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Figure S1 

 
 

Figure S1. Comparative immunostaining analysis of the testes of males c597-GAL4>UAS-bel RNAi and c587-

GAL4>UAS-white RNAi. Testes of newly eclosed control c587-GAL4>UAS-white RNAi (A) and males with 

belKD in cyst cells (B) were immunofluorescently stained with anti-Vasa (red), anti-Lamin (green), and anti-Tj 

(violet) antibodies. Internal confocal slices of the immunostained whole-mount fixed testis preparations are 

shown. Scale bars are 30 µm. (A) Testes of the control c587-GAL4>UAS-white RNAi line represented the wild-

type phenotype. (B) More than one half of the analyzed c587-GAL4>UAS-bel RNAi testes (63.6%) contained 

tumor-like clusters of early germ cells with Tj-stained somatic cyst cells found to be segregated from germ cells. 

Another fraction of c587-GAL4>UAS-bel RNAi testes mainly represented a mosaic phenotype (30.0%) and 

contained cysts of spermatogonia and spermatocytes along with tumor-like clusters (not shown). (C) Tj-stained 

cyst cells insignificantly differ in number in the testes upon belKD in cyst cells compared to control ones. The 

boxplot diagram shows the number of Tj-positive early cyst cells in c587-GAL4>UAS-bel RNAi and control 

c587-GAL4>UAS-white RNAi testes (mean 77.85 ± 45.01 cells (n = 33) versus 69.84 ± 8.73 cells (n = 19) in the 

control; p-value = 0.775). Statistical analysis was performed by Wilcoxon/Mann–Whitney two-sided test. The 

bold lines on the boxes mean median values. 
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Figure S2 

 
Figure S2. Peculiarities of cyst cell morphology of the testes with belKD in cyst cells. (A-B) Somatic cyst cells 
did not encapsulate early germ cells in the c587-GAL4>UAS-bel RNAi, UAS-gfp testes. Testes of young males 
(0-1 day after eclosion) were stained with anti-Vasa (red) and anti-Lamin (violet) antibodies. Cyst cells were 
marked by GFP (green). Internal confocal slices of the whole-mount fixed testis preparations are shown. The 
apical tips of the testes are oriented leftward. White asterisks indicate hub positions. Scale bars are 30 µm. (A) 
Testes of c587-GAL4>UAS-bel RNAi, UAS-gfp males contain cyst cells (white arrows) which are located 
separately from germ cell clusters (n=17). (B) Testes of control c587-GAL4>UAS-gfp males exhibited the wild-
type phenotype with flat and elongated cyst cells (yellow arrows) enveloping germ cells in the cysts (n=24). (C-
D) Strong reduction of Eya-marked mature cyst cells was observed in c587-GAL4>UAS-bel RNAi testes. Testes 
of young males (0-1 day after eclosion) were immunostained with anti-α-Eya (green), anti-Fas III (green), anti-
Vasa (red), and anti-Lamin (violet) antibodies. White asterisks indicate hub positions. Scale bars are 40 µm. (C) 
Testes of c587-GAL4>UAS-bel RNAi males often did not contain Eya-marked cyst cells. (D) Testes of control 
c587-GAL4 males exhibited the presence of Eya-stained mature cyst cells (yellow arrows) at a distance from the 
apical tip. For statistical data, see Figure 1G. 
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Figure S3 

 
 
Figure S3. Piwi protein is overexpressed in the clusters of germ cells. (A, B) Testes of young males 

(0-1 day after eclosion) were stained with anti-Vasa (red), anti-Piwi (green), and anti-Lamin (violet) 

antibodies. Internal confocal slices of the whole-mount fixed testis preparations are shown. Scale bars 

are 30 µm. (A) Testes of tj-GAL4>UAS-bel RNAi males contain somatic cyst cells (yellow 

arrowheads) and the germ cell of the clusters all of which are Piwi-positive. (B) Testes of control tj-

GAL4 males contain Piwi-positive somatic cyst cells (yellow arrowheads) as well as GSCs (white 

arrows) and their immediate daughter cells, goniablasts. Grey asterisk indicates hub positions. (C) 

Western blot analysis of Piwi in testis lysates of c587-GAL4>UAS-bel RNAi and c587-GAL4 flies. 

