Supplementary Information

Figure S1. Generation of RAG2""* knock-in mice.

A. RAG2FS has the highest a-NHEJ activity in-vitro. 293T cells were transiently transfected with
full length Rag1, the different Rag2 mutants and the indicated substrate. Recombination was
measured 48h post transfection by FACS analysis. Calculations are fold increase over full length
Rag2 (RAG2). A. Recombination with RSSs in deletion configuration; RAG2, RAG2Core (a.a1-
383) RAG2FS - Frame-shift mutation at amino acid 361, DDE- inactive Rag1. Absolute
recombination for RAG2 28%+12. B. Recombination with a-NHEJ substrate (15). * p<0.0001 vs
RAG2, **p<0.001 vs RAG2Core. RAG2 absolute recombination is 0.5%0.25.

B. Mice were generated in inGenious Targeting Laboratory Inc. A~11.5kb region used to generate
the targeting vector was first sub cloned from a positively identified C57/Bl6 BAC clone. Two
types of mutations were generated in exon 3 utilizing overlap extension PCR. The first mutation
comprised deletion of base 1082 (T) to generate a frameshift. The second mutation is located
67bp 3’ of the T deletion and comprised replacement of the last 435bp of coding sequence with
the sequence- AAGCGGCCGCGACTCTAG followed by the 3° UTR sequence. First, primers
located 5’ and 3’ to two unique Kpn1 (K) sites that flank the location of the mutations were used to
amplify a 1.6kb fragment. The mutations were introduced into this fragment, which was then
reintroduced back into the construct via ligation into the Kpn1 sites, thus replacing the wild type
Kpn1 fragment with the mutated Kpn1 fragment. The Neo cassette is inserted 228bps 5 to the
ATG in exon 3 using Red/ET recombineering technology with a short homology arm that extends
~1.5kb 5’ to the Neo cassette. The total size of the targeting construct (including the backbone
vector) is 15.3kb. C. Identified F1 heterozygous mice were crossed with Ella-Cre transgenic mice
to delete the floxed Neo cassette in vivo. An additional cross between the +/F mice and wild type
mice eliminated the transgene. Subsequent mating of Cre-F2 (RAG2+/FS) generated littermates
with the wild type (+/+), heterozygous (RAG2""®) and homozygous (RAG27°"®) genotypes for
analysis. Genotyping analysis was done using the SQ1-GGAGACTCCTGACTGGACCCTCAG
and DL1-GATTCAGAGAGCAATATACCT primers. D. Sequence analysis of tail and liver DNA
showed an additional amino acid change at T296M that occurred during the targeting.
Nevertheless, this change did not affect the FS mutant functionality in our cell system assay

allowing us to still use it as a mouse model to investigate our questions.

Figure S2. T and B cell development in RAG2™"* knock-in mice.
A. Thymocytes from mice of the indicated genotype were stained with antiCD8-PE-CY7, antiCD4-
APC-CY7, antiCD25-APC and antiCD44-PE. B. Summary table of the different B and T cell



populations from 6-8 week old mice n=7. RAG KO (RAG'/') are combined analysis of Rag1 and
Rag2 KO n=4. B220+ cells in the BM are gated on IgM-. *p<0.05 vs WT.

FS/FS mice

Figure S3. Signal joints sequences from WT and RAG2
A. SJ from VB14-DB1. B. SJ from Vd5-Dd2. C. SJ from V(38.3-D1.1 D. SJ from VB10-DB1. Germ-
line sequence of each locus is shown at the top. Capital letters indicate the RSS and small letters
were indicted are coding end region. Capital letters in the middle of the junction indicate N nt,
deletions are indicated in parentheses, small letter indicates sequences from the coding region
(miscleavage), capital bold italics are microhomology and underlined blue are open shut
junctions.

Figure S4. Coding joint sequences from WT and RAG2""

mice. Whole thymocytes or BM
cells from 2-3 mice were analyzed by PCR amplification of the indicated loci followed by Topo
cloning. Germ line sequence is indicated at the top of each locus. Capital letters in the middle of
the junction indicate N nt, capital bold are P nt, deletions are indicated in parentheses, small letter
indicates sequences from the coding region (miscleavage). A. V36/7/8-J32 B. V310-JB2.1 C.
VB14-J1.1. Blue and red represents the ADRs D. Dp2-J32 (bold small letters represent the 12
RSS) E. Vh1783-Jh4. F.VH CDRS length distribution analyzed by CDR3 spectratyping on spleen
DNA (54). CDR3 length (bp) is plotted for WT and RAG2"*"® mice. Each symbol represents a
single rearrangement of J606.1-JH2 (left panel) or J558.82-JH2 (right panel). Each column is an
individual mouse of a given genotype (n=3 per genotype). Horizontal bars indicate the median

CDR3 length for all of the rearrangements sampled in a single mouse.

