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Fly Strains and Genetics 

Fly stocks were maintained at 25°C and early third instar larvae were selected for UV 

treatment 4~5 days after copulation. w1118 was used as a control strain.1 Null or 

hypomorphic alleles were used for behavioral tests:  egr1 and egr3 served to inhibit TNF 

signaling.2 DroncI29, DarkG8, DarkS7, DarkH16, Drice17, DriceΔ1, Dcp-1prev, hid1, skle1, 

skle3, DreddEP14, Strica4, Dammf02209, DecayΔK2, DecayΔS3 were used to inhibit cell death 

signaling pathway.3, 4, 5, 6, 7, 8, 9, 10, 11, 12  Traf6Ex1, p38a1, dl1, RelE20 and Dif1 were used to 

inhibit TNFR downstream.13, 14, 15, 16, 17 ppk-CD4-tdTom was used to label nociceptive 

sensory neurons.18 The Gal4/UAS system was employed to overexpress/knockdown 

transgenes in tissue specific manner. Gal4 drivers used: A58 Gal419 and e22C Gal420, 

ppk1.9 Gal421, hmlΔ Gal422, and Gal4OK376 (ref. 23).   UAS-transgenes used: UAS-regg1 

(full-length TNF)2, UAS-eiger60 (soluble TNF)24, UAS-Dronc25, UAS-hid26, UAS-grim27, 

and UAS-reaper28 , UAS-DIAP126, UAS-p3529, UAS-ptcDN30, UAS-DTKR-GFP31, UAS-

eGFP (Bloomington), UAS-miRHG.32 UAS-DroncRNAi (8091R1) (NIG), UAS-

EigerRNAi2, UAS-WengenRNAi.33 UAS-RNAi lines from Vienna Drosophila Research 

Center (VDRC)34: 21830 (grim), 12045 (reaper), 8269 (hid), 34836 (traf3), 16125 (traf6), 

52277 (p38), 45998 (dorsal), 107072 (E(z)). JF02826 (E(z)) and UAS-GFPRNAi (9930) 

were from Bloomington stock center. The precise genotypes for each figure panel in this 

study are listed in Supplemental information.  

 

Microarray methodology 



The isolation and purification of nociceptive sensory neurons from third instar larvae was 

performed as previously described.35 Briefly, control larvae (ppk1.9-GAL4,UAS-

mCD8::GFP) and larvae which overexpress TNF/Eiger (ppk1.9-GAL4,UAS-

mCD8::GFP; UAS-regg1) were used to isolate wild-type and genetically sensitized 

nociceptive sensory neurons via magnetic bead cell sorting.  Isolated nociceptive neurons 

were then prepared for microarray gene expression analyses as previously described.36 

mRNA isolation, amplification, labeling, hybridization, and microarray analyses were 

performed by Miltenyi Biotec.  250 ng of each of the sample cDNAs were used as 

template for Cy3 (control) and Cy5 (TNF/Eiger overexpression) labeling.  Labeled 

cDNAs were combined and hybridized to an Agilent whole Drosophila genome oligo 

microarray (4x44K V2) and analyses were conducted in quadruplicate. Microarray 

expression and bioinformatics analyses were performed as previously described.36, 37 

Normalized Cy5/Cy3 fold changes (Cy5/Cy3-log10 ratios) were used to investigate 

differentially expressed genes with a threshold fold change >2 (mean fold change of 

genes across four replicate arrays) and a p-value <0.01 for genes that are up-regulated in 

TNF signaling-activated sensory nociceptive neurons relative to controls.  

 

Supplementary Figure legends  
 
Supplementary Figure 1 Pro-apoptotic genes and other caspases are not required for 

both epidermal apoptosis and thermal allodynia by UV irradiation. (a and b) Larval 

epidermal staining of indicated genotypes. (a) Grim and Reaper overexpression in the 

larval epidermis does not induce apoptosis. (b) Localized and temporally-controlled 

expression of UAS-Hid via Pannier-Gal4 can induce apoptosis. Anti-Fasciclin-3 antibody 



(membranes, green) and anti-activated Caspase3 labeling (apoptotic cells, red) were used. 

