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 2 

Abstract  24 

 25 
Tissue-intrinsic defence mechanisms eliminate aberrant cells from epithelia and thereby 26 

maintain the health of developing tissues or adult organisms. ‘Interface contractility’ comprises 27 

one such distinct mechanism that specifically guards against aberrant cells, which undergo 28 
inappropriate cell fate and differentiation programs. The cellular mechanisms which facilitate 29 

detection and elimination of these aberrant cells are currently unknown. We find that in 30 

Drosophila imaginal discs, interface contractility is associated with bilateral JNK activation at 31 
the clonal interface of wild type and aberrant cells. Bilateral JNK activation is unique to 32 

interface contractility and is not observed in other tissue-intrinsic defence mechanisms, such 33 

as cell-cell competition. We find that JNK is activated cell-autonomously by either of the 34 
contacting cell types and drives apoptotic elimination of cells at clonal interfaces. Ultimately, 35 

JNK interface signalling provides a collective tissue-level mechanism, which ensures 36 
elimination of aberrant, misspecified cells that cannot be identified by cell fitness criteria, as in 37 

cell-cell competition. Importantly, oncogenic Ras activates interface contractility but evades 38 
apoptotic elimination by bilateral JNK activation. Combined, our work establishes bilateral JNK 39 
interface signalling and interface apoptosis as a new hallmark of interface contractility, and it 40 
highlights how oncogenic mutations evade tumour suppressor function encoded by this tissue-41 

intrinsic surveillance system.  42 
  43 
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 3 

Introduction 44 

 45 
Genetically altered cells appear in epithelial tissues at constant rate, either as a result of  46 

developmental errors [1] or mutagenesis throughout adult life [2]. Surveillance and removal of 47 

genetically altered cell is required to maintain tissue and organismal health. In addition to 48 
immune cell dependent processes [3-5], tissue-intrinsic mechanisms, such as cell-cell 49 

competition, epithelial defence against cancer (EDAC) or interface contractility, have been 50 

identified to remove aberrant cells from tissues [6-11]. In classical cell-cell competition 51 
scenarios, the comparison of cell fitness between neighbouring cells is the driving force of cell 52 

elimination, with less fit ‘loser’ cells being eliminated by fit ‘winner’ cells [9, 10, 12-14]. 53 

Mutations that interfere with house-keeping functions, such as proteostasis, cellular 54 
metabolism or genome maintenance, have emerged as drivers of cell-cell competition [13, 15-55 

21].  56 
 57 

In contrast, mutations may also interfere with signalling pathways or transcriptional networks 58 
that set up specific cell fate and differentiation programs [22-24]. These mutations may change 59 
a cell’s fate trajectory but importantly, may not disrupt cellular fitness per se. In the absence 60 
of fitness information linked to a genotype, these aberrant misspecified cells create a distinct 61 

challenge to tissue health and, consequently, must activate a distinct programme for their 62 
detection and elimination from tissue. Such programme must be able to deal with egalitarian 63 
cell fate information at cell contact sites, as neither normal nor aberrant cell fate genotypes 64 
carry inherent information about which of the two neighbouring cells should survive.  A 65 

decision about which cell type is aberrant can thus only be determined though a potentially 66 
meta-democratic process where a read-out for ‘aberrant’ is generated by a collective decision 67 

of many cells, rather than by comparison of fitness states between just two neighbouring cells, 68 
as in cell-cell competition. 69 

  70 

We previously established a novel paradigm for tissue-intrinsic defence mechanisms against  71 
aberrant, misspecified cells in Drosophila imaginal discs that we termed ‘interface contractility’ 72 

[11]. Briefly, we demonstrated that two neighbouring cell types identify relative differences in 73 

cell fate and differentiation and react by recruiting actomyosin to shared contact interfaces. 74 
This drives cell segregation between two clonal cell populations via smoothening of the 75 

contractile interface and is accompanied by elevated apoptosis [11]. Interface contractility is 76 

a surprisingly universal response to relative differences in cell fate and differentiation states. 77 
Mosaic manipulation of the patterning pathways Dpp/TGF-β, Wg/WNT, Hh/Shh, JAK/STAT 78 

and Notch, or cell-fate-specifying transcription factors (Arm, APC, Iro-C, Omb, Yki, En/Inv, Ap, 79 

Ci) induces clone smoothening and apoptosis in imaginal discs [25-43]. Importantly, interface 80 
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contractility is induced in a strict position-dependent manner according to the cell fate of the 81 

surrounding cells. For example, ci-expressing clones have normal corrugated shapes in 82 
anterior wing compartments, where ci-activity is high. However, ci-expressing clones undergo 83 

clone smoothening and die in posterior compartments, where ci-signalling is low [11]. Thus, 84 

interface contractility is exclusively driven by relative differences in cell fate programs between 85 
neighbouring cells where ‘aberrant’ is defined collectively in comparison to the program of the 86 

surrounding ‘normal’ cells. Indeed, we find that not only aberrant clones are eliminated from 87 

the tissue, but that wild type cells are also eliminated when surrounded by a majority of 88 
aberrant cells [11]. This distinguishes interface contractility from cell-cell competition, which 89 

responds to a clearly defined fitness gradient between two neighbouring cells, which ensures 90 

that always the aberrant loser cell dies, independent of spatial context. Interface contractility 91 
instead drives the elimination of a population that is in the minority with respect to the 92 

surrounding cells. As an extension of this principle, we described that elimination by interface 93 
contractility depends on clone size. Single aberrant cells and small aberrant clones are more 94 
efficiently eliminated. Moreover, small clones present with higher level of apoptosis than larger 95 

clones [11]. Yet, the molecular and cellular pathways, which drive elimination by interface 96 
contractility are currently not known.  97 
 98 
Using Drosophila wing imaginal disc model, we describe here a surprisingly ingenious solution 99 

to remove aberrant cells by interface contractility. We find that interface contractility is 100 
associated with bilateral activation of pro-apoptotic JNK signalling interface-contacting cells  101 
of two differently fated cell populations. This egalitarian, cell-autonomous response of two 102 

contacting cells drives apoptosis at clonal interfaces. The topology of cell contacts, which 103 
depends on clone size, is consistent with a model whereby bilateral JNK activation underlies 104 
a collective decision about which of two genotypes represents a cell fate minority and thereby 105 

drives efficient elimination of single aberrant cells and small clones. 106 

 107 

Results 108 

 109 

Figure 1 110 

Apoptosis is essential to eliminate cells by interface contractility  111 
 112 

To better understand how aberrant cells die by interface contractility, we analysed cell 113 

elimination in mosaic wing imaginal discs (Fig. 1A-C) using two genotypic classes affecting 114 
cell fate: (1) cell fate regulators that are not normally expressed in the wing disc, and  (2) those 115 

that are but in specific spatial pattern. The first group is represented by the transcription factors 116 

Fkh and Ey, which are master regulators of salivary gland [44, 45] and eye specification [46], 117 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 20, 2022. ; https://doi.org/10.1101/2022.06.20.496791doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.20.496791
http://creativecommons.org/licenses/by/4.0/


 5 

respectively. These genes are not expressed in the wing discs (Fig.1E, Fig. S1A-D) and their 118 

ectopic expression causes interface contractility hallmarks, such as interfacial actomyosin 119 
enrichment and clone smoothening, at any position in the wing disc (Fig. 1D, F, Fig. S1C,E). 120 

The second group of cell fate programs is represented by Dpp-mediated (Tkv) (Fig. 1G,H), 121 

EGF-mediated (Egfr) (Fig. 1J,K, Fig. S1F,G), Wg-mediated (Arm) (Fig. S1I-K) and Hh-122 
mediated (Ci) (Fig. S1M,N) patterning programs. Dpp, EGF and Wg-signalling are 123 

predominantly active in the central domain of the wing pouch, whereas Hh-signalling is active 124 

in the anterior compartment of the wing disc. Consequently, ectopic activation of these 125 
pathways causes interface contractility hallmarks, such as actomyosin enrichment and 126 

smoothening of clone boundaries, in more lateral pouch domains for expression of 127 

constitutively activate tkvCA, EgfrCA  and armS10 constructs (Fig. 1 I,L; Fig. S1H,L), and in the 128 
posterior compartment for expression of ci (Fig. S1O). In agreement with the idea that the 129 

absolute difference between neighbouring cells induces interface contractility, we confirmed 130 
that conversely, loss of tkv function induces actomyosin enrichment and clone smoothening 131 
in domains where Dpp-signalling is usually high (Fig. S1P,Q). Similarly, previous studies 132 

demonstrate pattern-specific clone smoothening or even cyst formation for mosaic discs 133 
carrying LOF mutations in vg [27], Iro-C [42], omb [43], ci [47], ap [48], en [49] or Polycomb 134 
complexes [33]. Combined, these data highlight that aberrant cells, as identified by relative 135 
mispositioning with respect to the fate of surrounding cells, induce interface contractility 136 

hallmarks.  137 
 138 
We previously reported a strong dependency of cell elimination on activation of apoptosis for 139 

ectopic expression of fkh [11]. When we analysed the distribution of apoptotic patterns in all 140 
genotypes, we observed that cDcp-1 positive events in fkh-, ey-, tkvCA-, tkv-RNAi and EgfrCA-141 
expressing clones specifically occurred in positions, where also interface contractility 142 

hallmarks, such as clone smoothening and interphase actomyosin enrichment, occurred (Fig. 143 

