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Figure S1. Histological Analysis of Tumor and Non-tumor Derived Organoids from HCC and CCC 

Patients. Related to Figure 1, Figure 3 and Figure 4. (A) Representative Hematoxylin and Eosin 

images of paired non-tumor liver organoids derived from HCC and CCC patients. Scale bars: 100 µm. (B) 

Representative Hematoxylin and Eosin images of HCC organoids at early and late passage (range P4-

P28), showing no morphological differences after long-term culture. For Patient 2, HCC organoid culture 

time between early and late passage corresponds to 52 weeks, for Patient 5-A 29 weeks and Patient 5-B 

26 weeks. Scale bar: 100 µm. (C) Histological sections of three representative HCC biopsies, their 

derivative organoids and organoid-derived xenografts stained for Glypican 3 (GCP3), Glutamine 

Synthetase (GS) and Heat Shock Protein 70 (HSP70) by immunohistochemistry. Organoids were imaged 

at the indicated passage numbers. Scale bar: 100 µm.  



	

	 	

 

 

 

Figure S2. KI-67 Analysis on HCC Tumor Biopsies Used for Organoid Generation. Related to 

Figure 2. (A) Representative tissue sections of ten randomly chosen HCC biopsies stained for the 

proliferation marker KI-67 by immunohistochemistry. Tumors that did not result in organoid growth have 

only few KI-67-positive nuclei. Scale bar: 100 µm. (B) Quantification of KI-67-positive nuclei for the ten 

HCC biopsies (p=0.0079, two-tailed t-test). Shown is the mean ± SEM of at least three images for each 

tissue section and patient. Approximately 1’000 cells were counted per patient.   
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PRTN3 (p.Ala87Asp)

ZNF337 (p.Gly270Arg)
COL6A3 (p.Leu1726Arg)
COL9A3 (p.Leu282Phe)

SSC5D (p.Val213Ile)
COL1A2 (c.739−2A>G)

KIF14 (p.Lys727Glu)
KIF14 (p.Leu726Pro)
GRID2 (p.Leu281Ile)

ROS1 (p.Leu2168Phe)
RAB11FIP2 (p.Arg495Trp)

NUMB (p.His399Leu)
CBX4 (p.Ala276Val)

CHST12 (p.Ala271Val)
TTLL4 (p.Lys978Asn)

DENND4B (p.Val257Ile)
EPHA8 (p.Arg992Trp)
FSCN1 (p.Gly476Ser)

DOCK9 (p.Glu1800Gln)
PRMT10 (p.Met409Val)

MYH8 (p.Gln448*)
A4GALT (p.Arg235Trp)
DHRS3 (p.Ala125Thr)

AL136376.1 (p.Gly62Arg)
CCT7 (p.Ala56Pro)

ZFYVE16 (p.Gly525Ser)
GPR98 (p.Leu1427Gln)

KCNMA1 (p.Leu792_Ile793delinsPhe)
OR1B1 (p.Met283Thr)

BRD7 (p.Phe340Ile)
SLC4A10 (p.Asp5Asn)

RP11−1055B8.7 (p.Ala2387Val)
RP1 (p.Arg1228Ile)

KIAA1199 (p.Pro134Leu)
SLC7A2 (p.Ser502Asn)

OR2C3 (p.Thr76Arg)
SEC16A (p.Ala955Val)

ELL (p.Arg144Gly)
SLC20A1 (p.Ile133Val)

CTIF (p.Ala7Glu)
NSMF (p.Ala122Val)

CCDC150 (p.Gln730Leu)
SRRM2 (p.Gln2517*)

ARHGEF39 (p.Asn104Lys)
OR4K14 (p.Ala78Val)

MICAL2 (p.Arg160His)
IGLV7−43 (p.Ala64Thr)

NEB (p.Asp4951fs)
RNF216 (p.Asp797Asn)
RPRD2 (p.Leu1331Val)

HDAC4 (p.Pro64Leu)
COL1A2 (p.Gly1015Trp)

DNAAF3 (p.Val238Ile)
CTNND2 (p.Thr1093Ile)

NBEAL1 (p.Asp2044Val)
USP48 (p.Gln178Lys)
S1PR1 (p.Asn156Ser)

RAB32 (p.Val104Ile)
ZMYM4 (p.Ser1417Gly)

PTK7 (p.Met881fs)
BMP5 (p.Ile427Val)

SENP6 (p.Arg746Gln)
KDM5A (p.Arg1534Ile)

SERPINB3 (p.Leu323Pro)
SCAPER (p.Glu649Lys)
PLXNA4 (p.Gly251Asp)

URB1 (p.Arg936Leu)
SLC7A2 (p.Ser502Arg)
MOGS (p.Arg561Cys)

CDC73 (p.Gln333*)
ZFP42 (p.Val276Met)

SPEG (p.Pro373_Pro376del)
COL22A1 (p.Gly1123Ser)
COL15A1 (p.Pro662Leu)
ISL1 (p.Ter350Cysext*?)

SUCO (p.Glu892*)
RTTN (p.Ser684Arg)

STOX1 (p.Val222Met)
MSRB3 (p.Leu54Ile)

WDR96 (p.Glu1294Gly)
ELAC1 (p.Met107Ile)

ESPNL (p.Ala899Thr)
AEBP1 (p.Ile747Val)

SERAC1 (p.Tyr380Cys)
RYR1 (p.Glu4982*)

STK32A (p.Ala188Thr)
IRX4 (p.Arg61Leu)

GAD2 (p.Glu14*)
ROR1 (p.Ser776Arg)

PZP (p.Leu400Val)
HSD17B1 (p.Met148Thr)

RAI1 (p.Glu902*)
AGBL5 (p.Ser507Ala)
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Figure S3. Repertoire of Somatic Mutations in Tumor Biopsies and Derivative Organoids of 

Patients 2, 5-A, 5-B and 9. Related to Figure 5. Heatmaps indicate the cancer cell fraction of somatic 

non-synonymous autosomal mutations as determined by ABSOLUTE (Carter et al., 2012) (blue, see color 

key) or their absence (grey) in each sequenced HCC tumor biopsy/ HCC organoids (A-D). Mutations 

affecting cancer genes (Fujimoto et al., 2016; Kandoth et al., 2013; Lawrence et al., 2014) or hotspot 

residues (Chang et al., 2016; Gao et al., 2017) are indicated by yellow and red dots, respectively.  

  



	

	 	

 

Figure S4
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ANKRD30B (p.Gly49Asp)

XPR1 (p.Val246Ile)
GLRA1 (p.Val204Gly)

SLC20A1 (p.Ala11Ser)
GPR26 (p.Ala143Gly)

UGT2A3 (p.Pro270Ala)
KCNV2 (p.Leu315Arg)
ZNF408 (p.Gln250His)
CDH19 (p.Glu543Asp)

CDC73 (p.Pro33Ser)
MTX3 (p.Leu162His)

KMT2D (p.Glu865Asp)
XIRP2 (p.Arg2511Ser)
LRP2 (p.Leu4648Phe)

VRTN (p.Ala682Ser)
FAM221B (p.Thr202Arg)

CDH19 (p.Asp650Gly)
KIAA0947 (p.Glu846Asp)

HSD3B1 (p.Val363Leu)
TMEM200A (p.Ala79Ser)

SP8 (p.Leu495Met)
RUSC2 (p.Gln640Lys)

COL6A3 (p.Gln2973Lys)
PSMD8 (p.Arg50Cys)

SLX4 (p.Leu344Ile)
DPY19L2 (p.Glu149Lys)

ARHGAP35 (p.Glu1273Ala)
OR13G1 (p.Gln295Lys)

BLZF1 (p.Ser37Cys)
NPHP1 (p.Ala159Thr)

AFAP1 (p.Leu4*)
RLF (p.Met261Thr)

FLG (p.Val3179Gly)
RHPN2 (p.Val73Met)

PPFIA1 (p.Gly976Cys)
KDR (p.Arg842Ser)

FRG1 (p.Ala148Pro)
SLC25A33 (p.Tyr50Cys)
ANKRD32 (p.Glu683Val)

FAM150B (p.Val84Met)
CENPJ (p.Lys776Gln)
NBEA (p.Ala2638Asp)
AGBL5 (p.His252Tyr)

IGHV1−3 (p.Leu105Met)
RBM24 (p.Arg234Gln)

IKBKAP (c.3347−2A>T)
MROH7 (p.Arg1211Gln)
ZDHHC11 (p.Ile187Met)

TNFSF13B (p.Pro237Ser)
SRP72 (p.Lys391Asn)

ARMC3 (p.Asp248Asn)
CENPJ (p.Val777Leu)
C15orf27 (p.Val508fs)

NAV2 (p.Ala376Val)
SGTB (p.Leu15Ser)
EPG5 (p.Trp1149*)

FRRS1L (p.Cys157Arg)
TBX20 (p.Met418Ile)

FBN1 (p.Thr1827Ser)
C1QTNF1 (p.Leu84Met)

GATSL3 (p.Pro65Ser)
PPCDC (p.Glu145Val)

NBEA (p.Gly297Val)
KCNF1 (p.Tyr60*)

NRXN1 (p.Gly1262Cys)
KDM3A (p.Val489fs)

SCN9A (p.Ser1113Asn)
CNTN6 (p.Gln279Leu)
EPHA3 (p.Glu417Gln)

PRR23A (p.Gln232Arg)
PTX3 (p.Gly365Trp)

AC022498.1 (p.Pro26fs)
STK32B (p.Asn55Lys)

MTRR (p.Ala3Val)
MAPK14 (p.Ala281Ser)

TBCC (p.Gln34Leu)
OGFRL1 (p.Ile158Val)

OSBPL3 (p.Ser278Phe)
RP11−1220K2.2 (p.Gly1175Glu)

TMEM67 (p.Gly569Val)
IFNA14 (p.Glu64*)

WNK2 (p.Ala1879Thr)
REXO4 (p.Arg140Met)
POLR3A (p.Glu1115*)
POLR3A (p.Ile473Val)

PPP1R3C (p.His128fs)
KRTAP5−2 (p.Gln144His)

KCNQ1 (p.Ile230Val)
OR52R1 (p.Gln309Arg)

P2RY2 (p.Ile12Val)
TRAV25 (p.Gln27Leu)