(c) Larval epidermal staining 24 h after UV irradiation. Anti-Fasciclin-3 antibody 

(membranes, green) and TUNEL labeling (apoptotic cells, red) were used. (d and e) 

Measurement of UV-induced thermal allodynia at 38 °C, 24 h post UV irradiation. 

Genotypes are indicated.  n = 3 sets of 30 larvae. Error bars represent SEM. 

 

Supplementary Figure 2 Baseline thermal nociception analysis for genotypes relevant to 

Figure 1 and UAS-only controls for Figure 1D. (a-d) Measurement of aversive 

withdrawal behavior of indicated genotypes at 45°C (a and b) or 48°C (c and d) in the 

absence of tissue damage. (e) UV-induced thermal allodynia of indicated UAS-transgene 

alone control at 38 °C.  

n = 3 sets of 30 larvae. Error bars represent SEM. 

 

Supplementary Figure 3 Baseline thermal nociception analysis for genotypes relevant to 

Figure 3. (a-d) Measurement of aversive withdrawal behavior of indicated genotypes at 

45°C (a and c) or 48°C (b and d) in the absence of tissue damage. 

n = 3 sets of 30 larvae. Error bars represent SEM. 

 

Supplementary Figure 4 Expression of UAS-DroncRNAi does not inhibit thermal 

allodynia induced by hyperactivation of Hedgehog or Tachykinin signaling. UV-induced 

thermal allodynia of indicated genotypes alone control at 38 °C.  n = 3 sets of 30 larvae. 

Error bars represent SEM. 

 



Supplementary Figure 5 Non-heat-shocked larvae of the genotypes relevant to Figure 4 

do not show thermal allodynia. Measurement of aversive withdrawal behavior at 38 °C 

when larvae of the indicated genotypes were maintained at the non-permissive (no heat 

shock) temperature (18°C). n = 3 sets of 30 larvae. Error bars represent SEM. 

 

Supplementary Figure 6 A TNF/Eiger transcriptional reporter is not induced by UV 

irradiation. Epidermal whole mounts in larvae bearing UAS-GFP under control of 

TNF/Eiger-Gal4 after UV irradiation (Anti-GFP, green).  

 

Supplementary Figure 7 Baseline thermal nociception of larvae expressing UAS-

E(z)RNAi in nociceptive sensory neurons. (a and b) Measurement of aversive withdrawal 

behavior of larvae of the indicated genotypes at 45 °C (a) or 48 °C (b). n = 3 sets of 30 

larvae. Error bars represent SEM. (c) Dendritic morphology of nociceptive sensory 

neurons in larvae indicated genotype.  

 
 
Genotypes of flies used in this study 
 
Figure 1b 
w1118; 
w1118; 
w1118;;droncI29 
w1118;darkG8/darkH16 
w1118;;driceΔ1 
w1118;dcp-1prev 
w1118;e22C Gal4/+ 
w1118;e22C Gal4/UAS-DIAP1.H 
w1118;e22C Gal4/UAS-p35 
 
Figure 1c 
w1118; 
w1118;;droncI29 



w1118;darkG8/darkH16 
w1118;darkG8/darkS7 
w1118;darkS7/darkH16 
w1118;;driceΔ1 
w1118;dcp-1prev 
w1118;dcp-1prev;drice Δ1 
w1118;eiger1/+ 
w1118;eiger3/+ 
w1118;eiger1/eiger3 
 
Figure 1d, S2a, and S2c 
w1118;;A58 Gal4/+ 
w1118;UAS-DIAP1.H/+; A58 Gal4/+ 
w1118;UAS-DroncRNAi (8081R1)/+; A58 Gal4/+ 
w1118;e22C Gal4/+ 
w1118;e22C Gal4/UAS-p35 
w1118;e22C Gal4/ UAS-DroncRNAi (8081R1) 
 
