcgtgaagtccatcagetgecagatctgegageacate
ctggecgatectgtggaaacaaactgcaageacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatggge
agctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttcctgagegtgetgaa
cagcctgatggtcaagtgcceccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcag
cagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceagcatetgetgtetett
acaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaagaggaag
gcggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacacctt
cctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctge
acgccctgagaaacgcecgagaaagttetgetgectggctaccaccacttcgagtggcagcectccactgaagaacgt
gtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtggac
acaatcgccaagcggttcagatacgacagcegccctggtgtctgcectgatggacatggaagaggacatectggaag
gcatgcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagetgtgacggeat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcticaccateatg
aagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagcecaagcectaacagegagcetgtgetge
aagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecga
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acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacecetgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty
gaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgectctaaagaggaacggaagegctggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggcaacttcgeecg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggcaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagatgaacgecagacagagceaagtgctacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagceggctitaccatgaatcctcaggccagcectgggegatectitaggcatagaggactctctggaaag
ccaagattcaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagg
gcttetectagcaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatg
ctctcaagtcaggaatagaaactgatgagctgattgcttgaggctittagtgagticcgaaaagcaacaggaaaaatce
agttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttg
gggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagcecagtgaggccaggaaagaaattggtettgtggt
titcatttttticcecctigattgattatatttigtattgagatatgataagtgcectictatitcattitigaataattcttcatitttataatt
ttacatatcttggcttgctatataagattcaaaagagcttittaaatititctaataatatcttacatttgtacagcatgatgacct
ttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtccttttita
tgtttaaattatgtatctattgtaacctticagagtttaggaggtcatctgctgtcatggatitttcaataatgaatitagaataca
cctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatitttacttt
ttcatttcaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaatatagg
ttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatgaaacctgaatcaatttttct
aaatctaggtttcatagagtcctctectctgcaatgtgttaticttictataatgatcagtttactttcagtggattcagaattgtg
tagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagtt

Exemplary polynucleotide specific for “g13 exon2 M2/M3” gRNA for the exon 2 RAG1
gene targeting strategy (SEQ ID NO: 162)

ttcagcacccacatattaaattttcagaatggaaatttaagctgttccgggtgagatectitgyaaaagacacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtectggacaaggctg
atggtcagaagccagtcccaactcagecattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgaga
aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaaticttttagagetgatg
agcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagag
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agctacttcctggecggacctcattgccaaggtittccggatcgatgtgaaggcagatgttgactcgatccaccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgcaccatgcgaagtgtacttccccagaaacg
tgaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagccagaagaggectgaageggaag
tccetgeagectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggceaaag
aaagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatcca
cctgagceaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagetgecagatctgegageacat
cctggecgatectgtggaaacaaactgcaagceacgtgtictgcagagtgtgeateetgeggtgectgaaagtgatggg
cagctactgcccctectgcagatacccttgettccccaccgatctggaaagcecctgtgaagtecttectgagegtgetga
acagcctgatggtcaagtgcccegecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatca
gcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggceggcagaccccggeagcatetgetgtetet
tacaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaagaggaa
ggcggegacgtcaagagegtgtgcatgaccetgtttctgetggecctgagageccggaatgageatagacaggecg
atgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtetggetatcagagtgaacac
cttcctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectct
gcacgccctgagaaacgcecgagaaagtictgctgectggetaccaccacttcgagtggeagectccactgaagaac
gtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtgg
acacaatcgccaagcggttcagatacgacagcegcecctggtgtctgecctgatggacatggaagaggacatcctgga
aggcatgcggagccaggacctggacgattacctgaacggcecctticaccgtggtggtcaaagaaagcetgtgacgge
atgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcttcaccatcat
gaagatcactatcgcccacagcagcecagaacgtgaaagtgticgaggaagccaagcectaacagegagetgtgetg
caagcctetgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgagecctetgatcgecga
acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacecetgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty
gaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgectctaaagaggaacggaagegctggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggcaacttcgeecg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggcaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagatgaacgecagacagagceaagtgctacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagceggctitaccatgaatcctcaggccagcectgggegatectctgggaattgaggatagectggaate
ccaggacagcatggaattctgataagtgaggtttacttcccgaggaacgtgaccatggagtggcacceccacacace
atcctgtgacatctgcaacactgeccgtcggggactcaagaggaagagtcttcagecaaacttigcagetcagcaaaa
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aactcaaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagctcaggcaaggatcageag
caaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagcetecttgcagtggacttcccaga
gcactttgtgaaatccatctcctgecagatctgtgaacacattctggetgaccctgtggagaccaactgtaagcatgtettt
tgccgggtetgeattctcagatgectcaaagtcatgggceagctattgtecctetigecgatatccatgettcectactgacct
ggagagtccagtgaagtccttictgagcgtcttgaattcectgatggtgaaatgt

Exemplary polynucleotide specific for ‘g13 exon2 M2/M3”, “g7 exon2 M2/3”, “g10
exon2 M2/3” gRNAs for the exon 2 RAGT gene replacement strategy (SEQ ID NO:
163)

ttcagcacccacatattaaattttcagaatggaaatttaagetgticcgggtgagatectttgaaaagacacctgaagaa
gctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatctccageagtectggacaaggctg
atggtcagaagccagtcccaactcagecattgttaaaagceccaccctaagttttcaaagaaatttcacgacaacgaga
aagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgecgeatcetgtgggaattettttagagctgatg
agcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagag
agctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggcagatgttgactcgatccacccecactg
agttctgccataactgctggagcatcatgcacaggaagtitagcagtgcaccatgcgaagtgtacttccccagaaacg
tgaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagccagaagaggectgaageggaag
tccetgeagectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggceaaag
aaagagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatcca
cctgagcaccaaactgetggecgtggacttcectgagceacttcgtgaagtccatcagetgecagatctgcgageacat
cctggecgatectgtggaaacaaactgcaagceacgtgtictgcagagtgtgeateetgeggtgectgaaagtgatggg
cagctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttectgagegtgetga
acagcctgatggtcaagtgcccegecaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatca
gcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggceggcagaccccggeagcatetgetgtetet
tacaagacgggcccagaagcaccggctgagagaactgaagctgcaagtgaaggcectttgccgacaaagaggaa
ggcggegacgtcaagagegtgtgcatgaccetgtttctgetggecctgagageccggaatgageatagacaggecg
atgagctggaagccatcatgcaaggcaaaggcageggactgcagcectgetgtgtgtctggetatcagagtgaacac
cttcctgtectgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectct
gcacgccctgagaaacgcecgagaaagttctgetgectggetaccaccacttcgagtggeagectccactgaagaac
gtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtgg
acacaatcgccaagcggttcagatacgacagcegcecctggtgtctgecctgatggacatggaagaggacatcctgga
aggcatgcggagccaggacctggacgattacctgaacggcecctttcacegtggtggtcaaagaaagctgtgacgge
atgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcettcaccatcat
gaagatcactatcgcccacagcagcecagaacgtgaaagtgticgaggaagccaagcectaacagegagetgtgetg
caagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgecattctgagecctetgatcgecga
acgggaagccatgaagtcctccgagctgatgcetcgaactcggeggcatectgagaaccttcaagttcatettcegegg
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caccggctacgacgagaagctcgttagagaggtggaaggectggaagectctggcagegtgtacatctgcacceetgt
gtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaaccty
gaaagatacgaagtgtggcggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggeg
tgtccgccaagcectttcatcgagacagtgectageatcgacgecctgeactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgectctaaagaggaacggaagegctggea
ggccacactggataagcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggceaacttcgeccg
gaagctgatgaccaaagaaaccgtggatgccgtgtgcgagcetgatceectctgaggaaagacacgaggecctgeg
ggaactgatggacctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgecaaagagtgecctgagtetet
gtgccagtacagcttcaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggcaag
atcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggctetattggegectgggec
tctgagggcaatgagtctggcaacaagctgttccggeggttccgcaagatgaacgccagacagagceaagtgetacg
agatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgce
cctcaagaccagceggctitaccatgaatcctcaggccagcectgggegatectitaggcatagaggactctctggaaag
ccaagattcaatggaattttaagtagggcaaccacttatgagttggtitttgcaattgagtttccctctgggttgeattgagg
gcttetectagcaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatg
ctctcaagtcaggaatagaaactgatgagctgattgcetigaggcttttagtgagtticcgaaaagcaacaggaaaaatc
agttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttg
gggagctgtcatgtaaatcaaagccaaggttgtcaaagaacagcecagtgaggccaggaaagaaattggtettgtggt
titcattttticcecctigattgattatatttigtattgagatatgataagtgcectictatticattttigaataattcticattittataatt
ttacatatcttggcttgctatataagattcaaaagagcttittaaatttitctaataatatcttacatttgtacagcatgatgacct
ttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtccttttita
tgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggattittcaataatgaatttagaataca
cctgttagctacagttagttattaaatctictgataatatatgtttacttagctatcagaagccaagtatgattctttatttttacttt
ttcatttcaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaatatagg
ttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactitctccaaatgaaacctgaatcaatttttct
aaatctaggtttcatagagtcctctectctgcaatgtgtiattcttictataatgatcagtttactttcagtggattcagaattgtg
tagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagtt

Variants, derivatives, analogues, and fragments

In addition to the specific proteins and nucleotides mentioned herein, the invention also

encompasses variants, derivatives, and fragments thereof.

In the context of the invention, a “variant” of any given sequence is a sequence in which the
specific sequence of residues (whether amino acid or nucleic acid residues) has been modified
in such a manner that the polypeptide or polynucleotide in question retains at least one of its
endogenous functions. For example, a variant of RAG1 may retain the ability to form a RAG
complex, mediate DNA-binding to the RSS, and introduce a double-strand break between the
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RSS and the adjacent coding segment. A variant sequence can be obtained by addition,
deletion, substitution, modification, replacement and/or variation of at least one residue

present in the naturally occurring polypeptide or polynucleotide.

The term “derivative” as used herein in relation to proteins or polypeptides of the invention
includes any substitution of, variation of, modification of, replacement of, deletion of and/or
addition of one (or more) amino acid residues from or to the sequence, providing that the
resultant protein or polypeptide retains at least one of its endogenous functions. For example,
a derivative of RAG1 may retain the ability to form a RAG complex, mediate DNA-binding to
the RSS, and introduce a double-strand break between the RSS and the adjacent coding

segment.

Typically, amino acid substitutions may be made, for example from 1, 2 or 3, to 10 or 20
substitutions, provided that the modified sequence retains the required activity or ability. Amino

acid substitutions may include the use of non-naturally occurring analogues.

Proteins used in the invention may also have deletions, insertions or substitutions of amino
acid residues which produce a silent change and result in a functionally equivalent protein.
Deliberate amino acid substitutions may be made on the basis of similarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of the residues as long
as the endogenous function is retained. For example, negatively charged amino acids include
aspartic acid and glutamic acid; positively charged amino acids include lysine and arginine;
and amino acids with uncharged polar head groups having similar hydrophilicity values include

asparagine, glutamine, serine, threonine and tyrosine.

Conservative substitutions may be made, for example according to the table below. Amino
acids in the same block in the second column and in the same line in the third column may be
substituted for each other:

ALIPHATIC Non-polar GAP
LV
Polar - uncharged CSTM
NQ
Polar - charged DE
KRH
AROMATIC FWY

Typically, a variant may have a certain identity with the wild type amino acid sequence or the
wild type nucleotide sequence.
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In the present context, a variant sequence is taken to include an amino acid sequence which
may be at least 50%, 55%, 65%, 75%, 85% or 90% identical, suitably at least 95%, 96% or
97% or 98% or 99% identical to the subject sequence. Although a variant can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express in terms
of sequence identity.

In the present context, a variant sequence is taken to include a nucleotide sequence which
may be at least 50%, 55%, 65%, 75%, 85% or 90% identical, suitably at least 95%, 96% or
97% or 98% or 99% identical to the subject sequence. Although a variant can also be
considered in terms of similarity, in the context of the present invention it is preferred to
express it in terms of sequence identity.

Suitably, reference to a sequence which has a percent identity to any one of the SEQ ID NOs
detailed herein refers to a sequence which has the stated percent identity over the entire
length of the SEQ ID NO referred to.

Sequence identity comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer
programs can calculate percent identity between two or more sequences.

Percent identity may be calculated over contiguous sequences, i.e. one sequence is aligned
with the other sequence and each amino acid or nucleotide in one sequence is directly
compared with the corresponding amino acid or nucleotide in the other sequence, one residue
at a time. This is called an “ungapped” alignment. Typically, such ungapped alignments are

performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration that, for
example, in an otherwise identical pair of sequences, one insertion or deletion in the amino
acid or nucleotide sequence may cause the following residues or codons to be put out of
alignment, thus potentially resulting in a large reduction in percent identity when a global
alignment is performed. Consequently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and deletions
without penalising unduly the overall identity score. This is achieved by inserting “gaps” in the

sequence alignment to try to maximise local identity.

However, these more complex methods assign “gap penalties” to each gap that occurs in the
alignment so that, for the same number of identical amino acids or nucleotides, a sequence
alignment with as few gaps as possible, reflecting higher relatedness between the two

compared sequences, will achieve a higher score than one with many gaps. “Affine gap costs”
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are typically used that charge a relatively high cost for the existence of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap scoring
system. High gap penalties will of course produce optimised alignments with fewer gaps. Most
alignment programs allow the gap penalties to be modified. However, it is preferred to use the
default values when using such software for sequence comparisons. For example when using
the GCG Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12
for a gap and -4 for each extension.

Calculation of maximum percent identity therefore firstly requires the production of an optimal
alignment, taking into consideration gap penalties. A suitable computer program for carrying
out such an alignment is the GCG Wisconsin Bestfit package (University of Wisconsin, USA;
Devereux et al. (1984) Nucleic Acids Research 12: 387). Examples of other software that can
perform sequence comparisons include, but are not limited to, the BLAST package (see
Ausubel et al. (1999) ibid — Ch. 18), FASTA (Atschul et al. (1990) J. Mol. Biol. 403-410),
EMBOSS Needle (Madeira, F., et al., 2019. Nucleic acids research, 47(W1), pp.W636-W641)
and the GENEWORKS suite of comparison tools. Both BLAST and FASTA are available for
offline and online searching (see Ausubel et al. (1999) ibid, pages 7-58 to 7-60). However, for
some applications, it is preferred to use the GCG Bestfit program. Another tool, BLAST 2
Sequences, is also available for comparing protein and nucleotide sequences (FEMS
Microbiol. Lett. (1999) 174(2):247-50; FEMS Microbiol. Lett. (1999) 177(1):187-8).

Although the final percent identity can be measured, the alignment process itself is typically
not based on an all-or-nothing pair comparison. Instead, a scaled similarity score matrix is
generally used that assigns scores to each pairwise comparison based on chemical similarity
or evolutionary distance. An example of such a matrix commonly used is the BLOSUM62
matrix (the default matrix for the BLAST suite of programs). GCG Wisconsin programs
generally use either the public default values or a custom symbol comparison table if supplied
(see the user manual for further details). For some applications, it is preferred to use the public
default values for the GCG package, or in the case of other software, the default matrix, such
as BLOSUM®62.

Once the software has produced an optimal alignment, it is possible to calculate percent
sequence identity. The software typically does this as part of the sequence comparison and
generates a numerical result. The percent sequence identity may be calculated as the number
of identical residues as a percentage of the total residues in the SEQ ID NO referred to.

“Fragments” are also variants and the term typically refers to a selected region of the
polypeptide or polynucleotide that is of interest. “Fragment” thus refers to an amino acid or

nucleic acid sequence that is a portion of a full-length polypeptide or polynucleotide.
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Such variants, derivatives, and fragments may be prepared using standard recombinant DNA
techniques such as site-directed mutagenesis. Where insertions are to be made, synthetic
DNA encoding the insertion together with 5’ and 3’ flanking regions corresponding to the
naturally-occurring sequence either side of the insertion site may be made. The flanking
regions will contain convenient restriction sites corresponding to sites in the naturally-
occurring sequence so that the sequence may be cut with the appropriate enzyme(s) and the
synthetic DNA ligated into the cut. The DNA is then expressed in accordance with the invention
to make the encoded protein. These methods are only illustrative of the numerous standard
technigues known in the art for manipulation of DNA sequences and other known techniques

may also be used.
Vector

In one aspect, the present invention provides a vector comprising the polynucleotide of the

invention.

The vector may be suitable for editing a genome using the polynucleotide of the invention.
The vector may be used to deliver the polynucleotide into the cell. Subsequently, the
nucleotide sequence insert can be introduced into a genome at a site of a double strand break
(DSB) by homology-directed repair (HDR).

The vector of the present invention may be capable of transducing mammalian cells, for
example human cells. Suitably, the vector of the present invention is capable of transducing
HSCs, HPCs, and/or LPCs. Suitably, the vector of the present invention is capable of
transducing CD34+ cells. Suitably, the vector of the present invention is capable of
transducing NALM6, K562, and/or other human cell lines (e.g. Molt4, U937, etc.). Suitably, the
vector of the present invention is capable of transducing T cells.

Suitably, the vector of the present invention is a viral vector. The vector of the invention may
be an adeno-associated viral (AAV) vector, although it is contemplated that other viral vectors
may be used e.g. lentiviral vectors (e.g. IDLV vectors), or single or double stranded DNA.

The vector of the present invention may be in the form of a viral vector particle. Suitably, the
viral vector of the present invention is in the form of an AAV vector particle. Suitably, the viral
vector of the present invention is in the form of a lentiviral vector particle, for example an IDLV
vector particle.

Methods of preparing and modifying viral vectors and viral vector particles, such as those
derived from AAV, are well known in the art. Suitable methods are described in Ayuso, E., et
al., 2010. Current gene therapy, 10(6), pp.423-436, Merten, O.W., et al., 2016. Molecular
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Therapy-Methods & Clinical Development, 3, p.16017; and Nadeau, |. and Kamen, A., 2003.
Biotechnology advances, 20(7-8), pp.475-489.

Adeno-associated viral (AAV) vectors

The vector of the present invention may be an adeno-associated viral (AAV) vector. Optionally,
the vector is an AAV6 vector. The vector of the present invention may be in the form of an
AAV vector particle. Optionally, the vector is in the form of an AAV6 vector particle.

The AAV vector or AAV vector particle may comprise an AAV genome or a fragment or
derivative thereof. An AAV genome is a polynucleotide sequence, which may encode functions
needed for production of an AAV particle. These functions include those operating in the
replication and packaging cycle of AAV in a host cell, including encapsidation of the AAV
genome into an AAV particle. Naturally occurring AAVs are replication-deficient and rely on
the provision of helper functions in trans for completion of a replication and packaging cycle.
Accordingly, the AAV genome of the AAV vector of the invention is typically replication-
deficient.

The AAV genome may be in single-stranded form, either positive or negative-sense, or
alternatively in double-stranded form. The use of a double-stranded form allows bypass of the
DNA replication step in the target cell and so can accelerate transgene expression.

AAVs occurring in nature may be classified according to various biological systems. The AAV
genome may be from any naturally derived serotype, isolate or clade of AAV.

AAV may be referred to in terms of their serotype. A serotype corresponds to a variant
subspecies of AAV which, owing to its profile of expression of capsid surface antigens, has a
distinctive reactivity which can be used to distinguish it from other variant subspecies.
Typically, an AAV vector particle having a particular AAV serotype does not efficiently cross-
react with neutralising antibodies specific for any other AAV serotype. AAV serotypes include
AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVS, AAV9, AAV10 and AAV11. The AAV
vector of the invention may be an AAV6 serotype.

AAV may also be referred to in terms of clades or clones. This refers to the phylogenetic
relationship of naturally derived AAVs, and typically to a phylogenetic group of AAVs which
can be traced back to a common ancestor, and includes all descendants thereof. Additionally,
AAVs may be referred to in terms of a specific isolate, i.e. a genetic isolate of a specific AAV
found in nature. The term genetic isolate describes a population of AAVs which has undergone
limited genetic mixing with other naturally occurring AAVs, thereby defining a recognisably
distinct population at a genetic level.
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Typically, the AAV genome of a naturally derived serotype, isolate or clade of AAV comprises
at least one inverted terminal repeat sequence (ITR). An ITR sequence acts in cis to provide
a functional origin of replication and allows for integration and excision of the vector from the
genome of a cell. ITRs may be the only sequences required in cis next to the therapeutic gene.
Suitably, one or more ITR sequences flank the polynucleotide of the invention.

The AAV genome may also comprise packaging genes, such as rep and/or cap genes which
encode packaging functions for an AAV particle. A promoter may be operably linked to each
of the packaging genes. Specific examples of such promoters include the p5, p19 and p40
promoters. For example, the p5 and p19 promoters are generally used to express the rep
gene, while the p40 promoter is generally used to express the cap gene. The rep gene
encodes one or more of the proteins Rep78, Rep68, Rep52 and Rep40 or variants thereof.
The cap gene encodes one or more capsid proteins such as VP1, VP2 and VP3 or variants
thereof.

The AAV genome may be the full genome of a naturally occurring AAV. For example, a vector
comprising a full AAV genome may be used to prepare an AAV vector or vector particle.

Suitably, the AAV genome is derivatised for the purpose of administration to patients. Such
derivatisation is standard in the art and the invention encompasses the use of any known
derivative of an AAV genome, and derivatives which could be generated by applying
technigues known in the art. The AAV genome may be a derivative of any naturally occurring
AAV. Suitably, the AAV genome is a derivative of AAV1, AAV2, AAV3, AAV4, AAV5, AAVE,
AAV7, AAVS, AAVIY, AAV10, or AAV11. Suitably, the AAV genome is a derivative of AAV6.

Derivatives of an AAV genome include any truncated or modified forms of an AAV genome
which allow for expression of a transgene from an AAV vector of the invention in vivo.
Typically, it is possible to truncate the AAV genome significantly to include minimal viral
sequence yet retain the above function. This may reduce the risk of recombination of the
vector with wild-type virus, and avoid triggering a cellular immune response by the presence
of viral gene proteins in the target cell.

Typically, a derivative will include at least one inverted terminal repeat sequence (ITR),
optionally more than one ITR, such as two ITRs or more. One or more of the ITRs may be
derived from AAV genomes having different serotypes, or may be a chimeric or mutant ITR.
A suitable mutant ITR is one having a deletion of a trs (terminal resolution site). This deletion
allows for continued replication of the genome to generate a single-stranded genome which
contains both coding and complementary sequences, i.e. a self-complementary AAV genome.
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This allows for bypass of DNA replication in the target cell, and so enables accelerated

transgene expression.

The AAV genome may comprise one or more ITR sequences from any naturally derived
serotype, isolate or clade of AAV or a variant thereof. The AAV genome may comprise at least
one, such as two, AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVS, AAVY, AAV10, or
AAV11 ITRs, or variants thereof.

The one or more ITRs may flank the nucleotide sequence of the invention at either end. The
inclusion of one or more ITRs is can aid concatamer formation of the AAV vector in the nucleus
of a host cell, for example following the conversion of single-stranded vector DNA into double-
stranded DNA by the action of host cell DNA polymerases. The formation of such episomal
concatamers protects the AAV vector during the life of the host cell, thereby allowing for
prolonged expression of the transgene in vivo.

Suitably, ITR elements will be the only sequences retained from the native AAV genome in
the derivative. Suitably, a derivative may not include the rep and/or cap genes of the native
genome and any other sequences of the native genome. This may reduce the possibility of
integration of the vector into the host cell genome. Additionally, reducing the size of the AAV
genome allows for increased flexibility in incorporating other sequence elements (such as
regulatory elements) within the vector in addition to the transgene.

The following portions could therefore be removed in a derivative of the invention: one inverted
terminal repeat (ITR) sequence, the replication (rep) and capsid (cap) genes. However,
derivatives may additionally include one or more rep and/or cap genes or other viral
sequences of an AAV genome. Naturally occurring AAV integrates with a high frequency at a
specific site on human chromosome 19, and shows a negligible frequency of random
integration, such that retention of an integrative capacity in the AAV vector may be tolerated
in a therapeutic setting.

The invention additionally encompasses the provision of sequences of an AAV genome in
a different order and configuration to that of a native AAV genome. The invention also
encompasses the replacement of one or more AAV sequences or genes with sequences
from another virus or with chimeric genes composed of sequences from more than one
virus. Such chimeric genes may be composed of sequences from two or more related viral

proteins of different viral species.

The AAV vector particle may be encapsidated by capsid proteins. Suitably, the AAV vector
particles may be transcapsidated forms wherein an AAV genome or derivative having an ITR
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of one serotype is packaged in the capsid of a different serotype. The AAV vector particle also
includes mosaic forms wherein a mixture of unmodified capsid proteins from two or more
different serotypes makes up the viral capsid. The AAV vector particle also includes chemically
modified forms bearing ligands adsorbed to the capsid surface. For example, such ligands
may include antibodies for targeting a particular cell surface receptor.

Where a derivative comprises capsid proteins i.e. VP1, VP2 and/or VP3, the derivative may
be a chimeric, shuffled or capsid-modified derivative of one or more naturally occurring AAVs.
In particular, the invention encompasses the provision of capsid protein sequences from
different serotypes, clades, clones, or isolates of AAV within the same vector (i.e. a
pseudotyped vector). The AAV vector may be in the form of a pseudotyped AAV vector
particle.

Chimeric, shuffled or capsid-modified derivatives will be typically selected to provide one or
more desired functionalities for the AAV vector. Thus, these derivatives may display increased
efficiency of gene delivery and/or decreased immunogenicity (humoral or cellular) compared
to an AAV vector comprising a naturally occurring AAV genome. Increased efficiency of gene
delivery, for example, may be effected by improved receptor or co-receptor binding at the cell
surface, improved internalisation, improved trafficking within the cell and into the nucleus,
improved uncoating of the viral particle and improved conversion of a single-stranded genome
to double-stranded form.

Chimeric capsid proteins include those generated by recombination between two or more
capsid coding sequences of naturally occurring AAV serotypes. This may be performed for
example by a marker rescue approach in which non-infectious capsid sequences of one
serotype are co-transfected with capsid sequences of a different serotype, and directed
selection is used to select for capsid sequences having desired properties. The capsid
sequences of the different serotypes can be altered by homologous recombination within the
cell to produce novel chimeric capsid proteins.

Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protein domains, surface loops or specific amino acid
residues between two or more capsid proteins, for example between two or more capsid

proteins of different serotypes.

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by error-prone
PCR. Hybrid AAV capsid genes can be created by randomly fragmenting the sequences of
related AAV genes e.g. those encoding capsid proteins of multiple different serotypes and
then subsequently reassembling the fragments in a self-priming polymerase reaction, which
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may also cause crossovers in regions of sequence homology. A library of hybrid AAV genes
created in this way by shuffling the capsid genes of several serotypes can be screened to
identify viral clones having a desired functionality. Similarly, error prone PCR may be used to
randomly mutate AAV capsid genes to create a diverse library of variants which may then be
selected for a desired property.

The sequences of the capsid genes may also be genetically modified to introduce specific
deletions, substitutions or insertions with respect to the native wild-type sequence. In
particular, capsid genes may be modified by the insertion of a sequence of an unrelated
protein or peptide within an open reading frame of a capsid coding sequence, or at the N-
and/or C-terminus of a capsid coding sequence. The unrelated protein or peptide may
advantageously be one which acts as a ligand for a particular cell type, thereby conferring
improved binding to a target cell or improving the specificity of targeting of the vector to a
particular cell population. The unrelated protein may also be one which assists purification of
the viral particle as part of the production process, i.e. an epitope or affinity tag. The site of
insertion will typically be selected so as not to interfere with other functions of the viral particle
e.g. internalisation, trafficking of the viral particle.

The capsid protein may be an artificial or mutant capsid protein. The term “artificial capsid” as
used herein means that the capsid particle comprises an amino acid sequence which does
not occur in nature or which comprises an amino acid sequence which has been engineered
(e.g. modified) from a naturally occurring capsid amino acid sequence. In other words the
artificial capsid protein comprises a mutation or a variation in the amino acid sequence
compared to the sequence of the parent capsid from which it is derived where the artificial
capsid amino acid sequence and the parent capsid amino acid sequences are aligned. The
AAV vector particle may comprise an AAV6 capsid protein.

Retroviral and lentiviral vectors

The vector of the present invention may be a retroviral vector or a lentiviral vector. The vector

of the present invention may be a retroviral vector particle or a lentiviral vector particle.

A retroviral vector may be derived from or may be derivable from any suitable retrovirus. A
large number of different retroviruses have been identified. Examples include murine
leukaemia virus (MLV), human T-cell leukaemia virus (HTLV), mouse mammary tumour virus
(MMTV), Rous sarcoma virus (RSV), Fujinami sarcoma virus (FuSV), Moloney murine
leukaemia virus (Mo-MLV), FBR murine osteosarcoma virus (FBR MSV), Moloney murine
sarcoma virus (Mo-MSV), Abelson murine leukaemia virus (A-MLV), avian myelocytomatosis
virus-29 (MC29) and avian erythroblastosis virus (AEV).
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Retroviruses may be broadly divided into two categories, “simple” and “complex”. Retroviruses
may be even further divided into seven groups. Five of these groups represent retroviruses

with oncogenic potential. The remaining two groups are the lentiviruses and the spumaviruses.

The basic structure of retrovirus and lentivirus genomes share many common features such
as a5 LTR and a 3’ LTR. Between or within these are located a packaging signal to enable
the genome to be packaged, a primer binding site, integration sites to enable integration into
a host cell genome, and gag, pol and env genes encoding the packaging components — these
are polypeptides required for the assembly of viral particles. Lentiviruses have additional
features, such as rev and RRE sequences in HIV, which enable the efficient export of RNA
transcripts of the integrated provirus from the nucleus to the cytoplasm of an infected target
cell.

In the provirus, these genes are flanked at both ends by regions called long terminal repeats
(LTRs). The LTRs are responsible for proviral integration and transcription. LTRs also serve

as enhancer-promoter sequences and can control the expression of the viral genes.

The LTRs themselves are identical sequences that can be divided into three elements: U3, R
and U5. U3 is derived from the sequence unique to the 3’ end of the RNA. R is derived from
a sequence repeated at both ends of the RNA. U5 is derived from the sequence unique to the
5 end of the RNA. The sizes of the three elements can vary considerably among different

retroviruses.
In a defective retroviral vector genome gag, pol and env may be absent or not functional.

In a typical retroviral vector, at least part of one or more protein coding regions essential for
replication may be removed from the virus. This makes the viral vector replication-defective.
Portions of the viral genome may also be replaced by a library encoding candidate modulating
moieties operably linked to a regulatory control region and a reporter moiety in the vector
genome in order to generate a vector comprising candidate modulating moieties which is

capable of transducing a target host cell and/or integrating its genome into a host genome.

Lentivirus vectors are part of the larger group of retroviral vectors. In brief, lentiviruses can be
divided into primate and non-primate groups. Examples of primate lentiviruses include but are
not limited to human immunodeficiency virus (HIV), the causative agent of human acquired
immunodeficiency syndrome (AIDS); and simian immunodeficiency virus (SIV). Examples of
non-primate lentiviruses include the prototype “slow virus” visna/maedi virus (VMV), as well

as the related caprine arthritis-encephalitis virus (CAEV), equine infectious anaemia virus
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(EIAV), and the more recently described feline immunodeficiency virus (FIV) and bovine

immunodeficiency virus (BIV).

The lentivirus family differs from retroviruses in that lentiviruses have the capability to infect
both dividing and non-dividing cells. In contrast, other retroviruses, such as MLV, are unable
to infect non-dividing or slowly dividing cells such as those that make up, for example, muscle,

brain, lung and liver tissue.

A lentiviral vector, as used herein, is a vector which comprises at least one component part
derivable from a lentivirus. Suitably, that component part is involved in the biological
mechanisms by which the vector infects cells, expresses genes or is replicated.

The lentiviral vector may be a “primate” vector. The lentiviral vector may be a “non-primate”
vector (i.e. derived from a virus which does not primarily infect primates, especially humans).
Examples of non-primate lentiviruses may be any member of the family of lentiviridae which
does not naturally infect a primate.

As examples of lentivirus-based vectors, HIV-1- and HIV-2-based vectors are described
below.

The HIV-1 vector contains cis-acting elements that are also found in simple retroviruses. It has
been shown that sequences that extend into the gag open reading frame are important for
packaging of HIV-1. Therefore, HIV-1 vectors often contain the relevant portion of gag in which
the translational initiation codon has been mutated. In addition, most HIV-1 vectors also
contain a portion of the env gene that includes the RRE. Rev binds to RRE, which permits the
transport of full-length or singly spliced mRNAs from the nucleus to the cytoplasm. In the
absence of Rev and/or RRE, full-length HIV-1 RNAs accumulate in the nucleus. Alternatively,
a constitutive transport element from certain simple retroviruses such as Mason-Pfizer
monkey virus can be used to relieve the requirement for Rev and RRE. Efficient transcription
from the HIV-1 LTR promoter requires the viral protein Tat.

Most HIV-2-based vectors are structurally very similar to HIV-1 vectors. Similar to HIV-1-based
vectors, HIV-2 vectors also require RRE for efficient transport of the full-length or singly spliced
viral RNAs.

Optionally, the viral vector used in the present invention has a minimal viral genome.

By “minimal viral genome” it is to be understood that the viral vector has been manipulated so

as to remove the non-essential elements and to retain the essential elements in order to
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provide the required functionality to infect, transduce and deliver a nucleotide sequence of
interest to a target host cell. Further details of this strategy can be found in WO 1998/017815.

Optionally, the plasmid vector used to produce the viral genome within a host cell/packaging
cell will have sufficient lentiviral genetic information to allow packaging of an RNA genome, in
the presence of packaging components, into a viral particle which is capable of infecting a
target cell, but is incapable of independent replication to produce infectious viral particles
within the final target cell. Optionally, the vector lacks a functional gag-pol and/or env gene
and/or other genes essential for replication.

However, the plasmid vector used to produce the viral genome within a host cell/packaging
cell will also include transcriptional regulatory control sequences operably linked to the
lentiviral genome to direct transcription of the genome in a host cell/packaging cell. These
regulatory sequences may be the natural sequences associated with the transcribed viral
sequence (i.e. the 5’ U3 region), or they may be a heterologous promoter, such as another

viral promoter (e.g. the CMV promoter).

The vectors may be self-inactivating (SIN) vectors in which the viral enhancer and promoter
sequences have been deleted. SIN vectors can be generated and transduce non-dividing cells
in vivo with an efficacy similar to that of wild-type vectors. The transcriptional inactivation of
the long terminal repeat (LTR) in the SIN provirus should prevent mobilisation by replication-
competent virus. This should also enable the regulated expression of genes from internal
promoters by eliminating any cis-acting effects of the LTR.

The vectors may be integration-defective. Integration defective lentiviral vectors (IDLVs) can
be produced, for example, either by packaging the vector with catalytically inactive integrase
(such as an HIV integrase bearing the D64V mutation in the catalytic site) or by modifying or
deleting essential att sequences from the vector LTR, or by a combination of the above.

Adenoviral vectors

The vector of the present invention may be an adenoviral vector. The vector of the present

invention may be an adenoviral vector particle.

The adenovirus is a double-stranded, linear DNA virus that does not go through an RNA
intermediate. There are over 50 different human serotypes of adenovirus divided into 6
subgroups based on the genetic sequence homology. The natural targets of adenovirus are
the respiratory and gastrointestinal epithelia, generally giving rise to only mild symptoms.
Serotypes 2 and 5 (with 95% sequence homology) are most commonly used in adenoviral
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vector systems and are normally associated with upper respiratory tract infections in the
young.

Adenoviruses have been used as vectors for gene therapy and for expression of heterologous
genes. The large (36 kb) genome can accommodate up to 8 kb of foreign insert DNA and is
able to replicate efficiently in complementing cell lines to produce very high titres of up to 1072,
Adenovirus is thus one of the best systems to study the expression of genes in primary non-
replicative cells.

The expression of viral or foreign genes from the adenovirus genome does not require a
replicating cell. Adenoviral vectors enter cells by receptor mediated endocytosis. Once inside
the cell, adenovirus vectors rarely integrate into the host chromosome. Instead, they function
episomally (independently from the host genome) as a linear genome in the host nucleus.
Hence the use of recombinant adenovirus alleviates the problems associated with random
integration into the host genome.

Herpes simplex viral vector

The vector of the present invention may be a herpes simplex viral vector. The vector of the

present invention may be a herpes simplex viral vector particle.

Herpes simplex virus (HSV) is a neurotropic DNA virus with favorable properties as a gene
delivery vector. HSV is highly infectious, so HSV vectors are efficient vehicles for the delivery
of exogenous genetic material to cells. Viral replication is readily disrupted by null mutations
in immediate early genes that in vitro can be complemented in trans, enabling straightforward
production of high-titre pure preparations of non-pathogenic vector. The genome is large (152
Kb) and many of the viral genes are dispensable for replication in vitro, allowing their
replacement with large or multiple transgenes. Latent infection with wild-type virus results in
episomal viral persistence in sensory neuronal nuclei for the duration of the host lifetime. The
vectors are non-pathogenic, unable to reactivate and persist long-term. The latency active
promoter complex can be exploited in vector design to achieve long-term stable transgene
expression in the nervous system. HSV vectors transduce a broad range of tissues because
of the wide expression pattern of the cellular receptors recognized by the virus. Increasing
understanding of the processes involved in cellular entry has allowed targeting the tropism of
HSV vectors.

Vaccinia virus vectors

The vector of the present invention may be a vaccinia viral vector. The vector of the present

invention may be a vaccinia viral vector particle.
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Vaccinia virus is large enveloped virus that has an approximately 190 kb linear, double-
stranded DNA genome. Vaccinia virus can accommodate up to approximately 25 kb of foreign
DNA, which also makes it useful for the delivery of large genes.

A number of attenuated vaccinia virus strains are known in the art that are suitable for gene

therapy applications, for example the MVA and NYVAC strains.
RNA-guided gene editing

The vector of the present invention may be used to deliver a polynucleotide into a cell.
Subsequently, a nucleotide sequence insert can be introduced into the cell’s genome at a site
of a double strand break (DSB) by homology-directed repair (HDR). The site of the double-
strand break (DSB) can be introduced specifically by any suitable technique, for example by
using an RNA-guided gene editing system.

An “RNA-guided gene editing system” can be used to introduce a DSB and typically comprises
a guide RNA and a RNA-guided nuclease. A CRISPR/Cas9 system is an example of a
commonly used RNA-guided gene editing system, but other RNA-guided gene editing
systems may also be used.

Guide RNAs

A “guide RNA” (gRNA) confers target sequence specificity to a RNA-guided nuclease. Guide
RNAs are non-coding short RNA sequences which bind to the complementary target DNA
sequences. For example, in the CRISPR/Cas9 system, guide RNA first binds to the Cas9
enzyme and the gRNA sequence guides the resulting complex via base-pairing to a specific
location on the DNA, where Cas9 performs its nuclease activity by cutting the target DNA
strand.

The term “guide RNA” encompasses any suitable gRNA that can be used with any RNA-
guided nuclease, and not only those gRNAs that are compatible with a particular nuclease
such as Cas9.

The guide RNA may comprise a trans-activating CRISPR RNA (tracrBRNA) that provides the
stem loop structure and a target-specific CRISPR RNA (crRNA) designed to cleave the gene
target site of interest. The tracrRNA and crRNA may be annealed, for example by heating
them at 95°C for 5 minutes and letting them slowly cool down to room temperature for 10
minutes. Alternatively, the guide RNA may be a single guide RNA (sgRNA) that consists of
both the crRNA and tracrRNA as a single construct.
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The guide RNA may comprise of a 3’-end, which forms a scaffold for nuclease binding, and a
5-end which is programmable to target different DNA sites. For example, the targeting
specificity of CRISPR-Cas9 may be determined by the 15-25 bp sequence at the 5' end of the
guide RNA. The desired target sequence typically precedes a protospacer adjacent motif
(PAM) which is a short DNA sequence usually 2-6 bp in length that follows the DNA region
targeted for cleavage by the CRISPR system, such as CRISPR-Cas9. The PAM is required
for a Cas nuclease to cut and is typically found 3-4 bp downstream from the cut site. After
base pairing of the guide RNA to the target, Cas9 mediates a double strand break about 3-nt
upstream of PAM.

Numerous tools exist for designing guide RNAs (e.g. Cui, Y., et al., 2018. Interdisciplinary
Sciences: Computational Life Sciences, 10(2), pp.455-465). For example, COSMID is a web-
based tool for identifying and validating guide RNAs (Cradick TJ, et al. Mol Ther - Nucleic
Acids. 2014;3(12):e214).

A list of exemplary guide RNAs for use in the present invention is provided below in Tables

13-15.