Figure S5. RAG2"™ interchromosomal rearrangements within the antigen receptor loci.
A. Scheme of the germ-line configuration of TCR beta and delta and the predicted products upon
interchromosomal rearrangements. Rectangles represent coding gene segments; triangles
represent RSS (Filled -12RSS, open - 23 RSS). The arrows indicate nested PCR primers. B.

Sequence analysis of purified PCR products (n=4 RAG2™"S

mice). Capital letters at the middle of
the junction represents N nt, Bold italic are microhomology, deletions are indicated in parentheses

and small letters are Sanger sequence that did not align to mouse mm9 database.

Figure S6. Generation of Adjacent Direct Repeats -ADRs
A. Scheme showing how small ADRs (adjacent direct repeats) might be generated. The first step
may or may not be a mechanistic constraint however it is necessary in the identification of ADRs.

We show homologies between ends having been generated by TdT or perhaps another



polymerase (53). Terminal homologies can also be revealed between two ends by resection but
were excluded in our analysis because prior existing sequences between ends that can generate
ADRs are indistinguishable from simple direct joining products and difficult to score. The next step
is stabilizing end-to-end interaction via complementary bases in the two single strand extensions
compensating for the lack of Ku80. We suggest that annealing occurs near or at the termini. For
the sake of parsimony, we have depicted Fen-1 as the flap removal factor prior to the gap-filling
and strand displacement steps. ADRs are then generated when a gap-filling polymerase with
strand displacement activity is present. This could be supplied by pol lamda (39), which has
sufficient strand displacement activity in vitro with the cooperation of Fen-1, to invade three or
four bp into a duplex, or by pol beta, which display stronger strand displacement on its own (38).
The latter is not a known participant in cNHEJ, but is also stimulated by Fen-1 in vitro (39).
Following polymerization/strand displacement of one end the second detached end could be
either filled in by ‘conventional’ extension and then ligated or alternatively, ligated and then filled
in.

B. Summary of the number of junctions with ADRs detected in our study and by re-examination of
published data (23,25). The ADRs are indicated in Blue-Red in Fig.S4. nd stands for Not Done.

Figure S7. RAG2del352 mice junctions’ analysis.

A. Diagram of the RAG2del352 allele. A change in RAG2 sequence after amino acid 352
originating from the targeting vector is indicated in red. B. Signal joint analysis from different TCR
loci n=2-6. (Analysis was preformed as specified in Table 1). C. D&2-Df1 interchromosomal
rearrangements from healthy thymocytes n=3 (Details as specified in Fig.S5). D.
RAG2°%529¢352. ;80 antigen receptor rearrangements from the indicated loci n=1-3.

(Annotations are as given in Fig.2).

Figure S8. RAG2""°;P53" lymphomas analysis.

A. FACS analysis of representative wild-type thymus and RAGZFS’FS;pSS"' thymic lymphomas. B.
Endogenous antigen receptor rearrangements detected by whole genome sequencing. Seven
endogenous genomic rearrangements detected in tumor 13422. All rearrangements were in the
coding end configuration. End1 represents the coding end of a 23RSS; End 2 represents the

coding end of 12RSS. Capital letters in the middle are N nt and Bold are P nt.



Supplementary Methods

V(D)J recombination assay

The 293T cell line was grown in DMEM supplemented with fetal bovine serum (10%), non-
essential amino acids and penicillin-streptomycin. Cells were grown at 37 °C in the presence of
5% CO2. To assess V(D)J recombination, 0.5ug of the indicated murine Rag1, murine Rag2 and
recombination substrate were transfected into cells using a FUGENE 6:DNA ratio of 3:1. Forty-
eight hours after transfection cells were harvested and fluorescent intensity was measured using
BD LSR Il for FACS readout.

