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Supplementary Figure 1. Somatic mutations, phylogeny, and laser capture microdissection in MTP1. 1a. Mutations (rows) identified in the different samples (columns) in 

MTP1. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is 

indicated in a track on the bottom. 1b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are 

indicated at branch points. 1c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the horizontal 

and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate clonal 

relatedness and exclude the possibility of contamination by minute amounts of cells. 



Supplementary Figure 1. Somatic mutations, phylogeny, and laser capture microdissection in MTP1. 1d. Representative images of neoplastic tissue stained by hematoxylin 

and eosin (H&E), as well as isolated regions before and after laser capture microdissection are shown. 
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variant allele frequencies (%)c

Samples 
LG IPMN
HG IPMN

     DUCTAL CANCER
     CANCERIZATION 

Mutations
●  Shared
●  IPMN only
●  PDAC only

Supplementary Figure 2. Somatic mutations, phylogeny and laser capture microdissection in MTP2. 2a. Mutations (rows) identified in the different samples (columns) in 

MTP2. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is 

indicated in a track on the bottom. 2b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are 

indicated at branch points. 2c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the horizontal 

and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate clonal 

relatedness and exclude the possibility of contamination by minute amounts of cells. 



Supplementary Figure 2. Somatic mutations, phylogeny and laser capture microdissection in MTP2. 2d. Representative images of neoplastic tissue stained by hematoxylin 

and eosin (H&E), as well as isolated regions before and after laser capture microdissection are shown. 
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Supplementary Figure 3. Somatic mutations, phylogeny and laser capture microdissection in MTP3. 3a. Mutations (rows) identified in the different samples (columns) in 

MTP3. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is 

indicated in a track on the bottom. 3b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are 

indicated at branch points. 3c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the horizontal 

and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate clonal 

relatedness and exclude the possibility of contamination by minute amounts of cells.



Supplementary Figure 3. Somatic mutations, phylogeny and laser capture microdissection in MTP3. 3d. Representative images of neoplastic tissue stained by hematoxylin 

and eosin (H&E), as well as isolated regions before and after laser capture microdissection are shown. 
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Supplementary Figure 3. Somatic mutations, phylogeny and laser capture microdissection in MTP3. 3d. Representative images of neoplastic tissue stained by hematoxylin 

and eosin (H&E), as well as isolated regions before and after laser capture microdissection are shown. 



Supplementary Figure 4. Somatic mutations, phylogeny and laser capture microdissection in MTP4. 4a. Mutations (rows) identified in the different samples (columns) 

in MTP4. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each 

sample is indicated in a track on the bottom. 4b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver 

mutations are indicated at branch points. 4c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated 

on the horizontal and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples 

demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells.
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Supplementary Figure 5. Somatic mutations, phylogeny and laser capture microdissection in MTP5. 5a. Mutations (rows) identified in the different samples (columns) in 

MTP5. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is 

indicated in a track on the bottom. 5b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are 

indicated at branch points. 5c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the horizontal 

and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate clonal 

relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 6. Somatic mutations and phylogeny in MTP6. 6a. Mutations (rows) identified in the different samples (columns) in MTP6. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 6b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

6c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations 

shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 7. Somatic mutations and phylogeny in MTP7. 7a. Mutations (rows) identified in the different samples (columns) in MTP7. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 7b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

7c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations 

shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 8. Somatic mutations, phylogeny and laser capture microdissection in MTP8. 8a. Mutations (rows) identified in the different samples (columns) in 

MTP8. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is 

indicated in a track on the bottom. 8b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are 

indicated at branch points. 8c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the horizontal 

and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate clonal 

relatedness and exclude the possibility of contamination by minute amounts of cells. 



Supplementary Figure 8. Somatic mutations, phylogeny and laser capture microdissection in MTP8. 8d. Representative images of neoplastic tissue stained by hematoxylin 

and eosin (H&E), as well as isolated regions before and after laser capture microdissection are shown. 
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Supplementary Figure 9. Somatic mutations and phylogeny in MTP9. 9a. Mutations (rows) identified in the different samples (columns) in MTP9. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 9b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

9c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations 

shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 10. Somatic mutations and phylogeny in MTP11. 10a. Mutations (rows) identified in the different samples (columns) in MTP11. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 10b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

10c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 11. Somatic mutations and phylogeny in MTP13. 11a. Mutations (rows) identified in the different samples (columns) in MTP13. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 11b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

11c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 12. Somatic mutations and phylogeny in MTP14. 12a. Mutations (rows) identified in the different samples (columns) in MTP14. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 12b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