Table 13 - Exemplary guide RNAs for exon 2 strategies

Guide Sequence +/- DSB site
strand

gl M5 ex2 | TTGCTGGACATTTCACCATCAGG |- chr11: 36,574,368-36,574,369
(SEQ ID NO: 117)

g2 M5 ex2 | TGCTGGACATTTCACCATCAGGG | - chr11: 36,574,367-36,574,368
(SEQ ID NO: 118)

g3 M5 ex2 | TCCAGCAAAAGAGTGCAATGAGG | + chr11: 36,574,394-36,574,395
(SEQ ID NO: 119)

g4 M4 ex2 | AAGCATGGATATCGGCAAGAGGG | - chr11: 36,574,294-36,574,295
(SEQ ID NO: 120)

g5 M3 ex2 | AAGATGTATCTTACTGCAGTTGG - chr11: 36,574,109-36,574,110
(SEQ ID NO: 121)

g6 M2 ex2 | CGAGGAACGTGACCATGGAGTGG | + chr11: 36,573,910-36,573,911
(SEQ ID NO: 122)

g7 exon2 GTTTAGCAGTGCCCCATGTGAGG | + chr11: 36,573,878-36,573,879

M2/3 (SEQ ID NO: 123)

g8 exon2 CTTCCTCTTGAGTCCCCGACGGG | - chr11: 36,573,959-36,573,960

M2/3 (SEQ ID NO: 124)

g9 exon2 ATCTGCAACACTGCCCGTCGGGG | + chr11: 36,573,957-36,573,958

M2/3 (SEQ ID NO: 125)

g10 exon2 | TCGGGAAGTAAACCTCACATGGG | - chr11: 36,573,879-36,573,880

M2/3 (SEQ ID NO: 126)

g11 exon2 | CATGTGAGGTTTACTTCCCGAGG | + chr11: 36,573,892-36,573,893

M2/3 (SEQ ID NO: 127)

g12 exon2 | ACATCTGCAACACTGCCCGTCGG | + chr11: 36,573,955-36,573,956

M2/3 (SEQ ID NO: 128)
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g13 exon2 | CGGGAAGTAAACCTCACATGGGG | - chri1: 36,573,878-36,573,879
M2/3 (SEQ ID NO: 129)
gl4 exon2 | GTGCAATGAGGAGGTCAGTTIGG | + chrii: 36,574,406-36,574,407
M5 (SEQ ID NO: 130)

Table 14 - Exemplary guide RNAs for intron 1 strategies

Guide

Sequence

+/-

strand

DSB site

©

TCAGATGGCAATGTCGAGA (SEQ ID NO: 131)

+

chr 11: 36569296-36569297

TTTTCCGGATCGATGTGA (SEQ ID NO: 132)

+

chr 11: 36573791-36573792

GACATCTCTGCCGCATCTG (SEQ ID NO: 133)

+

chr 11: 36573642-36573643

GTGGGTGCTGAATTTCATC (SEQ ID NO: 134)

chr 11: 36573352-36573353

GATTGTGGGCCAAGTAACG (SEQ ID NO: 135)

chr 11: 36569081-36569082

GAAAGTCACTGTTGGTCGA (SEQ ID NO: 136)

chr 11: 36572473-36572474

CAATTTTGAGGTGTTCGTT (SEQ ID NO: 137)

chr 11: 36571459-36571460

GGGTTGAGTTCAACCTAAG (SEQ ID NO: 138)

chr 11: 36571367-36571368

O Nl O gaf & W[ N

TTAGCCTCATTGTACTAGC (SEQ ID NO: 139)

chr 11: 36572860-36572861

10

GCAATTTTGAGGTGTTCGT (SEQ ID NO: 140)

chr 11: 36571458-36571459

11

ACCAGCCTCGGGATCTCAA (SEQ ID NO: 141)

chr 11: 36569352-36569353

12

TCAAATCAGTCGGGTTTCC (SEQ ID NO: 142)

chr 11: 36572376-36572377

Table 15 - Exemplary optional guide RNAs for replacement strategies

Guide Sequence +/- DSB site
strand

gl ex2 GAGAGTCCTCTATGCCTAATGGG (SEQID | - chr11: 36,576,390-
NO: 143) 36,576,391

g2 ex2 AGGGGACCCATTAGGCATAGAGG (SEQ + chr11: 36,576,395-
ID NO: 144) 36,576,396

g3 ex2 AGAGAGTCCTCTATGCCTAATGG (SEQID | - chr11: 36,576,391-
NO: 145) 36,576,392

g1 3'UTR | AAGCCCTCAATGCAACCCAGAGG (SEQID | - chr11: 36,576,484-
NO: 146) 36,576,485

g2 3'UTR | AGCCCTCAATGCAACCCAGAGGG (SEQ - chr11: 36,576,483
ID NO: 147) 36,576,484

g3 3'UTR | TAGGGCAACCACTTATGAGTTGG (SEQID | + chr11: 36,576,454-
NO: 148) 36,576,455

For example, sequences for guides 9, 3 and 7 may be extended as shown below, for example

when used as crBNA:
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Guide | Sequence +/- DSB site
strand

9 GTCAGATGGCAATGTCGAGA (SEQ ID NO: + chr 11: 36569296-36569297
149)

3 TGTGGGTGCTGAATTTCATC (SEQ ID NO: - chr 11: 36573352-36573353
150)

7 GGGGTTGAGTTCAACCTAAG (SEQ ID NO: + chr 11: 36571367-36571368
151)

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to any of SEQ ID
NOs: 117-151. In some embodiments, the guide RNA comprises or consists of the nucleotide
sequence of any of SEQ ID NOs: 117-151.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to any of SEQ ID
NOs: 117-130. In some embodiments, the guide RNA comprises or consists of the nucleotide
sequence of any of SEQ ID NOs: 117-130.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to SEQ ID NO: 121.
In some embodiments, the guide RNA comprises or consists of the nucleotide sequence of
SEQ ID NO: 121.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to SEQ ID NO: 122.
In some embodiments, the guide RNA comprises or consists of the nucleotide sequence of
SEQ ID NO: 122.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to SEQ ID NO: 127
or 129. In some embodiments, the guide RNA comprises or consists of the nucleotide
sequence of SEQ ID NO: 127 or 129.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to SEQ ID NO: 127.
In some embodiments, the guide RNA comprises or consists of the nucleotide sequence of
SEQ ID NO: 127.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to SEQ ID NO: 129.
In some embodiments, the guide RNA comprises or consists of the nucleotide sequence of
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SEQ ID NO: 129.In one aspect, the present invention provides a guide RNA comprising or
consisting of a nucleotide sequence that has at least 90% identity or at least 95% identity to
any of SEQ ID NOs: 131-143 or 149-151. In some embodiments, the guide RNA comprises
or consists of the nucleotide sequence of any of SEQ ID NOs: 131-143 or 149-151.

In one aspect, the present invention provides a guide RNA comprising or consisting of a
nucleotide sequence that has at least 90% identity or at least 95% identity to any of SEQ ID
NOs: 143-148. In some embodiments, the guide RNA comprises or consists of the nucleotide
sequence of any of SEQ ID NOs: 143-148.

Suitably, the guide RNA is chemically modified. The chemical modification may enhance the
stability of the guide RNA. For example, from one to five (e.g. three) of the terminal nucleotides

at 5’ end and/or 3’ end of the guide RNA may be chemically modified to enhance stability.

Any chemical modification which enhances the stability of the guide RNA may be used. For
example, the chemical modification may be modification with 2'-O-methyl 3'-phosphorothioate,
as described in Hendel A, et al. Nat Biotechnol. 2015;33(9):985-9.

RNA-guided nuclease

A “nuclease” is an enzyme that can cleave the phosphodiester bond present within a
polynucleotide chain. Suitably, the nuclease is an endonuclease. Endonucleases are capable
of breaking the bond from the middle of a chain.

An “RNA-guided nuclease” is a nuclease which can be directed to a specific site by a guide
RNA. The present invention can be implemented using any suitable RNA-guided nuclease,
for example any RNA-guided nuclease described in Murugan, K., et al., 2017. Molecular cell,
68(1), pp.15-25. RNA-guided nucleases include, but are not limited to, Type Il CRISPR
nucleases such as Cas9, and Type V CRISPR nucleases such as Cas12a and Cas12b, as
well as other nucleases derived therefrom. RNA-guided nucleases can be defined, in broad
terms, by their PAM specificity and cleavage activity.

Suitably, the RNA-guided nuclease is a Type Il CRISPR nuclease, for example a Cas9
nuclease. Cas9 is a dual RNA-guided endonuclease enzyme associated with the Clustered
Regularly Interspaced Short Palindromic Repeats (CRISPR) adaptive immune system. Cas9
nucleases include the well-characterized ortholog from Streptococcus pyogenes (SpCas9).
SpCas9 and other orthologs (including SaCas9, FnCa9, and AnaCas9) have been reviewed
by Jiang, F. and Doudna, J.A., 2017. Annual review of biophysics, 46, pp.505-529.

170



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

The RNA-guided nuclease may be in a complex with the guide RNA, i.e. the guide RNA and
the RNA-guided nuclease may together form a ribonucleoprotein (RNP). Suitably, the RNP is
a Cas9 RNP. A RNP may be formed by any method known in the art, for example by incubating
a RNA-guided nuclease with a guide RNA for 5-30 minutes at room temperature. Delivering
Cas9 as a preassembled RNP can protect the guide RNA from intracellular degradation thus
improving stability and activity of the RNA-guided nuclease (Kim S, et al. Genome Res.
2014;24(6):1012-9).

Kit, composition, gene-editing system

In one aspect, the present invention provides a kit, composition, or gene-editing system
comprising the polynucleotide of the invention, the vector of the invention, and/or the guide
RNA of the invention.

As used herein, a “gene-editing system” is a system which comprises all components

necessary to edit a genome using the polynucleotide of the invention.

In some embodiments, the kit, composition, or gene-editing system comprises a
polynucleotide and/or vector of the invention and a guide RNA. The guide RNA may
correspond to the same DSB site targeted by the homology arms. For example, in some
embodiments the kit, composition, or gene-editing system comprises:

(i) a polynucleotide comprising from 5 to 3. a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574368 and the second homology region is homologous to a region downstream of
chr 11: 36574369, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 117;

(i) a polynucleotide comprising from 5’ to 3. a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574367 and the second homology region is homologous to a region downstream of
chr 11: 36574368, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 118;

(iii) a polynucleotide comprising from 5 to 3’. a first homology region, a nucleotide

sequence encoding a RAG1 polypeptide fragment, and a second homology region,
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wherein the first homology region is homologous to a region upstream of chr 11:
36574394 and the second homology region is homologous to a region downstream of
chr 11: 36574395, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 119;

(iv) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574294 and the second homology region is homologous to a region downstream of
chr 11: 36574295, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 120;

(v) a polynucleotide comprising from 5’ to 3’. a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574109 and the second homology region is homologous to a region downstream of
chr 11: 36574110, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 121;

(vi) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573910 and the second homology region is homologous to a region downstream of
chr 11: 36573911, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 122;

(vii) a polynucleotide comprising from 5’ to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573878 and the second homology region is homologous to a region downstream of
chr 11: 36573879, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 123;
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(viii) a polynucleotide comprising from 5’ to 3': a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573959 and the second homology region is homologous to a region downstream of
chr 11: 36573960, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 124;

(ix) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573957 and the second homology region is homologous to a region downstream of
chr 11: 36573958, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 125;

(x) a polynucleotide comprising from 5’ to 3’. a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573879 and the second homology region is homologous to a region downstream of
chr 11: 36573880, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 126;

(xi) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573892 and the second homology region is homologous to a region downstream of
chr 11: 36573893, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 127;

(xii) a polynucleotide comprising from 5’ to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573955 and the second homology region is homologous to a region downstream of
chr 11: 36573956, and/or a vector comprising said polynucleotide; and a guide RNA
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which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 128;

(xiii) a polynucleotide comprising from 5’ to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573878 and the second homology region is homologous to a region downstream of
chr 11: 36573879, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 129; or

(xiv) a polynucleotide comprising from 5’ to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574406 and the second homology region is homologous to a region downstream of
chr 11: 36574407, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 130.

In some embodiments the kit, composition, or gene-editing system comprises:

(v) a polynucleotide comprising from 5’ to 3’. a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36574109 and the second homology region is homologous to a region downstream of
chr 11: 36574110, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 121; or

(vi) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573910 and the second homology region is homologous to a region downstream of
chr 11: 36573911, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 122.

In some embodiments the kit, composition, or gene-editing system comprises:
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(xi) a polynucleotide comprising from 5 to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573892 and the second homology region is homologous to a region downstream of
chr 11: 36573893, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 127; or

(xiii) a polynucleotide comprising from 5’ to 3’: a first homology region, a nucleotide
sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a region upstream of chr 11:
36573878 and the second homology region is homologous to a region downstream of
chr 11: 36573879, and/or a vector comprising said polynucleotide; and a guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity,
at least 95% identity or 100% identity to SEQ ID NO: 129.

In some embodiments the kit, composition, or gene-editing system comprises a polynucleotide
comprising from 5’ to 3’: a first homology region, a nucleotide sequence encoding a RAG1
polypeptide fragment, and a second homology region, wherein the first homology region is
homologous to a region upstream of chr 11: 36573878 and the second homology region is
homologous to a region downstream of chr 11: 36573879, and/or a vector comprising said
polynucleotide; and a guide RNA which comprises or consists of a nucleotide sequence that
has at least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 129.

In some embodiments the kit, composition, or gene-editing system comprises:

(i) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36569295 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 131 or 149
(preferably SEQ ID NO: 131);

175



10

15

20

25

30

35

WO 2023/062030 PCT/EP2022/078298

(i) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36573790 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436 and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 132;

(i) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36573641 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 133;

(iv) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36573351 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 134 or 150
(preferably SEQ ID NO: 134);

(v) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36569080 and the second
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homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 135;

(vi) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAGH
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36572472 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 136;

(vii) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAGH
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36571458 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 137;

(viii) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36571366 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
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least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 138 or 151
(preferably SEQ ID NO: 138);

(ix) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36572859 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 139;

(x) a polynucleotide comprising from 5’ to 3': a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36571457 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 140;

(xi) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36569351 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 141; or

(xii) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor

sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
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polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36572375 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 142.

In some embodiments the kit, composition, or gene-editing system comprises:

(i) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36569295 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 131 or 149
(preferably SEQ ID NO: 131);

(i) a polynucleotide comprising from 5’ to 3’ a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
region is homologous to a region upstream of chr 11: 36573351 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 134 or 150
(preferably SEQ ID NO: 134);

(i) a polynucleotide comprising from 5’ to 3’: a first homology region, a splice acceptor
sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology
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region is homologous to a region upstream of chr 11: 36571366 and the second
homology region is homologous to a region downstream of chr 11: 36574557,
downstream of chr 11: 36574870, downstream of chr 11: 36575183, downstream of
chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11: 36576123,
or downstream of chr 11: 36576436, and/or a vector comprising said polynucleotide;
and a guide RNA which comprises or consists of a nucleotide sequence that has at
least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 138 or 151
(preferably SEQ ID NO: 138).

In some embodiments the kit, composition, or gene-editing system comprises a polynucleotide
comprising from 5’ to 3’: a first homology region, a splice acceptor sequence, a nucleotide
sequence encoding a RAG1 polypeptide or a RAG1 polypeptide fragment, and a second
homology region, wherein the first homology region is homologous to a region upstream of
chr 11: 36569295 and the second homology region is homologous to a region downstream of
chr 11: 36574557, downstream of chr 11: 36574870, downstream of chr 11: 36575183,
downstream of chr 11: 36575496, downstream of chr 11: 36575810, downstream of chr 11:
36576123, or downstream of chr 11: 36576436, and/or a vector comprising said
polynucleotide; and a guide RNA which comprises or consists of a nucleotide sequence that
has at least 90% identity, at least 95% identity or 100% identity to SEQ ID NO: 131 or 149
(preferably SEQ ID NO: 131).

The kit, composition, or gene-editing system may further comprise a second guide RNA, for
example when the second homology region is homologous to a region distantly downstream
of the DSB (e.g. a replacement strategy). For example, the kit, composition, or gene-editing
system may further comprise a guide RNA which comprises or consists of a nucleotide
sequence that has at least 90% identity, at least 95% identity or 100% identity to any of SEQ
ID NOs: 143-148. In some embodiments, the kit, composition, or gene-editing system further
comprises a guide RNA which comprises or consists of the nucleotide sequence of any of
SEQ ID NOs: 143-148.

The kit, composition, or gene-editing system may further comprise an RNA-guided nuclease.
Suitably, the RNA-guided nuclease corresponds to the guide RNA used. For example, if the
guide RNA comprises or consists of a nucleotide sequence that has at least 90% identity, at
least 95% identity or 100% identity to any one of SEQ ID NOs: 117-151, the RNA-guided
nuclease is suitably a Cas9 endonuclease.

The RNA-guided nuclease may be in a complex with the guide RNA, i.e. the guide RNA and
the RNA-guided nuclease together form a ribonucleoprotein (RNP).
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Cell

In one aspect, the present invention provides a cell which has been edited using the
polynucleotide, vector, kit, composition, or gene-editing system of the present invention.

In a related aspect, the present invention provides a cell comprising the polynucleotide, vector

and/or genome of the present invention.

Suitably, the cell is an isolated cell. Suitably, the cellis a mammalian cell, for example a human
cell.

Suitably, the cell is a hematopoietic stem cell (HSC), a hematopoietic progenitor cell (HPC),
or a lymphoid progenitor cell (LPC). In some embodiments, the cell is a HSC or a HPC,
optionally the cell is a HSC.

As used herein “hematopoietic stem cells” are stem cells that have no differentiation potential
to cells other than hematopoietic cells, “hematopoietic progenitor cells” are progenitor cells
that have no differentiation potential to cells other than hematopoietic cells, and “lymphoid
progenitor cells” are progenitor cells that have no differentiation potential to cells other than

lymphocytes.

The cell can be obtained from any source. The cell may be autologous or allogeneic. The cell
may be obtained or obtainable from any biological sample, such as peripheral blood or cord
blood. Peripheral blood may be treated with mobilising agent, i.e. may be mobilised peripheral
blood. The cell may be a universal cell.

The cell may be isolated or isolatable using commercially available antibodies that bind to cell
surface antigens, e.g. CD34, using methods known to those of skill in the art. For example,
the antibodies may be conjugated to magnetic beads and immunological procedures utilized
to recover the desired cell type. Suitably, the cell is identified by the presence or absence of
one or more antigenic markers. Suitable antigenic markers include CD34, CD133, CD90,
CD45, CD4, CD19, CD13, CD3, CD56, CD14, CD61/41, CD135, CD45RA, CD33, CD66b,
CD38, CD45, CD10, CD11¢, CD19, CD7, and CD71.

Suitably, the cell is identified by the presence of the antigenic marker CD34 (CD34+), i.e. the
cell is a CD34+ cell. For example, the cell may be a cord blood CD34+ cell or a (mobilised)
peripheral blood CD34+ cell. The cell may be a CD34+ HSC, a CD34+ HPC, ora CD34+ LPC,
optionally the cell is a CD34+ HSC.
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In some embodiments, the cell is identified by the presence of CD34 and the presence or
absence or one or more further antigenic markers. The further antigenic markers may be
selected from one or more of CD133, CD90, CD3, CD56, CD14, CD61/41, CD135, CD45RA,
CD33, CDe6b, CD38, CD45, CD10, CD11¢, CD19, CD7, and CD71. For example, the cell
may be a CD34+CD133+CD90+ cell, a CD34+CD133+CD90- cell, or a CD34+CD133-CD90-
cell.

Suitably, the cell is a NALM6 cell, a K562 cell, or other human cell (e.g. a Molt4 cell, a U937
cell, etc.). Suitably, the cellis a T cell.

Population of cells

In one aspect, the present invention provides a population or cells comprising the cell of the
present invention. Suitably, at least 1%, at least 2%, at least 5%, at least 10%, or at least 20%
of the cells in the population of cells are cells of the present invention. Suitably, the population
of cells comprises at least 10x10°, at least 50x10°, or at least 100x10° cells of the present

invention.

In a related aspect, the present invention provides a population of cells which have been edited
using the polynucleotide, vector, kit, composition, or gene-editing system of the present
invention. Suitably, at least 1%, at least 2%, at least 5%, at least 10%, or at least 20% of the
cells in the population of cells are cells which have been edited using the polynucleotide,
vector, kit, composition, or gene-editing system of the present invention. Suitably, the
population of cells comprises at least 10x10°5, at least 50x10°, or at least 100x10° cells which
have been edited using the polynucleotide, vector, kit, composition, or gene-editing system of

the present invention.

In a related aspect, the present invention provides a population of cells comprising the
polynucleotide, vector and/or genome of the present invention. Suitably, at least 1%, at least
2%, at least 5%, at least 10%, or at least 20% of the cells in the population of cells are cells
comprising the polynucleotide, vector and/or genome of the present invention. Suitably, the
population of cells comprises at least 10x10°, at least 50x10°%, or at least 100x10° cells
comprising the polynucleotide, vector and/or genome of the present invention.

Suitably, the population of cells are mammalian cells, for example human cells. The population
of cells may be autologous or allogeneic. Suitably, the population of cells are obtained or
obtainable from (mobilised) peripheral blood or cord blood. The population of cells may be

universal cells.
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Suitably, at least 50%, at least 60%, at least 70%, or at least 80% of the population of cells
are HSCs, HPCs, and/or LPCs. Suitably, at least 50%, at least 60%, at least 70%, or at least
80% of the population of cells are CD34+ cells.

In some embodiments, at least 1%, at least 2%, at least 5%, at least 10%, or at least 20% of
the population of cells are CD34+ cells comprising the polynucleotide, vector and/or genome
of the present invention. For example, in some embodiments at least 20% of the population of
cells are CD34+ cells comprising the genome of the present invention.

In some embodiments, the population of cells comprises at least 10x10°, at least 50x105, or
at least 100x10° CD34+ cells comprising the polynucleotide, vector and/or genome of the
present invention. For example, in some embodiments the population of cells comprises at

least 100x10° CD34+ cells comprising the genome of the present invention.
Method of gene editing

In one aspect, the present invention provides a method of gene editing a cell or a population
of cells using polynucleotides, vectors, guide RNAs, kits, compositions and/or gene-editing
system of the present invention. The present invention also provide a population of gene-
edited cells obtained or obtainable by said methods.

In another aspect the present invention provides use of a polynucleotide, vector, guide RNA,
kit, composition, and/or gene-editing system of the present invention for gene editing a cell or
a population of cells.

Suitably, the method of gene editing a cell or a population of cells comprises:
(a) providing a cell or a population of cells; and

(b) using a kit, composition, and/or gene-editing system described herein to obtain a
gene-edited cell or a population of gene-edited cells.

For example, the method of gene editing a cell or a population of cells comprises:
(a) providing a cell or a population of cells; and

(b) delivering an RNA-guided nuclease, a guide RNA, and/or a polynucleotide or vector
of the present invention to the cell or population of cells to obtain a gene-edited cell or
a population of gene-edited cells.
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The gene-edited cell or population of gene-edited cells may be as defined herein. The present
invention also provides a gene-edited cell or population of gene-edited cells obtained or
obtainable by said method.

Step (a) providing a cell or a population of cells

The population of cells may be obtained or obtainable from any suitable source. Suitably, the
population of cells are obtained or obtainable from (mobilised) peripheral blood or cord blood.
The population of cells may be obtained or obtainable from a subject, e.g. a subject to be
treated. Suitably, the population of cells may be isolated and/or enriched from a biological
sample by any method known in the art, for example by FACS and/or magnetic bead sorting.

Suitably, the population of cells are mammalian cells, for example human cells. The population
of cells may be, for example, autologous or allogeneic. The population of cells may be, for

example, universal cells.

Suitably, the population of cells comprises about 1 x 10° cells per well to about 10 x 10° cells
per well, e.g. about 2 x 10° cells per well, or about 5 x 10° cells per well.

The population of cells may comprise HSCs, HPCs, and/or LPCs. Suitably, at least 50%, at
least 60%, at least 70%, or at least 80% of the population of cells are HSCs, HPCs, and/or
LPCs. In some embodiments, the population of cells consists essentially of HSCs, HPCs,
and/or LPCs, or consists of HSCs, HPCs, and/or LPCs.

The population of cells may comprise CD34+ cells, e.g. CD34+ HSCs, HPCs, and/or LPCs.
Suitably, at least 50%, at least 60%, at least 70%, or at least 80% of the population of cells
are CD34+ cells, e.g. CD34+ HSCs, HPCs, and/or LPCs. In some embodiments, the
population of cells consists essentially of CD34+ cells, e.g. CD34+ HSCs, HPCs, and/or LPCs,
or consists of CD34+ cells, e.g. CD34+ HSCs, HPCs, and/or LPCs.

The population of cells may comprise CD34+CD133+CD90+ cells, CD34+CD133+CD90-
cells, and/or CD34+CD133-CD90-. Suitably, at least 50%, at least 60%, at least 70%, or at
least 80% of the population of cells are CD34+CD133+CD90+ cells, CD34+CD133+CD90-
cells, and/or CD34+CD133-CD90- cells. In some embodiments, the population of cells
consists essentially of CD34+CD133+CD90+ cells, CD34+CD133+CD90- cells, and/or
CD34+CD133-CD90- cells, or consists of CD34+CD133+CD90+ cells, CD34+CD133+CD90-
cells, and/or CD34+CD133-CD90- cells.
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The cell or population of cells may be cultured prior to step (b). The pre-culturing step may
comprise a pre-activation step and/or a pre-expansion step, optionally the pre-culturing step
is a pre-activation step.

As used herein, a “pre-culturing step” refers to a culturing step which occurs prior to genetic
modification of the cells. As used herein, a “pre-activating step” refers to an activation step or
stimulation step which occurs prior to genetic modification of the cells. As used herein, a “pre-
expansion step” refers to an expansion step which occurs prior to genetic modification of the

cells.
Suitably, the method may comprise:
(a1) providing a population of cells;

(a2) pre-culturing (e.g. pre-activating and/or pre-expanding) the population of cells to
obtain a pre-cultured (e.g. pre-activated and/or pre-expanded) population of cells;

(b) delivering an RNA-guided nuclease, a guide RNA, and/or a polynucleotide or vector
of the present invention to the pre-cultured (e.g. pre-activated and/or pre-expanded)
population of cells to obtain a population of gene-edited cells.

The pre-culturing step (e.g. pre-activation step and/or pre-expansion step) may be carried out
using any suitable conditions.

During the pre-culturing step (e.g. pre-activation step and/or pre-expansion step) the
population of cells may be seeded at a concentration of about 1 x 10° cells/ml to about 10 x
105 cells/ml, e.g. about 2 x 10° cells/ml, or about 5 x 10° cells/ml.

Suitably, the pre-culturing step (e.g. pre-activation step and/or pre-expansion step) is at least
1 day, at least 2 days, or at least 3 days. Suitably, the population of cells are pre-cultured (e.g.
pre-activated and/or pre-expanded) for about 3 days. Suitably, the population of cells are pre-
cultured in a 5% CO2 humidified atmosphere at 37°C.

Any suitable culture medium may be used. For example, commercially available medium such
as StemSpan medium may be used, which contains bovine serum albumin, insulin, transferrin,
and supplements in Iscove's MDM. The culture medium may be supplemented with one or
more antibiotic (e.g. penicillin, streptomycin).

The pre-culturing step (e.g. pre-activation step and/or pre-expansion step) may be carried out
in the presence in of one or more cytokines and/or growth factors. As used herein, a “cytokine”

is any cell signalling substance and includes chemokines, interferons, interleukins,
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lymphokines, and tumour necrosis factors. As used herein, a “growth factor” is any substance
capable of stimulating cell proliferation, wound healing, or cellular differentiation. The terms

“cytokine” and “growth factor” may overlap.

The pre-culturing step (e.g. pre-activation step and/or pre-expansion step) may be carried out
in the presence of one or more early-acting cytokine, one or more transduction enhancer,

and/or one or more expansion enhancer.
Early-acting cytokines

As used herein, an “early-acting cytokine” is a cytokine which stimulates HSCs, HPCS, and/or
LPCs or CD34+ cells. Early-acting cytokines include thrombopoietin (TPO), stem cell factor
(SCF), Flt3-ligand (FLT3-L), interleukin (IL)-3, and IL-6. In some embodiments, the pre-
culturing step (e.g. pre-activation step and/or pre-expansion step) is carried out in the
presence of at least one early-acting cytokine. Any suitable concentration of early-acting
cytokine may be used. For example, 1-1000 ng/ml, or 10-1000 ng/ml, or 10-500 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SCF. The concentration of SCF may be about 10-1000
ng/ml, about 50-500 ng/ml, or about 100-300 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of FLT3-L. The concentration of FLT3-L may be about 10-
1000 ng/ml, about 50-500 ng/ml, or about 100-300 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of TPO. The concentration of TPO may be about 5-500
ng/ml, about 10-200 ng/ml, or about 20-100 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of IL-3. The concentration of IL-3 may be about 10-200
ng/ml, about 20-100 ng/ml, or about 60 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of IL-6. The concentration of IL-6 may be about 5-100
ng/ml, about 10-50 ng/ml, or about 20 ng/ml.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SCF (e.g. in a concentration of about 100 ng/ml), FLT3-
L (e.g. in a concentration of about 100 ng/ml), TPO (e.g. in a concentration of about 20 ng/ml)
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and IL-6 (e.g. in a concentration of about 20 ng/ml), in particular when the population of cells
are cord-blood CD34+ cells.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SCF (e.g. in a concentration of about 300 ng/ml), FLT3-
L (e.g. in a concentration of about 300 ng/ml), TPO (e.g. in a concentration of about 100 ng/ml)
and IL-3 (e.g. in a concentration of about 60 ng/ml), in particular when the population of cells
are (mobilised) peripheral blood CD34+ cells.

Transduction enhancers

As used herein, a “transduction enhancer” is a substance that is capable of improving viral
transduction of HSCs, HPCS, and/or LPCs or CD34+ cells. Suitable transduction enhancers
include LentiBOOST, prostaglandin E2 (PGE2), protamine sulfate (PS), Vectofusin-1,
ViraDuctin, RetroNectin, staurosporine (Stauro), 7-hydroxy-stauro, human serum albumin,
polyvinyl alcohol, and cyclosporin H (CsH). In some embodiments, the pre-culturing step (e.g.
pre-activation step and/or pre-expansion step) is carried out in the presence of at least one
transduction enhancer. Any suitable concentration of transduction enhancer may be used, for
example as described in Schott, JW., et al., 2019. Molecular Therapy-Methods & Clinical
Development, 14, pp.134-147 or Yang, H., et al., 2020. Molecular Therapy-Nucleic Acids, 20,
pp. 451-458.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of PGE2. Suitably, the PGE2 is 16,16-dimethyl
prostaglandin E2 (dmPGEZ2). The concentration of PGE2 may be about 1-100 uM, about 5-20
UM, or about 10 uM.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of CsH. The concentration of CsH may be about 1-50 puM,
5-50 uM, about 10-50 uM, or about 10 pM.

Expansion enhancers

As used herein, an “expansion enhancer’ is a substance that is capable of improving
expansion of HSCs, HPCS, and/or LPCs or CD34+ cells. Suitable expansion enhancers
include UM171, UM729, StemRegenin1 (SR1), diethylaminobenzaldehyde (DEAB), LG1506,
BIO (GSK3g inhibitor), NR-101, trichostatin A (TSA), garcinol (GAR), valproic acid (VPA),
copper chelator, tetraethylenepentamine, and nicotinamide. In some embodiments, the pre-
culturing step (e.g. pre-activation step and/or pre-expansion step) is carried out in the

presence of at least one expansion enhancer. Any suitable concentration of expansion
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enhancer may be used, for example as described in Huang, X., et al., 2019. F1000Research,
8, 1833.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of UM171 or UM729. The concentration of UM171 may be
about 10-200 nM, about 20-100 nM, or about 50 nM.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SR1. The concentration of SR1 may be about 0.1-10
uM, about 0.5-5 uM, or about 1 pM.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of UM171 (e.g. in a concentration of about 50 nM) or
UM729 and SR1 (e.g. in a concentration of about 1 pM).

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SCF (e.g. in a concentration of about 100 ng/ml), FLT3-
L (e.g. in a concentration of about 100 ng/ml), TPO (e.g. in a concentration of about 20 ng/ml),
IL-6 (e.g. in a concentration of about 20 ng/ml), PGEZ2 (e.g. in a concentration of about 10 pM),
UM171 (e.g. in a concentration of about 50 nM), and SR1 (e.g. in a concentration of about 1
uM), in particular when the population of cells are cord-blood CD34+ cells.

In some embodiments, the pre-culturing step (e.g. pre-activation step and/or pre-expansion
step) is carried out in the presence of SCF (e.g. in a concentration of about 300 ng/ml), FLT3-
L (e.g. in a concentration of about 300 ng/ml), TPO (e.g. in a concentration of about 100 ng/ml),
IL-3 (e.g. in a concentration of about 60 ng/ml), PGE2 (e.g. in a concentration of about 10 pM),
UM171 (e.g. in a concentration of about 50 nM), and SR1 (e.g. in a concentration of about 1
uM), in particular when the population of cells are (mobilised) peripheral blood CD34+ cells.

Step (b) obtaining a gene-edited cell or a population of gene-edited cells

A kit, composition, and/or gene-editing system comprising an RNA-guided nuclease, a guide
RNA, and/or a polynucleotide or vector of the present invention may, for example, be used to
obtain the gene-edited cell or a population of gene-edited cells.

The RNA-guided nuclease, guide RNA, and/or polynucleotide or vector may be any suitable
combination described herein. The guide RNA may correspond to the same DSB site targeted
by the homology arms. The RNA-guided nuclease may correspond to the guide RNA used.
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In some embodiments, for example when a replacement strategy is being used, a second
guide RNA may be used cutting just upstream the right homology arm in combination with the
first gRNA. For example, the method may further comprise delivering a second guide RNA
which comprises or consists of a nucleotide sequence that has at least 90% identity, at least
95% identity or 100% identity to any of SEQ ID NOs: 143-148. In some embodiments, the
method further comprises delivering a guide RNA which comprises or consists of the
nucleotide sequence of any of SEQ ID NOs: 143-148.

Delivery of a RNA-guided nuclease, guide RNA(s), and/or polynucleotide or vector

The RNA-guided nuclease, guide RNA(s), and/or polynucleotide or vector may be delivered
to the cell by any suitable technique. For example, the RNA-guided nuclease may be delivered
directly using electroporation, microinjection, bead loading or the like, or indirectly via
transfection and/or transduction. The guide RNA(s), and/or polynucleotide or vector may be
introduced by transfection and/or transduction.

As used herein “transfection” is a process using a non-viral vector to deliver a polypeptide
and/or polynucleotide to a target cell. Typical transfection methods include electroporation,
DNA biolistics, lipid-mediated transfection, compacted DNA-mediated transfection, liposomes,
immunoliposomes, lipofectin, cationic agent-mediated transfection, cationic facial amphiphiles
(CFAs) and combinations thereof.

As used herein “transduction” is a process using a viral vector to deliver a polynucleotide to a
target cell. Typical transduction methods include infection with recombinant viral vectors, such
as adeno-associated viral, retroviral, lentiviral, adenoviral, baculoviral and herpes simplex viral

vectors.

The RNA-guided nuclease and the guide RNA(s) may be delivered by any suitable method,
for instance any method described in Wilbie, D., et al., 2019. Accounts of chemical research,
52(6), pp.1555-1564. Suitably, the RNA-guided nuclease and the guide RNA(s) are delivered
together preassembled as in the form of a RNP complex. The RNP complex may be delivered
by electroporation.

Any suitable dose of the RNA-guided nuclease and/or the guide RNA(s) may be used. For
example, the guide RNA(s) may be delivered at a dose of about 10-100 pmol/well, optionally
about 50 pmol/well. For example, the RNP may be delivered at a dose of about 1-10 pM,
optionally 1-2.5 pM.

The RNA-guided nuclease and/or the guide RNA(s) may be delivered prior to the vector and/or
simultaneously with the polynucleotide or vector of the invention. Suitably, the RNA-guided
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nuclease and/or the guide RNA(s) are delivered prior to the polynucleotide or vector. For
example, the RNA-guided nuclease and/or the guide RNA(s) may be delivered about 1-100
minutes, about 5-30, or about 15 minutes, prior to the polynucleotide or vector.

The polynucleotide or vector of the invention may be delivered by any suitable method. For
example, when the polynucleotide may be in a viral vector or the vector may be a viral vector
and delivered by transduction.

Any suitable dose of the polynucleotide or vector may be used. For example, the vector may
be delivered at a MOI of about 10* to 10° vg/cell, optionally about 10* vg/cell.

Delivery of a p53 inhibitor and/or HDR enhancer

The method may further comprise a step of delivering a p53 inhibitor and/or HDR enhancer.
The p53 inhibitor and/or HDR enhancer may be delivered simultaneously. The p53 inhibitor
and/or HDR enhancer may be delivered simultaneously with or after the RNA-guided nuclease
and/or the guide RNA(s).

As used herein, a “p53 inhibitor” is a substance which inhibits activation of the p53 pathway.
The p53 pathway plays a role in regulation or progression through the cell cycle, apoptosis,
and genomic stability by means of several mechanisms including: activation of DNA repair
proteins, arrest of the cell cycle; and initiation of apoptosis. Inhibition of this p53 response by
delivery during editing has been shown to increase hematopoietic repopulation by treated cells
(Schiroli, G. etal. 2019. Cell Stem Cell 24, 551-565). Suitably, the p53 inhibitors is a dominant-
negative p53 mutant protein, e.g. GSE56.

GSE56 may have the amino acid sequence:

CPGRDRRTEEENFRKKEEHCPELPPGSAKRALPTSTSSSPQQKKKPLDGEYFTLKIRG
RERFEMFRELNEALELKDARAAEESGDSRAHSSYPK

(SEQ ID NO: 152)

In one embodiment, the p53 dominant negative peptide is a variant of GSE56 comprising 1,
2,3,4,5,6,7,8,9 or 10 amino acid substitutions, additions or deletions, while retaining the
activity of GSE56, for example in reducing or preventing p53 signalling.

In one embodiment, the p53 dominant negative peptide comprises an amino acid sequence
having at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to SEQ ID
NO: 152.
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As used herein, an “HDR enhancer” is a substance that is capable of improving HDR efficiency
in HSCs, HPCS, and/or LPCs or CD34+ cells. HDR is constrained in long-term-repopulating
HSCs. Any suitable HDR enhancer may be used, for example as described in Ferrari, S., et
al., 2020. Nature Biotechnology, pp.1-11. Suitably, the HDR enhancer is the adenovirus 5
E4orf6/7 protein. Adenovirus 5 E4orf6/7 proteins may be as disclosed in WO 2020/002380
(incorporated herein by reference).

The p53 inhibitor and the HDR enhancer may be delivered by any suitable method. The p53
inhibitor and/or the HDR enhancer may be transiently expressed, for example the p53 inhibitor
and/or the HDR enhancer may delivered via mRNA. The p53 inhibitor and the HDR enhancer
may be delivered by separate mMRNAs or on a single mRNA encoding a fusion protein,
optionally with a self-cleaving peptide (e.g. P2A). Any suitable dose of the p53 inhibitor and/or
the HDR enhancer may be used, for example mRNA be delivered at a concentration of about
10-1000 pg/ml, about 50-500 pg/ml, or about 150 pg/ml.

In some embodiments, step (b) comprises:

(b1) delivering a RNA-guided nuclease and a guide RNA(s) of the invention, optionally
preassembled in the form of a RNP complex by electroporation;

(b2) optionally, delivering a p53 inhibitor and/or a HDR enhancer; and

(b3) delivering a polynucleotide or vector of the invention by transduction to provide a
gene-edited population of cells.

Culturing the gene-edited cell or population of gene-edited cells

The method may further comprise a step of culturing the population of gene-edited cells. This
may be an expansion step, i.e. the method may further comprises a step of expanding the
population of gene-edited cells.

The culturing step (e.g. expansion step) may be carried out using any suitable conditions.

During the culturing step (e.g. expansion step) the population of cells may be seeded at a
concentration of about 1 x 10° cells/ml to about 10 x 10° cells/ml, e.g. about 2 x 10° cells/ml,
or about 5 x 10° cells/ml. Suitably, the culturing step (e.g. expansion step) is for at least one
day, or one to five days. For example, the culturing step (e.g. expansion step) may be for
about one day. Suitably, the population of cells are cultured in a 5% CO2> humidified
atmosphere at 37°C.
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Any suitable culture medium may be used. For example, commercially available medium such
as StemSpan medium may be used, which contains bovine serum albumin, insulin, transferrin,
and supplements in Iscove's MDM. The culture medium may be supplemented with one or
more antibiotic (e.g. penicillin, streptomycin). The culturing step (e.g. expansion step) may be
carried out in the presence in of one or more cytokines and/or growth factors.

In some embodiments, step (b) comprises:

(b1) delivering a RNA-guided nuclease and a guide RNA(s) of the invention, optionally
preassembled in the form of a RNP complex by electroporation;

(b2) optionally, delivering a p53 inhibitor and/or a HDR enhancer;

(b3) delivering a polynucleotide or vector of the invention by transduction to provide a
gene-edited population of cells; and

(b4) culturing (e.g. expanding) the gene-edited population of cells.
Methods of treatment

In one aspect the present invention provides a method of treating a subject using
polynucleotides, vectors, guide RNAs, kits, compositions, gene-editing systems, cells and/or
populations of cells of the present invention. Suitably, the method of treating a subject may
comprise administering a cell or population of cells of the present the invention.

In a related aspect the present invention provides a polynucleotide, vector, guide RNA, Kkit,
composition, gene-editing system, cell and/or populations of cells of the present invention for
use as a medicament. Suitably, the cell or population of cells of the present the invention may

be used as a medicament.

In a related aspect, the present invention provides use of a polynucleotide, vector, guide RNA,
kit, composition, gene-editing system, cell and/or populations of cells of the present invention
for the manufacture of a medicament. Suitably, the cell or population of cells of the present

the invention may be used for the manufacture of a medicament.
Suitably, a method of treating a subject may comprise:
(a) providing a cell or a population of cells;

(b) using a kit, composition, and/or gene-editing system described herein to obtain a
gene-edited cell or a population of gene-edited cells; and
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(c) administering the population of gene-edited cells to the subject.
For example, a method of treating a subject may comprise:
(a) providing a cell or a population of cells;

(b) delivering an RNA-guided nuclease, a guide RNA, and/or a polynucleotide or vector
of the present invention to the cell or population of cells to obtain a gene-edited cell or
a population of gene-edited cells; and

(c) administering the population of gene-edited cells to the subject.
Steps (a) and (b) may be identical to the steps described in the section above.

Suitably, the cell of population of cells may be isolated and/or enriched from the subject to be
treated, e.g. the population of cells may be an autologous population of CD34+ cells. Suitably,
the population of cells are isolated from (mobilised) peripheral blood or cord blood of the
subject to be treated and subsequently enriched (e.g. by FACS and/or magnetic bead sorting).

The subject may be immunocompromised and/or the disease to be treated may be an
immunodeficiency, i.e. the medicament may be for treating an immunodeficiency. As used
herein, an “immunodeficiency” is a disease in which the immune system's ability to fight
infectious disease and cancer is compromised or entirely absent. A subject who has an
immunodeficiency is said to be “immunocompromised”. An immunocompromised person may
be particularly vulnerable to opportunistic infections, in addition to normal infections that could
affect everyone.

RAG deficient-immunodeficiency

The subject may have RAG deficiency, e.g. a RAG1 deficiency. A RAG1 deficiency may be
due to a loss-of-function mutation in the RAG1 gene, optionally a loss-of-function mutation in
the RAG1 exon 2.

The immunodeficiency may be a RAG deficient-immunodeficiency. As used herein, a “RAG
deficient-immunodeficiency” is an immunodeficiency characterised by loss of RAG1/RAG2
activity. A RAG deficient-immunodeficiency may, for example be caused by a mutation in RAG

genes.