Figure 2a and 2b 
w1118; 
 
Figure 2c 
w1118;;A58 Gal4/+ 
w1118;UAS-DroncRNAi (8081R1)/+; A58 Gal4/+ 
w1118;UAS-EigerRNAi /+; A58 Gal4/+ 
w1118;;A58 Gal4/+ 
w1118; UAS-DroncRNAi (8081R1)/+; A58 Gal4/+ 
w1118; UAS-EigerRNAi /+; A58 Gal4/+ 
 
Figure 3a, S3a, and S3b 
w1118;;ppk1.9 Gal4/+ 
w1118;;ppk1.9 Gal4/ UAS-Traf3RNAi(v34836) 
w1118;UAS-Traf6RNAi(v16125)/+;ppk1.9 Gal4/+ 
w1118;;ppk1.9 Gal4/UAS-p38aRNAi(v52277) 
w1118;;ppk1.9 Gal4/UAS-dlRNAi(v45998) 
w1118;UAS-DroncRNAi(8081R1)/+;ppk1.9 Gal4/+ 
 
Figure 3b 
w1118; 
w1118, traf6EX1; 
w1118;;p38a1 
w1118;dl1 
w1118;;relishE20 
w1118;Dif1 
 
Figure 3c 



w1118;regg1/+;ppk1.9 Gal4/+ 
w1118; regg1/UAS-WengenRNAi/+;ppk1.9 Gal4/+ 
w1118; regg1/+;;ppk1.9 Gal4/ UAS-Traf3RNAi(v34836) 
w1118; regg1/UAS-Traf6RNAi(v16125)/+;ppk1.9 Gal4/+ 
w1118; regg1/+;;ppk1.9 Gal4/UAS-p38aRNAi(v52277) 
w1118; regg1/+;;ppk1.9 Gal4/UAS-DorsalRNAi(v45998) 
w1118; regg1/UAS-DroncRNAi(8081R1)/+;ppk1.9 Gal4/+ 
 
Figure 4b 
w1118;tubGal80ts/+;A58 Gal4/+ 
w1118;tubGal80ts/+;A58 Gal4/UAS-Dronc 
w1118;tubGal80ts/regg1;A58 Gal4/+ 
w1118;tubGal80ts/UAS-Eiger 60;A58 Gal4/+ 
 
Figure 4c and S5a 
w1118;tubGal80ts/+;A58 Gal4/+ 
w1118;tubGal80ts/+;A58 Gal4/UAS-Dronc 
w1118;tubGal80ts/UAS-EigerRNAi;A58 Gal4/UAS-Dronc 
w1118;tubGal80ts/UAS-p35;A58 Gal4/UAS-Dronc 
w1118;tubGal80ts/UAS-EigerRNAi;A58 Gal4/+ 
w1118;tubGal80ts/UAS-p35;A58 Gal4/+ 
 
Figure 4d and S5b 
w1118;tubGal80ts/+;A58 Gal4/+ 
w1118;tubGal80ts/regg1;A58 Gal4/+ 
w1118;tubGal80ts/regg1, UAS-DroncRNAi(8081R1);A58 Gal4/+ 
w1118;tubGal80ts/UAS-Eiger60;A58 Gal4/+ 
w1118;tubGal80ts/UAS-Eiger60, UAS-DroncRNAi(8081R1);A58 Gal4/+ 
 
Figure 5c and 5d 
w1118; 
 
Figure 5e 
w1118;regg1/+;ppk1.9 Gal4/+ 
w1118;hmlΔ Gal4/+ 
w1118;hmlΔ Gal4/UAS-Eiger60 
w1118;hmlΔ Gal4/regg1 
w1118;Gal4OK376/+ 
w1118;Gal4 OK376/UAS-Eiger60 
w1118;Gal4 OK376/regg1 
 
