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SUMMARY:
RNA hairpins and loops can function as primers for reverse transcription (RT) in absence of sequence-specific primers, interfering with the study of overlapping antisense transcripts. We have developed a technique able to identify strand-specific RNA, and we have used it to study HIV-1 antisense protein ASP.

ABSTRACT:
In retroviruses, antisense transcription has been described in both human immunodeficiency virus type 1 (HIV-1) and human T-lymphotropic virus 1 (HTLV-1). In HIV-1, the antisense protein ASP gene is located on the negative strand of env, in the reading frame -2, spanning the junction gp120/gp41. In the sense orientation, the 3’ end of the ASP open reading frame overlaps with gp120 hypervariable regions V4 and V5. The study of ASP RNA has been thwarted by a phenomenon known as RT-self-priming, whereby RNA secondary structures have the ability to prime RT in absence of the specific primer, generating non-specific cDNAs. The combined use of high RNA denaturation with biotinylated reverse primers in the RT reaction, together with affinity purification of the cDNA onto streptavidin-coated magnetic beads, has allowed us to selectively amplify ASP RNA in CD4+ T cells derived from individuals infected with HIV-1. Our method is relatively low-cost, simple to perform, highly reliable, and easily reproducible. In this respect, it represents a powerful tool for the study of antisense transcription not only in HIV-1 but also in other biological systems. 

INTRODUCTION:
The antisense protein (ASP) gene is an open reading frame (ORF) located on the negative strand of the human immunodeficiency virus type 1 (HIV-1) envelope (env) gene, spanning the junction gp120/gp411. Over the past 30 years, several reports have shown that the HIV ASP gene is indeed transcribed and translated2-9. Although ASP antisense transcripts have been fully characterized in vitro, until recently information about the actual production of ASP RNA in patients was still missing. 

The sequence of ASP is reverse and complementary to env. This represents a major obstacle when trying to detect transcripts for ASP. Standard reverse transcription-polymerase chain reaction (RT-PCR) methods use gene-specific antisense primers to synthesize complementary DNAs (cDNAs) of the right polarity. This approach, however, does not allow to determine the orientation (sense or antisense) of the initial RNA template, since RNA hairpins or loops can prime RT in both directions in absence of primers10, a phenomenon known as RT self-priming. Most ASP investigators sidestep the problem of RT self-priming using primers tagged with sequences that are not related to HIV-111,12. This strategy, however, does not eliminate the occurrence of the phenomenon, and may lead to potential carry-over of non-specific cDNAs into the PCR11. 

We have recently developed a novel strand-specific RT-PCR assay for the study of antisense RNA and we have used it for ASP RNA detection in a cohort of six HIV-infected patients, as shown in Table 1. The procedure described below has been previously published by Antonio Mancarella et al.13. In our protocol, we avoid the production of non-specific cDNAs by a dual approach. Firstly, we eliminate RNA secondary structures by denaturing RNA at high temperature (94 °C), and secondly, we reverse transcribe ASP RNA using a biotinylated ASP-specific primer and affinity-purify the resulting cDNA. By this approach, we are able to amplify only our target cDNA, since other non-specific RT products are either prevented from being generated (high temperature denaturation of RNA) or eliminated prior to PCR (affinity purification).

PROTOCOL:
This study was approved by the Institutional Review Board of the Centre Hospitalier Universitaire Vaudois (CHUV).

1. Infection of peripheral blood mononuclear cells (PBMCs) with HIV-1HXB2 strain

1.1. Day 1: PBMCs STIMULATION

1.1.1. Isolate PBMCs from a healthy donor buffy coat.

1.1.2. Count and resuspend PBMCs at a concentration of 1x106/mL in complete Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (R-10), with addition of 50 U/mL of interleukin-2 (IL-2) and 3 µg/mL phytohaemagglutinin (PHA).

1.1.3. Pipet up and down and split the cells in two six-well plates (3 mL of cell suspension/well).

1.1.4. Incubate for 3 days at 37 °C and 5% CO2.

1.2. Day 3: PBMCs INFECTION

NOTE: Use one of the two plates as in step 1.1.3 as negative control (do not infect these cells).

CAUTION: Perform the entire procedure in a biosafety level III laboratory (P3).

1.2.1. Pool PBMCs from one plate into a 50 mL falcon tube and centrifuge at 300 x g for 10 min.

1.2.2. Discard the supernatant and resuspend the cells in 2.2 mL of R-10 containing 20 U/mL of IL-2 and 2 µg/mL polybrene.

1.2.3. Thaw vials containing the HIV-1HXB2 virus and add 1.8 mL of viral suspension (0.376 ng/µL) to the cells. 

1.2.4. Incubate the cells for 2 h at 37 °C, gently swirling the tube every 30 min.

1.2.5. Centrifuge the cells at 300 x g for 10 min.

1.2.6. Discard the supernatant and resuspend the cells at 1x106/mL in R-10 containing IL-2 (50 U/mL).

1.2.7. Transfer the cell suspension to a 24-well plate at a concentration of 1 mL/well and incubate for 5 days at 37 °C and 5% CO2.