Suitably, the RAG deficient-immunodeficiency may be a RAG1 deficiency. A RAG1 deficiency
may be due to a loss-of-function mutation in the RAG1 gene, optionally a loss-of-function
mutation in the RAG1 exon 2.
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Mutations of the RAG genes in humans are associated with distinct clinical phenotypes, which
are characterized by variable association of infections and autoimmunity. In some cases,
environmental factors have been shown to contribute to such phenotypic heterogeneity. In
humans, RAG1 deficiency can cause a broad spectrum of phenotypes, including T- B- SCID,
Omenn syndrome (OS), atypical SCID (AS) and combined immunodeficiency with
granuloma/autoimmunity (CID-G/Al). (Notarangelo, L.D., et al., 2016. Nature Reviews
Immunology, 16(4), pp.234-246 and Delmonte, O.M., et al., 2018. Journal of clinical
immunology, 38(6), pp.646-655).

In some embodiments, the RAG deficient-immunodeficiency is T- B- SCID, Omenn syndrome,
atypical SCID, or CID-G/Al.

Severe combined immunodeficiency (SCID) comprises a heterogeneous group of disorders
that are characterized by profound abnormalities in the development and function of T cells
(and also B cells in some forms of SCID), and are associated with early-onset severe
infections. This condition is inevitably fatal early in life, unless immune reconstitution is
achieved, usually with HSCT. Following the introduction of newborn screening for SCID in the
United States, it has become possible to establish that RAG mutations account for 19% of all
cases of SCID and SCID-related conditions, and are a prominent cause of atypical SCID and
Omenn syndrome in particular. (Notarangelo, L.D., et al., 2016. Nature Reviews Immunology,
16(4), pp.234-246).

In 1996, RAG mutations were identified as the main cause of T-B— SCID with normal cellular
radiosensitivity. A distinct phenotype characterizes Omenn syndrome, which was first
described in 1965. These patients manifest early-onset generalized erythroderma,
lymphadenopathy, hepatosplenomegaly, eosinophilia and severe hypogammaglobulinaemia
with increased IgE levels, which are associated with the presence of autologous, oligoclonal
and activated T cells that infiltrate multiple organs. In some patients with hypomorphic RAG
mutations, a residual presence of autologous T cells was demonstrated without clinical
manifestations of Omenn syndrome. This condition is referred to as "atypical’ or 'leaky' SCID.
A distinct SCID phenotype involving the oligoclonal expansion of autologous yd T cells
(referred to here as yd T+ SCID) has been reported in infants with RAG deficiency and
disseminated cytomegalovirus (CMV) infection. (Notarangelo, L.D., et al., 2016. Nature
Reviews Immunology, 16(4), pp.234-246).

Whereas SCID, atypical SCID and Omenn syndrome are inevitably fatal early in life if
untreated, several forms of RAG deficiency with a milder clinical course and delayed
presentation have been reported in recent years. In particular, the occurrence of CID-G/Al
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was reported in three unrelated girls with RAG mutations who manifested granulomas in the
skin, mucous membranes and internal organs, and had severe complications after viral
infections, including B cell ymphoma. Following this description, several other cases of CID—
G/Al with various autoimmune manifestations (such as cytopaenias, vitiligo, psoriasis,
myasthenia gravis and Guillain—Barré syndrome) have been reported. (Notarangelo, L.D., et
al., 2016. Nature Reviews Immunology, 16(4), pp.234-246).

Additional phenotypes that are associated with RAG deficiency include idiopathic CD4+ T cell
lymphopaenia, common variable immunodeficiency, IgA deficiency, selective deficiency of
polysaccharide-specific antibody responses, hyper-IgM syndrome and sterile chronic
multifocal osteomyelitis. (Notarangelo, L.D., et al., 2016. Nature Reviews Immunology, 16(4),
pp.234-246).

The skilled person will understand that they can combine all features of the invention disclosed
herein without departing from the scope of the invention as disclosed.

Preferred features and embodiments of the invention will now be described by way of non-

limiting examples.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of chemistry, biochemistry, molecular biology, microbiology and immunology,
which are within the capabilities of a person of ordinary skill in the art. Such techniques are
explained in the literature. See, for example, Sambrook, J., Fritsch, E.F. and Maniatis, T.
(1989) Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory
Press; Ausubel, F.M. et al. (1995 and periodic supplements) Current Protocols in Molecular
Biology, Ch. 9, 13 and 16, John Wiley & Sons; Roe, B., Crabtree, J. and Kahn, A. (1996) DNA
Isolation and Sequencing: Essential Techniques, John Wiley & Sons; Polak, J.M. and McGee,
J.O’D. (1990) In Situ Hybridization: Principles and Practice, Oxford University Press; Gait, M.J.
(1984) Oligonucleotide Synthesis: A Practical Approach, IRL Press; and Lilley, D.M. and
Dahlberg, J.E. (1992) Methods in Enzymology: DNA Structures Part A: Synthesis and Physical
Analysis of DNA, Academic Press. Each of these general texts is herein incorporated by

reference.
EXAMPLES
EXAMPLE 1 — RAG1 gene exonic strategies and RAG1 gene replacement strategies

Exonic genome editing strategies
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Two exonic strategies have been developed to correct the human RAGT gene:

1)

The “exon 2 RAGT gene targeting” is based on the targeting of the second RAGT exon
(Figure 1A). Following the DNA double-stand break (DSB), non-homologous end
joining (NHEJ) repair machinery would disrupt the endogenous RAG7 gene while
alleles edited by homology directed repair (HDR) will allow RAG7 correction,
increasing the selective advantage of corrected cells over the RAG1 deficient cells.
The corrective donor carries a codon optimized RAGT (coRAG1) partial coding
sequence (CDS) in frame with the upstream portion of the endogenous RAGT and
homology arms close to the exonic cutting site, downstream from the endogenous
splice acceptor. This strategy will preserve the intronic region, maintain the 3UTR
regulation and promote the selective advantage of corrected cells. This strategy will
allow precise gene correction, maintaining the genomic region upstream of the exon 2
and the 3'UTR regulatory region, while providing a more selective advantage of the
corrected gene edited cells over the mutated CD34+ cells carrying hypomorphic RAG1

mutations.

The “exon 2 RAGT gene replacement” is based the same rationale. However, the
corrective template is designed to include, along with the left homology arm flanking
the exonic gRNA cutting site, a right homology arm which is homologous to a distant
downstream sequence, that includes the initial part of the 3UTR (Figure 1B).
Optionally, a second gRNA cutting just upstream the right homology arm can be used
in combination with the first gRNA. The corrective donor carries a partial coRAG1 CDS
in frame with the upstream portion of the endogenous RAG1T and preferentially a long
homology sequence specific for part of the 3'UTR to favor HDR and gene replacement.
Following the DNA DSB, the partial coRAG1, delivered by AAV6 or IDLV (or any other
vector) replaces the excised endogenous RAG1 CDS.

Guide RNA selection for RAG1 exonic strategies

While RAG1 null mutations prevent the development of lymphocytes, the majority of RAGT

mutations described in literature impair but not abolish the V(D)J recombination activity leading

to the generation of lymphoid progenitors that may compete with corrected T and B cell

progenitors in central niches (Delmonte OM, et al. Blood. 2020;135(9):610-9). To improve the

selective advantage of corrected cells over the hypomorphic ones, we designed the “exon 2

RAGT gene targeting” and the “exon 2 RAGT gene replacement” strategies (Figure 1A-B) to
disrupt the endogenous RAG7T gene by NHEJ and correct it by HDR.

To select a gRNA specific for RAG1 exon 2 able to disrupt the endogenous RAGT gene, we
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considered that nonstandard ATG are present at the N-terminal of RAG7 gene and may be
used as alternative start sites for re-initiating translation process and producing RAGT
truncated protein with decreased recombination activity (Santagata S, et al. Proc Natl Acad
Sci. 2000 Dec 19;97(26):14572-7). Thus, to achieve the complete RAG7 inactivation we
designed and synthetized the following gRNAs targeting the last internal nonstandard
Methionines (M) at & of RAGT (Figure 1C) (PAM sequences are highlighted in bold):

g1 M5 ex2 RAG1: TTGCTGGACATTTCACCATC AGG
g2 M5 ex2 RAG1: TGCTGGACATTTCACCATCA GGG
g3 M5 ex2 RAG1: TCCAGCAAAAGAGTGCAATG AGG
g4 M4 ex2 RAG1: AAGCATGGATATCGGCAAGA GGG
g5 M3 ex2 RAG1: AAGATGTATCTTACTGCAGT TGG
g6 M2 ex2 RAG1: CGAGGAACGTGACCATGGAG TGG

These 6 gRNAs were tested for NHEJ efficiency and RAG1 disruption in NALM6-WT cells,
which constitutively express RAG1.

Each gRNA was delivered into NALM6-WT cells as an in vitro preassembled RNPs (50
pmol/well) by electroporation (Figure 2A). We assessed on bulk edited cells: the cutting
efficiency (by a T7-mediated NHEJ assay), the protein production (by Western Blot, WB) and
the RAG1-mediated recombination activity (by the transduction with a LV carrying an inverted
GFP cassette). Ten days after the editing, NALM6 cells were collected, and DNA was
extracted to assess the cutting efficiency of each gRNA (Figure 2B). As internal control we
used a gRNA (g9) targeting the intron 1 of RAGT gene, which does not alter its open reading
frame and was previously tested on NALM6-WT cells. “g5 M3 ex2” and “g6 M2 ex2” gRNAs
(named g5 and g6 hereafter) showed a high cutting efficiency with values (79% and 87%,
respectively) comparable to the control gRNA (80%) (Figure 2B).

To verify the RAGT disruption, we performed WB assay on protein lysates of bulk edited
NALM6-WT cells. As positive controls, we used NALM6-WT cells (which constitutively
expressed RAG1): i) untreated (UT), ii) electroporated in absence of gRNA (electro), or iii)
edited with a gRNA targeting the intron (g9). As negative controls, we used protein lysates of:
i) untreated K562 cells (which do not express RAG1), ii) NALM6-WT cells edited by g14 gRNA
which leads to RAG1 protein disruption because it targets the RAG1 catalytic core, and iii)
untreated NALM6-RAG1.KO cell line previously generated in our lab by editing NALM6-WT
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with g14 (Figure 2C). We observed the absence of RAG1 protein in NALM6-WT cells edited
by g5 and g6 despite the presence of the housekeeping protein p38, suggesting the RAG1
disruption (Figure 2C).

The RAGH1 inactivation was further evaluated in terms of function. To this aim, bulk edited
NALMS6 cells were transduced with LV carrying an inverted GFP cassette which is flanked by
the Recombination Signal Sequences (RSS) specifically recognized by the RAG1/RAG2
complex. If functional, RAG1 recognizes and binds the RSS and recombines the GFP
cassette, which will be placed in the correct orientation resulting in the expression of GFP.
Thus, the percentage of GFP+ cells, analyzed by flow cytometry, is indicative of the RAG1-
recombanition activity (Liang HE, et al. Immunity. 2002; Bredemeyer AL, et al. Nature. 2006
Jul 14;442(7101):466—70; De Ravin SS, et al. Blood. 2010;116(8):1263—-71; and Lee YN, et
al. J Allergy Clin Immunol. 2014). Untreated NALM6-WT cells showed 40.1% recombination
activity, in line with our historical data. “g1 M5 ex2” and “g2 M5 ex2” gRNAs induced a slight
reduction of the recombination activity, while the other four gRNAs induced a 2-fold reduction
of RAG1 recombination activity (Figure 2D). We also observed a reduced recombination
activity even in cells edited by g5 and g6 gRNAs (Figure 2D).

To overcome the limitation of bulk cell analysis, edited cells were subcloned by single-cell
plate sorting. We selected mono- or bi-allelic edited clones by DNA sequencing. The frequency
of insertion and deletion (indel) on 30 edited clones was assessed by TIDE analysis
(http://shinyapps.datacurators.nl/tide/). We selected two mono-allelic edited clones (clone 6.2
and clone 7.3) and ten bi-allelic edited clones (Figure 2E). Preliminary data showed that the
gRNAs were able to knock-out RAG1 completely abrogating the recombination activity in
some clones edited by “g3 M5 ex2” (clone 6.3), g5 (clones 8.9 and 8.11) and g6 (clones 9.9
and 9.10) gRNAs (Figure 2 F).

We also tested these 6 gRNAs targeting RAG7 exon 2 for NHEJ efficiency in CD34+
hematopoietic stem and progenitor cells (HSPC). Hematopoietic stem and progenitor cells
derived from mPB of HD were thawed at day 0 and prestimulated for three days seeding
0.5x108 cells/ml in StemSpan enriched with cytokines (hTPO 100ng/ml, hSCF 300ng/ml,
hFIt3-L 300ng/ml, SR1 1uM, UM171 35nM, PGE2 10uM). At day 3, gRNAs were delivered as
an in vitro preassembled RNPs (50 pmol/well) by electroporation. Four days after the editing,
cells were collected, and DNA was extracted to measure the cutting efficiency of each gRNA
by performing the NHEJ assay (T7 mediated) (Figure 3A). As internal control we used a gRNA
(99) previously tested on CD34+ cells. The cutting efficiency values ranged between 27% for
“g2 M5 exon2” and 56% for “g3 M5 exon2” gRNA (Figure 3B).
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To further improve the cutting efficiency, we designed other 7 new gRNAs targeting the region
between the second and the third Methionine (M2/3), the region targeted by g6 gRNA, and 1
new gRNA targeting the M5 (Figure 1C) (PAM sequences are highlighted in bold):

g7 exon2 M2/3: GTTTAGCAGTGCCCCATGTG AGG
g8 exon2 M2/3: CTTCCTCTTGAGTCCCCGAC GGG
g9 exon2 M2/3: ATCTGCAACACTGCCCGTCG GGG
g10 exon2 M2/3: TCGGGAAGTAAACCTCACAT GGG
g11 exon2 M2/3: CATGTGAGGTTTACTTCCCG AGG
g12 exon2 M2/3: ACATCTGCAACACTGCCCGT CGG
g13 exon2 M2/3: CGGGAAGTAAACCTCACATG GGG
g14 exon2 M5: GTGCAATGAGGAGGTCAGTT TGG

These 8 gRNAs can also be tested for NHEJ efficiency in CD34+ HSPCs and in NALMS6 cells.
Moreover, to verify RAGT disruption, the RAGT expression (by RT-PCR/ddPCR), protein
production (by WB) and recombination activity in NALM6 cells treated with various gRNAs can
be assessed.

Guide BRNA selection for RAG1 replacement strategies

The “exon 2 RAG1 gene replacement” strategy (Figure 1B) can optionally exploit the co-
electroporation of two gRNAs targeting the intron and a sequence downstream of the second
exon. Therefore, the best performing gRNA selected in the group described above can be
combined with a gRNA mapping the 3’ exonic region or the first nucleotides of the 3UTR (PAM
sequences are highlighted in bold) (Figure 1D) (PAM sequences are highlighted in bold):

g1 ex2: GAGAGTCCTCTATGCCTAAT GGG
g2 ex2: AGGGGACCCATTAGGCATAG AGG
g3 ex2: AGAGAGTCCTCTATGCCTAA TGG

g1 3'UTR: AAGCCCTCAATGCAACCCAG AGG
g2 3'UTR: AGCCCTCAATGCAACCCAGA GGG
g3 3'UTR: TAGGGCAACCACTTATGAGT TGG

These six gRNAs have been tested in CD34+ cells at the doses of 25 and 50 pmol to assess
the NHEJ efficiency by the T7 surveyor assay. The “g1 exon2” gRNA showed the highest
cutting efficiency (Figure 4A).

The “exon 2 RAG1 gene replacement” can be compared with the “intron 1 RAG7 gene
replacement” strategy shown in Figure 4B. Both strategies are based on the design of distant

homology arms homologous to a downstream sequence including the initial part of the 3’'UTR.
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The use of a long homology arm specific for part of the 3UTR may favor HDR and gene

replacement.

Optionally, a second gRNA cutting just upstream the right homology arm can be used in
combination with the first selected gRNA, specific for the exonic or intronic strategy. In case
of the intronic strategy (Figure 4B), following the DNA DSB, the endogenous CDS is excised,
and the corrective donor DNA is integrated into the intronic region by HDR, thanks to the
presence of two homology arms flanking the corrective donor. The donor carries the splice
acceptor (SA) sequence upstream the corrective DNA sequence to allow the control of
transgene expression by the endogenous promoter of RAGT.

Off-target analysis

Preliminary in silico analysis demonstrated a promising off-target profile as shown by high MIT
and CFD specificity scores (Table 1 and 2).

Table 1. Specificity analysis of exon 2 RAG1 gRNAs, including optional gRNAs for exon 2
gene replacement strategy.

gRNA | Target DSB site MIT CFD | # OT | Doenc | Moreno | Out-of- | Lind
ID sequence Spec | Spec | <4 h '"16- | - Frame- | el-
Score | Score | mismat | Score | Mateos- | Score | Sco
ches Score re
g1 M5 | TTGCTGGA | chr11:36,5 | 78 89 118 39 46 55 66

ex2 CATTTCAC | 74,368-
RAG1 | CATCAGG 36,574,36
9
g2 M5 | TGCTGGAC | chr11:36,5 | 73 86 184 54 52 53 62
ex2 ATTTCACCA | 74,367-
RAG1 | TCAGGG 36,574,36
8
g3 M5 | TCCAGCAA | chr11:36,5 | 73 81 195 76 39 63 84
ex2 AAGAGTGC | 74,394-
RAG1 | AATGAGG 36,574,39
5
g4 M4 | AAGCATGG | chr11:36,5 | 87 89 104 66 65 63 77
ex2 ATATCGGC | 74,294-
RAG1 | AAGAGGG 36,574,29
5
95 M3 | AAGATGTA | chr11:36,5 | 75 87 136 54 34 53 71
ex2 TCTTACTG | 74,109-
RAG1 | CAGTTGG 36,574,111
0
g6 M2 | CGAGGAAC | chr11:36,5 | 75 86 93 64 58 66 78
ex2 GTGACCAT | 73,910-
RAG1 | GGAGTGG 36,573,91
1

g7 GTTTAGCA | chr11:36,5 | 83 93 76 59 55 70 84
exon2 | GTGCCCCA | 73,878-
M2/3 | TGTGAGG 36,573,87
9
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g8 CTTCCTCTT | chr11:36,5 | 87 89 110 55 76 71 72
exon2 | GAGTCCCC | 73,959-
M2/3 | GACGGG 36,573,96
0

g9 ATCTGCAA | chr11:36,5 | 95 95 47 61 66 69 74
exon2 | CACTGCCC | 73,957-
M2/3 | GTCGGGG | 36,573,95
8

g10 TCGGGAAG | chr11:36,5 | 84 93 65 67 54 64 89
exon2 | TAAACCTC | 73,879-
M2/3 | ACATGGG 36,573,88
0

gl CATGTGAG | chr11:36,5 | 89 91 80 66 50 70 84
exon2 | GTTTACTTC | 73,892-
M2/3 | CCGAGG 36,573,89
3

g12 ACATCTGC | chr11:36,5 | 92 94 66 65 42 63 83
exon2 | AACACTGC | 73,955-
M2/3 | CCGTCGG 36,573,95
6

g13 CGGGAAGT | chr11:36,5 | 79 93 77 71 63 69 79
exon2 | AAACCTCA | 73,878-
M2/3 | CATGGGG 36,573,87
9

gl14 GTGCAATG | chr11:36,5 | 65 81 190 44 52 55 83
exon2 | AGGAGGTC | 74,406-
M5 AGTTTGG 36,574,40
7

g1 AAGCCCTC | chr11:36,5 | 71 83 138 69 66 71 91
3'UTR | AATGCAAC | 76,484-
CCAGAGG 36,576,48
5

g1 GAGAGTCC | chr11:36,5 | 90 96 56 38 76 56 80

ex2 TCTATGCC | 76,390-

TAATGGG 36,576,39
1

g2 AGCCCTCA | chr11:36,5 | 78 87 120 66 46 70 76
3'UTR | ATGCAACC | 76,483-
CAGAGGG 36,576,48
4

g2 AGGGGACC | chr11:36,5 | 85 91 67 62 61 64 58
ex2 CATTAGGC | 76,395-
ATAGAGG 36,576,39
6

93 TAGGGCAA | chr11:36,5 | 78 88 113 56 39 60 79
3'UTR | CCACTTAT | 76,454~
GAGTTGG 36,576,45
5

93 AGAGAGTC | chr11:36,5 | 87 89 101 44 26 58 75
ex2 CTCTATGC | 76,391-
CTAATGG 36,576,39
2

Table 2. List of off-target sites with 1, 2 ore 3 mismatches for each exon 2 RAG1T gRNA,
including optional gRNAs for exon 2 gene replacement strategy.

| gRNA ID | # mismatches | OT details (intron/exon only) |
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g1 M5 ex2 RAG1 exon:LNX1
g1 M5 ex2 RAG1 intron:APP

g1 M5 ex2 RAG1

intron:SRBD1

g2 M5 ex2 RAG1

intron:CSNK1G3

g2 M5 ex2 RAG1

intron:SATB2

g2 M5 ex2 RAG1 exon:TRAF6

g2 M5 ex2 RAG1 intron:CRHR2

g2 M5 ex2 RAG1 intron:TEAD1

g2 M5 ex2 RAG1 intron:SRBD1

g3 M5 ex2 RAG1 exon:ITGA4

g3 M5 ex2 RAG1 intron:RP11-332J15.2
g3 M5 ex2 RAG1 exon:ZZEF1

g4 M4 ex2 RAG1 intron:HSD11B1

g4 M4 ex2 RAG1 exon:LRRN1

g4 M4 ex2 RAG1 exon:PRUNE

g5 M3 ex2 RAGT

intron:NDRG1

g5 M3 ex2 RAGT

intron:RBFOX1

g5 M3 ex2 RAGT

intron:CUEDC1

95 M3 ex2 RAGT

intron:LINC00371

95 M3 ex2 RAGT

intron:FAM196A

g6 M2 ex2 RAG1

intron:TSPAN18

g6 M2 ex2 RAG1

exon:PPAPDC3

g6 M2 ex2 RAG1

exon:KCNMA1

g6 M2 ex2 RAG1

exon:DLGAP4-AS1/DLGAP4

g6 M2 ex2 RAG1

intron:SLC25A13

g7 exon2 M2/3 intron:CCR2
g7 exon2 M2/3 intron:HMGXB3
g8 exon2 M2/3 intron:TRPM3

g8 exon2 M2/3

intron:RCANZ2

g8 exon2 M2/3

exon:OPRD1/RP1-212P9.3

g8 exon2 M2/3

intron:PDLIM2/AC037459.4

g9 exon2 M2/3

intron:YBX3

g9 exon2 M2/3

intron:HAVCR1

g9 exon2 M2/3

intron:EFCAB5

g9 exon2 M2/3 exon:TLE2

g10 exon2 M2/3 intron:DTNA
g10 exon2 M2/3 exon:PTDSS1
g10 exon2 M2/3 intron:TMEM245

g11 exon2 M2/3

intron:KCNQ1

g11 exon2 M2/3

intron:RP11-10017.3

g12 exon2 M2/3

intron:SOS1

g12 exon2 M2/3

intron:RP11-73M18.2/KLC1

g12 exon2 M2/3

intron:MCC

g13 exon2 M2/3

W Wl W W W WW| W W Ww w w wl N wlw w w wl N Wl wlw w N W W wlwlw|wlw] DN N W wl wl w w w N wl w

intron:MID1
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g13 exon2 M2/3 3 intron:LPL

g13 exon2 M2/3 3 intron:ATXN2

g13 exon2 M2/3 3 exon:RNFT2

g14 exon2 M5 3 intron:TBC1D8

g14 exon2 M5 3 exon:MAGI

g14 exon2 M5 3 intron:MYLK

g14 exon2 M5 3 intron:PTK2B

g14 exon2 M5 3 intron:GRM4

g14 exon2 M5 3 intron:DCC

g14 exon2 M5 3 exon:GPR144

g14 exon2 M5 3 intron:PREP

g1 3UTR 3 intron:PARP8

g1 3UTR 3 intron:QS0OX2

g1 3UTR 3 intron:SDK1

g1 3UTR 3 intron:FAM83F

g1 3UTR 3 intron:FAM19A5

g1 3UTR 3 intron:KSR2

g1 ex2 3 intron:RP11-382E9.1
g1 ex3 3 intron:EBF2

g2 3UTR 3 intron:ALG6

g2 3'UTR 3 intron:WWC3-AS1
g2 3UTR 3 intron:CFH

g2 3UTR 3 intron:CTC-254B4.1
g2 3'UTR 3 exon:AC006548.28/GAB4
g2 3UTR 3 intron:RAP1GAP

g2 3UTR 3 intron:SHF

g2 3'UTR 3 intron:ABCG8

g2 3UTR 2 intron:KSR2

g2 ex2 3 intron:SDK1

g2 ex3 3 intron:SKAP2

g2 ex4 2 intron:CEP41

g3 3'UTR 3 intron:STK24

g3 3'UTR 3 intron:RP11-13N12.2
g3 3'UTR 3 intron:NTNG1

g3 3'UTR 3 intron:MYRIP

g3 3'UTR 3 intron:EXOC6B

g3 3'UTR 3 intron:SMS

g3 3'UTR 3 intron:RP11-629N8.3
g3 ex2 3 intron:MYO5A

g3 ex3 3 exon:NUP205

g3 ex4 3 intron:RP11-382E9.1
g3 ex5 3 intron:ARR3

Donor DNA Design

Corrective donors carrying a coRAG1 partial CDS in frame with the upstream portion of the
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endogenous RAGT were designed and synthesized. The partial CDS is flanked by the left and
right homology arms designed according to each gRNA specificity. According to preliminary
data on the guide selection, we designed three corrective donors for g5 and g6 gRNAs: one
donor, carrying a short homology arm, will be tested for the “exon 2 RAG1 gene targeting” and
two donors for the “exon 2 RAGT gene replacement” strategy will exploit long right homology
arms (1800 or 900 bp) to favor the HDR and gene replacement (Figure 5A). Additional donors
with a long right homology arm were designed and synthesized with homology arms specific
for all other gRNAs (Figure 5B). In parallel, we designed the corrective donor suitable for the
“‘intron 1 RAG1 gene replacement” strategy (Figure 5C).

Material and methods

gRNA and RNP assembly

Cas9 protein and custom gRNAs were purchased from Integrated DNA Technologies (IDT)
and assembled following the manufacturer protocol. Briefly, crRNA and trRNA were annealed
heating them at 95°C for 5 minutes and letting them slowly cool down at RT for 10 minutes.
Cas9 protein was then incubated for 15 minutes at room temperature with the annealed guide
RNA fragments, to assemble the ribonucleoprotein (RNP). Alternatively, some gRNAs were
purchased from Synthego as a full length sgRNA and then assembled with Cas9 protein to
generate the RNP.

Guide sequences are shown below (PAM sequences are highlighted in bold):

g1 M5 ex2 RAG1: TTGCTGGACATTTCACCATC AGG
g2 M5 ex2 RAG1: TGCTGGACATTTCACCATCA GGG
g3 M5 ex2 RAG1: TCCAGCAAAAGAGTGCAATG AGG
g4 M4 ex2 RAG1: AAGCATGGATATCGGCAAGA GGG
g5 M3 ex2 RAG1: AAGATGTATCTTACTGCAGT TGG
g6 M2 ex2 RAG1: CGAGGAACGTGACCATGGAG TGG
g7 exon2 M2/3: GTTTAGCAGTGCCCCATGTG AGG
g8 exon2 M2/3: CTTCCTCTTGAGTCCCCGAC GGG
g9 exon2 M2/3: ATCTGCAACACTGCCCGTCG GGG
g10 exon2 M2/3: TCGGGAAGTAAACCTCACAT GGG
g11 exon2 M2/3: CATGTGAGGTTTACTTCCCG AGG
g12 exon2 M2/3: ACATCTGCAACACTGCCCGT CGG
g13 exon2 M2/3: CGGGAAGTAAACCTCACATG GGG
g14 exon2 M5: GTGCAATGAGGAGGTCAGTT TGG
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g1 ex2: GAGAGTCCTCTATGCCTAAT GGG
g2 ex2: AGGGGACCCATTAGGCATAG AGG
g3 ex2: AGAGAGTCCTCTATGCCTAA TGG

g1 3'UTR: AAGCCCTCAATGCAACCCAG AGG
g2 3'UTR: AGCCCTCAATGCAACCCAGA GGG
g3 3'UTR: TAGGGCAACCACTTATGAGT TGG

g14 for KO: AACATCTTCTGTCGCTGACT CGG
g9: GTCAGATGGCAATGTCGAGA TGG

NHEJ efficiency

Indels induced by NHEJ were measured by a mismatch selective endonuclease assay using
the T7 endonuclease (T7E1). Briefly, gDNA of gene edited cells was extracted and amplified
by PCR with primers flanking the Cas9 RNP target site. The PCR product was denatured,
slowly re- annealed and digested with T7 endonuclease (New England BioLabs) for 1h, 37°.
T7 nuclease only cut DNA at sites where there is a mismatch between the DNA strands, thus
between re-annealed wild type and mutant alleles. Fragments were separated on 4200 Tape
Station System (Agilent) and analyzed by the provided software. The ratio of the uncleaved
parental fragment versus cleaved fragments was calculated and it gives a good estimation of
NHEJ efficiency of the artificial nuclease. Calculation of % NHEJ: (sum cleaved
fragment)/(sum cleaved fragments + parental fragment) x 100. Alternatively, we measured
indels induced by NHEJ by TIDE analysis of Sanger sequences (tracking of indels by
decomposition; (http://shinyapps.datacurators.nl/tide/).

Primers used for NHEJ assay are shown below according to the gRNA specificity:

Primers for g1 M5 ex2 RAG1, g2 M5 ex2 RAG1, g3 M5 ex2 RAG1, g4 M4 ex2 RAG1, g5 M3
ex2 RAG1, g6 M2 ex2 RAG1 gRNAs (Exonic strategy):

FW: AAGAGAGCTACTTCCTGGCC

RV: GCACACGGACTTCACATCTC

Primers for g7 exon2 M2/3, g10 exon2 M2/3, g11 exon2 M2/3, g13 exon2 M2 gRNAs (Exonic
strategy):

FW: AGCCAACCTTCGACATCTCT

RV: CAAAGTGCTCTGGGAAGTCC

Primers for g8 exon2 M2/3, g9 exon2 M2/3, g12 exon2 M2/3 gRNAs (Exonic strategy):
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FW: AGTGCCCCATGTGAGGTTTA
RV: CATCAGGGAATTCAAGACGCT

Primers for g14 exon2 M5 gRNA (Exonic strategy):
FW: AGGATCAGCAGCAAGGATGT
RV: GCACACGGACTTCACATCTC

Primers for g1 ex2, g2 ex2, g3 ex2, g1 3'UTR, g2 3'UTR, g2 3'UTR gRNAs (optional gRNAs
for replacement strategies):

FW: GCTGAGCTCCTTTCTACGAAGT

RV: GAAAACCACAAGACCAATTTCTTTC

Primers for g14 for KO gRNA:
FW: TCCATGCTTCCCTACTGAC
RV: CTCCCATTCCATCACAAGAC

Primers for g9 gRNA (Intronic strategy):
FW: GAAGTGGTTCATGCAAGAGG
RV: GGATGAACATGGAGAAAGCAG

Off-target analysis

In silico prediction of off-target profile was performed with CRISPOR (http://crispor.tefor.net)
to search genomes for potential CRISPR off-target sites.

gRNA delivering in cell lines and CD34+ cells

A dose of 2x10°/5x10° NALM6 or K562 cells per well were electroporated with RNPs selecting
the specific nucleofector program (Lonza, SF Cell line). For gRNA delivering in HSPC, CD34+
cells derived from mPB of HD were thawed at day 0 and prestimulated for three days seeding
0.5x108 cells/ml in StemSpan medium supplemented with penicillin/streptomycin antibiotics
and early-acting cytokines: Stem cell factor (SCF) 300 ng/ml, FIt3 ligand (FIt3-L) 300 ng/ml,
Thrombopoietin (TPO) 100 ng/ml, StemRegenin1 (SR1) (1uM), UM171 35nM and 16,16-
dimethyl prostaglandin E2 (dmPGEZ2) (10uM). At day 3, gRNAs were delivered as an in vitro
preassembled RNPs (25-50 pmol/well) by electroporation. After the gRNA delivering, cells
were kept in culture and used or stored for molecular and phenotypic analyses.

Donor constructs
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We designed the donor constructs according to the gene editing strategies and gRNA
specificities. Donor templates have been synthetized and cloned by gene synthesis services
(GenScript).

Sequences of vector inserts with main features are reported below:

DONOR specific for “g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1 gene targeting
strategy

INSERT

gatccatcaagccaaccttcgacatctctgccgceatctgtgggaattctittagagctgatgagcacaacaggagatatccagtec
atggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggt
tttccggatcgatgtgaaggcagatgtigactcgatccaccccactgagtictgccataactgetggagceatcatgcacaggaagtt
tagcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcetgtgacatctgcaac
actgcccgtcggggactcaagaggaagagtcttcagccaaactigcagcetcagcaaaaaactcaaaactgtgcttgaccaage
aagacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaactge
agcaagatccacctgagcaccaaactgctggecgtggacttcectgagceacttcgtgaagtccatcagetgecagatctgegag
cacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatggge
agctactgcccctectgcagatacccttgettccccaccgatctggaaagecctgtgaagtecttcctgagegtgetgaacagectg
atggtcaagtgccccgcecaaagaatgcaacgaggaagtgteectggaaaagtacaaccaccacatcagcagecacaaaga
gtccaaagaaatcttcgtgcacatcaacaaaggeggcagaccccggcagceatctgcetgtetcttacaagacgggeccagaag
caccggctgagagaactgaagctgcaagtgaaggectitgccgacaaagaggaaggeggcegacgtcaagagegtgtgceatg
accctgtttctgctggecctgagageccggaatgageatagacaggecgatgagetggaagecatcatgcaaggcaaaggea
gcggactgcagectgcetgtgtgtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggacegt
gaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttctgcetgectggetaccace
acttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctage
agcgtggacgactaccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgecctgatggacatgga
agaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaage
tgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcettcaccat
catgaagatcactatcgcccacagcagcecagaacgtgaaagtgttcgaggaagccaagcectaacagcegagctgtgetgcaa
gectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgcecattctgagecctctgatcgeccgaacgggaage
catgaagtcctccgagcetgatgetcgaactcggeggeatectgagaaccttcaagttcatcttccgeggeaccggctacgacgag
aagctcgttagagaggtggaaggectggaagcctctggcagegtgtacatctgecaccetgtgtgacgecaccagactggaage
tagccagaacctggtgttccacagcatcaccagaagccacgcecgaaaacctggaaagatacgaagtgtggeggagceaacce
ctaccacgagagcgtggaagaactgcgggatagagtgaagggegtgtccgccaagcecttticatcgagacagtgectageate
gacgccctgcactgcgatattggcaacgccgecgaattctacaagatctitcagetggaaatcggegaggtgtacaagaaccce
aacgcctictaaagaggaacggaagcgctggcaggecacactggataageacctgagaaagaagatgaatctgaageccat
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catgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagcetgatecectctgag
gaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageecgtgtggeggtctagetgtectgecaaag
agtgccctgagtctctgtgecagtacagcttcaacagcecagagattcgecgagetgetgtccaccaagticaagtacagatacga
gggcaagatcaccaactacttccacaagaccctggcetcacgtgcccgagatcatcgagagagatggcetctattggegectggg
cctetgagggcaatgagtctggcaacaagcetgttccggeggticcgcaagatgaacgccagacagagcaagtgctacgagat
ggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagace
agcggctttaccatgaatcctcaggcecagectgggegaccctctgggaattgaggatagectggaatcccaggacagceatgga
attctgataagcagtaagatacatcttagtaccaagctecttgcagtggacttcccagagceactttgtgaaatccatctectgccaga
tctgtgaacacattctggetgaccctgtggagaccaactgtaageatgtetittgecgggtetgeattctcagatgcectcaaagtcatg
ggcagctattgtcectettgecgatatecatgcetteectactgacctggagagtccagtgaagtectttctg agegtcttgaa

Left HA

gatccatcaagccaaccttcgacatctctgccgceatctgtgggaattctittagagctgatgagcacaacaggagatatccagtec
atggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggt
tttccggatcgatgtgaaggcagatgttgactcgatccaccccactgagtictgccataactgetggagcatcatgcacaggaagtt
tagcagtgccccatgtgaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcetgtgacatctgcaac
actgcccgtcggggactcaagaggaagagtcttcagccaaactigcagcetcagcaaaaaactcaaaactgtgcttgaccaage
aagacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaact

coRAG1 CDS

gcagcaagatccacctgagcaccaaactgctggecgtggacttccetgageacttcgtgaagtccatcagetgecagatetgeg
agcacatcctggccgatcetgtggaaacaaactgcaagceacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgg
gcagctactgcecctectgcagatacccttgettceccaccgatctggaaagcecctgtgaagtecttcetgagegtgctgaacage
ctgatggtcaagtgccccgcecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacatcagcagecacaaa
gagtccaaagaaatcticgtgcacatcaacaaaggcggcagaccccggceagceatctgetgtctcttacaagacgggeccaga
agcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaagaggaaggceggegacgtcaagagegtgtge
atgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgatgagetggaagecatcatgcaaggcaaag
gcagcggactgcagcectgctgtgtgtetggcetatcagagtgaacaccttectgtcctgcagecagtaccacaagatgtaccggac
cgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttctgcetgectggctacca
ccacttcgagtggcagcectccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtcta
gcagcgtggacgactaccccgtggacacaatcgecaageggtticagatacgacagegecctggtgtetgecctgatggacatg
gaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggcecctttcaccgtggtggtcaaagaaa
gctgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagettcace
atcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagccaagcectaacagegagcetgtgetgea
agcctctgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecgaacgggaa
gccatgaagtcctcecgagcetgatgetcgaactcggeggceatectgagaaccttcaagticatcticcgeggceaccggcetacgacg
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agaagctcgttagagaggtggaaggcctggaagectctggcagegtgtacatctgcaccctgtgtgacgecaccagactggaa
gctagccagaacctggtgttccacagcatcaccagaagcecacgecgaaaacctggaaagatacgaagtgtggcggagceaac
ccctaccacgagagegtggaagaactgegggatagagtgaagggegtgtccgecaagcectttcatcgagacagtgectagea
tcgacgccctgcactgegatatiggcaacgecgcecgaattctacaagatctttcagetggaaatcggegaggtgtacaagaacce
ccaacgcctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgeegtgtgegagetgateecctetga
ggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgecaaa
gagtgccctgagtctetgtgccagtacagcttcaacagccagagattcgecgagcetgctgtccaccaagttcaagtacagatacg
agggcaagatcaccaactactticcacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgg
gectetgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagagceaagtgctacgaga
tggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagac
cagcggctttaccatgaatcctcaggecagectgggegaccctctgggaattgaggatagectggaatcccaggacageatgg
aattctga

Right HA

gcagtaagatacatcttagtaccaagctccttgcagtggactticccagagceacttigtgaaatccatctectgccagatctgtgaac
acattctggctgaccctgtggagaccaactgtaagcatgtcttitgccgggtetgcattctcagatgectcaaagtcatgggeageta
ttgtcectettgecgatatccatgettcectactgacctggagagtccagtgaagtecttictgagegtcttgaa

DONOR specific for “g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1 gene replacement
strategy with long right HA

INSERT

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagttctgecataactgetggagceatcatgcacaggaagtttagcagtgecccatgt
gaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgeeegtcgggga
ctcaagaggaagagtcttcagccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaageccgte
agcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaactgcagcaagatccacctg
agcaccaaactgctggccgtggacttcectgageacttcgtgaagtccatcagetgecagatetgegageacatectggecgate
ctgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatcctgeggtgectgaaagtgatgggceagetactgeccctectg
cagatacccttgcttccccaccgatctggaaagcecctgtgaagtecttectgagegtgctgaacagectgatggtcaagtgeceeg
ccaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcettc
gtgcacatcaacaaaggcggcagaccccggcagcatctgctgtetcttacaagacgggeccagaagcaccggetgagagaa
ctgaagctgcaagtgaaggcecttigccgacaaagaggaaggcggegacgtcaagagegtgtgcatgaccctgttictgetgge
cctgagageccggaatgagcatagacaggcecgatgagcetggaagcecatcatgcaaggcaaaggeageggactgcagectg
ctgtgtgtctggctatcagagtgaacaccticetgtcctgcagecagtaccacaagatgtaccggaccgtgaaggecattacegg
cagacagatcttccagectctgcacgccctgagaaacgccgagaaagttctgctgectggcetaccaccacttcgagtggeagec
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tccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggacgactace
ccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgeectgatggacatggaagaggacatectggaa
ggcatgcggagecaggacctggacgattacctgaacggcecctttcacegtggtggtcaaagaaagcetgtgacggeatgggeg

acgtgtccgagaaacacggatctggacctgtggtgccagagaaggcecgtgeggticagcettcaccatcatgaagatcactateg

cccacagcagccagaacgtgaaagtgttcgaggaagccaagectaacagegagetgtgetgcaagectetgtgtetgatgetg

gccgacgagagcgatcacgagacactgaccgccattctgagecctctgatcgeccgaacgggaagcecatgaagtectcegage
tgatgctcgaactcggeggceatectgagaaccttcaagticatcticcgeggeaccggcetacgacgagaagctegttagagaggt
ggaaggcctggaagcectctggcagegtgtacatetgcaccctgtgtgacgccaccagactggaagcetagccagaacctggtgtt
ccacagcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggageaacccctaccacgagagegtg

gaagaactgcgggatagagtgaagggcegtgtccgecaagccttitcatcgagacagtgectageatcgacgcecctgeactgega
tattggcaacgccgccgaattctacaagatctttcagcetggaaatcggegaggtgtacaagaaccccaacgcectctaaagagg

aacggaagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaacgge
aacttcgccecggaagcetgatgaccaaagaaaccgtggatgecgtgtgegagcetgatceectetgaggaaagacacgaggece
tgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgecaaagagtgecctgagtetetgtg

ccagtacagcttcaacagccagagattcgccgagctgcetgtccaccaagttcaagtacagatacgagggcaagatcaccaact
acttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctatiggegectgggectctgagggcaatgagt

ctggcaacaagctgttccggeggticcgcaagatgaacgccagacagagceaagtgcetacgagatggaagatgtgetgaagea
ccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagaccagceggctttaccatgaate
ctcaggccagcectgggegatectttaggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccact
tatgagttggtttitgcaattgagtttccctctgggttgcattgagggctictectageaccctttactgcetgtgtatggggettcaccatee
aagaggtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagt

gagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagaga
tgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagcecaaggttgtcaaagaacagcecagtgaggecaggaaa
gaaattggtcttgtggttttcattitittcceecttgatigattatatitigtatigagatatgataagtgecttctatttcatittigaataattettc
atttttataattttacatatcttggcttgctatataagattcaaaagagctttitaaatittictaataatatcttacatttgtacagcatgatga
cctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttttttatgttt
aaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggatttttcaataatgaatttagaatacacctgttagcta
cagttagttattaaatctictgataatatatgtttacttagctatcagaagccaagtatgattctitattittactitttcatttcaagaaatttag
agtttccaaatttagagcttctgcatacagtcttaaagccacagaggcettgtaaaaatataggttagettgatgtctaaaaatatatttc
atgtcttactgaaacattttgccagactttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtectctectetgea
atgtgttattctitctataatgatcagtttactitcagtggattcagaattgtgtagcaggataaccttgtatttttccatccgetaagtttaga
tggagtccaaacgcagtacagcagaagagttaacatttacacagtgctititaccactgtggaatgttticacactcatttttccttaca
acaattctgaggagtaggtgttgttattatctccatttgatgggggtttaaatgatitgctcaaagtcatitaggggtaataaatacttgg

cttggaaatttaacacagtccttttgtctccaaageccttctictttccaccacaaattaatcactatgtttataaggtagtatcagaattit
tttaggattcacaactaatcactatagcacatgacctigggattacatttttatggggcaggggtaagcaagtitttaaatcatttgtgtg
ctetggctettttgatagaagaaagcaacacaaaagctccaaagggecccctaaccetettgtggetecagttatitggaaactatg
atctgcatccttaggaatctgggatttgccagttgctggcaatgtagagcaggcatggaatittatatgctagtgagtcataatgatat
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gttagtgttaattagttttticticctitgattttattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtca
aaag

