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Patients

Significantly Mutated Genes

Mutation Matrix Statistical test

Genes

Frequency

Number Patients

mm

TCGA Ovarian (2011)
TCGA Breast (2012) 510 35
TCGA Colorectal (2012) 276 32
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Advantages of Large Datasets

Prior knowledge of groups of genes

Genes

Patients

Known pathways Interaction Network None

 Novel pathways or interactions between
pathways (crosstalk)
 Topology of interactions



Two Algorithms

Prior knowledge of groups of genes

Genes

Patients

Known pathways Interaction Network None

Number of Hypotheses
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subnetworks of Dendrix
interaction network  Exclusive gene sets



HotNet: Problem Definition

Given:
1. Network G =(V, E)

V = genes. E =interactions b/w genes

2. Binary mutation matrix

. = mutated
= not mutated
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Genes
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significant number of patients.

O
Find: Connected subnetworks mutated in a &



Subnetwork Properties

Mutation frequency/score AND network topology

 Moderate frequency/score ¢ High frequency/score
* Highly connected * Connected through high-degree
node.



Mutated subnetworks: HotNet*

Mutation Matrix Human Interaction Network
G
- * = mutated genes
*2 ﬁ
- *—
o
- (1)
Mutation = heat diffusion Extract “significantly hot” subnetworks
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*F. Vandin, E. Upfal, and B. J. Raphael. J. Comp.Biol. (2011). Also RECOMB (2010).
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Statistical Test

Mutation Matrix

Genes
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X, = number of subnetworks > s genes

Two-stage multi-hypothesis test: Rigorously bound FDR.



HotNet PanCancer: Goals

Find subnetworks/pathways:

1. Mutated across all cancer types. / \
 \ 08
V Vi /
2. Mutated in a subset of cancer / \
NG

types. ‘
¢\
—

3. Mutated across all/many cancer
types, but with type-specific
mutations. ~



HotNet PanCancer

Thousands Patients
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Interaction network |
> 10K proteins
> 200K interactions HotNet




HotNet PanCancer

SNVs (nonsynonymous) and small indels Copy number aberrations
e —= 4
Number Patients
2 0.8% frequency Target gene selection: GISTIC max peaks
or significant in 2 1 cancer type

Thousands Patients
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Mutation &
copy number

~20000 Genes
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Interaction network
> 10K proteins
> 200K interactions



Mutation Data Summary

Total: 765 genes, 1984 samples

Cancer (sub)type  Num samples
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HotNet iIRef Network

1984 Patients

- -
Mutation &

. copy number

-

~20000 Genes

iRef 9.0 network -
212,746 interaction
14,384 proteins HotNet

€
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11 subnetworks with > 3 genes (P < 0.01)
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IRef Summary

Subnetwork Coverage

TP53, MDM4, MDM2, STKI |, RNF20 48.6% (964 | 1984 samples)
PIK3CA, KRAS, NRAS, IRS2 45.6% (904 / 1984 samples)
FGFR, ERBR2, ERBB3, INSR, KIT, NTRK |, PDGFRB, 44.3% (878 / 1984 samples)
CBLB

RBI, CDKN2A, CDK4, CCND I, CERPA, DNMT | 40.1% (796 / 1984 samples)

BRIPI,ATR, TP53BPI, BLM, BRCAI, FANCA, FANCM  32.3% (641 / 1984 samples)

PTEN, PIK3RI, PDGFRA, SOS| 32.1% (636 / 1984 samples)

BAPI, ASXLI,ASXL2, ANKHD [-EIF4EBP3, HCFCI, 30.8% (611 / 1984 samples)
ANKRD 17,

CTNNBI, MYO7A, KDR, CDH 29.4% (584 / 1984 samples)
Cohesin 28.8% (571 1 1984 samples)
MYC,SETDBI, DNMT3A 28.7% (569 / 1984 samples)

ARIDIA/ARID2, BAZIB 13.2% (261 / 1984 samples)




Mutations Types

B ®ave goe

TP53, 5TKI I, MDM4, et dl.