1.2.8. Harvest 1 well each day and transfer the cells to 1.5 mL tube (labeled with the day of infection). 

NOTE: Before centrifugation, transfer 150 µL of cell suspension to a flow cytometry tube for PBMCs infection quality control (see step 1.3)

1.2.9. Centrifuge the tubes at 400 x g for 10 min and discard the supernatant.

1.2.10. Freeze the cell pellets at -80 °C until use.

1.3. PBMCs infection: quality control

1.3.1. For each day of infection, collect 150 µL of infected PBMCs and transfer them into a flow cytometry tube.

1.3.2. Add 1 mL of phosphate-buffered saline (PBS) and centrifuge at 400 x g for 5 min.

1.3.3. Discard the supernatant and add 50 µL of PBS containing 1 µL of Aqua live/dead dye (previously diluted 1:10 with PBS).

1.3.4. Incubate at 4 °C for 15 min.  

1.3.5. Add 1 mL of PBS, centrifuge at 400 x g for 5 min, and discard supernatant. 

1.3.6. Add 250 µL of Fixation/Permeabilization solution and incubate for 20 min at room temperature in the dark.  

1.3.7. Add 1 mL of 1x Perm/Wash Buffer (10x stock solution containing both FBS and saponin diluted 1:10) and centrifuge at 400 x g for 5 min.

1.3.8. Discard the supernatant and add 50 µL of PBS containing HIV Gag p24 fluorescein isothiocyanate (FITC)-conjugated antibody (diluted 1:10). 

1.3.9. Incubate for 20 min at room temperature in the dark.

1.3.10. Add 1 mL of PBS, centrifuge at 400 x g for 5 min, and discard the supernatant.

1.3.11. Add 150 µL of x CellFIX (10x stock solution containing 10% formaldehyde, 3.55% methanol, 0.93% sodium azide diluted 1:10) and analyze cells by flow cytometry.

2. Stimulation of human CD4+ T cells with anti-CD3/CD28 antibodies

2.1.1. Isolate CD4+ T cells from PBMCs of both HIV-1 infected patients and healthy donors.  

2.1.2. Prepare human anti-CD3/CD28 antibody mix by diluting anti-CD3 (1:100) and anti-CD28 (1:50) in PBS. 

2.1.3. Coat a 48-well plate by adding 200 µL of antibody mix per well to an appropriate number of wells and incubate at 37 °C for 2 h.

2.1.4. Aspirate the antibody solution and add 1 mL of CD4+T cells at 1x106/mL to the anti-CD3/CD28 antibody-coated wells.

NOTE: Stimulate CD4+ T cells up to 5 days. 

3. Reverse transcription

NOTE: To obtain patient-specific primers, proviral DNA isolated from CD4+T cells from each patient was amplified using HIV-1HXB2 Pan ASP primers. Patient specific primers were designed using the proviral sequence internal to the Pan ASP primers. All primers and probes used in this study are listed in Table 2.

3.1. Isolating total RNA from cells

3.1.1. Quantify RNA and eliminate DNA contamination by treating samples with DNase.

3.1.2. Perform RT reactions in a volume of 50 µL. Transfer 0.1-1 µg of total RNA into an appropriate number of wells of a 96-well PCR plate. Prepare the RNA mixture by adding the following components to the RNA:
5 µL of biotinylated ASP reverse primer (20 µM)
2.5 µL of deoxynucleotide triphosphates (dNTPs) (10 mM) 
25 µL of diethylpyrocarbonate (DEPC)-treated distilled water (dH2O). 
Prepare the endogenous RT controls by adding 5 µL of nuclease-free water in place of the biotinylated ASP reverse primer.

3.1.3. Place the 96 well PCR plate into a thermocycler and heat the RNA mixture to 94 °C for 5 min.

3.1.4. Immediately cool down the RNA mixture in iced water for at least 1 min. 

3.1.5 Prepare the reaction mixture by adding the following components to a 1.5 mL tube (calculate the total number of samples plus 1):
10 µL of 5x RT buffer
2.5 µL of 0.1 M of 1,4-dithiothreitol (DTT) 
2.5 µL of RNase out (40 units/µL) 
2.5 µL of RT enzyme (200 units/µL)

3.1.5. Transfer 17.5 µL of this mixture to each of the RNA-containing wells. Prepare the RT-minus controls replacing reverse transcriptase with 2.5 µL of nuclease-free water. 