Left HA

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagttctgccataactgetggagceatcatgcacaggaagtttagcagtgecccatgt
gaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgeeegtcgggga
ctcaagaggaagagtcttcagccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaageccgte
agcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaact

coRAG1 CDS

gcagcaagatccacctgagcaccaaactgctggecgtggacttccetgageacttcgtgaagtccatcagetgecagatetgeg
agcacatcctggccgatcetgtggaaacaaactgcaagceacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgg
gcagctactgcccctectgcagataccettgcttceccaccgatctggaaagecctgtgaagtecttcctgagegtgctgaacage
ctgatggtcaagtgccccgcecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacatcagcagecacaaa
gagtccaaagaaatcticgtgcacatcaacaaaggceggcagaccccggeagcatctgcetgtetcttacaagacgggeccaga
agcaccggctgagagaactgaagctgcaagtgaaggcecttigccgacaaagaggaaggceggegacgtcaagagegtgtge
atgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgatgagetggaagecatcatgcaaggcaaag
gcagcggactgcagcectgetgtgtgtetggcetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtaccggac
cgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttctgcetgectggctacea
ccacttcgagtggcagcectccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtcta
gcagcgtggacgactacccecgtggacacaatcgcecaageggticagatacgacagegecctggtgtetgecctgatggacatg
gaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggcecctttcaccgtggtggtcaaagaaa
gctgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagettcace
atcatgaagatcactatcgcccacagcagccagaacgtgaaagtgtticgaggaagccaagectaacagegagctgtgetgea
agcctctgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecgaacgggaa
gccatgaagtcctcecgagcetgatgetcgaactcggeggeatectgagaaccttcaagticatcticcgeggeaccggcetacgacg
agaagctcgttagagaggtggaaggcctggaagcectctggcagegtgtacatctgcaccectgtgtgacgcecaccagactggaa
gctagccagaacctggtgttccacagcatcaccagaagcecacgecgaaaacctggaaagatacgaagtgtggcggagceaac
ccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtcegecaagccttticatcgagacagtgectagea
tcgacgccctgcactgegatatiggcaacgecgecgaattctacaagatctttcagetggaaatcggegaggtgtacaagaace
ccaacgcctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagetgateccctetga
ggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaagceccegtgtggeggtetagetgtectgecaaa
gagtgccctgagtctetgtgccagtacagcttcaacagccagagattcgecgagcetgctgtccaccaagttcaagtacagatacg
agggcaagatcaccaactactticcacaagaccctggctcacgtgcccgagatcatcgagagagatggcetcetattggegectgg
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gectetgagggceaatgagtctggcaacaagcetgttccggeggticcgcaagatgaacgcecagacagagcaagtgetacgaga
tggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagac
cagcggctttaccatgaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatitttataattttacatatcttggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttattctitctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtitaaatgattigctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctittgatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatccttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “g5 M3 ex2 RAG1” gRNA for the exon 2 RAG1 gene replacement
strategy with short right HA

INSERT

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagtictgccataactgctggagceatcatgcacaggaagtttagcagtgecccatgt
gaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgeeegtcgggga
ctcaagaggaagagtcttcagccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaageccgte

agcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaactgcagcaagatccacctg
agcaccaaactgctggccgtggacttcectgageacttcgtgaagtccatcagetgecagatetgegageacatectggecgate
ctgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatcctgeggtgectgaaagtgatgggceagetactgeccctectg
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cagatacccttgcttccccaccgatctggaaagcecectgtgaagtecttcctgagegtg ctgaacagectgatggtcaagtgeccceg
ccaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcettc
gtgcacatcaacaaaggcggcagaccccggcagcatctgctgtetcttacaagacgggeccagaagcaccggetgagagaa
ctgaagctgcaagtgaaggcectttgccgacaaagaggaaggcggcegacgtcaagagegtgtgcatgacectgttictgetgge
cctgagageccggaatgagcatagacaggcecgatgagcetggaagcecatcatgcaaggcaaaggeageggactgcagectg
ctgtgtgtctggctatcagagtgaacaccticetgtcctgcagecagtaccacaagatgtaccggaccgtgaaggecattacegg
cagacagatcttccagectctgcacgccctgagaaacgcecgagaaagttctgetgectggetaccaccacttcgagtggeagee
tccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggacgactace
ccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgeectgatggacatggaagaggacatectggaa
ggcatgcggagccaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagetgtgacggeatgggeg
acgtgtccgagaaacacggatctggacctgtggtgccagagaaggcecgtgeggticagcettcaccatcatgaagatcactateg
cccacagcagccagaacgtgaaagtgttcgaggaagccaagectaacagegagetgtgetgcaagectetgtgtetgatgetg
gccgacgagagcegatcacgagacactgaccgecattctgagecctetgatcgecgaacgggaagcecatgaagtcectecgage
tgatgctcgaactcggeggceatectgagaaccttcaagticatcticcgeggeaccggcetacgacgagaagctegttagagaggt
ggaaggcctggaagcectctggcagegtgtacatetgcaccctgtgtgacgccaccagactggaagcetagccagaacctggtgtt
ccacagcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggeggagcaaccectaccacgagagegtg
gaagaactgcgggatagagtgaagggcgtgtccgecaagectttcatcgagacagtgectagcatcgacgcecctgeactgega
tattggcaacgccgccgaattctacaagatctttcagcetggaaatcggegaggtgtacaagaaccccaacgcectctaaagagg
aacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatgaacgge
aacttcgccecggaagcetgatgaccaaagaaaccgtggatgecgtgtgegagetgateecctetgaggaaagacacgaggece
tgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagetgtectgecaaagagtgecctgagtetetgtg
ccagtacagcttcaacagccagagattcgccgagctgcetgtccaccaagttcaagtacagatacgagggcaagatcaccaact
acttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctatiggegectgggectctgagggcaatgagt
ctggcaacaagctgttccggeggticcgcaagatgaacgccagacagagceaagtgcetacgagatggaagatgtgetgaagea
ccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagaccagceggctttaccatgaatc
ctcaggccagcectgggegatectttaggcatagaggactctctggaaagecaagattcaatggaattttaagtagggcaaccact
tatgagttggtttitgcaattgagtttccctctgggttgcattgagggctictectageaccctttactgcetgtgtatggggettcaccatee
aagaggtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcetigaggcttttagt
gagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagaga
tgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagcecaaggttgtcaaagaacagcecagtgaggecaggaaa
gaaattggtcttgtggttttcattititiccoccttgattgattatatitigtattgagatatgataagtgcctictatttcatttttgaataattctic
atttttataattttacatatcttggctigctatataagattcaaaagagctitttaaatttttctaataatatcttacatttgtacagcatgatga
cctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttttttatgttt
aaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggatttticaataatgaatttagaatacacctgttagcta
cagttagttattaaatctictgataatatatgtttacttagctatcagaagccaagtatgattctitattittactitttcatttcaagaaatttag
agtttccaaatttagagct
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Left HA

aaaaccctaggcctittacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtga
aggcagatgttgactcgatccaccccactgagtictgccataactgctggagceatcatgcacaggaagtttagcagtgecccatgt
gaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgeeegtcgggga
ctcaagaggaagagtcttcagccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaageccgte
agcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcaaact

coRAG1 CDS

gcagcaagatccacctgagcaccaaactgctggecgtggacttccetgageacttcgtgaagtccatcagetgecagatetgeg
agcacatcctggccgatcetgtggaaacaaactgcaagceacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgg
gcagctactgcecctectgcagatacccttgettceccaccgatctggaaagcecctgtgaagtecttectgagegtgctgaacage
ctgatggtcaagtgccccgcecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacatcagcagecacaaa
gagtccaaagaaatcticgtgcacatcaacaaaggcggcagaccccggceagceatctgetgtctcttacaagacgggeccaga
agcaccggctgagagaactgaagctgcaagtgaaggectttgccgacaaagaggaaggeggcegacgtcaagagegtgtge
atgaccctgtttctgctggecctgagageccggaatgagcatagacaggecgatgagetggaagecatcatgcaaggcaaag
gcagcggactgcagcectgctgtgtgtetggcetatcagagtgaacaccttectgtcctgcagecagtaccacaagatgtaccggac
cgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttctgetgectggcetacca
ccacttcgagtggcagcectccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtcta
gcagcgtggacgactaccccgtggacacaatcgecaageggtticagatacgacagegecctggtgtetgecctgatggacatg
gaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggcecctticaccgtggtggtcaaagaaa
gctgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagettcace
atcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagccaagcectaacagegagcetgtgetgea
agcctctgtgtctgatgctggecgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecgaacgggaa
gccatgaagtcctcecgagcetgatgetcgaactcggeggcatectgagaaccttcaagticatcttccgeggceaccggetacgacg
agaagctcgttagagaggtggaaggcctggaagectctggcagegtgtacatctgcaccctgtgtgacgecaccagactggaa
gctagccagaacctggtgttccacagcatcaccagaagcecacgecgaaaacctggaaagatacgaagtgtggcggagceaac
ccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtccgecaagcectttcatcgagacagtgectagea
tcgacgccctgcactgegatatiggcaacgecgcecgaattctacaagatctttcagetggaaatcggegaggtgtacaagaacce
ccaacgcctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaagece
atcatgaggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagetgateecctetga
ggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgecaaa
gagtgccctgagtctetgtgccagtacagcttcaacagccagagattcgecgagcetgctgtccaccaagttcaagtacagatacg
agggcaagatcaccaactactticcacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgg
gectetgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagagceaagtgctacgaga
tggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgecctcaagac
cagcggctttaccatgaatcctcaggecagectgggegatecttt
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Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttag tgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatttitataattttacatatcttggcettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttattittacttittcatitcaagaaatttagagtttccaaatttagagct

DONOR specific for “g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1 gene targeting
strategy

INSERT

tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctttgaggggaaaccctctctggagcaatct

ccagcagtcctggacaaggctgatggtcagaagcecagtcccaactcagecattgttaaaageccaccctaagtittcaaagaaa
tttcacgacaacgagaaagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgccgeatetgtgggaattetttta

gagctgatgagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaaaag
agagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggeagatgtigactcgatccaccccactgagttc
tgccataactgctggagcatcatgcacaggaagtitagcagtgecccatgtgaggtitacttcccgaggaatgtcactatggaatg

gcaccctcacacacccagctgcgacatctgcaacacagcecagaagaggcctgaageggaagtecctgcagectaatctgea

gctgagcaagaaactgaaaaccgtgctggaccaggcecagacaggeccggcaaagaaagagaagggceccaagecagaat
cagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgcetggecgtggacttcect
gagcacttcgtgaagtccatcagetgccagatctgcgagceacatcetggecgateetgtggaaacaaactgcaageacgtgtict
gcagagtgtgcatcctgeggtgcctgaaagtgatgggeagctactgeccctectgcagatacccttgcettccccaccgatctggaa
agccctgtgaagtccttectgagegtgetgaacagectgatggtcaagtgcceegecaaagaatgcaacgaggaagtgteectg
gaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccecy
gcagcatctgctgtctcttacaagacgggceccagaagceaccggctgagagaactgaagcetgcaagtgaaggecttigecgaca
aagaggaaggcggcgacgtcaagagcegtgtgcatgaccetgtttctgctggecctgagageccggaatgagcatagacagge
cgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgcetgtgtgtetggctatcagagtgaacaccttect
gtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcticcagectetgcacgecectga

gaaacgccgagaaagttctgctgcctggcetaccaccacttcgagtggcagectccactgaagaacgtgtccagcageaccgac
gtgggcatcatcgatggactgagcggactgtctagcagegtggacgactaccccgtggacacaatcgecaageggticagata
cgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggeatgcggagecaggacctggacgattac
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ctgaacggcecctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatctggacctgt
ggtgccagagaaggecgtgeggttcagcticaccatcatgaagatcactatcgeccacagcagecagaacgtgaaagtgtteg
aggaagccaagcctaacagcegagctgtgctgcaagectetgtgtctgatgcetggecgacgagagegatcacgagacactgac
cgccattctgagecctetgatcgeccgaacgggaagecatgaagtcectccgagcetgatgetcgaactcggeggceatectgagaac
cttcaagttcatcticcgcggeaccggcetacgacgagaagctcgttagagaggtggaaggectggaagectetggcagegtgta
catctgcaccctgtgtgacgccaccagactggaagctagecagaacctggtgticcacagcatcaccagaagccacgecgaa
aacctggaaagatacgaagtgtggcggagcaaccectaccacgagagegtggaagaactgcgggatagagtgaagggegt
gtccgecaagcctitcatcgagacagtgectagcatcgacgecctgcactgegatattggcaacgecgecgaattctacaagate
tttcagctggaaatcggegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegctggecaggecacactggat
aagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgecccggaagetgatgaccaaagaa
accgtggatgecgtgtgegagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagat
gaagcccgtgtggcggtctagcetgtectgecaaagagtgecctgagtetctgtgecagtacagettcaacagecagagattcgec
gagctgctgtccaccaagticaagtacagatacgagggcaagatcaccaactacttccacaagaccctggetcacgtgeccga
gatcatcgagagagatggctctattggcgcectgggectctgagggcaatgagtctggcaacaagcetgticcggeggttccgeaa
gatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgea
gaaattcatgaacgcccacaacgccctcaagaccageggctitaccatgaatcctcaggecagectgggegacccetctgggaa
ttgaggatagcctggaatcccaggacagcatggaattctgataagagtggcacccccacacaccatectgtgacatctgcaaca
ctgcecgtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgtgcttgaccaagea
agacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcecaactgca
gtaagatacatcttagtaccaagctccttgcagtggacttcccagage

Left HA

tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggageaatct

ccagcagtcctggacaaggctgatggtcagaagcecagtcccaactcagecattgttaaaageccaccctaagtittcaaagaaa
tttcacgacaacgagaaagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgccgeatetgtgggaattetttta
gagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggcectittacgaaagaaggaaaag
agagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggeagatgtigactcgatccaccccactgagttc
tgccataactgctggagcatcatgcacaggaagtitagcagtgcecccatgtgaggtitacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga

cttcectgageacttcgtgaagtccatcagetgecagatctgegagcacatectggecgatectgtggaaacaaactgcaageac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtccttcctgagegtgctgaacagectgatggtcaagtgececcgecaaagaatgcaacgaggaagt
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gtccetggaaaagtacaaccaccacatcagcagecacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaatgagceatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtcetggctatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
gccctgagaaacgccgagaaagtictgctgectggctaccaccacttcgagtggeagectccactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgagceggactgtctagcagegtggacgactacceegtggacacaatcgccaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg
acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatct
ggacctgtggtgccagagaaggcecgtgcggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaacgtgaa
agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggeaccggcetacgacgagaagcetcegttagagaggtggaaggcectggaagectetgge
agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctitcatcgagacagtgectagcatcgacgecctgcactgeg atattggcaacgcecgecgaattcta
caagatctttcagctggaaatcggcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtace
tgaagatgaagcceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gcccgagatcatcgagagagatggctctattggegectgggectctgagggceaatgagtctggcaacaagctg ttccggeggtt
ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaageaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgcccacaacgcecctcaagaccageggctttaccatgaatcctcaggecagectgggegaccctet
gggaattgaggatagcctggaatcccaggacagcatggaatictgataa

Right HA

gagtggcacccccacacaccatcctgtgacatctgcaacactgeecgtcggggactcaagaggaagagtcticagccaaactt
gcagctcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaagg
atcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagctccttgcagtggacttccca

gagc

DONOR specific for “g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1 gene replacement
strategy with long right HA

INSERT

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
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cttcctggecggaccteattgecaaggttttccggatcgatgtgaaggcagatgtigactcgatccaccecactgagttctgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacticccgaggaatgtcactatggaatggeaccect
cacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagtcectgcagectaatetgecagcetgage
aagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggcccaagecagaatcageag
caaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacticectgageac
ttcgtgaagtccatcagcetgccagatctgcgagceacatcetggecgateetgtggaaacaaactgcaageacgtgtictgcagag
tgtgcatcctgeggtgectgaaagtgatgggceagctactgeccectectgcagatacccttgeticcccaccgatctggaaagecct
gtgaagtccttcctgagegtgctgaacagcectgatggtcaagtgeceecgecaaagaatgcaacgaggaagtgtcectggaaaa
gtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggeage
atctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaaga
ggaaggcggcgacgtcaagagegtgtgcatgacccetgtitctgctggecctgagageccggaatgageatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggetatcagagtgaacaccttectgtect
gcagccagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgcacgecctgagaaa
cgccgagaaagttctgetgectggetaccaccacttcgagtggcagectccactgaagaacgtgtccagcagcaccgacgtgg
gcatcatcgatggactgagcggactgtctagcagegtggacgactaccecgtggacacaatcgccaageggttcagatacgac
agcgccctggtgtetgecctgatggacatggaagaggacatcetggaaggceatgeggagecaggacctggacgattacctga
acggccctitcaccgtggtggtcaaagaaagetgtgacggcatgggegacgtgtccgagaaacacggatctggacctgtggtg
ccagagaaggccgtgcggttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgec
attctgagccctctgatcgccgaacgggaagcecatgaagtcectecgagetgatgetcgaactcggeggeatectgagaaccttca
agttcatcttccgeggceaccggctacgacgagaagcetcegttagagaggtggaaggectggaagectctggeagegtgtacatet
gcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgccgaaaacct
ggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgegggatagagtgaagggegtgteeg
ccaagcctttcatcgagacagtgcectagcatcgacgcecectgcactgegatattggcaacgccgecgaattctacaagatctttcag
ctggaaatcggcgaggtgtacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacactggataagea
cctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgecccggaagetgatgaccaaagaaaccgt
ggatgccgtgtgcgagctgatceectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagatgaag
ccegtgtggeggtctagetgtectgeccaaagagtgecctgagtctetgtgecagtacagcettcaacagecagagattcgecgagct
gctgtccaccaagtticaagtacagatacgagggcaagatcaccaactacticcacaagaccetggcetcacgtgecccgagatcat
cgagagagatggctctattggcgectgggcectctgagggcaatgagtctggcaacaagcetgttceggeggticcgcaagatgaa
cgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaatte
atgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectitaggcatagagga
ctctctggaaagecaagattcaatggaattttaagtagggcaaccacttatgagttggttittgcaattgagtttcectctgggttgeatt
gagggcttctcctagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgcet
ctcaagtcaggaatagaaactgatgagctgattgcttgaggcttitagtgagttccgaaaagcaacaggaaaaatcagttatctga
aagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggggagctgtcatgtaa
atcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcattttittcccecttgattgatta
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tattttgtattgagatatgataagtgccttctatttcatttttgaataattcticatttttataattit acatatcttggcttgctatataagattcaa
aagagcttittaaatttitctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatat
aaatatgttacatcaggacaactttigagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccttcagagtttaggaggtca
tctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtttacttagcta
tcagaagccaagtatgattctttatttitacttittcatttcaagaaatttagagtttccaaatttagagctictgcatacagtcttaaagec
acagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatga
aacctgaatcaattttictaaatctaggtttcatagagtcctctectctgcaatgtgttatictttctataatgatcagtttactttcagtggatt
cagaattgtgtagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacat
ttacacagtgctttttaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgat
gggggtttaaatgatitgctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtecttttgtctccaaagecctt
ctictttccaccacaaattaatcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcactatagcacatgaccttg
ggattacatttitatggggcaggggtaagcaagtttttaaatcatttgtgtgctetggcetcttitgatagaagaaagcaacacaaaag
ctccaaagggccccctaaccetettgtggetecagttatitggaaactatgatctgcatcecttaggaatctgggatttgccagttgetg
gcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagtttittcttcctttgattitattggccat
aattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

Left HA

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtitacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga
cttcectgageacttcgtgaagtccatcagetgecagatctgegagcacatectggecgatectgtggaaacaaactgcaageac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtccttcctgagegtgctgaacagectgatggtcaagtgececcgecaaagaatgcaacgaggaagt
gtccetggaaaagtacaaccaccacatcagcagecacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaatgagceatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtcetggctatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
gccctgagaaacgccgagaaagtictgctgectggctaccaccacttcgagtggeagectccactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgagceggactgtctagcagegtggacgactacceegtggacacaatcgccaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg
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acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatct

ggacctgtggtgccagagaaggcecgtgcggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaacgtgaa
agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggeaccggcetacgacgagaagcetcegttagagaggtggaaggcectggaagectetgge

agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctitcatcgagacagtgectagcatcgacgecctgcactgeg atattggcaacgcecgecgaattcta
caagatctttcagctggaaatcggcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtace
tgaagatgaagcceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gcccgagatcatcgagagagatggctctattggegectgggectctgagggceaatgagtctggcaacaagctg ttccggeggtt

ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaageaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattttaagtagggcaaccacttatgagttg gtttttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtatigagatatgataagtgectictatitcatttttgaataaticticatttttataattttacatatctiggettge
tatataagattcaaaagagctttttaaattitictaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctitattittactitticatticaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttaticttictataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatactiggcetiggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctitigatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatecttaggaatctgg

220



10

15

20

25

30

35

WO 2023/062030 PCT/EP2022/078298

gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1 gene replacement
strategy with short right HA

INSERT

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacticccgaggaatgtcactatggaatggeaccect
cacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagtcectgcagectaatetgecagcetgage
aagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggcccaagecagaatcageag
caaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgetggecgtggacttcectgageac
ttcgtgaagtccatcagcetgecagatctgcgagceacatcetggecgatectgtggaaacaaactgcaageacgtgttctgcagag
tgtgcatcctgeggtgectgaaagtgatgggceagctactgeccectectgcagatacccttgeticcccaccgatctggaaagecct
gtgaagtccttcctgagegtgetgaacagectgatggtcaagtgccecgecaaagaatgcaacgaggaagtgtcectggaaaa
gtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggeggcagaccccggeage
atctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaaga
ggaaggcggcgacgtcaagagegtgtgcatgaccctgtttctgctggecctgagageccggaatgageatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacaccttectgtect
gcagccagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgcacgecctgagaaa
cgccgagaaagttctgetgectggetaccaccacttcgagtggeagectccactgaagaacgtgtccagcagcaccgacgtgg
gcatcatcgatggactgagcggactgtctagcagegtggacgactaccecgtggacacaatcgecaageggttcagatacgac
agcgccctggtgtetgecctgatggacatggaagaggacatcetggaaggceatgeggagecaggacctggacgattacctga
acggccctitcaccgtggtggtcaaagaaagetgtgacggeatgggegacgtgtccgagaaacacggatctggacctgtggtg
ccagagaaggccgtgcggticagcticaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgec
attctgagccctctgatcgccgaacgggaagcecatgaagtcectecgagcetgatgetcgaactcggeggceatectgagaaccttca
agttcatcttccgeggeaccggctacgacgagaagcetegttagagaggtggaaggectggaagectctggcagegtgtacatct
gcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgccgaaaacct
ggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgecgggatagagtgaagggegtgtecg
ccaagcctttcatcgagacagtgcctagcatcgacgccctgcactgegatattggcaacgcecgecgaattctacaagatctttcag
ctggaaatcggcgaggtgtacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacactggataagea
cctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagctgatgaccaaagaaaccgt
ggatgccgtgtgcgagctgatceectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagatgaag
ccegtgtggeggtctagetgtectgeccaaagagtgecctgagtctetgtgecagtacagcettcaacagecagagattcgecgagct
gctgtccaccaagtticaagtacagatacgagggcaagatcaccaactactticcacaagaccctggcetcacgtgccecgagateat
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cgagagagatggctctattggcgcectgggectctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaa
cgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaatte
atgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectitaggcatagagga

ctctctggaaagcecaagattcaatggaattttaagtagggcaaccacttatgagttggttittgcaattgagtttcectetgggttgeatt
gagggcttctcctagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgcet

ctcaagtcaggaatagaaactgatgagctgattgcttgaggcttitagtgagttccgaaaagcaacaggaaaaatcagttatctga
aagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaa
atcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcattttittcccecttgattgatta
tattttgtattgagatatgataagtgccttctatttcatitttgaataattcticatttitataattttacatatcttggcttgctatataagattcaa
aagagcttittaaatttttctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatat
aaatatgttacatcaggacaactttigagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccttcagagtttaggaggtca

tctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtttacttageta
tcagaagccaagtatgattctttattittactttttcatttcaagaaatttagagtttccaaatttagagct

Left HA

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga
cttcectgageacttcgtgaagtccatcagctgecagatctgcgagcacatectggecgatectgtggaaacaaactgcaageac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtcecttcctgagegtgctgaacagectgatggtcaagtgeccegecaaagaatgcaacgaggaagt
gtccetggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagcegtgtgcatgaccctgtttctgctggecctgagageccggaatgageatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
gccctgagaaacgccgagaaagtictgctgectggctaccaccactticgagtggeagectccactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactaccecgtggacacaatcgecaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg
acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggceatgggegacgtgtccgagaaacacggatct
ggacctgtggtgccagagaaggcecgtgcggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaacgtgaa
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agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggeaccggctacgacgagaagcetegttagagaggtggaaggcectggaagectetgge

agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctticatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgateccctctgaggaaagacacgaggcecctgcgggaactgatggacctgtace
tgaagatgaagcceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gceccgagatcatcgagagagatggetetattggegectgggcectetgagggceaatgagtctggcaacaagctgttceggeggtt

ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaageaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatcetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtatigagatatgataagtgectictatitcatttttgaataaticticatttttataattttacatatctiggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttattittacttittcatitcaagaaatttagagtttccaaatttagagct

DONOR specific for “g7 exon2 M2/3”, “g10 exon2 M2/3” and “g13 exon2 M2/3” gRNAs
for the exon 2 RAG1 gene replacement strategy with long right HA

INSERT

gaattcttttagagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggcecttitacgaaaga
aggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtgaaggceagatgttgactcgatccacce
cactgagttctgccataactgctggagcatcatgcacaggaagtitagcagtgcaccatgegaagtgtacttccccagaaacgtg
accatggaatggcaccctcacacacccagcetgcgacatctgcaacacagccagaagaggectgaageggaagtcectgeag
cctaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaagaaagagaagggece
aagccagaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgetggec
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gtggacttccctgageacttcgtgaagtccatcagctgecagatctgecgagcacatectggecgatectgtggaaacaaactgea
agcacgtgttctgcagagtgtgcatcctgcggtgectgaaagtgatgggeagcetactgeccctectgcagatacccettgcettcceea
ccgatctggaaagcecctgtgaagtecttectgagegtgctgaacagectgatggtcaagtgcceccgecaaagaatgcaacgag
gaagtgtccctggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaagge
ggcagaccccggcagcatctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagctgcaagtgaag
gectttgccgacaaagaggaaggceggegacgtcaagagegtgtgcatgacccetgtitctgctggecctgagageccggaatga
gcatagacaggccgatgagctggaagcecatcatgcaaggcaaaggceageggactgcagcectgcetgtgtgtetggetatcaga
gtgaacaccttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggecagacagatcttccagect
ctgcacgccctgagaaacgcecgagaaagttctgctgectggctaccaccacttcgagtggeagectecactgaagaacgtgtee
agcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactaccecgtggacacaatcgeca
agcggttcagatacgacagcegecctggtgtetgecctgatggacatggaagaggacatcctggaaggcatgeggagecagga
cctggacgattacctgaacggccctttcaccgtggtggtcaaagaaagetgtgacggeatgggegacgtgtccgagaaacacg
gatctggacctgtggtgccagagaaggcecgtgeggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaac
gtgaaagtgttcgaggaagccaagcctaacagegagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatca
cgagacactgaccgccattctgagcecctctgatcgeccgaacgggaagcecatgaagtectccgagetgatgetegaacteggeg
gcatcctgagaaccttcaagttcatcttccgeggeaccggcetacgacgagaagcetcgttagagaggtggaaggectggaagect
ctggcagcgtgtacatctgcaccctgtgtgacgccaccagactggaagctagecagaacctggtgticcacagceatcaccagaa
gccacgcecgaaaacctggaaagatacgaagtgtggeggageaaccectaccacgagagegtggaagaactgecgggatag
agtgaagggcgtgtcecgecaagectticatcgagacagtgectagcatcgacgecctgeactgegatattggcaacgecgecga
attctacaagatctttcagctggaaatcggcgaggtctacaagaaccccaacgcectctaaagaggaacggaagcegcetggeag
gccacactggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcccggaagctg
atgaccaaagaaaccgtggatgccgtgtgcgagetgateecctetgaggaaagacacgag gecctgegggaactgatggac
ctgtacctgaagatgaagcccgtgtggeggtctagcetgtectgccaaagagtgecctgagtctetgtgecagtacagcettcaacag
ccagagattcgcecgagctgcetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctgg
ctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggcaatgagtctggcaacaagctgttceg
gcggttccgcaagatgaacgecagacagagceaagtgctacgagatggaagatgtgctgaagceaccactggetgtacaccag
caagtacctgcagaaattcatgaacgcccacaacgcecctcaagaccageggctitaccatgaatcctcaggecagectgggeg
atcctttaggcatagaggactctctggaaagcecaagattcaatggaattttaagtagggcaaccacttatgag ttggtttttgcaattg
agtttccctctgggttgcattgagggcttctectageaccctttactgcetgtgtatggggcttcaccatccaagaggtggtaggttgga
gtaagatgctacagatgctctcaagtcaggaatagaaactgatgagctgattgetigaggcttttagtgagticcgaaaagcaaca
ggaaaaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtg
ttggggagctgtcatgtaaatcaaagcecaaggttgtcaaagaacagecagtgaggccaggaaagaaattggtettgtggttticat
tittttcceecttgatigattatatitigtatigagatatgataagtgectictatttcatttttgaataaticttcatttttataattttacatatctigg
cttgctatataagattcaaaagagctttttaaattitictaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatg
catttacccattcgttatataaatatgttacatcaggacaactttgagaaaatcagtccttttttatgtttaaattatgtatctattgtaacctt
cagagtttaggaggtcatctgctgtcatggatitticaataatgaatitagaatacacctgttagctacagttagttattaaatcttctgat
aatatatgtttacttagctatcagaagccaagtatgattctttatttttacttittcatttcaagaaatttagagtttccaaatttagagcttctg
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catacagtcttaaagccacagaggcttgtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgec
agactttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctcetctgcaatgtgttattctitctataatgate
agtttactttcagtggattcagaattgtgtagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtaca
gcagaagagttaacatttacacagtgctttttaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgtt
gttattatctccatttgatgggggtttaaatgatttgctcaaagtcatttaggggtaataaatactiggcetiggaaatttaacacagtectt
ttgtctccaaagceccttctictttccaccacaaattaatcactatgtttataaggtagtatcagaattttittaggattcacaactaatcact
atagcacatgaccttgggattacatttttatggggcaggggtaagcaagtttttaaatcatttgtgtgctctggctcttttgatagaaga
aagcaacacaaaagctccaaagggccccctaaccetettgtggetccagttatttggaaactatgatctgcatecttaggaatctg
ggatttgccagttgctggcaatgtagagcaggcatggaattitatatgctagtgagtcataatgatatgttagtgttaattagttitticttc
ctttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

Left HA

gaattcttttagagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggcecttttacgaaaga
aggaaaagagagctacttcctggecggacctcattgccaaggttttccggatcgatgtgaaggceagatgttgactcgatccacce
cactgagttctgccataactgctggagcatcatgcacaggaagtttagcagtgcaccat

coRAG1 CDS

gcgaagtgtacticcccagaaacgtgaccatggaatggcaccctcacacacccagctgcegacatctgcaacacagccagaag
aggcctgaagcggaagtecctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacagge
ccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagceaagat

ccacctgagcaccaaactgctggecgtggacttecctgageacticgtgaagtccatcagetgecagatcetgecgag cacatcctg
gccgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgggeagcetactge

ccctectgcagatacccettgettccccaccgatctggaaagecctgtgaagtecticctgagegtgetgaacagectgatggtcaa

gtgccccgecaaagaatgcaacgaggaagtgteectggaaaagtacaaccaccacatcagcagecacaaagagtccaaag
aaatcttcgtgcacatcaacaaaggcggcagaccccggcagceatctgctgtetettacaagacgggeccagaageaccggcetg
agagaactgaagctgcaagtgaaggccttigccgacaaagaggaaggcggegacgtcaagagegtgtgcatgacccetgtttct
gctggcecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggcaaaggceageggactge
agcctgcetgtgtgtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecatt
accggcagacagatcttccagectctgcacgecctgagaaacgecgagaaagttctgctgectggetaccaccacttcgagtgg
cagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggacg

actaccccgtggacacaatcgccaageggticagatacgacagcegecctggtgtetgecctgatggacatggaagaggacate
ctggaaggcatgcggagcecaggacctggacgattacctgaacggecctttcacegtggtggtcaaagaaagctgtgacggeat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticageticaccatcatgaagatca
ctatcgcccacagcagccagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgcetgcaagectetgtgtetg

atgctggccgacgagagcgatcacgagacactgaccgcecattctgagecctctgatcgeccgaacgggaagcecatgaagtecte

225



10

15

20

25

30

35

WO 2023/062030 PCT/EP2022/078298

cgagctgatgctcgaactcggeggcatectgagaaccttcaagttcateticcgeggceaccggetacgacgagaagctegttag
agaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgccaccagactggaagctagecagaac
ctggtgticcacagcatcaccagaagccacgcecgaaaacctggaaagatacgaagtgtggcggagcaaccectaccacgag
agcgtggaagaactgcgggatagagtgaagggcegtgtccgecaagectitcatcgagacagtgectageatcgacgecectge
actgcgatattggcaacgccgcecgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacgcectcta
aagaggaacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatg
aacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecectctgaggaaagacacg
aggccctgegggaactgatggacctgtacctgaagatgaageccgtgtggeggtctagcetgtectgecaaagagtgecctgagt
ctetgtgeccagtacagcticaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggceaagatca
ccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctattggegectgggectetgagggea
atgagtctggcaacaagctgttccggeggticcgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgcetg
aagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccagceggctttaccat
gaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggcttctectagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtettgtggttttcattttitic
ccectigatigattatattitgtatigagatatgataagtgectictatitcatttttgaataaticticatttttataattttacatatctiggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctttacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttitcatttcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttaticttictataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtattttccatccgctaagtitagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatactiggcetiggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttttttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctitigatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatccttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “g8 exon2 M2/3”, “g9 exon2 M2/3” and “g12 exon2 M2/3” gRNAs
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for the exon 2 RAG1 gene replacement strategy with long right HA

INSERT

ccagtccatggtectgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggecggacctcattg
ccaaggttttccggatcgatgtgaaggceagatgttgactcgatccaccecactgagttctgecataactgetggageatcatgcac
aggaagtttagcagtgccccatgtgaggtitacticccgaggaacgtgaccatggagtggcacccccacacaccatectgtgac
atctgcaacactgctagaagaggcectgaagcggaagtcectgcagcectaatctgcagetgagcaagaaactgaaaaccgtge
tggaccaggccagacaggceccggcaaagaaagagaagggcccaagcecagaatcagecagcaaggacgtgatgaagaag
atcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagcetge
cagatctgcgagcacatcctggecgatectgtggaaacaaactgcaagceacgtgttctgcagagtgtgcatectgeggtgectga
aagtgatgggcagctactgcccctectgcagatacccttgcttccccaccgatctggaaagecctgtgaagtecticctgagegtg
ctgaacagcctgatggtcaagtgcccegecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcage
agccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggeggceagaccccggcagcatetgetgtctettacaagac
gggcccagaagcaccggctgagagaactgaagcetgcaagtgaaggcectttgccgacaaagaggaaggeggegacgtcaa
gagcgtgtgcatgacccetgtttctgetggecctgagageccggaatgageatagacaggecgatgagetggaagecatcatge
aaggcaaaggcagcggactgcagectgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccacaaga
tgtaccggaccgtgaaggccattaccggcagacagatcttccagectctgcacgecctgagaaacgecgagaaagttctgetge
ctggctaccaccacttcgagtggcagectccactgaagaacgtgtccagecagcaccgacgtgggceatcatcgatggactgage
ggactgtctagcagegtggacgactaccecgtggacacaatcgccaageggticagatacgacagegecctggtgtctgecctg
atggacatggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggt
caaagaaagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggtte
agcttcaccatcatgaagatcactatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagectaacagegage
tgtgctgcaagcctetgtgtetgatgctggecgacgagagegatcacgagacactgaccgcecattetgagecctetgatcgecga
acgggaagccatgaagtcctccgagcetgatgcetcgaactcggeggcatectgagaaccttcaagttcatcttccgeggeaccgg
ctacgacgagaagctcgttagagaggtggaaggcectggaagcectctggcagegtgtacatctgcaccctgtgtgacgecacca
gactggaagctagccagaacctggtgticcacagcatcaccagaagccacgcecgaaaacctggaaagatacgaagtgtgge
ggagcaacccctaccacgagagcegtggaagaactgcgggatagagtgaagggegtgtccgecaagectticatcgagacag
tgcctageatcgacgcecctgeactgegatattggcaacgecgecgaatictacaagatctitcagetggaaatcggegaggteta
caagaaccccaacgcctctaaagaggaacggaagcegcetggcaggecacactggataagcacctgagaaagaagatgaat
ctgaagcccatcatgaggatgaacggcaacttcgeccggaagctgatgaccaaagaaaccgtggatgecgtgtgecgagcetga
tccectctgaggaaagacacgaggcecctgegggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgte
ctgccaaagagtgccctgagtctetgtgecagtacagcettcaacagecagagattcgecgagctgetgtccaccaagttcaagta
cagatacgagggcaagatcaccaactacttccacaagaccctggctcacgtgeccgagatcatcgagagagatggctctattg
gecgectgggcctctgagggceaatgagtetggcaacaagctgticcggeggttccgcaagatgaacgecagacagagceaagtg
ctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgec
ctcaagaccagcggctttaccatgaatcctcaggccagectgggegatectitaggcatagaggactctctggaaagecaagatt
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caatggaattttaagtagggcaaccacttatgagttggttittgcaattgagtttccctetgggttgcattgagggcttetcctagcaccee
tttactgctgtgtatggggcettcaccatccaagaggtggtaggtiggagtaagatgctacagatgctctcaagtcaggaatagaaa
ctgatgagctgattgcttgaggctittagtgagticcgaaaagcaacaggaaaaatcagttatctgaaagcetcagtaactcagaac
aggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggggagctgtcatgtaaatcaaagccaaggttgtca
aagaacagccagtgaggccaggaaagaaattggtcttgtggttttcatititttcccecttgattgattatatttigtattgagatatgata
agtgcctictatttcatttttgaataattcttcatitttataattttacatatctiggcttgctatataagattcaaaagagctitttaaatttticta
ataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggac
aactttgagaaaatcagtcctitittatgtttaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggatttttcaa
taatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgatt
ctitatttttactttttcatttcaagaaatttagagtttccaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaata
taggttagcttgatgtctaaaaatatatttcatgtcttactgaaacatittgccagactttctccaaatgaaacctgaatcaatttttctaa
atctaggtttcatagagtcctctectctgcaatgtgttattcttictataatgatcagtttactitcagtggattcagaattgtgtagcaggat
aaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacatttacacagtgctttitaccac
tgtggaatgtittcacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgatgggggtitaaatgattigete
aaagtcatttaggggtaataaatacttggcttggaaatttaacacagtccttttgtctccaaageccttcttctttccaccacaaattaat
cactatgtttataaggtagtatcagaatttttttaggattcacaactaatcactatagcacatgaccttgggattacattittatggggea
ggggtaagcaagtttitaaatcatttgtgtgctctggcetcettitgatagaagaaagcaacacaaaagctccaaagggecccctaac
cctettgtggetecagttatttggaaactatgatctgcatccttaggaatctgggatttgecagttgetggcaatgtagagcaggeatg
gaattttatatgctagtgagtcataatgatatgttagtgttaattagttttticttcctttgattitatiggccataattgctactcttcatacaca
gtatatcaaagagcttgataatttagttgtcaaaag