1M-P,S; Fig. S1R,S). Similarly, ci-expressing clones are specifically eliminated from posterior 144 

compartments [11]. Thus, elimination of mispositioned aberrant cells strongly correlates with 145 
interface contractility responses and suggests that cell elimination proceeds via apoptosis. To 146 

confirm that apoptosis was generally required to eliminate mispositioned cells from the tissue, 147 
we co-expressed p35, a strong inhibitor of apoptosis. Consequently, fkh- and ey-expressing 148 

clones survived and remained integrated in the epithelial layer (Fig. 1Q,R,T; Fig. S1T). We 149 

never observed basally delaminated cells, suggesting that mechanically driven live cell 150 
extrusion, as described for mammalian EDAC mechanisms [50, 51], is not a contributing 151 

process. As reported previously [11, 26, 27], inhibition of apoptosis did not interfere with clone 152 

smoothening nor with cyst formation, demonstrating that these morphological changes occur 153 
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upstream or independent of apoptotic elimination. Combined, these results demonstrate that 154 

interface contractility defences activate apoptotic pathways to eliminate cells.  155 
 156 

Figure 2 157 

Interface contractility activates bilateral JNK interface signalling  158 
 159 

To understand how aberrant clones die by apoptosis, we analysed signalling through a potent 160 

tissue stress response pathway with important functions in cell death decision, namely 161 
JNK/AP-1 [52-54]. We found JNK to be consistently activated but, surprisingly, in a striking 162 

bilateral pattern at clonal interfaces. Specifically, in fkh- and ey-expressing clones, one cell 163 

row on each side of the interface displayed activation of the JNK-reporter TRE-RFP (Fig. 2A-164 
E; Fig. S2.1A,B; Fig. S2.2A,B) [55]. The reporter puc-LacZ, while significantly less sensitive, 165 

independently confirmed that bilateral interface signals were JNK-specific (Fig. S2.3). This 166 
indicates that both wild type and aberrant cells activate JNK signalling when in contact with 167 
each other. Consistent with the idea that interface contractility strictly responds to relative fate 168 

differences between neighbouring cell, we also observed bilateral JNK activity when fkh- or 169 
ey-expressing cells represent the majority population in the tissue (Fig. 2F-J; Fig. S2.1 C,D; 170 
Fig. S2.2 C,D). Importantly, bilateral JNK interface responses could also be observed in discs 171 
carrying tkvCA, EgfrCA, armS12  and ci-expressing clones (Fig. 2K,L; Fig. S2.1 E-I; Fig. S2.2E-172 

J). Here, however, JNK interface signalling strictly correlated with position of clones within the 173 
respective Dpp-, EGF-, Wg- and Hh-patterning field, confirming that JNK interface signalling 174 
responds to relative cell fate differences between neighbouring cells. Combined, these 175 

observations establish JNK interface signalling as novel hallmark of interface contractility 176 
defences and highlights the activation of a central stress signalling pathway upon direct 177 
surface contact between distinct cell fates. 178 

 179 

Figure 3 180 

JNK activation is a cell-autonomous response to apposition of different fates  181 
 182 

We wanted to first understand if bilateral JNK activation is a cell-autonomous response 183 
induced by apposition of different cell fates, or if it is based on non-autonomous signalling 184 

between the two cell types. We thus reduce JNK signalling within one cell type by expressing 185 

a dominant-negative bsk (bskDN) construct in cells that also express ey or tkvCA ( Fig. 3 A-D; 186 
Fig. S3 A,B). bskDN is a potent suppressor of JNK signalling and completely abolished even 187 

strong activity of JNK in wild type and mispositioned clones, as judged by complete lack of 188 

intra-clonal TRE-RFP reporter activity (Fig. 3B,D; Fig. S3B) [56]. Strikingly, eliminating JNK 189 
signalling on the ey-expressing side of a clonal interface did not prevent JNK activation in 190 
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neighbouring wild type cells, irrespective of whether these wild type cells enclosed ey-191 

expressing cells, or were the ones being enclosed by ey-expressing cells (Fig. 3C-H). 192 
Similarly, expression of bskDN did not prevent the Dpp pattern-specific activation of TRE-RFP 193 

in wild type cell at the interface with tkvCA-expressing clones (Fig. S3A-D). These experiments 194 

demonstrate that JNK interface signalling is activated cell-autonomously at the interface upon 195 
apposition of different cell fates. This is in agreement with a model where interface contractility 196 

responds to relative differences in cell fate, rather than vectorial and quantitative information 197 

such as lower or higher fitness. 198 
 199 

Importantly, these experiments also confirmed that all wing discs domains have the 200 

competence to activate JNK interface signalling. Normally, mispositioned clones in the pouch 201 
were smaller, apoptotic and with high clone-intrinsic levels of JNK activity (Fig. 1N, Fig.2D, 202 

Fig. S2.2A). This partially confounded the resolution of bilateral JNK interface pattern. 203 
However, larger clones in the pouch area obtained by expression of bskDN displayed JNK 204 
activation in surrounding wild type cells (Fig.3D, Fig. S3B). Thus, while the resolution and 205 

strength of JNK activation may be affected by tissue-specific dynamics, all areas of the wing 206 
disc can respond with JNK activation at the interface to the presence of mispositioned cells.  207 
 208 
Figure 4 209 

JNK interface signalling is not activated by canonical cell-cell competition and is not 210 
required for actomyosin enrichment at clonal interfaces  211 
 212 

To understand if JNK interface signalling was a specific hallmark of interface contractility, we 213 
analysed JNK-reporter activity in mosaic tissues subject to classical cell-cell competition. We 214 
specifically analysed three well-established cell-cell competition genotypes: (1) clones mutant 215 

for RpS3, representing a loser genotype [57], (2) clones ectopically expressing Dmyc [58, 59] 216 

and (3) clones with reduced levels of the Hippo/Yorkie pathway component wts [60], both 217 

representative super-competitors. Importantly, none of these three genotypes displayed JNK 218 
interface signalling (Fig. 4, Fig. S4.1). Thus, while JNK activity may be observed cell-219 

autonomously in loser genotypes due to disruption of cellular homeostasis [14], cell-cell 220 
competition does not induce JNK interface signalling. These results strongly demonstrate that 221 

JNK interface signalling is a specific hallmark of interface contractility and confirm that 222 

interface contractility is a tissue defence program that is distinct from canonical cell-cell 223 
competition. 224 

 225 

Another hallmark that distinguishes interface contractility from cell-cell competition is 226 
enrichment of actomyosin at clonal interfaces, a feature not observed in classical cell-cell 227 
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 8 

competition. The co-occurrence of JNK signalling and actomyosin enrichment at the clonal 228 

interface, and the fact that JNK can be an upstream regulator of the actin dynamics [61-63], 229 
led us to ask if JNK interface signalling recruits actomyosin. To test this, we first reduced JNK 230 

activity within clones by co-expression of a dominant-negative bsk (bskDN) construct. However, 231 

the interfaces of ey, bskDN or tkvCA, bskDN-expressing clones remained smooth, and cyst 232 
formation as well as actin enrichment could still be observed (Fig. S4.2A-D). To test the 233 

contribution of JNK interface signalling at both side of the clonal interface, we expressed bskDN 234 

in the entire posterior compartment and induced tkvCA-expressing clones. However, no 235 
changes to actin enrichment or smoothness of interfaces could be observed in tkvCA clones 236 

(Fig. S4.2E,F). Combined, these observations establish that JNK interface signalling acts in 237 

parallel or downstream of elevated actomyosin contractility at clonal interfaces and thus 238 
serves another independent function in interface contractility defences. 239 

 240 
Figure 5 241 
JNK interface signalling drives cell elimination at clonal interfaces  242 

 243 
Because JNK signalling can act as a promoter of apoptosis, we asked if JNK interface 244 
signalling serves to promote the elimination of cells, specifically at the interface. To test this 245 
idea, we first analysed the spatial distribution of apoptotic events in different mosaic genotypes  246 

(fkh, ey and tkvCA). To distinguish apoptotic events at the interface from apoptotic events in 247 
the clone interior, we specifically analysed large clones with separable interface, interior and 248 
exterior zones (Fig. S5A). This analysis revealed that many, but not all apoptotic events, 249 

occurred at clonal interfaces in fkh-, ey- or tkvCA-expressing clones (Fig. 5A-F; Fig. S5B,C). 250 
Importantly, apoptotic events were also elevated in wild type interface cells, indicating that 251 
JNK interface signalling also affects the contacting wild type cells.  252 

 253 

To test if JNK interface signalling was indeed mediating cell elimination of aberrant cells, we 254 

asked how inhibition of JNK may change the spatial distribution of apoptotic events. We 255 
utilized two genetic strategies: we first inhibited JNK by expression of bskDN within tkvCA-256 

expressing clones (Fig. 5F-H) and secondly, by expression in the posterior compartment of a 257 
disc harbouring tkvCA clones (Fig. 5I-L; Fig. S5D). Strikingly, inhibition of JNK strongly reduced 258 

apoptosis at intra-clonal interfaces. Importantly, we also observed a reduction in apoptosis in 259 

interface wild type cells, demonstrating that wild type cell survival is also affected by JNK 260 
interface signalling. The observation that both wild type and aberrant cell survival is regulated 261 

by JNK interface signalling complements the idea that interface contractility defences act upon 262 

local differences in cellular programs rather than on a specific cell identity per se. Combined, 263 
these results clearly establish that JNK interface signalling strongly contributes to the 264 
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elimination of cells at clonal interfaces and is thus a functional hallmark of the interface 265 

contractility program.  266 
 267 

Intriguingly, JNK interface signalling cannot account for all apoptotic events that we observed 268 

in aberrant clones. A second population of apoptotic cells, which could not be suppressed by 269 
expression of bskDN , located specifically to interior zones of cystic clones. These interior zones 270 

have lower JNK activity (Fig. 2E, J; Fig. S2.2 B,D) but their apical surface often buckles to 271 

form cysts [11]. Theoretically, cysts arise when the contractile interface compresses small and 272 
intermediate-sized clones, thereby driving apical surface buckling and cyst formation [11]. 273 

