
Supplementary Materials & Methods 
 
Drosophila strains & genetics 

UAS-cg flies were made by amplifying the coding region from BDGP DGC cDNA clone 

LD05357 with oligos 5’- CATGGTACCTGTGCCGCCCAGAATCCGCC-3’ and 5’- 

CACTCTAGACTAGCATACCTGTTGCTGCGATATGGCTG-3’, subcloning into 

pUASt-FLAG-attB and integrating into the ϕC31 86FB landing site (Bischof et al., 

2007).  

 

The RNAi transgenes targeting cg are predicted to degrade hundreds of off-target 

transcripts and produced phenotypes we never observed in cg mutants (data not shown), 

while the perdurance of maternally deposited Cg protein (Ray et al., 2016) masked the 

null phenotype in all but the earliest-generated mitotic clones. We bypassed these 

problems by hand-picking first instar homozygous cg mutant larvae. These animals 

normally die at early larval stages when faced with competition from their heterozygous 

siblings, but when isolated and cultured independently, a small fraction survive to the late 

third instar, enabling analysis of their eye-antennal discs. 

 

To determine the roles of eya and so and to assess their interactions with other genes in 

the SMW, we crossed GMR-GAL4Zipursky/CyO,act-GFP or GMR-GAL4Zipursky,UAS-

eyaRNAi/CyO,dfd-YFP to w1118, UAS-soRNAi, UAS-stgRNAi, pntΔ88/TM3,Ser,twi-GAL4,UAS-

GFP, ttk1e11/TM6B,Hu,Tb, FRT42D,cgA22/CyO,dfd-YFP, or UAS-cg. Genetic interactions 

between eya and cg were assessed by crossing ey-GAL4, ey-GAL4,UAS-eyaRNAi, GMR-

GAL4Zipursky/CyO,act-GFP, or GMR-GAL4Zipursky,UAS-eyaRNAi/CyO,dfd-YFP to w1118, 

FRT42D,cgA22/CyO,dfd-YFP, or Df(2R)BSC401/CyO. For ectopic Dac induction 

experiments, we crossed dpp40C6-GAL4/TM6B,Hu,Tb, dpp40C6-GAL4,UAS-

eyaIIIa/TM6B,Hu,Tb, dpp57A1-GAL4/CyO,dfd-YFP, or dpp57A1-GAL4,UAS-eyaI/CyO,dfd-

YFP to w1118, FRT42D,cgA22/CyO,dfd-YFP, or UAS-cg. To determine the role of cg in the 

eye-antennal imaginal disc, including the SMW, and to assess its genetic interaction with 

eya and so, we crossed FRT42D,cgA22/CyO,dfd-YFP to eyaClift,FRT42D,cgA22/CyO,dfd-

YFP or FRT42D,so3,cgA22/CyO,dfd-YFP and compared with w1118. Mitotic or whole-eye 

clones were made by crossing ey-FLP;FRT42D,ubi-GFP/CyO or 
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y1,w*;FRT42D,y+,GMR-hid,l(2)CL-R1/Cyo;ey-GAL4,UAS-FLP to FRT42D, 

FRT42D,cgA22/CyO,dfd-YFP, eyaClift,FRT42D,cgA22/CyO,dfd-YFP, or 

eyaA188,FRT42D,cgA22/CyO,dfd-YFP. Flies were reared on standard cornmeal-molasses-

agar medium and all crosses were at 25oC. 

 

Immunohistochemistry & Microscopy 

Primary antibodies: rabbit α-PH3 (1:2000, Upstate, 06-570), rat α-ELAV (1:50, 

Developmental Studies Hybridoma Bank [DSHB], 7E8A10) (O’Neill et al., 1994), 

guinea pig α-Eya (1:1000) (Silver et al., 2003), mouse α-Dac (1:10, DSHB, mAbdac2-3) 

(Mardon et al., 1994), rabbit α-FLAG (1:500, Sigma, F1804), mouse α-Delta (1:1000, 

DSHB, C594.9B) (Fehon et al., 1990), mouse α-Cut (1:100, DSHB, 2B10) (Blochlinger 

et al., 1990), rabbit α-cleaved caspase 3 (1:1000, Cell Signaling), and mouse α-Pros 

(1:100, DSHB, MR1A) (Campbell et al., 1994). Secondary antibodies were from Jackson 

ImmunoResearch: donkey α-rabbit-Cy3 (1:2000), donkey α-rabbit-488 (1:2000), donkey 

α-rat-Cy3 (1:2000), donkey α-rat-488 (1:2000), donkey α-mouse-Cy3 (1:2000), or 

donkey α-guinea pig-488 (1:2000). Oregon Green 488 Phalloidin (1:2000, Thermo Fisher 

Scientific) and DAPI (1:2000, Invitrogen) were used to detect actin and DNA, 

respectively. The Click-iT EdU Alexa Fluor 594 Imaging Kit (Molecular Probes, 

C10339) was used to label DNA synthesis. 

