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Supplemental Figure 1. Examples of NOPs
Small selection of genes containing NOPs of 10 or more amino acids
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Supplemental Figure 2. Frame shift presence in mRNA from 58 CCLE colorectal cancer cell lines
a. Cumulative counting of RNAseq allele frequency (Samtools mpileup (XO:1/all)) at the genomic position of
DNA detected frame shift mutations. 
b. IGV examples of frame shift mutations in the BAM files of CCLE cell lines  
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Supplemental Figure 3. Example of normal isoforms, using shifted frame
Genome model of CDKN2A with the different isoforms are shown on the minus strand of the genome. Zoom 
of the middle exon depicts the 2 reading frames that are encountered in the different isoforms. 



A
C

C

B
LC

A

B
R

C
A

C
ES

C

C
H

O
L

C
O

A
D

D
LB

C

ES
C

A

G
B

M

H
N

SC

K
IC

H

K
IR

C

K
IR

P

LA
M

L

LG
G

LI
H

C

LU
A

D

LU
SC

M
ES

O

O
V

PA
A

D

PC
PG

PR
A

D

R
EA

D

SA
R

C

SK
C

M

ST
A

D

TG
C

T

TH
C

A

TH
YM

U
C

EC

U
C

S

U
VM

TP53 0 5 10 0 0 3 0 3 2 13 0 0 0 0 5 4 6 12 0 12 3 0 2 2 2 1 7 0 0 0 4 1 0 408

ARID1A 0 8 4 1 1 5 0 2 0 1 0 2 0 0 5 4 2 5 0 1 1 0 0 1 0 0 18 0 0 0 34 1 0 229

KMT2D 0 9 4 3 0 8 1 3 0 11 0 0 2 1 1 1 1 11 0 1 2 0 5 1 0 1 15 0 0 1 20 1 0 160

GATA3 0 4 79 0 0 4 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 7 0 0 0 3 0 0 112

APC 0 0 0 0 0 70 0 0 1 1 0 0 0 1 0 0 4 0 0 0 0 0 1 17 0 0 3 0 0 0 2 0 0 104

PTEN 0 0 8 1 0 1 0 0 10 2 0 2 2 0 0 1 0 9 0 1 0 0 3 0 1 8 3 0 1 0 49 0 0 103

CIC 0 1 0 3 0 12 0 3 1 1 0 0 0 0 43 0 0 0 0 0 0 0 1 0 0 0 20 0 0 0 14 0 0 76

KMT2B 1 0 4 1 1 15 0 0 0 7 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 3 22 1 0 0 39 1 0 74

ZFHX3 1 0 3 4 0 9 1 0 1 0 0 0 3 3 0 1 0 1 0 4 0 0 4 1 0 1 12 1 1 0 42 1 0 67

ZNF429 0 6 6 1 0 21 0 0 4 0 0 3 1 1 0 1 6 9 0 3 0 0 0 1 0 3 10 0 0 0 21 0 0 67

TTN 0 2 3 0 0 26 0 2 0 2 0 2 0 0 2 0 6 3 0 6 0 0 2 3 0 3 14 0 0 0 26 0 0 65

PBRM1 0 3 2 0 3 8 0 2 0 0 0 52 3 0 5 0 0 5 2 0 0 0 0 0 0 0 15 0 0 0 0 0 0 61

ZFP36L2 0 3 3 0 0 30 0 2 0 11 0 0 2 0 0 0 2 2 0 0 2 0 2 8 0 3 15 0 0 0 15 2 0 61

ATRX 0 0 2 2 0 3 0 0 12 0 0 2 0 0 58 0 0 0 0 0 0 5 0 0 7 2 5 0 0 0 3 0 0 59

VHL 0 0 0 0 0 4 0 0 0 0 0 95 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57

CDKN2A 2 13 0 0 0 0 0 4 2 22 0 0 0 0 0 6 6 19 0 0 9 0 0 0 0 13 4 0 0 0 2 0 0 54

SOX9 0 0 4 0 0 61 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 17 0 0 0 7 0 0 54

