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Chapter 12

Identification of Viral Suppressors of RNAi  
by a Reporter Assay in Drosophila S2 Cell Culture

Koen W.R. van Cleef, Joël T. van Mierlo, Marius van den Beek,  
and Ronald P. van Rij 

Abstract

The RNA interference (RNAi) pathway plays an important role in antiviral immunity in insects. To  counteract 
the RNAi-mediated immune response of their hosts, several insect viruses, such as Flock house virus, 
Drosophila C virus, and Cricket paralysis virus, encode potent viral suppressors of RNAi (VSRs). Because 
of the importance of RNAi in antiviral defense in insects, other insect viruses are likely to encode VSRs 
as well. In this chapter, we describe a detailed protocol for an RNAi reporter assay in Drosophila S2 cells 
for the identification of VSR activity.
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During prolonged coevolution of virus and host, viruses have 
developed various sophisticated strategies to evade the immune 
defenses of their hosts. In insects, RNA interference (RNAi) is an 
important antiviral defense mechanism (reviewed in Chapter 1 
and refs. (1, 2)). The RNAi machinery is triggered by viral double-
stranded RNA (dsRNA), which is cleaved by Dicer-2 into viral 
small interfering RNAs (v-siRNAs). The v-siRNAs are incorpo-
rated into an RNA-induced silencing complex (RISC) where they 
guide the recognition and cleavage of complementary viral RNAs 
by Argonaute-2 (Ago-2) and thereby restrict viral replication. To 
interfere with the antiviral RNAi defense system, several insect 
viruses encode potent viral suppressors of RNAi (VSRs). These 
VSRs include Flock house virus (FHV) B2 (3), Drosophila C 
virus (DCV) 1A (4), and Cricket paralysis virus (CrPV) 1A (4, 
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5). The VSRs target different steps in the RNAi pathway. For 
example, both FHV B2 and DCV 1A block Dicer-mediated cleav-
age of long dsRNA into siRNAs by binding long dsRNA mole-
cules, whereas FHV B2 also sequesters siRNAs to prevent their 
incorporation into RISC (4, 6–9). In addition to these dsRNA-
binding activities, several VSRs interact with components of the 
RNAi machinery directly. For instance, FHV B2 interacts with 
Dicer in order to suppress siRNA biogenesis (10), whereas CrPV 
1A inhibits RISC activity via an interaction with Ago-2 (11).

Given the importance of RNAi as an antiviral defense mecha-
nism in insects, many more insect viruses are likely to encode VSRs. 
This chapter provides a detailed protocol that can be used to rou-
tinely screen potential VSRs for their ability to suppress RNAi in 
the Drosophila Schneider 2 (S2) cell line. In brief, S2 cells are first 
cotransfected with a plasmid that expresses the potential VSR and 
copper-inducible expression plasmids for the firefly and Renilla 
luciferases. Two days after transfection, the cells are treated with 
dsRNA to silence expression of the firefly luciferase reporter 
(dsRNA feeding). The Renilla luciferase reporter is not silenced 
and functions as an internal control which can be used to normalize 
the data. Several hours after dsRNA treatment, expression of the 
luciferase reporters is induced with CuSO4. The cells are lysed 
the next day and luciferase activity is quantified by dual-luciferase 
reporter (DLR) assays. The data are presented as firefly/Renilla 
ratios and, therefore, increased ratios indicate RNAi suppression by 
a potential VSR. Once a VSR has been identified, additional reporter 
assays and biochemical experiments can be performed to determine 
which step in the RNAi pathway is targeted by the VSR.

A flow chart of the RNAi reporter assay and two variants thereof 
are shown in Fig. 1. In experiments to identify VSR activity, we 
routinely induce RNAi by adding dsRNA to the culture superna-
tant (dsRNA feeding, see Note 1). In Fig. 2, a representative exam-
ple is presented of an experiment that demonstrates the VSR 
activities of both DCV 1A and CrPV 1A, using the standard RNAi 
reporter assay and the two variants. In one of the variants, siRNAs 
are cotransfected with the plasmids (siRNA cotransfection). In 
contrast to dsRNA, siRNAs do not require processing by Dicer-2. 
Successful suppression of RNAi in this variant therefore implies that 
the VSR interferes with steps downstream of Dicer-2 cleavage. In 
the other variant, dsRNA is cotransfected with the plasmids, rather 
than added to the culture supernatant (dsRNA cotransfection). 
Notably, whereas DCV 1A inhibits Dicer-2 cleavage of dsRNA (4), 
the protein is unable to suppress RNAi in this experimental setup. 
Presumably, the cotransfected dsRNA is processed into siRNAs 
before the VSR is expressed at sufficient levels to suppress Dicer-2 
cleavage. The main protocol (see Subheadings 2 and 3) describes 
the RNAi reporter assay using dsRNA feeding to induce RNAi; 
details on the variants are described in Subheading 4.
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 1. Drosophila S2R+ cells (Drosophila Genomics Resource 
Center, https://dgrc.cgb.indiana.edu) (see Note 1).

