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Supplemental Figures and Legends



Figure S1, Introduction to single and dual color lineage tracing, Related to Experimental 

Procedures 

A-B) Schematic representation of single (A) and dual (B) color lineage tracing. Heat-shock 
induced expression of FLP causes mitotic recombination in stem cells that are heterozygous APC 
mutant and express one copy of GFP (A) or one copy of GFP and one copy of RFP (B). This 
results in the generation of daughter cells that are APC-/- (top) or WT/WT (bottom). Clones of cells 
that are generated by single color labeling (A) are marked by absence of GFP (APC-/-) or two 
copies of GFP (WT). Clones of cells that are generated by dual color labeling (B) are marked by 
absence of RFP and two copies of GFP (APC-/-) or absence of GFP and two copies of RFP (WT). 
C) Schematic representation of single color lineage tracing combined with pLoser based 
transgene expression in host cells. Heat-shock induced expression of FLP causes mitotic 
recombination in stem cells that are heterozygous APC mutant and express one copy of RFP and 
a RU486 (mifepristone)-inducible GeneSwitch. This results in the generation of daughter cells that 
are APC-/- (top) or WT/WT (bottom). Clones of cells that are generated by pLoser single color 
labeling are marked by absence of RFP and lack expression of the GeneSwitch. D) Posterior 
midguts harboring hs-FLP induced WT clones marked by absence of RFP. Expression of CD8-
GFP was induced by activation of the pLoser GeneSwitch in cells surrounding clones (200µM 
RU486). Note that absence of RFP directly correlates to absence of GFP induction.  
Genotype:  
D)  hs-FLP; UAS-CD8-GFP; FRT82B, pLoser, Ubi-RFP-nls / FRT82B 

 

	  



	

 

Figure S2, APC-/-- induced cell competition causes attrition of healthy tissue, Related to 

Figure 2  

A) Frequency of WT clones per midgut from guts containing APC-/- clones dissected 10d or 20d 
ACI (left n=231 and right n=187 clones, ±SEM, P-value is displayed above graph, Mann-Whitney 
test). B) Percentage of 1-cell clones across the whole population of WT clones in control posterior 
midguts 20d ACI (n=50 clones).  
Genotypes:  

A)  hs-FLP; pSwitchall /+; FRT82B, APC2G10, APC1Q8, Ubi-GFP/ FRT82B, Ubi-RFP-nls  
B)  hs-FLP;; FRT82B, Ubi-GFP/ FRT82B 
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Figure S3, Cell competition fuels tumor growth, Related to Figure 3  

A-D) Posterior midguts harboring hs-FLP induced WT clones, marked by two copies of GFP (A 
and B), and APC-/- clones, marked by absence of GFP (A’ and B’) 17dACI. Cell death was 
blocked by inducible expression of p35 in all ECs and progenitors cells using the GeneSwitch 
system (+p35, 200µM RU486; B and B’). Control guts (A and A’) are of the same genotype as B 
but were treated with carrier only (-RU486). Graphs in C and D display the distribution of WT (C) 
or APC-/- (D) clone sizes on the y-axis (Log2 scale) from guts with (right) or without (left) p35 
expression. Each dot represents one clone and the red bar indicates the median clone size (C left 
n=67, C right n=82, D left n=122 and D right n=345 clones). E-F) Graphs in E and F display on 
the y-axis (Log2 scale) the size distribution of hs-FLP induced WT clones marked by absence of 
GFP in WT control posterior midguts (E and F, left graphs) or in WT midguts where cell death 
was blocked by inducible expression of either DIAP1 (E, right graph) or p35 (F, right graph) in all 
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ECs and progenitors cells using the GeneSwitch system (40µM RU486). Control guts were 
treated similarly to experimental guts, but lack the UAS transgene. Each dot represents one clone 
and the red bar indicates the median clone size (E left n=72, E right n=54, F left n=74 and F right 
n=50 clones). G-H) Posterior midguts harboring hs-FLP induced APC-/- clones marked by 
MARCM-driven expression of GFP, with (H, p35) or without (G, control) additional expression of 
the cell death inhibitor p35 exclusively in APC-/- cells at 17dACI. P-values are displayed above 
graphs (Mann-Whitney test).  
Genotypes:  
A-D)   hs-FLP; pSwitchall/ UAS-p35; FRT82B, Ubi-GFP/ FRT82B, APC2G10, APC1Q8 
E left)   hs-FLP; pSwitchall/ GlBc; FRT82B, Ubi-GFP/ FRT82B 
E right)  hs-FLP; pSwitchall/ UAS-DIAP1; FRT82B, Ubi-GFP/ FRT82B  
F left)   hs-FLP; pSwitchall/ CyO; FRT82B, Ubi-GFP/ FRT82B 

