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Supplemental Figures 
 

Figure S1 



 

Figure S1, related to Figure 2. Ectopic expression of miR-9a in mesoderm leads to severe muscle 

defects  

(A-A`) Control 2nd instar larva is shown. To reveal its muscle architecture, larval muscles were stained 

with Actin. (B-B`) In the 2nd instar larva that ectopically expresses miR-9a with the mesodermal twist-

Gal4 driver, muscles lack proper muscle attachments. As a result, the larva was unable to move and 

failed to molt, indicated by the presence of the second layer of cuticle and additional mouth hooks 

(arrows). (C) Transverse section of indirect flight muscles in wild type adult flies visualized by 

Hematoxyline&Eosine staining (H&E) shows normal muscle architecture. (D) Ectopic expression of 

miR-9a with the mhc-Gal4 driver leads to severe degeneration or complete absence of individual 

muscle fibers (arrowheads). (E-F) Ectopic expression of miR-9a with temperature sensitive 

mesodermal driver (24B-Gal4; tubGal80ts) affects muscle integrity only when expressed during stages 

when muscles are developed (F), but not in adult flies after muscle morphogenesis is complete (E). (G) 

Expression profiles of the drivers used for ectopic expression of miR-9a in the mesoderm (FlyBase). 

Panels A` and B` are confocal Z-projections. Panels C-F are single section views. Scale bars: 100µm 

  



 

Figure S2 

 
Figure S2, related to Figure 2. miR-9a expression profile at different developmental stages and 

temperature conditions and its role in MTJ formation 

(A) miR-9a relative expression profile during different stages of Drosophila development. The levels 

are shown relative to the miR-9a expression in adult male flies. (B) Model depicting a potential role of 

miR-9a as a MTJ canalization factor that prevents muscle gene misexpression caused by transcriptional 

noise and environmental stress. (C) Expression of multiple miR-9a putative targets is temperature-

dependent. (D) Expression of miR-9a does not depend on the temperature. Data are represented as 

AVE±SD and significance was tested using a two-tailed Student’s t-test: *p ≤ 0.05 **p ≤ 0.01 ***p ≤ 

0.001. See also Tables S4 and S5.  



 

Figure S3 

 

 

Figure S3, related to Figure 4. miR-9a targets Dg  in vivo  

Ectopic expression of miR-9a in follicle cell clones (marked by GFP, outlined with yellow dashed 

lines) leads to a decrease in Dg staining intensity. Bargraph shows relative fluorescent intensity of Dg 

levels measured in Image J in miR-9a expressing cells (UAS-miR-9a; Act-Gal4, UAS-GFP, 0.55±0.07) 

in comparison to wild type neighboring cells (Act-Gal4, UAS-GFP, 1.0±0.03). Follicle cells are shown 

as a single section view. Data are represented as AVE±AD, and significance was tested using a two-

tailed Student’s t-test: ***p ≤ 0.001.  



 

Figure S4 



 

Figure S4, related to Figure 4. Loss of miR-9a and ectopic expression of Dg in tendon cells do not 

affect the distribution of the muscle precursor and tendon cell markers 

(A) Stereotypic pattern of Krüppel protein is not disrupted in a subset of founder cells at stage 11 or 

stage 14 embryos mutant for miR-9a or embryos with ectopic expression of Dg in tendon cells in 

comparison to Control. Number of VL muscle precursors per segment in embryo at stage 14: Control 

6.6±0.7 n=44 segments; miR-9aLOF 6.6±0.8 n=27 segments; sr>Dg 6.4±0.6 n=11. Data are represented 

as AVE±AD. (B) Expression pattern of founder cell marker Nautilus (Nau) (Wei et al., 2007) is not 

affected in embryos mutant for miR-9a in comparison to Control. (C) Localization of protein Alien 

(Goubeaud et al., 1996), which is expressed in the tendon cells at stage 13 and stage 16 is not affected 

in embryo mutant for miR-9a  or embryos with ectopic expression of Dg in tendon cells  in comparison 

to Control. (D) Ectopic expression Dg in tendon cells (sr>CD8:GFP, Dg) does not affect the pattern of 

the tendon cells specific stripe reporter (Staudt et al., 2005) (sr>CD8:GFP). The number of tendons 

positive for GFP per segment at stage 16 was not changed due to Dg ectopic expression when 

compared to Control (sr>CD8:GFP (Control), 6.2±1.3 n=29 segments; sr>CD8:GFP, Dg 7.0±0.7 

n=16). Data are represented as AVE±AD. Panels A-D are maximum intensity projections of confocal 

Z-stacks. Red rectangles indicate the area shown in the enlarged panels.  