 2. Culture medium: Schneider’s Drosophila Medium (Invitrogen, 
Carlsbad, CA) supplemented with 10% heat-inactivated Fetal 
Calf Serum (FCS) (Biochrom, Berlin) and 1% Penicillin/
Streptomycin (Invitrogen). Store at 4°C.

 3. Cell scrapers (Corning, Corning, NY).
 4. 25 cm2 Cell culture flasks (Corning).
 5. 96-Well cell culture plates (Corning).
 6. Hemocytometer.

 1. Phusion High-Fidelity DNA polymerase (Finnzymes, Espoo), 
including 5× Phusion HF Buffer (see Note 2).

 2. 10 mM dNTP mix (Roche, Mannheim).
 3. Plasmid templates for polymerase chain reaction (PCR) con-

taining the GL3 firefly luciferase and green fluorescent pro-
tein (GFP) target sequences.

 4. The following primers (10 mM):
T7-Luc-F: 5¢-TAATACGACTCACTATAGGGAGATATGA 

AGAGATACGCCCTGGTT-3¢

2. Materials
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Fig. 1. Flow chart of the RNAi reporter assay. See text for details.

https://dgrc.cgb.indiana.edu
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Fig. 2. Example of an experiment that demonstrates the VSR activities of DCV 1A and CrPV 1A. S2R+ cells were transfected 
with plasmids pMT-Luc, pMT-Ren, and either a plasmid that expresses one of the indicated VSRs or the corresponding 
empty plasmid. Firefly luciferase-specific or nonspecific (GFP) dsRNA was introduced into the cells by feeding at 48 h 
after plasmid transfection (upper panel ) or by cotransfection with the plasmids (middle panel ). Firefly luciferase-specific 
or nonspecific (MDA5) siRNAs were introduced into the cells by cotransfection with the plasmids (lower panel ). To induce 
expression of the firefly and Renilla luciferase reporters, the culture supernatant was supplemented with CuSO

4 at 55 h 
after transfection. At 72 h after transfection, DLR assays were performed to determine the activity of the reporters. The 
firefly/Renilla ratios were calculated and the data were normalized to the nonspecific dsRNA or siRNA controls. Error bars 
represent the standard deviations of three independent samples. DCV 1A interferes with RNAi at the level of Dicer and 
only suppresses RNAi if the luciferase reporter is silenced by dsRNA feeding after plasmid transfection. Notably, whereas 
DCV 1A inhibits Dicer-2 cleavage of dsRNA (4), the protein is unable to suppress RNAi after dsRNA transfection. 
Presumably, the cotransfected dsRNA is processed into siRNAs before the VSR is expressed at sufficient levels to sup-
press Dicer-2 cleavage. CrPV 1A, which interferes with RNAi at the level of RISC, is active in all variants of the RNAi 
reporter assay.
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T7-Luc-R: 5¢-TAATACGACTCACTATAGGGAGATAAAA 
CCGGGAGGTAGATGAGA-3¢

T7-GFP-F: 5¢-TAATACGACTCACTATAGGGAGAAGCTG 
ACCCTGAAGTTCATCTG-3¢

T7-GFP-R: 5¢-TAATACGACTCACTATAGGGAGAGGTG 
TTCTGCTGGTAGTGGTC-3¢

 5. Thermal cycler.

 1. T7-promoter-flanked firefly luciferase and GFP PCR prod-
ucts (see Subheading 3.2).

 2. RiboMAX Large Scale RNA Production System-T7 (Promega, 
Madison, WI), containing T7 Transcription 5× Buffer, rNTPs 
(25 mM each), and T7 Enzyme Mix (see Note 3).

 3. GenElute Mammalian Total RNA Miniprep Kit (Sigma-
Aldrich, St. Louis, MO) (see Note 4).

 4. Heating block.
 5. Spectrophotometer.

 1. S2R+ cells cultured in a 96-well plate, seeded 1 day prior to 
transfection at a density of 5 × 104 cells per well (see 
Subheading 3.1). The cells should be 40–80% confluent on 
the day of transfection.