KIAA0586 (p.Val1287Phe)
IGHV5−51 (p.Gln58His)
IGDCC4 (p.Ala231Asp)
TM6SF1 (p.Trp186Cys)

DUSP14 (p.Leu165Phe)
ITGB3 (p.Ala115Val)
NXPH3 (p.Ser15Ile)
LIMD2 (c.42+2T>C)

FAM104A (p.Pro167Leu)
ZNF430 (p.Ile228Val)
NLRP7 (p.Val869Leu)
CPNE1 (p.Ile186Val)

RALGAPB (p.Ser973fs)
S100B (p.Lys25Asn)

POU3F3 (p.Pro285Thr)
PCDHB15 (p.Glu93*)
PTK2B (p.Glu268Lys)

ELMOD1 (c.623+1G>C)
AEBP2 (p.Tyr261Cys)

CMIP (p.Lys160*)
TP53 (p.Val157Phe)

MYH10 (p.Asp1700Asn)
FCGBP (p.Asp4996Tyr)
C19orf47 (p.Val288Ile)
NUMBL (p.Asp356Tyr)

DHX34 (p.Ile338Val)
KRTAP19−8 (p.Tyr7Asn)
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HDAC4 (p.Glu1080Lys)
ABTB2 (p.Val215Leu)

GUCY2C (p.Ala793Asp)
PRICKLE2 (p.Val860Ile)

C1RL (p.Phe111Leu)
ADGB (p.Ala553Gly)
FBN2 (p.Met2737Ile)

PLA2G2D (p.Cys104Phe)
TRABD2B (p.Ala469Thr)

COBLL1 (p.Ser4Cys)
TRERF1 (p.Gly490Glu)
OR5D16 (p.Ala244Thr)

ATG7 (p.Gly521Arg)
ARNT2 (p.Arg652Gln)

ATP10D (p.Arg1030Gln)
PALB2 (p.Ser682Leu)

IQCF2 (p.Arg55Pro)
TMEM38A (p.Ala280Thr)

GTF2IRD1 (p.Asp379Glu)
TRGC2 (p.Trp136*)

OR13G1 (p.Gln295Lys)
ZFP3 (p.Cys395*)

ANKRD32 (p.Glu683Val)
BLZF1 (p.Ser37Cys)

MROH7 (p.Arg1211Gln)
SLC25A33 (p.Tyr50Cys)

SGTB (p.Leu15Ser)
BRINP3 (p.Lys76Asn)

KMT2C (p.Pro743Leu)
SRP72 (p.Lys391Asn)

TNFSF13B (p.Pro237Ser)
FRRS1L (p.Cys157Arg)

IGHV1−3 (p.Leu105Met)
KRTAP4−11 (p.Val58Met)

ZDHHC11 (p.Ile187Met)
NAV2 (p.Ala376Val)

CENPJ (p.Val777Leu)
RBM24 (p.Arg234Gln)
PPFIA1 (p.Gly976Cys)

HMCN1 (p.Gly2058Arg)
CENPJ (p.Lys776Gln)

S100B (p.Lys25Asn)
ZNF430 (p.Ile228Val)

ARMC3 (p.Asp248Asn)
NBEA (p.Ala2638Asp)

NXPH3 (p.Ser15Ile)
DUSP14 (p.Leu165Phe)

STK32B (p.Asn55Lys)
SLX4 (p.Leu344Ile)

IKBKAP (c.3347−2A>T)
NPHP1 (p.Ala159Thr)
NLRP7 (p.Val869Leu)

REXO4 (p.Arg140Met)
FAM150B (p.Val84Met)
EPHA3 (p.Glu417Gln)
CNTN6 (p.Gln279Leu)

MAPK14 (p.Ala281Ser)
ITGB3 (p.Ala115Val)

RALGAPB (p.Ser973fs)
SCN9A (p.Ser1113Asn)
TMEM67 (p.Gly569Val)

CPNE1 (p.Ile186Val)
MTRR (p.Ala3Val)

POLR3A (p.Glu1115*)
KCNQ1 (p.Ile230Val)

POLR3A (p.Ile473Val)
C1QTNF1 (p.Leu84Met)

KDM3A (p.Val489fs)
ELMOD1 (c.623+1G>C)
OSBPL3 (p.Ser278Phe)

IFNA14 (p.Glu64*)
NUMBL (p.Asp356Tyr)

RP11−1220K2.2 (p.Gly1175Glu)
KRTAP5−2 (p.Gln144His)

FCGBP (p.Asp4996Tyr)
TM6SF1 (p.Trp186Cys)

AGBL5 (p.His252Tyr)
C15orf27 (p.Val508fs)

CMIP (p.Lys160*)
KRTAP19−8 (p.Tyr7Asn)
NRXN1 (p.Gly1262Cys)

NBEA (p.Gly297Val)
WNK2 (p.Ala1879Thr)
TRAV25 (p.Gln27Leu)

KCNF1 (p.Tyr60*)
POU3F3 (p.Pro285Thr)
PRR23A (p.Gln232Arg)

PTX3 (p.Gly365Trp)
AC022498.1 (p.Pro26fs)

TBCC (p.Gln34Leu)
OGFRL1 (p.Ile158Val)

TBX20 (p.Met418Ile)
PPP1R3C (p.His128fs)
OR52R1 (p.Gln309Arg)

P2RY2 (p.Ile12Val)
KIAA0586 (p.Val1287Phe)

IGHV5−51 (p.Gln58His)
FBN1 (p.Thr1827Ser)

IGDCC4 (p.Ala231Asp)
PPCDC (p.Glu145Val)

LIMD2 (c.42+2T>C)
FAM104A (p.Pro167Leu)

GATSL3 (p.Pro65Ser)
PCDHB15 (p.Glu93*)

EPG5 (p.Trp1149*)
PTK2B (p.Glu268Lys)
AEBP2 (p.Tyr261Cys)

TP53 (p.Val157Phe)
MYH10 (p.Asp1700Asn)

C19orf47 (p.Val288Ile)
DHX34 (p.Ile338Val)
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SCRIB (p.Ser986Asn)
PVRL1 (p.Glu444del)
FLG (p.His3249Asp)

ZNF611 (c.63+2T>G)
GLTSCR1 (p.Pro628Leu)

UBAP2 (p.Ser94*)
ITGA7 (p.Ala787Ser)
TEX2 (p.Thr875Lys)

SF1 (p.Arg188His)
ZFYVE1 (p.Thr163Lys)

SLC25A2 (p.Glu260Lys)
DDX11 (p.Arg213Gly)

BBS2 (p.Lys547Arg)
GPR132 (p.Pro371Leu)

FRG1 (p.Ala148Pro)
ZNF727 (p.Phe41Val)

EVX1 (p.Val208Ile)
MUC19 (c.*7406+1G>T)

ZNF362 (p.Arg348Gln)
LINGO2 (p.Ser42Gly)
ANLN (p.Ser918Arg)
LCE1D (p.Arg78His)

KIAA1614 (p.Asn879His)
CCZ1B (p.Thr249Ile)

CROCC (p.Gln922Arg)
AKAP9 (p.Lys793Asn)

OR51A2 (p.Trp311Arg)
ZNF486 (p.Lys453Asn)
HNF1A (p.Pro461Leu)

PTPN13 (p.Gln1458Lys)
EEPD1 (p.Gln227Arg)
COG7 (p.Arg573Leu)
TJP2 (p.Arg250Leu)

C12orf5 (p.Met1?)
MED22 (p.Gly154Trp)

CLEC1A (p.Asp227His)
ANAPC5 (p.Glu649Asp)

APBA1 (p.Thr13Asn)
UTP20 (p.Arg646Trp)

PDZRN4 (p.Arg718Thr)
NOTCH2 (p.Cys19Trp)

FAM110A (p.Ser78Cys)
TTC9B (p.Arg77Leu)

ARHGAP33 (p.Phe595Cys)
HYDIN (p.Ile603Val)
PPP2R5C (p.Met1?)

EDN3 (p.Gly87Ala)
FAT4 (p.Ser2545*)

ANKRD33B (p.Ser74Cys)
NIN (p.Met2036Ile)

FURIN (p.Val728Leu)
SF1 (p.Asp325Tyr)

KIF27 (p.Ser331Cys)
RUNX1T1 (c.591+1G>T)
RUNX1T1 (p.Lys197Asn)

TRIM10 (p.Arg281fs)
LAMA3 (p.Ile1567Ser)
PDE2A (p.Asp492Val)
C11orf40 (p.Ala6Ser)

TRAV8−6 (c.47−2A>T)
OR4D2 (p.Leu164His)
ROBO3 (p.Arg979Ser)
ATXN3 (p.Leu233Val)

FAM181A (p.Lys131Thr)
FOXA3 (p.Glu330Gly)

PTDSS2 (p.Pro409Leu)
TP53 (p.Pro278Arg)

CSMD3 (p.His1101Asn)
TRPA1 (p.Pro674Thr)
ENPP2 (p.Pro164Ala)

RNF19A (p.Ala415Ser)
TNRC6B (p.Ser1756Leu)

NEUROG2 (p.Ala69Val)
SYNPO2 (p.Pro652Arg)

KIAA1109 (p.Val4846Met)
HIST1H1C (p.Gly125Arg)

KCNQ5 (p.Gly81Asp)
EPHA7 (p.Glu173Asp)

OR9A4 (p.Ile75Val)
USP20 (p.Gly34Val)

CAMK1D (p.Ile248Val)
ME3 (p.Asp115Tyr)

FMNL3 (p.Arg202Gln)
OR6C6 (p.Ser269Phe)
RILPL1 (p.His101Arg)

GOLGA3 (p.Asp1088Asn)
DMXL2 (p.Lys494Asn)

FAM92B (p.Glu208Asp)
FZD2 (p.Lys29Arg)

KPNB1 (c.898−1G>A)
ABCA6 (p.Ser1351*)
SKOR2 (p.Pro17Leu)

SIGLEC1 (p.Ala852Ser)
SNX21 (p.Gly337Ser)
MTG2 (p.Ala197Pro)
HPS4 (p.Asp504Tyr)

CYP4A22 (p.Leu509Arg)
KIRREL (p.Ala168Thr)

CIR1 (p.His132Arg)
WDR75 (p.Glu5Asp)

APC (p.Lys957*)
SACS (p.Gln3935Arg)