  



 

Figure S5 



 

 

Figure S5, related to Figure 5. Ectopic expression of Dg alters the distribution of βPS Integrin 

and Laminin in follicle cells 

(A) Follicle cell clones with ectopic expression of Dg marked by GFP (UAS-Dg; Act-Gal4, UAS-GFP) 

show high levels of Dg protein. (B) Ectopic expression of Dg in follicle cells leads to reduced levels of 

βPS Integrin in the clone. Note, the neighboring cells have higher levels of βPS Integrin at the clonal 

border (yellow arrows) compared to non-clonal cells (green arrows). (C) Ectopic expression of Dg 

leads to increased Lan levels in the follicle cell clones. In addition, the neighboring cells adjacent to the 

clone also have higher levels of Lan (yellow arrows) when compared to non-clonal cells (green 

arrows). Follicle cells are shown in a single section view (A-C). (D) Schematic drawing of the follicle 

cell epithelium depicting the impact of Dg ectopic expression on the levels and localization of the ECM 

component Lan and the ECM receptor βPS Integrin.   



 

Supplemental Tables 

Table S1, related to Figures 1-3 and 5. Effect of miR-9a and its targets on embryonic lethality  

1 – number of embryos analyzed 
a – compared to 24B-Gal4; tub-Gal80ts (29° C) 
b – compared to Control 
c – compared to miR-9aLOF 

Significance was tested using a two-tailed Student’s t-test: *p ≤ 0.05 **p ≤ 0.01 ***p ≤ 0.001 

Genotype Temp n1 Embryonic lethality, % 
AVE±AD 

p-value 

(Control) OregonR/w- 18° C 3141 14.8±3.5  
(Control) OregonR/w- 25° C 1144 13.6±1.5  
(Control) OregonR/w- 29° C 1578 18.4±4.1  

(miR-9aLOF) miR-9aJ27/miR-9aE39 18° C 695 16.0±3.3 0.508 
(miR-9aLOF) miR-9aJ27/miR-9aE39 25° C 1599 38.8±6.6 6.59x10-5 
(miR-9aLOF) miR-9aJ27/miR-9aE39 29° C 649 38.0±8.9 0.009 

(Control) Oregon R/w- 25° C 435 22.6±2.3  
(Control) UAS-miR-9a 25° C 2968 16.3±2.3 0.045 

(Control) da-Gal4 25° C 991 19.3±3.7 0.315 
UAS-miR9a/da-Gal4 25° C 2978 43.4±3.1 0.0002

UAS-miR9a/insc-Gal4 25° C 1806 24.5±3.9 0.508 
UAS-miR9a/elav-Gal4 25° C 616 17.7±1.6 0.502 
UAS-miR9a/sr-Gal4 25° C 685 26.7±1.5 0.135 

UAS-miR9a/mef2-Gal4 25° C 1214 98.0±3.2 9.04x10-8 
UAS-miR9a/twist-Gal4 25° C 1090 50.1±4.8 0.0005 

24B-Gal4; tub-Gal80ts 29° C 1455 39.3±8.8  
24B-Gal4; tub-Gal80ts/ UAS-miR9a 29° C 767 97.4±3.9 0.0001 a 

(Control) Oregon R/w- 25° C 681 15.1±2.2  
(miR-9aLOF) miR-9aJ27/miR-9aE39 25° C 2190 40.4±3.5 1.65x10-6 

(Rescue miR-9a) 
sr-Gal4, UAS-miR-9a; 
miR-9aJ27/miR-9aE39 

25° C 2576 19.6±3.2 
0.107 b 
0.0002 c 

(Rescue miR-9a/Dg) 
Dg086/+; miR-9aJ27 

25° C 2604 29.2±5.1 
0.0009 b 

0.003 c 

(Control) Oregon R/w- 25° C 1968 9.4±2.6  
UAS-Dg/sr-Gal4 25° C 628 39.3±5.7 1.25x10-7 