 2. Effectene Transfection Reagent (Qiagen, Hilden), including 
Buffer EC and Enhancer.

 3. Plasmids pMT-Luc and pMT-Ren, which express the firefly 
(pMT-Luc) and Renilla (pMT-Ren) luciferases from the copper-
inducible metallothionein promoter (4) (see Note 5).

 4. Plasmids that express the potential VSRs which are to be 
tested for VSR activity as well as the corresponding empty 
plasmid (see Note 6).

 5. A plasmid that expresses a known VSR (see Note 7).

 1. Transfected S2R+ cells in a 96-well plate (see Subheading 3.4).
 2. Firefly luciferase and GFP dsRNA (see Subheading 3.3).
 3. Culture medium (see Subheading 2.1, item 2).

 1. Transfected S2R+ cells in a 96-well plate that are fed with 
dsRNA (see Subheading 3.5).

 2. 50 mM CuSO4: Dissolve 2.5 g of CuSO4.5H2O in 200 ml of 
H2O. Filter sterilize, aliquot, and store at −20°C.

 3. Culture medium (see Subheading 2.1, item 2).

2.3. In Vitro 
Transcription  
and dsRNA Formation

2.4. Transfection

 2.5. dsRNA Feeding

2.6. Induction  
of the Reporters
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 1. Transfected S2R+ cells in a 96-well plate that are fed with 
dsRNA and of which the reporters have been induced (see 
Subheading 3.6).

 2. Phosphate-buffered saline (PBS): Dissolve 80 g of NaCl, 2 g 
of KCl, 11.5 g of Na2HPO4.7H2O, and 2 g of KH2PO4 in 1 l 
of H2O to prepare a 10× stock solution. Adjust the pH to 7.3 
with HCl, sterilize by autoclaving, and store at room tem-
perature. To prepare a working solution, add nine volumes of 
H2O to one volume of 10× PBS stock solution.

 3. Dual-Luciferase Reporter Assay System (Promega), contain-
ing Passive Lysis Buffer (PLB), Luciferase Assay Reagent II 
(LAR II), and Stop & Glo Reagent (see Note 8).

 4. Rocking platform or orbital shaker.
 5. Luminometer tubes.
 6. Luminometer.

 1. Culture S2R+ cells in 25 cm2 flasks at 25°C without CO2. 
The cells should be passaged when approaching confluency.

 2. To split the cells, scrape the cells with a cell scraper in their 
culture supernatant and resuspend them by gently pipetting 
up and down several times.

 3. Transfer the desired amount of cells to new cell culture flasks 
and/or plates in an appropriate volume of fresh culture 
medium. Split the cells 1:5 into 25 cm2 flasks for routine 
maintenance. For RNAi reporter assays, count the cells using 
a hemocytometer and seed 5 × 104 cells in 100 ml of culture 
medium per well in a 96-well plate. Since the RNAi reporter 
assays are performed in triplicate, seed three wells for each 
potential VSR that is to be tested as well as for all the controls 
(see Subheading 3.4).

 1. Perform PCR reactions to generate T7-promoter-flanked 
templates for in vitro transcription (see Subheading 3.3). 
Primers T7-Luc-F and T7-Luc-R are used for the amplifica-
tion of firefly luciferase; primers T7-GFP-F and T7-GFP-R 
are used for the amplification of GFP. Both primer sets intro-
duce a T7 promoter sequence at both the 5¢ and 3¢ end of the 
amplified fragment. Prepare 50-ml PCR reactions containing:
(a) 1 pg to10 ng of plasmid template DNA.
(b) 10 ml of 5× Phusion HF Buffer.
(c) 1 ml of 10 mM dNTP mix.
(d) 2.5 ml of 10 mM forward primer.

2.7.  DLR Assays

3.  Methods

3.1.  Cell Culture

3.2. Generation  
of Templates for  
In Vitro Transcription
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(e) 2.5 ml of 10 mM reverse primer.
(f ) 0.5 ml of 2 U/ml Phusion DNA polymerase.
(g) H2O to 50 ml.
Mix by gently pipetting up and down.

 2. Place the PCR reactions in a thermal cycler. To amplify the 
target sequences, start with an initial denaturation at 98°C for 
30 s, followed by 30 cycles of denaturation at 98°C for 10 s, 
annealing at 61°C for 20 s, and extension at 72°C for 20 s. 
Finish with a final extension of 10 min at 72°C.