F right)  hs-FLP; pSwitchall/ UAS-p35; FRT82B, Ubi-GFP/ FRT82B 
G)   hs-FLP,UAS-GFP-nls,Tub-Gal4;; FRT82B, Tub-Gal80/ FRT82B, APC2G10, APC1Q8 
H)   hs-FLP,UAS-GFP-nls,Tub-Gal4; UAS-p35/+; FRT82B,Tub-Gal80/ FRT82B,  
  APC2G10, APC1Q8  
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Figure S4, JNK signaling boosts APC-/- adenoma growth, Related to Figure 4 

A-D) Posterior midguts stained with anti-phospho (active) JNK (pJNK, red). B and D display APC-

/+ heterozygous guts and A and C guts containing hs-FLP induced APC-/- clones, marked by 
absence of GFP, dissected 5d (C and D) or 10d (A and B) ACI. E-F) Posterior midguts harboring 
hs-FLP induced APC-/- clones marked by absence of RFP dissected 17dACI and stained with 
anti-phospho (active) JNK (pJNK, green). Cell death was blocked by inducible expression of 
DIAP1 in all ECs and progenitors cells using the GeneSwitch system (F, +DIAP1, 40µM RU486), 
control guts were treated similarly to experimental guts, but lack the UAS-DIAP1 transgene (E, 
control). The arrowhead in F points to an APC-/- clone with higher pJNK staining. G-I) Posterior 
midguts harboring hs-FLP induced APC-/- clones marked by MARCM-driven expression of GFP, 
with (H) or without (G) additional expression of JNKDN within the clones at 17dACI. Graph in I 
displays the distribution of APC-/- clone sizes for guts of the same genotypes as in G-H (left n=347 
and right n=487 clones). J-L) Posterior midguts harboring hs-FLP induced APC-/- clones dissected 
17dACI. Clones are marked by absence of RFP. JNK signaling was blocked in K by inducible 
expression of JNKDN in host cells using the GeneSwitch system (+JNKDN, 40µM RU486). Control 
guts (J) are of the same genotype as K but were treated with carrier only. Graph in L displays the 
distribution of APC-/- clone sizes on the y-axis (Log2 scale) with (right) or without (left) JNKDN 
expression in host cells. Each dot represents one clone and the red bar indicates the median 
clone size (left n=148 and right n=214 clones). M-N) Posterior midguts harboring hs-FLP induced 
APC-/- clones, marked by absence of RFP, dissected 17dACI. JAK/STAT activity was detected by 
expression of 10xSTAT-GFP (green). JNK signaling was blocked in N by inducible expression of 
JNKDN in surrounding cells using the GeneSwitch system starting 7d ACI  (+JNKDN, 10days 40µM 
RU486). Control guts (M) are of the same genotype as N but were treated with carrier only. P-
values are displayed above graphs (Mann-Whitney test). Genotypes:  

