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Supplementary Figure 3
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Supplementary Figure S4

Experiment 1 |Normal Instability |Break Break + Fusion |Cells Analyzed
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Supplemental Text

SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure S1. Measuring the effects RAG2 mutations on the formation of
coding and signal joints, related to Figure 1.

(A) Extrachromosomal substrates used in this study for coding joints (left), signal joints (middle),
and coding joints formed through alternative NHEJ (right). Quantification of FACS data from three
separate experiments in CHO-K1 cells 48 hours after transfection with the indicated Rag
expression vectors and the reporter substrates measuring (B) mutations to known regulatory
regions, (C premature truncation mutations, as indicated, (D) internal deletion mutants, as
indicated, and (E) neutralizing mutations within the acidic hinge. (F) Verification of XRCC4-
deficient cells by measuring coding joint formation by complementation experiments with wild-
type XRCC4. (G) Measuring coding joints (left) and AltGFP-coding joints (right) in the human
293T cell line.

Supplementary Figure S2. RAG2 mutant protein levels and conservation, related to
Figures 1 and 2.

(A) A western blot of indicated HA-tagged RAG2 mutants expressed in fibroblasts. 15ug of
soluble cell lysate was separated by gel-electrophoresis and transferred to a nitrocellulose
membrane and exposed antibody to the HA tag for detection. Lanes were arranged for
presentation; (B) Sequence alignment from indicated species of the acidic region in RAG2
performed by ClustalW. Residues indicated in black are completely conserved, while those
indicated in grey are charge-conserved (Boxshade 3.21), supplementing previously published
sequenced alignment data.

Supplementary Figure S3 Data from separate metaphase-FISH experiments and flexibility
predictions, related to Figure 3.

(A) Three metaphase-FISH experiments showing the frequency at which the 3’ and 5’ Igk signals
were lost in pre-B cells expressing wild-type, core, Neut370-383, and Scrambled#2 RAG2. (B)
Predictions based on the IUPREDS, IUPREDL, and mFDP algorithms for Wild-type RAG2
(black), core RAG2 (red), Neut370-383 RAG2 (blue) and Scrambled#2 RAG2 (yellow).

Supplementary Figure S4 Data from separate metaphase-FISH experiments using human
SVs, related to Figure 4.

Separate metaphase-FISH experiments showing the frequency at which the 3’ and 5’ Igk signals
were lost in pre-B cells expressing wild-type, N364K, and N364K/D380Y/D400H RAG2.



EXTENDED EXPERIMENTAL PROCEDURES

Cell culture, mutagenesis and recombination assays

Chinese hamster ovary (CHO-K1 and RMP41) fibroblasts, the CHO mutant cell lines XR-1
(Xrcc4-deficient), mouse embryonic fibroblasts, and 293T cells were grown in DMEM
(Invitrogen) with fetal bovine serum (10%), non-essential amino acids and penicillin-
streptomycin. Pre-B-cell lines were grown in RPMI-1640 (Invitrogen) with fetal bovine serum
(12%), non-essential amino acids, and penicillin-streptomycin. RAG2 point mutations and
internal deletions were carried out using QuikChange Il Site-Directed Mutagenesis Kit
(Stratagene) or overlapping PCR, respectively, and confirmed by sequence analysis. The
extra-chromosomal recombination assays were carried out as previously described (Arnal et

al., 2010; Corneo et al., 2007)

Protein purification and RAG PCC stability

GST-tagged core RAG1 and the indicated untagged RAG2 proteins were prepared as
described (Deriano et al., 2011; Huye et al., 2002). Two independent protein preparations
were assayed for each mutant. End-release assay to measure the stability of the signal-end
complexes was performed as previously described (Arnal et al., 2010; Deriano et al., 2011).

Student’s t-test assuming equal variance was used to calculate statistical significance.

Measuring RAG2 protein by western blot

HA-tagged RAG2 expression vectors were transfected into 293T cells. Cells were lysed, and
loaded onto a 4-12% Tris-Glycine gel (Lonza) and transferred to a nitrocellulose membrane.
RAG proteins were detected using a peroxidase-conjugated antibody to the HA tag (Roche).