SACS (p.Glu667Ala)
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FAT4 (p.Ile2707Thr)
KMT2C (p.Gly315Ser)
ZNF385B (p.Leu32Ile)

COL6A6 (p.Glu142Asp)
SLC5A2 (p.Ala389Thr)

DEK (p.Glu234Ala)
UBE4A (p.Asn245His)

NKAIN3 (p.Ile55Thr)
RP11−113D6.10 (p.Met39Ile)

PPP1CA (p.Leu86Pro)
RIN2 (p.Met771Leu)

CHD1 (p.Phe524Leu)
GAL3ST4 (p.His269Asn)

CRIPAK (p.His95fs)
MAPK7 (p.Met140Ile)

SUV420H1 (p.His25Asn)
PIK3R6 (p.Gly268Cys)

TBX4 (p.His125Asn)
SERINC2 (p.Asp387Tyr)

OXA1L (p.Met1?)
TRPM1 (p.Met892Ile)

TOPORS (p.Arg41Leu)
HNRNPM (p.Met625Ile)
PYCARD (p.Asp75Tyr)
ZNF79 (p.His379Asn)
SLC1A5 (p.Ser198*)
SPARCL1 (p.Ser71*)

RNF213 (p.Asp3402Tyr)
PDE8B (p.Asp329Tyr)
ZNF19 (p.Gly200Cys)
BEND5 (p.Asp233Tyr)

IARS (p.Glu93*)
ORC3 (p.Ala506Ser)
LRIT2 (p.Gly333Cys)

SLC44A1 (p.His174Asn)
ZNF623 (p.His369Asn)
COL2A1 (p.Met203Ile)
NOL10 (p.Gly303Val)

KIAA1919 (p.Asn517Asp)
NUP205 (p.Phe1608Leu)

EXOC7 (p.Asp96Tyr)
TJP2 (p.Val625Leu)

DTNB (p.Val237Phe)
PLCE1 (p.Pro218Gln)

TTC28 (p.Asp41Tyr)
MUC13 (p.Ile459Val)
MKI67 (p.Thr1664fs)

PCDH1 (p.Asp423Asn)
GRAMD1A (p.Ala253Thr)

ITGB7 (p.Arg282Leu)
TPBG (p.Ala64Pro)

BHLHE22 (p.Pro360Ala)
PRSS27 (p.Pro98Leu)

FOXRED2 (p.Ala454Thr)
ZNF460 (p.Gly134Cys)

TENM2 (p.Arg93Gln)
SPAG16 (p.Phe402Leu)

ZNF28 (p.Arg589Gln)
DAAM1 (p.Lys904Arg)

SLC32A1 (p.Pro253Ser)
CNGB3 (p.Arg26Gln)
ZNF583 (p.Gln427*)

AHNAK2 (p.Arg485Gln)
TUBB1 (p.Lys392Asn)

COL6A1 (p.Arg424Gln)
DNAJC17 (p.Gln110Leu)

EXOC5 (p.Glu129Lys)
PLAG1 (p.Arg193Gln)

EPHA2 (p.Leu298fs)
TSC2 (p.Glu498Lys)

VPS26A (p.Ile164Val)
ZNF34 (p.Ser404fs)

SLC6A5 (p.Phe375Leu)
SLC6A5 (p.Lys376Thr)
ADCY2 (p.Asp450Asn)

B4GALT4 (p.Gln162Arg)
BAP1 (p.Pro584fs)

TMEM132D (p.Trp520Cys)
CPT1A (c.1575+1G>T)

DGAT2 (p.Arg13Ser)
GPR98 (p.Asp2636Tyr)

RPS6KL1 (p.Val4Met)
ELK4 (p.Leu331Arg)

FRAS1 (p.Gln1459His)
NEUROG3 (p.Pro154Thr)

MAML2 (p.Arg191Pro)
OR6C70 (p.Pro227Ser)
C19orf10 (p.Arg113Pro)
C15orf56 (p.Arg130His)

ARID1A (p.Gln1584*)
RPL14 (p.Arg109His)

DGKI (p.Arg559*)
TSHZ1 (p.Ser318Pro)
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Figure S4. Repertoire of Somatic Mutations in Tumor Biopsies and Derivative Organoids in 

Patients 12-I, 12-II, 25 and 13. Related to Figure 5. Heatmaps indicate the cancer cell fraction of 

somatic non-synonymous autosomal mutations as determined by ABSOLUTE (Carter et al., 2012) (blue, 

see color key) or their absence (grey) in each sequenced HCC tumor biopsy/ HCC organoids (A-D). 

Mutations affecting cancer genes (Fujimoto et al., 2016; Kandoth et al., 2013; Lawrence et al., 2014) or 

hotspot residues (Chang et al., 2016; Gao et al., 2017) are indicated by yellow and red dots, respectively.  

  



	

	 	

 

Figure S5

OR8G5 (p.Gly288Trp)
TP53AIP1 (c.−76−2A>T)
ADAMTS8 (p.Tyr598Asn)
IGSF9B (p.Leu1204Gln)

KDM5A (p.Lys982Met)
ERC1 (p.Ala484Ser)

C12orf5 (p.Lys77*)
TNFRSF1A (p.Gln77*)
C12orf36 (p.Arg11Trp)

IFLTD1 (p.Ser73Cys)
MUC19 (c.4049−2A>T)

ANO6 (p.Lys168Asn)
PFKM (p.Lys3Ile)

LALBA (p.Ile12Phe)
CCNT1 (c.543−2A>T)
MCRS1 (p.Arg466Trp)

METTL7A (p.Ala66Ser)
KRT85 (p.Leu427Gln)
KRT75 (p.His135Leu)
KRT76 (p.Gln606Leu)
TBK1 (p.Glu165Asp)

PTPRB (p.Asn1985Tyr)
OTOGL (p.Ile2097Val)
TMTC3 (p.Asn577Ile)
GALNT4 (p.Arg195*)

ANKS1B (p.Asn967Tyr)
CMKLR1 (p.Tyr316*)

HECTD4 (c.3115−2A>T)
RPH3A (p.Phe310Leu)

RP11−116D17.1 (p.Gly39*)
CCDC60 (p.Tyr116Asn)

DDX55 (c.339−2A>T)
DNAH10 (p.Gly1314Ser)

MMP17 (p.Ser257Cys)
POLE (p.Gln1645Leu)

CHFR (p.Tyr118Phe)
ANHX (c.−22−2A>T)

CYFIP1 (p.Ser68Cys)
RYR3 (p.Gly1716Glu)
CASC5 (c.198−2A>T)
TGM5 (p.Gln535Leu)

TGM5 (p.Tyr353*)
SUZ12 (p.Gln205His)

SLFN5 (p.Arg4Trp)
HOXB13 (p.Pro67His)

PPP1R9B (p.Ser587Gly)
MTMR4 (p.Ser78Cys)

TBX4 (p.Tyr374Phe)
CSHL1 (p.Cys220Ser)

TNRC6C (p.Gln672His)
CARD14 (p.Ala731Thr)

MYOM1 (p.Asp1617Val)
ANKRD62 (p.Gln678Leu)
ANKRD62 (p.Arg746His)

MIB1 (p.Glu210Val)
LAMA3 (p.Gln2954Leu)

CHST9 (c.122−1G>T)
DSG4 (p.Cys180Ser)
NOL4 (p.Leu417Gln)

CCDC11 (p.Val314Met)
C18orf54 (p.Ser23Cys)

SBSN (p.Asp52Gly)
RYR1 (p.Asn2884Tyr)
ECH1 (p.His285Leu)

SPTBN4 (p.Leu1042Gln)
ZNF223 (p.Lys205*)
ZNF225 (p.Arg588*)
LIG1 (p.Asn666Tyr)

C19orf81 (p.Gln99Leu)
SHANK1 (p.Ser452Thr)

ZNF616 (p.Lys662*)
ZNF528 (p.Phe390Leu)
ZNF578 (p.His418Gln)
PEG3 (p.Glu1278Val)

HCK (p.Pro240Leu)
PABPC1L (p.Thr474Ser)

CDH22 (p.Cys611Ser)
GCNT7 (p.Ser157Arg)

GID8 (c.119−2A>T)
COL20A1 (p.Gly253Arg)

OPRL1 (p.Gln107Leu)
FBN1 (p.Met1785Leu)

MUC16 (p.Glu7366Ala)
SIGLEC1 (p.Ser701Thr)

PLCB4 (c.3213−2A>T)
NEB (p.Ile8266Leu)

KCNJ3 (c.703−2A>T)
TTN (p.Ser24509Thr)

TTN (p.Ile3821Asn)
ZSWIM2 (p.Lys349Met)
DNAH7 (p.Leu546Phe)

NOP58 (p.Lys365*)
SLCO5A1 (p.Gln801Leu)
FAM184B (p.Gln664Leu)

KCNIP4 (p.Arg92*)
SLC30A9 (p.Tyr57Phe)

KIT (p.Tyr747Phe)
CEP135 (p.His1117Leu)
CCSER1 (p.Gln399His)

PPP3CA (p.Glu67Val)
BANK1 (p.Lys173Ile)

SYNPO2 (p.Pro931Leu)
RP11−6L6.2 (p.Leu98Gln)

DCHS2 (p.Val2145fs)
F13A1 (p.Tyr84*)

KIF13A (p.Arg424*)
OR12D3 (p.Thr212Asn)

LRFN2 (p.Ser351Thr)
UNC5CL (p.Met442Val)

XPO5 (p.Lys216Met)
COL12A1 (p.Arg392Cys)

CGA (p.His107Tyr)
CNR1 (p.Phe13Ile)

MMS22L (p.Gln762Leu)
PNISR (p.Ala302Val)

WISP3 (p.Lys98*)
MAN1A1 (p.Pro167Arg)

L3MBTL3 (p.Ser170Asn)
PLG (p.Tyr346Phe)
DEFB1 (p.Lys68*)

REEP4 (p.Ile59Phe)
NRG1 (p.His513Pro)

GOT1L1 (p.Leu323Gln)
GDI2 (c.266−2A>T)

SEC61A2 (p.Ile291fs)
ZNF438 (c.1875−2A>T)
ZNF438 (p.Asn485Tyr)

DRGX (p.Cys6Ser)
NDST2 (p.Pro75Ser)
MYOF (p.Gln200Leu)
MKI67 (p.Ser276Cys)