Left HA

ccagtccatggtectgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagctacttcetggecggacctcattg
ccaaggttttccggatcgatgtgaaggceagatgttgactcgatccaccecactgagttctgecataactgetggageatcatgcac
aggaagtttagcagtgccccatgtgaggtttacticccgaggaacgtgaccatggagtggcacccccacacaccatectgtgac
atctgcaacactgc

coRAG1 CDS

tagaagaggcctgaagcggaagtcectgcagectaatetgcagcetgagcaagaaactgaaaaccgtgetggaccaggecag
acaggcccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaagatcgecaactgeag
caagatccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagcetgecagatetgecgagea
catcctggecgatectgtggaaacaaactgcaagceacgtgtictgcagagtgtgcateetgeggtgectgaaagtgatgggeag

ctactgccecctectgcagatacccttgceticcccaccgatetggaaagcecctgtgaagtecttectgagegtgetgaacagectgat
ggtcaagtgccccgecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacatcagcagecacaaagagt
ccaaagaaatcttcgtgcacatcaacaaaggcggceagaccccggeagcatetgetgtctettacaagacgggeccagaagea
ccggctgagagaactgaagetgcaagtgaaggcctitgccgacaaagaggaaggeggcegacgtcaagagegtgtgcatgac
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cctgtttctgctggecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggcaaaggeage
ggactgcagcctgctgtgtgtetggctatcagagtgaacaccttcctgtectgcagecagtaccacaagatgtaccggaccgtga
aggccattaccggcagacagatcttccagcectctgcacgccctgagaaacgcecgagaaagttetgetgectggetaccaccact
tcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctageage
gtggacgactaccccgtggacacaatcgccaagceggttcagatacgacagegecctggtgtetgeectgatggacatggaaga
ggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtg
acggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettcaccatcatg
aagatcactatcgcccacagcagecagaacgtgaaagtgticgaggaagcecaagectaacagcgagetgtgetgcaagecte
tgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgagecctetgatcgecgaacgggaagecatg
aagtcctccgagctgatgctcgaactcggeggceatcetgagaaccticaagttcatcttccgeggeaccggctacgacgagaag
ctegttagagaggtggaaggectggaagectctggcagegtgtacatctgcaccetgtgtgacgcecaccagactggaagctage
cagaacctggtgttccacagcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagcaaccectac
cacgagagcgtggaagaactgcgggatagagtgaagggegtgtccgecaagectttcatcgagacagtgectagceatcgacy
ccetgeactgegatattggcaacgecgecgaattctacaagatcetticagetggaaatcggegaggtctacaagaaccccaacy
cctctaaagaggaacggaagcegcetggcaggecacactggataagcacctgagaaagaagatgaatctgaageccatcatga
ggatgaacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgecgagcetgatecectctgaggaaag
acacgaggccctgcgggaactgatggacctgtacctgaagatgaageccegtgtggeggtctagetgtectgecaaagagtgec
ctgagtctctgtgccagtacagcticaacagecagagattcgecgagetgetgtccaccaagttcaagtacagatacgagggea
agatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggctctattggegectgggectctga
gggcaatgagtctggcaacaagctgticcggeggttccgcaagatgaacgeccagacagagcaagtgctacgagatggaagat
gtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgcecctcaagaccageggctt
taccatgaatcctcaggccagectgggegatccttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatitttataattttacatatcttggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttattctitctataatgatcag
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tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtitaaatgattigctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtectttt

gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctittgatagaagaa

agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatccttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “g11 exon2 M2/3” gRNA for the exon 2 RAG1 gene replacement
strategy with long right HA

INSERT

ctgatgagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaaaagaga
gctacttcctggecggacctcattgecaaggtittccggatcgatgtgaag gcagatgttgactcgatccacccecactgagttctgee
ataactgctggagcatcatgcacaggaagtttagcagtgccccatgtgaggtttacttccccagaaacgtgaccatggaatggea
ccctcacacacccagctgegacatctgcaacacagccagaagaggcectgaageggaagtcectgecagectaatctgcagctg
agcaagaaactgaaaaccgtgctggaccaggcecagacaggceccggcaaagaaagagaagggeccaagecagaatcag
cagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacttcectgag
cacttcgtgaagtccatcagcetgecagatctgcgagceacatcetggecgateetgtggaaacaaactgcaagceacgtgtictgca
gagtgtgcatcctgeggtgectgaaagtgatgggeagcetactgeccectectgecagatacccttg cttccccaccgatctggaaage
cctgtgaagtecttcctgagegtgctgaacagectgatggtcaagtgeccegecaaagaatgcaacgaggaagtgteectggaa
aagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggea
gcatctgctgtctcttacaagacgggcccagaagcaccggcetgagagaactgaagetgcaagtgaaggecttigccgacaaa
gaggaaggcggcgacgtcaagagcgtgtgcatgaccctgtttctgctggecctgagageccggaatgageatagacaggecg
atgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtctggctatcagagtgaacaccttectgt
cctgcagecagtaccacaagatgtaccggaccgtgaaggccattaccggeagacagatcttccagectetgcacgecctgaga
aacgccgagaaagttctgctgectggctaccaccacttcgagtggeagectccactgaagaacgtgtccagcageaccgacgt
gggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaatcgecaageggticagatacy
acagcgccctggtgtetgecctgatggacatggaagaggacatcctggaaggceatgcggagecaggacctggacgattacct
gaacggccctttcaccgtggtggtcaaagaaagcetgtgacggceatgggcegacgtgtccgagaaacacggatctggacctgtgg
tgccagagaaggccgtgcggttcagcticaccatcatgaagatcactatcgecccacagcagcecagaacgtgaaagtgttcgag
gaagccaagcctaacagcgagctgtgctgcaagcectetgtgtctgatgetggecgacgagagegatcacgagacactgaccg
ccattctgagcecctetgatcgecgaacgggaagecatgaagtcectccgagetgatgctcgaactcggeggceatectgagaacctt
caagttcatcttccgeggcaccggctacgacgagaagctegttagagaggtggaaggectggaagectctggcagegtgtaca
tctgcaccetgtgtgacgecaccagactggaagcetagecagaacctggtgttccacageatcaccagaagecacgccgaaaa
cctggaaagatacgaagtgtggcggagcaacccectaccacgagagegtggaagaactgcgggatagagtgaagggegtgt
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ccgccaagccttticatcgagacagtgectagceatcgacgcecctgeactgegatattggcaacgecgecgaattctacaagatcetit
cagctggaaatcggegaggtctacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacactggataa
gcacctgagaaagaagatgaatctgaagceccatcatgaggatgaacggcaactticgcccggaagcetgatgaccaaagaaac
cgtggatgecgtgtgecgagcetgatceectctgaggaaagacacgaggecctgegggaactgatggacctgtacctgaagatga
agceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacagcettcaacagecagagattcgecga
gctgctgtccaccaagttcaagtacagatacgagggcaagatcaccaactacttccacaagaccctggcetcacgtgeccgagat
catcgagagagatggctctattggcgectgggcectctgagggcaatgagtctggcaacaagcetgticcggeggttccgcaagat
gaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctgcagaa
attcatgaacgcccacaacgccctcaagaccageggctitaccatgaatcctcaggccagectgggegatectitaggeataga
ggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttcectetgggttg
cattgagggcttctcctagcaccctttactgctgtgtatggggcettcaccatccaagaggtggtaggttggagtaagatgctacagat
gctctcaagtcaggaatagaaactgatgagctgattgcttgaggcetittagtgagticcgaaaagcaacaggaaaaatcagttate
tgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagetgtcatgt
aaatcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtcttgtggtittcatttitttcceecttgattga
ttatattitgtattgagatatgataagtgcctictatitcatittigaataattcticatttitataattttacatatctiggcttgctatataagattc
aaaagagctttttaaatttttctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttat
ataaatatgttacatcaggacaactttgagaaaatcagtcctttittatgtttaaattatgtatctattgtaaccttcagagtttaggaggt
catctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttag
ctatcagaagccaagtatgattctitatttttactttttcatttcaagaaatttagagtttccaaatttagagctictgcatacagtcttaaag
ccacagaggcttgtaaaaatataggttagctigatgtctaaaaatatatticatgtcttactgaaacattttgccagactttctccaaat
gaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectetgcaatgtgttatictttctataatgatcagtttactttcagtgg
attcagaattgtgtagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaa
catttacacagtgctttttaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgtigttattatctccattt
gatgggggtitaaatgattigctcaaagtcatitaggggtaataaatacttiggctiggaaatttaacacagtcctittgtctccaaagec
cticttctitccaccacaaattaatcactatgtttataaggtagtatcagaatttititaggattcacaactaatcactatagcacatgacc
ttgggattacatttitatggggcaggggtaagcaagtttttaaatcatttgtgtgctctggctettttgatagaagaaagcaacacaaa
agctccaaagggcecccctaaccctcetigtggetccagttatttggaaactatgatctgcatccttaggaatctgggatttgecagttge
tggcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttttcticctitgattttattggec
ataattgctactcttcatacacagtatatcaaagagcttgataatttagtigtcaaaag

Left HA

ctgatgagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaaaagaga
gctacttcctggecggacctcattgecaaggtittccggatcgatgtgaaggceagatgtigactcgatccaccecactgagttctgec
ataactgctggagcatcatgcacaggaagtttagcagtgccccatgtgaggtttactte

coRAG1 CDS
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cccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaacacagecagaagaggcectgaageg
gaagtccctgcagcectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaagaa
agagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatccacctgageac
caaactgctggecgtggacttcectgageacttcgtgaagtccatcagcetgecagatctgegagceacatectggecgatectgtgg
aaacaaactgcaagcacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagctactgeccctectgcagata
cccttgettceccaccgatctggaaagecctgtgaagtecttectgagegtgetgaacagectgatggtcaagtgeececcgecaaa
gaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgeac
atcaacaaaggcggcagaccccggceagcatctgcetgtetettacaagacgggeccagaageaccggctgagagaactgaag
ctgcaagtgaaggcctttgccgacaaagaggaaggceggcegacgtcaagagegtgtgcatgacccetgtitctgetggecctgag
agcccggaatgagceatagacaggecgatgagctggaagcecatcatgcaaggcaaaggcageggactgcagectgcetgtgtg
tctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattaccggeagaca
gatcttccagcctetgcacgcecctgagaaacgcecgagaaagttetgetgectggetaccaccacttcgagtggeagcectecactg
aagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactaccecgtgg
acacaatcgccaagcggttcagatacgacagcegcecctggtgtctgecctgatggacatggaagaggacatcctggaaggceat
gcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgt
ccgagaaacacggatctggacctgtggtgccagagaaggcecgtgeggticageticaccatcatgaagatcactatcgeccac
agcagccagaacgtgaaagtgticgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtctgatgetggecga
cgagagcgatcacgagacactgaccgccattctgagcecctctgatcgeccgaacgggaagecatgaagtectccgagetgatge
tcgaactcggcggeatectgagaaccttcaagttcatettccgeggeaccggetacgacgagaagcetcegttagagaggtggaag
gectggaagcectctggcagegtgtacatctgcaccetgtgtgacgecaccagactggaagcetagecagaacctggtgttccaca
gcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagceaaccectaccacgagagegtggaaga
actgcgggatagagtgaagggegtgtccgcecaagcctttcatcgagacagtgcectagcatcgacgecctgecactgegatattgg
caacgccgccgaattctacaagatctitcagctggaaatcggegaggtctacaagaaccccaacgcctctaaagaggaacgg
aagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttc
gcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagcetgatecccetctgaggaaagacacgaggecctgegg
gaactgatggacctgtacctgaagatgaagcccgtgtggeggtetagetgtectgccaaagagtgecctgagtetctgtgecagt
acagcttcaacagccagagattcgccgagctgetgtccaccaagticaagtacagatacgagggcaagatcaccaactacttc
cacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggceaatgagtetgge
aacaagctgttccggeggttccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccact
ggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccageggctitaccatgaatectcag
gccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattttaagtagggcaaccacttatgagttggtttitgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
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aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtatigagatatgataagtgectictatitcatttttgaataaticticatttttataattttacatatctiggettge
tatataagattcaaaagagctttttaaattitictaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctitattittactitttcatticaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttitctaaatctaggtttcatagagtcctctectetgcaatgtgttaticttictataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatactiggcetiggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctitigatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatecttaggaatctgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “g14 exon2 M5” gRNA for the exon 2 RAG1 gene replacement
strategy with long right HA

INSERT

catggagtggcacccccacacaccatcctgtgacatctgcaacactgecegtcggggactcaagaggaagagtcttcagecaa
acttgcagctcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagceccgtcagcgcaagagaagagctcaggea
aggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagctecttgcagtggacttc
ccagagcactitgtgaaatccatctcctgccagatctgtgaacacattctggetgaccectgtggagaccaactgtaageatgtetttt
gecgggtetgeattctcagatgectcaaagtcatgggceagctattgtecctetigecgatatecatgcetteectactgacctggagagt
ccagtgaagtcctttctgagegtctigaattccctgatggtgaaatgtccagcaaaagagtgcaatgaggaggtcaccctagaaa
agtacaaccaccacatcagcagccacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggcagaccccggeag
catctgctgtctcttacaagacgggcccagaagcaccggcetgagagaactgaagetgcaagtgaaggectttigccgacaaag
aggaaggcggcgacgtcaagagcegtgtgcatgacccetgtttctgetggecctgagageccggaatgageatagacaggecga
tgagctggaagccatcatgcaaggcaaaggcageggactgcagectgetgtgtgtetggetatcagagtgaacaccttectgtee
tgcagccagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgcacgecctgagaaa
cgccgagaaagttctgetgectggetaccaccacttcgagtggeagectccactgaagaacgtgtccagcageaccgacgtgg
gcatcatcgatggactgagcggactgtctagcagegtggacgactaccecgtggacacaatcgccaageggttcagatacgac
agcgccctggtgtetgecctgatggacatggaagaggacatcetggaaggceatgeggagecaggacctggacgattacctga
acggccctttcaccgtggtggtcaaagaaagctgtgacggceatgggegacgtgtccgagaaacacggatctggacctgtggtg
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ccagagaaggccgtgcggttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgec
attctgagccctctgatcgccgaacgggaagcecatgaagtcectecgagcetgatgetcgaactcggeggeatectgagaaccttca
agttcatcttccgeggceaccggctacgacgagaagcetcegttagagaggtggaaggectggaagectctggeagegtgtacatet
gcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgccgaaaacct
ggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgegggatagagtgaagggegtgteeg
ccaagcctttcatcgagacagtgcectagcatcgacgcecectgcactgegatattggcaacgccgecgaattctacaagatctttcag
ctggaaatcggcgaggtctacaagaaccccaacgcctctaaagaggaacggaagcegcetggcaggecacactggataagea
cctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagetgatgaccaaagaaaccgt
ggatgccgtgtgcgagctgatceectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagatgaag
ccegtgtggeggtctagetgtectgeccaaagagtgecctgagtctetgtgecagtacagcettcaacagecagagattcgecgagct
gctgtccaccaagtticaagtacagatacgagggcaagatcaccaactactticcacaagaccctggcetcacgtgccecgagateat
cgagagagatggctctattggcgectgggcectctgagggceaatgagtctggcaacaagcetgttceggeggticcgcaagatgaa
cgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaatte
atgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectitaggcatagagga
ctctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggttittgcaattgagtttcectetgggttgceatt
gagggcttctcctagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgcet
ctcaagtcaggaatagaaactgatgagctgattgcttgaggcttitagtgagttccgaaaagcaacaggaaaaatcagttatctga
aagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagctgtcatgtaa
atcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcattttittcccecttgattgatta
tattttgtattgagatatgataagtgccttctatttcatttttgaataattcticatttttataattitacatatctiggcttgctatataagattcaa
aagagcttittaaatttitctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatat
aaatatgttacatcaggacaactttigagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccttcagagtttaggaggtca
tctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtitacttagcta
tcagaagccaagtatgattctttatttitacttittcatttcaagaaatttagagtttccaaatttagagctictgcatacagtcttaaagec
acagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatga
aacctgaatcaattttictaaatctaggtttcatagagtcctctectctgcaatgtgttattctttctataatgatcagtttactttcagtggatt
cagaattgtgtagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacat
ttacacagtgctttttaccactgtggaatgttticacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccattigat
gggggtttaaatgatttgctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtecttttgtctccaaagecctt
ctictttccaccacaaattaatcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcactatagcacatgaccttg
ggattacatttitatggggcaggggtaagcaagtttitaaatcatitgtgtgctetggcetcetittgatagaagaaagcaacacaaaag
ctccaaagggccccctaaccetettgtggetecagttatitggaaactatgatctgcatcecttaggaatctgggatttgccagttgetg
gcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagtttittcttcctttgattitattggccat
aattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag
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Left HA

catggagtggcacccccacacaccatcctgtgacatctgcaacactgecegtcggggactcaagaggaagagtcttcagecaa
acttgcagctcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagceccgtcagcgcaagagaagagctcaggea
aggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagctecttgcagtggacttc
ccagagcactitgtgaaatccatctcctgccagatctgtgaacacattctggetgaccctgtggagaccaactgtaageatgtetttt
gecgggtetgeattctcagatgectcaaagtcatgggceagctattgtecctetigecgatatecatgcetteectactgacctggagagt
ccagtgaagtcctttctgagegtctigaattccctgatggtgaaatgtccagcaaaagagtgcaatgaggaggtca

coRAG1 CDS

ccctagaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeaga
cceeggeagceatctgetgtetettacaagacgggeccagaageaccggctgagagaactgaagetgcaagtgaaggectttge
cgacaaagaggaaggcggcgacgtcaagagcegtgtgcatgacccetgtitctgctggecctgagageccggaatgageataga
caggccgatgagctggaagcecatcatgcaaggcaaaggcageggactgcagectgctgtgtgtetggcetatcagagtgaaca
ccttectgtectgcagcecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcettccagectctgeacy
ccetgagaaacgccgagaaagtictgetgectggcetaccaccacticgagtggcagectccactgaagaacgtgtccageage
accgacgtgggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtggacacaatcgccaageggtt
cagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggceatgecggagecaggacctgga
cgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatcetg
gacctgtggtgccagagaaggecgtgeggttcagcettcaccatcatgaagatcactatcgeccacagcagecagaacgtgaaa
gtgttcgaggaagccaagcectaacagcegagcetgtgctgcaagectetgtgtetgatgctggecgacgagagegatcacgagac
actgaccgccattctgagecctctgatcgccgaacgggaagcecatgaagtectcegagetgatgetcgaactcggeggeatect
gagaaccttcaagttcatcttccgcggeaccggctacgacgagaagctegttagagaggtggaaggcectggaagectctggea
gcgtgtacatctgcaccctgtgtgacgccaccagactggaagcetagccagaacctggtgticcacagcatcaccagaagecac
gccgaaaacctggaaagatacgaagtgtggeggageaaccectaccacgagagegtggaagaactgegggatagagtga
agggcgtgtccgecaagcctitcatcgagacagtgectageatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtctacaagaaccccaacgcectctaaagaggaacggaagegetggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgag gecetgegggaactgatggacctgtace
tgaagatgaagcceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gcccgagatcatcgagagagatggctctattggegectgggectctgagggceaatgagtctggcaacaagcetgticeggeggtt
ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaageaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggccagectgggegatecttt

Right HA
aggcatagaggactctctggaaagccaagattcaatggaattttaagtagggcaaccacttatgagttggtttitgcaattgagtttc
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cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtatigagatatgataagtgectictatitcatttttgaataaticticatttttataattttacatatctiggettge
tatataagattcaaaagagctttttaaattitictaataatatcttacatttgtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttattittacttittcatticaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtitcatagagtcectctectetgcaatgtgttatictttctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctitigatagaagaa
agcaacacaaaagctccaaagggccccctaaccctcttgtggctccagttatitggaaactatgatctgcatecttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for g9 gRNA for the intron 1 RAG1 gene replacement strategy with long
right HA

INSERT

tgagcacacagttattacttggaaattgtgtacagactaagtigaagatgttaggagggaagattgtgggccaagtaacggggtgt
atgtgtgtgggtatagggtgggcagetgggatggaaatggggggctgcetgetgetgetgcaccectggectectgaactaatgatat
cactcaccagaaactactgttcctgcactgtccaagccaccccaaactagtttgtcaaaatgaatctgtgetgtgtggagggagge
acgcctgtagctctgatgtcagatggcaatgtgaattcctgacctettetcttcctcccacaggecgecaccatggecgecagctttc
ctectacactgggactgtctagegeccctgacgagattcagcaccctcacatcaagticagegagtggaagttcaagetgttcag
agtgcggagcttcgagaaaacccctgaggaageccagaaagagaagaaggacagcticgagggcaageccagectggaa
cagtctcctgetgtgetggataaggecgacggecagaaacctgtgectacacagectctgctgaaggcetcaccecaagttctcca
agaagttccacgacaacgagaaggccagaggcaaggccatccaccaggcecaatctgagacacctgtgecggatetgegge
aacagcttcagagccgacgagcacaatcggagataccctgtgcacggecctgtggatggaaagactctgggectgetgegga
agaaagaaaagagagccaccagctggcccgacctgatcgccaaggtgttcagaatcgacgtgaaggecgatgtggacage
attcaccccaccgagttctgccacaactgcetggtccatcatgcaccggaagttcagcetetgeccctigegaggtgtacticcccaga
aacgtgaccatggaatggcacccacacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagte
cctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaagaaaaagac
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gcgeccaggctagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagcaagatccacctgagcaccaaactg
ctggecgtggacttcectgageacticgtgaagtccatcagcetgecagatctgecgageacatectggecgatectgtggaaacaa
actgcaagcacgtgtictgcagagtgtgcatcctgeggtgectgaaagtgatgggeagcetactgeecccagetgtagatacccttge
ttccccaccgacctggaaagecctgtgaagtecttictgagegtgctgaacagcectgatggtcaagtgeccegecaaagaatgea
acgaggaagtgtccctggaaaagtacaaccaccacatcagcagecacaaagagtccaaagaaatcticgtgcacatcaaca
aaggcggcagaccccggcagcatctgcetgtetcttacaagaagggeccagaageaccggetgegggaactgaagetgcaag
tgaaggcctttgccgacaaagaggaaggcggegacgtcaagagegtgtgcatgaccctgtitctgetggecctgagageecgg
aatgagcatagacaggccgatgagctggaagccattatgcaaggcaaaggcageggactgcagcectgcetgtgtgtetggetat
cagagtgaataccttcctgagcetgcagecagtaccacaagatgtaccggaccgtgaaagecatcaccggcagacagatcettce
agccactgcacgccctgagaaacgcecgagaaagttctgctgectggcetaccaccactticgagtggeagectccactgaagaac
gtgtccagcagcaccgacgtgggcatcatcgatggactgtctggactgagcageagegtggacgattacceegtggacacaat
cgccaagagattcagatacgacagegccctggtgtctgecctgatggacatggaagaggacatectggaaggeatgeggage
caggacctggacgactatctgaacggcecctttcaccgtggtggtcaaagaaagetgtgacggeatgggegacgtgtccgagaa
acacggatctggacctgtggtgccagagaaggecgtgeggticageticaccatcatgaagatcactatcgeccacageagec
agaacgtgaaggtgttcgaggaagccaagcctaacagcgagctgtgctgcaagectetg tgtctgatgctggecgacgagage
gatcacgagacactgaccgccattctgagccctctgatcgecgaacgggaagccatgaagtceetecgagetgatgetcgaacte
ggcggcatcctgagaaccttcaagttcatcttccgeggeaccggetacgacgagaagctegttagagaggtggaaggectgga
agcctctggcagegtgtacatctgcaccectgtgtgacgcecaccagactggaagcetagecagaacctggtgticcacageatcac
cagaagccacgccgaaaacctcgagagatacgaagtgtggeggagcaaccectaccacgagagegtggaagaactgegg
gatagagtgaagggcgtgtccgecaagcectttcatcgagacagtgectageatcgacgecctgeactgegatattggcaacgec
gccgaattctacaagatctttcagetggaaatcggegaggtctacaagaaccccaacgcectctaaagaggaacggaagegct
ggcaggccacactggataagcacctgagaaagaagatgaatctgaagcccatcatgcggatgaacggcaacttcgeeegga
agctgatgaccaaagaaaccgtggatgccgtgtgecgagctgatecectctgaggaaagacacgaggecctgagggaactgat
ggacctgtacctgaagatgaagccegtgtggeggtetagetgtectgccaaagagtgecctgagtetetgtgecagtacagettca
acagccagagattcgccgagctgcetgagcacaaagticaagtacagatacgaggggaagatcacgaactacttccacaaga
ccetggctcacgtgeccgagatcatcgagagagatggcetcetattggegectgggectetgagggcaatgagtctggcaacaage
tgtttcggcggticagaaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggcetgtac
accagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagect
gggagatcctctgggceattgaggatagectggaatcccaggacagcatggaattctgaaggcatagaggactetctggaaage
caagattcaatggaattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctetgggttgcattgagggcttctect
agcaccctttactgcetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgctctcaagtcagga
atagaaactgatgagctgattgctigaggcttttagtgagticcgaaaagcaacaggaaaaatcagttatctgaaagcetcagtaac
tcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagctgtcatgtaaatcaaagcecaag
gttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcatitttttcccccttgattgattatattttgtattgagat
atgataagtgccttctatttcatttitgaataattcticatttitataattttacatatcttggcttgctatataagattcaaaagagctttitaaat
ttttctaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcatttacccattc gttatataaatatgttacatca
ggacaactitgagaaaatcagtccttttitatgtttaaattatgtatctatigtaaccttcagagtttaggaggtcatctgctgtcatggattt
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ttcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtitacttagctatcagaagccaagta
tgattcttatttttacttittcatitcaagaaatttagagtticcaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaa
aatataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagacttictccaaatgaaacctgaatcaattttt
ctaaatctaggtttcatagagtcctctcctctgcaatgtgttatictitctataatgatcagtttactttcagtggattcagaattgtgtagea
ggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacatttacacagtgctttita
ccactgtggaatgttticacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccatttgatgggggtttaaatgatt
tgctcaaagtcatttaggggtaataaatacttggcetiggaaatttaacacagtcctittgtctccaaagecctictictttccaccacaaa
ttaatcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcactatagcacatgaccttgggattacatttttatggg
gcaggggtaagcaagtttttaaatcatttgtgtgctctggctctittgatagaagaaagcaacacaaaagctccaaagggeccect
aaccctcttgtggctecagttatitggaaactatgatctgcatccttaggaatctgggatttgccagtigetggeaatgtagageagge
atggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttitcttcctttgattttattggccataattgctactcttcataca
cagtatatcaaagagcttgataatttagtt

Left HA

tgagcacacagttattacttggaaattgtgtacagactaagtigaagatgttaggagggaagattgtgggccaagtaacggggtgt
atgtgtgtgggtatagggtgggcagetgggatggaaatggggggctgctgetgetgetgcaccectggectcetgaactaatgatat
cactcaccagaaactactgttcctgcactgtccaagccaccccaaactagtttgtcaaaatgaatctgtgetgtgtggagggagge
acgcctgtagctctgatgtcagatggceaatgt

Splice Acceptor

ctgacctcttctettcctcccacagg
KOZAK

gccgcecaccatg

coRAG1 CDS

atggccgecagctttcctectacactgggactgtctagegeccctgacgagattcagcacccetcacatcaagttcagegagtgga
agttcaagctgttcagagtgcggagcticgagaaaacccctgaggaageccagaaagagaagaaggacagcettcgaggge
aagcccagcctggaacagtctectgetgtgctggataaggecgacggecagaaacctgtgectacacagectetgetgaaggct
caccccaagttctccaagaagticcacgacaacgagaaggcecagaggcaaggccatccaccaggecaatctgagacacctg
tgccggatetgeggcaacagcettcagagecgacgagceacaatcggagataccctgtgcacggecctgtggatggaaagactct
gggcctgetgcggaagaaagaaaagagagcecaccagctggeccgacctgatcgecaaggtgticagaatcgacgtgaagg
ccgatgtggacagcattcaccccaccgagttctgccacaactgcetggtccatcatgcaccggaagttcagcetetgecccttgega
ggtgtacttccccagaaacgtgaccatggaatggcacccacacacacccagcetgcgacatctgcaacacagecagaagagg
cctgaagcggaagtccctgecagectaatctgcagetgagcaagaaactgaaaaccgtgcetggaccaggecagacaggeccy
gcaaagaaaaagacgcgceccaggctagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagcaagatccac
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ctgagcaccaaactgctggecgtggacttcectgagceacttcgtgaagtccatcagetgecagatctgegagcacatectggecg
atcctgtggaaacaaactgcaagceacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagcetactgeccea
gctgtagatacccttgcttccccaccgacctggaaagcecctgtgaagtectttctgagegtgctgaacagectgatggtcaagtgee
ccgccaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcageccacaaagagtccaaagaaatce
ttcgtgcacatcaacaaaggcggcagaccccggeagcatctgetgtctettacaagaagggeccagaageaccggetgeggg
aactgaagctgcaagtgaaggcctitgccgacaaagaggaaggcggegacgtcaagagegtgtgcatgaccetgtttctgetg
gccctgagageccggaatgagcatagacaggecgatgagcetggaagecattatgcaaggcaaaggcageggactgcagec
tgctgtgtgtctggctatcagagtgaataccttcctgagcetgcagecagtaccacaagatgtaccggaccgtgaaagecatcace
ggcagacagatcttccagccactgcacgccctgagaaacgecgagaaagttctgctgectggcetaccaccacttcgagtggea
gecteccactgaagaacgtgtccagcageaccgacgtgggeatcatcgatggactgtctggactgagcageagegtggacgatt
accccgtggacacaatcgccaagagattcagatacgacagegecctggtgtetgecctgatggacatggaagaggacatectg
gaaggcatgcggagccaggacctggacgactatctgaacggcecctttcaccgtggtgg tcaaagaaagcetgtgacggceatgg
gcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettcaccatcatgaagatcact
atcgcccacagcagcecagaacgtgaaggtgttcgaggaagcecaagectaacagegagcetgtgetgcaagectetgtgtctgat
gctggccgacgagagcegatcacgagacactgaccgcecattctgagecctctgatcgecgaacgggaagcecatgaagteetee
gagctgatgctcgaactcggeggeatcctgagaaccttcaagttcatcettccgeggeaccggetacgacgagaagctegttaga
gaggtggaaggcctggaagcectctggcagegtgtacatctgcaccctgtgtgacgeccaccagactggaagcetagecagaacct
ggtgttccacagcatcaccagaagccacgcecgaaaacctcgagagatacgaagtgtggeggageaacccctaccacgaga
gcgtggaagaactgcgggatagagtgaagggegtgtccgecaagcectticatcgagacagtgectageatcgacgecctgeac
tgcgatattggcaacgccgecgaattctacaagatctttcagctggaaatcggegaggtctacaagaaccccaacgcectctaaa
gaggaacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgecggatgaa
cggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagcetgatecectctgaggaaagacacgag
gccctgagggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgccaaagagtgecctgagtete
tgtgccagtacagcttcaacagccagagattcgecgagcetgctgagcacaaagttcaagtacagatacgaggggaagatcac
gaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggeaa
tgagtctggcaacaagctgtttcggcggticagaaagatgaacgccagacagagcaagtgctacgagatggaagatgtgetga
agcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgceccacaacgecctcaagaccageggctttaccatg
aatcctcaggcecagcectgggagatectctgggceattgaggatagectggaatcccaggacagceatggaattctga

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgcttgaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtatigagatatgataagtgcctictatitcatittigaataattcttcatitttataattttacatatctiggettge
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tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccticag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttaticttictataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatitticcttacaacaattctgaggagtaggtgtigt
tattatctccatttgatgggggtttaaatgattigctcaaagtcatttaggggtaataaatactiggcetiggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatttttatggggcaggggtaagcaagtttttaaatcatttgtgtgcetctggctcttttgatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatccttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaattttatatgctagtgagtcataatgatatgttagtgttaattagttttttcttcc
tttgattttattggccataattgctactcttcatacacagtatatcaaagagcttgataatttagtt

AAVE6 production and titration

AAV6 production was performed by the vector core facility at the Telethon Institute of Genetics
and Medicine (TIGEM), Pozzuoli (NA, ltaly). Briefly, AAV vectors were produced by transient
triple transfection of HEK293 cells by calcium phosphate. The following day, the medium was
changed with serum-free DMEM and cells were harvested 72 hours after transfection. Cells
were lysed by three rounds of freeze-thaw to release the viral particles and the lysate was
incubated with DNAsel and RNAse | to eliminate nucleic acids. AAV vector was then purified
by two sequential rounds of Cesium Cloride (CsCI2) gradient. For each viral preparation,
physical titres (genome copies/mL) were determined by PCR quantification using TagMan.

Flow cytometry analysis

Flow cytometry analysis was performed to assess the recombination activity as GFP+ cells.
Unstained and single-stained cells or compensation beads were used as negative and positive

controls.

All samples were acquired through BD Canto (BD Bioscience) cytofluorimeter after Rainbow
beads (Spherotech) calibration and raw data were collected through DIVA software (BD
Biosciences). The data were subsequently analyzed with FlowJo software Version 9.3.2
(TreeStar) and the graphical output was automatically generated through Prism 6.0c
(GraphPad software).

Western Blot assay
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Cell protein lysate was prepared with RIPA buffer (ThermoFisher) following manufacturer
instructions. The purified proteins were analyzed on Mini-PROTEAN TGX Gels (7.5%, Biorad),
followed by Ponceau staining. For Western blot analysis, proteins were separated by SDS-
PAGE under reducing conditions and then electrophoretically transferred onto polyvinylidine
difluoride membranes (Bio Rad TransBlot Turbo). After protein transfer, the membranes were
treated with the blocking buffer (TBS 1X, Tween20 1%, Non-fat milk 0.5%) followed by
incubation with primary antibodies O/N at 4° (a-hRAG1 1:500 -D36B3 Cell Signaling-, a-hp38
1:2000 -9212 Cell Signaling- in blocking buffer). Following three washes with TBS Tween 1%,
membranes were incubated 1 hour with HRP-conjugated goat anti-rabbit IgG (Cell Signalling).
Bioluminescence was acquired by Bio Rad ChemiDoc.

EXAMPLE 2 — RAG1 gene guide RNAs
Results
Generation of NALM6 and K562 Cas9 Cell lines

To test our panel of Cas9 guide RNAs we generated two cell lines with inducible Cas9
expression. NALM6 and K562 cell lines were transduced with a lentiviral vector carrying the
Cas9 cassette under the control of a TET-inducible promoter and a cassette that confers
resistance to puromycin. After transduction with MOI 20 the two cell lines were kept in culture
with puromycin 1.5 pg/ml for one week to select the transduced cells (Figure 6A). After
puromycin selection, a VCN 3.65 and a VCN 4.35 were verified by LTR specific ddPCR in
NALM6 Cas9 and K562 Cas9 cell line respectively (Figure 6B). Efficient Cas9 expression was
also verified by RT-gPCR after two days of induction with scaling doses of doxycycline (Figure
6C). The highest Cas9 expression was found at the dose of 1 ug/ml of doxycyclin in both the

cell lines.
RAG1 Guide Selection

A panel of nine guides was first identified to target three non-repeated loci of RAG1 intron 1.
In addition, three guides (QRNA 1,2,3) targeting the first 200 bp of RAG7 exon 2 were designed
with the final aim to integrate the corrective RAG7 coding sequence in frame with the
endogenous ATG. This strategy would exploit the endogenous splice acceptor thus preserving
any putative endogenous splicing regulations (Figure 7A).

Guides were electroporated as plasmid DNAs in K562 Cas9 and NALM6 Cas9 cell lines
considering two different doses (100ng/well and 200ng/well.) Cas9 expression was induced
the day before the electroporation and for the two following days by adding doxycycline (1

pg/ml) to the medium. Genomic DNA was extracted at day 7 and cutting frequency was
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evaluated measuring the percentage of NHEJ-mediated indel mutations by T7 nuclease assay
(scheme shown in Figure 7B).

The majority of the tested guides had good cutting frequency showing similar results in both
celllines. In particular, Guide 9 was the best performing guide targeting the intron with a cutting
frequency up to 72.7% in K562 Cas9 and 78.5% in NALM6 Cas9. Similar cutting frequencies
were also achieved by Guide 7, that showed a cutting frequency up to 67.5% in K562 Cas9
and 70.5% in NALM6 Cas9 cell lines. Guide 3 was the best performing guide targeting the
exon with a cutting frequency up to 58.9% in K562 Cas9 (Figure 7C) and 73.5% in NALM6
Cas9 (Figure 7D). Of note, despite the higher expression of Cas9 expression in K562 Cas9
than in NALM6 Cas9 cell line, no difference in the overall cutting efficiency was observed.
Cutting frequency was also tested in NALM6 WT using in vitro preassemble RNP of guide 9
and guide 3 at the dose of 25 or 50 pmol/well (Figure 7E). Both guides retained a good activity,
guide 3 reached up to 71.5% cutting frequency and guide 9 up to 78.5% at the higher dose of
RNP.

Off-target analysis

Preliminary in silico analysis demonstrated a promising off-target profile of guide 9 and showed
that most likely off-targets fall in intronic regions thus suggesting a low risk of off-target related
gene disruption events (Figure 8A). A deeper characterization of the off-target profile of guide
7 and 9 was pursued by an unbiased off-target detection assay (GUIDE-seq, Tsai SQ, et al.
Nat Biotechnol. 2015;33(2):187-97). The analysis was performed using 50 pmol of High
Fidelity Cas9 Nuclease V3 on K562 cells resulting in 45.3% and 64.6% cutting frequency by
guide 7 and 9, respectively (Figure 8B). We achieved low (8.4%) ODN integration for guide
7, but good frequency of integration for the guide 9 (38.2%) allowing the analysis of off-target
in the samples (Figure 8C). According to the analysis performed using the R Bioconductor
package GUIDE-seq (Zhu LJ, et al. BMC Genomics. 2017;18(1)) using default parameters,
no off-target site was identified for both guides. To deepen the investigation also to very weak
potential off-targets, a second analysis with relaxed constraints was performed, and two off-
target sites were found only for guide 7. These off-target sites fall into intronic or intergenic
regions, with a number of mismatches >9 and at low frequency, indicating the low risk profile
of guide 7. It is worth noting that no off-target sites were identified for Guide 9.

Optimization of the gene editing protocol on human Cord blood-CD34+ cells

The editing procedure was then optimized in human CD34* cells from cord blood (hCB-CD34).
To this end, hCB-CD34 cells were thawed at day 0 and prestimulated for three days seeding
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1x10° cells/ml in StemSpan enriched with cytokines (hnTPO 20ng/ml, hIL6 20ng/ml, hSCF
100ng/ml, hFIt3-L 100ng/ml, SR1 1uM, UM171 50nM).

At day 3, guides 3 and 9 were delivered by electroporation as in vitro preassembled RNPs
and two doses were considered 25 and 50 pmol/well. To enhance cellular stability, chemical
modification consisting in 2'-O-methyl 3'phosphorothioate were added at the last three terminal
nucleotides at 5’ and 3’ ends of the guide RNAs.

Guide 9 retained an activity comparable to that verified in NALM6 and K562 cell lines, 73.9%
cutting frequency was observed with 25pmol/well and 80.1% with 50pmol/well. Guide 3
displayed a lower activity in hCB-CD34 with a cutting frequency of 16.9% and 19.3% with 25
and 50pmol/well respectively (Figure 8F).

Materials and methods

Cas9 inducible Cell lines

NALM6 Cas9 cell line was generated by transducing NALM6 cells with a lentiviral vector
expressing Cas9 protein under the control of a TET-inducible promoter and with a vector that
constitutively expresses the TET transactivator (Clackson T. Vol. 7, Gene Therapy. 2000. p.
120-5). When doxycycline is administered to the culture media, the TET transactivator can
bind the promoter of the Cas9 and induce its expression in the cells. K562 Cas9 cell line was
generated with the same vector. Doxycycline was administered 24h before electroporation of
the nuclease. Cell lines were maintained in RPMI 1640 medium supplemented with 10% FBS,

glutamine and penicillin/streptomycin antibiotics (complete medium).
gRNA and RNP assembly

Cas9 protein and custom RNA guides were purchased from Integrated DNA Technologies
(IDT) and assembled following the manufacturer protocol. To enhance cellular stability,
chemically modified guide RNAs were used. Briefly crRNA and trRNA were annealed heating
them at 95°C for 5 minutes and letting them slowly cool down at RT for 10 minutes. Cas9
protein was then incubated for 15 minutes at room temperature with the annealed guide RNA
fragments, to assemble the ribonucleoprotein (RNP).

Guide sequences are shown in the table below:

Guide 1 TTTTCCGGATCGATGTGA
Guide 2 GACATCTCTGCCGCATCTG
Guide 3 GTGGGTGCTGAATTTCATC
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Guide 4 GATTGTGGGCCAAGTAACG
Guide 5 GAAAGTCACTGTTGGTCGA
Guide 6 CAATTTTGAGGTGTTCGTT
Guide 7 GGGTTGAGTTCAACCTAAG
Guide 8 TTAGCCTCATTGTACTAGC
Guide 9 TCAGATGGCAATGTCGAGA
Guide 10 GCAATTTTGAGGTGTTCGT
Guide 11 ACCAGCCTCGGGATCTCAA
Guide 12 TCAAATCAGTCGGGTTTCC
Guide RAG1KO | CCTTCTCAGCATTCCGA
Guide RAG1KO | AACATCTTCTGTCGCTGACT

When used directly as RNA, the following guide sequences for guides 3, 7, 9 and RAG1KO

may be used:
Guide 3 TGTGGGTGCTGAATTTCATC
Guide 7 GGGGTTGAGTTCAACCTAAG
Guide 9 GTCAGATGGCAATGTCGAGA
Guide RAG1KO | GTACCTTCTCAGCATTCCGA

Mismatch selective endonuclease assay

A T7 endonuclease (T7E1) assay was used to measure indels induced by NHEJ. Briefly,
gDNA of gene edited cells was extracted and amplified by PCR with primers flanking the Cas9
RNP target site. The PCR product was denatured, slowly re- annealed and digested with T7
endonuclease (New England BiolLabs) for 1h, 37°. T7 nuclease only cut DNA at sites where
there is a mismatch between the DNA strands, thus between re-annealed wild type and mutant
alleles. Fragments were separated on LabChip GXIl Touch High Resolution DNA Chip
(PerkinElmer®) and analysed by the provided software. The ratio of the uncleaved parental
fragment versus cleaved fragments was calculated and it gives a good estimation of NHEJ
efficiency of the artificial nuclease. Calculation of % NHEJ: (sum cleaved fragment)/(sum
cleaved fragments + parental fragment) x 100. Primer used for NHEJ assay:

Guides 1,2, 3 FW CCATAAACACTGTCAGAAGAGG
Guides 1,2, 3 RV GTGTTGCAGATGTCACAGG
Guides 4,9, 11 FW GAAGTGGTTCATGCAAGAGG
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Guides 4,9, 11 RV GGATGAACATGGAGAAAGCAG
Guides 6,7, 10 FW GGGGAGAAATGTGTAGGGAAG
Guides 6,7, 10 RV CTCAAAAACAAAGAAATGGGCG
Guides 5, 8, 12 FW ATAGGTGGATGGGATGATGG
Guides 5, 8, 12 RV CCTCTTCTGACAGTGTTTATGG
Guides RAG1KO FW | GGAAAATGAATGCCAGGCAG
Guides RAG1KO RV | AGGTCATCATGCTGTACAAATG
Guides RAG1KO FW | TCCATGCTTCCCTACTGAC
Guides RAG1KO RV | CTCCCATTCCATCACAAGAC

Off-target analysis

In silico prediction of off-target profile was performed with COSMID (CRISPR Off-target Sites
with Mismatches, Insertions, and Deletions) (Cradick TJ, et al. Mol Ther - Nucleic Acids.
2014;3(12):e214) to search genomes for potential CRISPR off-target sites. For GUIDE-Seq
analysis K562 cells were electroporated with 50 pmol of High Fidelity Cas9 Nuclease V3
guide? or guide 9 (as RNP) and dsODN to tag the breaks via an end-joining process consistent
with NHEJ. dsODN integration sites in genomic DNA were precisely mapped at the nucleotide
level using unbiased amplification and next-generation sequencing (Tsai SQ, et al. Nat
Biotechnol. 2015;33(2):187-97). Library construction and GUIDE-Seq sequencing were
performed by Creative Biogen Biotechnology (NY, USA) using Unique Molecular Identifier
(UML) for tracking PCR duplicates. Quality checking and trimming were performed on the
sequencing reads, using FastQC and Trim_galore, respectively. High quality reads were
aligned against the human reference genome (GRCh38), using Bowtie2 (Langmead B,
Salzberg SL. Nat Methods. 2012;9(4):357-9) in the “very-sensitive-local” mode, in order to
achieve optimal alignments. GUIDE-Seq data analysis was performed employing the
R/Bioconductor package GUIDE-seq (Zhu LJ, et al. BMC Genomics. 2017;18(1)), and using
UMI to deduplicate reads.