Coverage: 48.2% (957/1984 samples)
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Mutations Types

PIK3CA and RAS interactions  ®+®wam

Coverage: 42.4% (842/1984 samples)
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NRAS (40)
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Nature Reviews Cancer 11, 389 (June 2011)

COADREAD: 3 x 100

LuminalA: 3 x10!!

AML: 4 x10-'6
COADREAD: 0.001 |

(]
0 r—

N H ||l

Mutations by Cancer
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Mutations Types

B ®ave goe

DNA Repair

Coverage: 28.8% (572/1984 samples)
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Mutations Types
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Cohesin Complex

Coverage: 22% (437/1984 samples)
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Polycomb group proteins

Coverage: 6.1% (106/1740 samples)
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Mutations Types
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HotNet HPRD Network

1984 Patients
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~20000 Genes

HPRD 9.0 network
39,173 interaction
9,617 proteins HotNet

20 subnetworks with > 3 genes (P < 0.01)
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HPRD Summary

PIK3CA and neighbors

64.8% (1286 / 1984 samples)

ARIDIA, PBRMI, and neighbors

64.6% (1281 / 1984 samples)

Cohesin and neighbors

47.6% (945 / 1984 samples)

C3,THBSI, CFH, COL3AT, ITGAX, LAMA

30.7% (609 / 1984 samples

TG, LPA ANKS B, LRP2

28.2% (559 / 1984 samples

AXIN2, RPI,APC, PTPN I3

27.0% (535 / 1984 samples

BRIPI, BAPI, BRCAI

24.3% (483 / 1984 samples

PTPRS, CDHI, PTPRK, PPFIA2, PTPRM

24.3% (482 / 1984 samples

MYC, DNMT3A, DNMT |

22.8% (453 / 1984 samples

ANKI, LICAM, NCAN, TNC

21.9% (435 / 1984 samples

CCNEIL NOTCH3, NOTCH4, FBXW7/

20.5% (406 / 1984 samples

SLIT3,ROBO2,ROBO I, SLIT2, SRGAPI

MCLI, BCL2L I, BCLAFI

16.8% (333 / 1984 samples

NTRKI, NTRK3, RASGRFI

16.3% (324 / 1984 samples

MYO7A, NFE2L2, KEAP

16.1% (319 / 1984 samples

MLLT4, EPHA7, NRXN3

15.2% (302 / 1984 samples

COL4AL, COL4AS, COL4A6, FBLN2

| 1.8% (234 / 1984 samples

OPRMI, GRMI, GPRASP|

10.8% (215 / 1984 samples

CDHI18,CDHI12, CDHI0, CDH9

10.6% (211 / 1984 samples

FLNA, CALCR, GRMS8, CASR

)
)
)
)
)
)
)
)
17.9% (355 / 1984 samples)
)
)
)
)
)
)
)
)

10.1% (201 / 1984 samples
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PIK3CA and neighbors

D Summary
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Mutations Types

B ®ave goe

SLIT/ROBO signaling

Coverage: 10.3% (203/1984 samples)
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Mutations Types

B ®ave goe

Coverage: 21.7% (430/1984 samples)

AML: 3.74x 1010

Basal-like: 0.0036
GBM: 0
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Mutations Types
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SLIT/ROBO signaling

Coverage: 10.3% (203/1984 samples)
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Pancreatic cancer genomes reveal
aberrations in axon guidance pathway genes

Nature (Nov. 15, 2012) * [l
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HotNet

~20000 Genes

1928 Patients

-

-

-

Mutation &
copy number



Next Steps

Additional QC on mutation data

— Target gene selection on copy number aberrations
Incorporate background mutation model

Incorporate other data types: e.g. expression
and/or methylation

Dendrix: exclusivity
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