Spectratyping

Immunoglobulin heavy chain repertoire analysis was performed using CDR3 spectratyping, as
described (54). Briefly, genomic DNA from splenocytes was purified using PureGene and
amplified using the J606.1 and the J558.85 VH primers and a fluorescent labeled JH2 reverse
primer. 2 uL of PCR product per reaction were resolved by capillary electrophoresis on an ABI
3100 analyzer (Applied Biosciences Inc). Peak scanner v. 1.0 was used to generate and analyze

the spectratypes (Applied Biosciences Inc) as described (54).
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A. Thymus

RAG2*FS

RAG 2FSIFS

0031

1.47,
16

Thymus % CD4+CD8* %CD4-CD8- % CD44-CD26* % CD44-CD26-
WT 88.37+1.59 1.85+0.46 38.92+11.81 46.10x11.73
RAG2+FS 87.74+2.96 2.44+0.45 42.06+12.31 42.63+x14.48
RAG2Fs/IFs 88.20%£2.26 3.02+0.63" 66.09+6.23* 22.42+6.67"
RAG- 0.06+0.00 99.10+0.28 95.5%1.13 1.71+£1.06
BM % IgM+ % IgM- % B220+*CD43* % B220*CD43-
WT 42.2+13.7 52.1x17 1 16.3+3.5 51.6£15.5
RAG2+FS 43.0x5.1 52.3+9.9 14.424.5 49.6+15.6
RAG2FsIFs 31.6x7.4 63.9%13.2 24.0x2.7* 39.1x11.4
RAG- 1+0 99+0 16.8+1.9 1.7+£0.25
Spleen % CD4+ %CD8* % B220*IigM*

WT 17.2+1.5 7.7x1.4 35+3.1

RAG2FS/Fs 14.7%1.9 8.2%1.2 29.334.4

RAG- 2.5+1.7 0.4+x0.4 0.06+0.09

Fig. S2
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GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCACAG (-2)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCACAG (-2)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCACA (-3)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACC (-6)
GGTTTGGGTACAGGCTCCCTGGGCACCTGC (~10)
GGTTTGGGTACAGGCTCCCTGGGCAC (-13)
GGTTTGGGTACAGGC TCCCTGGGC(-15)
GGTTTGGGTACAGGC (-24)

CAGGGGTTTG(-32)

GG(-59)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCACA (-3)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCACA (-3)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACCAC (-4)
GGTTTGGGTACAGGCTCCCTGGGCACCTGCACC (-6)
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CACAATGTTACAGCTTTATACAAAAAAGG
CACAATGTTACAGCTTTATACAAAAAAGG
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TTACAGCTTTATACAAAAAAGG (-7)

TTTATACAAAAAAGG (—14)

CTACCC (-43)

CTGC(-79)
ccctgtcccCACAATGTTACAGCTTTATACAAAAAAGG
cccctgtcccCACAATGTTACAGCTTTATACAAAAAAGG
cccctgtcccCACAATGTTACAGCTTTATACAAAAAAGG
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ctecgtatcecctececgatCACGGTGCTACAGAGCTTTGCAAAAACC

CACGGTGCTACAGAGCTTTGCAAAAACC
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CACGGTGCTACAGAGCTTTGCAAAAACC

CACGGTGCTACAGAGCTTTGCAAAAACC
GGTGCTACAGAGCTTTGCAAAAACC (-3)
TGCTACAGAGCTTTGCAAAAACC (-5)
CGGTGCTACAGAGCTTTGCAAAAACC (-2)
GCTACAGAGCTTTGCAAAAACC (—6)
CTACAGAGCTTTGCAAAAACC (-7)
GGTGCTACAGAGCTTTGCAAAAACC (-3)
TGCTACAGAGCTTTGCAAAAACC (-5)
CCTGGGCTTT (-31)
ACGGTGCTACAGAGCTTTGCAAAAACC (-1)

TTT(-38)
CTACAGAGCTTTGCAAAAACC (-7)
TA(-42)