 

For antibody staining, third instar eye-antennal imaginal discs were dissected in S2 cell 

medium, fixed for 10 min in 4% paraformaldehyde with 0.1% Triton X-100, washed 3X 

in PBT (1X PBS, 0.1% Triton), blocked in PNT (1X PBS, 0.1% Triton, 1% normal goat 

serum), stained with primary antibodies in PNT overnight at 4° C, washed 3X in PBT, 

and stained with secondary antibodies in PNT for 2 h at room temperature or overnight at 

4° C. Pupal and adult tissues were treated in the same manner, except that halved heads 

were fixed for 20 min prior to dissecting the retinas, and then post-fixed for 10 min. 

 

For S-phase detection, dissected discs were incubated in 10 µM EdU in PBS for 60 min 

at room temperature, rinsed 5 min in PBS, fixed for 15 min in 4% paraformaldehyde in 

PBS, washed 3X 5 min in PBS with 0.3% Triton X-100 (PBT3), washed 20 min in PBS 
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with 0.6% Triton X-100 (PBT6), washed 2X 5 min in PBT3 with 3% BSA (PBT3B), 

incubated in the Click-iT reaction mixture 30 min in the dark, washed 5 min in PBT3B; 

washed 2X 5 min in PBT and mounted. 

All primary antibodies used in this study are standard reagents in the fly eye field and 

have been subject to extensive prior validation. Additional validation of antibody 

specificity from our study included comparison of expression pattern, levels and 

subcellular localization in wild type versus mutant or overexpressed imaginal tissues and 

in transiently transfected S2 cells, as well as recapitulation of previously described and 

published expression patterns. 

 

In vitro pulldown assays  

GST-fusion proteins were expressed in BL21 E. coli cells, bound by Protino Glutathione 

Agarose 4B (Machery-Nagel), washed, and cleaved by TEV protease as necessary. 

Pulldown assays were performed by mixing equimolar amounts of the desired proteins in 

binding buffer (20 mM Tris, 100 mM NaCl, 0.1 mM EDTA, 2.5 mM MgCl2, 0.1% NP-

40, 10% glycerol, 100 ug/mL BSA). Binding reactions were incubated at 4° C for 2 h in 

the presence of glutathione sepharose resin, washed 3X in binding buffer with either 100 

mM, 500 mM, or 1 M NaCl, boiled, resolved by SDS-PAGE, immunoblotted and imaged 

on a Li-COR Odyssey. 

 

Transcription Assays in cultured S2 cells 

2.25 x 106 of Drosophila S2 cells plated in 12-well plates in 1.5 mL of Schneider’s 

medium (Sigma) with 10% insect medium supplement (Sigma), penicillin (Invitrogen), 

and streptomycin (Invitrogen) were transfected in duplicate with a mixture of dimethyl-

dioctadecyl-ammonium bromide (DDAB) (Sigma) containing 750 ng of total plasmid 

DNA. After 48 h, cells were lysed in 100 mM KH2PO4, 0.5% NP-40, and 1 mM DTT at 

pH 7.8, incubated 1 h on ice, spun, and loaded into a tube luminometer in triplicate 50 µL 

aliquots (EG&G Berthold Autolumat LB953). Firefly and Renilla luciferases were 

activated by exposure of lysates to 100 µL of 0.01 M Magnesium acetate, 0.1 M Tris 

acetate, 1 mM EDTA, 76.9 µM luciferin (BD Pharmingen), and 4.62 mM ATP (Fisher) at 

pH 7.8 or 25 mM Sodium pyrophosphate, 10 mM Sodium acetate, 15 mM EDTA, 0.5 M 
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Na2SO4, 0.5 M NaCl, and 4 µM coelenterazine (Promega) at pH 5.0, respectively. Empty 

vector was used to standardize the amount of DNA transfected across conditions, and all 

measurements were normalized to the activity of Renilla luciferase expressed under the 

control of an actin promoter.  

To generate the 2X-LMEE reporter, we inserted a SalI restriction site into the multiple 

cloning site of pBS-TATA-luciferase (Silver et al. 2003) and ligated in two copies of the 

LMEE sequence amplified with 5’- 

CAGCTCGAGAGCGCACATTCTTGCCACATCCTTG-3’ and 5’- 

GCGGTCGACCATTAACAAAATAAAAAAGGGGAACGACTCGTGCG-3’. The 

Gateway system (Invitrogen) was used to insert the full-length cg cDNA, amplified with 

5’-CGCGGATCCGGCTGTGCCGCCCAGAATCCG-3’ and 5’-

TGGCTCGAGAGTCTAGCATACCTGTTGCTGCGA-3’ and subcloned into pENTR-

3C, into the actin5C S2 cell expression vector pAFW.  