When we analysed apoptotic patterns, we observed a strong spatial correlation between 274 

apical buckling and the apical presence of a subpopulation of apoptotic cells (Fig. S5E-G). 275 
This raises the possibility that cell death in clone interiors may be driven by surface buckling 276 

dynamics and likely represents the source of JNK-independent apoptotic cell death (Fig S5.1). 277 
While this needs to be investigated further, we conclude that two spatially distinct and 278 
independent mechanisms act to promote elimination of aberrant cells.  279 

 280 
Figure 6 281 
Oncogenic RasV12 activates interface contractility but suppresses apoptotic elimination  282 
 283 

Mutations in Wnt, TGF� or cell fate specification pathways are widely reported to promote 284 
cancer [22-24]. We found that mutations in these pathways consistently elicit interface 285 
contractility and ultimately, apoptosis of affected cells. Thus, interface contractility would play 286 

an important tumour suppressive role by facilitating elimination of cells with aberrant fate. One 287 
exception was revealed by our analysis of RasV12-expressing clones, representing an 288 
incredibly potent oncogenic mutations in cancer patients [64].  RasV12 cells activate ERK 289 

signalling at high levels (Fig. S6.1A,B,F) and exhibit ERK pattern-specific actomyosin 290 

enrichment and JNK activation at the interface with surrounding wild type cells (Fig. 6A,B). 291 

Thus, RasV12-expressing clones activated hallmarks of interface contractility and were  292 
recognized as a distinct cell fate. However, RasV12-expressing clones completely failed to 293 

induce apoptosis and were not eliminated from imaginal discs, suggesting that RasV12 potently 294 
suppresses JNK interface and buckling-associated apoptosis (Fig. 6C,D,G; Fig. S6.2A). 295 

Moreover, RasV12 could dominantly suppress apoptosis in fkh- and ey-expressing clones, likely 296 

via dominantly elevating ERK activity (Fig. 6E-G; Fig. S6.1C-E,G,H; Fig. 6.2B,C). RasV12  is 297 
the only defined genotype for which we have observed complete evasion of apoptotic 298 

elimination by the interface contractility program, highlighting the central role of oncogenic Ras 299 

as an initiating and cooperating factor in tumour formation.  In conclusion, while 300 
misspecification of cell fate induces interface contractility, oncogenic mutations may escape 301 
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this tissue-intrinsic defence by promoting apoptosis resistance, thus increasing the likelihood 302 

of clone persistence and thus tumour growth.  303 
 304 

 305 

Discussion 306 

 307 

Here we demonstrate that cells of aberrant fate or differentiation state induce bilateral 308 

activation of JNK at clonal interfaces. We thus define bilateral JNK activation as an important 309 
new hallmark of interface contractility defences against aberrant cells. Indeed, activation of 310 

JNK has been previously observed when steep differences in cell fates occur [65, 66]. Bilateral 311 

JNK activation is consistent with a model where interface contractility monitors tissue health 312 
by assessing the degree of local differences and producing a bilateral response, rather than 313 

by linking apoptosis to a fixed loser genotype, as in cell-cell competition. Indeed, bilateral JNK 314 
activation promotes apoptosis in cells of either genotype that touch at the interface (Fig. 6H). 315 

So how could such a bilateral response create specificity for the elimination of aberrant cells? 316 
A specific mutation initially affects a single cell. All neighbouring wild type cells will induce 317 
bilateral JNK activation in the mutant cell, giving rise to high levels of JNK signalling in that 318 
cell. In contrast, any wild type cell will perceive bilateral JNK activation coming from just one 319 

mutant cell contact (Fig. 6I). As clone sizes increase, the number of interface junctions per 320 
aberrant cell decrease, and consequently, JNK activity as well. Yet, aberrant interface cells 321 
will still be in touch with more JNK-triggering contacts than surrounding wild type cells. In this 322 
model, bilateral JNK activation is particularly effective at eliminating single aberrant cells and 323 

small clones, which we indeed experimentally demonstrated previously [11]. Ultimately, the 324 
geometry of the interface contacts between two large cell populations equalizes and reduces 325 

the number of JNK-triggering cell contacts. As a consequence, larger clones are less like to 326 
die. The size-dependent geometry of bilateral JNK activation may also protect large fate 327 

compartments and their boundaries from high, potentially deleterious effects of JNK activation 328 

during development. Finally, while it may be surprising that evolution could accept that also 329 
interface wild type cells may occasionally be eliminated because of bilateral JNK activation, 330 

the advantage of such a general detector of cell fate mispositioning may outweigh the 331 

disadvantage of cell loss. 332 
 333 

Strikingly, oncogenic RasV12 expression induces interface contractility hallmarks, such as 334 

interface actomyosin, buckling and cyst formation [11], as well as JNK interface signalling. 335 
However, RasV12 cells completely evade apoptosis, highlighting the potent oncogenic survival 336 

provided by RasV12 cooperativity. Importantly, expression of oncogenic Ras induces similar 337 

hallmark in mammalian MDCK cell culture or organoids, such as enrichment of actomyosin at 338 
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cellular interfaces [67-69] and elimination efficiency that depends clone-size [70, 71]. Indeed, 339 

JNK interface like signalling has been reported for oncogenic Src-expressing cells in organoid 340 
cultures [72]. Importantly, oncogenic Ras is a potent suppressor of apoptosis in flies and 341 

mammalian tissues [73]. While this prevents elimination of these cells from imaginal discs, 342 

these cells are eliminated from mammalian tissue, however importantly: by a cell death 343 
independent mechanism that involves strong activation of interfacial actomyosin activity, 344 

driving mechanical squeezing out of the tissue layer [68-70, 74-78]. We thus suggest that 345 

interface contractility and EDAC are evolutionarily conserved expression of the same ancient 346 
tissue-intrinsic defence system that specifically acts against cell fate deregulation.  347 

 348 

  349 
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Experimental Procedures 562 

 563 
Fly genetics 564 

A list of strains, detailed genotypes and experimental conditions are provided in Supplemental 565 

Tables S1 and S2. Briefly, all crosses were kept on standard media. FLP/FRT and 'GAL4/UAS 566 
flip-out' and ‘LexA/LexO flip-out’ mosaic experiments utilized heat-shock-driven expression of 567 

a flipase. The respective crosses were allowed to lay eggs for 72 h at 25°C followed by a heat-568 

shock at 37°C for 60 min (FLP/FRT) or 8-25 min (‘flip-out'). Larvae were dissected at 569 
wandering 3rd instar stage or as indicated (30 h, 54 h after heat-shock).  570 

 571 

Table S1 Fly strains 572 

 573 

Genotype Chrom. Source 
w118 I David Bilder 

hsflp122 I Iswar Hariharan 

act>y+>GAL4, UAS-GFP/TM6b III David Bilder 

UAS-fkh-3xHA  I Martin Juenger 

hsflp122; Dad4-LacZ/CyO I,II,III Giorgios Pyrowolakis 

UAS-tkvCA I BDSC 36537 

tub-miniCic-mCherry (or miniCic-mCherry) II Romain Levayer 

tub-miniCic-mScarlett (or miniCic-mScarlett) II Romain Levayer 

UAS-EgfrCA/TM6c III BDSC 59843 

UAS-p35 II  David Bilder 

UAS-p35 III David Bilder 

UAS-ey II BDSC 6294 

UAS-armS10 I Suzanne Eaton  

UAS-ci-HA  III BDSC 32570 

UAS-tkv RNAi (TRiP.HMS02185) II BDSC 40937 

TRE-RFP  II Dirk Bohmann 

pucA251.1F3 >LacZ/TM6c III BDSC 11173 

UAS-bskDN I BDSC 6409 

UAS-myc-HA  III BDSC 64759 

FRT82B ubi-GFP, RpS3Plac92/TM6c III BDSC 5627 

UAS-wts RNAi (101055/KK) II VDRC 111002 

en-GAL4, UAS-GFP  II David Bilder 
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brk-GAL4; UAS-CD8-GFP, LexO-mCherry-

CAAX/SM5-TM6b; LexΟ-tkvCA /SM5-TM6b 

I,II,III Giorgios Pyrowolakis 

tub-GAL80ts  III BDSC 7018 

UAS-RasV12 II Helena Richardson 

UAS-RasV12 III BDSC 4847 

 574 

 575 
Table S2 Detailed genotypes 576 

 577 

Figure Genotype Heatshock Analysis 
after: 

1 C,E,M hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min,  

8.5 min 

30 h 25 °C 

1 F,N UAS-fkh-3xHA/hsflp122; +/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min,  

8.5 min 

30 h 25 °C 

1 H hsflp122/+; TRE-RFP/Dad4-LacZ;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

1 I,O 

 

hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 30 h 25 °C 

1 K hsflp122/+; tub-miniCic-mCherry/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

1 L,P hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/UAS-EgfrCA 

9.5 min 30 h 25 °C 

1 Q hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/UAS-p35 

8.5 min 30 h 25 °C 

1 R UAS-fkh-3xHA/hsflp122; UAS-p35/+; 

act>y+>GAL4, UAS-GFP/+ 

8.5 min 30 h 25 °C 

S1 A UAS-fkh-3xHA/hsflp122; +/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S1 B,E,S hsflp122/+; UAS-ey/+;  

act>y+> GAL4, UAS-GFP/+ 

9.5 min, 

8.5 min 

30 h 25 °C 

S1D,J,K,N hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/ + 

9.5 min 30 h 25 °C 

S1G hsflp122/+; tub-miniCic-mCherry/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 
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S1H hsflp122/+; tub-miniCic-mCherry/+;  

act>y+>GAL4, UAS-GFP/UAS-EgfrCA 

9.5 min 30 h 25 °C 

S1L UAS-armS10/ hsflp122; +/ +;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S1O hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/UAS-ci-HA 