Statistical analysis

When normality assumptions were not met, non-parametric statistical tests were performed.
Kruskal-Wallis test with multiple comparison post-test was performed when comparing more
groups. When normality assumptions were met, two-way analysis of variance (ANOVA) was
used. For repeated measures over time, two-way ANOVA with Bonferroni’'s multiple
comparison post-test was utilized. Values are expressed as Mean £ SD.
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EXAMPLE 3 - Evaluation of RAG1 gene guide RNAs corrective and editing

efficiencies
Results

Evaluation of corrective efficiency of the exon strategies exploiting g6 gRNA in
NALM6.Rag1KO cells

The g6 gRNA was selected for further evaluation, due to its efficient cutting and disruption of
RAG1 function by non-homologous end joining (NHEJ). To assess the corrective efficiency of
exon strategies exploiting g6 gRNA, we produced two AAV6 donors: a donor vector carrying
short homology arms (HA) homologous to the flanking sequences of the g6 target site that is
tested for the “exon 2 RAG1 gene targeting” strategy (hereafter called “targeting donor”); and
a second donor vector carrying a short left HA (L-HA) homologous for the flanking sequence
of the g6 target site and a long distal right HA (R-HA) homologous to the 3’'UTR in order to
favor HDR and gene replacement (hereafter called “replacement donor”). Both corrective
donors were tested in combination with g6 gRNA in NALM6.Rag1KO cells (Figure 9A). Guide
6 gRNA was delivered into NALM6.Rag1KO cells as an in vitro preassembled RNPs (50
pmol/well) followed by the transduction with the targeting or the replacement AAV6 donor.

The bulk NALM6 edited cells were subcloned to obtain single clones that were analysed by
digital drop PCR (ddPCR) to identify mono- or bi-allelic edited alleles (Figure 9A). We
screened 640 clones by ddPCR and we identified 9 mono-allelic and 1 bi-allelic clones (clone
11) edited by g6 and the targeting donor and 7 mono-allelic clones edited by g6 and the
replacement donor (Figure 9B).

Next, we tested the recombination activity of mono-allelic and bi-allelic clones edited with the
two different strategies. Single clones were transduced with a LV carrying an inverted GFP
cassette which is recombined in the presence of a functional RAG1 protein (Figure 9C-D). All
NALM6.Rag1KO edited clones showed high levels of LV-transduction efficiency (Figure 9C)
and, importantly, improved or restored levels of recombination activity reaching the frequency
of NALM6 wild-type (NALM6-WT) cells after serum starvation. In particular, GFP* cells were
higher in the group of clones edited with the replacement donor strategy than in clones edited
by the targeting strategy (Figure 9E).

RAGT expression induced by the donor cassette was assessed by RT-gPCR in parallel and
serum starvation was exploited to synchronize edited cells in G1 cell cycle phase when the
recombination activity is high. We observed a statistically significant increase of RAG1 CDS
expression in starved edited clones as compared to not starved edited clones (Figure 9F-G).
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The highest level of RAGT CDS expression was observed in the bi-allelic edited clone 11 with
a fold induction of 8 upon starvation (Figure 9F-G), which is similar to the fold induction of the
endogenous RAG1 expression observed in NALM6-WT cells (Figure 9H).

Evaluation of editing efficiency of the exon strategies exploiting g6 gRNA in human HSPC

Overall, these data indicate that both editing strategies are able to obtain good level of RAG1
expression and recombination activity prompting us to evaluate the impact of these strategies
on human hematopoietic stem and progenitor cells (HSPC). Mobilized peripheral blood (mPB)
CD34+ cells from two independent healthy donors (HDs) were electroporated with g6 and
Cas9 as RNP (50pmol) in the presence of the combination of editing enhancers (GSE56 and
Ad5-E40rf6/7) and then transduced with the targeting or the replacement donor (Figure 10A).

Gene editing efficiency was assessed by molecular analysis, evaluation of stemness markers
by flow cytometry analysis, the ability to form colonies by CFU assay and the T cell
differentiation potential by exploiting the artificial thymic organoid (ATO) system. We observed
a higher proportion of edited alleles in the targeting donor cassette setting as compared to the
replacement strategy in both HD samples (mean percentage of edited alleles: 7.6% for
targeting, 4.4% for replacement) (Figure 10B).

We observed similar impact of the two donor cassettes on the viability of edited cells in terms
of cellular growth with a tendency to a lower growth rate of replacement-edited HSPC than
targeting-edited cells (Figure 10C). In parallel, analysis of GE impact of both strategies on
HSPC distribution showed no gross alterations of cell composition with preservation of the
most primitive CD34+ CD133+ CD90+ cells (Figure 10D).

We exploited the ATO platform to evaluate the differentiation capacity of edited and unedited
CD34+ cells. Similar frequencies of T cell precursors and CD3* cells expressing TCRa/B were
obtained in ATOs seeded with unedited and edited cells using the targeting or the replacement
setting (Figure 10E-F). Molecular analysis of edited alleles showed similar frequencies in the
bulk population and in sorted double negative and double positive cellular populations
differentiated in ATOs.

Screening of new panel of gRNAs and corrective donor constructs for RAG1 exonic strategies

Results obtained with g6 gRNA prompted us to investigate a panel of 8 gRNAs mapping at
the 5’ region of the gene and targeting the same region of g6 gRNA. As for previous gRNA
panel tested, the additional 8 gRNA target the last internal nonstandard Methionines (M) at 5°
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of RAGTto achieve RAGT inactivation by NHEJ and favour selective advantage of cells edited
by HDR over uncorrected cells (Figure 11A).

These 8 gRNAs and g14 (g14xKO), this latter already designed to inactivate the catalytic core
of RAGT gene in the exon 2, were electroporated in NALM6-WT cells with the final aim to
assess their cutting efficiency and the impact of RAG7 disruption in terms of recombination
activity by means of LV GFP inverted cassette (Figure 11B). All gRNAs showed high levels
of efficiency with no differences between the use of single gRNAs (sgRNA Synthego) and two-
part gRNAs (gRNA IDT) (Figure 11C). Importantly, the analysis of recombination activity in
edited NALM6-WT cells and in the NALM6 line in which RAG1 gene was inactive (NALM6-
Rag1KO) showed levels of reduced recombination activity for most of the gRNAs tested
(Figure 11D).

These data prompted us to further test these sgRNA in CD34" cells in terms of cutting
efficiency and RAG1 disruption in ATO platform (Figure 12A). Hematopoietic stem and
progenitor cells derived from mPB of two HDs were thawed at day 0 and prestimulated for
three days in StemSpan enriched with early active cytokines and compounds for stemness
preservation. At day 3, each sgRNA was delivered as an in vitro preassembled RNP (25 or 50
pmol) by electroporation. Four and seven days after the editing, cells were collected, and DNA
was extracted to measure the cutting efficiency of each gRNA by performing the NHEJ assay
(T7 mismatch selective endonuclease assay). In parallel, we tested as controls g5 and g6
selected from the first gRNA panel and g9 which targets the RAGT intron1 site (Figure 12A).
Analysis of cutting efficiency showed that g11 and g13 sgRNAs achieved the highest levels of
NHEJ as compared to other sgRNAs in HD CD34* cells (Figure 12B).

To verify the capability of new sgRNAs in inactivating RAGT gene, we tested the effect of
these sgRNAs on T cell differentiation in the ATO system that showed a dramatic reduction of
CD3* TCRab* cells frequency especially in cells edited by g8, g10, g11, g12, and g13 (Figure
12C-D). Kinetics of T cell differentiation confirmed these data showing very low fraction of
CD3*TCRab* cells over time in ATOs obtained with cells treated by g13 and g11 (9.81% and
2.34% for g11 and g13 respectively, 6 weeks post seeding) (Figure 12E), confirming their
cutting efficiencies in ATO cells (Figure 12F).

Overall, these findings indicate g6, g13 and g11 as promising sgRNAs able to achieve good
levels of cutting efficiency thus leading to impaired recombination activity and T cell
differentiation.

Evaluation of corrective and editing efficiencies of the exon strategies exploiting g11 and g13
gRNAs in NALM6.Rag1KO cells and human mPB-CD34+ cells
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These data prompted us to design and produce novel corrective donor templates. To this aim,
we designed and generated the following additional donor cassettes specific for each sgRNA
and optimized in HA lengths (Figure 13):

- for g6 sgRNA:

1) a second replacement donor cassette carrying the codon optimized RAGT flanked by a L-
HA of 243 bp and a right R-HA long 900 bp was designed to verify if a shorter R-HA for the
replacement cassette could improve HDR efficiency and decrease the impact on HSPC
biology. Thus, this donor construct will be compared to the targeting (2) and the replacement
donor cassettes (3) previously generated and tested on HSPC;

- for g13 sgRNA:

1) the targeting donor cassette carrying the codon optimized RAGT flanked by a L-HA of 522
bp and a R-HA of 500 bp; 2) the replacement donor cassette carrying the codon optimized
RAGT1 flanked by a L-HA of 522 bp and a right R-HA long 1189 bp;

- for g11 sgRNA:

1) the targeting donor cassette carrying the codon optimized RAG1 flanked by a L-HA of 536
bp and a right R-HA homology arm of 500 bp; 2) the replacement donor cassette carrying the
codon optimized RAG1 flanked by a L-HA of 536 bp and a R-HA long 1189 bp.

Remarkably the replacement donor cassette designed for g13 can be exploited also for g7
and g10.

Next, we applied the GE platform including g11, g13 and g6 with the corresponding targeting
and replacement corrective donors on NALM6-Rag1KO cells to assess the efficiency of GE
and the ability to induce recombination activity (Figure 14A). Molecular analysis assessed by
ddPCR performed on bulk edited and unedited NALM6-Rag1KO cells demonstrated a
frequency of 9.5% and 6.4% in the presence of g11 with the targeting donor and replacement
donor respectively, while similar frequencies (8.9% and 9%) were observed for g13 using both
corrective donors (Figure 14B). HDR efficiencies obtained by using g11 and g13 were higher
than those observed in cells edited by g6 (Figure 14B).

In parallel, we tested the recombination activity induced by the new sgRNA/corrective donor
sets exploiting the LV carrying an inverted GFP cassette which is recombined in the presence
of a functional RAG1 protein. The analysis was performed on bulk NALM6-Rag1KO cells
edited with the two strategies (g11 versus g13, and the corresponding corrective donors
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(Targeting versus Replacement)). To synchronize cell cycle phase in G1 phase of cell cycle
when recombination activity is high, edited cells were kept in culture in the absence of serum
(serum starvation) or in presence of the inhibitor of cyclin-dependent kinase 4 and 6 (CDK4/6i),
a cell cycle inhibitor known to arrest the cell cycle during transition from cell growth (G1) to
DNA synthesis (S) phase (Figure 14C). Similar frequencies of GFP positive cells were
detected at day 4 and 7 irrespectively to the GE platforms. Importantly, the levels of
recombination activity achieved by the two sgRNA (g11 and g13) and the two exon strategies
(targeting and replacement) were in line with the levels of HDR obtained in bulk edited NALM6 -
Rag1KO cells (Figure 14C).

These data provided evidence of RAGT correction mediated by exon strategies exploiting g11
or g13 sgRNAs and prompted us to isolate single gene edited NALM6 clones to confirm these

observations.

Next, we tested the GE platform including g6, g11 and g13 and the corresponding AAV6
targeting and replacement donors in the presence of gene editing enhancers (GSE56 and
Ad5-E40rf6/7) in mPB CD34* cells obtained from two independent HDs (Figure 15A). The
proportion of edited alleles, analyzed by ddPCR on bulk untreated and edited CD34" cells 4
days after the editing, was 2-fold and 3-fold higher in g11- or g13- edited cells, respectively,
as compared to g6-edited cells (mean of HDR of targeting and replacement GE: 24.5% for
g11, 34% for g13 and 10% for g6) (Figure 15B). Moreover, we confirmed higher NHEJ levels
in HSPC edited by g11 and g13 than g6 (Figure 15C), likely suggesting that the improved
HDR is due to the increase of their cutting efficiencies. The optimized HA length of donor
vectors specific for g11 and g13 could also contribute to the increased HDR efficiency.

Analysis of HSPC composition of mPB-CD34* cells undergoing GE four days after did not
show gross changes as respect to unedited cells (Figure 15D). Evaluation of CFU before and
after GE showed a reduced number of colonies in case of g6 particularly in the presence of
replacement strategy (Figure 15E). Moreover, the use of a replacement donor with a shorter
R-HA for g6 GE improved the impact on the clonogenic potential (Figure 15E) but did not
increase HDR efficiency as compared to previously tested donors specific for g6 target site
(Figure 15B).

Overall, the levels of cutting efficiency and HDR in association with recombination activity
achieved with g11 and g13 indicate promising results.

Evaluation of corrective efficiency of the exon gene editing strategy exploiting g11 and g13
sgRNAs in NALM6.Rag1KO cells
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We selected g11 and g13 sgRNAs as the best performing sgRNAs in terms of cutting
efficiency, disruption of RAG1 function by non-homologous end joining (NHEJ), and HDR
efficiency in NALM6.Rag1KO cells (Figure 12D and Figure 14B) and MPB-HPSCs (Figure
15B-C).

To assess the corrective efficiency of exon strategies exploiting new sgRNAs, g11 or g13
sgRNAs were delivered into NALM6.Rag1KO cells as in vitro preassembled RNPs followed
by the transduction with the targeting or the replacement AAV6 donors at a dose of 10*. The
bulk NALM6 edited cells were subcloned to obtain single clones that were analysed by digital
dropplet PCR (ddPCR) to identify mono- or bi-allelic edited alleles (Figure 16A). We screened
370 clones by ddPCR and selected 5 mono-allelic clones and 1 bi-allelic clones (clone 69)
edited by g11 and the targeting donor, while we selected 6 mono-allelic clones for the other
experimental groups. Next, we tested the recombination activity of mono-allelic and bi-allelic
clones edited with the two different strategies. Single clones were transduced with a LV
carrying an inverted GFP cassette which is recombined in presence of a functional RAG1
protein. All NALM6.Rag1KO edited clones showed high levels of LV-transduction efficiency
and improved or restored RAG1-mediated recombination activity reaching the frequency of
NALMG6 wild-type (NALM6-WT) cells (Figure 16B). In parallel, RAG1 expression induced by
the donor cassette was assessed by RT-qgPCR in parallel and serum starvation was exploited
to synchronize edited cells in G1 cell cycle phase when the recombination activity is high. We
observed the increase of RAGT CDS expression in starved edited clones as compared to not
starved edited clones (Figure 16C). Interestingly, the highest level of RAG7 CDS expression
was observed in the bi-allelic edited (clone 69 edited by g11 and the targeting donor) with a
fold induction similar to that of the endogenous RAG7 expression observed in NALM6-WT
cells (Figure 9H).

Data on NALM6.Rag1KO cells indicate that both editing strategies are able to obtain good
level of RAG1 expression and recombination activity.

Evaluation of editing and correction efficiency of g11- and g13-mediated gene editing in human
HSPCs derived from healthy donor and RAG1-Patient

Mobilized peripheral blood (MPB) CD34+ cells from two independent healthy donors (HDs)
and a hypomorphic RAG1 patient were electroporated with g11 or g13 and Cas9 as RNP
(50pmol) in presence of the combination of editing enhancers (GSE56 and Ad5-E4orf6/7) and
then transduced with the targeting or the replacement donor (dose 10*) (Figure 17A). Gene
editing efficiency was assessed by molecular analysis of HDR, evaluation of stemness
markers by flow cytometry analysis, T cell differentiation potential by exploiting the artificial

251



10

15

20

25

30

35

WO 2023/062030 PCT/EP2022/078298

thymic organoid (ATO) system and engraftment and T and B cell differentiation correction
potential by xenotransplant assay in NSG mice (Figure 17A).

Both exon strategies resulted in high levels of homology directed repair (HDR) efficiency in
HD and Patient-derived HSPCs in vitro, with a tendency to a higher proportion of edited alleles
in g13-edited cells (35.5% HD, 32% RAG1-patient; average between cells edited with targeting
and replacement donor) than g11-edited cells (24.5% HD, 23% RAG1-patient; average
between cells edited with targeting and replacement donor) (Figure 17B). This finding is in
line with the higher cutting efficiency of g13 than g11 (Figure 12B and 15C). In parallel,
analysis of gene editing impact of both strategies on HSPC distribution showed no gross
alterations of cell composition with preservation of the most primitive CD34+ CD133+ CD90+
cell subset (Figure 17C).

We exploited the ATO platform to evaluate the differentiation capacity of edited and unedited
CD34+ cells. Of note, the RAG1-patient is an adult patient presenting combined
immunodeficiency with granuloma and autoimmunity (CID-G/Al) due to missense RAG1
mutations (C1228T; G1520A) allowing residual development of B and T cells. As expected,
untreated patient-derived HSPCs did not differentiate into T cells in ATO platform due to the
missense RAG1 mutations (Figure 17D). Importantly, both corrective donors were able to
rescue RAG1 function and overcome the T cell block (Figure 17D-E). A high proportion of
TCRa/B+CD3+ cells were generated in ATOs seeded with HD-HSPC edited with g13 and the
targeting or the replacement donor (Figure 17E), confirming the efficacy of the exonic gene
editing strategies in correcting human RAG1 defects. To further investigate the robustness of
T cell development rescue, we analyzed the TCRp repertoire of bulk or sorted TCRa/B+CD3+
cells ATO cells by TCRB immunoSEQ assay (Adaptive Biotechnologies). We assessed the
Simpson Complexity index, which measures the sample clonality, ranging from 0, for a
properly diverse population to 1, for a monoclonal population. We obtained comparable values
among samples closed to 0, indicating that ATO-T cells differentiated from edited HD and
RAG1-HSPC showed a diverse TRB repertoire (Figure 17F). Preliminary analysis of the top
10 productive rearrangements showed the absence of dominant clones in all samples (Figure
17G).

To evaluate in vivo gene correction in terms of lymphoid differentiation, which is limited in
hypomorphic RAG1 patients, we transplanted untreated and edited RAG1 -patient HSPCs in
sub-lethally irradiated NSG mice. Kinetics of human cell engraftment was monitored over time
by flow cytometric analysis till the termination of the experiment. We confirmed the
engraftment of human untreated and edited HSPCs in NSG mice with no great differences
between treated and untreated cells confirming that engraftment capability was not affected
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by the editing protocol (Figure 18A). Of note, molecular analysis performed by ddPCR assay
revealed high HDR efficiency (ranging from stable 18.7% to 64.1%) stable over time in vivo
(Figure 18B). Similar targeting frequencies were observed in HD and Patient's samples (HDR
average and median values calculated intra-sample for all time points: 42.2% and 43.7% HD
g13-targeting, 46.2% and 44% HD g13-replacement, 40.7% and 44.2% RAG1-patient g13-
targeting, 44.2% and 53.5% RAG1-patient g13-replacement).

With regard to peripheral blood composition, NSG mice transplanted with treated HD cells
showed no major skewing in the subpopulation composition and a comparable frequency of
B, T and myeloid cells was observed in mice receiving treated or untreated cells, confirming
that multilineage differentiation was not impaired (Figure 18C). Mice transplanted with
untreated patient cells showed low B cell frequency when compared to HD-treated mice, in
line with the immune phenotype of patients carrying hypomorphic mutations (Delmonte OM,
et al. Blood. 2020;135(9):610-9). Importantly, both targeting and replacement strategies
rescued peripheral B cell frequencies in mice treated with edited-patient HSPCs, reaching
values of HD-treated mice (Figure 18C) and showing kinetics of cell repopulation similar to
that observed HD-treated mice. These findings demonstrate the efficacy of the exonic gene
editing strategies in correcting RAG1 function and overcoming the B-cell differentiation block.
The improved B cell output in mice treated with edited patient-HSPCs was associated with the
redistribution of myeloid cells which remained high only when untreated patient-HSPCs were
injected (Figure 18C). T cell differentiation and output was not affected by the editing
procedure and the two correction platforms (Figure 18C).

To evaluate B and T cell lymphopoiesis, we collected central lymphoid organs 18 weeks after
the transplant. Analysis of the immune cell composition in bone marrow confirmed the
multilineage differentiation of untreated and edited HD and patient cells (Figure 18D). RAG1
gene editing allowed to strongly improve B cell compartment in terms of frequencies (Figure
18D) and B cell lymphopoiesis (Figure 18E). Indeed, we observed a reduction of progenitor
B cell (PRO-B and PRE-BI cells) subsets associated with the relative expansion of the last
steps of B cell development in mice treated with edited patient-HSPCs as compared to
untreated cells (Figure 18E). Targeting efficiency evaluated in bone marrow cells and in the
thymus showed engraftment of edited HD and patient cells (Figure 18F and 18H). There was
evidence of improved thymopoiesis derived from the increased proportion of TCRo/p+ CD3+
cells in mice treated with edited patient-HSPCs as compared to mice treated with mutated
HSPCs (Figure 18G).

Overall, these results strongly support the therapeutic potential of gene editing strategy in
correcting RAG1 deficiency.
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Off-target analysis of g11 and g13 sgRNAs

Preliminary in silico analysis demonstrated promising off-target profiles of g11 and g13
sgRNAs and showed that the majority of off-targets fall in non-exonic genomic regions thus
suggesting a low risk of off-target related gene disruption events. A deeper characterization of
off-target profiles of g11 and g13 sgRNAs was pursued by an unbiased off-target detection
assay (GUIDE-seq, Tsai SQ, et al. Nat Biotechnol. 2015;33(2):187-97) (Figure 19A). The
analysis was performed using 50 pmol of High Fidelity Cas9 Nuclease V3 on K562 cells
resulting in high cutting frequency (Figure 19B). Consistently, we achieved high ODN
integration for g11 and g13 (49.9% and 76.0%, respectively), allowing the analysis of off-
targets in the samples (Figure 19C). According to the analysis performed using the R
Bioconductor package GUIDE-seq (Zhu LJ, et al. BMC Genomics. 2017;18(1)) using default
parameters, only few off-target sites were identified for both guides, especially for g13 (Figure
19D). These off-target sites fall into intronic or intergenic regions, with a high number of

mismatches, indicating the low risk profiles of g11 and g13 sgRNAs.

Materials and methods

NHEJ efficiency

Indels induced by NHEJ were measured by a mismatch selective endonuclease assay using
the T7 endonuclease (T7E1). Briefly, gDNA of gene edited cells was extracted and amplified
by PCR with primers flanking the Cas9 RNP target site. The PCR product was denatured,
slowly re- annealed and digested with T7 endonuclease (New England BioLabs) for 1h, 37°C.
T7 nuclease only cut DNA at sites where there is a mismatch between the DNA strands, thus
between re-annealed wild type and mutant alleles. Fragments were separated on 4200 Tape
Station System (Agilent) and analyzed by the provided software. The ratio of the uncleaved
parental fragment versus cleaved fragments was calculated as percentage of NHEJ: (sum
cleaved fragment)/(sum cleaved fragments + parental fragment) x 100.

Primers used for NHEJ assay are shown below according to the gRNA specificity.

Primers specific for “g6 M2 ex2”, “g11 exon2 M2/3” and “g13 exon2 M2/3” gRNAs (Exonic
strategy):

FW: AGCCAACCTTCGACATCTCT
RV: CAAAGTGCTCTGGGAAGTCC

Digital droplet PCR
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For HDR digital droplet PCR (ddPCR) analysis, 5-50ng of gDNA were analyzed using the
QX200 Droplet Digital PCR System (Bio-Rad) according to the manufacturer’s instructions.
HDR ddPCR primers were designed on the junction between the vector sequence and the
targeted locus. Human TELO were used for normalization. We optimized a EvaGreen-based
ddPCR protocol to detect dsDNA (QX200 EvaGreen Digital PCR Supermix). The percentage
of cells harboring biallelic integration was calculated with the following formula: (concentration
(copies/ul) of target+ droplets / concentration of TELO+ droplets) x100.

Primers and Probes used for ddPCR assay are the following:

96 FW TCAGAATGGAAATTTAAGCTGTTC
g11-g13 FW CACCCACCTTGGGACTCAGTTCT
g6-g11-g13 RV TCCGCTTCAGGCCTCTTCT

Optimized PCR program for assessing HDR induced by “g6 M2 ex2” (40 cycles):

95°C x 5 min

40 x 95°C x 30 sec
55°C x 1 min

72°C x 2 min

4°C x 4 min

90°C x 5 min

4°C hold

Optimized PCR program for assessing HDR induced by “g11 M2 ex2/3” and “g13 M2 ex2/3”
(40 cycles):

95°C x 5 min

40 x 95°C x 30 sec
62°C x 1 min

72°C x 2 min

4°C x 4 min

90°C x 5 min

4°C hold

Donor constructs

DONOR specific for “g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1 gene targeting
strategy

INSERT
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tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctttgaggggaaaccctctctggagceaatct
ccagcagtcctggacaaggctgatggtcagaagcecagtcccaactcagecattgttaaaageccaccctaagtittcaaagaaa
tttcacgacaacgagaaagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgccgeatetgtgggaattetttta
gagctgatgagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaag
agagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggeagatgtigactcgatccaccccactgagttc
tgccataactgctggagcatcatgcacaggaagtitagcagtgecccatgtgaggtitacttcccgaggaatgtcactatggaatg
gcaccctcacacacccagctgcgacatctgcaacacagccagaagaggectgaageggaagtecctgcagectaatctgea
gctgagcaagaaactgaaaaccgtgctggaccaggcecagacaggeccggcaaagaaagagaagggceccaagecagaat
cagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgcetggecgtggacttcect
gagcacttcgtgaagtccatcagcetgccagatctgcgagceacatceetggecgatcetgtggaaacaaactgcaagceacgtgtict
gcagagtgtgcatcctgeggtgcctgaaagtgatgggeagctactgeccctectgcagatacccttgcettccccaccgatctggaa
agccctgtgaagtccttectgagegtgetgaacagectgatggtcaagtgcceegecaaagaatgcaacgaggaagtgteectg
gaaaagtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggceggcagaccecy
gcagcatctgctgtctcttacaagacgggceccagaagceaccggctgagagaactgaagcetgcaagtgaaggecttigecgaca
aagaggaaggcggcgacgtcaagagcegtgtgcatgaccetgtttctgctggecctgagageccggaatgagcatagacagge
cgatgagctggaagccatcatgcaaggcaaaggcageggactgcagectgcetgtgtgtetggctatcagagtgaacaccttect
gtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcticcagectetgcacgecectga
gaaacgccgagaaagttctgctgcctggcetaccaccacttcgagtggcagectccactgaagaacgtgtccagcageaccgac
gtgggcatcatcgatggactgagcggactgtctagcagegtggacgactaccccgtggacacaatcgccaageggticagata
cgacagcgccctggtgtctgecctgatggacatggaagaggacatectggaaggeatgcggagecaggacctggacgattac
ctgaacggcecctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatctggacctgt
ggtgccagagaaggecgtgeggttcageticaccatcatgaagatcactatcgeccacagcagcecagaacgtgaaagtgticg
aggaagccaagcctaacagcegagctgtgctgcaagectetgtgtctgatgcetggecgacgagagegatcacgagacactgac
cgccattctgagecctetgatcgeccgaacgggaagecatgaagtcectccgagcetgatgetcgaactcggeggceatectgagaac
cttcaagttcatcticcgcggeaccggcetacgacgagaagctcgttagagaggtggaaggectggaagectetggecagegtgta
catctgcaccctgtgtgacgccaccagactggaagctagecagaacctggtgticcacagcatcaccagaagccacgecgaa
aacctggaaagatacgaagtgtggcggagcaaccectaccacgagagegtggaagaactgcgggatagagtgaagggegt
gtccgecaagcctttcatcgagacagtgectagcatcgacgecctgcactgegatattggcaacgecgecgaattctacaagate
tttcagctggaaatcggegaggtgtacaagaaccccaacgcctctaaagaggaacggaagegctggecaggecacactggat
aagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgecccggaagetgatgaccaaagaa
accgtggatgecgtgtgegagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagat
gaagcccgtgtggcggtctagcetgtectgecaaagagtgecctgagtetctgtgecagtacagettcaacagecagagattcgec
gagctgctgtccaccaagticaagtacagatacgagggcaagatcaccaactacttccacaagaccctggetcacgtgeccga
gatcatcgagagagatggctctattggcgectgggectctgagggcaatgagtctggcaacaagcetgticcggeggticecgcaa
gatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgea
gaaattcatgaacgcccacaacgccctcaagaccageggctitaccatgaatcctcaggecagectgggegacccetctgggaa
ttgaggatagcctggaatcccaggacagcatggaattctgataagagtggcacccccacacaccatectgtgacatctgcaaca

256



10

15

20

25

30

WO 2023/062030 PCT/EP2022/078298

ctgceegtcggggactcaagaggaagagtcttcagccaaacttgcagetcagcaaaaaactcaaaactgtgcttgaccaagea
agacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcecaactgca
gtaagatacatcttagtaccaagctccttgcagtggacttcccagage

Left HA

tgagatcctttgaaaagacacctgaagaagctcaaaaggaaaagaaggattcctitgaggggaaaccctctctggagceaatct

ccagcagtcctggacaaggctgatggtcagaagcecagtcccaactcagecattgttaaaageccaccctaagtittcaaagaaa
tttcacgacaacgagaaagcaagaggcaaagcgatccatcaagccaaccttcgacatctctgccgeatetgtgggaattetttta
gagctgatgagcacaacaggagatatccagtccatggtectgtggatggtaaaaccctaggectittacgaaagaaggaaaag
agagctacttcctggccggacctcattgccaaggttttccggatcgatgtgaaggeagatgtigactcgatccaccccactgagttc
tgccataactgctggagcatcatgcacaggaagtitagcagtgcecccatgtgaggtitacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagctgcgacatctgcaacacagcecagaagaggcectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga
cttcectgageacttcgtgaagtccatcagcetgecagatctgecgageacatectggecgatectgtggaaacaaactgcaagcac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtccttcctgagegtgctgaacagectgatggtcaagtgececcgecaaagaatgcaacgaggaagt
gtccetggaaaagtacaaccaccacatcagcagcecacaaagagticcaaagaaatcttcgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaatgagceatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcagceggactgcagectgcetgtgtgtctggetatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
gccctgagaaacgccgagaaagtictgctgectggctaccaccacttcgagtggeagectccactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgagceggactgtctagcagegtggacgactaccccgtggacacaatcgccaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg
acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatct
ggacctgtggtgccagagaaggcecgtgeggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaacgtgaa
agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggeaccggctacgacgagaagcetegttagagaggtggaaggectggaagectetgge
agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctitcatcgagacagtgectagcatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcegaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
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actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtace
tgaagatgaagccegtgtggeggtetagetgtectgccaaagagtgecctgagtetctgtgecagtacagcettcaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gcccgagatcatcgagagagatggcetctattggegectgggectctgagggceaatgagtctggecaacaagctgttccggeggtt
ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgcccacaacgcecctcaagaccageggctttaccatgaatcctcaggecagectgggegaccctet
gggaattgaggatagcctggaatcccaggacagcatggaatictgataa

Right HA

gagtggcacccccacacaccatcctgtgacatctgcaacactgeecgtcggggactcaagaggaagagtcttcagccaaactt
gcagctcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagcccgtcagcgcaagagaagagcetcaggcaagg
atcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagctccttgcagtggacttccca

gagc

DONOR specific for “g6 M2 ex2 RAG1” gRNA for the exon 2 RAG1 gene replacement
strategy with long right HA

INSERT

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacticccgaggaatgtcactatggaatggeaccect
cacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagtcectgcagectaatetgecagcetgage
aagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggcccaagecagaatcageag
caaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtggacttccctgageac
ttcgtgaagtccatcagcetgccagatctgcgagceacatcetggecgateetgtggaaacaaactgcaageacgtgtictgcagag
tgtgcatcctgeggtgectgaaagtgatgggceagctactgeccectectgcagatacccttgeticcccaccgatctggaaagecct
gtgaagtccttcctgagegtgetgaacagectgatggtcaagtgccccgecaaagaatgcaacgaggaagtgtecctggaaaa
gtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggeage
atctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaaga
ggaaggcggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagag ceccggaatgageatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggetatcagagtgaacaccttectgtect
gcagccagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgcacgecctgagaaa
cgccgagaaagttctgetgectggetaccaccacttcgagtggcagectccactgaagaacgtgtccagcageaccgacgtgg
gcatcatcgatggactgagcggactgtctagcagegtggacgactaccecgtggacacaatcgccaageggttcagatacgac
agcgccctggtgtetgecctgatggacatggaagaggacatcetggaaggceatgeggagecaggacctggacgattacctga
acggccctttcaccgtggtggtcaaagaaagctgtgacggceatgggegacgtgtccgagaaacacggatctggacctgtggtg
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ccagagaaggccgtgcggttcagcttcaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgec
attctgagccctetgatcgccgaacgggaagcecatgaagtectecgagcetgatgetcgaactcggeggceatectgagaaccttca
agttcatcttccgeggceaccggctacgacgagaagcetcegttagagaggtggaaggectggaagectctggeagegtgtacatet
gcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgccgaaaacct
ggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgecgggatagagtgaagggegtgtecg
ccaagcctttcatcgagacagtgcectagcatcgacgccectgcactgegatattggcaacgecgccgaattctacaagatctttcag
ctggaaatcggcgaggtgtacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacactggataagea
cctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagctgatgaccaaagaaaccgt
ggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagatgaag
ccegtgtggeggtctagetgtectgeccaaagagtgecctgagtctetgtgecagtacagcettcaacagecagagattcgecgagct
gctgtccaccaagtticaagtacagatacgagggcaagatcaccaactactticcacaagaccctggcetcacgtgccecgagateat
cgagagagatggctctattggcgectgggectctgagggcaatgagtctggcaacaagcetgticecggeggticcgcaagatgaa
cgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaatte
atgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectitaggcatagagga
ctctctggaaagccaagattcaatggaattttaagtagggcaaccacttatgagttggttittgcaattgagtttcectctgggttgceatt
gagggcttctcctagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgcet
ctcaagtcaggaatagaaactgatgagctgattgcttgaggcttitagtgagttccgaaaagcaacaggaaaaatcagttatctga
aagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgtiggggagctgtcatgtaa
atcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcattttittcccecttgattgatta
tattttgtattgagatatgataagtgccttctatttcatitttgaataattcticatttitataattttacatatcttggcttgctatataagattcaa
aagagcttittaaatttitctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatat
aaatatgttacatcaggacaactttigagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccttcagagtttaggaggtca
tctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtitacttagcta
tcagaagccaagtatgattctttatttitacttittcatttcaagaaatttagagtttccaaatttagagctictgcatacagtcttaaagec
acagaggcttgtaaaaatataggttagcttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatga
aacctgaatcaattttictaaatctaggtttcatagagtcctctectctgcaatgtgttattctitctataatgatcagtttactttcagtggatt
cagaattgtgtagcaggataaccttgtatttttccatccgctaagtttagatggagtccaaacgcagtacagcagaagagttaacat
ttacacagtgctttttaccactgtggaatgttticacactcatttttccttacaacaattctgaggagtaggtgttgttattatctccattigat
gggggtttaaatgatitgctcaaagtcatttaggggtaataaatacttggettggaaatitaacacagtecttttgtctccaaagecctt
ctictttccaccacaaattaatcactatgtttataaggtagtatcagaatttttitaggattcacaactaatcactatagcacatgaccttg
ggattacatttitatggggcaggggtaagcaagtttttaaatcatttgtgtgctetggcetcttitgatagaagaaagcaacacaaaag
ctccaaagggccccctaaccetettgtggctecagttatttggaaactatgatctgcatecttaggaatctgggatitgccagttgetg
gcaatgtagagcaggcatggaattttatatgctagtgagtcataatgatatgttagtgttaattagtttittcttcctttgattitattggccat
aattgctactcttcatacacagtatatcaaagagcttgataatttagttgtcaaaag

Left HA
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gagcacaacaggagatatccagtccatggtcetgtggatggtaaaaccctaggectittacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtitacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagcetgegacatctgcaacacagcecagaagaggectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga
cttccctgageacttcgtgaagtccatcagcetgecagatctgegagceacatectggecgatectgtggaaacaaactgcaageac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtccttcctgagegtgctgaacagectgatggtcaagtgececcgecaaagaatgcaacgaggaagt
gtccetggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcttcgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagegtgtgcatgaccctgttictgctggecctgagageccggaatgagceatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcagceggactgcagectgetgtgtgtctggctatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
gccctgagaaacgccgagaaagtictgctgectggctaccaccacttcgagtggeagectccactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgagceggactgtctagcagegtggacgactacceegtggacacaatcgcecaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg
acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggcatgggegacgtgtccgagaaacacggatct
ggacctgtggtgccagagaaggcecegtgeggttcagcettcaccatcatgaagatcactatcgeccacagcagecagaacgtgaa
agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggceaccggctacgacgagaagcetcegttagagaggtggaaggectggaagectctgge
agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctitcatcgagacagtgectagcatcgacgecctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgatecectctgaggaaagacacgaggecctgcgggaactgatggacctgtace
tgaagatgaagccecegtgtggeggtetagetgtectgccaaagagtgecctgagtetctgtgecagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gcccgagatcatcgagagagatggcetctattggegectgggectctgagggceaatgagtctggecaacaagctgttccggeggtt
ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggccagectgggegatecttt

Right HA
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aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatitttataattttacatatcttggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttattctitctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagttaacatttacacagtgcttittaccactgtggaatgttttcacactcatttttccttacaacaattctgaggagtaggtgttgt
tattatctccatttgatgggggtitaaatgattigctcaaagtcatttaggggtaataaatacttggcttggaaatttaacacagtectttt
gtctccaaagcccttctictitccaccacaaattaatcactatgtttataaggtagtatcagaatttitttaggattcacaactaatcacta
tagcacatgaccttgggattacatitttatggggcaggggtaagcaagttittaaatcatttgtgtgctctggctctittgatagaagaa
agcaacacaaaagctccaaagggccccctaaccetcttgtggctecagttatitggaaactatgatctgcatccttaggaatetgg
gatttgccagttgctggcaatgtagagcaggceatggaatittatatgctagtgagtcataatgatatgttagtgttaattagttttttcttce
tttgattttattggccataattgctactcticatacacagtatatcaaagagcttgataatttagttgtcaaaag

DONOR specific for “q11 exon2 M2/3” gRNA for the exon 2 RAG17 gene targeting
strategy