UAS-Dg(C1)/sr-Gal4 25° C 1600 27.8±2.0 0.0003 
UAS-Dg(ΔExD)/sr-Gal4 25° C 1629 15.1±1.7 0.269 

(Control) sr-Gal4 25° C 2354 8.0±0.7  
(miR-9aLOF) miR-9aJ27/miR-9aE39 25° C 2955 35.8±6.4 0.0001 

UAS-mbc/sr-Gal4 25° C 979 12.0±4.4 0.187 
UAS-wit/sr-Gal4 25° C 2545 19.3±5.8 0.005 
UAS-Dg/sr-Gal4 25° C 1069 33.0±2.6 0.003 
UAS-htl/sr-Gal4 25° C 2111 40.9±7.6 0.0006 



 

Table S2, related to Figure 3. Loss of miR-9a and ectopic expression of its targets in tendons cells 
lead to the formation of abnormal muscle attachments 
 

Genotype n1 Abnormal muscle attachments, % 
AVE±SEM 

p-value 

(Control) 
sr-Gal4 

96 Exp.Ia 12.5±3.1  

102 Exp.IIb 10.0±1.3  

(miR-9aLOF) 
miR-9aJ27/miR-9aE39 

104 Exp.Ia 57.7±5.6 2.75x10-5 

121 Exp.IIb 47.3±3.9 9.44x10-7 

UAS-mbc/sr-Gal4 46 Exp.Ib 6.3±2.0 0.138 

UAS-wit/sr-Gal4 64 Exp.Ib 34.4±12.4 0.023 

UAS-Dg/sr-Gal4 
48 Exp.Ib 60.4±6.5 4.42x10-5 

45 Exp.IIb 42.6±6.3 3.02x10-5 

UAS-htl/sr-Gal4 52 Exp.Ib 42.9±9.5 0.001 

 

1 -number of MTJs 
ExpIa  - Titin was used to mark  tendons  
ExpIb - Tiggrin was used to mark MTJs 
Significance was tested using a two-tailed Student’s t-test: *p ≤ 0.05 **p ≤ 0.01 ***p ≤ 0.001



 

Table S3, related to Figure 2. miR-9a predicted targets that play a role in muscle formation or function 

Gene name Function 
Databese 
matches 

Number 
of sites 

Target 
Scana Pictarb miRANDAc TarBased 

CG9849 muscle cell fate determination 4 2 
5.27 

3.32 0.56 0.68 
0.00 

Dg 
(Dystroglycan) 

cytoskeletal anchor protein, structural component of muscle, axon projection, 
cell polarity 

4 1 4.47 2.54 0.58 0.52 

drl 
(derailed) 

transmembrane receptor, protein tyrosine kinase, axon guidance, learning or 
memory, haltere development, signal transduction, muscle attachment, salivary 

gland morphogenesis, axon midline choice point recognition 
3 1 5.27 2.31 - 0.51 

HLH54F transcription factor, visceral muscle development  3 1 5.27 3.63 - 0.53 
htl 

(heartless) 
FGF receptor signaling pathway, mesoderm morphogenesis,  central nervous 

system development, reproduction 
4 2 3.57 6.77 

0.48 
0.48 

0.35 

sls 
(Kettin) 

myoblast fusion, mitotic chromosome condensation, locomotion, skeletal muscle 
tissue development, sarcomere organization, muscle attachment, mesoderm 

development 
4 1 4.47 2.21 0.56 0.48 

Liprin-γ 
(CG11206) 

protein binding, negative regulation of synaptic growth at neuromuscular 
junction; axon target recognition 

4 2 
3.46 

- 
0.53 

0.76 
2.51 0.60 

lmd 
(lame duck) 

transcription factor, somatic muscle development 3 1 4.37 4.91 - 0.39 

meso18E mesoderm development 3 1 4.77 3.04 - 0.42 
mbc 

(myoblast city) 
larval visceral muscle development, myoblast fusion 3 1 5.27 2.18 - 0.56 

retn 
(retained) 

transcription factor (repressor), oogenesis, axon guidance, embryonic 
anterior/posterior pattern specification,  muscle development 

3 1 5.27 3.05 0.55 - 

SCAR 
actin binding, cytoskeletal regulator, neuron differentiation,  sensory organ 
development, muscle cell differentiation, neuron projection development 