9.5 min 54 h 18 °C 

S1Q,R hsflp122/+; UAS-tkv RNAi/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S1T hsflp122/+; UAS-ey/+;  

act>y+>GAL4, UAS-GFP/UAS-p35 

8.5 min 30 h 25 °C 

2 A,F 

 

hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/ + 

8.5 min,  

25 min 

30 h 25 °C 

2 D,I UAS-fkh-3xHA/hsflp122; TRE-RFP/+;  

act >y+>GAL4, UAS-GFP/+ 

8.5 min, 

25 min 

30 h 25 °C 

2 K hsflp122/+; TRE-RFP/Dad4-LacZ;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

2 L hsflp122/+; TRE-RFP/Dad4-LacZ;  

act>y+>GAL4, UAS-GFP/ UAS-tkvCA 

9.5 min 30 h 25 °C 

S2.1 A,C 

 

hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/ + 

8.5 min,  

25 min 

30 h 25 °C 

S2.1 B,D UAS-fkh-3xHA/hsflp122; TRE-RFP/+;  

act >y+>GAL4, UAS-GFP/+ 

8.5 min, 

25 min 

30 h 25 °C 

S2.1 E hsflp122/+; TRE-RFP/Dad4-LacZ;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S 2.1 F 

 

hsflp122/+; TRE-RFP/Dad4-LacZ;  

act>y+>GAL4, UAS-GFP/ UAS-tkvCA 

9.5 min 30 h 25 °C 

S 2.2 A,C 

 

hsflp122/+; TRE-RFP/UAS-ey;  

act>y+>GAL4, UAS-GFP/+ 

8.5 min,  

25 min 

30 h 25 °C 

S2.2 E,G,I hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S2.2 F hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-EgfrCA 

9.5 min 30 h 25 °C 

S2.2 H UAS-armS10/hsflp122; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S2.2 J hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-ci-HA 

9.5 min 54 h 18 °C 
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S2.3 A hsflp122/+; +/+; pucA251.1F3-LacZ /act>y+>GAL4, 

UAS-GFP/+ 

10 min 30h 25 °C 

S2.3 B UAS-fkh-3xHA/hsflp122; +/+ ; 

pucA251.1F3>LacZ/act>y+>GAL4, UAS-GFP 

10 min 30 h 25 °C 

S2.2 C hsflp122/+; UAS-ey /+; 

pucA251.1F3>LacZ/act>y+>GAL4, UAS-GFP/ + 

10 min 30 h 25 °C 

S2.3 D hsflp122/+; + /+; pucA251.1F3-LacZ/act>y+>GAL4, 

UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

3 A,E hsflp122/+; TRE-RFP/UAS-ey;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 

25 min 

30 h 25 °C 

3 B,F UAS-bskDN/hsflp122; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 

25 min 

30 h 25 °C 

3 C,G hsflp122/+; TRE-RFP/UAS-ey;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 

25 min 

30 h 25 °C 

3 D,H UAS-bskDN/hsflp122; TRE-RFP/UAS-ey; 

act>y+>GAL4, UAS-GFP/+ 

9.5 min 

25 min 

30 h 25 °C 

S3A,C hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 

25 min 

30 h 25 °C 

S3B,D UAS-bskDN/hsflp122; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 

25 min 

30 h 25 °C 

4 A hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

4 B hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-myc-HA 

9.5 min 30 h 25 °C 

4 C 

 

hsflp122/+; TRE-RFP/+; FRT82B ubi-GFP, 

RpS3Plac92/FRT82B 

1 h 30 h 25 °C 

S4.1 A 

 

hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 54 h 25 °C 

S4.1 B 

 

hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-wts RNAi 

9.5 min 54 h 25 °C 

S4.2 A hsflp122/+; TRE-RFP/UAS-ey;  

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S4.2 B UAS-bskDN/hsflp122; TRE-RFP/UAS-ey; 

act>y+>GAL4, UAS-GFP/+ 

9.5 min 30 h 25 °C 

S4.2 C hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 30 h 25 °C 
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S4.2 D UAS-bskDN/hsflp122; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 30 h 25 °C 

S4.2 E 

 

hsflp122/UAS-bskDN; en-GAL4/+;  

act>y+>UAS-GFP, LexO-mCherry /TM6c 

9.5 min 30 h 25 °C 

S4.2 F hsflp122/UAS-bskDN; en-GAL4/+;  

act>y+>UAS-GFP, LexO-mCherry; LexO-

tkvCA/act>>VH2 

9.5 min 30 h 25 °C 

5 A UAS-fkh-3xHA/hsflp122; TRE-RFP/+;  

act >y+>GAL4, UAS-GFP/+ 

8.5 min 30 h 25 °C 

5 E 

 

hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 30 h 25 °C 

5 F 

 

hsflp122/UAS-bskDN; TRE-RFP/+;  

act> y+>GAL4, UAS-GFP/UAS-tkvCA 

9.5 min 30 h 25 °C 

5 I 

 

hsflp122/UAS-bskDN; en-GAL4/+;  

act> y+>UAS-GFP, LexO-mCherry /TM6c 

9.5 min 30 h 25 °C 

5 J hsflp122/UAS-bskDN; en-GAL4/+;  

act> y+>UAS-GFP, LexO-mCherry; LexO-

TkvCA/act>>VH2 

9.5 min 30 h 25 °C 

S5 E 

 

hsflp122/UAS-fkh-3xHA; tub-GAL80ts-20/Sp or +; 

act>y+>GAL4, UAS-GFP/Ly 

11 min 

 

30 h 18 ° C 

18 h 30 °C 

S5 F 

 

hsflp122/UAS-fkh-3xHA; tub-GAL80ts-20/Sp or +; 

act>y+>GAL4, UAS-GFP/Ly 

11 min 30 h 30 °C 

6 A,D 

 

hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/UAS-RasV12 

9.5 min 

10 min 

30 h 25 °C 

6 B hsflp122/+; TRE-RFP/+;  

act>y+>GAL4, UAS-GFP/UAS-RasV12 

9.5 min 30 h 25 °C 

6 C hsflp122/+; +/+;  

act>y+>GAL4, UAS-GFP/+ 

10 min 30 h 25 °C 

6 E UAS-fkh-3xHA/hsflp122; +/+;  

act>y+>GAL4, UAS-GFP/+ 

10 min 30 h 25 °C 

6 F 

 

UAS-fkh-3xHA/hsflp122; +/+;  

act>y+>GAL4, UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

S6.1 B,F hsflp122/+; tub-miniCic-mCherry/+; act>y+>GAL4, 

UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

S6.1 C UAS-fkh-3xHA/hsflp122; tub-miniCic-mCherry/+; 

act>y+>GAL4, UAS-GFP/+ 

10 min 30 h 25 °C 
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S6.1 D UAS-fkh-3xHA/hsflp122; tub-miniCic-mCherry/+;  

act>y+>GAL4, UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

S6.1 G hsflp122/+; tub-miniCic-mCherry/UAS-ey; 

act>y+>GAL4, UAS-GFP/ + 

10 min 30 h 25 °C 

S6.1 H hsflp122/+; tub-miniCic-mCherry/UAS-ey; 

act>y+>GAL4, UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

S6.2 A hsflp122/+; tub-miniCic-mCherry/+; act>y+>GAL4, 

UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

S6.2 B hsflp122/+; tub-miniCic-mCherry/UAS-ey; 

act>y+>GAL4, UAS-GFP/ + 

10 min 30 h 25 °C 

S6.2 C 

 

hsflp122/+; tub-miniCic-mCherry/UAS-ey; 

act>y+>GAL4, UAS-GFP/UAS-RasV12 

10 min 30 h 25 °C 

 578 
 579 

Immunohistochemistry and imaging 580 
 581 
Imaginal discs were dissected and fixed in 4% formaldehyde/PBS for 15 min at room 582 

temperature (RT). The samples were washed in 0.1 Triton X-100 (PBT) and then incubated in 583 
PBT+5% normal goat serum (PBTN) for 10 min for blocking. Discs were incubated with 584 
primary antibodies overnight at 4°C: rabbit anti-Cleaved Drosophila cDcp-1 (1:200, Cell 585 

Signaling, #9578S), rabbit anti-fkh (1:200,  gift from Martin Juenger), mouse anti-eye (1:100, 586 
DSHB anti-eye),  mouse anti-wingless (1:100, DSHB #4D4-s), goat anti-Distalless (Santa Cruz 587 
Biotechnology Distal-less df-20), rat anti-Ci (1:50, DSHB #2A1-s), rat anti-RFP (1:1000, 588 
Chromotek #5F8), rabbit anti-RFP (1:200, MBL #PM005), chicken anti-mCherry (1:1000, 589 

Abcam #ab205402), rat anti-Drosophila E-cadherin (1:50, DSHB DCAD2-s), chicken anti-GFP 590 

(1:1000, Abcam #ab13970). The discs were then washed in PBT, followed by another blocking 591 
step with PBTN. The samples were counterstained with: DAPI (0.25 ng/l, Sigma), Phalloidin 592 

(Abcam Phalloidin 405 ab176752 1:1000, Sigma Aldrich Phalloidin 555 P1951 1:400, 593 

Invitrogen Phalloidin 647 1:100) and secondary antibodies from Invitrogen, 1:500 (goat anti-594 
rabbit A11008, goat anti-chicken A11039, goat anti-chicken A21437, goat anti-rat A21434, 595 

goat anti-mouse A32728, goat anti-rabbit A21244, goat anti-chicken A21449, goat anti-mouse 596 

A21235, donkey anti-goat A32849) and incubated for 3 h at room temperature. Discs were 597 
again washed in PBT and PBS, then mounted using Molecular Probes Antifade Reagents 598 

