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SUPPLEMENTARY INFORMATION



Supplementary Table 1 | Animal groups used in transplantation experiment.

Group

4 Group name Donor cells (male) MOl Recipients (female)
1 | wtcontrol BALB/c OlaHsd i BALB/c JHan(tm)Hsd-
Prkdc scid
BALB/c JHan(tm)Hsd-
2 eGFP control | Prkdc scid transduced with| 400 BALB/sr\l](;I:lgc(it?)Hsd—
CMV-eGFP-WPRE IPLV
BALB/c JHan(tm)Hsd-
Prkdc scid transduced with . .
3 IPLV | IPLV ZFN monomers and 10%01000' BALBI ;ﬂgﬁgc(itgq)md'
IDLV template.
BALB/c JHan(tm)Hsd-
Prkdc scid transduced with
4 IDLV IDLVs template/CMV | 500: 500 BALB/F‘,’r‘;';fggén)HSd'

ZFN1 and template/CMV
ZFN2




Supplementary Table 2 | SELEX amplicons for off-target analysis

Rank

D3eaNoas LN

On-target
Off-target 1
Off-target 2
Off-target 3
Off-target 4
Off-target 5
Off-target 6
Off-target 7
Off-target 8
Off-target 9

Off-target 10

Score  Chromosome Location

8.22E-11
1.33E-11
8.03E-12
6.01E-12
4.82E-12
4.35E-12
245E-12
2.07E-12
2.02E-12
1.84E-12
1.74E-12

chrié
chrd
chris
chr7
chr7
chré
chris
chri
chri3
chré
chrg

site

15839293 CCaGCTGTTATA TTIGT
Cte AGCC TTGG
91433193  CCAAGTCCATCCAGGTTTTAGGaCtGtGGTGGgYG
117849399  CaGtGTCTATCCAAaGTTGCCTTGgaGAGGTGGCCT
90098094 GCAAGTCTAaCCAGGTGTGGCTGCGGGaaTGGCIC

85095172 gTCCAGG
98526028 CgGAGTCTATCGTGGTGGCGGCGGCGGCGGTGGCYG
91082864 TCtGaCTGC gCCTGT
gAaACCTGG
39217052  GtGCCAaCCCaagTTCTATCACCTGGACTGACATGG
11441154 AGGCCACCCCCCCCCCAACACCaTGGATAGAGCTGA

Mismatch
(bp)

ANOABOBOOOO

Arrangement
(Left ZFN / Gap / Right ZFN)
17834/ 6/ 17373_1bpSKIP
17834/ 5/ 17373_1bpSKIP
17373_1bpSKIP / 5/ 17834
17373_1bpSKIP / 5/ 17834
17373_1bpSKIP / 5/ 17834
17373_1bpSKIP / 5/ 17834
17373_1bpSKIP / 6/ 17834
17834/ 5/ 17373_1bpSKIP
17834/ 6/ 17373_1bpSKIP
17834/ 6/ 17373_1bpSKIP
17834/ 6/ 17373_1bpSKIP

Left_Primer Right_Primer

A AA A A TGAGCC
ACTTCACCAAA ATC \TTCAACACCC
GGGAAGGAAAGGCAATCTCT GCTGACTATGAGGAGCGAGG
CCAAAC \TGGCTGT TAAGC
TIGTTC TCCTG AGC
CAGCTTTAGGGCACTTTTGC TCTTCACACCTTCCCTGCTT
CTGGACACAGACCCTGGATT GTAACCCTGGCTGTTCTGGA
CGATGGCTGAATGTATGCAC TGTGCTATATAGGTGGGGGC
CGGTGGGTTTTCTATTCCCT CTTCACAAAGCAGAAGCGTG
AGGCC ACAAA
CTACCATGCTCTCTGTGGCA GGCTACTTACCTGGGGTTCC

Amplicon
Length (bp)
301
303
387
327
341
314



Supplementary Table 3 | MiSeq adaptor PCR primers

Target Chrom Location Forward Primer# Reverse Primer#
On-Target  chrl6 15839293 CGGAAAAGAATTGGTATCCAC CTGCTCAGAAGTGTGTGAAGTGC