4 2 5.27 7.00 0.57 0.71 

Sns 
(sticks and 

stones) 
cell adhesion molecule, larval visceral muscle development, myoblast fusion 

 
3 

 
1 

2.51 
5.15 - 0.48 

4.47 

up 
(upheld) 

calcium homeostasis, muscle homeostasis, sarcomere organization, mesoderm 
development 

4 1 3.54 6.19 0.55 0.44 

wit 
(wishful 
thinking)

type II transforming growth factor, neuromuscular junction development 4 1 5.27 1.44 0.59 0.64 

a  Branch-Length Score. Phylogenetic branch lengths between species that contain this site (at least 3.16 is classified as conserved) (Garcia et al., 2011)  
b Pictar Score includes sequence alignment of 8 different species (Kheradpour et al., 2007)  
c miRANDA - The target sites predicted by miRanda are scored for likelihood of mRNA downregulation using mirSVR, a regression model that is trained on sequence and contextual 
features of the predicted miRNA::mRNA duplex (Enright et al., 2003)  
d miTG score – TarBAse prediction score (higher means more probability of targeting) (Kheradpour et al., 2007)  



 

Table S4, related to Figures 2 and S2. miR-9a expression at different developmental stages and 
temperature conditions 

Genotype Stage/Temp. 
miR-9a (CT)

AVE±SD 

2S (CT) 

AVE±SD 

Δ CT  

AVE±SD 

Δ Δ CT 

AVE±SD 

Relative 

mRNA 

level3 

AVE±SD 

OregonR/w- Adult 18° C 16.71±0.10 4.34±0.05 12.32±0.06 0.04±0.002 1.02±0.001 

OregonR/w- Adult 25° C 12.42±0.06 4.33±0.12 12.41±0.06 0.00±0.06 1.00±0.04 

OregonR/w- Adult 29° C 18.84±0.24 4.19±0.19 14.60±0.04 0.19±0.04 0.88±0.02 

OregonR/w- 2 h embryo 20.73±0.33 6.51±0.17 14.21±0.51 1.74±0.51 0.30±0.10 

OregonR/w- 10 h embryo 18.19±0.47 4.62±0.05 13.57±0.52 1.09±0.52 0.47±0.17 

OregonR/w- L1 larva 15.74±0.15 4.14±0.09 11.59±0.23 -0.90±0.23 1.84±0.30 

OregonR/w- L3 larva 16.22±0.16 4.55±0.23 11.66±0.39 -0.81±0.39 1.75±0.47 

OregonR/w- Early pupa 16.29±0.07 4.85±0.14 11.44±0.22 -1.04±0.22 2.05±0.31 

OregonR/w- Late pupa 17.39±0.07 4.53±0.06 12.86±0.13 0.39±0.13 0.76±0.07 

OregonR/w- Adult 16.94±0.02 4.46±0.04 12.47±0.06 0.00±0.06 1.00±0.04 

OregonR/w- Ovary 21.20±0.14 4.07±0.02 17.12±0.17 4.65±0.27 0.04±0.05 

OregonR/w- Abdomen 20.82±0.03 8.31±0.24 8.31±0.04 0.18±0.05 0.88±0.03 

OregonR/w- Thorax 20.39±0.30 8.00±0.29 8.00±0.30 -0.13±0.30 1.10±0.23 

OregonR/w- Head 20.18±0.19 8.13±0.19 8.28±0.19 0.15±0.19 0.90±0.12 

miR-9aJ27/miR-9aE39 Adult 25.64±0.10 4.45±0.06 21.19±0.16 8.72±0.16 0.002±0.000 

3 the range given for target in mutants relative to Control is determined by evaluating the expression: 2-ΔΔCT 

where the error is determined as the standard deviation from experiments done in triplicate



 

Table S5, related to Figures 2, 4 and S2. Expression levels of predicted miR-9a muscle targets  

3 the range given for target in mutants relative to OregonR/w- (25° C) and determined by evaluating the expression: 2-ΔΔCT where the error is determined as 
the standard deviation from experiments done in triplicate. Significance was tested using a two-tailed Student’s t-test: *p ≤ 0.05 **p ≤ 0.01 ***p ≤ 0.001