12c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 



● ●

ZNF469:A3202A
ADAD2:A73A
SOGA3:D756D
IRAK1:D41N
SPATA5L1:S383S
GPR176:A419V
POLR3B:R560*
ATF7IP:N109S
M6PR:S86F
CCKBR:L447L
RET:S904S
RET:G691S
JAK2:V392M
PIK3CA:T1025T
CTNNA2:I8S
TPO:P918P
AMP:chr1:160.61−162.04(SDHC)
MTPAP:G84del
TTYH1:A48T
JAKMIP3:E724*
KIF20B:R1073*
MYO3A:E101Q
KIAA1217:S316P
CELF2:V356G
LOH:chr6:0.56−29.91
LOH:chr22:17.29−32.44
LOH:chr16:66.89−89.93
LOH:chr1:48.94−120.38
CHRNB3:K377fs
C6orf132:T829_M839del
FAT1:P567fs
MAGEE1:F544C
CYYR1:Y131Y
MC3R:F26I
ADIG:C17S
CRNKL1:Q115H
FAM129C:R692Q
AD000091.2:n.−3504G>A
MUC16:K5232N
CSNK1G2:V72M
SALL3:A1082V
RNF43:G133V
MYH8:K1197R
FHOD1:E734Q
C16orf78:L221V
THSD4:E568K
RORA:R152*
GREM1:T17I
MNAT1:E264Q
ZFC3H1:E1419K
MUC19:c.*7302T>C
CNTN5:S451L
MAP4K2:E418K
OR6Q1:R56Q
ASCL2:G4D
ZBTB6:E196Q
PHF2:E862K
MPDZ:D1337N
LRRC24:A63G
AGO2:c.879−3C>T
SLC30A8:L236R
KCNV1:S298S
DCSTAMP:L301R
ZNF879:K541N
CHSY3:Q110L
THBS4:E184K
NPY2R:I242M
ALK:G1125G
ALK:F79L
ALK:K1491R
ALK:D1529E
ROCK2:K1325K
ADI1:F118L
PXDN:D1221G
CHRM3:S349F
LYST:G1232G
CDC42BPA:R1697T
OR10J1:T49P
DARC:F252V
ECM1:G467W
AMP:chr9:103.35−104.3
AMP:chr8:127.57−128.81(MYC)
AMP:chr7:98.63−100.66
AMP:chr19:39.43−39.9
AMP:chr17:39.64−39.85
AMP:chr17:36.98−38.65(ERBB2)
AMP:chr11:45.79−46.67
TP53:C242fs
VPS39:W243fs
EGFR:T629T
NEUROG1:R81C
ATP2B2:R1125Q
FAM46D:L83P
GRAMD4:G314E
MN1:A465V
CHGB:R277*
HRC:V357V
PLEKHG2:R589W
SLC25A42:A234T
CDH20:Y665Y
LOXHD1:D1713N
KRT38:H143H
CX3CL1:S239Y
HS3ST4:I202I
TBC1D24:I276I
GABRA5:H185H
ACTN1:R292C
FANCM:H620Y
ITGA7:E352K
KRAS:G12V
OR4D5:I110I
PCF11:M1?
ANAPC15:L189L
DPP3:F305S
NAT10:Q796*
PLEC:R1044H
MATN2:S118S
ZBTB10:G62G
RAB2A:D87G
PPP1R9A:V830M
EGFR:R521K
LARP1:I638V
PCDHB6:S411N
CWC27:L355*
SRD5A1:P103A
LRRIQ4:R69H
GPR149:Y672N
GPR128:P253P
LARS2:H311H
SCN3A:R620R
TGFBRAP1:P78P
BRINP3:A437T
MACF1:T1626M
VWA5B1:S22F

Tissue Source

HG IPMN

DUCTAL CANCER

Driver Mutation

●

Hotspot

Inactivating

Other

AMP

LOH

T1 T2
WES

a

+KRAS, TP53, EGFR, ERBB2, MYC

+RET, PIK3CA

+RNF43, ALK, CNTN5, MUC16

0 30 60 90
Mutations

HG IPMN

Ductal Cancer

b

Samples 
HG IPMN

     DUCTAL CANCER

Mutations
  ● Shared
  ● IPMN only
  ● PDAC only

T1

0 20 40 60 80

0
20

40
60

80

●●

●
●

●

●

●●

●●
●●

●

●

●

●

●

●

●●●

●●

●●

●

●

●

●

●

●

●●

●

● ●
●

●

●●

●
●●

●

● ●

●

●●
●

●●●●●
●●●

●

●●●
●●

●

●

●
●
●●●

●●●●●

●
●
●
●
●●
●
●●
●●●
●
●

●●●●
●●●●●

●
●●
●
●●
●

●●●●●●●●●●●●●●● ●

T2

variant allele frequencies (%)c

Supplementary Figure 13. Somatic mutations and phylogeny in MTP18. 13a. Mutations (rows) identified in the different samples (columns) in MTP18. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 13b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

