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Data S1 

The list of the genes downregulated in RNA-seq data based on the differential expression 

of gene expression analysis between Lepd-SL1 and Lepd-SL1RR.  

Data S2 

The list of the genes upregulated in RNA-seq data based on the differential expression of 

gene expression analysis between Lepd-SL1 and Lepd-SL1RR.  

Data S3 

The list of primers used in this study. 

Materials and Methods 

Cell culture and Generation of an apoptosis-resistant cell line 

Colorado potato beetle cell line (Lepd-SL1 cells) was obtained from the Biological 

Control of Insects Research Laboratory (USDA-ARS, Columbia, MO). These cells were cultured 

at 27°C in EX-CELL 420 (Sigma–Aldrich, St. Louis, MO) medium supplemented with 10% FBS 

(Seradigm Fetal Bovine Sera, VWR International, Radnor, PA). Lepd-SL1 cells were seeded in 

6-well plates, 5 ng of dsIAP/well was added to the medium on the first day of culture. Once the 

cells reached 70~80% confluency, 5 ng of dsIAP/well was added again. In subsequent rounds of 

selection, the concentration of dsIAP was increased gradually to reach 100 ng/well, which 

induced apoptosis in only 5% of cells during the final round of selection. The same concentration 

of dsRNA induced apoptosis in 70~80% of Lepd-SL1 cells within a day after treatment.  

Total RNA extraction, PCR, Reverse-transcriptase quantitative real-time PCR (qRT-PCR) 

and dsRNA synthesis 

  Total RNA isolation, PCR amplification of dsRNA templates, qRT-PCR, and dsRNA 

synthesis were performed as described previously in our publications (1, 2). The shRNA and 



3 
 

siRNA were synthesized using primers listed in Data S3 and Megascript T7 RNA synthesis kit 

(Life Technologies, Carlsbad, CA). The relative mRNA levels were determined in triplicate 

biological samples using mRNA levels of ribosomal protein 4 (RP4) as an internal control. To 

determine knockdown efficiency, 200,000 cells were seeded in each well of a 12-well plate. 100 

ng of dsIAP or dsGFP (control dsRNA targeting Green Fluorescent Protein gene with no 

detectable effect in Leptinotarsa decemlineata) were added to the medium. The cells were 

harvested, total RNA was isolated and used to measure relative IAP mRNA levels. 

Internalization study of Cy3-labeled dsGFP 

To label dsRNA with Cy3, Silencer siRNA labeling Kit purchased from Life 

Technologies (Carlsbad, CA) was used. 40 μg of lyophilized Cy3 dye was resuspended in 100 μl 

reconstitution solution (final stock: 400 ng/ μl). 7.5 μl of Cy®3 labeling reagent, 2.0 μl of 

dsRNA (5 ng), 5.0 μl of 10X labeling buffer and nuclease-free water to 40 μl were mixed and 

incubated at 37°C for 1 hr. Then, 5 μl of 5M NaCl (0.1 volume) and 125 μl of 100% cold ethanol 

were added to the samples and stored at -20°C. On the next day, the sample was centrifuged at 

15,000 rpm for 20 min. The supernatant was discarded, and the pellet was washed with 175 μl of 

70% ethanol and centrifuged for 5 min at 15,000 rpm. Ethanol was discarded, and the pellet was 

air dried for 10 min and the labeled dsRNA pellet was dissolved in 30 μl nuclease-free water. 

The dsRNA concentration was determined using a nanodrop spectrophotometer. Cy3-labeled 

dsIAP was prepared following the same method and use to check its function in Lepd-SL1 cells.  

100,000 cells/well were seeded in 8-well chamber slides (Nunc Lab-Tek, ThermoFisher 

Scientific, Waltham, MA). On the next day, 100 ng of Cy3 labeled dsGFP was added to each 

well and incubated for 2 hr. The cells were washed twice with 1X PBS buffer, fixed with 4% 

paraformaldehyde and mounted in EverBrite mounting medium containing DAPI (Biotium, 
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Fremont, CA). Cells were visualized under a Leica TCS SP8 confocal microscope using DAPI, 

Cy3 (555-595 nm), and Bright field channels.  

Processing of 32P-labeled dsRNA 

The dsRNA was 32P-labeled following the methods described in our recent publication 

(1). 32P-labeled shRNA and siRNA were synthesized following the same method used for 

dsRNA synthesis. For dsRNA processing experiments, 1.6 x 106 CPM (count per million) 32P-

labeled dsGFP was added to both Lepd-SL1 and Lepd-SL1 RR cells. After 24 hrs exposure to 

dsRNA, the cells were harvested, and RNA was isolated. 2000 CPM RNA was loaded on to 8M 

urea-16% polyacrylamide gels.  The gels were dried and exposed overnight to a phosphorImager 

screen, and the screen was scanned in a phosphorImager (Typhoon 9500, GE Healthcare Life 

Sciences, Pittsburgh, PA). ImageJ program was used to determine relative levels of dsRNA and 

siRNA.  