OLFM4 (p.Leu305Gln)
DCT (p.Phe347Tyr)

COL4A1 (p.Gln1243Leu)
COL4A1 (c.324+2T>A)
TRAV18 (p.Leu52Gln)

KIAA0586 (p.Ser327Cys)
PLEKHG3 (p.Tyr372Phe)

RP11−497E19.2 (p.Cys98Ser)
RTL1 (p.Gln1257Leu)

UNC13C (p.Lys964Glu)
MAN2C1 (p.Gln349Pro)

LINGO1 (p.Ser38Thr)
NTRK3 (p.His264Tyr)

LINC00923 (p.Gly77Ser)
HBM (p.Gln50Leu)

HBQ1 (p.Leu81Gln)
WDR90 (p.Asn95Ile)

CACNA1H (p.Cys1976Ser)
ZSCAN10 (p.Lys337*)

LITAF (p.Leu197Val)
LITAF (p.Val194dup)
IL21R (p.Leu438Gln)

FBXL19 (p.Gly509Val)
MMP2 (p.Met409Lys)

EXOC3L1 (p.Arg121Gln)
SLC9A5 (p.Arg892*)

DPEP3 (p.Thr362Ser)
DDX19A (p.Arg204Ser)
PHLPP2 (p.Gln259Glu)

FOXF1 (p.Pro292Ala)
TP53 (p.Asp208Tyr)

TP53 (p.Arg65*)
CNTROB (p.Lys840*)

DNAH9 (p.Tyr4076Asn)
RAI1 (p.Ser434Cys)

ELANE (p.His256Asn)
DAPK3 (p.Met264Val)

EMR1 (p.Val454Glu)
FCER2 (p.Leu116His)
KEAP1 (p.Gln177Leu)

ZNF20 (p.Lys41Arg)
ZNF91 (p.Lys217Glu)

ZNRF3 (p.Ser719fs)
BPIFC (p.Phe140Ile)

EP300 (p.Gln2233Leu)
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>0%-1%
>1%-5%
>5%-20%
>20%-40%
>40%-60%
>60%-80%
>80%-100%

Cancer cell fraction
0%

Hotspot mutation
Mutation pathogenicity

Cancer gene

Loss of heterozygosity

INPP5J (p.Thr405Ser)
RYR1 (p.Tyr2849Phe)
GBP3 (p.Gln564Leu)
MAL2 (p.Tyr105Phe)

DNAH11 (p.Lys496Glu)
ARHGAP23 (c.64−2A>T)

DES (p.Gln255Leu)
VCAN (p.Glu2067Asp)
TTC39B (p.Met98Leu)
MGAT5B (p.Val93Glu)

PCDH17 (p.Asn164Lys)
AKAP13 (p.Pro1400Arg)

CDK12 (p.Glu131Asp)
RINT1 (c.516−2A>T)
ITGB4 (p.Gln430Leu)
USP29 (p.Asn542Tyr)
AHNAK (p.Lys2952*)

SRPR (c.933−3_933−1delCAG)
ZNF678 (p.Lys395*)

SMARCAL1 (p.Asn282Ser)
RAB11FIP4 (p.Tyr154Phe)

DNAH17 (p.Glu3833Val)
CCNI2 (p.Ser12Thr)
NSD1 (p.Arg375fs)

PKN2 (p.Thr543Ala)
MTMR11 (p.Gln170His)
TRPM6 (p.Tyr1858Phe)
SLC4A1 (p.Phe806Leu)

B4GALNT2 (p.Pro375Leu)
AXDND1 (p.Asp132Val)
C17orf77 (p.Ser57Thr)

ZER1 (p.Gln122Leu)
HABP4 (p.Asp59Gly)

ACTN2 (p.Asn597Tyr)
OSBPL6 (p.Ser557Cys)

CD180 (p.Glu40Gly)
HEATR1 (p.Ile915Leu)

CEP350 (p.His1806Leu)
SLC34A3 (p.Leu80His)
FCGBP (p.Asp553Val)
DIS3L2 (p.Gln287Leu)
NR5A1 (p.Val240Ala)
KIF14 (p.Leu983Gln)
OSMR (p.Trp135Cys)

CHPF2 (p.Ser322Cys)
SETBP1 (p.Arg516*)

CHD5 (p.Lys670*)
UBIAD1 (p.Val19Ala)
PADI2 (p.Val456Ala)

WDTC1 (c.−99−2A>T)
PHACTR4 (p.Gln396Leu)

EPB41 (p.Glu115Val)
MAST2 (p.Arg164*)

USP24 (p.Gln1772Leu)
JAK1 (p.Ser703Ile)

SLC44A5 (p.Leu646*)
RWDD3 (p.Lys237Ile)

SLC25A24 (p.Glu161Val)
DRAM2 (p.Lys93*)

CAPZA1 (p.Thr77Ser)
LCE1B (p.Ser59Cys)

MSTO1 (p.Gly364Ala)
OR6Y1 (p.Cys194Ser)
DARC (p.Ser132Cys)
DARC (p.Gln282Leu)

SLAMF8 (p.Tyr162Asn)
CD84 (p.Cys149Ser)

OLFML2B (p.Phe102Leu)
SELP (p.Ala109Val)

SOAT1 (p.Tyr433Phe)
CEP350 (p.Ser1632Cys)

LAMC2 (p.Thr1069Ser)
LAX1 (p.Lys32Glu)

IKBKE (p.Ser44Cys)
CD46 (p.Tyr321Phe)

GPATCH2 (p.Met478Leu)
BPNT1 (p.Lys183Ile)

PCNXL2 (p.Cys1402Ser)
RYR2 (p.Asn1741Ser)

OR2B11 (p.Leu206Gln)
OR2L13 (p.Phe177Ile)
OR2G6 (p.Tyr132Asn)
PUM2 (p.Ser649Cys)
ASXL2 (p.Gln595Pro)

ANTXR1 (p.Ter565Leuext*?)
LOXL3 (p.Pro3Leu)

DNAH6 (p.Lys908Met)
REEP1 (c.53+2T>A)

SNRNP200 (p.Glu1373Lys)
ZAP70 (p.Gln129*)

REV1 (p.Glu204Val)
FBLN7 (p.Ser327Cys)

NT5DC4 (p.Asn8Ile)
NCKAP5 (p.Cys235*)
ITPR1 (p.Glu208Val)

SSUH2 (p.Arg70*)
EOMES (p.Ser60Phe)

SCN10A (p.Gly1674Glu)
LYZL4 (p.Leu99*)

NCKIPSD (p.Arg310Trp)
CACNA2D2 (p.Leu475Gln)

FEZF2 (p.Ser318Cys)
TMF1 (c.1837−2A>T)
FRMD4B (p.Arg82Ile)
KIAA1524 (p.Arg90*)

UPK1B (p.Trp141Arg)
COL6A5 (p.Thr2363Ala)
GPR149 (p.Thr107Ser)
VEPH1 (p.Leu309Gln)

IQCJ (c.9+1delG)
EPHB3 (p.Arg408His)

DNAJB11 (p.Gln173Leu)
MARCH11 (p.Val240Ala)

CD180 (p.Leu519*)
PCSK1 (p.Tyr181Asn)

SNCAIP (p.Ser379Thr)
SNCAIP (p.Ser976Thr)
CHSY3 (p.Met532Leu)

PITX1 (p.Pro39Leu)
GRIA1 (p.Gln278Leu)

HAVCR1 (p.Gln233Leu)
LCP2 (p.Glu114Val)

EIF4E1B (p.Cys114Ser)
ZNF354A (p.Tyr214Cys)

ZNF354C (p.Arg144*)
ADAMTS2 (p.Asn909Tyr)
TNRC18 (p.Thr1240Ser)

MACC1 (p.Val730Asp)
DNAH11 (p.Met3844Ile)

CCDC129 (p.Phe921Tyr)
NME8 (p.Leu384Gln)

SEPT14 (p.His159Pro)
ZP3 (p.Tyr142Asn)

PCLO (p.Tyr3703Phe)
TRRAP (p.Lys1820*)

MUC12 (p.Ile4851Phe)
MUC12 (p.Val5073Leu)

CTTNBP2 (p.Arg263Trp)
PODXL (p.Val410Glu)
PLXNA4 (p.Gly745fs)
UBN2 (p.Thr794Ser)
HIPK2 (p.Ser52Cys)

KCNH2 (p.Gln1129Leu)
KCNH2 (p.Lys832Asn)
ACTR3B (p.Tyr400His)
NOM1 (p.Lys460Asn)
SLC30A8 (p.Tyr244*)

FAM83A (p.Ser98Cys)
ZNF707 (p.Gln62Leu)
CNTFR (p.Ser182Arg)

FAM205A (p.Leu883His)
TRPM6 (p.Tyr1137Asn)

SPATA31D1 (p.Leu496Phe)
SLC28A3 (c.1150−2A>T)
PRRC2B (p.Ser1098Cys)

KCNT1 (p.Tyr363Cys)
C9orf142 (p.Glu144Val)
EHMT1 (p.Phe737Leu)
EHMT1 (p.Glu1170Val)

ATHL1 (p.Tyr160Phe)
PHRF1 (p.Ser1061Cys)
KCNQ1 (p.Leu101Met)
NUP98 (p.Thr691Ser)

C11orf40 (p.Asp66Glu)
OR51A2 (p.Pro32Leu)

PLEKHA7 (p.Ser1170Cys)
ANO3 (p.Arg252*)

OR5T2 (p.Arg178*)
OR9Q1 (p.Leu166His)

OR10W1 (p.Phe211Ile)
SSH3 (p.Gln24Leu)

INPPL1 (p.Val379Ala)
C2CD3 (p.Thr727Ser)
GRM5 (p.Leu438Met)

MMP10 (p.Leu339*)
ANKK1 (p.Gln326Leu)
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PCNXL2 (p.Cys1454Ser)
IGFN1 (p.His2914Leu)

IWS1 (p.Ser610Cys)
MYH15 (c.931+2T>A)
TRHR (p.Met204Leu)

ZNF367 (p.Arg193Trp)
SLFN5 (p.Arg252Trp)
BOLL (p.Ser226Thr)

HUNK (p.Ser644Cys)
PLXNA4 (p.Lys272Met)

GPR149 (p.Lys488Ile)
TFRC (p.Ile449Phe)