13c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 14. Somatic mutations, phylogeny and laser capture microdissection in MTP19. 14a. Mutations (rows) identified in the different samples (columns) 

in MTP19. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample 

is indicated in a track on the bottom. 14b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations 

are indicated at branch points. 14c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the 

horizontal and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate 

clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 15. Somatic mutations and phylogeny in MTP23. 15a. Mutations (rows) identified in the different samples (columns) in MTP23. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 15b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

15c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 16. Somatic mutations, phylogeny and laser capture microdissection in MTP24. 16a. Mutations (rows) identified in the different samples (columns) 

in MTP24. Sample and mutation characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample 

is indicated in a track on the bottom. 16b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations 

are indicated at branch points. 16c. Comparison of variant allele frequencies (VAFs) in sample pairs. Each plot shows the VAFs of the corresponding samples indicated on the 

horizontal and vertical axes. Sample and mutation types are indicated by the colors in the legend. High VAFs of mutations shared in IPMN/MCN and cancer samples demonstrate 

clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 
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Supplementary Figure 17. Somatic mutations and phylogeny in MTP26. 17a. Mutations (rows) identified in the different samples (columns) in MTP26. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 17b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

17c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 



●

_

_

●

_

_

●

NAPSA:L14del
KCNS1:A65T
VSTM2B:S133S
SMAD4:Y133*
MARVELD3:Y268Y
GANC:M307L
CHMP4C:E121A
SULF1:D316N
DNAJC5B:Y80Y
ATP2B2:T737T
EHBP1:D424Y
RALGAPB:R1130H
SCRN2:R217Q
LITAF:T167M
HERC2:T4313P
RTN1:R513Q
PCED1B:A201T
DFNA5:E347G
WRNIP1:G206G
DMXL1:A1776T
ANKRD28:A48S
GLIS1:P473P
DEL:chr9:138.56−140.44(NOTCH1)
DEL:chr16:0.57−2.35(TSC2)
CDKN2A:W15fs
SFTPC:D177fs
PLSCR4:L38fs
AGAP2:I718N
KCNG1:R45W
PCED1A:P274A
PRX:V1403I
TSHZ3:M747K
C19orf57:R468Q
TBXA2R:R317W
TP53:M237I
OR1D5:T237T
RP11−343C2.7:Q109*
UNC13C:G2129G
RP11−141M1.3:n.203A>T
KRAS:G12V
MKI67:I59V
GPT:R323R
LOXL2:V53V
PAXIP1:L651H
POM121L12:P195P
USP42:S1247*
SDK1:P1705P
GRIA1:R716*
ARAP3:G469V
UFSP2:S368*
MROH2A:D302N
ATF2:M227L
PROM2:V704D
GREM2:A121T
GON4L:Y265D
SLC35D1:P17P

Tissue Source

HG IPMN

DUCTAL CANCER

Driver Mutation

●

_

Hotspot

Inactivating

DEL

LOH

T1 T2
WES

a

+KRAS, CDKN2A, TP53, TSC2, NOTCH1

+SMAD4

0 10 20 30 40
Mutations

HG IPMN

Ductal Cancer

b

T1

0 20 40 60 80

0
20

40
60

80

●
●●●●

●●●

● ●

●

●●●

●

●

●

●

●●

●●

●

●●
●●●

●

●

●

●

●

●

●

●
●●

●

●
●

●●

●●●●●●●●●● ●

T2

variant allele frequencies (%)

Samples 
HG IPMN

     DUCTAL CANCER

Mutations
  ● Shared
  ● IPMN only
  ● PDAC only

c

Supplementary Figure 18. Somatic mutations and phylogeny in MTP30. 18a. Mutations (rows) identified in the different samples (columns) in MTP30. Sample and mutation 

characteristics are described by the legend. The type of sequencing analysis (targeted or whole exome sequencing) performed for each sample is indicated in a track on the 

bottom. 18b. The inferred tumor phylogeny. The pathological characteristics for the clones are indicated by the color of the line and driver mutations are indicated at branch points. 

18c. Comparison of variant allele frequencies (VAFs) in precancer/cancer sample pair. Sample and mutation types are indicated by the colors in the legend. High VAFs of 

mutations shared in IPMN/MCN and cancer samples demonstrate clonal relatedness and exclude the possibility of contamination by minute amounts of cells. 



Supplementary Figure 19. Analysis of mutational signatures in whole exome sequencing data. Per case (columns), the color gradient shows the fractional contribution of 

the different mutational signatures (rows) to the total amount of single nucleotide variants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Supplementary Figure 20. Analysis of timing of malignant progression. We modeled the number of additional mutations acquired in a PDAC for 17 patients by fitting ~900 

Bayesian hierarchical models, each predicated on a different unobserved mutation rate (y-axis) that was assumed to be constant during the IPMN to PDAC transition.  The shaded 

band depicts the 90% posterior credible interval for the number of years (x-axis) to the development of the PDAC.  The error bar for each patient indicates the 0.05 and 0.95 

quantiles of the distribution of posterior medians from the different Bayesian models. 
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