Off-target 1 chr4 136870923 GCTTCAGTCATTACACGCCC CTCAGCCATTCAACACCCC
Off-target 2 chrl5 91433193 GGAGAGGAAGTCTTCCACGG GAAACCTTCTGTGGCAACCC
Off-target 3 chr7 117849399 CCTGTCAGGTCTGGAGGGTA AAGGTTCTTGAATGAAGTTGGG
Off-target 4  chr7 90098094 GCTGCACTGATGGGTCTGGT GTTCATGCTTGGCTCATTCC
Off-target5  chré 85095172 CCCTTCCTGCCTGGGATTT GCTAAAGGAGGAGGAGGAGGAG
Off-target 6  chr15 98526028 GCTACCAGAACAATGTCCCTG CTCAACCTGGCAGAGATCCAC
Off-target 7 chrl 91082864 GAGACCTCAGTCACGGTTCATT GACACTTGCTGTAGACAAAGAAGG
Off-target 8  chr13 45481996 GGAAGAAATGACAGGAGGGAAG GTTAAAAGCAGAAGGCCAGG
Off-target 9  chr6 39217052 CCCAGAATTCCACATACAAAACA GCATGAGGAGGTCAGAGGTC
Off-target 10  chr8 11441154 GCGACTGCCTCAGTTTCTCTAC GGTCTCCATGAGCATCAACACC

# Forward primer sequence: 5’- CTTTCCCTACACGACGCTCTTCCGATCTnnnnn — followed by target-specific sequences as listed.

# Reverse primer sequence: 5’- GACGTGTGCTCTTCCGATCT —

followed by target-specific sequences as listed.



Supplementary Figure 1

5’ Paacaatcctect tacaactttt AATGTTTAGTTTTTATGAGTGTTTTGCCTGCAGGTATGTAAGTGCATCATATGC

9’ ttgttaggaggaggcttggatgttgaaaacttttct TTACAAATCAAAAATACTCACAAAACGGACGTCCATACATTCACGTAGTATACE
P [ Template Fprimer

ATGCAGTGCCCACAAAGTCCAGAAGAGGGAGCACCTGAATTAGAATTACAGAAGATGTAACCAATGTTTCTGGGACCTGAATGCTGGTTG

TACGTCACGGGTGTTTCAGGTCTTCTCCCTCGTGGACTTAATCTTAATGTCTTCTACATTGGTTACAAAGACCCTGGACTTACGACCAAC

GTCCTCTGTAAGAACATCAAGTGCTCTTAATCCTTGAACCATCTCTCCAGCCAACAACAACCTTTGATTTAAAAATCATTCCATGTGAAT

CAGGAGACATTCTTGTAGTTCACGAGAATTAGGAACTTGGTAGAGAGGTCEGTTETTGTTGGAAACTAAATTTTTAGTAAGGTACACTTA

TTTTCCTTAATTTCCTTATCTAAGAACAGATAATGCTGTTTGACTCAATTATCCAGACTATCCCCGAAAGCATTAAGCTCATCTTTTTAT

AAAAGGAATTAAAGGAATAGATTCTTGTCTATTACGACAAACTGAGTTAATAGGTCTGATAGGGGCTTTCGTAATTCGAGTAGAAAAATA

GTGGACTTCTTCTCACCTCTCTGCATCGCATGATCATGGTGATATGTGCCATGTCAGTGTCTGACTAGAAAGCTAGAGAGCTGTTCCAGT

CACCTGAAGAAGAGTGGAGAGACGTAGCGTACTAGTACCACTATACACGGTACAGTCACAGACTGATCTTTCGATCTCTCGACAAGGTCA

TATAGATCTTTGTTTTAGGGTCATTACTTGGTTTAATGTTTTTTAATGTAATTTGTATATGCTATTATAATAAGTAGAAAAAAATGTGTT

540
ATATCTAGAAACAAAATCCCAGTAATGAACCAAATTACAAAAAATTACATTAAACATATACGATAATATTATTCATCTTTTTTTACACAA

TTTTCCCTTAGAGTTTTGAGCAGACAATGCTGAGAAAAGGAGGATCATGGATTCAAGAAATAAATGTAACGGAAAAGAATTGGTATCCAC

AAAAGGGAATCTCAAAACTCGTCTGTTACGACTCTTTTCCTCCTAGTACCTAAGTTCTTTATTTACATTGCCTTTTCTTAACCATAGGTG

AACATAAAATCCGGTATGCTAAGAGAAAGTTAGCAGGGGCCAACCCAGCTGTTATAACTTGGTAAGACTTGTGAATGCAGAATCAGTGTG
TTGTATTTTAGGCCATACGATTCTCTTTCAATCGTCCCCGGTTGGGTCGACAATATTGAACCATTCTGAACACTTACGTCTTAGTCACAC