A and C)  hs-FLP;; FRT82B, Ubi-GFP/ FRT82B, APC2G10, APC1Q8 
B and D)  hs-FLP;; FRT82B, APC2G10, APC1Q8/+  
E)   hs-FLP ; pSwitchall / CyO ; diap1-LacZ, FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, 
  APC1Q8 
F)   hs-FLP ; pSwitchall / UAS-DIAP1 ; diap1-LacZ, FRT82B, Ubi-RFP-nls / FRT82B, 
  APC2G10, APC1Q8 
G, I (left)  hs-FLP, UAS-GFP-nls,Tub-Gal4 ;; FRT82B, Tub-Gal80/ FRT82B, APC2G10,APC1Q8 
H, I (right) hs-FLP, UAS-GFP-nls, Tub-Gal4 / UAS-BskDN;;  FRT82B, TubGal80/ FRT82B, 
  APC2G10, APC1Q8 
J-L)   hs-FLP ; UAS-Puc/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B,APC2G10,APC1Q8 
M-N)   hs-FLP / UAS-BskDN ; 10xSTAT-GFP/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B, 
  APC2G10, APC1Q8  



	

 

Figure S5, Tumor growth is required for cell competition, Related to Figure 5 

A) Graph displaying the average APC-/- clone size per gut (x-axis) plotted against the average WT 
clone size (y-axis) for clones from guts of the same genotype as in Figure 2B. The dotted 
horizontal line indicates the expected average WT clone size 17dACI based on the data shown in 
Figure 2A and 2C, left. The dotted vertical line indicates the extrapolated APC-/- clone size that is 
sufficient to induce competition. B) Graph displaying the size distribution on the y-axis (Log2 
scale) of WT clones marked by two copies of RFP from guts containing APC-/- clones with (right) 
or without (left) additional Myc expression throughout host cells (from guts of the same genotype 

as in Figures 5K (left) L (right)). Each dot represents one clone and the red bar indicates the 
median clone size (left n=115 and right n=105 clones). The P-value is displayed above graphs 
(Mann-Whitney test).  
Genotypes:  
A)  hs-FLP; pSwitchall /+; FRT82B, APC2G10, APC1Q8, Ubi-GFP/ FRT82B, Ubi-RFP-nls  
B)  hs-FLP ; UAS-Myc/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8 
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Figure S6, Differences in Yki activity determine cell competition potential of APC-/- cells, 

Related to Figure 6 

A-B) Posterior midguts with hs-FLP induced APC-/- (A) or WT (B) clones, marked by absence of 
RFP, dissected 17d ACI. Yki activity was detected by decreased expression of the Bantam-GFP 
sensor (A’ and B’ white and A’’ and B’’ green). Increased activity was observed in at least one 
APC-/- clone per gut, in about two thirds of APC-/- adenoma containing guts (63% n=19). C-D) 
Posterior midguts harboring hs-FLP induced APC-/- clones marked by absence of RFP dissected 
17dACI. Yki activity was detected by expression of diap1-LacZ (C’ and D’ white and C, D, C’’ and 
D’’ green). JNK signaling was blocked by inducible expression of Puckered (D) in all ECs and 
progenitors cells using the GeneSwitch system (40µM RU486), control guts were treated similarly 
to experimental guts, but lack UAS transgenes (C, control). Insets in D displays regions 
containing APC-/- clones and arrowheads point at small APC-/- mutant cells. E-H) Guts containing 
WT clones marked by absence of GFP, in control (E), hpo-/+ (F) or ex-/+ (G) heterozygous 
posterior midguts 17dACI. Graph in H displays the distribution of WT clone sizes on the y-axis 
(Log2 scale) from control (left), hpo-/+ (middle) or ex-/+ (right) heterozygous guts (left n=329, 
middle n=328 and right n=247 clones). I-K) Posterior midguts harboring hs-FLP induced APC-/- 
clones marked by MARCM-driven expression of GFP, with (J) or without (I) additional expression 
of Yki within the clones at 17dACI. Graph in K displays the distribution of APC-/- clone sizes for 
guts of the same genotypes as in I-J (left n=102 and right n=135 clones). L-M) Posterior midguts 
harboring hs-FLP induced APC-/- clones, marked by absence of RFP, in a control (L and L’) or 
hpo-/+ (M and M’) heterozygous background, dissected 17dACI. JAK/STAT activity was detected 
by expression of 10xSTAT-GFP (green). O-P) Graphs display the distribution of simultaneously 
induced GFP-negative WT (O) or RFP-negative APC-/- (P) clone sizes on the y-axis (Log2 scale) 
from control (left) or yki-/+  (right) guts. In all graphs each dot represents one clone, the red bars 

indicate median clone sizes and P-values are displayed above (Mann-Whitney test). Genotypes:  
A) hs-FLP ; Bantam-GFP/ +; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8 