Target 
name 

OregonR/w- (18° C) OregonR/w- (25° C) OregonR/w- (29° C) miR-9aLOF (25° C) mhc>miR-9a (25° C) 24Bts>miR-9a (29° C) 

ΔΔ CT 

AVE±SD 

Relative 
mRNA level3 

AVE±SD 

ΔΔ CT 

AVE±SD 

Relative 
mRNA 
level3 

AVE±SD 

ΔΔ CT 

AVE±SD 

Relative 
mRNA 
level3 

AVE±SD 

ΔΔ CT 

AVE±SD 

Relative 
mRNA level3 

AVE±SD 

ΔΔ CT 

AVE±SD 

Relative 
mRNA 
level3 

AVE±SD 

ΔΔ CT 

AVE±SD 

Relative 
mRNA 
level3 

AVE±SD 

CG11206 0.23±0.04 0.85±0.02 
(p=0.007) 

0.00±0.04 1.00±0.02 0.01±0.05 0.99±0.03 
(p=0.800) 

0.18±0.06 0.88±0.03 
(p=0.056) 

0.53±0.11 0.70±0.05 
(p=0.051) 

0.26±0.07 1.20±0.06 
(p=0.010) 

CG9849 0.13±0.02 0.91±0.01 
(p=0.015) 

0.00±0.03 1.00±0.00 0.02±0.15 1.02±0.11 
(p=0.824) 

0.07±0.02 1.05±0.01 
(p=0.308) 

0.29±0.07 0.83±0.05 
(p=0.029) 

0.28±0.07 1.17±0.15 
(p=0.148) 

Dg 0.44±0.00 0.74±0.03 
(p=0.0001) 

0.00±0.04 1.00±0.04 0.37±0.01 1.30±0.10 
(p=0.001) 

0.53±0.17 1.46±0.16 
(p=0.001) 

0.58±0.30 0.72±0.17 
(p=0.051) 

0.22±0.18 1.17±0.15 
(p=0.148) 

drl 0.31±0.14 1.25±0.13 
(p=0.047) 

0.00±0.05 1.00±0.04 0.41±0.10 1.33±0.10 
(p=0.023) 

0.21±0.03 1.16±0.03 
(p=0.029) 

0.00±0.23 1.02±0.16 
(p=0.017) 

0.37±0.05 1.29±0.05 
(p=0.014) 

HLH54F 0.28±0.14 0.82±0.09 
(p=0.024) 

0.00±0.01 1.00±0.01 0.24±0.15 1.19±0.13 
(p=0.069) 

0.48±0.05 0.72±0.03 
(p=4.13x10-5) 

-1.10±0.13 2.16±0.19 
(p=2.0x10-3) 

-0.55±0.04 1.47±0.05 
(p=3.0x10-16) 

htl 0.22±0.12 0.86±0.07 
(p=0.032) 

0.00±0.07 1.00±0.02 0.04±0.01 0.97±0.01 
(p=0.078) 

0.64±0.11 1.56±0.12 
(p=0.001) 

0.64±0.12 0.65±0.05 
(p=0.001) 

0.20±0.10 1.15±0.08 
(p=0.046) 

Kettin 1.29±0.14 2.46±0.24 
(p=0.002) 

0.00±0.11 1.00±0.00 0.40±0.05 1.32±0.05 
(p=0.0006) 

0.34±0.17 1.28±0.15 
(p=0.003) 

0.27±0.03 0.80±0.02 
(p=0.003) 

0.74±0.08 1.67±0.09 
(p=0.002) 

mbc 0.18±0.03 0.88±0.02 
(p=0.002) 

0.00±0.22 1.00±0.00 0.00±0.22 1.00±0.06 
(p=0.940) 

0.47±0.16 1.39±0.16 
(p=0.001) 

0.42±0.08 0.75±0.04 
(p=0.003) 

0.00±0.02 1.00±0.02 
(p=0.936) 

meso18E 0.18±0.11 0.88±0.06 
(p=0.045) 

0.00±0.03 1.00±0.01 0.20±0.06 0.87±0.03 
(p=0.006) 

0.07±0.04 0.95±0.02 
(p=0.302) 

0.11±0.16 0.94±0.10 
(p=0.177) 

0.03±0.05 1.02±0.07 
(p=0.735) 

retn 0.05±0.07 0.97±0.05 
(p=0.378) 