ZFN1 target I T ZEN GarGeE

ZFN cleavage site

720

I 1
BsaWI diagnostic site Scid mutation

TGTTCAAAAGTGCAAAGCACTTCACACACTTCTGAGCAGTATGGCACTTCACTGTGTAGATGGAGAAAGTGACTCTTAGGGCGGCTTTAC

ACAAGTTTTCACGTTTCGTGAAGTGTGTGAAGACTCGTCATACCGTGAAGTGACACATCTACCTCTTTCACTGAGAATCCCGCCGAAATG

CCCTCCAAGCCCAGCCTGCAAGGACTGGGCTCACACCCTTGTCTGTTTTGTGCTTCTGTACAGTCAGCACCAATAGGAGAACTAAGGTCA

GGGAGGTTCGGGTCGGACGTTCCTGACCCGAGTE GAACAGACAAAACACGAAGACATGTCAGTCGTGGTTATCCTCTTGATTCCAGT

TGCCATAATATTGTTATGCATATGAGGCTTGGAACTCATATTTGCCTTTGTACTTTATAGGGCATTTGGCCCACTTGATCCTGATGAACA

ACGGTATTATAACAATACGTATACTCCGAACCTTGAGTATAAACGGAAACATGAAATATCCCGTAAACCGGGTGAACTAGBACTACTTGT

CTAGTGTCAGGCATTTGACTACTATCTCATAGTGAAAACACAACGTGGGCTTCTCAGGTAGGAACCTBAGCTGCATTGACCTTTAGGTTT

1080
GATCACAGTCCGTAAACTGATGATAGAGTATCACTTTTGTGTTGCAC

GAAGAGTCCATCCTTGGACTCGACGTAACTGGAAATCCAAA

GCTTGAAGTTTTTAAAAATTGAAATCTAAAGTAAACAGAAATGTGGAGGTATTATTCCTAGGAAGTAAAAACCTTAGACTTCAGTTCTGA

170
CGAACTTCAAAAATTTTTAACTTTAGATTTCATTTGTCTTTACACCTCCATAATAAGGATCCTTCATTTTTGGAATCTGAAGTCAAGACT

GCAGTAGTAAGATGTACTCTGTAATTGACTTGATTTTTCACAATAGTGTCAGATCTATACAGTGACTGGTGCTAGTAAGAGAATGAGCTG

1260
CGTCATCATTCTACATGAGACATTAACTGAACTAAAAAGTGTTATCACAGTCTAGATATGTCACTGACCACGATCATTCTCTTACTCGAC

CAGAAATCAATTCAAAGTCTATCAGACTTAAATGTAAAACATTAAGTTGATCTTCATGATGGCACTTGGCTGTGACATAACATTGCTAGE

GTCTTTAGTTAAGTTTCAGATAGTCTGAATTTACATTTTGTAATTCAACTAGAAGTACTACCGTGAACCGACACTGTATTGTAACGATCC

CATGACCCCAGAAGCACGAGGAAGACCAAGACACACAAGCTGGACTTGAGAATTCCCAGCTGTGCTTTACAGGGTGTAGGCAAGAACAGA

GTACTGGGGTCTTCGTGCTCCTTCTGGTTCTGTGTGTTCGACCTGAACTCTTAAGGGTCGACACGAAATGTCCCACATCCGTTCTTGTCT

GGAGGACTGGGACAGTAAGTGAGGGTTCCTGAGCTAATCTAAAAGCACAAGGCCTGGCTTCAATTCCCAGAGCTAGATTTTGTTTTAAAA

1530
CCTCCTGACCCTGTCATTCACTCCCAAGGACTCGATTAGATTTTCGTGTTCCGGACCGAAGTTAAGGGTCTCGATCTAAAACAAAATTTT

TTAGGGTTGCAGAAATGACTTAGCAATAAGAGTGCTTGTTGCTTTTCTAGAGCATACATGTGCATGAACAAGCAAATAAATTTAAAAAAA

1620
AATCCCAACGTCTTTACTGAATCGTTATTCTCACGAACAACGAAAAGATCTCGTATGTACACGTACTTGTTCGTTTATTTAAATTTTTTT

ATTTTAAGAAGTAGGGCTAGAGAGATGGCTTGCcattaaagageattgttggtctttgaaagagectggtttggttcttccaccteca 37