NF1 0 0 8 0 0 4 0 0 11 0 0 4 0 2 19 4 13 4 0 4 2 6 2 0 0 4 6 2 0 0 8 0 0 53

ZFHX4 0 2 4 0 0 23 0 0 0 4 0 0 0 0 2 0 6 4 0 4 0 0 0 2 0 2 25 0 0 0 23 0 0 52

ZFP36L1 0 27 16 0 0 8 0 0 2 2 0 2 0 0 2 2 6 0 0 2 0 0 2 0 2 0 14 0 0 0 12 2 0 51

ZNF100 0 6 4 2 0 14 0 0 4 0 0 4 2 2 0 2 6 10 0 2 0 0 0 2 0 4 10 0 0 2 22 0 0 49

ZNF253 0 6 4 0 0 13 0 4 4 0 0 6 0 2 0 0 4 8 0 0 0 0 0 0 0 2 27 0 0 0 19 0 0 48

ZNF85 0 6 4 2 0 17 0 0 6 0 0 4 2 2 0 2 6 10 0 2 0 0 0 2 0 2 13 0 0 0 19 0 0 48

NOTCH1 0 5 7 2 0 2 0 12 0 33 0 0 0 0 7 0 0 14 0 0 0 0 0 0 0 0 9 0 0 0 9 0 0 43

CDH1 0 0 71 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 14 0 0 42

KDM6A 0 49 2 2 0 5 0 0 2 0 0 0 10 0 0 0 2 0 0 2 0 0 12 0 2 0 10 0 0 0 0 0 0 41

ANK3 0 0 8 3 0 38 0 3 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 3 0 0 18 0 0 0 25 0 0 40

PCLO 0 0 3 0 0 15 0 3 0 5 0 3 3 0 0 3 13 0 0 3 0 0 0 0 0 0 18 0 0 0 33 0 3 40

RB1 0 15 3 0 0 0 0 5 10 3 3 3 0 0 5 3 8 8 0 10 0 0 3 0 15 3 0 0 0 0 8 0 0 40

ZNF117 0 8 5 3 0 13 0 0 5 0 0 5 3 3 0 3 8 13 0 0 0 0 0 3 0 3 13 0 0 0 18 0 0 40

PIK3R1 0 0 3 0 0 10 0 0 5 3 0 0 0 0 5 0 0 5 0 0 0 0 0 0 0 0 8 0 0 0 62 0 0 39

MAP3K1 0 0 59 3 0 0 0 3 0 0 0 0 3 0 0 0 0 3 0 3 0 0 0 0 0 3 0 0 0 0 24 0 0 37

TOP2A 0 0 0 3 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 43 0 0 0 0 0 0 24 0 0 0 11 0 0 37

ZNF468 0 3 5 0 0 14 0 0 8 0 0 5 0 0 5 3 14 3 0 3 3 0 0 0 0 11 16 0 0 0 8 0 0 37

RANBP2 0 0 6 3 0 19 0 0 8 0 0 0 0 0 0 3 3 3 0 0 0 0 6 0 0 0 28 0 0 0 22 0 0 36

KMT2C 0 14 11 14 0 3 0 3 0 0 0 0 9 0 0 3 3 6 0 3 0 0 6 0 0 3 9 0 0 3 11 0 0 35

NCOR2 0 3 3 0 0 23 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0 0 17 0 0 0 43 3 3 35

RNF43 3 0 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 3 6 0 0 3 0 0 26 0 0 0 37 0 0 35

