Tumor (n = 4,366) Normal (n = 364)

A 4

PRADA: Pipeline for RNA sequencing Data Analysis
Identify fusion transcripts with
- at least 2 discordant read pairs (DRP)
- at least 1 perfect junction spanning read (JSR)

\ \

26,995 fusion pairs 2,555 fusion pairs

’ Filtered by gene homology '
(E-value > 0.001)

20,857 fusion pairs 2,116 fusion pairs

Filtered by transcript allele fraction ’
(TAF-A > 0.01 & TAF-B > 0.01)

11,014 fusion pairs 304 fusion pairs

' Filtered by partner gene variety ’
(p < 0.00001)

9,047 fusion pairs 192 fusion pairs

158 kinds of fusions
in normal tissue

8,695
tumor specific
fusion pairs

352 tumor fusion pairs
(42 kinds of fusions)
were overlapped.

Supplementary Figure 1. A flowchart of fusion filtering

To obtain a bona-fide fusion, fusion filtering was performed based on the number of discorndant read pairs, perfect match junction spanning reads,
gene homology, transcript allele fraction, and partner gene variety. By using RNA seq data obtained from normal samples, tumor-specific fusions
were extracted.
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Supplementary Figure 2. Detection of normal samples with a high likelihood of tumor cell contamination.
Supervised clustering was performed by using different expressed gene between tumor and normal samples. Five normal samples (red asterisk) were clustered into tumor cluster.
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Supplementary Figure 3 Copy number status of each gene for 13 tumor types

Bar plots represent the fraction of five types of copy number status for each tumor type. Gene-level copy number alteration was identified
by applying GISTIC 2.0 to TCGA level 3 copy number data for each tumor type. A few genes constituting of fusions were not available in
GISTIC 2.0 due to incompatibility of gene symbols between fusion and copy number data and these genes were annotated as “NA” .
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Supplementary Figure 4. The details of ESR1 fusions in breast cancer.

(A) Dot plots with ESR1 transcript structure demonstrate the frequency of ESR1 fusions and junction points for each fusion. (B) Exon
expression plots show the Z-normalized exon expression level for six ESR1 fusions located on functional domain (C) Bar plots with box-
whisker plots represent RPPA protein expression level for ER alpha (left) and ER alpha pS118 in the overlapped breast cancer samples
between fusion and RPPA data sets. Box-Whisker plot represent the mean of protein expression in ESR1 fusion negative samples.
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Supplementary Figure 5. The distribution of fusion transcripts inferred as “in-frame”

(A) Bar plots show the fraction of in-frame fusions. Tumor types were sorted by the fraction of in-frame fusion. (B) Each bar represents
the fraction of eight types of in-frame fusions. Tumor types were sorted by the fraction of samples in which at least a single fusion

transcript was detected per tumor type.
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Supplementary Figure 6. Relationship between fusion and mutation events for each tumor type.

The frequencies of somatic mutations (lightblue) and significant mutation (pink) were shown as bar. To compare the frequency between samples
with and without recurrent fusions (n=2), Welch'’s t test was performed. A heatmap shows recurrent fusions (green) and significant mutation
events in each tumor types. Prostate cancer and melanoma samples with recurrent fusions had no available mutation data.



0.0035
0.022

Supplementary Fig. 6 BRCA (n=754) 7 mutation (eftaxis) Welch's t-test, p

significant mutation (right axis)  Welch'’s t-test, p

-
N

oo

per Mb

>

Mutation frequency

o-J IRCR LU (e

TTGE _MIPOL

ACO1M997 1__LRRCED
ESR1__CEord7
C10oiE8__CCDCT .
USP22__MYH10
seeon nn Bl Fusion (+)
THSD4__LRRC49
MRPL48__DTX4 [ |
RPSEKBI__VMP1
PCMTD1__ST18
FOXP1__FIF4E3

Missense mutation
Nonsense mutation
Frame shift

|_P
BPTF__PITPNC1
HTATSFI__BRS3
TMEWMSTE__MERTE
AFAPI__ABLIMZ
LMBR1_PTPRMN2

g
C
NN B

In frame indel

TMEM135_C11od&?
RARA__PCTP
CTPS2__REBFT
GDC42EPA_SDK2
TNRC18 _RNF216 1
SBNO2 _C18or20
POSTN__Y¥1
SFMBT1_RFT1
EXOCEB__SFXNS
EPS15L1_CALR3
SEPTO__SEC14L1 |
DCAFE__MPZL1
NSD1__ZNF3HE
RINSZ_BAALG
MVP__KIF22
SMARGA4 _DNM2 1
KATBA_ IKBKE 1
s2_ LYz 1 1
GIGYF2__EFHD1
G200 112_COMMDT
HECTD2__PCGFS
BCAS3__RADSIC
ZCCHCE_ RSRC2
ARFGEF1__CPAB
TARBP1_REM34 I
MYOND__TMIGD1

EFHD1__EIF4E2
WAC_AFEEIIF
FIG4__WASF1
SLC3AI__SDK2
PPP1CB__PLEI
KDM2A__RHOD |
MGAT4A _C2on55
TET3 _ACTGZ
RFTH1_DAZL
KDM4B__UHRF1 I |
RF1147122.3  PRKCH I |
PLEKHFZ2__CBorl38
MLL3 _CHNTHAP2
ARHGEF11__ETW3 1
MTMR2 _MANML2 |
SRPK2__PUST 1
C10oi18 _NET1 |
KATEB__ADK 1
WHSC1L1__FGFR1
TELIXR1__PIK3CA
NFIX__DANDS 1
CCDCE__ANK32 ]
AGLY DHAJCT
BUEIE__EIF2AK4
MsI2_TEX2
TEC1D4_COMMDE
PIK3C.