Comparison of transcriptomes of susceptible and resistant cells 

Total RNA isolated from susceptible and resistant cells was used for the preparation of 

libraries as described previously (3). The libraries were sequenced using the HiSeq4000 

sequencer at the Genomics Technologies Center of Duke University, NC, USA. Raw sequence 

data statistics are shown in Table 1S. Expression levels of mapped genes were compared using 

the RNA-Seq analysis tool from CLC workbench (Version 11.0, Qiagen Inc Germantown, MD). 

EDGE test analysis was performed using the default parameters and the genes expressed 

differentially between susceptible and resistant cells were identified.  Differentially expressed 

genes were annotated using “cloud blast” feature within the “Blasto2GO plug In” in CLC 

Genomics Workbench. 

 StauC protein production, pull-down, and electrophoretic mobility shift assays  
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Expression and purification of StauC protein and production of polyclonal antibodies 

were performed by GenScript on a custom contract (GenScript, Piscataway, NJ). The purified 

StauC protein was used for Gel-shift and the pull-down assays. 0.5 μg of StauC protein or bovine 

serum albumin (a negative control) in M-PER reagent (Pierce, Rockford, IL) were mixed with 

biotinylated dsGFP (prepared using Biotin RNA labeling mix, Roche Diagnostics Corporation, 

Indianapolis, IN) and incubated for an hour. Unlabeled dsGFP was used as a negative control. 

Biotinylated dsGFP was pulled down using the streptavidin magnetic beads (Pierce, Rockford, 

IL). The pulled down proteins were resolved on SDS-PAGE, transferred to a membrane.  

Western blot hybridization was performed using StauC antibodies. The ScanLater™ Western 

Blot Detection System (Molecular Devices, Sunnyvale, CA) was used to detect protein bands. 

2 x 104 Counts per million dsGFP was incubated with 60 ng of StauC protein at 30°C for 

30 min in 1x buffer 12 [100mM KOAc, 10mM HEPES (pH 7.4), 2 mM Mg(OAc)2 and 5 mM 

DTT]. After the addition of 1.2 µl 50% glycerol and 3 µl of loading dye, the reaction was 

resolved by non-denaturing PAGE (4%). After electrophoresis, the gels were fixed in 10% 

isopropanol, dried and exposed to a phosphorImager screen overnight and scanned using a 

phosphorImager. L. decemlineata embryonic extracts were prepared, and their binding to labeled 

dsRNA was evaluated following the methods described by Haley et al., (4) 

RNAi assay 

 The in vitro RNAi assay using Lepd-SL1 cells was performed as described previously 

(2). For in vivo RNAi assay in L. decemlineata, 1000 ng of dsStauC, dsStau or dsGFP was 

injected into third instar larvae. Three days later, 25 ng of dsdIAP was fed, and mortality was 

recorded daily until pupation. For in vivo RNAi assay in Tribolium castaneum, 200 ng of 

dsStauC, dsStau or dsLuc was injected to the early stage last instar larva. At 48 hr after the first 
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dsRNA injection, 200 ng dsIAP was injected. The mortality was recorded until the control larvae 

reached the pupal stage. 

Identification of StauC homologs and phylogenetic studies 

The amino acid sequences of the mammalian, insect, and nematode dsRNA binding 

proteins were obtained from NCBI and i5K workspace (http://i5k.nal.usd.gov/webapp/blast/) 

based on sequence homology searches by running BLASTp and tBLASTn using the NCBI 

BLAST service (http://www.ncbi.nlm.nih.gov/) and Uniport BLAST service 

(http://www.uniprot.org/). The Muscle program in MEGA 7.0 was used to align the protein 

sequences, and the maximum likelihood analysis was performed in MEGA 7.0 with 

bootstrapping to estimate the reliability of phylogenetic reconstruction (1000 replicates). The 

SMART domain analysis (http://smart.embl-heidelberg.de/) program and conserved domain 

database (https://www.ncbi.nlm.nih.gov/cdd/) were used to predict the protein architecture.  

Statistical analysis  

Student's t-test was used to compare the gene expression difference between control and 

treatment groups. A P-value of 0.05 or less between groups was considered as a significant 

difference. 
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Fig. S1. Domain structures of Staufen and StaufenC identified in coleopteran insects. The 

panel on the left shows the domain structure of StauC, and the one on the right shows the domain 

structure of Stau. The SMART domain analysis (http://smart.embl-heidelberg.de/) program and 

conserved domain database (https://www.ncbi.nlm.nih.gov/cdd/) were used to predict domains in 

StauC and Stau.  

http://smart.embl-heidelberg.de/
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Fig. S2. Maximum likelihood phylogenetic tree of Staufen and StaufenC proteins. Staufen 

and StaufenC amino acid sequences were analyzed using the Maximum likelihood method. 
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Fig. S3. Staufen is not required for RNAi response in Lepd-SL1 cells. The Lepd-SL1 cells 

were exposed to dsGFP followed by dsGFP (a), dsGFP followed by dsIAP (b), and dsStau 

followed by dsIAP (c). The photographs were taken at 48 hr after treatment with the second 

dsRNA. The arrow points to the apoptotic bodies seen in cells undergoing apoptosis. 