Loading was 40 µg per lane. Anti-actin antibodies were used as a loading control. The results of two 

independent experiments are shown. 
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Figure S4 

 
 

Figure S4. Analysis of expression of components of cell adhesion complexes. (A) RT-qPCR analysis of 
transcription of E-cadherin, β-integrin, β-catenin (arm) in the testes of c587-GAL4>UAS-bel RNAi and control 
c587-GAL4 flies. Differences between the knockdown and control samples were found insignificant for all pairs 
(p > 0.05, Student’s test). (B) Western blots of testis lysates probed with anti-E-cadherin, anti-β-integrin, and 
anti-Arm antibodies. Anti-actin antibodies were used as loading controls. Mean values and standard errors are 
presented for at least three independent experiments. The differences between the experimental and control 
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preparations are insignificant in all cases (p > 0.05, Student's t-test). (C) Western blot analysis of lysates of the 
testes with overexpression of the transgenic armS10 copy and belKD in cyst cells and control line testes. (D-G) 
Overexpression of the transgenic armS10 copy in cyst cells did not restore the wild-type testis phenotype. Testes 
of young males were stained with anti-Vasa (red), anti-Tj (green), and anti-Arm (violet) antibodies. Internal 
confocal slices of the whole-mount fixed testis preparations are shown. Yellow arrows indicate hub positions. 
Scale bars are 30 µm. (D) The testes of c587-GAL4 flies were used as a wild-type control. (E) The testes of 
c587-GAL4>UAS-armS10 flies did not exhibit defects of germ cell differentiation. (F) The testes of c587-
GAL4>UAS-bel RNAi males contained clusters of undifferentiated early germ cells. (G) Ectopic expression of 
armS10 copy in cyst cells in the background of RNAi belKD (c587-GAL4>UAS-bel RNAi;UAS-armS10) did not 
lead to the restoration of the wild-type testis phenotype. 
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Figure S5 

 
 

Figure S5. Analysis of testes with ectopic expression of βPS (β-integrin) copy in cyst cells in the background of 
RNAi belKD. (A) Western blot analysis of lysates of the testes with overexpression of the transgenic copy β-
integrin and belKD in cyst cells and control lines. (B) Male fertility tests were performed as described in the 
Materials and Methods. Data from two independent experiments are presented. Ectopic expression of the 
additional β-integrin copy in cyst cells in the background of RNAi belKD (c587-GAL4>UAS-βPS; UAS-bel 
RNAi) did not lead to restoration of male fertility. (C) Transmission electron microscopy of the late stages of 
spermatogenesis. In contrast to normal spermiogenesis in the wild-type testes, the testes of c587-GAL4>UAS-
βPS; UAS-bel RNAi males exhibited cyst integrity disorders and disorganized mitochondrial derivatives of 
spermatids in elongation; developing spermatids were randomly oriented. 
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Figure S6 

 
 

Figure S6. Preparation and analysis of Belle CLIP-seq libraries. (A) Western blot analysis of 
immunoprecipitation of Belle-RNA-complexes using anti-Belle antibodies. (B-E) Examples of genomic 
mapping of peaks from two Belle CLIP-seq libraries. Peaks from CLIP-seq libraries (red graphs) mapped to 5’-
UTR or 3’-UTR of not1, twin, Ter94, and Fs(2)ket genes are presented in the dm6 Genome Browser window. 
Fragments in cyan boxes are shown in the bottom as enlarged images. Reads were mapped to the dm6 genome 
assembly using Bowtie 2 software after adapter removal and quality filtering. 
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Figure S7 
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Figure S7. Gene ontology analysis of Belle mRNA targets in the testes using DAVID Bioinformatics Resource 
v6.8. (A) Gene number, fold enrichment, and p-value are shown for GO categories. Fold enrichment indicates 
the magnitude of enrichment for genes from our list included in a certain GO category vs. enrichment of the 
genes of this category in the D. melanogaster genome. Enrichment values more than 1.5 for subsets of 5 and 
more genes are marked by red. Only 64 genes were annotated by DAVID, the rest of the genes from Belle target 
list were not included in the output. Smaller p-values mean more significant results; the default cutoff for p-
value was 0.1. (B) Map of GO functional annotation clustering of Belle mRNA targets. Green color bars 
indicate proteins included in a GO-category for cluster membership, blue color bars indicate proteins that are 
not included. Only targets included in at least one cluster are presented here.  
 