D)  hs-FLP; Bantam-GFP/+; FRT82B, Ubi-RFP-nls/ FRT82B 
C) hs-FLP ; pSwitchall / CyO ; diap1-LacZ, FRT82B, Ubi-RFP-nls/ FRT82B, APC2G10, APC1Q8  
D) hs-FLP; pSwitchall/ UAS-Puc; diap1-LacZ,FRT82B,Ubi-RFP-nls/ FRT82B,APC2G10,APC1Q8 
E&H)  hs-FLP;; FRT82B, Ubi-RFP-nls/ FRT82B, Ubi-GFP  
F&H) hs-FLP; hpo42-47/+; FRT82B, Ubi-RFP-nls/ FRT82B, Ubi-GFP 
G&H)  hs-FLP; exex1/+; FRT82B, Ubi-RFP-nls/ FRT82B, Ubi-GFP  
I& K) hs-FLP, UAS-GFP-nls,Tub-Gal4; GlBc/+; FRT82B,Tub-Gal80 / FRT82B,APC2G10, APC1Q8 
J& K) hs-FLP,UAS-GFP-nls,Tub-Gal4;UAS-Yki/+;FRT82B,TubGal80/FRT82B,APC2G10,APC1Q8 
L)  hs-FLP ; 10xSTAT-GFP/+ ; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8 
M)  hs-FLP ; 10xSTAT-GFP/ hpo42-47 ; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8 
O&P) hs-FLP; Sp/+; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8, Ubi-GFP 
O&P hs-FLP; YkiB5/+; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8, Ubi-GFP 
	 	



	

Supplemental Experimental Procedures 

Experimental Genotypes 

Figure 1: 
A:  hs-FLP ;; FRT82B, Ubi-GFP / FRT82B  
B:  hs-FLP ;; FRT82B, Ubi-GFP / FRT82B, APC2G10, APC1Q8 
D, C (left): hs-FLP ; pSwitchall /+; FRT82B, Ubi-GFP / FRT82B, Ubi-RFP-nls  
E, C (right):  hs-FLP; pSwitchall /+; FRT82B, APC2G10, APC1Q8, Ubi-GFP / FRT82B, Ubi-RFP-nls  
F, H (left): hs-FLP ;; FRT82B, Act-Gal4, UAS-CD8-hPARP-Venus / FRT82B  
G,H (right),I: hs-FLP;; FRT82B, Act-Gal4, UAS-CD8-hPARP-Venus / FRT82B, APC2G10, APC1Q8 
 
Figure 2: 
A, C (left): hs-FLP ; pSwitchall /+; FRT82B, Ubi-GFP / FRT82B, Ubi-RFP-nls  
B, C(right),D: hs-FLP ; pSwitchall /+; FRT82B, APC2G10,APC1Q8, Ubi-GFP / FRT82B, Ubi-RFP-nls  
 
Figure 3: 
A-D:  hs-FLP ; pSwitchall / UAS-DIAP1 ; FRT82B, Ubi-GFP / FRT82B, APC2G10, APC1Q8 
E, G (left): hs-FLP, UAS-GFP-nls, Tub-Gal4 ; GlBc / + ; FRT82B, Tub-Gal80 /  
  FRT82B, APC2G10, APC1Q8 
F, G (right): hs-FLP,UAS-GFP-nls,Tub-Gal4 ; UAS-DIAP1/+ ; FRT82B,Tub-Gal80 /  
  FRT82B,APC2G10,APC1Q8 

H-J:  hs-FLP ; UAS-DIAP1/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B,APC2G10,APC1Q8 
 