 3. Analyze 5 ml of the PCR product by standard agarose gel 
electrophoresis and ethidium bromide staining. The 
T7-promoter-flanked firefly luciferase and GFP PCR frag-
ments should have lengths of 489 and 483 bp, respectively 
(see Note 9). The PCR products can be used directly in sub-
sequent in vitro transcription reactions without purification.

 1. Firefly luciferase and GFP dsRNA is generated by in vitro 
transcription reactions on their corresponding T7-promoter-
flanked PCR fragments (see Subheading 3.2). Since the PCR 
fragments contain a T7 promoter sequence at both the 5¢ and 
3¢ end, both strands of the dsRNA duplex are generated in a 
single reaction. Set up 20-ml in vitro transcription reactions 
containing:
(a) 5 ml of T7-promoter-flanked PCR product.
(b) 4 ml of T7 Transcription 5× Buffer.
(c) 6 ml of rNTPs (25 mM each).
(d) 2 ml of T7 Enzyme Mix.
(e) 3 ml of H2O.
Mix by gently pipetting up and down.

 2. Incubate at 37°C for 2–4 h.
 3. Place the reaction mixture in a heating block preheated to 

80°C and incubate for 10 min.
 4. Switch off the heating block, but do not take out the reaction 

mixture.
 5. Let the reaction mixture slowly cool to room temperature in 

the heating block to allow dsRNA formation.
 6. Clean up the in vitro-transcribed dsRNA using the GenElute 

Mammalian Total RNA Miniprep Kit according to the manu-
facturer’s instructions (see Note 10).

 7. Verify the integrity of the dsRNA by standard agarose gel elec-
trophoresis and ethidium bromide staining, and determine its 
concentration and purity using a spectrophotometer.

 8. Aliquot the purified dsRNA preparations and store at −80°C 
(see Note 11).

3.3. In Vitro 
Transcription and 
dsRNA Formation
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 1. Transfections are done in triplicate for the following experi-
mental conditions.
(a) Nonspecific dsRNA control (no VSR; GFP dsRNA).
(b) Specific dsRNA control (no VSR; firefly luciferase dsRNA).
(c) Positive VSR control (known VSR; firefly luciferase dsRNA).
(d) Test samples (each of the potential VSRs; firefly luciferase 

dsRNA).
The nonspecific and specific dsRNA controls are 

included to monitor the efficiency and specificity of the 
dsRNA-induced silencing of the firefly luciferase reporter, 
whereas the positive VSR control is incorporated to 
determine whether the sensitivity of the assay allows 
detection of VSR activity.

 2. For transfection of S2R+ cells in a well of a 96-well plate, 
combine the following amounts of plasmid DNA (see Notes 
12 and 13):
(a) 50 ng of one of the following plasmids.

(i) The empty plasmid (nonspecific and specific dsRNA 
control).

(ii) The plasmid that expresses a known VSR (positive 
VSR control).

(iii) A plasmid that expresses a protein which is to be 
tested as a VSR (test sample).

(b) 12.5 ng of pMT-Luc.
(c) 3 ng of pMT-Ren.

 3. Adjust the volume to a total of 30 ml with Buffer EC.
 4. Add 0.8 ml of Enhancer to condensate the DNA. Mix by vor-

texing for 1 s.
 5. Incubate at room temperature for 2–5 min.
 6. Briefly spin down.
 7. Dilute the Effectene Transfection Reagent 8× in Buffer EC 

and add 2.5 ml of the dilution to the DNA-Enhancer mixture 
to create condensed Effectene-DNA complexes. Mix by vor-
texing for 10 s.

 8. Incubate at room temperature for 5–10 min.
 9. Add the transfection mixture to the culture supernatant of 

the S2R+ cells. There is no need to refresh the medium prior 
to transfection.

 10. Incubate the cells at 25°C for 48 h.

 1. Dilute the purified dsRNA preparations in culture medium to 
a final concentration of 20 ng/ml.

3.4.  Transfection

3.5.  dsRNA Feeding
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 2. At 48 h after plasmid transfection, add 10 ml of the diluted 
dsRNA targeting either firefly luciferase (specific dsRNA con-
trol, positive VSR control, and test samples) or GFP (nonspe-
cific dsRNA control) to the culture supernatant of the cells. 
There is no need to refresh the medium prior to dsRNA feeding 
(see Note 14).