0.00±0.03 1.00±0.03 0.13±0.08 1.09±0.06 
(p=0.074) 

0.06±0.09 1.00±0.01 
(p=0.407) 

0.02±0.36 1.00±0.04 
(p=0.102) 

0.05±0.07 0.96±0.05 
(p=0.458) 

SCAR 0.24±0.13 0.85±0.07 
(p=0.035) 

0.00±0.01 1.00±0.00 0.12±0.16 1.09±0.12 
(p=0.285) 

0.24±0.05 1.18±0.04 
(p=0.001) 

0.03±0.11 0.98±0.07 
(p=0.077) 

0.02±0.05 1.01±0.03 
(p=0.489) 

Titin 0.08±0.25 0.96±0.16 
(p=0.667) 

0.00±0.05 1.00±0.01 0.10±0.04 0.93±0.03 
(p=0.035) 

0.19±0.50 0.93±0.01 
(p=0.086) 

0.42±0.05 1.34±0.04 
(p=7.41x10-3) 

0.05±0.01 0.97±0.07 
(p=0.071) 

up 0.16±0.07 0.90±0.04 
(p=0.068) 

0.00±0.61 1.00±0.01 0.30±0.07 0.81±0.04 
(p=0.004) 

0.35±0.12 0.86±0.07 
(p=0.037) 

0.56±0.14 0.71±0.05 
(p=0.012) 

1.11±0.10 0.46±0.03 
(p=0.002) 

wit 0.02±0.10 0.98±0.07 
(p=0.840) 

0.00±0.22 1.00±0.07 0.31±0.11 1.24±0.10 
(p=0.023) 

0.42±0.04 1.34±0.03 
(p=0.029) 

0.17±0.06 1.12±0.04 
(p=0.178) 

0.26±0.01 0.84±0.01 
(p=0.003) 



 

Supplemental Experimental Procedures 

Embryonic lethality  

Flies were placed on agar plates with apple juice and allowed to lay eggs at the desired temperature 

for 3-5 hours and then the total number of eggs was counted. Embryos on plates were allowed to 

develop, and after 48 hours the number of eggs that did not hatch was counted. The lethality was 

calculated by dividing the number of eggs that did not hatch by the total number of eggs. Statistical 

analysis was done using Student's t-test. We noticed that miR-9a mutants laid a significant amount 

of unfertilized eggs. To distinguish infertility and embryonic lethality, the number of unfertilized 

egg was counted for each genotype and then the percentage of unfertilized eggs was subtracted 

from the percentage of eggs that did not hatch for the following genotypes: Control (7%), miR-

9aLOF  (38%), sr-Gal4, UAS-dsRed:miR-9a; miR-9aLOF  (22%) , and Dg086/CyO; miR-9aJ27 (26%). 

Morphometric analyses of MTJs 

For morphometric analysis of MTJs, measurements were done similar to (Pines et al., 2011). Z-

stack projections in the ventral longitudinal muscles of at least 7 embryos (stage 16) were used. The 

measurement of the MTJ area and length was done from Z-stack projections (~9-11 µm thick) and 

Tig immunofluorescence was used to mark the MTJ’s boundaries. For levels of βPS Integrin in the 

membrane of tendon cell, Z-stack projections ~1-2 µm thick in the most apical position were used. 

Muscle measurement of βPS Integrin immunofluorescence was done from Z-stack projections (~9-

11 µm thick) in the area of 200 µm2 between individual MTJs. For tendon cell membrane and 

muscle measurements, Tig levels were subtracted as a background. Measurements for the area, 

length and immunofluorescence were done using ZEN 2011 (Carl Zeiss) software. Pictures used for 

measurements were done from samples prepared and analyzed on the same day using the same 

confocal settings.  