TP52
GATAS
MAP3K1

uLE | 1 | 1 1

1
=
=-— -
==
=
.
=
-
-
=

0.24

0.16

0.08



Supplementary Fig. 6

GBM (n=1 47) [ mutation (left axis) Welch'’s t-test, p = 0.97
significant mutation (right axis)  Welch’s t-test, p = 0.89
6 — —0.12
>
O
c — -
o
oo 4— - 0.08
o= :
c o 1 [
La
= 2 —0.04
=)
= — |
0— —0
BESFR__SEPT14
FGFR3__TACC3
LANCL2 _SEFT14

FIK3R1 |

)
okl —

FF1

|
PIK3CA
RE II r
MUC7 II |

IDHA II”II I

KEL || 1 1 |
STAGE
CHDSE | |
NUP210L I | I

RPLS |
wcma || I

BRAF
MAP3K | |I I | I I I
ATGP | I
QK] |
SETD2 | |

oD
DOX5

B Fusion (+) Missense mutation
Nonsense mutation

Frame shift

Jonn

In frame indel




Supplementary Fig. 6
HNSC (n = 296) [] mutation (left axis)

significant mutation (right axis)

per Mb
S 3
[ 1 1 |

Mutation frequency
S
I

0

RPSEKET__VKMF1
ACOOET45.1__EHDZ2
RHASE1D__CD3s
PANX1__HEPHL1
FGFR3__TACC3
SH3rPXD2A__OBFCH
TR33

CDOKN2A

FAT1

PIK3CA

NOTGH1

MLL2

NS0T

CASPE

EP300

NFE2L2

EFHAZ

RASAT

HRAS

ZNFF30

CTGF

HLA-A

TGFBR2

FTEN

RACA

HLA-B

B2M

MAP4KI

RHOA

IPO7

CTUDTA

Welch’s t-test, p = 0.0023

Welch’s t-test, p = 0.030

*

Bl Fusion (+)

Bl Missense mutation
B Nonsense mutation

[ Frame shift
[ Inframe indel

T e




Supplementary Fig. 6

KIRC (n = 400)

Mutation frequency
per Mb

0
SFPQ__TFE3
C10odEs__CCDCT
TRIP12__SLC1E8AT4
WHL
PERKI
SETDZ2
BAP1
KOMEC
MTOR
FTEN
ARIDTA
ATM
TP33
CCDC120
GLUSE
MPO
RHEE

TCEE1

significant mutation (right axis)

[ mutation (left axis)

Welch’s t-test, p = 0.039

Welch’s t-test, p = 0.063

[
i

|

-
L.

—0.5

—0.4

—0.3

—0.2

—0.1.

Il Fusion (+)

B Missense mutation
B Nonsense mutation

[ Frame shift
[ Inframe indel

.




Supplementary Fig. 6

LAML (n = 167) 3 mutation (left axis) Welch's t-test, p = 0.0048
significant mutation (right axis) ~ Welch'’s t-test, p = 4.8e-15

— 0.1

Mutation frequency
per Mb:
|

0— — — L0

PML__RARA

RARA__PML
RUNX1__RUNXIT1

MLL__MLLTAO
ABL1__BCH
MLL__ELL
MLLT1O__PICALM
PICALM__MLLTIO
MNSD1__WUP2B
MLL__MLLTS
FLT3 I

NP
IOHZ I II I
I0H1 I | | I
RLURX1 II

TETZ

TP53 | F
HRAS [ [ | 0 11 [ ]

CEBPA

WT1
FTPNT1 I I I I I I II

KIT |

KRAS | | |
2AF I r I I lI
SMC1A I I I II I I
| 1

SMC3
PHF& I |
RADZ1 | |
ST A I I
ASXLY |
EZHzZ |
MXRAS |

Il Fusion (+) Missense mutation
Nonsense mutation

Frame shift

JEnn

In frame indel




Supplementary Fig. 6
LUAD (n =171)

o
S
|

per Mb

Mutation frequency
S
I

0

Cllodes__CCDCT
RPSEKBT__VMP1
DH¥40__RNFTA
EML4__ALK
ATP11A__C130r35
UBXN4__R3HDM1
MTHR1Z2__ZFR
AMERAT__ARHGAR
ATP2AZ2__IFTE1
TAF4__TEHZZ
RREF1__TASF1
SHNAN__PFDN4
MPPS__GPHM
TP53
KRAS
KEAF1
BEGFR
NF1
STKI1
ATM
SMARC A4
ARIDTA
BRAF
CDENZA
MET
REM10
SLC4AS
PIK3CA
RE1
EREBZ2
RIT1
L24F1
MAP2K1
STx2