  

10 
 



Figure S8 

 
Figure S8. Immunostaining analysis of the testes of flies with RNAi knockdowns of Belle target gene 
expression in somatic cyst cells using the tj-GAL4 driver. (A-F) Testes of freshly eclosed males (0-2 days) were 
stained with anti-Vasa (red), anti-Lamin (violet), and anti-Tj (green) antibodies, and anti-Lamin (red (C)). 
Chromatin was stained by DAPI (blue) for indication of nuclei. Scale bars are 30 µm. (A,B) 45% of the caf1-
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55KD testes (n=20) contain germ cell clusters. (C,D) 15% of the rpn7KD testes (n=26) also demonstrate germ 
cell cluster formation. (E) 16% of the Fs(2)KetKD testes (n=31) contain germ cell clusters. (F) 9% of the 
rhoIKD testes exhibit germ cell clusters (not shown), whereas 42% of the rhoIKD testes have the wild-type 
phenotype (n=33). (G) Summary graph of phenotypes exhibited by immunostained testes with RNAi 
knockdowns of selected genes in somatic cyst cells. The testes of tj-GAL4 males (n=14) are used as control 
ones. All they possess the wild-type phenotype (not shown). 
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Figure S9 

 
Figure S9. Immunostaining analysis of the testes of flies with RNAi knockdowns of Belle target gene 
expression in the germline using the nos-GAL4 driver. (A-F) Testes of freshly eclosed males (0-2 days) were 
stained with anti-Vasa (red) antibodies. Chromatin was stained by DAPI (blue) for indication of nuclei. Scale 
bars are 30 µm. (A) not1KD testes (n=26) exhibit significant germ cell and somatic cell decrease. (B) caf1-
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55KD testes (n=23) exhibit a total germ cell loss, but maintenance of somatic testes cells. (C) rpn7KD testes 
(n=24) also demonstrate total germ cell loss and maintenance of somatic testes cells. (D) Fs(2)KetKD testes 
(n=20) possess somatic cells but generally lose germ cells. (E) rhoIKD testes (n=23) exhibit closely to wild-type 
phenotype. (F) The testes of nos-GAL4 driver line (n=26) are used as control ones. All they possess a wild-type 
phenotype. (G) Summary graph of phenotypes exhibited by immunostained testes with RNAi knockdowns of 
selected genes in the germline and nos-GAL4 driver male testes as control. 
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Figure S10 

 
 

Figure S10. Western blot analysis of testis lysates with antibodies to key components of different signaling 

pathways. Analysis of testis lysates of c587-GAL4>UAS-bel RNAi flies and the control c587-GAL4 line was 

performed. Vertical bars on the left indicate sets of blots with a common loading control (actin) shown at the 

bottom. All experiments were performed at least in triplicate. Gbb is highlighted in green boxing as a direct 

Belle target. 
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Supplementary Tables Legends 

 

Table S1. List of Belle RNA targets determined by Piranha software with selection conditions p>0.87 

for both CLIP1 and CLIP2. 

Table S2. GO analysis of Belle RNA targets using DAVID Bioinformatics Resource v6.8. 

Table S3. List of genes, knockdowns of which provide the morphological defects in the testes 

according to data of three independent screens and which determined in our CLIP analysis as putative 

mRNA targets of Belle. RNAi knockdowns of 17 genes determined in CLIP analysis lead to similar 

phenotypes in case of belKD in somatic cyst cells or in germ cells according to the results of at least a 

one screen (matched by yellow and orange color). Four genes, not1, rpn7, rho1, and caf1-55, 

knockdowns of which provide the same morphological defects in the testes according to data of three 

independent screenings are marked by orange color. 

Table S4. STRING-based interaction clusters. 
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