ARHGAP35 0 0 6 0 0 12 0 0 0 0 0 3 3 3 0 0 0 3 0 6 0 0 3 0 0 0 6 0 0 0 52 3 0 33

ARID2 0 0 0 0 0 9 0 3 0 6 0 3 0 0 9 6 6 3 3 0 0 0 6 3 0 9 12 0 3 0 18 0 0 33

BAP1 0 3 6 0 6 0 0 0 0 3 0 24 9 0 0 9 3 6 9 0 0 0 0 0 0 0 0 0 0 0 3 0 18 33

EFNB3 0 0 0 3 0 22 0 3 0 0 0 0 0 0 0 0 0 0 0 6 0 0 3 3 0 0 38 0 0 0 22 0 0 32

JARID2 0 0 0 3 0 13 0 0 0 0 0 0 3 0 0 0 3 3 0 3 0 0 0 0 0 0 38 0 0 0 31 3 0 32

YLPM1 0 0 3 0 0 6 0 0 0 3 0 9 0 0 0 0 3 3 0 3 0 0 0 0 0 0 34 0 3 0 28 3 0 32

BCL9L 0 0 0 0 0 39 0 0 0 3 0 0 0 0 0 0 6 3 0 3 0 0 0 10 0 0 23 0 0 0 13 0 0 31

ELF3 0 39 0 0 3 13 0 0 0 0 0 3 3 0 0 6 6 0 0 0 0 0 0 6 0 0 10 0 0 0 10 0 0 31

FLG 3 0 0 0 0 6 0 0 13 10 0 0 0 0 0 0 10 3 0 16 0 0 3 0 3 3 16 0 0 0 13 0 0 31

MBD6 0 3 10 0 0 23 0 0 0 3 0 0 0 0 3 0 0 0 0 3 6 0 0 3 0 6 23 0 0 0 16 0 0 31

FBN2 0 3 3 0 0 13 0 0 7 0 0 7 0 0 7 0 30 3 0 0 0 0 0 0 0 0 13 0 0 0 13 0 0 30

ZNF469 3 0 0 0 0 53 0 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 30 0 0 30

ZNF814 0 0 0 3 0 27 0 3 0 3 0 0 7 0 0 0 3 0 0 7 0 0 0 0 0 0 27 0 0 0 20 0 0 30

FAT1 0 14 0 7 0 7 0 0 0 28 0 0 0 0 0 0 3 14 0 3 0 0 0 0 0 0 7 0 0 0 17 0 0 29

FOXA1 0 24 14 3 0 3 0 3 0 0 0 0 0 0 0 0 0 3 0 0 0 0 24 0 0 0 7 0 0 0 17 0 0 29
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ZNF283 0 9 9 5 0 23 0 0 0 5 0 5 9 0 0 0 5 5 0 5 0 0 0 0 0 0 14 0 0 0 9 0 0 22

AXIN1 0 0 0 0 0 14 0 5 0 0 0 0 0 0 0 48 0 5 0 0 0 0 0 0 0 0 14 0 0 0 14 0 0 21

ULK1 0 0 0 14 0 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 24 0 0 0 29 0 0 21

HNRNPL 0 0 0 5 0 65 0 5 0 10 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 0 0 0 0 0 5 0 0 20

PCDHB2 0 0 5 10 0 5 0 5 0 0 0 5 0 0 0 5 25 10 0 0 0 0 0 0 0 0 5 0 0 0 25 0 0 20

PCDHB9 0 0 5 10 0 10 0 5 0 0 0 5 0 0 0 5 15 20 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 20

SLC9A4 0 0 0 5 0 25 0 0 5 0 0 0 0 0 0 0 0 5 5 5 0 0 0 0 0 5 10 0 0 0 35 0 0 20

ZNF750 0 5 0 25 0 0 0 25 0 25 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 20

Supplemental Figure 4. Gene prevalence vs Cancer type
Percentage of frameshift mutations (resulting in peptides of 10 aa or longer), assessed by the type of 
cancer in the TCGA cohort. Genes where 50% or more of the frameshifts occur within a single tumor type 
are indicated in bold.
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Supplemental Figure 5. NOPs in the MSK-IMPACT study
Frame shift analysis in the targeted sequencing panel of the MSK-IMPACT study, covering up to 410 genes 
in more 10,129 patients (with at least 1 somatic mutation). a. FS peptide length distribution, b. Gene count 
of patients containing NOPs of 10 or more amino acids. c. Ratio of patients separated by tumor type that 
possess a neo epitope using optimally selected peptides for genes encountered most often within a cancer. 
Coloring represents the ratio, using 1, 2 .. 10 genes, or using all encountered genes (lightest shade) d. 
Examples of NOPs for 4 genes.
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