GAPDH was detected using a monoclonal anti-GAPDH-peroxidase antibody (Sigma-Aldrich).



Recombination Assay on Integrated Substrate
pMX-INV (Bredemeyer et al., 2006) was integrated into Prkdc®®¥*“® SV40-immortalized
mouse embryonic fibroblasts as described previously (Deriano et al., 2009). GFP positive

cells were detected by flow cytometry and analyzed with FlowJo (TreeStar, Inc.).

Hybrid Joining

Murine RAG1 and RAG2 expression constructs (encoding the indicated mutants), as well as
recombination substrate pJH299 (inversional substrate) (Hesse et al., 1987) were transfected
into CHO-K1 cells and hybrid joining events were scored as previously described (Deriano et
al., 2009). Recombination events were directly subjected to PCR analysis with specific
primers for hybrid joints (DR99-DR100) and inversional coding joints (DR99-ML68), and a
region of the plasmid backbone using CMC1 (GCTGTTCGACTTACAAACACAGG) and

CMC2 (GGGAAGAGGCGGTTGGG).

Generation of metaphases in RAG2-expressing pre-B cell lines

V-abl-transformed RAG27K3 pre-B cell lines were generated as previously described (Gapud
et al., 2011). The indicated RAG2 mutants were cloned into the pMIT retroviral vector (pMIT-
RAG2-IRES-CD90.1), and were then used to complement the V-abl-transformed RAG2™ pre-
B cells. Cells were sorted for the CD90.1 cell surface marker using MACS columns (Miltenyi
Biotec). Quantitative real-time PCR was conducted using primers that amplify an N-terminal
region of RAG2 that remains constant across all mutants tested. For separate experiments,
sorted populations of complemented cells were treated with 3.0uM STI571 (Novartis) for 48
hours, washed and allowed to recover for 48 hours before they were fixed as described

(Bredemeyer et al., 2006). Fixed cell suspensions were dropped onto pre-chilled glass slides



and air-dried for further analysis as described (Theunissen and Petrini, 2006). Slides were

assigned random sample numbers to eliminate bias during analysis.

DNA FISH probes and DNA FISH on metaphase spreads

BAC probes for the Igk locus were labeled by nick-translation and prepared as previously
described (Hewitt et al., 2009; Skok et al., 2007). BAC RP24-507J1 and BAC RP24-218K16
were labeled with Alexa Fluor 594 and Cy3, respectively (Molecular Probes). StarFISH-
concentrated mouse FITC chromosome 6 paint was prepared following supplier’s instructions
(Cambio). Cells were mounted in ProLong Gold (Invitrogen) containing 4',6-diamidino-2-
phenylindole (DAPI) to counterstain total DNA. Metaphase spreads were analyzed using a
MetaSystems Metafer and Isis Fluorescence Imaging. A number of samples were

independently re-scored by an outside investigator with fully consistent results.

Predicting disordered regions
The indicated RAG2 sequences were processed through the mFDP, IUPREDL, and
IUPREDS disorder predictive algorithms which determined the level of relative disorder, as

previously described (Ferron et al., 2006; Mizianty et al., 2010).
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Extended Experimental Procedures

EXTENDED EXPERIMENTAL PROCEDURES

Cell culture, mutagenesis and recombination assays

Chinese hamster ovary (CHO-K1 and RMP41) fibroblasts, the CHO mutant cell lines XR-1
(Xrcc4-deficient), mouse embryonic fibroblasts, and 293T cells were grown in DMEM
(Invitrogen) with fetal bovine serum (10%), non-essential amino acids and penicillin-
streptomycin. Pre-B-cell lines were grown in RPMI-1640 (Invitrogen) with fetal bovine serum
(12%), non-essential amino acids, and penicillin-streptomycin. RAG2 point mutations and
internal deletions were carried out using QuikChange Il Site-Directed Mutagenesis Kit
(Stratagene) or overlapping PCR, respectively, and confirmed by sequence analysis. The extra-
chromosomal recombination assays were carried out as previously described (Arnal et al., 2010;

Corneo et al., 2007)

Protein purification and RAG PCC stability

GST-tagged core RAG1 and the indicated untagged RAG2 proteins were prepared as described
(Deriano et al., 2011; Huye et al., 2002). Two independent protein preparations were assayed
for each mutant. End-release assay to measure the stability of the signal-end complexes was
performed as previously described (Arnal et al., 2010; Deriano et al., 2011). Student’s t-test

assuming equal variance was used to calculate statistical significance.

