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SUPPLEMENTARY MATERIALS

Supplementary Figure 1: Ion ampliseq comprehensive cancer panel gene list.



Supplementary Figure 2: Frequency for simultaneous alterations in KRAS and SMAD4 according to tumor type.  
n = 22928. The analysis was performed using cBioportal [45]. See Supplementary Table 5 for the data set used.

Supplementary Figure 3: Sanger sequencing results for the mutations in PIK3CA (c.1633G>A), KRAS (c.35G>A), and 
SMAD4 (c.1081C>T and c.1082G>A) in the tumor sample of the first recurrence. Red arrows show variant.



Supplementary Figure 4: Verification of identified mutations in PIK3CA, KRAS and SMAD4 by Sanger sequencing. 
Sanger sequencing traces for the genes commonly identified in T1, T2 and T3 are shown. Red arrows show variant. For PIK3CA, it is 
considered that the base next to the somatic mutation (c.1633G>A) in the normal sample is a SNP (A/C).



Supplementary Figure 5: Verification of identified mutations in KMT2A, TET1 and NLRP1 by Sanger sequencing. 
Sanger sequencing traces for the genes commonly identified in T2 and T3 but not in T1 are shown. Red arrows show variant.



Supplementary Figure 6: Uncropped immunoblots presented in Figure 3C.



Supplementary Table 1:  Overview of targeted amplicon sequencing results

Sample Mapped 
reads

Reads on 
target (%)

Coverage 
depth

Uniformity 
(%)

Coverage (%) #of somatic mutation #of 
CNV1× 20× 100× 500× Nonsynon Synon Total

T1 10475349 99.11 657.5 91.51 99.64 98.02 93.43 58.70 5 0 6 17

T2 10899935 99.31 686.6 88.46 99.48 97.05 91.19 57.23 11 1 12 32

T3 8804867 80.12 352.8 59.06 89.96 84.98 60.14 15.91 75 6 81 345

Normal 12331540 98.28 770.2 95.30 99.82 98.82 96.70 75.49 NA NA NA NA

Abbreviations: Nonsynon; non-synonymous, synon; synonymous, CNV; copy number variation; NA; not assessible.

Supplementary Table 2: Somatic non-synonymous mutations identified in this study

Gene T1 T2 T3
AKAP9 p.Glu1585Ala
AKT3 p.Met460Arg
ALK p.Trp593Cys
AMER1 p.Arg871Gln
ARID1A p.Ser2142Arg
ARID2 p.Pro1019Arg
ARNT p.Ser539Thr
ATF1 p.Gln153Arg
AXL p.Tyr498Cys
BAI3 p.Cys1269Ter
BCL11B p.Pro51His
CD79B p.Glu25Val; p.Thr139Ala 
CDK12 p.Glu1193Gly
CIC p.Gly1287Arg
CREBBP p.Leu1098Pro
CRTC1 p.Gly501Arg
CSF1R p.Ala505Asp
CTNNB1 p.Tyr724Cys
ERCC5 p.Asp77Ala
ETV4 p.Ile95Ser
FANCG p.Ser344Arg
FBXW7 p.Asn621Ser
FLI1 p.Val11Leu
FLT4 p.Pro138Thr
FOXP4 p.Ala610Val
HCAR1 p.Ala60Ser
IGF2R p.Leu2008Val
KAT6A p.Gln1283Arg; p.Ser1576Cys
KDM5C p.Cys1202Arg
KMT2A p.Arg1350Leu p.Arg1350Leu
KMT2C p.Ala2223Glu; p.Arg4828Cys
KMT2D p.Ser901Phe; p.Pro916Leu; p.Gly1946Val, 

COSM548519; p.Glu3216Ter, COSM221123
KRAS p.Gly12Asp, 

COSM1135366
p.Gly12Asp, 

COSM1135366
p.Gly12Asp, COSM1135366



LCK p.Leu342Gln
MAML2 p.Ala521Asp
MYH11 p.Ala1396Asp
NCOA1 p.Arg1207Gly
NIN p.Ser144Asn
NLRP1 p.Arg788fs p.Arg788fs
NOTCH1 p.Asp2082Glu
NOTCH4 p.Arg1793Gln; 

p.Arg130Lys
NUP98 p.Ala1602Asp
PAX3 p.Met299Lys; p.Ser497Arg
PAX7 p.Ser439Phe
PDE4DIP p.Lys1104Asn
PER1 p.Ala1254Asp
PIK3CA p.Glu545Lys, 

COSM763
p.Glu545Lys, 

COSM763
p.Glu545Lys, COSM763

PMS2 p.Gln449Leu, COSM747348
PTCH1 p.Ser640Arg
RAF1 p.Ala314Val
RALGDS p.Ala763Asp
RNF213 p.Gly1828Ala; p.Ser3939Gly; p.His4391Gln
ROS1 p.Val213Gly
RUNX1T1 p.Gly130Ala
SAMD9 p.Asn1141fs, COSM602765
SDHD p.Ala9Gly
SETD2 p.Gly1563Ala; p.Ser1992Arg
SMAD4 p.Arg361Cys, 

COSM14140; 
p.Arg361His, 
COSM14122

p.Arg361Cys, 
COSM14140; 
p.Arg361His, 
COSM14122

p.Arg361Cys, COSM14140; p.Arg361His, 
COSM14122

STK36 p.Gln1074Ter
SYNE1 p.Val3180Gly; p.Asn6582Lys; p.Cys7960Ser 
TAF1L p.His1077Arg
TCF7L1 p.Gln433Ter
TET1 p.Arg81His, 

COSM919743
p.Arg81His, COSM919743

TSC1 p.Pro391Thr
TSC2 p.Ala623Ser
USP9X p.Tyr2220Cys
XPC p.Cys771Ser
ZNF384 p.Asn407Lys



Supplementary Table 3: Prevalence of KRAS and SMAD4 mutations in pancreatic, colorectal, gastric and lung cancers in 
clinical tumors

Cancer type

Control cell lines Clinical tumors

# of cell 
lines

Sample 
size (%)

# of case Sample size-matched 
prevalence (%)

Data source
KRASmt 

only
SMAD4mt 

only Total KRASmt only SMAD4mt 
only

Pancreatic 3 25 310 1 383 20 0 QCMG, Nature 
2016

Colorectal 5 41 96 4 212 19 0.8 TCGA, Nature 
2012

Gastric 2 17 79 21 287 4.6 1.2 TCG, Nature 
2014

Lung 2 17 300 31 1144 4.4 0 TCGA, Nat 
Genet 2016

Total 12 100 785 57 2026 48 2.5 -

Supplementary Table 4: Publications containing SF2 data for KRASmt/SMAD4mt and Control cell lines. See Supplementary_
Table_4

Supplementary Table 5: Data set used for frequency analysis on simultaneous KRAS/SMAD4 alterations in various types 
of tumors. See Supplementary_Table_5

Supplementary Table 6: P values for statistical analyses for differences in SF2

Test Data for figure 3A Data for figure 3B
Shapiro–Wilk test 0.083 0.084
F test 0.039 0.076
Student's t-test NA 0.034
Welch's t-test 0.010 NA

Abbreviations: NA, not assessed.