Figure 4: 
A:   hs-FLP ;; FRT82B, Ubi-GFP / FRT82B  
B:  hs-FLP ;; FRT82B, Ubi-GFP / FRT82B, APC2G10, APC1Q8 
C-F:  hs-FLP ; pSwitchall / UAS-Puc ; FRT82B, Ubi-GFP / FRT82B, APC2G10, APC1Q8 
G, I& J (left):  hs-FLP, UAS-GFP-nls,Tub-Gal4;; FRT82B, Tub-Gal80 /  
  FRT82B, APC2G10, APC1Q8, Ubi-GFP 
H, I& J(right): hs-FLP, UAS-GFP-nls, Tub-Gal4 ; UAS-Puc/ +; FRT82B, TubGal80 /  
  FRT82B, APC2G10, APC1Q8, Ubi-GFP 
K-M:  hs-FLP ; UAS-Puc/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B,APC2G10,APC1Q8 
 
Figure 5: 
A-D:   hs-FLP; pSwitchall /+; FRT82B, APC2G10, APC1Q8, Ubi-GFP / FRT82B, Ubi-RFP-nls 
E, G (left):  hs-FLP, UAS-GFP-nls,Tub-Gal4 ;; FRT82B, Tub-Gal80 /  
  FRT82B, APC2G10, APC1Q8, Ubi-GFP  
F, G (right):  hs-FLP,UAS-GFP-nls,Tub-Gal4; UAS-Puc/+; FRT82B,TubGal80 /  
  FRT82B, APC2G10, APC1Q8,Ubi-GFP 
H, J (left):  hs-FLP,UAS-GFP-nls,Tub-Gal4 ; GlBc / +; FRT82B,Tub-Gal80 /   
  FRT82B,APC2G10,APC1Q8,Ubi-GFP  
I, J (right):  hs-FLP, UAS-GFP-nls, Tub-Gal4; UASMycRNAi / +; FRT82B,TubGal80 /  
  FRT82B,APC2G10,APC1Q8,Ubi-GFP 
K-M:   hs-FLP ; UAS-Myc/+ ; FRT82B, pLoser, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8 
 
Figure 6: 
A:  hs-FLP;; diap1-LacZ, FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8, Ubi-GFP 
B:   hs-FLP ; pSwitchall / UAS-DIAP1 ; diap1-LacZ, FRT82B, Ubi-RFP-nls /  
  FRT82B, APC2G10, APC1Q8 
C, F&G(left): hs-FLP ;; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8, Ubi-GFP 

D, F&G(mid): hs-FLP ; hpo42-47/ + ; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10,APC1Q8,Ubi-GFP 

E, F&G(right): hs-FLP ; exex1/ + ; FRT82B, Ubi-RFP-nls / FRT82B, APC2G10, APC1Q8, Ubi-GFP 



	

 
Drosophila Stocks 

The following fly stocks were used: hs-FLP;; FRT82B, Ubi-GFP/TM6B, hs-FLP; Sp/CyO; 
FRT82B, Ubi-RFP-nls/ TM6B (Daniel StJohnston), hs-FLP; Sp/CyO; FRT82B, Ubi-GFP/ TM6B, 
FRT82B (Bloomington), FRT82B, APC2G10, APC1Q8/TM6B (M.Peifer), FRT82B, APC2G10, 
APC1Q8 , Ubi-GFP/ TM6B (recombinant generated for this study), FRT82B, Act-Gal4, UAS-CD8-
hPARP-Venus (recombinant generated for this study from Act-Gal4, UAS-mCD8-hPARP-Venus 
[S1, S2] and FRT82B), pSwitchall  (Recominant generated from pSwitchAMP  and pSwitchPC [S3], 
previously described [S1], hs-FLP, UAS-GFP-nls, Tub-Gal4;; FRT82B, Tub-Gal80 / TM6B, w; 
UAS-DIAP1/Cyo KrGal4, UAS-GFP; TM2/ TM6, Df YFP ([S4] P. Meier), UAS-Puc14C (E. Martin-
Blanco [S5]), UAS-BskDN (E. Martin-Blanco [S6]), Bantam-GFP / CyO (S. Cohen [S7]), diap1-
LacZ, FRT82B, Ubi-RFP-nls (Recombinant generated for this study from LacZ-diap1j5C8 
(Bloomington [S8, S9]) and FRT82B, Ubi-RFP-nls), UAS-p35 ; TM2 / TM6B [S10], FRT42D, 
hpo42-47/ CyO (I. Palacios [S9]), FRT42D, ykiB5/ CyO (I. Palacios [S8]), w; UAS-yki.GFP4-12-1 
(Bloomington), w; FRT40A, exex1 / CyO-GFP; hs-FLP, MKRS / TM6B (J.P. Vincent [S11]), UAS-
myc (L.A. Baena-Lopez), UAS-mycRNAi (VDRC), 10xSTAT-GFP (E. Bach [S12]). The pLoser line 
(Figure S1C) was generated by recombination of P{Switch2}GSG2326 (Bloomington) and 
FRT82B, Ubi-RFP-nls. The integration site of P{Switch2}GSG2326 was mapped to chromosome 
3R by inverse PCR (www.fruitfly.org/about/methods/inverse.pcr) and induction of expression in 
the midgut epithelium upon RU486 (mifepristone) feeding was validated with UAS-CD8-mGFP 
(Figure S1D). 
 