 3. Incubate the cells at 25°C for 7 h.

 1. Dilute the 50 mM CuSO4 stock solution 10× in culture 
medium and induce expression of the firefly and Renilla 
luciferase reporters by adding 16 ml of the CuSO4 dilution to 
the culture supernatant of the cells at 7 h after dsRNA 
feeding.

 2. Incubate the cells at 25°C for 17 h.

 1. At 17 h after induction of the reporters, completely remove 
the culture supernatant from the cells.

 2. Add 100 ml of PBS to the cells.
 3. Gently swirl the culture plate.
 4. Completely remove the PBS from the cells.
 5. Apply 100 ml of 1× PLB to the cells.
 6. Place the culture plate on a rocking platform or orbital shaker 

and shake gently at room temperature for 15 min to ensure 
complete lysis of the cells (see Note 15).

 7. Predispense 25 ml of LAR II into the number of luminometer 
tubes required to complete the desired number of DLR 
assays.

 8. Program a luminometer to perform a premeasurement delay of 
2 s followed by a measurement period of 10 s (see Note 16).

 9. Transfer 10 ml of the cell lysate into a luminometer tube pre-
dispensed with LAR II and mix by pipetting up and down 
several times (see Note 17). It is not necessary to clear the 
lysate of residual cell debris first.

 10. Place the tube in the luminometer and measure the firefly 
luciferase reporter activity.

 11. Remove the tube from the luminometer.
 12. Add 25 ml of Stop & Glo Reagent and mix by vortexing 

briefly.
 13. Place the tube in the luminometer and measure the Renilla 

luciferase reporter activity.
 14. Discard the tube and proceed with the next DLR assay (see 

Note 18).

3.6. Induction  
of the Reporters

3.7.  DLR Assays
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 1. To normalize the data from the DLR assays, calculate the 
firefly/Renilla ratio for each sample.

 2. Determine the mean firefly/Renilla ratio as well as the stan-
dard deviation of the triplicates for each experimental 
condition.

 3. Present the data in diagrams similar to those shown in Fig. 2 
(see Note 19). The controls provide important information 
regarding the quality of the experiment. First, successful 
silencing of the firefly luciferase reporter should be evident 
from a lower firefly/Renilla ratio of the specific dsRNA control 
than of the nonspecific dsRNA control (see Notes 20 and 21). 
Second, when compared to the specific dsRNA control, the 
positive VSR control must present a higher firefly/Renilla 
ratio (see Notes 22 and 23).

 1. To silence the firefly luciferase reporter, we add dsRNA to the 
culture supernatant of S2R+ cells (dsRNA feeding, or soaking). 
The dsRNA is taken up by the cells and processed by the 
RNAi machinery (12). The S2 cell line is highly heteroge-
neous in morphology, growth rate, and other characteristics. 
Be aware that, due to variable passage history and culture 
conditions, not all sublines of the S2 cell line possess the ability 
to efficiently take up dsRNA from the culture supernatant. 
When using an S2 cell line other than S2R+, make sure that 
the cells are capable to do so. Different S2 cell lines might 
require optimization of the protocol. When using S2 cells 
that do not take up dsRNA from the culture supernatant, you 
can consider transfection of the dsRNA into the cells.

 2. Phusion DNA polymerase works very well in our hands, but 
any thermostable DNA polymerase (such as Taq) can be used 
to amplify the templates for in vitro transcription. Keep in 
mind that the indicated cycling conditions are optimized for 
amplification with Phusion DNA polymerase. Use of other 
polymerases may require optimization of the PCR reaction.

 3. The RiboMAX Large Scale RNA Production System-T7 is 
specifically designed to produce large amounts of in vitro-
transcribed RNA. However, other T7 RNA polymerase-based 
in vitro transcription methods can also be used.

 4. The GenElute Mammalian Total RNA Miniprep Kit is 
designed to isolate total RNA from mammalian cells and 
tissues, but the kit can also be used to clean up RNA. Although 
the kit is not optimized for dsRNA, we obtain good results 
using the RNA clean-up procedure of the kit. When using 

3.8. Presentation  
of the Data

4.  Notes
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other commercial kits or methods to clean up dsRNA, verify 
its functionality.

 5. Plasmids pMT-Luc and pMT-Ren are derived from vector 
pMT/V5-His B (Invitrogen).

 6. We generally express our proteins of interest from vector 
pAc5.1/V5-His (Invitrogen). The Drosophila actin 5 (Ac5) 
promoter in this vector allows high-level, constitutive expres-
sion in S2 cells. In addition, the vector contains a C-terminal 
V5 epitope and a polyhistidine (6×His) tag which can be used 
to confirm expression of the protein.