S2 cells were replaced from frozen stocks every six months and were not authenticated or 

tested for contamination within that interval. 
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Supplementary Figures



 
Fig. S1. Knockdown under GMR-GAL4 depletes protein levels by the SMW. All images are 

maximum projections through representative third instar eye-antennal imaginal discs. Anterior is 

to the left and dorsal is up. PH3 was used to mark the SMW (A) GMR-GAL4 drives GFP 

expressio in a domain overlapping the SMW. Panels are zoomed views centered on the MF. (B-

C) eya knockdown under GMR-GAL4 strongly reduces Eya protein levels at the SMW. (D) ey-

GAL4 drives GFP expression at and before the SMW. (E) eya knockdown under ey-GAL4 lowers 

Eya protein levels before and in the SMW and increases SMW proliferation posterior to the MF. 
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Fig. S2. Genetic interactions between eya and M phase regulators at the SMW. All images 

show representative late third instar eye-antennal imaginal discs. Yellow arrows mark the ventral 

edge of the MF. UAS transgenes were expressed with GMR-GAL4. (A-D) Dominant suppression 

of the increased SMW mitotic rate in eya knockdown discs by weak string knockdown that on its 

own does not impair the SMW. (T-W) Dominant suppression and enhancement of the eya 
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knockdown SMW phenotype by reducing the dose of pnt or ttk, respectively. (X) Quantification 

of mitotic rates for genotypes in P-W (n ≥ 7), calculated as in G. Actual PH3 counts for C-F and 

P-W in Supplementary Table 1. 

 

 

 

 

 

 

 

 

 
Fig. S3. Cg and Eya are co-expressed in the eye imaginal disc. A homozygous cg-GFP disc 

was stained with rabbit anti-GFP and guinea pig anti-Eya. The top row shows maximum 

confocal projections, while the zoomed views in the bottom row are partial projections focused 

on the photoreceptors. The yellow box shows the position of the zoomed panels in the disc. 
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Fig. S4. Eya, So, and Cg co-localize in the nuclei of cultured S2 cells. All images are single 

confocal slices through the nuclei of representative S2 cells. Cells were transiently transfected 

with plasmids encoding the proteins indicated to the left of each row, fixed, and stained for the 

proteins indicated above each column. 
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Fig. S5. Cg does not limit the ability of PntP1 to activate transcription. Experimental 

conditions are identical to Fig. 3A, except for expression of PntP1 and use of a Pnt-responsive 

King Tubby reporter (Webber et al., 2013). This experiment was replicated independently twice. 

Note that Cg alone activates expression of this reporter and additively increases output relative to 

PntP1 alone. 

 

 
Fig. S6. Co-overexpressing cg does not reduce Eya levels in wing imaginal discs. 

Experimental and imaging conditions are identical to Fig. 3F and H, except that the tissue was 

also stained with guinea pig anti-Eya. The aberrant folding in discs co-overexpressing eya and cg 

expanded the Eya expression stripe, making the reduced induction of ectopic Dac even more 

striking. 
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Fig. S7. The effect of eya overexpression on the transcription of cell cycle regulators in the 

eye-antennal imaginal disc. Raw data were obtained from Jemc et al., 2007. Two experimental 

replicates are shown. All bars are normalized to the control conducted with that replicate. 
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Fig. S8. cg does not control Ey expression in the eye imaginal disc. All images are maximum 

confocal projections of late third instar eye-antennal imaginal discs. Anterior is to the left and 

dorsal is up. (A) Mitotic cg clones do not affect Ey levels anterior to the MF or de-repress Ey 

posterior to the MF. (B) FLP-out clones overexpressing cg do not lower Ey levels in the 

preproneural domain or affect expression posterior to the MF. 
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Table S1. Raw counts of PH3+ nuclei, measurements of MF length, and normalizations 

used to quantify the fraction of mitotic cells at the SMW. All PH3+ nuclei in the SMW were 

manually counted using the multi-point selection tool in FIJI and divided by the length of the 

MF, measured with the segmented line tool, to obtain the number of mitotic cells per micron of 

the MF. Counts and measurements were carried out in unaltered confocal images to retain the 

three-dimensional nature of the tissue, and measurements included the entire length of the SMW, 

Development 144: doi:10.1242/dev.147231: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



including in cases where parts of the tissue folded under the rest of the disc. In rare instances 

where PH3+ nuclei could not be resolved unambiguously, that portion of the disc was not 

analyzed. Figs. 1X and 4G present data for GMR/+ and eyaRNAi from the same experiment that 

was carried out in parallel. Fig. 1G has the same sample sizes, but represents data from a 

different experiment. 
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