(#S2828). To prevent squeezing of samples by coverslips for imaging the apical architecture 599 
without interference from the peripodium (Fig. S5.1), two stripes of double-sided tape (Tesa, 600 
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#05338) were placed on the slide. Samples were imaged using a Leica SP8 confocal 601 

microscope. The figures were assembled in Affinity Design. 602 
 603 

Image analysis and statistics 604 

 605 
Where possible, control and experimental samples were fixed, processed and mounted 606 

together to ensure comparable staining and imaging conditions. The signals of the following 607 

fluorescent reporters were further amplified by anti-GFP or anti-RFP antibody staining: TRE-608 
RFP and miniCiC-mCherry.  Images were processed, analysed and quantified using tools in 609 

Fiji (ImageJ2.3.0/) [79] (see details below). Great care was taken to apply consistent methods 610 

(i.e. number of projected sections or thresholding methods) within experiments. Statistical 611 
tests were performed in GraphPad PRISM9. Details and the number of wing discs used for 612 

each test (n), can be found in the respective figure legends. Figure panels were assembled 613 
using Affinity Design. 614 
 615 

Image segmentation and quantification 616 
 617 
Epithelial integration of clones  618 
Z-projections of maximum intensity of 2-3 slices of apical and basal sections were generated. 619 

A ROI was defined around the central region of the pouch, to avoid confounding results due 620 
to the folded structure of the wing disc in the hinge. The number of clones in the ROI in the 621 
pouch of the apical and basal sections were counted. A paired t-test was used to statistically 622 

compare the number of clones detected apically and basally.  623 
 624 
Quantification of apoptosis within clones  625 

Z-projections of maximum intensity of 2-3 slices of basal sections were generated. To define 626 

the total region of the wing disc, a Gaussian blur filter of sigma=4 was applied to the DAPI 627 

channel. Intensity-based thresholding using ‘triangle dark’ threshold function was then used 628 
to generate a DAPI-based wing disc mask. To create a mask of GFP-labelled clones, the 629 

variation in GFP intensities were first pre-processed by applying a maximum and minimum 630 
filter of radius=2. Then, intensity-based thresholding using the ‘default dark’ threshold function 631 

was performed to create a binary image. ‘despeckle’ and ‘fill holes’ functions as well as a size 632 

inclusion range of 10-infinity µm2 was applied to create the final clonal mask. The wing disc 633 
mask and the clonal GFP mask were used to define (by Boolean functions) different ROIs and 634 

then extract parameters, such as total clonal area, whole disc area, and background area. To 635 

define the apoptotic area, the cDcp1 channel was pre-processed by applying maximum and 636 
minimum filters, each of radius=1. An intensity threshold (‘intermodes dark’) for cDcp1 channel 637 
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was set in such a way that only high intensity cDcp1 particles were picked up. cDcp1 particles 638 

were quantified in the different ROIs by ‘limit to threshold function’, and the percentage 639 
apoptotic area in each ROI was calculated. A one-way ANOVA test was performed to test for 640 

statistical significance. 641 

 642 
Quantification of TRE-RFP reporter activity in interface contractility and cell-cell competition 643 

models  644 

Z-projections of maximum intensity of 2-3 slices of basal sections were generated. To define 645 
the total region of the wing disc, a Gaussian blur filter of radius=4 was applied to the DAPI 646 

channel. Intensity-based thresholding using ‘minimum dark’ threshold function was then used 647 

to generate a DAPI-based wing disc mask. To create a mask of GFP-labelled clones, the 648 
variation in GFP intensities were first pre-processed by applying a maximum and minimum 649 

filter of radius=2. Then, intensity-based thresholding using the ‘otsu’ threshold function was 650 
performed to create a binary image. ‘despeckle’ and ‘fill holes’ function as well as a size 651 
inclusion range of 10-infinity µm2 was applied to create the final clonal mask. To determine 652 

the average size of cells in the wing disc to define a 1-cell wide ROIs for wild type and clonal 653 
interfaces, we measured the size of 30 nuclei in 3 wild type wing discs, and determined their 654 
average size as 3.75µm. To account for cytoplasm in the densely packed pseudostratified 655 
tissue, we set the size of each ROI to be 4µm wide. The enlarge function was used on the 656 

GFP clonal mask to generate a 4µm thick band around clones, representing the wild-type 657 
interface ROI (dark blue) as an approximately 1-cell thick band. Then, a second mask of only 658 
large clones was generated by defining a ROI with clones of a minimum area of 180 µm2 to 659 

visualize and only select clones that also contained an ‘interior clonal cells (light pink)’ 660 
population. On this second mask of large clones, we applied the enlarge function of -4 µm to 661 
create ‘clonal interface cells’ ROI (magenta) and the ‘interior clonal cells’ ROI (light pink). 662 

Using Boolean functions on these ROIs, the wing disc and the clonal mask,  all ROIs required 663 

for further analysis could be  generated. For example, to generate the background wild type 664 

cell ROI, clones and their wild type interface regions were excluded from the whole disc. 665 
Ultimately, the fluorescence intensity of the TRE-RFP channel was measured in different 666 

ROIs. Please note that for the quantification of the background TRE-RFP intensity in the discs 667 
with RpS3-/- clones (Fig 4), the background was defined as a 4µm band of wild type cells 668 

adjacent to the wild type interface cells, as we observed a general upregulation of JNK-669 

signalling independent from an interface pattern in the mosaic RpS3-/- wing discs. One-way 670 
ANOVA tests were performed. 671 

 672 

Quantification of TRE-RFP reporter activity in the centre and periphery of the pouch in clones 673 
expressing GFP or UAS-TkvCA clones  674 
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A single representative section of the disc proper was selected, which contained nuclei of both 675 

clonal cells and wild type cells and used for further analysis. To create a mask of GFP-labelled 676 
clones, the variation in GFP intensities were first pre-processed by applying a maximum and 677 

minimum filter of radius=2. Then, intensity-based thresholding using the ‘otsu’ threshold 678 

function was performed to create a binary image and a size inclusion range of 10-infinity µm2 679 
was applied to create the final clonal mask. Individual clones were the picked in such a way 680 

that a 4 µm band could be drawn around them using the enlarge function, without this region 681 

encroaching into the area of surrounding clones. The criteria for picking different clones were 682 
as follows: Dad-LacZ intensity in clones in the centre of the pouch and in the 4 micron band 683 

around the respective clone was in the range of +-20AU; however, the difference in intensity 684 

in Dad-lacZ clones and the 4-micron band around the clone was much larger in the pouch 685 
periphery (the Dad-LacZ intensity in the 4-micron band around clones in pouch periphery was 686 

close to 0). The channel with TRE-RFP signal was selected and the fluorescence intensity in 687 
the clones in the centre and periphery of the pouch were measured. A paired t-test was used 688 
to statistically analyse the TRE-RFP reporter intensity in clones expressing GFP or TkvCA in 689 

the centre and the periphery of the pouch. 690 
 691 
Quantification of percentage of apoptotic area in the presence and absence of JNK signalling  692 
The percentage of apoptotic area in wing discs expressing aberrant clones was analysed in 693 

in presence (5B,5C S5B, S5C) and in the absence of JNK signalling (5H,L). We used two 694 
different model systems to study the effect of JNK inhibition on the apoptosis of aberrant 695 
clones: We first suppressed intra-clonal JNK activity only, for example flip-out clones co-696 

expressing UAS-tkvCA and UAS-bskDN (5H). For the second model, we suppressed JNK 697 
activity in the entire posterior compartment using the en-GAL4-UAS expression system, and 698 
the tkvCA expressing clones were under the control of the LexA-LexO system (5L).  699 

Z-projections of maximum intensity of 5-6 slices of basal sections were generated. To define 700 

the total region of the wing disc, a Gaussian blur filter of radius=4 was applied to the DAPI 701 

channel. Intensity-based thresholding using ‘minimum dark’ threshold function was then used 702 
to generate a DAPI-based wing disc mask. To create a mask of GFP-labelled clones, the 703 

variation in GFP intensities were first pre-processed by applying a maximum and minimum 704 
filter of radius=2. Then, intensity-based thresholding using the ‘otsu’ threshold function was 705 

performed to create a binary image. ‘despeckle’ and ‘fill holes’ functions as well as a size 706 

inclusion range of 10-infinity µm2 was applied to create the final clonal mask. The enlarge 707 
function was used on the GFP clonal mask to generate a 4µm thick band around clones, 708 

representing the wild type interface ROI (dark blue) as an approximately 1-cell thick band 709 

around every clone. Then, a second mask of only large clones was generated by defining a 710 
ROI with clones of a minimum area of 180 µm2 in to visualize and only select clones that also 711 
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contained an ‘interior clonal cells (light pink)’ population. On this second mask of large clones, 712 

we applied the enlarge function of -4 µm to create ‘clonal interface cells’ ROI (magenta) and 713 
the ‘interior clonal cells’ ROI (light pink). Additionally in 5H , ROIs of the posterior and anterior 714 

wing disc compartments were generated using the en-GAL4,UAS-GFP channel and the 715 

Boolean function XOR, respectively. Using Boolean functions on these ROIs, the wing disc 716 
and the clonal mask,  all ROIs required for further analysis could be  generated. For example, 717 

to generate the background wild type cell ROI, clones and their wild type interface regions 718 

were excluded from the whole disc. To define the apoptotic area, the cDcp1 channel was pre-719 
processed by applying maximum and minimum filters, each of radius=1. An intensity threshold 720 

(‘intermodes dark’) for cDcp1 channel was set in such a way that only high intensity cDcp1 721 

particles were picked up. cDcp1 particles were quantified  in the different ROIs by ‘limit to 722 
threshold function’, and the percentage apoptotic area in each ROI was calculated. A one-way 723 

ANOVA test was performed to test for statistical significance. 724 
 725 
Analysis of spatial correlation between buckling and apoptosis  726 