INSERT

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagece
agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggecggacctcattgccaaggtttt
ccggatcgatgtgaaggceagatgttgactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagttt
agcagtgccccatgtgaggtttacttccccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaac
acagccagaagaggcctgaagcggaagtecctgcagectaatcetgcagetgagcaagaaactgaaaaccgtgctggacca
ggccagacaggceccggcaaagaaagagaagggeccaagcecagaatcagcagcaaggacgtgatgaagaagatcgeca
actgcagcaagatccacctgagcaccaaactgctggecgtggacticectgageacttcgtgaagtccatcagetgecagatcetg
cgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcateetgeggtgectgaaagtgat
gggcagctactgeccctectgcagatacccttgcttccccaccgatctggaaagecctgtgaagtecticetgagegtgetgaaca
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gectgatggtcaagtgeccccgccaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagecaca
aagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceageatcetgetgtctcttacaagacgggecca
gaagcaccggctgagagaactgaagctgcaagtgaaggectttgccgacaaagaggaaggeggegacgtcaagagegtgt
gcatgaccctgtttctgetggecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggceaa
aggcagcggactgcagcctgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtacegg
accgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttetgetgectggcetac
caccacttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgte
tagcagcgtggacgactacccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgecctgatggaca
tggaagaggacatcctggaaggcatgcggagcecaggacctggacgattacctgaacggecctticacegtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettca
ccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgetg
caagcctetgtgtctgatgctggecgacgagagegatcacgagacactgaccgcecattctgagecctctgatcgeccgaacggga
agccatgaagtcctccgagetgatgetcgaactcggeggceatectgagaaccttcaagttcatcttccgeggeaccggctacgac
gagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgecaccagactgga
agctagccagaacctggtgttccacagcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagea
acccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtcegecaagcctttcatcgagacagtgectag
catcgacgccctgcactgcgatattggcaacgccgccgaattctacaagatctitcagetggaaatcggegaggtctacaagaa
ccccaacgcctctaaagaggaacggaagcegctggeaggecacactggataagcacctgagaaagaagatgaatctgaage
ccatcatgaggatgaacggcaacttcgcccggaagcetgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecctet
gaggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgeca
aagagtgccctgagtctctgtgccagtacagcettcaacagcecagagattcgecgagctgctgtccaccaagticaagtacagata
cgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegect
gggcctctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagageaagtgctacga
gatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacg cccacaacgecctcaag
accagcggctttaccatgaatcctcaggcecagectgggcegatcctetgggaattgaggatagectggaatcccaggacagceatg
gaattctgataaccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgecegtcgggg
actcaagaggaagagtcticagccaaacttgcagctcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagceccegt
cagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatett
agtaccaagctcctigcagtggacttcccagagcactttgtgaaatccatctectgccagatctgtgaacacattctggetgaccectg
tggagaccaactgtaagcatgtcttttgccgggtctgcattctcagatgectcaaagtcatgggceagctattgtcectettgecgatat
ccatgcttcectactgacctggagagtccagtgaagtcectttctgagcegtetigaattcectgatggtgaaatgtccagcaaaagagt

g

Left HA

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectg gacaaggctgatggtcagaagec
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agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggecggaccteattgccaaggtttt
ccggatcgatgtgaaggceagatgttgactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagttt
agcagtgccccatgtgaggtttacttc

coRAG1 CDS

cccagaaacgtgaccatggaatggceaccctcacacacccagetgegacatctgcaacacagccagaagaggcectgaageg
gaagtccctgcagcectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaagaa
agagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatccacctgageac
caaactgctggecgtggacttcectgageacttcgtgaagtccatcagcetgecagatctgegageacatectggecgatectgtgg
aaacaaactgcaagcacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagctactgeccctectgcagata
cccttgettceccaccgatctggaaagecctgtgaagtecttectgagegtgetgaacagectgatggtcaagtgeececcgecaaa
gaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcttcgtgcac
atcaacaaaggcggcagaccccggceagcatctgcetgtetettacaagacgggeccagaageaccggctgagagaactgaag
ctgcaagtgaaggcctttgccgacaaagaggaaggceggcegacgtcaagagegtgtgcatgacccetgtitctgetggecctgag
agcccggaatgagceatagacaggecgatgagetggaagcecatcatgcaaggcaaaggceageggactgcagectgcetgtgtg
tctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattaccggeagaca
gatcttccagcctetgcacgcecctgagaaacgcecgagaaagttetgetgectggetaccaccacttcgagtggeagcectecactg
aagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactacceegtgg
acacaatcgccaagcggttcagatacgacagcegcecctggtgtctgecctgatggacatggaagaggacatcctggaaggceat
gcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgt
ccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcettcaccatcatgaagatcactatcgeccac
agcagccagaacgtgaaagtgticgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtctgatgetggecga
cgagagcgatcacgagacactgaccgccattctgagcecctctgatcgeccgaacgggaagecatgaagtectccgagetgatge
tcgaactcggcggeatectgagaaccttcaagttcatcttccgeggeaccggetacgacgagaagcetcgttagagaggtggaag
gectggaagcectctggcagegtgtacatctgcaccetgtgtgacgecaccagactggaagcetagecagaacctggtgttccaca
gcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagceaaccectaccacgagagegtggaaga
actgcgggatagagtgaagggegtgtccgecaagccttticatcgagacagtgectagcatcgacgecctgeactgegatattgg
caacgccgccgaattctacaagatctitcagctggaaatcggegaggtctacaagaaccccaacgcctctaaagaggaacgg
aagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttc
gcccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagcetgatecccetctgaggaaagacacgaggecctgegg
gaactgatggacctgtacctgaagatgaagcccgtgtggeggtetagetgtectgccaaagagtgecctgagtetctgtgecagt
acagcttcaacagccagagattcgccgagctgetgtccaccaagticaagtacagatacgagggcaagatcaccaactacttc
cacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggceaatgagtctgge
aacaagctgttccggeggticcgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagceaccact
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ggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccageggctitaccatgaatectcag
gccagectgggcegatectetgggaattgaggatagectggaatcccaggacagcatggaattctga

Right HA

ccgaggaacgtgaccatggagtggcacccccacacaccatcctgtgacatctgcaacactgceccgtcggggactcaagagga
agagtcttcagccaaacttgcagcetcagcaaaaaactcaaaactgtgcttgaccaagcaagacaagceccgtcagegcaagag
aagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacatcttagtaccaagcetce
cttgcagtggacttcccagagcactttgtgaaatccatcteetgeccagatetgtgaacacattctggetgaccctgtggagaccaac
tgtaagcatgtcttttgccgggtctgcattctcagatgectcaaagtcatgggeagcetattgteectettgecgatatccatgettcecta
ctgacctggagagtccagtgaagtccttictgagcegtcttgaattcectgatggtgaaatgtccagcaaaagagtg

DONOR specific for “g11 exon2 M2/3” gRNA for the exon 2 RAG1 gene replacement
strategy

INSERT

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagcccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
ccggatcgatgtgaaggcagatgttgactcgatccaccccactgagttctgccataactgcetggagcatcatgcacaggaagttt
agcagtgccccatgtgaggtttacttccccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaac
acagccagaagaggcctgaagcggaagtecctgcagectaatctgcagetgagcaagaaactgaaaaccgtgcetggacca
ggccagacaggceccggcaaagaaagagaagggceccaagecagaatcagcagcaaggacgtgatgaagaagatcgeca
actgcagcaagatccacctgagcaccaaactgctggecgtggacticectgageacttcgtgaagtccatcagetgecagatcetg
cgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcateetgeggtgectgaaagtgat
gggcagctactgeccctectgcagataccettgettceccaccgatctggaaagecctgtgaagtecticctgagegtgetgaaca
gectgatggtcaagtgeccccgccaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagecaca
aagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceageatcetgetgtctcttacaagacgggecca
gaagcaccggctgagagaactgaagctgcaagtgaaggcecttigccgacaaagaggaaggeggegacgtcaagagegtgt
gcatgaccctgtttctgetggecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggceaa
aggcagcggactgcagcctgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtacegg
accgtgaaggccattaccggcagacagatcttccagcectctgcacgecctgagaaacgcecgagaaagttctgetgectggetac
caccacttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgte
tagcagcgtggacgactacccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgecctgatggaca
tggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcacegtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettca
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ccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgetg
caagcctetgtgtctgatgctggecgacgagagcegatcacgagacactgaccgecattctgagecctctgatcgeccgaacggga
agccatgaagtcctccgagetgatgetcgaactcggeggceatectgagaaccttcaagttcatcttccgeggeaccggctacgac
gagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgecaccagactgga
agctagccagaacctggtgttccacagcatcaccagaagcecacgccgaaaacctggaaagatacgaagtgtggeggagea
acccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtcegecaagcctttcatcgagacagtgectag
catcgacgccctgcactgcgatattggcaacgccgccgaattctacaagatctitcagetggaaatcggegaggtctacaagaa
ccccaacgcctctaaagaggaacggaagegctggeaggecacactggataagcacctgagaaagaagatgaatctgaage
ccatcatgaggatgaacggcaacttcgcccggaagcetgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecctet
gaggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgeca
aagagtgccctgagtctetgtgccagtacagceticaacagecagagattcgeccgagcetgctgtccaccaagttcaagtacagata
cgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegect
gggcctctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagageaagtgctacga
gatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgceccacaacgcecctcaag
accagcggctttaccatgaatcctcaggcecagectgggcegatectttaggcatagaggactctctggaaagcecaagattcaatgg
aattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagggcttctcctagcaccctttactg
ctgtgtatggggcttcaccatccaagaggtggtaggttggagtaagatgctacagatgctctcaagtcaggaatagaaactgatg
agctgattgctigaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagetcagtaactcagaacaggag
taactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaaatcaaagecaaggttgtcaaagaac
agccagtgaggccaggaaagaaattggtcttgtggttttcatttttticccccttgattgattatattttgtattgagatatgataag tgectt
ctatttcatttttgaataatticticatttttataattttacatatctiggctigctatataagatticaaaagagctttitaaatttitctaataatatct
tacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgag
aaaatcagtccttttttatgtitaaattatgtatctattgtaaccticagagtttaggaggtcatctgctgtcatggattittcaataatgaatt
tagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatittta
ctitttcatttcaagaaatttagagtticcaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaatataggttag
cttgatgtctaaaaatatatttcatgtcttactgaaacattttgccagactttctccaaatgaaacctgaatcaattttictaaatctaggttt
catagagtcctctcctctgcaatgtgttaticttictataatgatcagtttactticagtggattcagaattgtgtagcaggataaccttgtat
ttttccatccgcetaagtttagatggagtccaaacgcagtacagcagaagagtt

Left HA

ttcagcacccacatattaaattitcagaatggaaatttaagctgticcgggtgagatcctttgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgecgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
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ccggatcgatgtgaaggceagatgttgactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagttt
agcagtgccccatgtgaggtttacttc

coRAG1 CDS

cccagaaacgtgaccatggaatggcaccctcacacacccagetgegacatctgcaacacagecagaagaggcectgaageg
gaagtccctgcagcectaatctgcagctgagcaagaaactgaaaaccgtgctggaccaggecagacaggeccggcaaagaa
agagaagggcccaagccagaatcagcagcaaggacgtgatgaagaagatcgcecaactgcagcaagatccacctgageac
caaactgctggecgtggacttccctgageacticgtgaagtccatcagcetgecagatctgegagceacatectggecgatectgtgg
aaacaaactgcaagcacgtgttctgcagagtgtgcatectgeggtgectgaaagtgatgggeagctactgeccctectgcagata
cccttgettceccaccgatctggaaagecctgtgaagtecttectgagegtgetgaacagectgatggtcaagtgeececcgecaaa
gaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcttcgtgcac
atcaacaaaggcggcagaccccggceagcatctgcetgtetettacaagacgggeccagaageaccggctgagagaactgaag
ctgcaagtgaaggcctttgccgacaaagaggaaggceggcegacgtcaagagegtgtgcatgacccetgtitctgetggecctgag
agcccggaatgagceatagacaggecgatgagctggaagcecatcatgcaaggcaaaggeageggactgcagectgcetgtgtg
tctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecattaccggeagaca
gatcttccagcctetgcacgcecctgagaaacgcecgagaaagttetgetgectggetaccaccacttcgagtggeagcectecactg
aagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgagcggactgtctagcagegtggacgactacceegtgg
acacaatcgccaagcggttcagatacgacagcegcecctggtgtctgecctgatggacatggaagaggacatcctggaaggceat
gcggagcecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaagaaagcetgtgacggeatgggegacgtgt
ccgagaaacacggatctggacctgtggtgccagagaaggcecgtgeggticagettcaccatcatgaagatcactatcgeccac
agcagccagaacgtgaaagtgticgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtctgatgetggecga
cgagagcgatcacgagacactgaccgccattctgagcecctctgatcgeccgaacgggaagecatgaagtectccgagetgatge
tcgaactcggcggeatectgagaaccttcaagttcatettccgeggeaccggetacgacgagaagcetcegttagagaggtggaag
gectggaagcectctggcagegtgtacatctgcaccetgtgtgacgecaccagactggaagcetagecagaacctggtgttccaca
gcatcaccagaagccacgccgaaaacctggaaagatacgaagtgtggcggagceaaccectaccacgagagegtggaaga
actgcgggatagagtgaagggegtgtccgcecaagcctttcatcgagacagtgcectagcatcgacg cectgeactgegatattgg
caacgccgccgaattctacaagatctitcagctggaaatcggegaggtctacaagaaccccaacgcctctaaagaggaacgg
aagcgctggcaggcecacactggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttc
gceccggaagctgatgaccaaagaaaccgtggatgecgtgtgegagcetgateccctctgaggaaagacacgaggecctgegg
gaactgatggacctgtacctgaagatgaagcccgtgtggeggtetagetgtectgccaaagagtgecctgagtetctgtgecagt
acagcttcaacagccagagattcgccgagctgetgtccaccaagticaagtacagatacgagggcaagatcaccaactacttc
cacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggceaatgagtetgge
aacaagctgttccggeggticcgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaagceaccact
ggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccageggctitaccatgaatectcag
gccagectgggegatecttt

Right HA
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aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatitttataattttacatatcttggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttattctitctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagtt

DONOR specific for “q13 exon2 M2/3” gRNA for the exon 2 RAG1 gene targeting
strategy

INSERT

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
ccggatcgatgtgaaggceagatgttgactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagttt
agcagtgcaccatgcgaagtgtacttccccagaaacgtgaccatggaatggcaccctcacacacccagcetgcgacatctgcaa
cacagccagaagaggcctgaagcggaagtecctgcagectaatctgcagcetgagcaagaaactgaaaaccgtgetggacca
ggccagacaggceccggcaaagaaagagaagggeccaagcecagaatcagcagcaaggacgtgatgaagaagatcgeca
actgcagcaagatccacctgagcaccaaactgctggecgtggacticectgageacttcgtgaagtccatcagcetgecagatcetg
cgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcateetgeggtgectgaaagtgat
gggcagctactgeccctectgcagatacccttgcttccccaccgatctggaaagecctgtgaagtecttcetgagegtgcetgaaca
gectgatggtcaagtgeccccgccaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagecaca
aagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceageatcetgetgtctcttacaagacgggecca
gaagcaccggctgagagaactgaagctgcaagtgaaggcectttgccgacaaagaggaaggeggegacgtcaagagegtgt
gcatgaccctgtttctgetggecctgagageccggaatgagceatagacaggecgatgagctggaagcecatcatgcaaggceaa
aggcagcggactgcagcctgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtacegg
accgtgaaggccattaccggcagacagatcttccagcectctgcacgcecctgagaaacgecgagaaagttetgetgectggcetac
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caccacttcgagtggcagcctccactgaagaacgtgtccagcageaccgacgtgggceatcatcgatggactgageggactgte
tagcagcgtggacgactacccecgtggacacaatcgccaageggttcagatacgacagegecctggtgtetgecctgatggaca
tggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagettca
ccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgetg
caagcctctgtgtctgatgctggecgacgagagcegatcacgagacactgaccgecattctgagecctetgatcgeccgaacggga
agccatgaagtcctccgagetgatgetcgaactcggeggceatectgagaaccticaagttcatcttccgeggeaccggetacgac
gagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgecaccagactgga
agctagccagaacctggtgttccacagcatcaccagaagcecacgecgaaaacctggaaagatacgaagtgtggeggagea
acccctaccacgagagegtggaagaactgegggatagagtgaagggegtgtccgecaagectttcatcgagacagtgectag
catcgacgccctgcactgcgatattggcaacgccgccgaattctacaagatctitcagetggaaatcggegaggtctacaagaa
ccccaacgcctctaaagaggaacggaagcegctggcaggecacactggataagcacctgagaaagaagatgaatctgaage
ccatcatgaggatgaacggcaacttcgcccggaagcetgatgaccaaagaaaccgtggatgecgtgtg cgagcetgatceecctct
gaggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgeca
aagagtgccctgagtctetgtgccagtacagceticaacagcecagagattcgecgagcetgcetgtccaccaagttcaagtacagata
cgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegect
gggcctctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagageaagtgctacga
gatggaagatgtgctgaagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgceccacaacgcecctcaag
accagcggctttaccatgaatcctcaggcecagectgggcegatcctetgggaattgaggatagectggaatcccaggacagceatg
gaattctgataagtgaggtttacticccgaggaacgtgaccatggagtggcacccccacacaccatcectgtgacatctgcaacac
tgccecgtcggggactcaagaggaagagtcttcagecaaacttigcagctcagcaaaaaactcaaaactgtgettgaccaagea
agacaagcccgtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgcecaactgca
gtaagatacatcttagtaccaagctccttgcagtggacttcccagagceactttgtgaaatccatctcetgeccagatctgtgaacacat
tctggctgaccctgtggagaccaactgtaagceatgtettttgccgggtetgeatictcagatgectcaaagtcatgggeagctattgte
cctettgecgatatecatgcettcectactgacctggagagtccagtgaagtectttctgagegtcttgaaticectgatggtgaaatgt

Left HA

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagcccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
ccggatcgatgtgaaggceagatgtigactcgatccaccccactgagttctgecataactgetggagceatcatgcacaggaagttt
agcagtgcaccat

coRAG1 CDS
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gcgaagtgtacticcccagaaacgtgaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagecagaag
aggcctgaagcggaagtecctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacagge
ccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagceaagat
ccacctgagcaccaaactgcetggecgtggacttcectgageacttegtgaagtccatcagetgecagatctgcgageacatectg
gccgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgggeagcetactge
ccctectgcagatacccettgettccccaccgatctggaaagecctgtgaagtecticctgagegtgetgaacagectgatggtcaa
gtgccccgecaaagaatgcaacgaggaagtgtcectggaaaagtacaaccaccacatcagcagccacaaagagtccaaag
aaatcttcgtgcacatcaacaaaggcggcagaccccggcagceatctgctgtetettacaagacgggeccagaageaccggcetg
agagaactgaagctgcaagtgaaggccttigccgacaaagaggaaggcggegacgtcaagagegtgtgcatgacccetgtttct
gctggecctgagageccggaatgagceatagacaggecgatgagetggaagecatcatgcaaggcaaaggeageggactge
agcctgcetgtgtgtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecatt
accggcagacagatcttccagectctgcacgecctgagaaacgecgagaaagttctgctgectggetaccaccacttcgagtgg
cagcctccactgaagaacgtgtccagcagcaccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacy
actaccccgtggacacaatcgcecaagceggtticagatacgacagegcecctggtgtetgecctgatggacatggaagaggacate
ctggaaggcatgcggagcecaggacctggacgattacctgaacggecctttcacegtggtggtcaaagaaagctgtgacggeat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggcecegtgeggttcagcettcaccatcatgaagatca
ctatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagcectaacagegagctgtgctgcaagectetgtgtetg
atgctggccgacgagagcgatcacgagacactgaccgcecattctgagecctctgatcgeccgaacgggaagcecatgaagtecte
cgagctgatgctcgaactcggeggcatectgagaaccttcaagttcatcttccgeggeaccggctacgacgagaagcetegttag
agaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaac
ctggtgticcacagcatcaccagaagccacgcecgaaaacctggaaagatacgaagtgtggcggagcaaccectaccacgag
agcgtggaagaactgcgggatagagtgaagggcegtgtccgecaagectitcatcgagacagtgectagcatcgacgecctge
actgcgatattggcaacgccgecgaatictacaagatctitcagctggaaatcggegaggtctacaagaaccccaacgcectcta
aagaggaacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatg
aacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecectctgaggaaagacacy
aggccctgegggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgccaaagagtgecctgagt
ctetgtgeccagtacagcticaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggceaagatca
ccaactacttccacaagaccctggctcacgtgeccgagatcatcgagagagatggctctattggegectggg cetctgagggea
atgagtctggcaacaagctgttccggeggticcgcaagatgaacgcecagacagagcaagtgctacgagatggaagatgtgcetg
aagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccagceggctttaccat
gaatcctcaggccagectgggegatectctgggaatigaggatagectggaatcccaggacagceatggaattctga

Right HA

gtgaggtttacttcccgaggaacgtgaccatggagtggcacccccacacaccatectgtgacatctgcaacactgecegteggg
gactcaagaggaagagtcticagccaaacttgcagctcagcaaaaaactcaaaactgtgctigaccaagcaagacaagcecc
gtcagcgcaagagaagagctcaggcaaggatcagcagcaaggatgtcatgaagaagatcgccaactgcagtaagatacat
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cttagtaccaagctccttgcagtggacttcccagagceactttgtgaaatccatctectgeccagatetgtgaacacattctggcetgace
ctgtggagaccaactgtaagcatgtctttigccgggtetgeattctcagatgectcaaagtcatgggeagctattgtecctettgecga
tatccatgcttccctactgacctggagagtccagtgaagtecttictgagegtcttgaattcectgatggtgaaatgt

DONOR specific for “g13 exon2 M2/3”, “g7 exon2 M2/3”, “g10 exon2 M2/3” gRNAs for
the exon 2 RAG1 gene replacement strategy

INSERT

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccagceagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
ccggatcgatgtgaaggceagatgttgactcgatccaccccactgagttctgccataactgctggagceatcatgcacaggaagttt
agcagtgcaccatgcgaagtgtacttccccagaaacgtgaccatggaatggcaccctcacacacccagcetgcgacatctgcaa
cacagccagaagaggcctgaagcggaagtccctgcagectaatctgcagetgagcaagaaactgaaaaccgtgctggacca
ggccagacaggceccggcaaagaaagagaagggeccaagcecagaatcagcagcaaggacgtgatgaagaagatcgeca
actgcagcaagatccacctgagcaccaaactgctggecgtggacticectgageacttcgtgaagtccatcagetgecagatcetg
cgagcacatcctggecgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatectgeggtgectgaaagtgat
gggcagctactgeccctectgcagatacccttgcttccccaccgatctggaaagecctgtgaagtecttcetgagegtgcetgaaca
gectgatggtcaagtgeccccgccaaagaatgcaacgaggaagtgtccctggaaaagtacaaccaccacatcagcagecaca
aagagtccaaagaaatcttcgtgcacatcaacaaaggcggcagaccccggceageatctgetgtcetcttacaagacgggecca
gaagcaccggctgagagaactgaagctgcaagtgaaggcectttgccgacaaagaggaaggeggegacgtcaagagegtgt
gcatgaccctgtttctgetggecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggceaa
aggcagcggactgcagcctgetgtgtgtctggetatcagagtgaacaccttectgtectgcagecagtaccacaagatgtacegg
accgtgaaggccattaccggcagacagatcttccagcectctgcacgcecctgagaaacgecgagaaagttetgetgectggcetac
caccacttcgagtggcagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgte
tagcagcgtggacgactaccccgtggacacaatcgccaageggttcagatacgacagegecctggtgtctgecctgatggaca
tggaagaggacatcctggaaggcatgcggagecaggacctggacgattacctgaacggecctttcaccgtggtggtcaaaga
aagctgtgacggcatgggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggticagcettca
ccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgttcgaggaagcecaagcectaacagegagcetgtgetg
caagcctctgtgtctgatgctggecgacgagagegatcacgagacactgaccgecattctgagecctctgatcgeccgaacggga
agccatgaagtcctccgagetgatgetcgaactcggeggceatectgagaaccttcaagttcatcttccgeggeaccggctacgac
gagaagctcgttagagaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgecaccagactgga
agctagccagaacctggtgttccacagcatcaccagaagcecacgecgaaaacctggaaagatacgaagtgtggeggagea
acccctaccacgagagegtggaagaactgcgggatagagtgaagggegtgtcegecaagcctttcatcgagacagtgectag
catcgacgccctgcactgcgatattggcaacgccgccgaattctacaagatctitcagetggaaatcggegaggtctacaagaa
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ccccaacgcctctaaagaggaacggaagegctggcaggcecacactggataagcacctgagaaagaagatgaatctgaage
ccatcatgaggatgaacggcaacttcgcccggaagcetgatgaccaaagaaaccgtggatgecgtgtgcgagetgateecctet
gaggaaagacacgaggccctgcgggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgeca
aagagtgccctgagtctctgtgccagtacagceticaacagccagagattcgecgagcetgctgtccaccaagttcaagtacagata
cgagggcaagatcaccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegect
gggcctctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaacgecagacagageaagtgctacga
gatggaagatgtgctgaagcaccactggcetgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgcecctcaag
accagcggctttaccatgaatcctcaggcecagectgggcegatectttaggcatagaggactctctggaaagcecaagattcaatgg
aattttaagtagggcaaccacttatgagttggtttttgcaattgagtttccctctgggttgcattgagggcttctcctagcaccctttactg
ctgtgtatggggcttcaccatccaagaggtggtaggtiggagtaagatgcetacagatgctctcaagtcaggaatagaaactgatg
agctgattgctigaggcttttagtgagttccgaaaagcaacaggaaaaatcagttatctgaaagctcagtaactcagaacaggag
taactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaaatcaaagecaaggttgtcaaagaac
agccagtgaggcecaggaaagaaattggtcttgtggttttcatttttttcccecttgattgattatatttigtattgagatatgataagtgectt
ctatttcatttttgaataatticticatttttataattttacatatctiggctigctatataagatticaaaagagctttitaaatttitctaataatatct
tacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatataaatatgttacatcaggacaactttgag
aaaatcagtcctttittatgtitaaattatgtatctattgtaaccttcagagtttaggaggtcatctgctgtcatggatttitcaataatgaatt
tagaatacacctgttagctacagttagttattaaatcttctgataatatatgtttacttagctatcagaagccaagtatgattctttatittta
ctitttcatttcaagaaatttagagtticcaaatttagagcttctgcatacagtcttaaagccacagaggcttgtaaaaatataggttag
cttgatgtctaaaaatatatttcatgtcttactgaaacattitgccagactttctccaaatgaaacctgaatcaattttictaaatctaggttt
catagagtcctctcctctgcaatgtgttaticttictataatgatcagtttactticagtggattcagaattgtgtagcaggataaccttgtat
ttttccatccgcetaagtttagatggagtccaaacgcagtacagcagaagagtt

Left HA

ttcagcacccacatattaaattitcagaatggaaatttaagctgttccgggtgagatcctitgaaaagacacctgaagaagctcaa
aaggaaaagaaggattcctttgaggggaaaccctctctggagcaatctccageagtectggacaaggcetgatggtcagaagee
agtcccaactcagccattgttaaaagceccaccctaagtittcaaagaaatttcacgacaacgagaaagcaagaggcaaageg
atccatcaagccaaccttcgacatctctgccgeatetgtgggaattcttttagagctgatgagcacaacaggagatatccagtccat
ggtcctgtggatggtaaaaccctaggcecttttacgaaagaaggaaaagagagctacttcctggccggacctcattgccaaggttit
ccggatcgatgtgaaggceagatgttgactcgatccacccecactgagttctgccataactgetggagceatcatgcacaggaagttt
agcagtgcaccat

coRAG1 CDS

gcgaagtgtacticcccagaaacgtgaccatggaatggcaccctcacacacccagctgcgacatctgcaacacagecagaag
aggcctgaagcggaagtecctgcagcectaatctgcagetgagcaagaaactgaaaaccgtgctggaccaggecagacagge
ccggcaaagaaagagaagggcccaagcecagaatcagcagcaaggacgtgatgaagaagatcgecaactgcagcaagat
ccacctgagcaccaaactgctggecgtggacttcectgageacttcgtgaagtccatcagetgecagatetgegagcacatectg
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gccgatectgtggaaacaaactgcaagcacgtgtictgcagagtgtgcatectgeggtgectgaaagtgatgggeagcetactge
ccctectgcagatacccettgettceccaccgatctggaaagecctgtgaagtecttcctgagegtgctgaacagectgatggtcaa
gtgccccgecaaagaatgcaacgaggaagtgtecctggaaaagtacaaccaccacatcagcagecacaaagagtccaaag
aaatcttcgtgcacatcaacaaaggcggcagaccccggcagceatctgctgtetettacaagacgggeccagaageaccggcetg
agagaactgaagctgcaagtgaaggcectttgccgacaaagaggaaggeggcegacgtcaagagegtgtgcatgaccetgtttet
gctggcecctgagageccggaatgageatagacaggecgatgagetggaagcecatcatgcaaggcaaaggceageggactge
agcctgcetgtgtgtctggctatcagagtgaacaccttcetgtectgcagecagtaccacaagatgtaccggaccgtgaaggecatt
accggcagacagatcttccagectctgcacgecctgagaaacgecgagaaagttctgctgectggetaccaccacttcgagtgg
cagcctccactgaagaacgtgtccagcagcaccgacgtgggceatcatcgatggactgageggactgtctagcagegtggacg
actaccccgtggacacaatcgcecaagceggtticagatacgacagegcecctggtgtetgecctgatggacatggaagaggacate
ctggaaggcatgcggagcecaggacctggacgattacctgaacggecctttcacegtggtggtcaaagaaagctgtgacggeat
gggcgacgtgtccgagaaacacggatctggacctgtggtgccagagaaggecgtgeggttcagcttcaccatcatgaagatca
ctatcgcccacagcagccagaacgtgaaagtgticgaggaagcecaagcectaacagegagctgtgctgcaagectetgtgtetg
atgctggccgacgagagcgatcacgagacactgaccgcecattctgagecctctgatcgeccgaacgggaagcecatgaagtecte
cgagctgatgctcgaactcggeggcatectgagaaccttcaagttcatcticcgeggeaccggcetacgacgagaagctegttag
agaggtggaaggcctggaagcctctggcagegtgtacatctgcaccetgtgtgacgccaccagactggaagcetagecagaac
ctggtgticcacagcatcaccagaagccacgcecgaaaacctggaaagatacgaagtgtggcggagcaaccectaccacgag
agcgtggaagaactgcgggatagagtgaagggegtgtccgecaagcctttcatcgagacagtgectageatcgacgecctge
actgcgatattggcaacgccgecgaatictacaagatctitcagctggaaatcggegaggtctacaagaaccccaacgcectcta
aagaggaacggaagcgctggcaggccacactggataagcacctgagaaagaagatgaatctgaageccatcatgaggatg
aacggcaacttcgcccggaagctgatgaccaaagaaaccgtggatgecgtgtgecgagctgatecectctgaggaaagacacy
aggccctgegggaactgatggacctgtacctgaagatgaageccgtgtggeggtetagetgtectgccaaagagtgecctgagt
ctetgtgeccagtacagcticaacagccagagattcgccgagcetgctgtccaccaagticaagtacagatacgagggceaagatca
ccaactacttccacaagaccctggctcacgtgcccgagatcatcgagagagatggcetctattggegectgggectctgagggea
atgagtctggcaacaagctgttccggeggticcgcaagatgaacgcecagacagagcaagtgctacgagatggaagatgtgcetg
aagcaccactggctgtacaccagcaagtacctgcagaaattcatgaacgcccacaacgccctcaagaccagceggctttaccat
gaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttttagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgtiggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataaticttcatitttataattttacatatctiggetige
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
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acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatcttctgataat
atatgtttacttagctatcagaagccaagtatgattctttatttttactttttcatitcaagaaatttagagtttccaaatttagagcttctgcat
acagtcttaaagccacagaggctigtaaaaatataggttagctigatgtctaaaaatatatttcatgtcttactgaaacattttgeccag
actttctccaaatgaaacctgaatcaatttttctaaatctaggtttcatagagtcctctectctgcaatgtgttattctttctataatgatcag
tttactttcagtggattcagaattgtgtagcaggataaccttgtatttticcatccgctaagtttagatggagtccaaacgcagtacage
agaagagtt

DONOR with short R-HA specific for “g6 exon2 M2” gRNA for the exon 2 RAG1 gene
replacement strategy

INSERT

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacticccgaggaatgtcactatggaatggeaccect
cacacacccagctgcgacatctgcaacacagccagaagaggcectgaageggaagtcectgcagectaatetgecagcetgage
aagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggcccaagecagaatcageag
caaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgetggecgtggacttcectgageac
ttcgtgaagtccatcagcetgecagatctgcgagceacatcetggecgatectgtggaaacaaactgcaageacgtgttctgcagag
tgtgcatcctgeggtgectgaaagtgatgggceagctactgeccectectgcagatacccttgeticcccaccgatctggaaagecct
gtgaagtccttcctgagegtgetgaacagectgatggtcaagtgccecgecaaagaatgcaacgaggaagtgtcectggaaaa
gtacaaccaccacatcagcagccacaaagagtccaaagaaatcttcgtgcacatcaacaaaggeggcagaccccggeage
atctgctgtctcttacaagacgggeccagaagcaccggctgagagaactgaagctgcaagtgaaggecttigccgacaaaga
ggaaggcggcgacgtcaagagegtgtgcatgaccctgtttctgctggecctgagageccggaatgageatagacaggecgat
gagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaacaccttectgtect
gcagccagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgcacgecctgagaaa
cgccgagaaagttctgetgectggetaccaccacttcgagtggeagectccactgaagaacgtgtccagcagcaccgacgtgg
gcatcatcgatggactgagcggactgtctagcagegtggacgactaccecgtggacacaatcgecaageggttcagatacgac
agcgccctggtgtetgecctgatggacatggaagaggacatcetggaaggceatgeggagecaggacctggacgattacctga
acggccctitcaccgtggtggtcaaagaaagetgtgacggeatgggegacgtgtccgagaaacacggatctggacctgtggtg
ccagagaaggccgtgcggticagcticaccatcatgaagatcactatcgcccacagcagecagaacgtgaaagtgticgagga
agccaagcctaacagcgagctgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgagacactgaccgec
attctgagccctctgatcgccgaacgggaagcecatgaagtcectecgagcetgatgetcgaactcggeggceatectgagaaccttca
agttcatcttccgeggeaccggctacgacgagaagcetegttagagaggtggaaggectggaagectctggcagegtgtacatct
gcaccctgtgtgacgccaccagactggaagctagccagaacctggtgticcacagcatcaccagaagcecacgccgaaaacct
ggaaagatacgaagtgtggcggagcaacccctaccacgagagegtggaagaactgecgggatagagtgaagggegtgtecg
ccaagcctttcatcgagacagtgcctagcatcgacgccctgcactgegatattggcaacgcecgecgaattctacaagatctttcag
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ctggaaatcggcgaggtgtacaagaaccccaacgcectctaaagaggaacggaagegcetggcaggecacactggataagea
cctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgeccggaagctgatgaccaaagaaaccgt
ggatgccgtgtgcgagctgatceectctgaggaaagacacgaggecctgcgggaactgatggacctgtacctgaagatgaag
ccegtgtggeggtctagetgtectgeccaaagagtgecctgagtctetgtgecagtacagcettcaacagecagagattcgecgagct
gctgtccaccaagtticaagtacagatacgagggcaagatcaccaactactticcacaagaccctggcetcacgtgccecgagateat
cgagagagatggctctattggcgcectgggectctgagggcaatgagtctggcaacaagcetgticcggeggticcgcaagatgaa
cgccagacagagcaagtgctacgagatggaagatgtgctgaagcaccactggetgtacaccagcaagtacctgcagaaatte
atgaacgcccacaacgccctcaagaccageggctttaccatgaatcctcaggecagectgggegatectitaggcatagagga
ctctctggaaagcecaagattcaatggaattttaagtagggcaaccacttatgagttggttittgcaattgagtttcectetgggttgeatt
gagggcttctcctagcaccctttactgetgtgtatggggcticaccatccaagaggtggtaggtiggagtaagatgctacagatgcet
ctcaagtcaggaatagaaactgatgagctgattgcttgaggcttitagtgagttccgaaaagcaacaggaaaaatcagttatctga
aagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatctgtgtgtgttggggagcetgtcatgtaa
atcaaagccaaggttgtcaaagaacagccagtgaggccaggaaagaaattggtctigtggttttcattttittcccecttgattgatta
tattttgtattgagatatgataagtgccttctatttcatitttgaataattcticatttitataattttacatatcttggcttgctatataagattcaa
aagagcttittaaatttttctaataatatcttacatttgtacagcatgatgacctttacaaagtgctctcaatgcatttacccattcgttatat
aaatatgttacatcaggacaactttigagaaaatcagtccttttitatgtttaaattatgtatctattgtaaccttcagagtttaggaggtca
tctgctgtcatggatititcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataatatatgtttacttageta
tcagaagccaagtatgattctttattittactttttcatttcaagaaatttagagtttccaaatttagagct

Left HA

gagcacaacaggagatatccagtccatggtcctgtggatggtaaaaccctaggecttttacgaaagaaggaaaagagagcta
cttcctggecggaccteattgecaaggttttccggategatgtgaaggeagatgtigactcgatccaccecactgagtictgecata
actgctggagcatcatgcacaggaagtitagcagtgccccatgtgaggtttacttcccgaggaatgtcactatg

coRAG1 CDS

gaatggcaccctcacacacccagetgcgacatctgcaacacagccagaagaggcectgaageggaagtecctgcagectaat
ctgcagcetgagcaagaaactgaaaaccgtgctggaccaggccagacaggeccggcaaagaaagagaagggeccaagec
agaatcagcagcaaggacgtgatgaagaagatcgccaactgcagcaagatccacctgagcaccaaactgctggecgtgga
cttcectgageacttcgtgaagtccatcagctgecagatctgcgagcacatectggecgatectgtggaaacaaactgcaageac
gtgttctgcagagtgtgcatcetgeggtgectgaaagtgatgggeagetactgeccctectgcagatacccttgettccccaccgat
ctggaaagccctgtgaagtcecttcctgagegtgctgaacagectgatggtcaagtgecccgecaaagaatgcaacgaggaagt
gtccetggaaaagtacaaccaccacatcagcagcecacaaagagtccaaagaaatcticgtgcacatcaacaaaggeggeag
accccggcagcatctgetgtetcttacaagacgggeccagaagceaccggctgagagaactgaagcetgcaagtgaaggectttg
ccgacaaagaggaaggceggcgacgtcaagagegtgtgcatgaccctgtttctgctggecctgagageccggaatgageatag
acaggccgatgagctggaagccatcatgcaaggcaaaggcagceggactgcagcectgcetgtgtgtetggcetatcagagtgaac
accttcctgtcctgcagecagtaccacaagatgtaccggaccgtgaaggcecattaccggcagacagatcttccagectctgeac
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gccctgagaaacgccgagaaagtictgctgectggctaccaccactticgagtggeagectecactgaagaacgtgtccageag
caccgacgtgggcatcatcgatggactgageggactgtctagcagegtggacgactaccecgtggacacaatcgecaagegg
ttcagatacgacagcgccctggtgtctgecctgatggacatggaagaggacatcctggaaggcatgcggagecaggacctgg

acgattacctgaacggccctttcaccgtggtggtcaaagaaagcetgtgacggceatgggegacgtgtccgagaaacacggatct

ggacctgtggtgccagagaaggcecgtgcggttcagcettcaccatcatgaagatcactatcgcccacagcagecagaacgtgaa
agtgttcgaggaagccaagcctaacagcgagetgtgetgcaagectetgtgtetgatgetggecgacgagagegatcacgaga
cactgaccgccattctgagcecctctgatcgccgaacgggaagecatgaagtectcegagcetgatgcetcgaacteggeggeatee
tgagaaccttcaagttcatcttccgcggeaccggctacgacgagaagcetegttagagaggtggaaggcectggaagectetgge

agcgtgtacatctgcaccetgtgtgacgccaccagactggaagcetagcecagaacctggtgttccacagceatcaccagaageca
cgccgaaaacctggaaagatacgaagtgtggeggagceaaccectaccacgagagegtggaagaactgecgggatagagtga
agggcgtgtccgecaagcctticatcgagacagtgectagcatcgacgccctgcactgegatattggcaacgecgecgaattcta
caagatctttcagctggaaatcggcgaggtgtacaagaaccccaacgcctctaaagaggaacggaagcegctggcaggecac
actggataagcacctgagaaagaagatgaatctgaagcccatcatgaggatgaacggcaacttcgcceggaagcetgatgace
aaagaaaccgtggatgccgtgtgcgagctgateccctctgaggaaagacacgaggcecctgcgggaactgatggacctgtace
tgaagatgaagcceegtgtggeggtctagetgtectgccaaagagtgecctgagtetctgtgccagtacageticaacagecagag
attcgccgagctgetgtccaccaagttcaagtacagatacgagggcaagatcaccaactacticcacaagaccctggctcacgt
gceccgagatcatcgagagagatggctctattggegectgggcectetgagggceaatgagtetggcaacaagctgttceggeggtt

ccgcaagatgaacgccagacagagcaagtgctacgagatggaagatgtgctgaageaccactggetgtacaccagcaagta
cctgcagaaattcatgaacgceccacaacgcecctcaagaccageggctttaccatgaatcctcaggccagectgggegatecttt

Right HA

aggcatagaggactctctggaaagccaagattcaatggaattitaagtagggcaaccacttatgagttggtitttgcaattgagtttc
cctetgggttgcattgagggctictcctageaccctitactgetgtgtatggggcttcaccatccaagaggtggtaggttggagtaag
atgctacagatgctctcaagtcaggaatagaaactgatgagctgattgctigaggcttitagtgagttccgaaaagcaacaggaa
aaatcagttatctgaaagctcagtaactcagaacaggagtaactgcaggggaccagagatgagcaaagatetgtgtgtgttggg
gagctgtcatgtaaatcaaagccaaggtigtcaaagaacagccagtgaggcecaggaaagaaattggtettgtggtitteattttttc
ccectigatigattatattitgtattgagatatgataagtgcctictatitcatitttgaataattcttcatitttataattttacatatcttggettge
tatataagattcaaaagagctttttaaattttictaataatatcttacattigtacagcatgatgacctitacaaagtgctctcaatgcattt
acccattcgttatataaatatgttacatcaggacaactitgagaaaatcagtccttitttatgtttaaattatgtatctattgtaaccttcag
agtttaggaggtcatctgctgtcatggattittcaataatgaatttagaatacacctgttagctacagttagttattaaatctictgataat
atatgtttacttagctatcagaagccaagtatgattctttattittacttittcatitcaagaaatttagagtttccaaatttagagct

Production of additional AAV6 donors

AAV6 donor production was performed by the vector core facility at the Telethon Institute of
Genetics and Medicine (TIGEM), Pozzuoli (NA, ltaly). Briefly, AAV vectors were produced by
transient triple transfection of HEK293 cells by calcium phosphate. The following day, the
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medium was changed with serum-free DMEM and cells were harvested 72 hours after
transfection. Cells were lysed by three rounds of freeze-thaw to release the viral particles
and the lysate was incubated with DNAsel and RNAsel to eliminate nucleic acids. AAV
vector was then purified by two sequential rounds of Cesium Chloride (CsCI2) gradient. For
each viral preparation, physical titers (genome copies/mL) were determined by PCR
quantification using TagMan.

Statistical analysis

When normality assumptions were not met, non-parametric statistical tests were performed.
Mann-Whitney test was used for non-paired comparisons, while Wilcoxon matched-pairs test
was used for paired comparisons. Values are expressed as Mean = SD and P values are
showed as: *<0.05; **<0.005; ***<0.0005; ****<0.0001.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the disclosed polynucleotides, vectors, RNAs,
methods, cells, kits, compositions, systems and uses of the invention will be apparent to the
skilled person without departing from the scope and spirit of the invention. Although the
invention has been disclosed in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the disclosed modes for carrying out the
invention, which are obvious to the skilled person are intended to be within the scope of the

following claims.
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EMBODIMENTS

Various features and embodiments of the present invention will now be described with
reference to the following numbered paragraphs (paras).