RAVER2 (c.1681−2A>T)
PTBP2 (p.Gly90Cys)
PTBP2 (p.Leu91Phe)

AC114783.1 (p.Gln166Arg)
FCGBP (p.Thr4655Ser)

KCNS3 (p.Tyr267Phe)
ABL1 (p.Asn961Tyr)

MFRP (p.Asp162Val)
OR4M2 (p.Tyr218Asn)
OR4C16 (p.Asn6Lys)
URB1 (p.Ala2100Val)

CREBBP (p.Cys385Ser)
PIK3C2A (p.Gln257Leu)

ANO5 (p.Ile837Thr)
ABCB1 (p.Gln1274Leu)

DSCAML1 (p.Phe1355Tyr)
KRT2 (p.Val289Glu)

SPG20OS (p.Met50Val)
SDK2 (p.Ile2051Leu)
OR6F1 (p.Leu86Gln)

ACOXL (c.160−2A>T)
HIST1H2AJ (p.Gln7His)

ASB10 (p.His198Leu)
LYPD5 (p.Gly102Ser)
PHC1 (p.Arg859Cys)
MALRD1 (p.Arg734*)

TANC2 (c.2592+2T>A)
CSMD2 (p.Gly580Cys)

ADAMTS9 (c.3355−2A>T)
GALNTL5 (p.Leu337Met)

NR2C1 (c.966−2A>T)
ZNF765 (p.Lys439*)
SOD1 (p.Glu41Val)

MRPL22 (p.Gln82Leu)
OR4D5 (p.Val39Glu)

ERVV−2 (p.His204Leu)
NFIA (p.Pro30Arg)

C1QTNF3 (p.Thr225Ser)
AGL (p.His508Leu)

APPL1 (p.Ile135Phe)
VCAN (p.Thr1074Ser)
DEAF1 (p.Ser255Cys)

CTSC (p.Tyr193Phe)
PHOSPHO1 (p.Leu206His)

DCHS2 (p.Ala1774Val)
LRRC3 (p.Ala45Asp)

INPP5B (p.Arg193Trp)
MAD2L2 (p.Glu21Val)
CRB2 (p.Leu1162Gln)

HSPG2 (p.Ser3282Cys)
WDR52 (c.−5−2A>T)

OR9G1 (p.Tyr131*)
DSG3 (p.Leu616Gln)

SPEG (p.Cys1209Ser)
CACNA1D (p.Ile1209Phe)

KIFC2 (p.Tyr10Asn)
WDTC1 (c.1837−2A>T)
MROH1 (p.His229Leu)

GALNT6 (p.Arg6*)
ESRRG (p.Cys188Ser)

ADRA2B (p.Val9Met)
SRCRB4D (p.Ser565Arg)

TNPO3 (p.Met199Leu)
OR10Q1 (p.Cys173*)
TAOK3 (p.Thr46Ser)
USP36 (p.Glu826*)
LIME1 (p.Arg77fs)

METTL16 (p.Glu221Asp)
GREB1 (p.Thr180Ser)
VIPR2 (p.Leu112Gln)
MCM5 (p.Gln30Leu)

BRWD1 (p.His185Leu)
MAP3K3 (p.Gln457Leu)

PLXNA2 (p.Ser1305Cys)
SLC4A1AP (p.Ser547Cys)

LGALS12 (p.Arg325Gln)
ZNF766 (p.Lys39Asn)
LMNA (p.Lys144Met)

OR8H2 (p.Leu198Gln)
DEPDC5 (p.Arg487*)
IFT172 (p.Asn824Tyr)

KRT13 (c.1024−2A>T)
RYR1 (p.Lys4758Met)

FBN2 (p.Cys1890*)
COL11A1 (p.Gln893Leu)

NRXN1 (p.Gln132Leu)
NOTCH1 (p.Pro1618Leu)

ANKRD62 (p.Ile761Val)
ATXN2L (p.Gln1031Leu)
OR4C16 (p.Cys125Ser)

ZCCHC2 (p.Ser1066Cys)
TMEM198 (p.Ser316Cys)

CCDC108 (p.Trp961*)
SSMEM1 (p.Arg127*)
WARS2 (p.Ile168Phe)
LAMC1 (p.Arg636Trp)

EHD3 (p.Leu133*)
LRP1B (p.Thr923Lys)

MS4A18 (p.Ser170Ala)
KRTAP16−1 (p.Ile368Phe)

ETV2 (p.Ser196Arg)
SIPA1L3 (p.Lys771*)
FANCI (p.Gln74Leu)
FCRL2 (p.Val35Asp)

DPYSL5 (p.His543Leu)
B4GALNT3 (p.Glu611fs)
SLC26A5 (p.His131Leu)

KLHL29 (p.His192Leu)
GLI2 (p.Ile1510Asn)

FRMD4B (p.Arg82Ser)
SEMA3E (c.1876−2A>T)

ZNF195 (p.Asn337Tyr)
OR4Q3 (p.Tyr121*)

GFY (p.Ser5Cys)
SMG7 (p.His135Leu)

PLXNA4 (c.2098−2A>T)
ITGB4 (p.Gln411Leu)

ZNF805 (p.Tyr617Phe)
GSG2 (p.His737Tyr)

IGF2 (p.Lys63Met)
IGF2BP1 (p.Gln341Leu)

GRID1 (p.Leu903Gln)
OSBPL7 (p.Gly472Arg)

NUP210L (p.Ala649Pro)
MYT1L (p.Leu750Gln)
SLC4A3 (p.Arg19Trp)

CDCA7L (p.Asn160Ile)
CCDC129 (p.Met217Lys)

TG (c.6398−2A>T)
OSBPL5 (p.Trp691Arg)

ZP3 (p.Cys327Ser)
ZNF763 (p.His186Leu)

BMP10 (p.Val79Glu)
CDH9 (p.Lys514*)

HSPA4 (p.Lys185*)
TIMP2 (p.Phe191Tyr)

ZNF74 (p.Lys202*)
NRG2 (c.991+2T>A)
LAMA1 (p.Cys1412*)

MARK3 (p.Asp707Val)
GEMIN5 (p.His892Leu)

NR5A1 (p.Phe67Tyr)
PTPN1 (c.256−2A>T)

KRTAP10−8 (p.Gln163Leu)
MNDA (p.Leu381Gln)

ATP10A (c.3867−2A>T)
ERMN (p.Met183Leu)

RTL1 (p.Leu984Gln)
ITGAE (p.Arg349Gly)

PPM1G (p.His146Leu)
ZNF652 (p.Asp165Val)

KALRN (p.Leu19Gln)
FCN2 (p.Leu183Gln)

ATXN2 (p.His1183Leu)
BCAM (p.Pro200Leu)
NME5 (p.Ser102Cys)

TMPRSS4 (p.Lys54Met)
LPIN3 (p.Lys635*)
XPC (p.Lys199Ile)

NAALADL2 (p.Arg700*)
DENND4C (p.Met237Leu)

OR6X1 (p.Ser117Thr)
PLCD3 (p.Leu210Met)
TRAV41 (p.Gln59Leu)
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FRAS1 (p.Ser2276Tyr)
FBXL18 (p.Thr182fs)
ABTB2 (p.Arg392Trp)

SRGAP2 (p.His132Leu)
ANKRD42 (p.Ile318Leu)

MUC12 (p.His469Arg)
KRT25 (p.Lys277Asn)

HIST1H2AI (p.Gln7His)
MUC12 (p.Pro475Thr)

C1QL2 (p.Gly27Ala)
APPBP2 (p.Ser58Cys)
NOXA1 (p.Asn127Tyr)

OR5H14 (p.Gly152Arg)
MFN1 (p.Arg83Met)

ZSCAN20 (p.Glu156Asp)
RBM8A (p.Gly12Cys)

ARFGEF1 (p.Ala1315Val)
GALNT8 (p.Glu384Asp)
TRBV4−1 (p.Glu77Gln)

GFRA3 (p.Ala123Thr)
DGKA (p.Trp272fs)

C17orf50 (p.Tyr70Cys)
MAPK15 (p.Asp472_Gly476del)

KIAA0226 (c.2126+1G>A)
LSM10 (p.Lys123Asn)

ZCCHC11 (p.Arg853Trp)
CAD (p.Met1677Leu)

PSMD14 (p.His283Tyr)
AZI2 (p.Gln174His)

MYNN (p.Lys103Ile)
RAPGEF6 (p.Gln1251His)
RAPGEF6 (p.Asn611Tyr)

SGCD (c.503−2A>T)
KIAA0895 (p.Glu296Val)

STAG3 (p.Arg287Cys)
ZNF398 (p.Ile191Leu)

AGTPBP1 (c.593−2A>T)
CNTRL (p.Gln779Leu)

GYLTL1B (p.Leu62Gln)
NCKAP5L (p.Asp178fs)
FAM189A1 (p.Ile31Phe)
GRIN2C (p.Phe1090Ile)

HAS1 (p.Val203Ala)
FCAR (p.Pro3Arg)

PARD6B (c.290−2A>T)
ADAMTS5 (p.Lys929Glu)

NRN1 (p.Val22Glu)
CUL7 (p.Leu631Val)

PRKCQ (p.Ala195Thr)
EDRF1 (p.Ile582Val)

CLRN3 (p.Tyr201Phe)
ABR (p.Gln692*)

GYS1 (p.Arg146His)
TSKU (p.Leu9del)

PPP2R2B (p.Asn509Ser)
CES1 (p.Ser12Ala)

IGFN1 (p.Arg3131Trp)
TRAV8−4 (p.Gly35Val)

RIPK3 (p.Lys50Met)
AKAP6 (p.Arg2319Trp)

FSCB (p.Glu786Gly)
PTGDR (p.Cys243Ser)

SLC52A3 (p.Tyr304*)
TRDV1 (p.Glu104Val)

ZNF493 (p.Lys689Glu)
MICALL2 (p.Lys592*)
KLF14 (p.Lys213Met)

GIP (p.Arg48*)
PLXNB2 (p.Phe28Leu)

KLK8 (p.Glu37Val)
TSPYL6 (p.Pro10Ser)
HRNR (p.Ser674Cys)

NT5DC2 (p.Tyr270His)
ITIH5 (p.Lys152Ile)
USP6 (p.Tyr22Asn)

PYGM (p.Leu86Gln)
KCNH5 (p.Gly52Ala)