v
TAAAATTCTTCATCCCGATCTCTCTACCGAACGgtaatttctcgtaacaaccagaaactttctcggaccaaaccaagaaggtggaggt p 5°
< Template R pri ]

Supplementary Figure 1 | Genomic Prkdc sequence flanking scid site after genome
editing. Indicated are the gene editing template (red sequence), the scid site showing the
wild-type sequence, the location where the engineered diagnostic BsaWI site was
introduced, the binding sites for the ZFN monomers and predicted cut site, as well as
forward (F) and reverse (R) PCR primers for BsaWl assay (also used for deep
sequencing), amplification of the 1.6 kb targeting template and indel Cel-1 assay.



Supplementary Figure 2
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Supplementary Figure 2 | Schematic of lentiviral plasmid constructs. Plasmid
backbones are not shown. Abbreviations: RSV, Rous sarcoma virus promoter; CMV,
immediate early cytomegalovirus promoter; SFFV, Spleen focus-forming virus LTR
promoter; RUS5, 3’end of HIV long terminal repeat (LTR), including repeat (R) and
unique 5 (U5) regions; PBS, primer binding site; RRE, rev response element; v,
encapsidation signal; cPPT/cTS, central polypurine tract/central termination sequence;
ZFN1 and ZFN2, Zinc-Finger Nuclease monomer open reading frames including N-
terminal triple FLAG epitopes; WPRE, Woodchuck hepatitis virus post-transcriptional
regulatory element; 3’dLTR, HIV LTR with self-inactivating (SIN) internal deletion
within unique 3 (U3) region that essentially eliminates promoter activity, making gene
expression in the resulting provirus dependent on an internal promoter; Prkdc, repair
template, cloned in reverse orientation to prevent splicing of exon 85 during the lentiviral

vector RNA stage.
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Supplementary Figure 3 | Schematic of neo Prkdc gene editing PCR assay. Following

gene editing with the plasmid-based neo-containing template, genomic DNA was

extracted and PCR amplified using a forward primer internal to neo and a reverse primer

downstream from 3 homology arm. PCR products were separated by gel electrophoresis,
before or after digestion with suitable enzymes. A 1.3 kb, digested by HindlIll, Bglll and

Xhol, is diagnostic for gene targeting.
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Supplementary Figure 4 | Schematic of Prkdc gene editing BsaW| assay. Following
gene editing, genomic DNA was extracted and PCR amplified using primers shown on
Supplementary, Figure 1. Amplicons were digested with BsaWI, separated by gel
electrophoresis, blotted, transferred onto nylon membrane, hybridised with radio-labelled
probe (the original PCR product) and imaged. U: Unrepaired, R: Repaired. The presence
of 1 and 0.64 kbp bands is diagnostic for gene editing; in practice the 0.64 kbp band is
difficult to visualise against low molecular weight smear so we only rely on 1 kb band for

quantification of gene editing frequency.
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Supplementary Figure 5 | Viability of balb/c and scid fibroblasts after melphalan
treatment. mTert scid and balb/c fibroblasts were exposed to melphalan for 1 h and

cultured for 5 further days in drug-free medium, before an MTT assay to determine cell
viability.



Supplementary Figure 6
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Supplementary Figure 6 | Prkdc gene editing in scid fibroblasts. The uncropped gel
from Figure 2b is shown. Cells were transduced with IPLV-ZFN/IDLV-template or
IDLV-ZFN/template at the indicated MOI and with ZFN genes driven by the indicated
promoters, and genomic DNA was extracted 10 d post-transduction. Scid locus was PCR-
amplified with primers external to template, and ZFN-mediated gene correction was
quantified from the diagnostic BsaWI band (arrow) and shown as %Prkdc correction. LV

denotes standard integration-proficient lentiviral vector (IPLV).