Figure 6c, S7a, and S7b 
w1118;UAS-GFPRNAi(9331);ppk1.9 Gal4/+ 
w1118;UAS-E(z)RNAi(v107072);ppk1.9 Gal4/+ 
w1118;UAS-E(z)RNAi(BL27993);ppk1.9 Gal4/+ 
 



  
Figure 6d 
w1118;UAS-GFPRNAi(9331)/regg1;ppk1.9 Gal4/+ 
w1118;UAS-E(z)RNAi(v107072)/regg1;ppk1.9 Gal4/+ 
w1118;UAS-E(z)RNAi(BL27993)/regg1;ppk1.9 Gal4/+ 
 
Figure S1a 
w1118;;A58 Gal4/UAS-Grim 
w1118;UAS-Reaper/+;A58 Gal4/+ 
 
Figure S1b 
w1118;tubGal80ts/+;pnr-Gal4,UAS-eGFP/+ 
w1118,UAS-Hid/+;tubGal80ts/+;pnr-Gal4,UAS-eGFP/+ 
 
Figure S1c 
w1118;darkG8/darkS7 
w1118;darkS7/darkH16 
;;hid1 
w1118;;sickle1/ sickle3 
w1118;strica4 
w1118, dreddEP1412; 
w1118;;decayΔK2 
w1118;dammf02209 

 
Figure S1d 
w1118;;A58 Gal4/+ 
w1118;UAS-RHGmiRNA;A58 Gal4/+ 
w1118;UAS-GrimRNAi(v21830)/+;A58 Gal4/UAS-ReaperRNAi(v12045),UAS-HidRNAi(v8269) 
w1118;UAS-DIAP1.H/+; A58 Gal4/+ 
w1118;UAS-DroncRNAi (8081R1)/+; A58 Gal4/+ 
 
Figure S1e 
w1118; 
w1118;darkG8/darkS7 
w1118;darkS7/darkH16 
;;hid1 
w1118;;sickle1/ sickle3 
w1118;strica4 
w1118, dreddEP1412; 
w1118;;decayΔK3 
w1118;;decayΔK2 
w1118;dammf02209 

 
Figure S2b and S2d 
w1118; 
w1118;;droncI29 



w1118;darkG8/darkH16 
w1118;darkG8/darkS7 
w1118;darkS7/darkH16 
w1118;;drice17 
 
Figure S2e 
w1118;UAS-p35/+ 
w1118;UAS-DIAP1.H/+ 
w1118;UAS-DroncRNAi (8081R1)/+ 
 
Figure S3c and S3d 
w1118; 
w1118, traf6EX1; 
w1118;;p38a1 
w1118;dorsal1 
w1118;;relishE20 
 
Figure S3e 
w1118;;UAS-Traf3RNAi(v34836)/+ 
w1118;UAS-Traf6RNAi(v16125)/+ 
w1118;;UAS-p38aRNAi(v52277)/+ 
w1118;;UAS-DorsalRNAi(v45998)/+ 
 
Figure S4 
w1118;UAS-PtcDN/+;ppk1.9 Gal4/+ 
w1118;UAS-PtcDN/UAS-DroncRNAi (8081R1);ppk1.9 Gal4/+ 
w1118;UAS-DTKR-GFP/+;ppk1.9 Gal4/+ 
w1118;UAS- DTKR-GFP/UAS-DroncRNAi (8081R1);ppk1.9 Gal4/+ 
 
