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Studying cancer genome structure: motivation

Gene Fusions
KIF5B-RET -} -m§=

22

1 BN EmiEEEs
23

I mEi===

e24
N Em

o1
ceoce-reT |
el2

RET - —
elle

Takeuchi .. Ishikawa
(Nature Medicine 2012)

Noncoding Variants
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Which is the smoker?
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OFWHOLE GENOMES

PCAWG
PanCancer Analysis

\

Rearrangement burden
across ~2700 cancers
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A primer in somatic variation (from short reads)
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How do we “count”
rearrangements?

Maciejowski and Imielinski 2017
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What is an “event”?
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Complex structural variation in cancer
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Templated insertion chains
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https://github.com/mskilab/gGnome
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Genome graphs and the topology of junction copy number
(JCN)
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Genome graph inference (JaBbA)

https://github.com/mskilab/JaBbA
https://github.com/mskilab/gGnome
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Optimization problem:

JaBDbA algorithm
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Linked-read whole genome sequencing (10x genomics)

100 Kbp “synthetic long reads” $7/Gb
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WGS (JaBbA) vs linked-reads
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WGS (JaBbA) vs linked-reads

Linked read barcode sharing
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JaBDbA applications

Complex Structural Variants Variant subgraph
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JaBDbA applications
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Landscape of thousands of

cancer genome graphs

2,813 WGS samples
31 tumor types

(83) GBM PBCA (4)
(62) HNSC LGG (57)
(68) LUSC THCA (62)
(149) LUAD SCLC (46)
(792) ESAD/ESSC/BE* MESO (4)
(112) MALY BRCA (262)
(4) MM STAD (64)
(66) LIHC PACA (27)
(41) KIRP oV (73)
(51) KICH AML (56)
(62) KIRC* UCEC (64)
(106) COAD CESC (20)
(39) BLCA MELA (256)
(115) PRAD* OTHER (10)

(58) SARC

Read depth
Difference

40

30

20

1

(@

o

0

e.=10.7.5

10

. .
’
"
i

20

JCN

30

40

Count

250000

200000

150000

100000

50000

0

Low JCN High JCN

|Il. >20

2 4 6 8 1012 14 16 18 20

JCN

Hadi, Yao, Behr, et al Cell 2020



Clusters of low JCN DUP and DEL
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Duplication “towers”™
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Deletion “ditches”
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Clonality and
graphs
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Rigma =
late replicating, fragile sites, long genes
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Recurrent rigma
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Rigma != Chromothripsis

10° -

Size (bp)

105 1

P <1020

107 -

10° -

Chromo-
thripsis

Rigma

Fraction junctions

in cis

1.0 -
0.8 -
0.6 -
0.4 ;
0.2 -

P < 1020

Chromo-
thripsis

Rigma




Rigma
junctions
occur in trans

NCI-H838

LR

H1

LR

H2

LR

H3

CN

RD

Reconstructed
Alleles

[llumina-derived
graph

lllumina depth
read



Optical mapping (BioNano Genomics)
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Rigma events occur early in esophageal adenocarcinoma

tumorigenesis
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Tyfonas are larger and have a more diverse
distribution of JCN than DM, BFBC
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Tyfonas enriched in distinct
tumor (sub)types
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Tyfonas are enriched in expressed protein-coding
fusions
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Tyfonas reconstruction
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Shared Hi-C
contacts with Seed

Hi-C suggests chromosomal integration of tyfonas
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Hi-C suggests chromosomal integration of tyfonas
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FISH confirms chromosomal integration of tyfonas
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reconstruction
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Tyfonas are enriched in a novel breakend

hypermutation process
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Tyfonas model
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Monochromosomal hybrid model
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Conclusions

« Analysis of ~2813 junction balanced genome graphs reveals novel
patterns of complex genomic rearrangements (rigma, pyrgo, tyfonas)

« Rigma are late-replicating ditches of clustered trans deletion junctions
arising early in esophageal adenocarcinoma

* Pyrgo are duplication towers enriched in superenhancers including MYC

« Tyfonas are likely extrachromosomal clusters of high copy fold-back
iInversions that are enriched in acral melanoma and expressed protein-
coding fusions

« Tyfonas can be chromosomally integrated and are enriched in a breakend
hypermutation process distinct from BFBC and DM

« Complex rearrangement patterns reveal prognostically significant
categories, including BFBC / Rigma and DDT clusters



Linked-read whole genome sequencing (10x genomics)

100 Kbp “synthetic long reads” $7/Gb

Aoy long DNA - & s
rbitrarily long Py » b
is mixed with beads °===° 1 O'ID 1 Ocm» s
. loaded with
Stay tuned: oo e ) (i) e

enzyme and dNTPs

Kevin .

Hadi Pooling

Amplification The emulsion is

GEMs Long fragments are broken and DNA is
Each micelle amplified such that the pooled, then it
has 1 barcode product is a barcoded undergoes a standard
out of 750,000 fragment ~350 bp library preparation

Genome graph
sighatures

of homologous

repair deficiency

Goodwin, Mcpherson, McCombie Nature Reviews Genetics 2016



Long-read sequencing (Pac Bio, ONT)

Stay tuned:

Aditya
Deshpande

High
order
chromatin
structure

**https://blog.genohub.com/2017/06/16
/pacbio-vs-oxford-nanopore-sequencing/

12-20 Kbp reads, $85-400/Gb**
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Sites where
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takes place :

Labelled nucleotides
All four dNTPs are
labelled and available
for incorporation

Modified polymerase
As a nucleotide is
incorporated by the
polymerase, a camera
records the emitted light

PacBio output

A camera records the changing
colours from all ZMWs; each
colour change corresponds to
one base

200-900 Kbp, $100-180/Gb**

Ab Oxford Nanopore Technologies

Leader-Hairpin template

The leader sequence interacts
with the pore and a motor
protein to direct DNA,

a hairpin allows for
bidirectional sequencing

Alpha-hemolysin
A large biological pore
+ capable of sensing DNA

Current

Passes through the pore
and is modulated as
DNA passes through

Mean
Signal
(pA)

ONT output (squiggles)
Each current shift as DNA
translocates through the

pore corresponds to a
particular k-mer
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Time (seconds)

Goodwin, Mcpherson, McCombie Nature Reviews Genetics 2016
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Optical mapping (BioNano Genomics)

Stay tuned:
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