Maximum intensity projections were generated, which specifically excluded the peripodium, 727 
when analysis of all apoptotic events in 3D was required. The GFP-marked clonal mask was 728 
generated using intensity-based thresholding, followed the ‘fill holes’ and ‘despeckle’ functions 729 
to remove noise. Medium-sized clones with an area of buckling as well as a planar area were 730 

selected and added to the ROI manager. A whole disc cDcp1 mask was generated using 731 
intensity-based thresholding on the cDcp1 channel. A clonal cDcp1 mask was generated using 732 
Boolean function AND, and added to the ROI manager. Maximum projections of the apical 733 

junctional network (E-cad) were used to outline the buckling area within a clone with the oval 734 
selection tool, which was then added to the ROI manager. Buckling was defined as a 735 
characteristic reduction in cell surface areas observed in max projections of the curved surface 736 

during buckling. Buckling was verified by analysis of the reprojected Z-sliced stack. An area 737 

of similar size and shape was then selected in non-buckling, planar area of the same clone. 738 

Care was taken that the planar region was not close to a clonal boundary, to avoid confounding 739 
effects of JNK-dependent interface signalling on apoptotic behaviour. The clonal cDcp1 within 740 

the buckling area or the planar area were combined by means of the ‘AND’ function. Lastly, 741 
cDcp1 area measurements in both buckling and planar areas were performed. 11 clones from 742 

at least three different wing discs were quantified.  743 

 744 
Quantification of miniCic-reporter activity  745 

A single representative section of the disc proper was selected from the stack for further 746 

analysis. A nuclear binary mask for the whole disc was obtained by intensity-based 747 
thresholding of the DAPI channel and added to the ROI manager. To create a binary mask of 748 
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GFP-labelled clones, we used intensity-based thresholding, followed by the ‘despeckle’ 749 

function and ‘fill holes’ function. To compare the clonal miniCic signal with the signal in 750 
surrounding WT cells, individual clones were selected as and added to the ROI manager. An 751 

outer band ROI (4 μm, corresponding to one cell row) was established around the selected 752 

clones using the ‘enlarge’ function. A ROI of clonal nuclei was obtained by using the Boolean 753 
function AND on the nuclear mask and the respective clone ROI. Similarly, the outer band of 754 

nuclei ROI was also generated for the respective clones.  Then the fluorescence signal 755 

intensity in the miniCic channel was measured for individual clones in the clonal nuclei ROI 756 
and the outer band nuclei ROI. The number of clones analysed in each experiment is noted 757 

in the figure legends. 758 
  759 
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Figure 1 760 

Apoptosis is essential to eliminate cells by interface contractility  761 

 762 

A: Wing disc scheme highlighting the pouch (dark grey), hinge (light grey) and notum (white), 763 

as well as folds (continuous lines) and dorso-ventral or anterior-posterior compartment 764 

boundaries  (dashed lines) (A).  765 

 766 

B,D,G,J: Wing discs schemes illustrating patterns of Fkh expression (D), Dpp signalling (G) 767 
or ERK activity (J) (orange represents endogenous expression or activity, white represents 768 

lack thereof). Clones (magenta) that do not induce interface contractility, because they only 769 

express GFP (B) or whose fate is like that of surrounding cells (magenta clones in orange 770 
domains in G, J), maintain irregular clone shapes. Clones whose fate is very different to 771 

surrounding cells, because of changes to cell fate and differentiation programs (magenta 772 
clones in white domains in D, G, J) experience interface smoothening and even cyst formation, 773 
as the apical surface buckles from interface contractility-induced compression. Clones 774 
express GFP (B), Fkh (D), TkvCA (G) and EgfrCA (J). 775 

 776 
E,H,K: Wing discs stained to visualize endogenous patterns of Fkh expression (E), Dpp 777 
signalling (Dad4-LacZ, Dpp target gene) (H), and ERK signalling (tub-miniCic-mCherry, a 778 

ERK- activity reporter) (K). Yellow dashed lines indicate wing disc outlines. 779 
 780 
C,F,I,L: Wing disc carrying mosaic clones (magenta) expressing GFP (C), Fkh (F), TkvCA (I) 781 
and EgfrCA (L) stained with phalloidin to visualize Actin (green or grey). Yellow frames mark 782 

regions in pouch centre (C’, F’, I’, L’), pouch periphery (I’’,L’’), and hinge (C’’,F’’). Cyan arrows 783 

point to accumulation of actin normally observed at the A-P compartment boundary (I’). Yellow 784 
arrows point to apical enrichment of actin at clone boundaries. (F’) focusses on the apical 785 

region of a clone that has undergone buckling.  786 

 787 
M,N,Q,R: Maximum-intensity projections of basal sections of wing discs carrying mosaic 788 

clones (magenta or grey ) expressing GFP (M), Fkh (N), p35 (Q), and Fkh,p35 (R), stained 789 

with phalloidin to visualize Actin (green or grey) or for cDcp1 (cDcp1) to visualize apoptosis 790 
(cyan or grey). Dashed white lines indicate position of cross-sections. Yellow arrow heads in 791 

the cross-section overlays indicate viable clones still integrated in the epithelium. 792 

 793 
O,P: Maximum-intensity projections of basal sections of wing discs carrying mosaic clones 794 

(magenta) expressing TkvCA (O) or EgfrCA (P) and stained for cDcp1 to visualize apoptosis 795 
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(green or grey). Yellow dashed lines indicate wing disc outlines. Please refer to (G,J) for 796 

endogenous activation patterns of Dpp and ERK signalling in wing discs. 797 
 798 

S: Quantification of the percentage of apoptotic area in Fkh and Ey-expressing clones, as 799 

compared to the surrounding wildtype tissue. Graph displays mean± 95% CI. n=5 wing discs 800 
per genotype.  801 

 802 

T: Quantification of the number of clones detected apically (blue) or basally (green) in the wing 803 
disc pouch, where clones either express GFP; p35; Fkh; Fkh, p35; Ey or Ey, p35. n=9 wing 804 

discs per genotype.  805 

 806 
S, T: One-way ANOVA tests were performed to test for statistical significance, ns = not 807 

significant, **p≤0.01, ***p≤0.001.  808 
 809 
Scale bars = 50µm.  810 

  811 
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Figure 2 812 

Interface contractility activates bilateral JNK interface signalling  813 

 814 

A,D,F,I: Wing discs carrying mosaic clones (magenta or grey) expressing GFP (A,F) or Fkh 815 

(D,H), as well as the JNK reporter TRE-RFP (green or grey). Yellow frames mark regions 816 

shown in (A’, D’, F’, H’,). Continuous yellow line in (‘) panels marks clone boundaries. 817 

 818 

C,H: Schemes depicting specific zones in and around clones that were quantified. 819 
 820 

B,E,G,J: Quantifications of TRE-RFP intensities in specific zones of clones expressing GFP 821 

(B) or Fkh (E), and GFP-negative wild type clones amidst GFP-expressing wild type cells (G), 822 
and GFP-negative wild type clones amidst Fkh-expressing cells (I). Graphs display 823 

mean± 95% CI. One-way ANOVA tests were performed to test for statistical significance, 824 
ns = not significant, *p≤0.05, **p≤0.01. n=6 wing discs (B,E,G) and n=5 wing discs (I). 825 
 826 
K,L: Wing disc carrying mosaic clones (grey) expressing GFP (J) or TkvCA (K) and the Dpp 827 

reporter Dad-LacZ (grey or magenta) and the JNK reporter TRE-RFP (grey or green). 828 
Yellow frames mark regions shown in (J’, K’). Dad-LacZ is induced by TkvCA-expression, 829 
revealing where TkvCA clones are like their surroundings, and where they are not. Yellow 830 

arrows highlight TRE-RFP in wildtype cells at the interface. 831 
 832 
Scale bars = 50µm. 833 
  834 
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Figure 3 835 

JNK activation is a cell-autonomous response to apposition of different fates  836 

 837 

A-H: Wing discs carrying mosaic clones (magenta or grey) expressing GFP only (A, E); BskDN 838 

(B, F), Ey (C, G), or BskDN, Ey (D, H) and expressing the JNK reporter TRE-RFP (grey or 839 

green). Discs were stained with DAPI to visualize individual nuclei (grey) (A’’-H’’) ). 840 

Yellow dashed lines in (A-H) demarcate the wing disc outline. Yellow frames mark regions 841 

shown in (‘) and (’’) panels. Continuous yellow line in (‘ and ’’) panels marks clone boundaries. 842 
 843 

Scale bar = 50µm. 844 

 845 
 846 

  847 
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Figure 4  848 

JNK interface signalling is unique to interface contractility and is not activated by cell 849 
competition  850 

 851 

A,B,D: Wing disc carrying mosaic clones (grey or magenta) expressing GFP (A), Myc (B), or 852 

clones homozygous mutant for RpS3 (D). Discs express the JNK reporter TRE-RFP (grey or 853 

green). Yellow dashed lines demarcate the wing disc outline. 854 

 855 
C,E: Quantifications of TRE-RFP intensities in clones expressing Myc (C), or in clones 856 

homozygous mutant for RpS3 (E). Graphs display mean± 95% CI. One-way ANOVA tests 857 

were performed to test for statistical significance, ns = not significant. n=6 wing discs (C), n=3 858 
wing discs (E). Note that the background TRE-RFP in RpS3-/- mosaic discs was measured in 859 

a 4 µm zone outside of wild type interface cells, as TRE-RFP was broadly activated in these 860 
discs. 861 
 862 
Scale bars = 50µm. 863 

 864 
  865 
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Figure 5 866 

Cell elimination at clonal interfaces is mediated by JNK 867 

 868 

A: Maximum-intensity projection of basal sections from wing imaginal discs carrying clones 869 

(magenta) expressing Fkh and stained for cDcp1 to visualize apoptosis (green). Coloured 870 

arrows show apoptosis in different zones that were used for quantification: light blue (wild type 871 

cells), dark blue (wildtype interface cells), magenta (clonal cells at interface), light pink (clonal 872 

cells). 873 
 874 

B,C: Quantifications of cDcp1 area fractions in selected zones around clones expressing UAS-875 