 

 

Fig. S4. Apoptosis phenotype observed after exposing Lepd-SL1 and Lepd-SL1RR (RNAi 

Resistant) cells to different concentrations of dsIAP. The cells were exposed to 2.5 to 20 ng of 

dsIAP in 100 µl medium and photographed at 24 hr after treatment with dsRNA.  
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Fig. S5. Relative PRMT5 mRNA levels in Lepd-SL1 and Lepd-SL1RR cells exposed to 

dsPRMT5. The cells were exposed to dsPRMT5 or dsGFP (as a control). Total RNA was 

isolated and used to quantify relative PRMT5 mRNA levels by qRT-PCR. Ribosomal protein 4 

(RP4) was used as an internal control. * significantly different from control at P <0.05.  
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Fig. S6A. Subcellular localization of Cy3-labeled dsGFP in the Lepd-SL1 and Lepd-SL1RR 

cells. The cells were exposed to 100 ng Cy3-labeled dsGFP in 8-well chamber slides for 2 hr. 

Then the cells were fixed, mounted in DAPI containing medium and photographed using a 

confocal microscope.  
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Fig. S6B. Negative controls for subcellular localization experiments. Images of Lepd-SL1 

cells untreated or treated with Cy3 dye alone are shown. At 6 hr after incubation, the cells were 

fixed, mounted in DAPI containing medium and photographed using a confocal microscope. 
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Cy3-dsGFP Cy3-dsIAP 
 

 

Fig. S6C.  Confirmation of Cy3-labeled dsRNA function targeting IAP gene. Cy3-labeled 

dsGFP and dsIAP were in vitro synthesized and added to Lepd-SL1 cells. The cells were 

exposed to 100 ng of dsRNA in 100 µl medium and photographed at 24 hr after treatment with 

dsRNA. 
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Figure S7. Relative mRNA levels of 50 RNAi genes in Lepd-SL1 and Lepd-SL1 RR cells by 

qRT-PCR.  Total RNA was isolated and used to quantify relative mRNA levels by qRT-PCR. 

Ribosomal protein 4 (RP4) was used as an internal control.  
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Fig. S8. Differential expression of upregulated and downregulated genes in Lepd-SL1 and 

Lepd-SL1RR cells shown as the heatmaps. The heatmap was generated by the CLC Genomics 

software version 11.0 (Qiagen Bioinformatics, USA) for genes that showed differential 

expression of >2 fold with a P-value of 0.05 between Lepd-SL1 and Lepd-SL1RR. The color key 

represents Log2 transformed fold differences between Lepd-SL1 and Lepd-SL1RR. The arrow 

points to the StauC gene, Ld_c7641. The expression levels of upregulated genes (three 

replicates) are shown in the left two panels, and the expression levels of downregulated genes are 

shown in the right panel. 



18 
 

0.0

0.5

1.0

1.5

Lepd-SL1 Lepd-SL1RR

deAmin

0.0

0.5

1.0

1.5

Lepd-SL1 Lepd-SL1RR

Editase
Re

la
tiv

e 
m

RN
A 

le
ve

l

 

Fig. S9. Relative mRNA levels of Editase-related genes in Lepd-SL1 and Lepd-SL1 RR cells 

by qRT-PCR.  Total RNA was isolated from the cells, and the mRNA levels were quantified 

using qRT-PCR. 
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Table S1. Summary statistics for RNA sequence obtained from Lepd-SL1 and Lepd-SL1RR 
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Table S2. The list of differentially expressed genes identified by RNA seq DEG analysis and 

verified by qRT-PCR and shown in Figs. 5B. 
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Table S3. List differentially expressed genes tested in RNAi assay and the results are shown in 

shown in Fig. 5C. 

 

 

 

 

 

 

  



22 
 

Data S1. (Separate file) 

The list of the genes downregulated in RNA-seq data based on the differential expression of 

gene expression analysis between Lepd-SL1 and Lepd-SL1RR. This list was generated by the 

CLC Genomics software version 11.0 (Qiagen Bioinformatics, USA), using a differential 

expression of gene expression module. >2-fold difference with a p-value of 0.05 were used to 

filter genes. 

Data S2. (Separate file) 

The list of the genes upregulated in RNA-seq data based on the differential expression of 

gene expression analysis between Lepd-SL1 and Lepd-SL1RR. This list was generated by the 

CLC Genomics software version 11.0 (Qiagen Bioinformatics, USA), using the differential 

expression of gene expression module. >2-fold difference and a P-value <0.05 were used to filter 

genes. 

Data S3. (Separate file) 

The list of primers used in this study. Some of the primers used have been reported previously 

(5). 
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