CCCCAG(-62)

ctcgtatceccteccgatCACGGTGCTACAGAGCTTTGCAAAAACC
gtatccctccgITATTTTGCTACAGAGCTTTGCAAAAACC (-5)
ctcgtatcecctccgICTGGTGCTACAGAGCTTTGCAAAAACC (-4)

ctcgtatcecctccgatCACGGTGCTACAGAGCTTTGCAAAAACC

Fig. S3
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GCCCCCTGTCCC cccctgtcccCACAATGTTACAGCTTTATACAAAAAAG
AA CACAATGTTACAGCTTTATACAAAAAAG
GG CACAATGTTACAGCTTTATACAAAAAAG
GG CACAATGTTACAGCTTTATACAAAAAAG
G CACAATGTTACAGCTTTATACAAAAAAG
(¢ CACAATGTTACAGCTTTATACAAAAAAG
Cccceea AATGTTACAGCTTTATACAAAAAAG(-3)
TCATAG TGTTACAGCTTTATACAAAAAAG(-5)
CGGG CACAATGTTACAGCTTTATACAAAAAAG
CTCCCTC CACAATGTTACAGCTTTATACAAAAAAG
TCCTCE CACAATGTTACAGCTTTATACAAAAAAG
GGGGA CACAATGTTACAGCTTTATACAAAAAAG
GGC CACAATGTTACAGCTTTATACAAAAAAG
GGT CACAATGTTACAGCTTTATACAAAAAAG
cc CACAATGTTACAGCTTTATACAAAAAAG
616 CACAATGTTACAGCTTTATACAAAAAAG
GG CACAATGTTACAGCTTTATACAAAAAAG
(¢ CCcCACAATGTTACAGCTTTATACAAAAAAG
TP ccctgtcccCACAATGTTACAGCTTTATACAAAAAAG
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GC CACAATGTTACAGCTTTATACAAAAAAGGACCC
GG CACAATGTTACAGCTTTATACAAAAAAGGACCC
26bp ccctgtcccCACAATGTTACAGCTTTATACAAAAAAGGACCC

GGTCACG ATGTTACAGCTTTATACAAAAAAGGACCC(-4)

GGACT CACAATGTTACAGCTTTATACAAAAAAGGACCC
AC CACAATGTTACAGCTTTATACAAAAAAGGACCC
G gcccectgtcccCACAATGTTACAGCTTTATACAAAAAAGGACCC
C CACAATGTTACAGCTTTATACAAAAAAGGACCC

TGTTACAGCTTTATACAAAAAAGGACCC(-5)

Fig.S3
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TCTCTGTGCCAGCAG (-6) (-3)ACTG(-7) AG  AACTATGCTGAGCAGTTCTTCG(-1)
TCTCTGTGCCAGCAG (-6) TCAAG GGGACAGGGG (-2) AGAG ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAG (-6) TC (-1)GGACTGGGGGGG (-1) e CTATGCTGAGCAGTTCTTCG (-3 )
TCTCTGTGCCAGCAG(-6) TCCC (-2)GACTGGGGGG (-2) TC  AACTATGCTGAGCAGTTCTTCG(-1)
TCTCTGTGCCAGCA (-7) (-3)ACTGGGGGGE (-1) CTATGCTGAGCAGTTCTTCG (-3 )
RAGZFS/FS
TCTCTGTGCCAGCAGCTAAGA AG GGGACTGGGGG (-3) A AACTATGCTGAGCAGTTCTTCG (-1)
TCTCTGTGCCAGCAGCTAAG (-1) GGGG TCTTC CTATGCTGAGCAGTTCTTCG (-3 )
TCTCTGTGCCAGCAGCTAAG (-1) TC GGGACAGGGG (-2) T TGAGCAGTTCTTCG (-9)
TCTCTGTGCCAGCAGCTA(-3) (-4)CAGGGGG(-1) ACTATGCTGAGCAGTTCTTCG (-2 )
TCTCTGTGCCAGCAGCTA(-3) TT (-5)TGGGGGGG (-1) GG  TAACTATGCTGAGCAGTTCTTCG
TCTCTGTGCCAGCAGCTA (-3) T ACTATGCTGAGCAGTTCTTCG (-2)
TCTCTGTGCCAGCAGCTA(-3) TCT GGGACT (-8) A AACTATGCTGAGCAGTTCTTCG (-1)
TCTCTGTGCCAGCAGCT (-4 ) T (-1)GGACAG(-5) TAACTATGCTGAGCAGTTCTTCG
TCTCTGTGCCAGCAGCT (-4 ) T GGGACAGG(-4) AACTATGCTGAGCAGTTCTTCG (-1)
TCTCTGTGCCAGCAGCT (-4 ) GGGACA(-6) A AACTATGCTGAGCAGTTCTTCG (-1)
TCTCTGTGCCAGCAGCT (-4 ) ccrTC (-1)GGACTGG (-6) A TAACTATGCTGAGCAGTTCTTCG
TCTCTGTGCCAGCAGCT (—4) cece GGGACAGG(-4) ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAGCT (-4 ) CTCGT (-4)CAGGGGG(-1) A TAACTATGCTGAGCAGTTCTTCG
TCTCTGTGCCAGCAGCT (-4 ) T (-5)AGGGGGC TCG ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAGCT (-4 ) T (-5)TGGGGGG (-2) CCGGGA ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAGCT (-4 ) (-7)GGGGGGC ole ACTATGCTGAGCAGTTCTTCG (-2)
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TCTCTGTGCCAGCAGC (-5) cce (-2)GACTGGGGG (-3) AT CTATGCTGAGCAGTTCTTCG (-3 )
TCTCTGTGCCAGCAGC (-5) cere (~6)GGGGGGG(-1) A AACTATGCTGAGCAGTTCTTCG (-1)
TCTCTGTGCCAGCAGC (-5) CGTGAC elele] ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAGC (-5) (olelel (-2)GACAGGG(-3) A TAACTATGCTGAGCAGTTCTTCG
TCTCTGTGCCAGCAGC (-5) cece GGGACT (-8) TG  AACTATGCTGAGCAGTTCTTCG(-1)
TCTCTGTGCCAGCAG (-6) TTT GGGAC(-7) CGARA TATGCTGAGCAGTTCTTCG (-4)
TCTCTGTGCCAGCAG (-6) GTCC GGGACAGGGGG ele ATGCTGAGCAGTTCTTCG (-5)
TCTCTGTGCCAGCAG (-6) GAA (-2)GACAGG (-4) TT ACTATGCTGAGCAGTTCTTCG (-2)
TCTCTGTGCCAGC (-8) ce GGGACTGGGG (-4) CTATGCTGAGCAGTTCTTCG (-3 )
TCTCTGTGCCAGC (-8) (-5)TGGGGGG (-2) T CTATGCTGAGCAGTTCTTCG (-3 )
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Origin of Adjacent Direct Repeats
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Partially processed
coding ends

