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Mission: Describe the landscape 
of structural variations in cancer 
•  Determine rearrangement and copy-

number alteration profiles across all 
cancers 

•  Reconstruct the events that contributed to 
them 

•  Detect mechanistic signatures 
•  Detect signatures of selection 
•  Determine networks of associated events 



Expected outputs 

•  Lists of consensus rearrangement, 
telomere length/composition, and 
retrotransposon calls 

•  Mechanistic assessments across samples 
and cancer types 

•  Lists of rearrangements we think undergo 
positive selection 



Determining structural rearrangements: 
Integration across different callers 

Joachim Weischenfeldt 

YEARS I 1974–2014

Estimate sensitivity and specificity

Harmonic Mean of Precision and Sensitivity (F1 Score) to estimate accuracy 
F1 = 2x (precision*recall)/(precision + recall) = 2xTP/(2xTP + FP + FN)



Size distribution of concordant 
and discordant calls 

YEARS I 1974–2014

SV size distribution in concordant (shared) and 
discordant (private) calls across all samples

BROAD EMBL SANGER

inter-chromosomal SVs excluded

Joachim Weischenfeldt 

We need to coordinate these 
results with indel and 
germline event calling from 
other groups 



Size distributions: somatic vs germline 

51,345 calls (SnowmanSV only) 11,483 calls (combined) 

Jeremiah Wala 



Integrating fusions and copy-
number states 
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Marcin Imielinski 



Event classification 
Event classification

Using copy number data and discordant read group patterns, Yilong will
be classifying rearrangements into these event types:

Events with zero breakpoint pairs

Chromosome gain or loss

Isochromosome

Terminal deletion

Events with 2–5 breakpoint pairs

Inversion

Insertion

Retrotransposition

‘Replication hopping’
(inverted-duplication like events)

Balanced translocation

Overlaps of simple events

Events with one breakpoint pair

Tandem duplication

Interstitial deletion

Unbalanced translocation

Foldback (one round of BFB?)

Double minutes (?)

Events with many breakpoint pairs

Chromothripsis

Chromoplexy

Chromoanasynthesis

BFB cycles

Events TBD
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Nicola Roberts 



Event calls 
Some pilot data

Events Breakpoints

Nicola Roberts (Sanger) Somatic Rearrangements Analysis January 7, 2015 4 / 23

Yilong Yi, Nicola Roberts 



L1 retrotransposon-associated 
rearrangements 

SCIENCE sciencemag.org 1 AUGUST 2014 • VOL 345 ISSUE 6196 1251343-3

Fig. 1. Somatically acquired 3′ transductions are frequent in cancer ge-
nomes. (A) Putative translocations involving 22q12 (TTC28) showcharacteristics
suggestive of L1-mediated 3′ transduction. Breakpoints at 22q12 (triangles of
different colors) are clustered immediately after a germline full-length element.
On the other side of the breakpoint, there are reads whose pairs report the
presence of poly(A) tails (gray boxes). (B) Breakpoints clustered in PHACTR1
just after a polymorphic L1 element not present in the reference genome. (C)
PCR profiles showing the somatic acquisition of transductions from 22q12 and
6p24. T, tumor; N, normal. (D) The hallmarks of 3′ transduction. The donor-L1

locus at chromosome 20 shows coverage increment downstream of the
element resulting from genome-wide amplification of the transduced material.
Reads responsible for the coverage increment pair with different chromosomes
(chromosome X illustrated). A cluster of reads around the breakpoint indicates
the presence of a poly(A) tail. Other reads reveal the presence of target site
duplication (not shown; details in table S3). (E) The strategy followed for
somatic solo-L1 and transduction identification. The pipeline relies on the
identification of two read clusters (i.e., positive and negative clusters) pointing to
the same region of the genome where the somatic element is inserted.

