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Structural Variations (SVs)/Genomic
rearrangements
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DNA Double Strand Break Repair

* HR: Homologous recombination

* NHEJ: Non-homologous end joining

 MMEJ/alt-EJ: Microhomology mediated end joining
* NAHR: Non-allelic homologous recombination

* FoSTeS/MMBIR: Fork stalling and template switching/Microhomology
mediated break induced repair



BCR-ABL Fusion

* Philadelphia chromosome (reciprocal translocation between
chromosome 9 and 22) in CML

e BCR-ABL1 fusion

* Imatinib, etc.
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Complex karyotype
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Chromothripsis
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Complex SV mechanisms
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Chromoplexy
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SV calling strategies

Coding mutations

Non-coding mutations h
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Meerkat (validation rate 80-90%
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Manta

Construct breakend graph
for each genome segment
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(a) Sim-A data

Benchmarking
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Good SV callers

* Short reads:

= Meerkat, Manta, GRIDSS, Delly, Breakseq, Lumpy, ...

* Long reads:
= Sniffles



True SV (300kb del, PTEN loss KICH)
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Too many discordant pairs in matched normal
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Too many non-unig mapped reads in matched
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Too many soft-clipped reads in matched

chrlg A
I I g BN BN SR S | B e B NN S i s N o E—
pi3 pi2 pii.2 p11.1 q11.2 q12 qi3.1 qi3.3 q21.2  q21.3 Q22.1 q22.2 q23.1 q23.2 q23.3 q23.2 qQ23.3 q31.1 q31.2 q31.3 q32.11 q32.13 q32.2 q32.31 q32.33
470 bp
w % 67,464,100 bp 67,464,200 bp 67,464,300 bp 67,464,400 bp 67,464
g 1 1 1 1 1 1 1 1 1 —
ik -
T T I
| i =
1 I
| 1 —
1 | mn
1
1 ] -
1 1 i ] 3
| I - ] T
1 1 —i
1 1 -
1 | 1 —i
i i - : ] i
“TGHIGH" ' ' .
| I
1 1 —
1 1 -
1 1
3 ] 1
1 1
1 1 1 ]
| I
1 1
1 1 1 ¥
T I T N
| I |
1 1
| I
N I ] :
orma |
1
1
1 1 u
|
gbm1086_normal.sorted.bal 1 S
| 1
1
1
I
1
I |
1 1
I I
1
1
1 Hn =
1 1 Ad|
Sequence - LRI e e nn v e v e iy « |
RefSeq genes TS,
v




True SV (chr2:chr7 THCA)
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Sniffles (long reads
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Sherlock solution: union of Meerkat and
Manta

 PCAWG: at least 2 out of 4 (SVABA, DELLY, BRASS, dRanger)
 Validation rate: 90%

6000 -
4000+

2000+

Number of SVs




A significant portion of SV
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35 LUAD in PCAWG (hg19)
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%23000'
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1000 32%
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Manta problematic with hg38

hg19 Manta hg38 Manta hgl19 Meerkat hg38 Meerkat
TCGA-05- 217 DEL 100 668 DEL 117 252 DEL 88 182 DEL 29
4398 DUP 19 DUP 44 DUP 33 DUP 25
h2hINV 22 h2hINV 65 h2hINV 30 h2hINV 36
t2tINV 22 t2tINV 60 t2tINV 25 t2tINV 17
TRA 54 TRA 382 TRA 76 TRA 75
TCGA-50- 120 DEL 67 260 DEL 97 175 DEL 89 127 DEL 65
5930 DUP 22 DUP 39 DUP 38 DUP 28
h2hINV 12 h2hINV 27 h2hINV 18 h2hINV 18
t2tINV 13 t2tINV 19 t2tINV 15 t2tINV 11

TRA 6 TRA 78 TRA 15 TRA 5
TCGA-50- 170 DEL 57 329 DEL 76 211 DEL 73 158 DEL 50
6591 DUP 29 DUP 45 DUP 39 DUP 33
h2hINV 27 h2hINV 45 h2hINV 33 h2hINV 31
t2tINV 31 t2tINV 45 t2tINV 33 t2tINV 29
TRA 26 TRA 118 TRA 33 TRA 15




Manta
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Sherlock solution

 Meerkat + Manta union
* Manta SVs: > 3 read pair support && >=1 split read support
* PCAWG missed half of the true SVs



Types of variants

* Germline variants
* ~20,000 per genome by long-read sequencing
* 3,000-5,000 per genome by short-read sequencing

* De novo variants (parent-child trio)
* Dozens per generation
e 1/1000 newborns with translocations/large inversions

e Somatic variants (tumor-normal pair)



Landscape of somatic SVs
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SV signatures in 560 breast cancers
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BRCA Mutations

* BRCA1 and BRCAZ2, DNA double strand break repair,
5-10% in breast cancer

* PARP1, DNA single strand break repair




PCAWG SV signatures
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TERT enhancer hijacking

e 6 out of 50 (12%) of chromophobe renal cell carcinomas
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