CADPS (p.Lys117Met)
MRGPRX2 (p.Cys26*)

DPP3 (p.Ter758Cysext*?)
STAT5A (p.Glu39Val)

SLC22A15 (p.Ser112Cys)
SPHKAP (p.Gln1166Leu)

ZNF675 (p.Gly128Val)
TIAM1 (p.Glu337Val)
PAK1 (p.Asp250Val)

PDP1 (p.Ser236Cys)
HIST1H3H (p.Glu106Lys)

ZNF483 (p.Cys584*)
PLEKHA7 (p.Gln1129Leu)

TRIM54 (p.Glu127Ala)
RAPGEF4 (p.Gln560Leu)

PGM1 (p.Met243Val)
CX3CR1 (p.Gly144Ser)

INHBA (p.Lys323Arg)
CCDC136 (p.Leu729Gln)

KCNA1 (p.Thr208Ser)
FAM19A3 (p.Cys138Ser)

P4HA3 (p.Tyr466Asn)
KIAA1429 (p.Lys413Ile)

AC074212.3 (p.Arg24Trp)
INHBA (p.Lys263del)

ZNF469 (p.Ser230Cys)
MOV10 (p.Ala229Val)

ARNTL2 (p.Gln633Leu)
SSPO (n.3380−2A>T)

OR10G8 (p.Tyr275Asn)
MASP1 (p.Ser42Cys)

MCM3AP (p.Asp1896Val)



	

	 	

Figure S5. Repertoire of Somatic Mutations in Tumor Biopsies and Derivative Organoids in Patient 

16. Related to Figure 5. Heatmaps indicate the cancer cell fraction of somatic non-synonymous 

autosomal mutations as determined by ABSOLUTE (Carter et al., 2012) (blue, see color key) or their 

absence (grey) in each sequenced HCC tumor biopsy/ HCC organoids. Mutations affecting cancer genes 

(Fujimoto et al., 2016; Kandoth et al., 2013; Lawrence et al., 2014) or hotspot residues (Chang et al., 

2016; Gao et al., 2017) are indicated by yellow and red dots, respectively.  
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LRIG3 (p.Glu221*)
PTPRB (p.Trp93Leu)

LPO (p.Glu480Asp)
KIF14 (p.Glu1340*)

GPR113 (p.Arg660Leu)
SGPP2 (p.Phe101Leu)

RTP1 (p.Glu168*)
C8orf76 (p.Ser85*)

NXPE2 (p.Gln550Lys)
STMND1 (p.Phe26Leu)

SESN1 (p.Glu283*)
EAPP (p.Glu60*)

MEX3D (p.Met167Ile)
VASP (p.Arg86Ser)

CYB5RL (p.Asp10Tyr)
ACOT11 (p.Gly6*)

TEX2 (p.Arg573Leu)
BCAT1 (p.Gln154Lys)

NEUROD2 (p.Glu130*)
MBOAT2 (p.Glu355*)
ENDOG (p.Glu102*)
CROCC (p.Glu103*)

EFR3B (p.Phe336Leu)
FRS2 (p.Gln81Lys)

COG4 (p.Asp596Tyr)
ANXA6 (p.Asp21Tyr)

ZNF283 (p.His313Asn)
CD5L (p.Ser115*)

NUP133 (p.Ser984*)
GTPBP8 (p.Arg22Leu)
GOLGA4 (p.Ser2137*)

TTC4 (p.Gln218Lys)
TMEM71 (p.Arg3Leu)

PLBD1 (p.Glu407*)
KCNS1 (p.Asp40Tyr)
PCDHB4 (p.Ser652*)

ROBO1 (p.Arg920Leu)
ZNF652 (p.Ser307*)

MYO18B (p.Phe1062Leu)
PARP11 (p.Glu64*)

FADS2 (p.Glu13*)
USP15 (p.Ser267*)

FANCF (p.Arg55Ser)
GAS2L1 (p.Lys14Asn)

RASGRP3 (p.Arg71Leu)
EIF2AK2 (p.Glu384*)

SUGT1 (p.Phe269Leu)
NIPAL3 (p.Phe91Leu)

ZFR (p.Asp941Tyr)
LAMA3 (p.Ser840*)

L1TD1 (p.Arg188Ser)
ARMC4 (p.Asp976Tyr)
INTS1 (p.Lys563Asn)

LSMEM1 (p.Phe80Leu)
ADI1 (p.Asp44Tyr)

VPS13B (p.Phe657Leu)
RBL2 (p.Ser941Tyr)
COX6A2 (p.Glu95*)

LHCGR (p.Arg23Leu)
TTN (p.Glu9939*)

CNTN6 (p.Glu672*)
FER (p.Leu698Met)
ACSL1 (p.Glu128*)

OTUD1 (p.Asp245Tyr)
NOS2 (p.Ser608*)

NUP133 (p.Asp870Tyr)
ZNF546 (p.Glu697*)
ATP11B (p.Ser423*)

ENPEP (p.Trp949Leu)
MED12L (p.Phe1565Leu)

CTD−2267D19.3 (p.Gln156Lys)
DNAH6 (p.Arg3630Leu)

UFL1 (p.Pro721Thr)
PTEN (p.Ter404Leuext*?)

PLSCR2 (c.703−1G>T)
CCDC71L (p.Glu203*)

PNPLA8 (p.His389Asn)
CYP7B1 (p.Asp215Tyr)

RNF17 (p.Pro899Thr)
B3GALTL (p.Trp127Leu)

CBX4 (p.Glu420*)
ANKRD12 (p.Glu589*)

OSBPL2 (p.Glu443Gly)
URI1 (p.Phe358Leu)

TRBV6−1 (p.Gln41Leu)
TRBV6−1 (p.Gln30Arg)
LARGE (p.Asp713Tyr)

PLAGL2 (p.Val8Ala)
ISM2 (p.Phe525Leu)

PRICKLE1 (p.Met537Ile)
AEBP1 (p.Arg944Leu)
DDAH2 (p.Arg113Leu)
TTN (p.Pro11963Ala)
EPPK1 (p.Asp763Tyr)

EEF1A2 (p.Glu66*)
TTN (p.Glu33838*)

ZNF629 (p.Glu687*)
GRIN2A (p.Phe416Leu)
OR51A4 (p.Leu117His)

SULF1 (p.Arg472Leu)
CPT1A (p.Glu472*)

ATP10B (p.Asn591Ile)
BRWD1 (p.Glu844Lys)

CNTN4 (p.Gln30Lys)
SLC25A13 (p.Asp414Tyr)

SPATA20 (p.Glu694*)
ZNF789 (p.Arg386Leu)

TBC1D29 (p.Ser104Asn)
KLHL5 (p.Asp145Asn)
CDHR3 (p.Pro309Ser)

KMO (p.Ala122Ser)
CABS1 (p.Phe27Leu)

WBSCR16 (p.Asp59Tyr)
NCKAP5L (p.Pro280Ser)

ZNF544 (p.Arg91Lys)
TNKS1BP1 (p.Glu731*)

ZNF544 (p.Glu88Lys)
DUSP16 (p.Ser129Pro)

ZNF98 (c.254−1G>T)
KRIT1 (p.Glu302*)

DNAJC2 (p.Gly446Glu)
NBPF4 (p.Ser495*)
TSHZ2 (p.Leu54Ile)

MYO1B (p.Ala541Gly)
SERPINB4 (p.Thr96Asn)

FBN1 (p.Gly1353Glu)
OR4C46 (p.Tyr33Cys)

FGF19 (p.Gly15Ser)
CFHR2 (p.Asp24Gly)

PRPF40A (p.His31Tyr)
TMPRSS12 (p.Arg332Ser)

ASXL3 (p.Ala1071Pro)
ZNF236 (p.Lys1157*)

TTLL4 (p.Ser1097*)
KCNJ5 (p.Pro381His)

LRRTM4 (p.Pro388His)
TTN (p.Ala10953Ser)
TTN (p.Pro1519Leu)

BNC2 (p.Asp673Asn)
HSPB8 (p.Asp150Tyr)

PLA2G4D (p.Leu244fs)
STK11IP (p.Gly359Trp)
COL8A1 (p.Leu341Ile)
IQSEC3 (p.Asn24Lys)

OR2T8 (p.Arg20Thr)
GOLGA6L2 (p.Ala893Val)

PTPRT (p.Ser878Arg)
KIAA1211L (p.Tyr935Cys)

LMCD1 (p.His57Arg)
PIK3C2G (p.Phe1039Leu)

CSMD1 (p.Pro2555Thr)
CEP85 (p.Asn391Thr)

SGIP1 (p.Gln390*)
LRRC53 (p.Gly683Trp)

COL24A1 (p.Pro623Thr)
PAPPA2 (p.Arg1349Pro)

TEDDM1 (p.Tyr28*)
OR2T33 (p.Val272Leu)

CNTNAP5 (p.His220Asn)
ENPEP (p.Gln693Leu)
ANK2 (p.Lys1488Arg)
SH3D19 (p.Ile756Thr)

GALNT7 (p.Thr226Ala)
IRX2 (p.Ala56Glu)

MRPS30 (p.His191Asp)
PPP2R2A (p.Trp111*)

CSMD3 (p.Pro667Leu)
VWA5A (p.Asp740Tyr)
NALCN (p.Gly337Arg)
RBBP8 (p.Ser370Cys)

SS18 (p.Tyr390Cys)
KCNQ2 (p.Gln380Arg)

HTR1A (p.Pro16Ser)
CTNNA1 (p.Ala3Val)
APBB3 (p.Gly30Ser)

GEMIN5 (p.Ser620Ile)
VNN2 (p.Arg482Ser)
VNN2 (p.Arg482Met)
TP53 (p.Arg248Leu)

MUC16 (p.Met9053Lys)
PCSK2 (p.Cys347Tyr)
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CCDC47 (p.Asp24Tyr)
ZNF462 (p.Gln1019Lys)

GFRA1 (p.Asp262Tyr)
XAB2 (p.Glu207*)

GPR153 (p.Asp151Tyr)
POGZ (p.Glu664*)

NBAS (p.Glu1225*)
PLCL2 (p.Ser510*)

BRD9 (p.Arg127Leu)
TRRAP (p.Ser2480*)

TMEM249 (p.Ala148Ser)
NRXN2 (p.Glu1258*)

