
Chrom&2&
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Tables 4 and 5). However, no single motif was commonly found in
any class of rearrangement.

The sequences either side of each rearrangement junction were
then compared to each other. In most instances the two contributing
DNA segments showed a short stretch of identical sequence, known
as an overlapping microhomology, immediately adjacent to the
rearrangement junction which was present only once in the re-
arranged DNA (Fig. 1c, Table 2, Supplementary Table 3 and Sup-
plementary Fig. 6). Approximately 15% of rearrangements showed
non-templated sequence at the rearrangement junction (Table 2,
Supplementary Table 3 and Supplementary Fig. 7). In many, this is
only a few base pairs long, although the longest segment of this type
was 154 bp. A further 3.8% of rearrangements included one or more
small fragments of DNA (,500bp) from elsewhere in the genome

interposed between the rearrangement breakpoints identified by the
paired end sequencing. We have previously termed these small DNA
fragments ‘genomic shards’10,17.

Overlapping microhomologies and non-templated sequences at
rearrangement junctions are often considered to be signatures of a
non-homologous end-joining (NHEJ) DNA double-strand break
repair process18–21. The segments of overlapping microhomology
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Figure 1 | Somatic rearrangements observed in six of the twenty-four
breast cancer samples screened. a, Genome-wide Circos plots of somatic
rearrangements. An ideogram of a normal karyotype is shown in the outer
ring. A copy number plot is represented by the blue line shown inner to the
chromosome ideogram. Within the inner ring each green line denotes an
intrachromosomal rearrangement and each purple line an
interchromosomal rearrangement. ER, oestrogen receptor; PR,

progesterone receptor. b, The prevalence of rearrangement architectures in
individual cancers: deletion (dark blue), tandem duplication (red), inverted
orientation (green), interchromosomal rearrangements (light blue),
rearrangements within amplified regions (orange). c, Extent of overlapping
microhomology at rearrangement breakpoints. The number of base pairs of
microhomology is plotted on the horizontal axis.

Table 2 | Summary of rearrangement patterns found in 24 breast cancers

Rearrangement class Number in cell lines Number in primaries Total (%)

Deletion 214 (23.8 (9–35)) 143 (9.5 (0–41)) 357 (16.5)
Tandem duplication 370 (41.1 (4–138)) 369 (24.6 (0–158)) 739 (34)
Inverted orientation 113 (12.6 (4–24)) 102 (6.8 (0–18)) 215 (10)
Interchromosomal 147 (16.3 (2–39)) 92 (6.1 (0–27)) 239 (11)
Amplified 308 (34.2 (0–208)) 308 (20.5 (0–191)) 616 (28.5)
Total 1,152 (128 (58–245)) 1,014 (67.6 (1–231)) 2,166 (100)

Microhomology at rearrangement
junctions (bp)

Non-templated sequence at rearrangement
junctions (bp)

Rearrangement class Mean (range) Rearrangement class Mean (range)

Deletion 2.03 (0–14) Deletion 3.27 (0–42)
Tandem duplication 2.10 (0–9) Tandem duplication 3.46 (0–48)
Inverted orientation 2.50 (0–21) Inverted orientation 5.04 (0–45)
Interchromosomal 2.00 (0–9) Interchromosomal 3.63 (0–60)
Amplified 1.71 (0–9) Amplified 3.83 (0–154)
Total 2.00 (0–21) Total 3.71 (0–154)

In the top section of Table 2, the mean per case and range are indicated in parentheses.

Table 3 | Expressed in-frame fusion genes found in the 24 breast cancers

Sample name 59 gene 39 gene

HCC1187{ PLXND1 TMCC1
HCC1187 RGS22 SYCP1
HCC1395 EFTUD2 KIF18B
HCC1395 ERO1L FERMT2
HCC1395* KCNQ5 RIMS1
HCC1395 PLA2R1 RBMS1
HCC1599 CYTH1 PRPSAP1
HCC1937 NFIA EHF
HCC1954 STRADB NOP58
HCC2157 INTS4 GAB2
HCC2157 RASA2 ACPL2
HCC2157 SMYD3 ZNF695
HCC38 ACBD6 RRP15
HCC38 LDHC SERGEF
HCC38 MBOAT2 PRKCE
HCC38 SLC26A6 PRKAR2A
HCC38 HMGXB3 PPARGC1B
PD3664a RAF1 DAZL
PD3670a AC141586.2 CCNF
PD3670a SEPT8 AFF4
PD3688a ETV6 ITPR2
PD3693a* HN1 USH1G

Gene accession numbers and exons fused are outlined in Supplementary Table 6.
*Gene fusion is amplified.
{ Predicted to be an out-of-frame gene fusion. However, RT–PCR across the exon–exon fusion
boundary demonstrated both an out-of-frame and an in-frame gene fusion due to alternative
splicing.
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