1. An isolated polynucleotide comprising from 5 to 3. a first homology region, a
nucleotide sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a first region of the RAG1 exon 2 and the
second homology region is homologous to a second region of the RAG1 exon 2.

2. The isolated polynucleotide according to para 1, wherein:

(i) the first homology region is homologous to a region upstream of chr 11: 36574368
and the second homology region is homologous to a region downstream of chr 11:
36574369;

(i) the first homology region is homologous to a region upstream of chr 11: 36574367
and the second homology region is homologous to a region downstream of chr 11:
36574368;

(iii) the first homology region is homologous to a region upstream of chr 11: 36574394
and the second homology region is homologous to a region downstream of chr 11:
36574395;

(iv) the first homology region is homologous to a region upstream of chr 11: 36574294
and the second homology region is homologous to a region downstream of chr 11:
36574295;

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110;

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911;

(vii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879;
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(viii) the first homology region is homologous to a region upstream of chr 11: 36573959
and the second homology region is homologous to a region downstream of chr 11:
36573960;

(ix) the first homology region is homologous to a region upstream of chr 11: 36573957
and the second homology region is homologous to a region downstream of chr 11:
36573958;

(x) the first homology region is homologous to a region upstream of chr 11: 36573879
and the second homology region is homologous to a region downstream of chr 11:
36573880;

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893;

(xii) the first homology region is homologous to a region upstream of chr 11: 36573955
and the second homology region is homologous to a region downstream of chr 11:
36573956;

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879; or

(xiv) the first homology region is homologous to a region upstream of chr 11: 36574406
and the second homology region is homologous to a region downstream of chr 11:
36574407.

The isolated polynucleotide according to para 1 or 2, wherein:

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110; or

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911.

The isolated polynucleotide according to any preceding para, wherein:
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(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36574369-36574418;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36574368-36574417;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36574395-36574444;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36574295-36574344;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36573960-36574009;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36573958-36574007;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36573880-36573929;
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(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36573956-36574005;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36574407-36574456.

The isolated polynucleotide according to any preceding para, wherein:

() the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 25 and/or the 5
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 45;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 26 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 46;

(iii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 27 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 47;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 28 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 48;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 29 or SEQ ID NO:
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39 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 49 or
SEQ ID NO: 59;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 30 or SEQ ID NO:
40 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 50 or
SEQ ID NO: 60;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 31 or SEQ ID NO:
41 and/or the 5’ terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 51;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 32 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 52;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 33 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 53;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 34 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 54;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 35 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 55;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 36 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 56;

281



WO 2023/062030 PCT/EP2022/078298

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 37 or SEQ ID NO:
43 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 57; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 38 or SEQ ID NO:
44 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 58.
6. The isolated polynucleotide according to any preceding para, wherein:

(1) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 69, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 77, or a fragment thereof; or

(4) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 71, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 78, or a fragment thereof.

7. The isolated polynucleotide according to any preceding para, wherein the first and
second homology regions are each 50-2000bp in length, 50-1800 bp in length, 50-1500 bp in
length, 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length.

8 An isolated polynucleotide comprising from 5’ to 3’: a first homology region, a splice
acceptor sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology region is
homologous to a first region of the RAG1 intron 1 or exon 2 and the second homology region
is homologous to a second region of the RAG1 exon 2.

9. The isolated polynucleotide according to para 8, wherein the first homology region is
homologous to a region upstream of: (i) chr 11: 36569295; (ii) chr 11: 36573790; (iii) chr 11:
36573641; (iv) chr 11: 36573351; (v) chr 11: 36569080; (vi) chr 11: 36572472; (vii) chr 11:
36571458; (viii) chr 11: 36571366; (ix) chr 11: 36572859 (x) chr 11: 36571457; (xi) chr 11:
36569351; or (xii) chr 11: 36572375, preferably wherein the first homology region is
homologous to a region upstream of: (i) chr 11: 36569295; (ii) chr 11: 36573351; (iii) chr 11:
36571366, more preferably wherein the first homology region is homologous to a region
upstream of chr 11: 36569295.

282



WO 2023/062030 PCT/EP2022/078298

10. The isolated polynucleotide according to para 8 or 9, wherein the first homology region
is homologous to a region comprising chr 11: 36569245-chr 11: 36569294, preferably wherein
the 3’ terminal sequence of the first homology region comprises or consists of a nucleotide
sequence that has at least 70% identity to SEQ ID NO: 81, more preferably wherein the first
homology region comprises or consists of a nucleotide sequence that has at least 70% identity
to SEQ ID NO: 93.

11. The isolated polynucleotide according to any preceding para, wherein the second
homology region is homologous to a region downstream of chr 11: 36574557; downstream of
chr 11: 36574870; downstream of chr 11: 36575183; downstream of chr 11: 36575496;
downstream of chr 11: 36575810; downstream of chr 11: 36576123; or downstream of chr 11:
36576436, preferably wherein the second homology region is homologous to a region
comprising chr 11: 36576437-chr 11: 36576536.

12. The isolated polynucleotide according to any preceding para, wherein the second
homology region comprises or consists of a nucleotide sequence that has at least 70% identity
to any of SEQ ID NOs: 79-80 or 94, or a fragment thereof, preferably wherein the 5’ terminal
sequence of the second homology region comprises or consists of a nucleotide sequence that
has at least 70% identity to SEQ ID NO: 67.

13. The isolated polynucleotide according to any of paras 1to 7 or paras 11 or 12, wherein:

(2) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 80, or a fragment thereof;

(5) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 72, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(6) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 72, or a fragment thereof and/or the second
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14.

15.

homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 73, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 74, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 75, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 76, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof.

The isolated polynucleotide according to any of paras 8 to 12, wherein:

(11) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 93, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 94, or a fragment thereof.

The isolated polynucleotide according to any preceding para, wherein the first

homology region is about 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length;
and/or wherein the second homology region is about 500-2000bp in length, 1000-2000bp in
length, or 1500-2000 bp in length.

16.

The isolated polynucleotide according to any preceding para, wherein the nucleotide

sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide

sequence encoding a fragment of an amino acid sequence that has at least 70% identity to
SEQ ID NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6.
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17. The isolated polynucleotide according to any preceding para, wherein the RAGH
polypeptide fragment is at least 500 amino acids in length, at least 550 amino acids in length,
at least 600 amino acids in length, at least 650 amino acids in length, at least 700 amino acids
in length, at least 750 amino acids in length, or at least 800 amino acids in length.

18. The isolated polynucleotide according to any preceding para, wherein the RAGH
polypeptide fragment comprises or consists of an amino acid sequence that has at least 70%
identity to any one of SEQ ID NOs: 7 to 14.

19. The isolated polynucleotide according to any preceding para, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a fragment of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 15.

20. The isolated polynucleotide according to any preceding para, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide
sequence that has at least 70% identity to any one of SEQ ID NOs: 17 to 24.

21. The isolated polynucleotide according to any of paras 8 to 12 or paras 14 to 20, wherein
the splice acceptor site comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 95.

22. The isolated polynucleotide according to para 1, wherein the polynucleotide comprises
or consists of a nucleotide sequence that has at least 70% identity to any one of SEQ ID NOs:
106 to 115.

23. The isolated polynucleotide according to para 8, wherein the polynucleotide comprises
or consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 116.

24, A vector comprising the polynucleotide according to any preceding para.

25.  The vector according to para 24, wherein the vector is a viral vector, optionally an
adeno-associated viral (AAV) vector such as an AAV6 vector.

26. A guide RNA comprising or consisting of a nucleotide sequence that has at least 90%
identity to any of SEQ ID NOs: 117-130, optionally wherein the guide RNA comprises or
consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 121 or SEQ
ID NO: 122.

27. The guide RNA according to para 26, wherein from one to five of the terminal
nucleotides at 5 end and/or 3’ end of the guide RNA are chemically modified to enhance

stability, optionally wherein three terminal nucleotides at 5’ end and/or 3’ end if the guide RNA
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are chemically modified to enhance stability, optionally wherein the chemical modification is
modification with 2'-O-methyl 3'phosphorothioate.

28. A kit, a composition, or a gene-editing system, comprising the polynucleotide
according to any one of paras 1 to 23 or the vector according to any one of paras 24 or 25.

29. The kit, composition, gene-editing system according to para 28, wherein the Kit,
composition, or gene-editing system further comprises a guide RNA according to para 26 or
para 27.

30. The kit, composition, or gene-editing system, according to para 28 or para 29, wherein
the kit, composition, or gene-editing system, further comprises a RNA-guided nuclease,
optionally wherein the RNA-guided nuclease is a Cas9 endonuclease.

31. Use of the isolated polynucleotide according to any one of paras 1 to 23, the vector
according to any one of paras 24 or 25, the guide RNA according to any one of paras 26 or
27, or the kit, composition, or gene-editing system according to any one of paras 28 to 30, for
gene editing a cell or a population of cells.

32. An isolated genome comprising the polynucleotide according to any one of paras 1 to
23.

33. An isolated cell comprising the polynucleotide according to any one of paras 1 to 23 or
the genome according to para 32.

34. The isolated cell according to para 33, wherein the cell is a hematopoietic stem cell
(HSC), a hematopoietic progenitor cell (HPC), or a lymphoid progenitor cell (LPC).

35. The isolated cell according to para 33 or para 34, wherein the cell is a CD34+ cell.

36. A population of cells comprising one or more isolated cells according to any one of
paras 33 to 35.

37. The population of cells according to para 36, wherein at least 50% of the population of
cells are CD34+ cells.

38. The population of cells according to para 36 or para 37, wherein at least 20% of the
population of cells are CD34+ cells comprising the genome according to para 25.

39. A method of gene editing a population of cells comprising:

(a) providing a population of cells; and
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(b) delivering an RNA-guided nuclease, a guide RNA according to para 26 or para 27,
and a vector according to para 24 or para 25, to the population of cells to obtain a
population of gene-edited cells.

40. A method of treating a RAG-deficient immunodeficiency in a subject comprising:
(a) providing a population of cells;

(b) delivering an RNA-guided nuclease, a guide RNA according to para 26 or para 27,
and a vector according to para 24 or para 25, to the population of cells to obtain a
population of gene-edited cells.

(c) administering the population of gene-edited cells to the subject.

41. The method according to para 39 or para 40, wherein the population of cells comprises
or consists of HSCs, HPCs, and/or LPCs and/or wherein the population of cells comprises or
consists of CD34+ cells.

42. The method according to any one of paras 39 to 41, wherein the population of cells is
pre-activated, optionally wherein the population of cells is cultured with one or more cytokines
selected from: one or more early acting cytokines such as TPO, IL-6, IL-3, SCF, FLT3-L; one
or more transduction enhancers such as PGE2; and one or more expansion enhancers such
as UM171, UM729, SR1.

43.  The method according to any one of paras 39 to 42, wherein the RNA-guided nuclease
and/or guide RNA is delivered prior to the vector and/or simultaneously with the vector.

44, The method according to any one of paras 39 to 43, wherein the RNA-guided nuclease
is Cas9, optionally wherein the Cas9 and the guide RNA are delivered preassembled as Cas9
RNPs.

45, The method according to any one of paras 39 to 44, wherein the method further
comprises delivering a p53 inhibitor and/or a HDR enhancer, optionally wherein the p53
inhibitor and/or a HDR enhancer is delivered simultaneously with the RNA-guided nuclease
and/or guide RNA.

46. The method according to any one of paras 39 to 45, wherein the population of gene-
edited cells is defined according to any one of paras 36 to 38.

47. A population of gene-edited cells obtainable by the method according to any one of
paras 39 to 46.
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48. A method of treating a RAG-deficient immunodeficiency comprising administering the
isolated cell according to any one of paras 33 to 35, the population of cells according to any
one of paras 36 to 38, or the population of gene-edited cells according to para 47, to a subject
in need thereof.

49. The isolated cell according to any one of paras 33 to 35, the population of cells
according to any one of paras 36 to 38, or the population of gene-edited cells according to
para 47, for use in treating a RAG-deficient immunodeficiency in a subject.

50. The method according to para 48, or the isolated cell, population of cells, or population
of gene-edited cells for use according to para 49, wherein the RAG-deficient
immunodeficiency is T- B- severe combined immunodeficiency (SCID), Omenn syndrome,
atypical SCID or combined immunodeficiency with granuloma/autoimmunity (CID-G/Al).

51. The method according to para 48 or para 50, or the isolated cell, population of cells,
or population of gene-edited cells for use according to para 49 or para 50, wherein the subject
has a RAG1 deficiency.

52. The method according to any one of paras 48, 50, or 51, or the isolated cell, population
of cells, or population of gene-edited cells for use according to any one of paras 49 to 51,
wherein the subject has a mutation in the RAG1 gene, optionally in RAG1 exon 2.

OTHER EMBODIMENTS

Various features and embodiments of the present invention will now be described with
reference to the following numbered paragraphs (paras).

1. An isolated polynucleotide comprising from 5 to 3. a first homology region, a
nucleotide sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a first region of the RAG1 exon 2 and the
second homology region is homologous to a second region of the RAG1 exon 2.

2. The isolated polynucleotide according to para 1, wherein:

(i) the first homology region is homologous to a region upstream of chr 11: 36574368
and the second homology region is homologous to a region downstream of chr 11:
36574369;

(i) the first homology region is homologous to a region upstream of chr 11: 36574367
and the second homology region is homologous to a region downstream of chr 11:
36574368;

288



WO 2023/062030 PCT/EP2022/078298

(iii) the first homology region is homologous to a region upstream of chr 11: 36574394
and the second homology region is homologous to a region downstream of chr 11:
36574395;

(iv) the first homology region is homologous to a region upstream of chr 11: 36574294
and the second homology region is homologous to a region downstream of chr 11:
36574295;

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110;

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911;

(vii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879;

(viii) the first homology region is homologous to a region upstream of chr 11: 36573959
and the second homology region is homologous to a region downstream of chr 11:
36573960;

(ix) the first homology region is homologous to a region upstream of chr 11: 36573957
and the second homology region is homologous to a region downstream of chr 11:
36573958;

(x) the first homology region is homologous to a region upstream of chr 11: 36573879
and the second homology region is homologous to a region downstream of chr 11:
36573880;

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893;

(xii) the first homology region is homologous to a region upstream of chr 11: 36573955
and the second homology region is homologous to a region downstream of chr 11:
36573956;
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(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879; or

(xiv) the first homology region is homologous to a region upstream of chr 11: 36574406
and the second homology region is homologous to a region downstream of chr 11:
36574407.

The isolated polynucleotide according to para 1 or 2, wherein:

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110; or

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911.

The isolated polynucleotide according to para 1 or 2, wherein:

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893; or

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879.

The isolated polynucleotide according to any preceding para, wherein:

(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36574369-36574418;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36574368-36574417;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36574395-36574444;
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(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36574295-36574344;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36573960-36574009;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36573958-36574007;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36573880-36573929;

(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36573956-36574005;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928; or
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(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36574407-36574456.

The isolated polynucleotide according to any preceding para, wherein:

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 25 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 45;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 26 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 46;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 27 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 47;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 28 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 48;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 29 or SEQ ID NO:
39 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 49 or
SEQ ID NO: 59;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 30 or SEQ ID NO:
40 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 50 or
SEQ ID NO: 60;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 31 or SEQ ID NO:
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41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 51;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 32 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 52;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 33 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 53;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 34 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 54;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 35 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 55;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 36 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 56;

(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 37 or SEQ ID NO:
43 and/or the 5’ terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 57; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 38 or SEQ ID NO:
44 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 58.

The isolated polynucleotide according to any preceding para, wherein:
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(1) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 69, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 77, or a fragment thereof;

(4) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 71, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 78, or a fragment thereof;

(5) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 72, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof; or

(6) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 72, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 80, or a fragment thereof.

The isolated polynucleotide according to any of paras 1 to 6, wherein:

(12) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 153, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 155, or a fragment thereof;

(13) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 153, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 157, or a fragment thereof;

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
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homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 157, or a fragment thereof.

9. The isolated polynucleotide according to any preceding para, wherein the first and
second homology regions are each 50-2000bp in length, 50-1800 bp in length, 50-1500 bp in
length, 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length.

10 An isolated polynucleotide comprising from 5’ to 3’: a first homology region, a splice
acceptor sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology region is
homologous to a first region of the RAG1 intron 1 or exon 2 and the second homology region
is homologous to a second region of the RAG1 exon 2.

11. The isolated polynucleotide according to para 10, wherein the first homology region is
homologous to a region upstream of: (i) chr 11: 36569295; (ii) chr 11: 36573790; (iii) chr 11:
36573641; (iv) chr 11: 36573351; (v) chr 11: 36569080; (vi) chr 11: 36572472; (vii) chr 11:
36571458; (viii) chr 11: 36571366; (ix) chr 11: 36572859 (x) chr 11: 36571457; (xi) chr 11:
36569351; or (xii) chr 11: 36572375, preferably wherein the first homology region is
homologous to a region upstream of: (i) chr 11: 36569295; (ii) chr 11: 36573351; (iii) chr 11:
36571366, more preferably wherein the first homology region is homologous to a region
upstream of chr 11: 36569295.

12. The isolated polynucleotide according to para 10 or 11, wherein the first homology
region is homologous to a region comprising chr 11: 36569245-chr 11: 36569294, preferably
wherein the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 81, more preferably wherein
the first homology region comprises or consists of a nucleotide sequence that has at least
70% identity to SEQ ID NO: 93.

13. The isolated polynucleotide according to any preceding para, wherein the second
homology region is homologous to a region downstream of chr 11: 36574557; downstream of
chr 11: 36574870; downstream of chr 11: 36575183; downstream of chr 11: 36575496;
downstream of chr 11: 36575810; downstream of chr 11: 36576123; or downstream of chr 11:
36576436, preferably wherein the second homology region is homologous to a region
comprising chr 11: 36576437-chr 11: 36576536.

14. The isolated polynucleotide according to any preceding para, wherein the second
homology region comprises or consists of a nucleotide sequence that has at least 70% identity
to any of SEQ ID NOs: 79-80, 94 or 157, or a fragment thereof, preferably wherein the 5’
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terminal sequence of the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity to SEQ ID NO: 67.

15.

16.

The isolated polynucleotide according to any of paras 1to 9 or paras 13 or 14, wherein:

(2) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 73, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 74, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 75, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 76, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof.

The isolated polynucleotide according to any of paras 10 to 14, wherein:

(11) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 93, or a fragment thereof and/or the second
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homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 94, or a fragment thereof.

17. The isolated polynucleotide according to any preceding para, wherein the first
homology region is about 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length;
and/or wherein the second homology region is about 500-2000bp in length, 1000-2000bp in
length, or 1500-2000 bp in length.

18. The isolated polynucleotide according to any preceding para, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide
sequence encoding a fragment of an amino acid sequence that has at least 70% identity to
SEQ ID NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6.

19. The isolated polynucleotide according to any preceding para, wherein the RAGH
polypeptide fragment is at least 500 amino acids in length, at least 550 amino acids in length,
at least 600 amino acids in length, at least 650 amino acids in length, at least 700 amino acids
in length, at least 750 amino acids in length, or at least 800 amino acids in length.

20. The isolated polynucleotide according to any preceding para, wherein the RAGH
polypeptide fragment comprises or consists of an amino acid sequence that has at least 70%
identity to any one of SEQ ID NOs: 7 to 14, 164 or 165.

21. The isolated polynucleotide according to any preceding para, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a fragment of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 15.

22. The isolated polynucleotide according to any preceding para, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide
sequence that has at least 70% identity to any one of SEQ ID NOs: 17 to 24, 158 or 159.

23. The isolated polynucleotide according to any of paras 10 to 14 or paras 16 to 22,
wherein the splice acceptor site comprises or consists of a nucleotide sequence that has at
least 70% identity to SEQ ID NO: 95.

24, The isolated polynucleotide according to para 1, wherein the polynucleotide comprises
or consists of a nucleotide sequence that has at least 70% identity to any one of SEQ ID NOs:
106 to 115 or 160 to 163.
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25. The isolated polynucleotide according to para 10, wherein the polynucleotide
comprises or consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO:
116.

26. A vector comprising the polynucleotide according to any preceding para.

27.  The vector according to para 26, wherein the vector is a viral vector, optionally an
adeno-associated viral (AAV) vector such as an AAV6 vector.

28. A guide RNA comprising or consisting of a nucleotide sequence that has at least 90%
identity to any of SEQ ID NOs: 117-130, optionally wherein the guide RNA comprises or
consists of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 121 or SEQ
ID NO: 122.

29. The guide RNA according to para 28, wherein from one to five of the terminal
nucleotides at 5 end and/or 3’ end of the guide RNA are chemically modified to enhance
stability, optionally wherein three terminal nucleotides at 5’ end and/or 3’ end if the guide RNA
are chemically modified to enhance stability, optionally wherein the chemical modification is
modification with 2'-O-methyl 3'phosphorothioate.

30. A kit, a composition, or a gene-editing system, comprising the polynucleotide
according to any one of paras 1 to 25 or the vector according to any one of paras 26 or 27.

31. The kit, composition, gene-editing system according to para 30, wherein the Kit,
composition, or gene-editing system further comprises a guide RNA according to para 28 or
para 29.

32. The kit, composition, or gene-editing system, according to para 30 or para 31, wherein
the kit, composition, or gene-editing system, further comprises a RNA-guided nuclease,
optionally wherein the RNA-guided nuclease is a Cas9 endonuclease.

33. Use of the isolated polynucleotide according to any one of paras 1 to 25, the vector
according to any one of paras 26 or 27, the guide RNA according to any one of paras 28 or
29, or the kit, composition, or gene-editing system according to any one of paras 30 to 32, for
gene editing a cell or a population of cells.

34. An isolated genome comprising the polynucleotide according to any one of paras 1 to
25.

35. An isolated cell comprising the polynucleotide according to any one of paras 1 to 25 or
the genome according to para 34.
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36. The isolated cell according to para 35, wherein the cell is a hematopoietic stem cell
(HSC), a hematopoietic progenitor cell (HPC), or a lymphoid progenitor cell (LPC).

37. The isolated cell according to para 35 or para 36, wherein the cell is a CD34+ cell.

38. A population of cells comprising one or more isolated cells according to any one of
paras 35 to 37.

39. The population of cells according to para 38, wherein at least 50% of the population of
cells are CD34+ cells.

40. The population of cells according to para 38 or para 39, wherein at least 20% of the
population of cells are CD34+ cells comprising the genome according to para 27.

41. A method of gene editing a population of cells comprising:
(a) providing a population of cells; and

(b) delivering an RNA-guided nuclease, a guide RNA according to para 28 or para 29,
and a vector according to para 26 or para 27, to the population of cells to obtain a
population of gene-edited cells.

42. A method of treating a RAG-deficient immunodeficiency in a subject comprising:
(a) providing a population of cells;

(b) delivering an RNA-guided nuclease, a guide RNA according to para 28 or para 29,
and a vector according to para 26 or para 27, to the population of cells to obtain a
population of gene-edited cells.

(c) administering the population of gene-edited cells to the subject.

43.  The method according to para 41 or para 42, wherein the population of cells comprises
or consists of HSCs, HPCs, and/or LPCs and/or wherein the population of cells comprises or
consists of CD34+ cells.

44, The method according to any one of paras 41 to 43, wherein the population of cells is
pre-activated, optionally wherein the population of cells is cultured with one or more cytokines
selected from: one or more early acting cytokines such as TPO, IL-6, IL-3, SCF, FLT3-L; one
or more transduction enhancers such as PGE2; and one or more expansion enhancers such
as UM171, UM729, SR1.
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45.  The method according to any one of paras 41 to 44, wherein the RNA-guided nuclease
and/or guide RNA is delivered prior to the vector and/or simultaneously with the vector.

46. The method according to any one of paras 41 to 45, wherein the RNA-guided nuclease
is Cas9, optionally wherein the Cas9 and the guide RNA are delivered preassembled as Cas9
RNPs.

47.  The method according to any one of paras 41 to 46, wherein the method further
comprises delivering a p53 inhibitor and/or a HDR enhancer, optionally wherein the p53
inhibitor and/or a HDR enhancer is delivered simultaneously with the RNA-guided nuclease
and/or guide RNA.

48. The method according to any one of paras 41 to 47, wherein the population of gene-
edited cells is defined according to any one of paras 38 to 40.

49. A population of gene-edited cells obtainable by the method according to any one of
paras 41 to 48.

50. A method of treating a RAG-deficient immunodeficiency comprising administering the
isolated cell according to any one of paras 35 to 37, the population of cells according to any
one of paras 38 to 40, or the population of gene-edited cells according to para 49, to a subject
in need thereof.

51. The isolated cell according to any one of paras 35 to 37, the population of cells
according to any one of paras 38 to 40, or the population of gene-edited cells according to
para 49, for use in treating a RAG-deficient immunodeficiency in a subject.

52. The method according to para 50, or the isolated cell, population of cells, or population
of gene-edited cells for use according to para 51, wherein the RAG-deficient
immunodeficiency is T- B- severe combined immunodeficiency (SCID), Omenn syndrome,
atypical SCID or combined immunodeficiency with granuloma/autoimmunity (CID-G/Al).

53. The method according to para 50 or para 52, or the isolated cell, population of cells,
or population of gene-edited cells for use according to para 51 or para 52, wherein the subject
has a RAG1 deficiency.

54, The method according to any one of paras 50, 52, or 53, or the isolated cell, population
of cells, or population of gene-edited cells for use according to any one of paras 51 to 53,
wherein the subject has a mutation in the RAG1 gene, optionally in RAG1 exon 2.
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CLAIMS

1. An isolated polynucleotide comprising from 5 to 3. a first homology region, a
nucleotide sequence encoding a RAG1 polypeptide fragment, and a second homology region,
wherein the first homology region is homologous to a first region of the RAG1 exon 2 and the
second homology region is homologous to a second region of the RAG1 exon 2.

2. The isolated polynucleotide according to claim 1, wherein:

(i) the first homology region is homologous to a region upstream of chr 11: 36574368
and the second homology region is homologous to a region downstream of chr 11:
36574369;

(i) the first homology region is homologous to a region upstream of chr 11: 36574367
and the second homology region is homologous to a region downstream of chr 11:
36574368;

(iii) the first homology region is homologous to a region upstream of chr 11: 36574394
and the second homology region is homologous to a region downstream of chr 11:
36574395;

(iv) the first homology region is homologous to a region upstream of chr 11: 36574294
and the second homology region is homologous to a region downstream of chr 11:
36574295;

(v) the first homology region is homologous to a region upstream of chr 11: 36574109
and the second homology region is homologous to a region downstream of chr 11:
36574110;

(vi) the first homology region is homologous to a region upstream of chr 11: 36573910
and the second homology region is homologous to a region downstream of chr 11:
36573911;

(vii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879;

(viii) the first homology region is homologous to a region upstream of chr 11: 36573959
and the second homology region is homologous to a region downstream of chr 11:
36573960;
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(ix) the first homology region is homologous to a region upstream of chr 11: 36573957
and the second homology region is homologous to a region downstream of chr 11:
36573958;

(x) the first homology region is homologous to a region upstream of chr 11: 36573879
and the second homology region is homologous to a region downstream of chr 11:
36573880;

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893;

(xii) the first homology region is homologous to a region upstream of chr 11: 36573955
and the second homology region is homologous to a region downstream of chr 11:
36573956;

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879; or

(xiv) the first homology region is homologous to a region upstream of chr 11: 36574406
and the second homology region is homologous to a region downstream of chr 11:
36574407.

The isolated polynucleotide according to claim 1 or 2, wherein:

(xi) the first homology region is homologous to a region upstream of chr 11: 36573892
and the second homology region is homologous to a region downstream of chr 11:
36573893; or

(xiii) the first homology region is homologous to a region upstream of chr 11: 36573878
and the second homology region is homologous to a region downstream of chr 11:
36573879.

The isolated polynucleotide according to any preceding claim, wherein the first

homology region is homologous to a region upstream of chr 11: 36573878 and the second

homology region is homologous to a region downstream of chr 11: 36573879.

5.

The isolated polynucleotide according to any preceding claim, wherein:
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(i) the first homology region is homologous to a region comprising chr 11: 36574319-
36574368 and/or the second homology region is homologous to a region comprising
chr 11: 36574369-36574418;

(i) the first homology region is homologous to a region comprising chr 11: 36574318-
36574367 and/or the second homology region is homologous to a region comprising
chr 11: 36574368-36574417;

(iii) the first homology region is homologous to a region comprising chr 11: 36574345-
36574394 and/or the second homology region is homologous to a region comprising
chr 11: 36574395-36574444;

(iv) the first homology region is homologous to a region comprising chr 11: 36574245-
36574294 and/or the second homology region is homologous to a region comprising
chr 11: 36574295-36574344;

(v) the first homology region is homologous to a region comprising chr 11: 36574060-
36574109 and/or the second homology region is homologous to a region comprising
chr 11: 36574110-36574159;

(vi) the first homology region is homologous to a region comprising chr 11: 36573861 -
36573910 and/or the second homology region is homologous to a region comprising
chr 11: 36573911-36573960;

(vii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928;

(viii) the first homology region is homologous to a region comprising chr 11: 36573910-
36573959 and/or the second homology region is homologous to a region comprising
chr 11: 36573960-36574009;

(ix) the first homology region is homologous to a region comprising chr 11: 36573908-
36573957 and/or the second homology region is homologous to a region comprising
chr 11: 36573958-36574007;

(x) the first homology region is homologous to a region comprising chr 11: 36573830-
36573879 and/or the second homology region is homologous to a region comprising
chr 11: 36573880-36573929;
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(xi) the first homology region is homologous to a region comprising chr 11: 36573843
36573892 and/or the second homology region is homologous to a region comprising
chr 11: 36573893-36573942;

(xii) the first homology region is homologous to a region comprising chr 11: 36573906-
36573955 and/or the second homology region is homologous to a region comprising
chr 11: 36573956-36574005;

(xiii) the first homology region is homologous to a region comprising chr 11: 36573829-
36573878 and/or the second homology region is homologous to a region comprising
chr 11: 36573879-36573928; or

(xiv) the first homology region is homologous to a region comprising chr 11: 36574357 -
36574406 and/or the second homology region is homologous to a region comprising
chr 11: 36574407-36574456.

The isolated polynucleotide according to any preceding claim, wherein:

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 25 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 45;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 26 and/or the 5
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 46;

(i) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 27 and/or the 5°
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 47;

(iv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 28 and/or the 5
terminal sequence of the second homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 48;

(v) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 29 or SEQ ID NO:
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39 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 49 or
SEQ ID NO: 59;

(vi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 30 or SEQ ID NO:
40 and/or the 5’ terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 50 or
SEQ ID NO: 60;

(vii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 31 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 51;

(viii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 32 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 52;

(ix) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 33 or SEQ ID NO:
42 and/or the 5’ terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 53;

(x) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 34 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 54;

(xi) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 35 or SEQ ID NO:
41 and/or the 5 terminal sequence of the second homology region comprises or
consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 55;

(xii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 36 or SEQ ID NO:
42 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 56;
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(xiii) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 37 or SEQ ID NO:
43 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 57; or

(xiv) the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 38 or SEQ ID NO:
44 and/or the 5 terminal sequence of the second homology region comprises or

consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO: 58.
The isolated polynucleotide according to any preceding claim, wherein:

(12) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 153, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 155, or a fragment thereof;

(13) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 153, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 157, or a fragment thereof;

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 156, or a fragment thereof; or

(15) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 157, or a fragment thereof.

The isolated polynucleotide according to any preceding claim, wherein:

(14) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 156, or a fragment thereof; or
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(15) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 154, or a fragment thereof and the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 157, or a fragment thereof.

9. The isolated polynucleotide according to any preceding claim, wherein the first and
second homology regions are each 50-2000bp in length, 50-1800 bp in length, 50-1500 bp in
length, 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length.

10 An isolated polynucleotide comprising from 5’ to 3’: a first homology region, a splice
acceptor sequence, a nucleotide sequence encoding a RAG1 polypeptide or a RAG1
polypeptide fragment, and a second homology region, wherein the first homology region is
homologous to a first region of the RAG1 intron 1 or exon 2 and the second homology region
is homologous to a second region of the RAG1 exon 2.

11.  The isolated polynucleotide according to claim 10, wherein the first homology region
is homologous to a region upstream of: (i) chr 11: 36569295 (ii) chr 11: 36573790; (iii) chr 11:
36573641; (iv) chr 11: 36573351; (v) chr 11: 36569080; (vi) chr 11: 36572472; (vii) chr 11:
36571458; (viii) chr 11: 36571366; (ix) chr 11: 36572859 (x) chr 11: 36571457; (xi) chr 11:
36569351; or (xii) chr 11: 36572375, preferably wherein the first homology region is
homologous to a region upstream of: (i) chr 11: 36569295; (ii) chr 11: 36573351 ; (iii) chr 11:
36571366, more preferably wherein the first homology region is homologous to a region
upstream of chr 11: 36569295.

12. The isolated polynucleotide according to claim 10 or 11, wherein the first homology
region is homologous to a region comprising chr 11: 36569245-chr 11: 36569294, preferably
wherein the 3’ terminal sequence of the first homology region comprises or consists of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 81, more preferably wherein
the first homology region comprises or consists of a nucleotide sequence that has at least
70% identity to SEQ ID NO: 93.

13. The isolated polynucleotide according to any preceding claim, wherein the second
homology region is homologous to a region downstream of chr 11: 36574557; downstream of
chr 11: 36574870; downstream of chr 11: 36575183; downstream of chr 11: 36575496;
downstream of chr 11: 36575810; downstream of chr 11: 36576123; or downstream of chr 11:
36576436, preferably wherein the second homology region is homologous to a region
comprising chr 11: 36576437-chr 11: 36576536.
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14. The isolated polynucleotide according to any preceding claim, wherein the second
homology region comprises or consists of a nucleotide sequence that has at least 70% identity
to any of SEQ ID NOs: 79-80, 94 or 157, or a fragment thereof, preferably wherein the 5’
terminal sequence of the second homology region comprises or consists of a nucleotide
sequence that has at least 70% identity to SEQ ID NO: 67.

15.  The isolated polynucleotide according to any of claims 1 to 9 or claims 13 or 14,

wherein:

(2) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(3) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 70, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 80, or a fragment thereof;

(7) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 73, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(8) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 74, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof;

(9) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 75, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof; or

(10) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 76, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 79, or a fragment thereof.

16. The isolated polynucleotide according to any of claims 10 to 14, wherein:
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(11) the first homology region comprises or consists of a nucleotide sequence that has
at least 70% identity to SEQ ID NO: 93, or a fragment thereof and/or the second
homology region comprises or consists of a nucleotide sequence that has at least 70%
identity to SEQ ID NO: 94, or a fragment thereof.

17. The isolated polynucleotide according to any preceding claim, wherein the first
homology region is about 50-1000bp in length, 100-500 bp in length, or 200-400 bp in length;
and/or wherein the second homology region is about 500-2000bp in length, 1000-2000bp in
length, or 1500-2000 bp in length.

18. The isolated polynucleotide according to any preceding claim, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide
sequence encoding a fragment of an amino acid sequence that has at least 70% identity to
SEQ ID NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6.

19. The isolated polynucleotide according to any preceding claim, wherein the RAG1
polypeptide fragment is at least 500 amino acids in length, at least 550 amino acids in length,
at least 600 amino acids in length, at least 650 amino acids in length, at least 700 amino acids
in length, at least 750 amino acids in length, or at least 800 amino acids in length.

20. The isolated polynucleotide according to any preceding claim, wherein the RAG1
polypeptide fragment comprises or consists of an amino acid sequence that has at least 70%
identity to any one of SEQ ID NOs: 7 to 14, 164 or 165.

21. The isolated polynucleotide according to any preceding claim, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a fragment of a
nucleotide sequence that has at least 70% identity to SEQ ID NO: 15.

22. The isolated polynucleotide according to any preceding claim, wherein the nucleotide
sequence encoding a RAG1 polypeptide fragment comprises or consists of a nucleotide
sequence that has at least 70% identity to any one of SEQ ID NOs: 17 to 24, 158 or 159.

23. The isolated polynucleotide according to any of claims 10 to 14 or claims 16 to 22,
wherein the splice acceptor site comprises or consists of a nucleotide sequence that has at
least 70% identity to SEQ ID NO: 95.

24, The isolated polynucleotide according to claim 1, wherein the polynucleotide
comprises or consists of a nucleotide sequence that has at least 70% identity to any one of
SEQ ID NOs: 106 to 115 or 160 to 163.
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25. The isolated polynucleotide according to claim 10, wherein the polynucleotide
comprises or consists of a nucleotide sequence that has at least 70% identity to SEQ ID NO:
116.

26. A vector comprising the polynucleotide according to any preceding claim.

27. The vector according to claim 26, wherein the vector is a viral vector, optionally an
adeno-associated viral (AAV) vector such as an AAV6 vector.

28. A guide RNA comprising or consisting of a nucleotide sequence that has at least 90%
identity to any of SEQ ID NOs: 117-130.

29.  The guide RNA according to claim 28, wherein the guide RNA comprises or consists
of a nucleotide sequence that has at least 90% identity to SEQ ID NO: 127 or SEQ ID NO:
129, optionally wherein the guide RNA comprises or consists of a nucleotide sequence that
has at least 90% identity to SEQ ID NO: 129.

30. The guide RNA according to claim 28 or 29, wherein from one to five of the terminal
nucleotides at 5 end and/or 3’ end of the guide RNA are chemically modified to enhance
stability, optionally wherein three terminal nucleotides at 5’ end and/or 3’ end if the guide RNA
are chemically modified to enhance stability, optionally wherein the chemical modification is
modification with 2'-O-methyl 3'phosphorothioate.

31. A kit, a composition, or a gene-editing system, comprising the polynucleotide
according to any one of claims 1 to 25 or the vector according to any one of claims 26 or 27.

32. The kit, composition, gene-editing system according to claim 31, wherein the Kkit,
composition, or gene-editing system further comprises a guide RNA according to any of claims
28 to 30.

33. The kit, composition, or gene-editing system, according to claim 31 or claim 32,
wherein the kit, composition, or gene-editing system, further comprises a RNA-guided
nuclease, optionally wherein the RNA-guided nuclease is a Cas9 endonuclease.

34. Use of the isolated polynucleotide according to any one of claims 1 to 25, the vector
according to any one of claims 26 or 27, the guide RNA according to any one of claims 28 to
30, or the kit, composition, or gene-editing system according to any one of claims 31 to 33, for
gene editing a cell or a population of cells.

35. An isolated genome comprising the polynucleotide according to any one of claims 1 to
25.
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36. An isolated cell comprising the polynucleotide according to any one of claims 1 to 25
or the genome according to claim 35.

37.  The isolated cell according to claim 36, wherein the cell is a hematopoietic stem cell
(HSC), a hematopoietic progenitor cell (HPC), or a lymphoid progenitor cell (LPC).

38. The isolated cell according to claim 36 or claim 37, wherein the cell is a CD34+ cell.

39. A population of cells comprising one or more isolated cells according to any one of
claims 36 to 38.

40. The population of cells according to claim 39, wherein at least 50% of the population
of cells are CD34+ cells.

41.  The population of cells according to claim 39 or claim 40, wherein at least 20% of the
population of cells are CD34+ cells comprising the genome according to claim 35.

42. A method of gene editing a population of cells comprising:
(a) providing a population of cells; and

(b) delivering an RNA-guided nuclease, a guide RNA according to any of claims 28 to
30, and a vector according to claim 26 or claim 27, to the population of cells to obtain

a population of gene-edited cells.
43. A method of treating a RAG-deficient immunodeficiency in a subject comprising:
(a) providing a population of cells;

(b) delivering an RNA-guided nuclease, a guide RNA according to any of claims 28 to
30, and a vector according to claim 26 or claim 27, to the population of cells to obtain
a population of gene-edited cells.

(c) administering the population of gene-edited cells to the subject.

44.  The method according to claim 42 or claim 43, wherein the population of cells
comprises or consists of HSCs, HPCs, and/or LPCs and/or wherein the population of cells
comprises or consists of CD34+ cells.

45.  The method according to any one of claims 42 to 44, wherein the population of cells is
pre-activated, optionally wherein the population of cells is cultured with one or more cytokines
selected from: one or more early acting cytokines such as TPO, IL-6, IL-3, SCF, FLT3-L; one
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or more transduction enhancers such as PGE2; and one or more expansion enhancers such
as UM171, UM729, SR1.

46. The method according to any one of claims 42 to 45, wherein the RNA-guided
nuclease and/or guide RNA is delivered prior to the vector and/or simultaneously with the

vector.

47. The method according to any one of claims 42 to 46, wherein the RNA-guided
nuclease is Cas9, optionally wherein the Cas9 and the guide RNA are delivered preassembled
as Cas9 RNPs.

48. The method according to any one of claims 42 to 47, wherein the method further
comprises delivering a p53 inhibitor and/or a HDR enhancer, optionally wherein the p53
inhibitor and/or a HDR enhancer is delivered simultaneously with the RNA-guided nuclease
and/or guide RNA.

49. The method according to any one of claims 42 to 48, wherein the population of gene-
edited cells is defined according to any one of claims 39 to 41.

50. A population of gene-edited cells obtainable by the method according to any one of
claims 42 to 49.

51. A method of treating a RAG-deficient immunodeficiency comprising administering the
isolated cell according to any one of claims 36 to 38, the population of cells according to any
one of claims 39 to 41, or the population of gene-edited cells according to claim 50, to a subject
in need thereof.

52. The isolated cell according to any one of claims 36 to 38, the population of cells
according to any one of claims 39 to 41, or the population of gene-edited cells according to
claim 50, for use in treating a RAG-deficient immunodeficiency in a subject.

53. The method according to claim 51, or the isolated cell, population of cells, or population
of gene-edited cells for use according to claim 52, wherein the RAG-deficient
immunodeficiency is T- B- severe combined immunodeficiency (SCID), Omenn syndrome,
atypical SCID or combined immunodeficiency with granuloma/autoimmunity (CID-G/Al).

54, The method according to claim 51 or claim 53, or the isolated cell, population of cells,
or population of gene-edited cells for use according to claim 52 or claim 53, wherein the subject
has a RAG1 deficiency.
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55.  The method according to any one of claims 51, 53, or 54, or the isolated cell, population
of cells, or population of gene-edited cells for use according to any one of claims 52 to 54,
wherein the subject has a mutation in the RAG1 gene, optionally in RAG1 exon 2.
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