Fkh (B) or UAS-TkvCA (C). Only large clones with distinct interior zones were quantified for 876 
clone interior and clonal interface zones. Graphs display mean± 95% CI. One-way ANOVA 877 

tests were performed to test for statistical significance, ns = not significant, *p p≤0.05, ** 878 
p≤0.01, *** p≤0.001. n=12 wing discs (B) and n=8 wing discs (C). 879 
 880 
D: Scheme depicting specific zones in and around clones that were quantified. 881 

 882 
E,G: Maximum-intensity projections of basal sections of wing imaginal discs carrying clones 883 
(grey or magenta) expressing TkvCA (A), or BskDN,TkvCA (B) stained for cDcp1 to visualize 884 

apoptosis (grey or green). Yellow dashed lines demarcate the wing disc outline. Yellow frames 885 
mark regions shown in (A’, B’). 886 
 887 
F: Scheme illustrates endogenous patterns of Dpp signalling (orange) and expected 888 

smoothening of TkvCA and TkvCA, BskDN expressing clones (magenta) in areas where Dpp 889 

signalling is not normally active (white).  890 
 891 

H: Quantifications of cDcp1 area fractions in selected zones around clones expressing UAS-892 

TkvCA or UAS-BskDN,UAS-TkvCA. Only large clones with distinct interior zones were quantified 893 
for clone interior and clonal interface zones. Graphs display mean± 95% CI. Two-way ANOVA 894 

tests were performed to test for statistical significance, ns = not significant, * p≤0.05, ** p≤0.01. 895 

n=8 wing discs per genotype. 896 
 897 

I,J: Maximum intensity projection of basal section of wing discs, where the posterior 898 

compartment expresses BskDN (grey) under the control of en-GAL4, and where clones (grey 899 
or magenta) express LexO-mCherry (E) or LexO-TkvCA (F). Discs were stained for cDcp1 to 900 

visualize apoptosis (grey or green). Yellow dashed lines demarcate the wing disc outline. 901 
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Yellow frames mark regions selected in anterior (E’, F’) and posterior (E’’, F’’) compartments. 902 

Dashed cyan line highlights the anterior-posterior compartment boundary. 903 
 904 

K: Scheme illustrates expression of BskDN in the posterior compartment and the response of 905 

TkvCA expressing clones (magenta).  906 
 907 

L: Quantifications of cDcp1 area fractions in selected zones around clones expressing LexO-908 

TkvCA either in the anterior control compartment or in the posterior compartment expressing 909 
BskDN.  Only large clones with distinct interior zones were quantified for clone interior and 910 

clonal interface zones. Graphs display mean± 95% CI. Two-way ANOVA tests were 911 

performed to test for statistical significance, ns = not significant, * p≤0.05, ** p≤0.01. n=9 wing 912 
discs. 913 

 914 
Scale bar = 50µm 915 
  916 
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Figure 6 917 

Cell elimination by interface contractility is suppressed by oncogenic RasV12 918 

 919 

A: Wing disc carrying mosaic clones (magenta) expressing RasV12 were stained with phalloidin 920 

to visualize Actin (grey or green). Yellow frames mark regions shown in (A’). Yellow arrows 921 

point to actin enrichment at clone boundaries. 922 

 923 

B: Wing disc carrying mosaic clones (magenta ) expressing RasV12 and TRE-RFP (grey or 924 
green). Yellow dashed lines demarcate the wing disc outline. Yellow frames mark regions 925 

shown in (B’). Yellow arrows highlight TRE-RFP activation.   926 

 927 
C,D,E,F: Maximum intensity projection of basal sections of wing discs carrying clones 928 

(magenta) expressing GFP (C) RasV12 (D), Fkh (E), or Fkh, RasV12 (F) were stained for cDcp1 929 
to visualize apoptosis (grey or green). 930 
 931 
G: Quantifications of the percentage of apoptotic area in clones expressing GFP only, RasV12, 932 

Fkh, or Fkh,RasV12. Graphs display mean± 95% CI. One-way ANOVA tests were performed 933 
to test for statistical significance, ns = not significant, *** p≤0.001. n=5 wing discs per 934 
genotype. 935 

 936 
H: Model of bilateral JNK activation in cell elimination by interface contractility. Oncogenic 937 
mutations evade apoptosis. 938 
 939 

I: Model of how bilateral JNK activation drives cell elimination dependent on aberrant cell 940 

cluster size. Number of wild type-aberrant cell contacts determine the strength of pro-apoptotic 941 
JNK signalling. 942 

 943 

Scale bar = 50µm. 944 
 945 

 946 

 947 
 948 
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Figure S1 950 

Apoptosis is essential to eliminate cells by interface contractility  951 

 952 

A,B: Wing discs carrying mosaic clones (magenta) expressing Fkh (A) or Eyeless (B), were 953 

stained for Fkh (A) and Ey (B) proteins, respectively, to validate anti-Fkh and anti-Ey 954 

antibodies. Dashed yellow lines demarcate wing disc boundaries. 955 

 956 

C, I, M: : Wing discs schemes illustrating endogenous patterns of Ey expression (C), Wg 957 
signalling (I) or Hh signalling (M) (orange). Clones that do not induce interface contractility, 958 

because they only express GFP or whose fate is like that of surrounding cells (magenta clones 959 

in orange domains in I, M ), maintain irregular  clone shapes. Clones whose fate is very 960 
different to surrounding cells, because of changes to cell fate and differentiation programs 961 

(magenta clones in white domains in C, I, M ) experience interface smoothening and even 962 
cyst formation. Clones express Ey (C), ArmS10 (I), or Ci (M), activating Ey, Wg or Hh cell fate 963 
programs, respectively. 964 
 965 

F: Scheme to illustrate miniCic reporter activity. Nuclear localization of the miniCic reporter 966 
indicates low ERK signalling and cytoplasmic localization indicates high ERK signalling. 967 
 968 

G,H: Wing disc expressing the miniCic-mCherry reporter (grey or green, G-G’’’’,H-H'’’’) 969 
ubiquitously and carrying mosaic clones expressing GFP (magenta, G’’-G’’’’ ) or EgfrCA 970 
(magenta, H’’- H’’’’) in the centre (’’’) and periphery (’’’’) of the pouch. Discs were stained with 971 
DAPI to visualize nuclei (grey or magenta in ‘). Yellow frames mark regions shown in (’’’and 972 

’’’’) panels. 973 

 974 
D, J, K, N : Wing discs were stained to visualize expression patterns of the transcription factor 975 

Ey (D), the morphogen Wingless (J), the Wg target gene Distalless (K) and the Hh-effector Ci 976 

(N). Dotted yellow lines demarcate wing disc boundaries. 977 
 978 

E, L, O: Wing disc carrying mosaic clones (magenta) that express Ey (E), ArmS10 (L) or Ci (O) 979 

were stained with phalloidin to visualize Actin (grey or green). Yellow frames mark regions in 980 
pouch centre (E’, L’), pouch periphery (E’’), hinge (L’’), anterior compartment (O’), and 981 

posterior compartment (O’’). Please note: The images in O’ are from a section more apical to 982 

the one shown in O. This was done in order to properly view the apical phalloidin network in 983 
the anterior compartment. 984 

 985 
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P: Wing disc schemes illustrating endogenous patterns of Dpp signalling (orange). Clones 986 

that express Tkv RNAi do not induce interface contractility in peripheral domains (white), 987 
where Dpp signalling is low. The fate of tkv RNAi expressing clones is different to surrounding 988 

cells in high Dpp signalling domains (orange). Therefore clones experience interface 989 

smoothening and even cyst formation. 990 
 991 

Q: Maximum intensity projection of apical sections of a wing disc carrying mosaic clones 992 

(magenta) expressing a Tkv RNAi construct, stained with phalloidin to visualize Actin (grey or 993 
green). Clone smoothening and actin enrichment (yellow arrow) in areas of Dpp signalling 994 

(Q'). Irregular clone shapes are maintained in regions without Dpp signalling (Q''). Yellow 995 

frames mark regions shown in (Q‘ and Q'') panels. 996 
 997 

R: Maximum intensity projection of basal sections of a wing disc carrying mosaic clones 998 
(magenta) expressing a Tkv RNAi construct, stained for cDcp1 to visualize apoptosis (grey or 999 
green). Dashed yellow lines demarcate wing disc boundaries. 1000 

 1001 
S, T: Maximum-intensity projections of basal sections of wing  discs carrying clones (magenta) 1002 
expressing Ey (S), or Ey;p35 (T), were stained with phalloidin to visualize Actin (grey or green) 1003 
and for cDcp1 to visualize apoptosis (grey or cyan). Dashed white lines indicate position of 1004 

cross-sections. 1005 
 1006 
Scale bar = 50µm. 1007 

  1008 
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Figure S2.1 1009 

JNK activation occurs in both sides of interface-contacting cells  1010 

 1011 

DAPI images form main figure panels are shown to validate the conclusion that signalling at 1012 

the interface affects a single row of cells on each side. For clonal marker visualization, please 1013 

refer to the main Fig.2. 1014 

 1015 

A-F: Lateral sections of wing imaginal discs expressing the TRE-RFP reporter (grey or green) 1016 
and carrying mosaic clones (grey in Fig.2 A, D, F, H, K, L) expressing GFP (A, C, E) and Fkh 1017 

(B,D) or TkvCA (F). Discs were stained with DAPI to visualize nuclei (grey or magenta). Yellow 1018 

frames mark regions shown in in (‘ and ’’) panels. Continuous yellow lines in (‘ and ’’) panels 1019 
mark clone boundaries. 1020 