Figure S6 
w1118;Eiger-Gal4/UAS-GFP 
 
Figure S7c 
w1118;ppk-CD4TdTom/+;ppk1.9 Gal4/+ 
w1118;ppk-CD4TdTom/regg1;ppk1.9 Gal4/+ 
w1118;ppk-CD4TdTom/ UAS-E(z)RNAi(BL27993);ppk1.9 Gal4/+ 
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Supporting	  Table	  1.	  	  Genes	  upregulated	  upon	  sensory	  neuronal	  TNF/Eiger	  overexpression.	  
CG number Gene Molecular Function Human ortholog Fold change Sequence ID Sequence code 
CG31201 Glutamate receptor IIE Ion channel GRIK2 2.1630475 2499355 A_09_P059281 
CG3772 cryptochrome GPCR signaling CRY1, CRY2 4.27233 2495248 A_09_P091155 
CG1147 Neuropeptide F receptor GPCR signaling NPY5R 4.200895 2500094 A_09_P036656 

CG33183 Hormone receptor-like in 46 Transcription RORB 4.195125 2507060 A_09_P144940 
CG18741 Dopamine receptor 2 GPCR signaling ADRA1B, ADRA1D, HTR7 4.4514525 2504200 A_09_P030561 

CG33344 
Cardioacceleratory 

peptide receptor GPCR signaling NPSR1 2.2945625 2484477 A_09_P047356 

CG34381 Trissin receptor GPCR signaling GPR139, GPR19, NPBWR1 3.1337875 2495952 A_09_P216970 
CG31760 

 
GPCR signaling GPR179 2.1514775 2487965 A_09_P013641 

CG7431 Tyramine receptor GPCR signaling ADRA1D, HRH1, HRH2, HTR4 3.85525 2488554 A_09_P214165 
CG10888 Rhodopsin 3 GPCR signaling OPN4 2.826415 2507755 A_09_P044391 
CG33513 NMDA receptor 2 Ion channel GRIN2D 2.1088125 2507487 A_09_P047611 
CG7383 eagle Transcription VDR 1.895905 2492609 A_09_P135120 
CG9918 Pyrokinin 1 receptor GPCR signaling NMUR1, NMUR2 2.5064225 2512044 A_09_P074941 

CG15744 
 

GPCR signaling ADGRA2 2.6660225 2496091 A_09_P038331 
CG6899 Protein tyrosine phosphatase 4E Phosphatase, receptor PTPRB 1.87305 2498522 A_09_P170990 
CG2872 Allatostatin Receptor GPCR signaling GALR2 2.910375 2514720 A_09_P066211 
CG4007 Neurospecific receptor kinase Enymatic activity MUSK 2.0737025 2516306 A_09_P032321 

CG11783 Hormone receptor-like in 96 Transcription NR1I2 3.283885 2488919 A_09_P030601 
CG34384 

 
Enymatic activity DGKH 4.6278075 2496126 A_09_P147935 

CG11111 retinal degeneration B Enymatic activity PITPNM2 3.2450125 2508957 A_09_P051071 
CG2171 Triose phosphate isomerase Enymatic activity TPI1 2.66855 2489405 A_09_P146560 
CG6502 Enhancer of zeste Enymatic activity EZH2 2.6339075 2491045 A_09_P042316 

CG10986 garnet Protein transport AP3D1 3.28213 2493939 A_09_P104225 
CG4747 

 
Enymatic activity GLYR1 4.1603975 2511026 A_09_P204720 

CG2155 vermilion Enymatic activity TDO2 2.4186625 2514857 A_09_P009976 
CG12529 Zwischenferment Enymatic activity G6PD 1.9283325 2511576 A_09_P010116 
CG6728 ninaG Enymatic activity CHDH 3.8052075 2496597 A_09_P073811 



Supporting	  Table	  2.	  	  Comparison	  between	  instrument	  settings	  and	  measured-‐	  UV	  doses.	  

	  

Set in UV crosslinker Measured in UV radiometer
 5 mJ/cm2  2-3 mJ/cm2

 8 mJ/cm2  4-5 mJ/cm2

 12 mJ/cm2

 17 mJ/cm2

 20 mJ/cm2  11-14 mJ/cm2

 8-10 mJ/cm2

 6-7 mJ/cm2
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