(polB alone or polA+Fen1?)

Displaced termini

Ligation with prior or subsequent
gap filling by polu or polA

TdT or another polymerase
generates fortuitous micro-
homology bewtween ends

B
Genotype |Vp14-JB1.1| VB10-Jp2.1 | VPB6/7/8-JB2 DR2-Jp2.6
Talukder SR et al (25) WT 3/40 1/30 nd nd
Zhang L et al (Supp Info, 23) | WT 3/47 nd nd nd
Gigi V et al (This study) WT 1111 0/16 0/23 0/15
Gigi V et al (This study) RAG27FS | 414 0/32 2/31 2117
Gigi V et al (This study) ESA%;;’/ 5/29 112 nd nd
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VBR14-DB1 inversion
60/85 (70%)
25/85 (30%)
20/25 (80%)
5/25 (20%)

4/8 (50%)
3/25 (12%)
0/25 (0%)

GGTTTTTGCAAAGCTCTGTAGCACCGTG
GGTTTTTGCAAAGCTCTGTAGCACCGTG

GGTTTTTGCAAAGCTCTGTAGCA(-5) ACA CACAGTCCTC (-59)
GGTTTTTGCAAAGCTCTGTAGC (-6) CCATCGGC CGGTGATTCAATTCTATGGGAAGCCTTTACAAAAACC (-2)
GGTTTTTGCAAAGCTCTGTAG(-7) CCTGC CGGTGATTCAATTCTATGGGAAGCCTTTACAAAAACC (-2)
GGTTTTTGCAAGCTCTGTA(-8) cgccatcngcce
GGTTT(-23) ctgacattaggt
tgccgattattce CAATTCTATGGGAAGCCTTTACAAAAACC (-10)
D
VB14 PIN nt Dp1 PINnt Jp1.1 In frame
GGCTTCTACCTCTGTGCCTGGAGTCT GGGACAGGGGGC CAAACACAGAAGTCTTCTTTGG
GGCTTCTACCTCTGTGCCTGGAGTCT A ACAGGGGGC C CAGAAGTCTTCTTTGG(-6) =+
GGCTTCTACCTCTGTGCCTGGAGTCT ACAGGGG AGGG AACACAGAAGTCTTCTTTGG(-2) =
GGCTTCTACCTCTGTGCCTGGAGTCT AGTC CAGGGGG CAAACACAGAAGTCTTCTTTGG +
GGCTTCTACCTCTGTGCCTGGAGTCT A GGACAG AACACAGAAGTCTTCTTTGG(-2) +
GGCTTCTACCTCTGTGCCTGGAG (-3) GATCCTCC GGGACAG ACACAGAAGTCTTCTTTGG(-4) =
GGCTTCTACCTCTGTGCCT (-4) GGACAGGGGGC T CAAACACAGAAGTCTTCTTTGG +
GGCTTCTACCTCTGTGCCTGGA(-4) ccce GGGACA A CAAACACAGAAGTCTTCTTTGG =
GGCTTCTACCTCTG(-12) ACAGAAGTCTTCTTTGG(-5) 5
VB10 PIN nt Dp1/2 PINnt  Jp2.1 In frame
TGTGTATCTCTGTGCCAGCAGCTAAGA GGGACAGGGGGC TAACTATGCTGAGCAGTTCTTCG