URB1 (p.Arg1660Leu)
ADAMTS10 (p.Glu371*)
SIPA1L3 (p.Gln337Lys)

RNF207 (p.Glu33*)
NKX1−1 (p.Glu288*)

CCDC127 (p.Arg193Leu)
QSER1 (p.His192Asn)

ZNF865 (p.Glu724*)
CR2 (p.Glu83*)

EXOC8 (p.Glu397*)
TTC21B (p.Arg1044Leu)
TRRAP (p.Arg1298Leu)

NRG3 (p.His275Asn)
CNOT1 (p.Asp598Tyr)

ZNF217 (p.Gly537Cys)
ICOSLG (p.Trp350Leu)

HNRNPAB (p.Phe73Leu)
TRIM7 (p.Asp381Tyr)
IGSF22 (p.Glu1147*)

TMEM251 (p.Phe123Leu)
DKKL1 (p.Asp137Tyr)

TGM3 (p.Met631Ile)
SEC23B (p.Arg648Ile)

ANKRD44 (p.Gly550Val)
WDFY1 (p.Asp303Tyr)

THAP6 (p.Ser182*)
PKD1L1 (p.Glu2798*)

IGSF9B (p.Arg209Leu)
UTP20 (p.His2001Asn)

LUC7L (p.Ser272Tyr)
RNF40 (p.Arg425Leu)
BCAS3 (p.Arg861Leu)

SAMM50 (p.Arg416Ser)
PKDREJ (p.Ser675*)

CYP46A1 (p.Ser127Tyr)
ZNF226 (p.Glu284*)

FTL (p.Glu64*)
POLD1 (p.Phe34Leu)
KIF17 (p.Phe122Leu)

SPAG17 (p.Gln132Lys)
C2orf78 (p.Gln383Lys)
WDR49 (p.Arg122Leu)

ACAP2 (p.Glu616*)
DDX60 (p.Arg120Leu)

NAT1 (p.Ser190*)
ZFPM2 (p.Arg902Leu)

MFSD3 (p.Pro49Thr)
FRMD4A (p.Glu140*)

DNAJB13 (p.Asp295Tyr)
BUB1B (p.Arg67Leu)

SLC9A5 (p.Ser562Tyr)
CMTR2 (p.Arg700Leu)

MCM5 (p.Arg195Ser)
TBC1D9B (p.Phe324Leu)

ZNF559 (p.Arg490Leu)
ANO8 (p.Glu16*)

CLPTM1 (c.469−1G>T)
PEG3 (p.Asp446Tyr)
PKD2 (p.Arg496Ser)

MRPL32 (p.Arg21Leu)
HECW1 (p.Arg995Ser)
PRKDC (p.Met208Ile)
ADD3 (p.Gln595Lys)
CLIP1 (p.Ser1348*)

ABCA8 (p.Asp634Tyr)
SHANK3 (p.Met1735Ile)

EMR1 (c.1301−1G>T)
SCYL3 (p.Gln541Lys)
KCMF1 (p.Arg167Ser)

FIP1L1 (p.Glu7*)
USP42 (p.Ser960*)

MED13L (p.Arg1900Leu)
ZMYM2 (p.Glu1135Asp)
ZC3H7A (p.Asp633Tyr)

LOXHD1 (p.Asp1164Tyr)
PCDHGA11 (p.Phe552Leu)

GYS1 (p.Arg696Leu)
RAD54L (p.Ser520*)

RYR2 (p.Trp1099Leu)
USP53 (p.Asp1006Tyr)

LDHAL6B (p.Glu59*)
MEIOB (p.Leu446Phe)
ZNF174 (p.Arg392Ser)

ELMO3 (p.Glu100*)
ATP5A1 (p.Arg182Leu)
PCDHB12 (p.Ser698*)

SVEP1 (p.Glu80*)
BRD3 (p.Asp316Tyr)

ABLIM1 (p.Arg728Leu)
JRKL (p.Asp118Tyr)

CRIP2 (p.Glu228*)
RELL1 (p.Glu57*)

TRIML1 (p.Glu69*)
MYO10 (p.Glu1012*)

ZNF623 (p.Ser30*)
GRIN2A (p.Gly762Val)

ZNF207 (p.Ser294*)
ATP1A3 (p.Glu553*)
SZT2 (p.Ser572Tyr)
TTN (p.Glu34662*)

PLXND1 (p.Glu1052*)
NCOR2 (p.Asp1467Tyr)

DUOX2 (p.Glu49*)
KLHL36 (p.Asp314Tyr)

MPP3 (p.Leu583Ile)
IGLV1−50 (p.Pro76Leu)

INSL6 (p.Arg18Leu)
NIN (p.Met1929Ile)

JAG2 (p.Phe30Leu)
SLC27A1 (p.Arg355Leu)

SPEN (p.His1209Asn)
ZNF394 (p.Arg144Leu)
CYFIP2 (p.Glu468Asp)

IL17F (p.Asp89Tyr)
ZNF215 (p.Arg479Leu)

NCK1 (p.Phe211Leu)
KMT2A (p.Glu1363*)

ZNF585B (p.His432Asn)
CACHD1 (p.Glu704*)

RELN (p.Ser1282*)
PRKDC (p.Glu3837*)

FCHSD2 (p.Arg403Ser)
DNAH10 (p.Glu1186*)

ST3GAL2 (p.Pro105Gln)
KCNQ1 (p.Glu115*)

THSD7B (p.Arg121Ser)
TTN (p.Arg15838Leu)

SLC6A11 (p.Glu49*)
TIMP4 (p.Gly124Val)
SULF1 (p.Arg38Leu)
PEX2 (p.Leu155Phe)

CCNE2 (p.Asp287Tyr)
ASB13 (p.Pro228Thr)

PTPN6 (p.Ser496*)
RPS26 (p.Arg22Ser)
PHLDA1 (p.Ser55*)
HUS1B (p.Glu267*)

DOCK1 (p.Glu1114*)
KLHL28 (p.Glu84*)

SLC12A7 (p.Ser192*)
ANLN (p.His218Asn)

ATXN7L1 (p.Phe490Leu)
QSER1 (p.Ser219*)

KBTBD13 (p.Glu133*)
ATAD5 (p.Gly879Trp)
ILKAP (p.Gln165His)

RRP12 (p.Glu653*)
KRT73 (p.Ser362*)

AFG3L2 (p.Arg41Leu)
PCDHA8 (p.Phe252Leu)

LTC4S (p.Phe88Leu)
ANKRD17 (p.Gly192Cys)

UBE2QL1 (p.Ser128*)
SLC35E3 (p.Ser195*)

TSR3 (p.Glu275*)
AL031666.2 (p.Met1?)
GPR1 (p.Phe127Leu)

CC2D2A (p.Arg982Ser)
RRM2B (p.Trp231Leu)

CDYL2 (p.Ser430*)
PCDHGA8 (p.Ser313*)

TM9SF3 (p.Glu88*)
SHF (p.Arg20Leu)

STXBP6 (p.Glu175*)
KMO (p.Ser232*)

GPR78 (p.Ser134*)
GSTCD (p.Glu72*)

RELN (p.Ser2044*)
HKDC1 (p.Arg872Ile)
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GATSL3 (p.Glu107*)
CELSR1 (p.Arg2088Leu)

SELO (p.Glu609*)
TRPM3 (p.Ser53*)

C2orf50 (p.Ser116*)
MST1R (p.Arg1248Ser)

B3GALTL (p.His442Asn)
VASN (p.Glu127*)

SECTM1 (p.Asp143Tyr)
GAL3ST1 (p.Asp419Tyr)

ANKRA2 (p.Pro35Gln)
SLC26A8 (p.Phe406Leu)

PIGO (p.Arg66Leu)
EMX2 (p.Asp138Tyr)
STK32C (p.Glu144*)
RIPK3 (p.Phe71Leu)
PTGDR (p.Gln89Lys)
LRRC48 (p.Ser137*)

ZNF71 (p.Ser395*)
RBM15 (p.Asp528Tyr)

CD55 (p.Gln116His)
DUSP7 (p.Glu286*)

KDR (p.Gln67Lys)
KCNK9 (p.Phe80Leu)

LIG3 (p.Leu321Phe)
AANAT (p.Glu97*)
CXXC5 (p.Glu57*)

DST (p.Arg4328Leu)
TAF1L (p.Arg1375Trp)

PDCL (p.Asp258Tyr)
ZFYVE26 (p.His747Asn)

ATP2A3 (p.Asp456Tyr)
RTBDN (p.Ser17*)

ZNF628 (p.Glu591*)
CRMP1 (p.His539Asn)

NKX2−6 (p.Ser239*)
ARHGAP39 (p.Glu380*)

TRPV5 (p.Glu702Asp)
ALDH3A2 (p.Asp69Tyr)
ZNF574 (p.Phe594Leu)

DEDD2 (p.Pro100Gln)
TTLL10 (p.Phe301Leu)

FLG (p.Ser3680*)
BSN (p.Ser2065*)

CLRN2 (p.Pro212Thr)
ADRB3 (p.Ser169*)

PRKDC (p.Arg4040Leu)
FAM171A1 (p.Ser751*)

ING1 (p.Glu199*)
TBX4 (p.His125Asn)

PURA (p.Leu202Met)
BLOC1S3 (p.Glu172*)
CROCC (p.Gln43Lys)

CATSPER4 (p.Ser423*)
ADPRHL2 (p.Asp44Tyr)

GBP1 (p.Ser428*)
TRIM35 (p.Ser394*)

PDZD7 (p.Asp200Tyr)
CABP4 (p.Asp142Tyr)

KCNA1 (p.Glu37*)
GPR162 (p.His114Asn)

FMN1 (c.3378−1G>T)
ETV4 (p.Asp393Tyr)
HID1 (p.Asp777Tyr)
H3F3B (p.Gln86His)

SYNE2 (p.Asp6281Tyr)
SIGLEC7 (p.Ser383*)
UBE4B (p.Asp197Tyr)

SKIL (p.Arg237Leu)
EIF3B (p.Arg548Leu)
IKBKB (p.His143Asn)

CNTF (p.Glu5*)
CPT1A (p.His338Asn)

CILP (p.Asp1057Tyr)
TSC2 (p.Phe869Leu)

ADAD2 (p.Ser300*)
DEF8 (p.Glu262*)

RAD50 (p.His530Asn)
PCDHB7 (p.Ser653*)

ARAP3 (p.Arg1233Ser)
CEP41 (p.Glu241*)

CUL1 (p.Phe521Leu)
REPIN1 (p.Ser561*)

S1PR1 (p.Phe76Leu)
PLXNA1 (p.Arg840Leu)
TRRAP (p.Asp1761Tyr)

ASH2L (p.Ser78*)
VPS13B (p.Leu1690Phe)

OPTN (p.Gln63Lys)
TRAPPC4 (p.Glu45*)
PAN2 (p.Gly689Cys)

C15orf39 (p.Arg827Ser)
PPL (p.Glu1417*)

AC135048.1 (p.Asp90Tyr)
BCKDK (p.Leu3Met)
DUSP14 (p.Glu162*)

GPR179 (p.His1160Asn)
HOXB8 (p.Asp236Tyr)

SALL3 (p.Phe1005Leu)
FAM83D (p.Glu84*)
RNF220 (p.Met1?)