 1021 
G,H: Quantifications of TRE-RFP reporter intensity in clones expressing GFP (G) or TkvCA (H) 1022 
when located either in the central domain of the pouch where Dad-LacZ expression is normally 1023 
high, or in the pouch periphery, where Dad-LacZ expression is normally low. Graphs display 1024 

mean± 95% CI. Statistical analysis was done using Paired Student’s T-tests with ns = not 1025 
significant, *** p≤0.001. n=10 clones in the centre of the pouch, and n=10 clones in the 1026 
periphery of the pouch, per genotype. 1027 

 1028 
I: Example of a segmentation mask based on clone areas (white), clone interfaces and 1029 
adjacent 4µm zones, which were used to quantify TRE-RFP reporter intensities. 1030 
 1031 

Scale bar = 50µm 1032 

  1033 
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Figure S2.2  1034 

JNK interface signalling is a robust hallmark of interface contractility responses 1035 

 1036 

A,C: Lateral section of a wing disc expressing the TRE-RFP reporter (grey or green) and 1037 

carrying mosaic clones expressing Ey (grey or magenta) as minority (A) or majority (C) in the 1038 

wing disc. Different length of heat shock induction allows scaling of clone sizes. Yellow frames 1039 

mark regions shown in (A’, A’’, C’, C’’). Continuous yellow lines in (‘ and “) panels represent 1040 

clone boundaries. 1041 
 1042 

B,D: Quantifications of TRE-RFP intensities in specific zones of clones expressing Ey, if they 1043 

represent the minority (B) or majority (D) of cells in the disc. One-way ANOVA tests were 1044 
performed to test for statistical significance, ns = not significant, *0.05>p, **0.01>p. n=6 wing 1045 

discs (B) and n=5 wing discs (D). Schemes depicting specific zones in and around clones that 1046 
were quantified are provided next to the respective graphs. 1047 
 1048 
E,F: Lateral section of a wing disc expressing the TRE-RFP reporter (grey or green) and 1049 

carrying mosaic clones (magenta) expressing GFP (E) or EgfrCA (F). Yellow frames mark 1050 
regions shown in ( ‘-’’’’) panels. Yellow lines in (‘-’’’’) panels demarcate clone boundaries. 1051 
 1052 

G,H: Lateral section of a wing disc expressing the TRE-RFP reporter (grey or green) and 1053 
carrying mosaic clones (magenta) expressing GFP (G), and ArmS10 (H). Discs were stained 1054 
for Distalless, to visualize one target gene of Wg-signalling. Yellow frames mark regions 1055 
shown in G', G’’, G’’’, H', H’’, H’’’. Yellow lines in (‘-’’’) panels demarcate clone boundaries. 1056 

 1057 

I,J: Lateral section of a wing disc expressing the TRE-RFP reporter (grey or green) and 1058 
carrying mosaic clones (magenta) expressing GFP (I), or Ci (J). Discs were stained for Ci to 1059 

visualize relative Ci expression and thus patterning differences.  1060 

 1061 
Scale bar = 50µm 1062 

 1063 

  1064 
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Figure S2.3  1065 

Interface JNK signalling can be detected using the puc-LacZ reporter 1066 

 1067 

A-D: Lateral section of wing discs expressing the puc-LacZ JNK reporter (grey or green), and 1068 

carrying mosaic clones (grey or magenta) expressing GFP (A), Fkh (B), Ey (C), or RasV12
 (D).  1069 

 1070 

Scale bar = 50µm. 1071 

  1072 
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Figure S3 1073 

JNK is activated cell-autonomously at clonal interfaces  1074 

 1075 

A-D: Lateral sections of wing discs expressing the TRE-RFP reporter (grey or green) and 1076 

carrying mosaic clones (grey or magenta) expressing TkvCA (A,C), or BskDN, TkvCA (B,D). Discs 1077 

were stained with DAPI to visualize nuclei (grey or magenta) in (“ and “”) panels. Dashed 1078 

yellow lines demarcate wing disc boundaries. Yellow frames mark regions shown in ( ‘-’’’’) 1079 

panels. Yellow lines in ( ‘-’’’’) panels demarcate clone boundaries. 1080 
 1081 

Scale bar = 50µm 1082 
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 1084 

Figure S4.1 1085 
JNK interface signalling is unique to interface contractility 1086 

 1087 

A,B: Lateral sections of wing discs expressing the TRE-RFP reporter (grey or green) and 1088 

carrying mosaic clones (grey or magenta) expressing GFP (A), or a wts RNAi construct (B).  1089 

 1090 

Scale bar = 50µm 1091 
 1092 
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Figure S4.2 1094 

JNK signalling is not required for actomyosin enrichment at clonal interfaces 1095 
  1096 

A,B,C,D: Lateral sections of wing discs carrying mosaic clones (grey or magenta) expressing 1097 

Ey (A), TkvCA (C) or BskDN, Ey (B), BskDN, TkvCA (D) . Discs were stained with Phalloidin to 1098 

visualize Actin (grey or green). Dashed yellow lines demarcate wing disc boundaries. Yellow 1099 

frames mark regions shown in A’, B’. Yellow arrow heads highlight actin enrichment at the 1100 

clone boundary (A’, B’).  1101 
 1102 

E, F: Lateral sections of wing discs where the posterior compartment expresses BskDN under 1103 

the control of en-GAL4 (grey E,F), and carrying mosaic clones (grey or magenta) expressing 1104 
LexO-mCherry  (E’, E’’) and LexO-TkvCA (F’, F’’). Discs were stained with phalloidin to visualize 1105 

Actin (grey or green). Dashed yellow lines demarcate wing disc boundaries. Yellow frames 1106 
mark regions shown in the anterior (E’,F’) and posterior (E’’, F’’) compartment. Yellow arrow 1107 
heads in (‘ and “) panels point to actin enrichment at the clone boundary.  1108 
 1109 

Scale bar = 50µm 1110 
  1111 
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Figure S5 1112 

Apoptosis can be observed at the buckling points of Fkh expressing clones 1113 

 1114 

A: Example of a segmentation mask based on clone areas (white), and ROIs corresponding 1115 

to wildtype interface cells (cyan) and clonal interface cells (magenta).  1116 

 1117 

B,C: Quantifications of cDcp1 area fractions in selected zones around clones expressing UAS-1118 

Fkh (B) or UAS-TkvCA (C). Only large clones with distinct interior zones were quantified for 1119 
clone interior and clonal interface zones. Graphs display mean± 95% CI. One-way ANOVA 1120 

tests were performed to test for statistical significance, ns = not significant, * p≤0.05, ** p≤0.01, 1121 

*** p≤0.001. n=12 wing discs (B) and n=8 wing discs (C). 1122 
 1123 

D: Overlay of segmentation mask of LexO-TkvCA clones (red) and cDcp1 (green) in anterior 1124 
(B) and posterior (B’) compartments, in a wing disc where the entire posterior compartment 1125 
expressed UAS-BskDN. 1126 
 1127 

E: Local z-projection of apical sections of a wing disc carrying mosaic clones (grey or green 1128 
outline) expressing Fkh. Discs were stained for cDcp1 to visualize apoptosis (grey or red) and 1129 
for E-cadherin to visualize the apical junctional network (grey). Yellow arrows point to positions 1130 

of apical deformations arising from buckling and cystic invagination. 1131 
 1132 
F: XZ cross-section through a wing disc carrying mosaic clones expressing Fkh (green). The 1133 
disc was stained for cDcp1 to visualize apoptosis (red) and for E-cadherin to visualize the 1134 

apical junctional network (grey).  1135 

 1136 
G: Quantification of the percentage of cDcp1 area found in domains with buckling points 1137 

versus planar regions within Fkh-expressing clones. A paired Student‘s t-Test was performed 1138 

to test for statistical significance, *** p≤0.001. n=11 buckling and n=11 planar regions, each 1139 
pair within the same clone, in 3 wing discs.  1140 

 1141 

Scale bar = 50µm  1142 
 1143 

 1144 

 1145 
  1146 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 20, 2022. ; https://doi.org/10.1101/2022.06.20.496791doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.20.496791
http://creativecommons.org/licenses/by/4.0/


 47 

Figure S6.1  1147 

RasV12 dominantly induces high ERK signalling in Fkh- and Ey-expressing clones 1148 

 1149 

A: Scheme illustrating miniCic reporter activity. Nuclear localization of the miniCic reporter 1150 

indicates low ERK signalling and cytoplasmic localization indicates high ERK signalling. 1151 

 1152 

B-D, F-H: Lateral section of wing discs expressing the ERK reporter miniCic-mScarlett or 1153 

miniCic-mCherry (grey or green) and carrying mosaic clones (yellow outline or magenta) 1154 
expressing RasV12 (A, F), Fkh (B), Fkh,RasV12 (C), Ey (G) and Ey,RasV12 (H). Discs were 1155 

stained with DAPI to visualize nuclei (grey). White frames mark regions shown in B’-D’ and F’-1156 

H’. 1157 
 1158 

E: Quantifications of nuclear miniCic intensity (AU) in clones expressing RasV12, Fkh or Fkh, 1159 
RasV12 ( dark red) versus nuclear miniCic intensity (AU) in corresponding wildtype interface 1160 
cells (blue). Paired Student’s T-tests were performed to test for statistical significance, * 1161 
p≤0.05, *** p≤0.001.  1162 

 1163 
Scale bar=50µm. 1164 
 1165 

  1166 
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Figure S6.2 1167 

RasV12 rescues Ey-expressing clones from apoptosis 1168 

 1169 

A,B,C: Maximum intensity projection of basal sections of wing discs carrying mosaic clones 1170 

(magenta)  expressing RasV12 (A), or Ey (B), or Ey,RasV12 (C). Discs were stained for cDcp1 1171 

(grey or green) to visualize apoptosis. ). Dashed yellow lines demarcate wing disc boundaries. 1172 

 1173 

Scale bar = 50µm  1174 
 1175 

 1176 
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