 7. As a positive control, you can include a known VSR in your 
experiment. All established VSRs can be used as a positive 
control when the firefly luciferase reporter is silenced by 
dsRNA feeding 2 days after plasmid transfection. However, 
when the reporter is silenced by cotransfection of dsRNA or 
siRNAs with the plasmids, it is important to use a VSR that 
interferes with RNAi at steps downstream of Dicer (for example, 
CrPV 1A, see Fig. 2).

 8. Instructions for preparation and storage of 1× PLB, LAR II, 
and the Stop & Glo Reagent are described in the manufac-
turer’s technical manual. It is important that all reagents and 
samples are at ambient temperature when performing the 
DLR assays, since the activity of the luciferase reporters is 
temperature-sensitive.

 9. The firefly luciferase and GFP PCRs should generate single 
T7-promoter-flanked fragments with the indicated sizes. If 
no products or nonspecific products are observed on the aga-
rose gel, optimization of the PCR reaction may be required. 
Alternatively, it might be necessary to purify the correct frag-
ment from gel before continuing with in vitro transcription.

 10. It is not necessary to remove the DNA template by digestion 
with DNase.

 11. Avoid multiple freeze–thaw cycles and keep the RNA on ice 
whenever it is thawed for use.

 12. Since the experiments are performed in triplicate, it is conve-
nient to prepare a master mix for each experimental condition.

 13. Instead of inducing RNAi by dsRNA feeding at 48 h after 
plasmid transfection, the firefly luciferase reporter can be 
silenced by cotransfection of dsRNA or siRNAs with the plas-
mids. For dsRNA cotransfection, add 10 ng of either firefly 
luciferase (specific dsRNA control, positive VSR control, and 
test samples) or GFP (nonspecific dsRNA control) dsRNA to 
the mixture of plasmids during the transfection procedure. 
For siRNA cotransfection, add 2 ml of a 1 mM stock solution 
to the mixture of plasmids during the transfection procedure. 
We purchase our firefly luciferase-specific and nonspecific 
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control (MDA5) siRNAs from Dharmacon (Lafayette, CO). 
When performing the dsRNA or siRNA cotransfection vari-
ants of the assay, omit the dsRNA feeding step (see 
Subheading 3.5).

 14. Some researchers use FCS-free culture medium during dsRNA 
feeding. In our experiments, we do not observe any difference 
in the efficiency of dsRNA-mediated silencing when feeding is 
performed in either the presence or absence of FCS.

 15. The cell lysates can be stored at −20°C for up to 1 month if 
you wish to continue with the DLR assays later. For long-
term storage, the lysates should be stored at −80°C. Prevent 
multiple freeze–thaw cycles, since this can cause gradual loss 
of reporter activity.

 16. Single-sample, multiple-sample, and plate-reading luminom-
eters can be used to perform the DLR assays. It is recom-
mended that multiple-sample and plate-reading luminometers 
are equipped with reagent injectors. This is not required for 
single-sample luminometers.

 17. It is important not to mix by vortexing, but by pipetting up 
and down. Vortexing can create a microfilm of the lumines-
cent solution along the sides of the tube which can escape 
mixing with the Stop & Glo Reagent in subsequent steps.

 18. It is more convenient to first measure the firefly luciferase 
activities in all the samples, before measuring the Renilla 
luciferase activities.

 19. As an alternative, you can present the data as fold silencing 
relative to the nonspecific dsRNA control. To calculate the 
fold silencing for a specific experimental condition, divide the 
mean firefly/Renilla ratio of the nonspecific dsRNA control 
by that of the experimental condition.

 20. If you do not observe silencing in the specific dsRNA control, 
make sure that the dsRNA preparations are of sufficient qual-
ity (see Subheading 3.3). It is important to work under 
RNase-free conditions to prevent degradation of the RNA.

 21. Low absolute firefly and Renilla luciferase counts may indi-
cate a low transfection efficiency and may require optimiza-
tion of the assay.

 22. If you do not observe suppression of RNAi by either the posi-
tive VSR control or the test samples, confirm their expression 
(for example, by Western blot analysis).

 23. While interpreting data from the RNAi reporter assay, it is 
important to realize that virtually any dsRNA-binding pro-
tein can suppress RNAi when overexpressed (13). Where pos-
sible, confirm the activity of an identified VSR in cells infected 
with the virus carrying the VSR.
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