LNA in situ hybridization 

LNA in situ protocol (Kucherenko et al., 2012) was modified from the original in situ protocol 

developed by the Berg laboratory (Zimmerman et al., 2013). Flies were placed on agar plates 

overnight followed by collection of the embryos the next day. The embryos were collected into 

eppendorf tubes, washed with water and dechorionated in a solution of 50% commercial bleach in 

water for 2-3 minutes. The embryos were fixed with 4% paraformaldehyde (PFA): heptanes 

solution 1:1 at room temperature for 20 minutes. The lower phase was removed and an equal 

amount of methanol was added. The tube was vortexed, all of the liquid was removed, and embryos 

were washed in methanol 3 times. Embryos were kept at -20° C in ethanol overnight. Embryos were 

then re-hydrated and re-fixed by adding 500 µl of ethanol and xylene and put on a rotating wheel 

for 45 min. After removing the solution, 1 ml of xylene was added and samples were left on a 

shaker for 2 hours. After removing 500 µl of xylene solution 500 µl of ethanol was added to obtain 



 

a 1:1 ratio. Next, embryos were rinsed with ethanol twice and with methanol once. Then embryos 

were fixed for a second time with 4% PFA in PBT solution for 40 min. Next, embryos were rinsed 

with 0.5x hybridization solution  (1x HS: 50% Formamide, 5x SSC, 50 µg/ml Heparin, 1 % Tween 

20, 100 µg/ml salmon sperm DNA, 100 µg/ml yeast tRNA) and one part PBT. Embryos were rinsed 

with 1x HS solution and then prehybridized in HS solution for 2-3 hours on a 58° C on the shaker. 

After prehybridization, the pre-heated LNA probe was added and left overnight on a 58° C shaker. 

miRCURY LNA probe  was ordered from Exiqon (has-miR-9 # 18198-15 5`DIG-

TCATACAGCTAGATAACCAAAGA-3`DIG) and was used at 1:1000 dilution ratio. After 

hybridization embryos were washed in HS without salmon sperm DNA and yeast tRNA for 20 min 

in 58° C shaker followed by washing in 0.5x HS   (in PBT) for 20 min. Then embryos were washed 

with PBT 5 times 5 min each. Next, Western Block (WB) solution  (Sigma, Aldrich) was added and 

placed on a nutator for 1 hour at room temperature.  An antibody against DIG  (Amersham, 1:2000 

in WB solution) was added and samples were placed at 4°C overnight. The next day, embryos were 

washed in PBT 4 times 20 min each. After washing, embryos were rinsed two times in staining 

buffer  (100 mM NaCl, 50 mM MgCl2, 100 mM Tris/HCl pH 9.5 1 mM Lavemizol  (Sigma) 0.1 % 

Tween 20) and then transferred to a plate in 1:100 NBT/BCIP in staining solution in the dark. Color 

development was controlled under a microscope for 10-60 minutes and stopped with PBT before 

background developed.  

RNA preparation and real-time quantitative PCR 

To determine the effect of miR-9a on Dg expression levels, quantitative reverse transcription  (RT-

qPCR) was performed on total RNA derived from whole adult animals as described (Marrone et al., 

2012). To determine the levels of miR-9a expression, TaqMan MicroRNA assay was used, 2S 

rRNA was used as endogenous control  (Applied Biosystems). All reactions were run in triplicate 

with appropriate blank controls. The following primers were used: RpL32 Fwd—

AAGATGACCATCCGCCCAGC, Rev—GTCGATACCCTTGGGCTTGC; Dg Fwd—

ACTCAAGGACGAGAAGCCGC, Rev—ATGGTGGTGGCACATAATCG; wit Fwd–

CAATCCTGGAGGCATCCGAG, Rev–CTATGCCTTGCCTTTGATGG; mbc Fwd–

CAGCGGCCTGTCAAAGTCAACG, Rev–TCGGAGTCTTATCCTTGCTCTTGT; sns Fwd–

CTCGGTGATGTCCTGGAACG, Rev–TCTGGCTGGTGGTCGGCGGT; htl Fwd–

TGGCTTCTGGAGGGTGGATT, Rev–CACATTTTAGGGCGCAGTGT; drl Fwd–

ACGGTGCTTATGGGCTCACA, Rev–CGGGAAGAGATCGCGACTCA; up Fwd–

CTCGGGTGTCTCGGGCTCAC, Rev- CTCGAACGAGAAGATCTGGA; Kettin Fwd–

CAAAGTGAAAGCCACCAGCG, Rev–TAATCCTTACTTTTAACAGT; CG9849 Fwd–

GAGATCCGGAACGCCAGAGAT, Rev–CTCGATGTAGTGCTCAAACTC; HLH54F Fwd-

GACGACTTCGATGAGGATGCC, Rev –TGTGGTTGTGCGGGTGGTTCT; CG11206 Fwd-



 