Measuring RAG2 protein by western blot

HA-tagged RAG2 expression vectors were transfected into 293T cells. Cells were lysed, and
loaded onto a 4-12% Tris-Glycine gel (Lonza) and transferred to a nitrocellulose membrane.
RAG proteins were detected using a peroxidase-conjugated antibody to the HA tag (Roche).

GAPDH was detected using a monoclonal anti-GAPDH-peroxidase antibody (Sigma-Aldrich).



Recombination Assay on Integrated Substrate
pMX-INV (Bredemeyer et al., 2006) was integrated into Prkdc®*¥s®® Sv40-immortalized mouse
embryonic fibroblasts as described previously (Deriano et al., 2009). GFP positive cells were

detected by flow cytometry and analyzed with FlowJo (TreeStar, Inc.).

Hybrid Joining

Murine RAG1 and RAG2 expression constructs (encoding the indicated mutants), as well as
recombination substrate pJH299 (inversional substrate) (Hesse et al., 1987) were transfected
into CHO-K1 cells and hybrid joining events were scored as previously described (Deriano et al.,
2009). Recombination events were directly subjected to PCR analysis with specific primers for
hybrid joints (DR99-DR100) and inversional coding joints (DR99-ML68), and a region of the
plasmid backbone using CMC1 (GCTGTTCGACTTACAAACACAGG) and CMC2

(GGGAAGAGGCGGTTGGG).

Generation of metaphases in RAG2-expressing pre-B cell lines

V-abl-transformed RAG27K3 pre-B cell lines were generated as previously described (Gapud et
al., 2011). The indicated RAG2 mutants were cloned into the pMIT retroviral vector (pMIT-
RAG2-IRES-CD90.1), and were then used to complement the V-abl-transformed RAG2™ pre-B
cells. Cells were sorted for the CD90.1 cell surface marker using MACS columns (Miltenyi
Biotec). Quantitative real-time PCR was conducted using primers that amplify an N-terminal
region of RAG2 that remains constant across all mutants tested. For separate experiments,
sorted populations of complemented cells were treated with 3.0uM STI571 (Novartis) for 48
hours, washed and allowed to recover for 48 hours before they were fixed as described

(Bredemeyer et al., 2006). Fixed cell suspensions were dropped onto pre-chilled glass slides



and air-dried for further analysis as described (Theunissen and Petrini, 2006). Slides were

assigned random sample numbers to eliminate bias during analysis.

DNA FISH probes and DNA FISH on metaphase spreads

BAC probes for the Igk locus were labeled by nick-translation and prepared as previously
described (Hewitt et al., 2009; Skok et al., 2007). BAC RP24-507J1 and BAC RP24-218K16
were labeled with Alexa Fluor 594 and Cy3, respectively (Molecular Probes). StarFISH-
concentrated mouse FITC chromosome 6 paint was prepared following supplier’s instructions
(Cambio). Cells were mounted in ProLong Gold (Invitrogen) containing 4',6-diamidino-2-
phenylindole (DAPI) to counterstain total DNA. Metaphase spreads were analyzed using a
MetaSystems Metafer and Isis Fluorescence Imaging. A number of samples were independently

re-scored by an outside investigator with fully consistent results.

Predicting disordered regions
The indicated RAG2 sequences were processed through the mFDP, IUPREDL, and IUPREDS
disorder predictive algorithms which determined the level of relative disorder, as previously

described (Ferron et al., 2006; Mizianty et al., 2010).
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