GGGACTGGGGGGGC
TGCTGTGTATCTCTGTGCCAGCAGC(=5) CCT GGGACTGGGG TAACTATGCTGAGCAGTTCTTCG -
TGCTGTGTATCTCTGTGCCAGCAG(-6) GTCC GGGACAGGGGG GG ATGCTGAGCAGTTCTTCG(-5) +
TGCTGTGTATCTCTGTGCCAGCAG(-6) GCC GACTGGGGGGG GG AACTATGCTGAGCAGTTCTTCG(-1) +
TGCTGTGTATCTCTGTGCCAGCAG(-6) ACTGGGGGGG CTATGCTGAGCAGTTCTTCG(-3) =
TGCTGTGTATCTCTGTGCCAGCAG(-6) AG GGGGGGGC GC CTATGCTGAGCAGTTCTTCG(-3) +
Va8 PIN nt Ja58
CCCTGTACTACTGTGCTCTGAGTGA CAGCAAGGCACTGGGTCTAAGCT In frame
CTGTACTACTGTGCTTTGAGTGA
CTGTACTACTGTGCTCTGAGTGA TCAGGGT GGCACTGGGTCTAAGCT (-6) +
CTGTACTACTGTGCTTTGAGTGA TGCCTTCG CAGCAAGGCACTGGGTCTAAGCT -
CTGTACTACTGTGCTTTGAGTGA GGG AAGGCACTGGGTCTAAGCT (-4) =
CTGTACTACTGTGCTCTGAGTG(-1) TCCTCG CAGCAAGGCACTGGGTCTAAGCT =
CTGTACTACTGTGCTCTGAGTG(-1) TACG CAGCAAGGCACTGGGTCTAAGCT =
CTGTACTACTGTGCTTTGAGTG(-1) CGAG CAGCAAGGCACTGGGTCTAAGCT 5
CTGTACTACTGTGCTTTGAGT (-2) AGCAAGGCACTGGGTCTAAGCT(-1) =
CTGTACTACTGTGCTCTGAG(-3) CGTTA CAGCAAGGCACTGGGTCTAAGCT -
CTGTACTTCTGTGCTTTG(-5) GATACT CAGCAAGGCACTGGGTCTAAGCT +

V85-dd2 inversion
5/13 (38%)
8/13 (58%)

6/8 (75%)
8/8 (100%)
6/12 (50%)
1/8 (12.5%)

2/8 (25%)

DB1

VB8.3-DA1.1 Deletion
7/30 (23%)
23/30 (77%)
16/23 (69%)
21/23 (91%)
20/22 (91%)
19/23 (83%)
0/23 (0%)

CACGGTGATTCAATTCTATGGGAAGCCTTTACAAAAACC
CACGGTGATTCAATTCTATGGGAAGCCTTTACAAAAACC
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GCAAATACCTTGTGAAAGCC
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AACATTGTGGGGACAGGGGG
ACATTGTGGGGACAGGGGGC
TACCACTGCCTTCGGGGAGA

PIN nt
CCAACCCCT
CGTA
AAG
CCT
AAG
GA
CCTT

End2 (12RSS)
ATCCAGACTGCACAGTAGTA
TGTACTGTTCTCTTGAGAATCG
AACACAGAAGTCTTCTTTGGTA
TCCCAGTTAGCACTGTGGTGCT
AACACAGAAGTCTTCTTTGGTA
GAACAGTACTTCGGTCCCGGCA
TTCCAATACCAACAAAGTCGTC
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Db1-Jb1.1
Db1-Jb2.6
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Del
Del
Del
Del
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Fig. S8
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