Antibodies: 

Mouse anti-Delta (DSHB, C594.9B) 1/1000, mouse anti-Prospero (DSHB, MR1A) 1/50, chicken 
anti-GFP (Abcam, ab13970) 1/500, rabbit or mouse anti-Cleaved human PARP (Abcam ab2317, 
1/100 and Abcam ab110315, 1/500 respectively), rabbit anti-pJNK pTPpY (Promega V793B) 
1/500, chicken anti-β-galactosidase (Abcam ab9361) 1/500 and rabbit anti-phospho Histone H3 

Ser10 (Cell Signaling 9701) 1/1000. Secondary antibodies used were coupled to Alexa488, 
Alexa555 or Alexa633 or Cy5 (Molecular Probes). Nuclei were counterstained with DAPI or 
Hoechst 33342. 

 

Generation of mitotic clones 

For clone generation, single stem cell-derived clones were generated by mitotic recombination, 
using the FLP/FRT system [S13]. One to two days after eclosion, fertilized female flies were heat-
shocked in a water bath at 37°C for 10 minutes and then reared at 25°C. Clones were induced 



	

sparsely to minimize clone fusion, except for Figure 6A, where flies were heat-shocked in a water 
bath at 37°C for 30 minutes, with the intention of generating large clones. Flies were aged up to a 
maximum of 20 days ACI, to avoid ageing effects, which disrupt tissue homeostasis.  
	
Confocal Acquisition and image analysis 

Samples were imaged with Leica SP5 inverted or Leica SP8 upright confocal microscopes, using 
a 40x 1.3 NA PL Apo or 40x/1.3 HC PL Apo CS2 Oil objective respectively. All images were taken 
as z-stacks of 1μm sections in the posterior midgut region immediately anterior to the hindgut 
(these corresponds to the regions P4 in [S14] or region R5 in [S15]. Image processing, analysis 
and 3D reconstruction were done with Volocity (Perkin Elmer, version 6.3) and Photoshop (Adobe 
version CS6).  
 

Cell counting  

All quantifications were done throughout the volume of 3D reconstructions of z-stacks using 
Volocity (Perkin Elmer, version 6.3). Quantifications of cell numbers were done manually. Clone 
sizes were calculated as the number of DAPI positive cells per clone in the 3D volume. To count 
cells around clones (“near” in Figure 1H) we counted all cells surrounding a clone within two cell 
diameters in the 3D volume. To characterize cells not adjacent to clones (“far” in Figure 1FH, we 
counted cells that were not in within two cell diameters of a clone or at the edge of the image. For 

quantification of WT clones in the absence of tumors (Figure 5F and 5G, right graph) we only 
included samples in which inhibition of JNK signaling had efficiently reduced tumor growth.  
 

Statistical tests 

Statistical analyses were done using Prism (GraphPad, version 6.0 for Mac OS X). P-values were 
determined using the non-parametric Mann-Whitney test throughout, except for Figures 2D, 4I-J 
where a Fisher’s exact contingency test or t test was used respectively. 
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