SLC3A1 (p.Ser168*)
SLC34A2 (p.Ser599*)
COG1 (p.His695Asn)

BACH1 (p.Leu335Phe)
MMP8 (p.Arg118Leu)

MYO15A (p.Gln2185Lys)
ACTRT2 (p.Glu76*)

ABCA4 (p.Met1733Ile)
MPZ (p.Ser220*)

TERT (p.Gln921Lys)
TPCN2 (p.Ser681*)

ZNF319 (p.Glu283*)
SETBP1 (p.Asp908Tyr)

ARSA (p.Glu242*)
PCDHA13 (p.Glu501*)
ABCF1 (p.His686Asn)
MAMDC4 (p.Ser130*)

DACT1 (p.Ser395*)
AHNAK2 (p.Leu356Met)
MYO1F (c.1183−1G>T)

MEGF8 (p.Ser2430*)
ZNF773 (p.His381Asn)

TMC2 (p.Trp258Leu)
SLC45A1 (p.Glu535*)

PXDN (p.Glu764*)
EIF2AK2 (p.Arg548Leu)

TGFBRAP1 (p.Gln501Lys)
NFE2L2 (p.Glu284*)

CC2D2A (p.Gln1108Lys)
FRAS1 (p.His769Asn)

MAFA (p.Glu39*)
AHNAK (p.Leu1774Phe)
GAL3ST3 (p.Asp212Tyr)

OCA2 (p.Gln609Lys)
C16orf52 (p.Gln47Lys)

ADAMTS18 (p.Ser746*)
SLFN14 (p.Glu211*)

TCAP (p.Ser64*)
APC (p.Ser943*)

CPA5 (p.Gln164Lys)
SPATA31D1 (p.Pro587Gln)

ZFHX2 (p.Ser1840Tyr)
SSTR1 (p.Glu266*)
HSPB6 (p.Glu95*)

C1orf226 (p.Leu48Phe)
CEP170 (p.Arg995Ser)
PGBD2 (p.Leu186Phe)
UBE2D4 (p.Asp112Tyr)

MCM4 (p.His420Asn)
NOS1 (p.Phe826Leu)

ANKLE2 (p.Arg659Leu)
UBTF (p.Phe46Leu)

ACE (p.Phe62Leu)
GH2 (p.Arg120Ser)
GALK1 (p.Glu204*)

MTG2 (p.Asp323Tyr)
SFI1 (p.Arg201Ser)

TNFAIP8 (p.Glu178*)
KIAA1161 (p.Glu536*)
DEAF1 (p.Arg351Leu)
NTRK1 (p.Asp668Tyr)

PTPN14 (p.Arg293Leu)
FANCD2 (p.Glu118*)

F11 (p.Trp73Leu)
WIPF3 (p.Arg409Leu)
CHRNB3 (p.Glu188*)

WDR66 (p.Ser561*)
SLC25A17 (p.Gly19Val)

GRAMD4 (p.Glu457*)
PHIP (p.Arg1711Ser)

CLCN1 (p.Gly509Cys)
TTC40 (p.Met1167Ile)

AADACL4 (p.Arg73Ser)
NEB (c.1366−1G>T)

HOXD3 (p.Asp295Tyr)
FASTKD3 (p.Arg136Leu)

DLX6 (p.Ser248*)
SULF1 (p.Arg495Ser)

BTBD11 (p.Met619Ile)
PRR11 (p.Pro251Gln)
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HSPB1 (p.Pro66His)
PRH1 (p.Gln40Lys)

RP11−830F9.6 (p.Asp360Gly)
MYOM2 (p.Pro799Ser)

TFAM (c.594+2T>C)
PNPLA6 (p.Arg705Trp)

PTPRF (p.Ala516Val)
KCTD19 (p.Arg853Trp)

SLFNL1 (p.Glu31Lys)
ZNF33A (p.Ser207Asn)

TAX1BP1 (p.Cys350Phe)
ADARB2 (p.Ala249Val)
PCDHA8 (p.Ala661Thr)

CHSY1 (p.Trp166Leu)
HDLBP (p.Arg534Ser)

CNNM4 (p.Glu761*)
B3GNT7 (p.Asp210Tyr)

GRIK1 (p.Gly502Cys)
DYNC1H1 (p.Arg1843Leu)

C1orf222 (p.Arg472Ile)
KIF1B (p.Glu902*)

IHH (p.Glu76*)
GTPBP1 (p.Ser471*)

CELSR1 (p.Gln1659Lys)
AMN (p.Glu133*)

TRAPPC5 (p.Glu119*)
ATP2B2 (p.Glu974*)

PDE6B (p.Phe200Leu)
BMP1 (p.Phe178Leu)

FBXL14 (p.Ser262Tyr)
HERC2 (p.Arg2581Leu)
MYO1E (p.Phe709Leu)

SND1 (p.Glu905*)
NUP214 (p.Gly172Cys)

CTSG (p.Ser220*)
IRS1 (p.Ser63*)

GHRHR (p.Asp191Tyr)
COX15 (p.Met99Ile)

LRP5 (p.Ser455*)
TCTN2 (p.Asp525Tyr)

ST8SIA2 (p.Arg280Ser)
CCNF (p.Arg751Ser)

NOG (p.Ser68*)
NEUROG1 (p.Asp125Tyr)

ABCF1 (p.Leu644Phe)
TNXB (p.Glu1209*)

LRRC4 (p.Pro477Thr)
NLRP6 (p.Glu369*)
NGEF (p.Glu653*)

FEZF2 (p.Glu364*)
C7orf25 (p.Arg68Leu)

RP11−794P6.2 (p.Met1?)
GNB3 (p.Phe286Leu)
VPS18 (p.Arg624Ser)
NUP214 (p.Ser610*)
CARD9 (p.Asp51Tyr)
SLC7A7 (p.Glu465*)

PLOD1 (p.Phe368Leu)
LCT (p.Gly1307Cys)
MADD (p.Glu1476*)
NAGPA (p.Arg7Ser)

JPH3 (p.Ser218*)
SLC27A5 (p.Phe469Leu)

DLGAP4 (p.Ser35*)



	

	 	

Figure S6. Repertoire of Somatic Mutations in Tumor Biopsies and Derivative Organoids in Patient 

20. Related to Figure 5. Heatmaps indicate the cancer cell fraction of somatic non-synonymous 

autosomal mutations as determined by ABSOLUTE (Carter et al., 2012) (blue, see color key) or their 

absence (grey) in each sequenced HCC tumor biopsy/ HCC organoids. Mutations affecting cancer genes 

(Fujimoto et al., 2016; Kandoth et al., 2013; Lawrence et al., 2014) or hotspot residues (Chang et al., 

2016; Gao et al., 2017) are indicated by yellow and red dots, respectively.  

 

 
 
 

  



	

	 	

 



	

	 	

Figure S7. Analysis of Long-term Genetic Stability in HCC and CCC Organoids. Related to Figure 5. 

(A) Venn diagrams illustrate the number of somatic non-synonymous mutations present in three 

representative HCC organoid lines at early and late passage. For whole exome sequencing analysis of the 

HCC organoids derived from Patient 2, culture time between early and late passage was 32 weeks, 

corresponding to 16 passages. For the HCC organoid lines 5-A and 5-B culture time was 8 weeks 

corresponding to 6 and 4 passages, respectively. (B) Repertoire of somatic non-synonymous mutations 

affecting cancer genes (Fujimoto et al., 2016; Kandoth et al., 2013; Lawrence et al., 2014) at early and 

late passage. The effects of the mutations are color-coded according to the legend, with hotspots (Chang 

et al., 2016; Gao et al., 2017) colored in red. The presence of multiple non-synonymous mutations in the 

same gene is represented by an asterisk. The presence of loss of heterozygosity of the wild-type allele of 

a mutated gene is represented by a diagonal bar, and mutations found to be clonal by ABSOLUTE (Carter 

et al., 2012) are indicated by a black box. (C) Heatmap of copy number alterations in HCC biopsies and 

derivative organoids (Patients 2, 5-A, 5-B, 9, 12-I, 12-II and 25) and CCC biopsies and derivative 

organoids (Patients 13, 16 and 20). Samples are presented in rows and chromosomal positions on the x-

axis (columns). Dark blue: amplification, light blue: copy number gain; white: neutral; light red: copy 

number loss; dark red: homozygous deletion. (D) Heatmap illustrating the copy number alterations 

between early and late passage organoids.  
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Figure S8. Mutational Signatures in Tumor Biopsies and Derivative Organoids. Related to Figure 5. 

(A) Barplots illustrate the mutational signatures of the HCC biopsies and the corresponding organoids at 

early and late passage (late passage only for Patients 2, 5-A and 5-B). In each panel, the colored barplot 

illustrates each mutational signature according to the 96 substitution classification (Alexandrov et al., 

2013) defined by the substitution classes (C>A, C>G, C>T, T>A, T>C and T>G bins) and the 5’ and 3’ 

sequence context, normalized using the observed trinucleotide frequency in the human exome to that in 

the human genome. The bars are ordered first by mutation class (C>A/G>T, C>G/G>C, C>T/G>A, 

T>A/A>T, T>C/A>G, T>G/A>C), then by the 5’ flanking base (A, C, G, T) and then by the 3’ flanking base 

(A, C, G, T). (B) Mutational signature for CCC biopsies and corresponding organoids. 