RESEARCH | RESEARCH ARTICLE

Tubio et al, Science 2014 



Telomere length and composition 

  

Quantifying telomere length

Cohort-wise and patient-wise reports

Lars Feuerbach 



Determining the sequence of events 
Comparing$rearrangement$groups$to$
the$rearrangement$paUern$library$
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Yilong Li 



Signatures of selection: developing 
an initial background model 

Region features 
-  %GC content 
-  Replication timing 
-  Transcription activity 
-  Sequence mappability 
-  Gene size 

Sample features 
-  Overall disruption 

rate 
-  Mutational clusters 

Pairwise Features 
-  Contact probability 
-  Homology 

Sequence mappability:  Probability proportional to mappable area (100-mer 
alignability) 
 
Overall disruption rate: Probability proportional to disruption rate 
 
Contact probability:       Probability proportional to 1/Length Jeremiah Wala 



Chr1: Background event probability  
(1/L contact probability model + 100mer alignability)  

Jeremiah Wala 



Detecting signatures of selection: 
recurrent fusion pairs 

Heatmap)of)rearrangement)pairs)
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Jeremiah Wala 

“Is gene X recurrently fused to 
enhancers from across the 
genome?” 

 - Need to coordinate with 
epigenome, transcriptome, 
regulatory regions groups 



Probability per 1D bin: Sum across 
2D  

Jeremiah Wala 



Detecting signatures of selection: 
rearrangements vs copy number 

Jeremiah Wala 
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−log10(Q
−value)

2) NAALADL2 1) TTC28 (L1) 
3) WWOX 

4) FHIT 6) CDKN2A 5) ? 
12) AKT 



Classifying by alteration’s effects 
Class-specific annotation functions

Example: tandem duplication with breakpoint pair positions a and b:

Copy number gain of features wholly within a–b

Disruption of any feature crossing a or b

Possible fusion gene across b
1

^ a

2

Apposition of feature pairs that fall (< b, > a)

Separation of feature pairs that fall (< a, > b)

Reference&sequence&

&&&&&&&&&&& &&&&&&&&&&& &&&&&&&&&&&

+&strand& a1&a2& b1&b2&

Tumour&genome&

Tandem&duplica:on&

&&&&&&&&&&& &&&&&&&&&&& &&&&&&&&&&&

+&strand& a1&a2& b1&b2&

&&&&&&&&&&&

b1&a2&

Annota/on(func/on:(
Copy&number&gain&of&features&wholly&within&a—b&&
Disrup:on&of&any&feature&crossing&a&or&b&&
Possible&fusion&gene&across&b1^a2&(allowing&for&possible&nts&or&mh)&
Apposi:on&of&feature&pairs&that&fall&(<b,&>a)&
Separa:on&of&feature&pairs&that&fall&(<a,&>b)&
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Classifying by alteration’s effects 
Class-specific annotation functions

Example: interstitial deletion with breakpoint pair positions a and b:

Copy number loss of features wholly within a–b
Disruption of any feature crossing a or b
Possible fusion gene across a

1

^ b

2

(allowing for possible nts or mh)
Apposition of feature pairs that fall (< a, > b)
Separation of feature pairs that fall (< a, > a) and (< b, > b)

Reference&sequence&

&&&&&&&&&&& &&&&&&&&&&& &&&&&&&&&&&

+&strand& a1&a2& b1&b2&

Tumour&genome&

Inters::al&dele:on&

&&&&&&&&&&& &&&&&&&&&&&

+&strand& a1&b2&

Annota/on(func/on:(
Copy&number&loss&of&features&wholly&within&a—b&&
Disrup:on&of&any&feature&crossing&a&or&b&&
Possible&fusion&gene&across&a1^b2&(allowing&for&possible&nts&or&mh)&
Apposi:on&of&feature&pairs&that&fall&(<a,&>b)&
Separa:on&of&feature&pairs&that&fall&(<a,&>a)&and&(<b,&>b)&
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Common features of rearrangements in hot regions? 

Jeremiah Wala 