CGATGGATTCGGGCTGAGATT, Rev-AACAGCAACAGCAACGGCATC; meso18E Fwd-

CGTCTGCATCAGCTGGATGTC, Rev-CAATGGACGACTCTGGCGAAG; retn Fwd-

GGCGGCTTGGTGGATGTTATC, Rev-GTTGTGCATGGCCTCGTACTG; SCAR Fwd-

CCTCACATTGTCGCACCCAAG, Rev-CCAAGATTGAAGCCACATCCA; mys Fwd- 

TCCTGGTCGGTCTGGCCATT, Rev-TGGACGTGGCCTGCTTGT; lanB1 Fwd- 

AGTGTAATCAGTGCCAGCCG, Rev- CATCCGATCTCACTGCCGAA. 

Luciferase reporter assay 

To generate the Dg-long-3’UTR sensor, an approximate 300 bp region containing putative miR-9a 

binding site was amplified from genomic Drosophila melanogaster DNA by polymerase chain 

reaction with primers that included enzymatic digestion sites for NotI and XhoI as follows: forward 

- TACGTGCGGCCGCACTCGATAGTCCAACGGTGTA, reverse – 

CCACCATGGCTCGAGGATTGGAAGCAACTGCAACAA where the additional bases for 

enzyme cut sites are underlined. The fragment was subsequently cloned into NotI and XhoI 

restriction sites downstream of the Renilla luciferase gene in the psiCHECK-2 vector (Promega). 

Drosophila S2R+ cells (DGRC) were seeded to 8 X 104 in a 96-well cell culture plate one day after 

splitting 1:6. Cells were transfected using the Effectene transfection reagent (Qiagen) with the 

following amounts: 50 ng of empty psiCHECK-2  (Promega), 50 ng of psiCHECK-2 with the Dg- 

3’UTR sensor, 25 ng of act-Gal4,50 ng of the pUAST-miR-9a plasmid  (kindly provided by Eric 

Lai, Silver, Hagen et al. 2007). Approximately 72 hrs. after transfection, the cells were subjected to 

the Dual-Glo luciferase assay  (Promega). Both firefly (control reporter) and Renilla luciferase  

(altered 3’-UTR experimental reporter) levels were measured to achieve optimal and consistent 

results. Plates were analyzed on a Wallac 1420 luminometer. Non-transfected cells were used for 

blank subtraction from raw luminescence counts and control reporter counts  (firefly luciferase) 

were normalized to experimental reporter  (Renilla luciferase) counts to determine fold repression 

of the Renilla luciferase activity. The determined Renilla luciferase activity in the presence of the 

empty psiCHECK-2 plasmid was subtracted from that in the presence of the psiCHECK-2-Dg- 

3’UTR plasmid without the presence of transfected microRNA plasmids. Then the Renilla 

luciferase activity was determined with the empty psiCHECK-2 and the psiCHECK-2-Dg- 3’UTR 

plasmid in the presence of the miR-9a and the difference between these values was calculated. The 

difference in luminescence between the psiCHECK-2 plasmid and the psiCHECK-2-Dg-3’UTR 

plasmid in the presence of the miR-9a was then normalized to the difference between the 

psiCHECK-2 plamid and the psiCHECK-2-Dg-3’UTR plasmid without the miR-9a to determine the 

fold reduction caused by the presence of the endogenous miR-9a. All transfections were done in 

duplicate to determine an average and standard error mean of the data. The Student’s two-tailed t-

test was used to determine statistical significance. 



 

Ectopic expression of miR-9a and Dg in follicle cell epithelium 

To obtain follicle cell clones with ectopic expression of miR-9a or Dg females of hsFlp; actin-FRT-

CD2-FRT-Gal4, UAS-GFP were crossed either to UAS-miR-9a or UAS-Dg males. Female offspring 

from the cross were heat shocked as adults for 1 hour, put in vials with fresh yeast and kept for 3 

day prior to dissection. Ovaries were stained using a standard protocol (Shcherbata et al., 2004). To 

measure the levels of Dg protein in the follicle cell epithelium, fluorescence fluorescent intensity 

levels were measured using the ImageJ software. Statistical analysis was done using a two-tailed 

Student's t-test.  
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