*(n>100)

[0 mutation (left axis)

significant mutation (right axis)
*

Welch’s t-test, p = 0.23

Welch’s t-test, p = 0.32

Bl Fusion (+)

Bl Missense mutation
B Nonsense mutation

[ Frame shift
[ Inframe indel




Supplementary Fig .6

LUSC (n = 177)

% (n>100)

100 —
3> 80—
C
(D)
oo 60—
o=
H_L
58 40
©
S 20 —
=

O_

ACOTSET 1__LRRCES

FGFR3__TACCA

WASF2__AHDCA

ERGICT1__RANERT

TTCE __MIPCL

TP&3

MLLZ

COEMN2A

MNFE2L2

PIEICA

KEAM

ARIDTA

RE1

FEXWT

HLA-A

HRAS

\’ |

mutation (left axis)

significant mutation (right axis)

Welch’s t-test, p = 0.72
Welch’s t-test, p = 0.32

Bl Fusion (+)

Jonn

Missense mutation
Nonsense mutation
Frame shift

In frame indel




Supplementary Fig. 6

oV (n = 266) [ mutation (left axis) Welch’s t-test, p = 0.26

significant mutation (right axis)  Welch’s t-test, p = 0.27
— 0.12

— 0.08

N
|

I
— 0.04

per Mb

Mutation frequency
N
|

0—
CCDC6_ANK3
KAT6B_ADK
TP53

NF1 | |

BRCA1 I I

CDK12 | I I
RB1 |

Bl Fusion (+) Missense mutation
Nonsense mutation

Frame shift

JEn

In frame indel




Supplementary Fig. 6

THCA (n = 318) = mutation (eft axis)

significant mutation (right axis)

per Mb |
w BN (¢
| | |

N
|

Mutation frequency

-_—

Welch’s t-test, p = 0.14
Welch'’s t-test, p = 8.3e-88

0

CCDC6_RET
ETV6_NTRK3
PAX8 PPARG
NCOA4_RET
PPARG_PAX8 |
ERC1_RET
BRAF
NRAS
HRAS
NUDT1
EIF1AX

Il Fusion (+)

Missense mutation
Nonsense mutation
Frame shift

In frame indel

— 0.5

— 0.4

— 0.3

— 0.2

— 0.1




KDM5A E:I :Zj I:I

B LUAD

KDM5A “ “

BRCA

KDMS5A

BRCA

KDM5A

@) A @)

|

@ gene A
A gene B

-
I

1l

1. Jumoniji N domain (19-60)
2. ARID domain (84-174)

3. Jumoniji C domain (437-603)

TCGA-44-A47B-01A-11R-A24H-07: KDM5A__ RAE1

KDMSA

TCGA-AO-A124-01A-11R-A10J-07: KDM5A__ NINJ2

KDMSA

TCGA-A1-A0SK-01A-12R-A084-07: KDM5A__ANO2

BRCA

WNK1

Supplementary Figure 7. KDM5A fusions as a therapeutic target
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Supplementary Figure 8. Transcript allele fraction (TAF)

This image shows the definition of transcript allele fraction (TAF). The TAF score is measured as the ratio of junction spanning reads to
total reads crossing over junction point mapped to the reference transcript.



PML in LAML

y

COL3A17 in BRCA

% 1 % Y 1
0 G | Wiy 0 WL [y
> o 2y Uy, o > ¢ e ay Uy, o
SR ‘o, P & ‘o,
°¢® % °¢’ %
NN z PS8 z
S 2" S = 2"
5§ LY 58 7 Y
E ) % » B E-
~ 8 = * 8 s
E 5 % H
=2 § o -2 S o
2 S 2 5
5% & 5% 'y
%, & o % & o
s N Y 4 \
Y, W™ Uy, W
27 /[/I/ T | \\\\\\ \\\\ 1 2 I/II/ I \\\\\\ \\\\ ’ 1
10 0 fo 9
Variety of partner gene = 1 Variety of partner gene = 18
(Number of fusions = 11) (Number of fusions = 28)
50
40 - , random distribution
@ (no specific partner)
C
()
(@]
o 30- -
C
=
®©
o
g
S, 20-
e
Q
(-
®
>
10
0 -]
| | | | | |
0 20 40 60 80 100

Number of fusions comprising one specific gene

Supplementary Figure 9. Diversity of partner gene variety

(A) Circos plots show representative examples indicating low (PML in acute myeloid leukemia) and high (COL3A1 in breast cancer) partner
gene variety. (B) The graph demonstrates random distribution of partner gene variety. Red and grey dashed lines depict the maximum and
mean of PGV per number of fusion.
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Supplementary Figure 10. The concept of validating fusion transcripts