3.1.6. Mix gently and incubate the plate at 55 °C for 60 min using a thermocycler.

3.1.7. Inactivate the reactions by heating at 70 °C for 15 min.

4. Affinity purification of ASP biotinylated cDNA

NOTE: Do not purify RT-minus reactions. 

4.1. Prepare 1 L of 2x washing/binding buffer containing 10 mM Tris-HCl (pH 7.5), 1 mM ethylenediaminetetraacetic acid (EDTA) and 2 M NaCl. Filter the solution.

4.1.1. Prepare 50 mL of 1x washing/binding buffer using PCR grade water.

4.1.2. For each reaction, use 10 µL of streptavidin-conjugated magnetic beads. Based on the number of reactions, transfer an appropriate volume of beads to a 1.5 mL tube.

4.1.3. Wash the beads by adding an equal volume of 2x washing/binding buffer and vortex for 15 s.

4.1.4. Place the tube into a magnetic separation rack and incubate for 3 min at room temperature.

4.1.5. Carefully remove the supernatant without disturbing the beads and add the same volume of washing/binding 2x buffer as the initial volume of beads.

4.1.6. Vortex for 30 s and transfer 10 µL of the beads suspension to an appropriate number of 1.5 mL tubes.

4.1.7. Place the tubes in a magnetic separation rack and incubate for 3 min at room temperature.

4.1.8. Discard the supernatant and add 50 µL of washing/binding 2x buffer.

4.1.9. Add 50 µL of biotinylated cDNA to the corresponding tubes containing the beads. 

4.1.10. Incubate for 30 min at room temperature rotating gently.

4.1.11. Separate the beads from the supernatant by a magnet separation rack for 3 min at room temperature.

4.1.12. Wash the beads by adding 200 µL of 1x washing/binding buffer. Place the tubes in a magnet separation rack for 3 min at room temperature and discard the supernatant. Repeat twice.

4.1.13. Resuspend the beads in 10 µL of PCR grade water.

5. Standard PCR

NOTE: The aim of the standard PCR is to amplify the entire ORF of the ASP gene. The amplification products are then cloned into pCR2.1 plasmid to develop standard curves for ASP RNA quantification by real-time PCR (see paragraph real time PCR). 


5.1. Perform standard PCRs in a total volume of 50 µL. Prepare an appropriate volume of PCR master mix (number of samples plus 1). For each sample, add the following components to a 1.5 mL tube:
1 µL of 10 µM ASP primers (forward and reverse)
1 µL of 10 mM dNTPs
Magnesium chloride (MgCl2) (concentration depends on the primers used)
dH2O to a final volume of 49 µL 

5.1.1. Mix well, quickly spin down contents and transfer 49 µL/well of the PCR master mix to a 96-well PCR plate.

5.1.2. Carefully vortex the tubes containing the beads used for ASP cDNA affinity purification for 15 s.

5.1.3. Add 1 µL of beads into the corresponding wells and run the PCR using the following program: 95 °C for 2 min, 40 cycles of 95 °C for 30 s, 55 °C for 30 s, and 68 °C for 40 s, then 68 °C for 7 min.

5.1.4. Separate the PCR products onto 1 % agarose gel, cut the bands and clone the amplified products into pCR2.1 plasmid.

5.1.5. Sequence and analyze the sequences of each clone.

6. Real time quantitative PCR (qPCR)

NOTE: Develop patient-specific primers and probes using the approach described in step 3 “Reverse Transcription”. For qPCR include ASP plasmid dilutions for standard curves. Plasmids containing patient-specific inserts are developed as mentioned in the note at the beginning of step 5 “Standard PCR”. 

6.1. Prepare the standard curve using 1:10 ASP plasmid serial dilutions starting from 3 x 106 copies/µL down to 3 copies/µL.

6.1.1. First round PCR (pre-amp). Perform reactions in a total volume of 25 µL. Prepare an appropriate volume of PCR master mix (number of samples plus 1). For each sample, add the following components to a 1.5 mL tube:
0.5 µL of ASP or env primer mix (final concentration 0.2 µM each) (forward and reverse)
0.5 µL of dNTPs mix (final concentration 0.2 mM each)
MgCl2 (concentration depends of the primer pairs) 
dH2O to a final volume of 24 µL

6.1.2. Transfer 24 µL of PCR master mix to an appropriate number of wells of a 96-well PCR plate. 

6.1.3. Carefully vortex the tubes containing the beads with the cDNA for 15 s.

6.1.4. Add 1 µL of beads to the corresponding wells. Do the same for plasmid dilutions.

6.1.5. Run the PCR using the following algorithm: denaturation for 2 min at 95 °C ; 30 s at 95 °C, 30 s at 55 °C, 40 s at 68 °C for 18 cycles; extension at 68 °C for 7 min.

6.1.6. Dilute the first round PCRs reactions 1:5 with PCR grade water.

6.1.7. Second round qPCR. Perform reactions in a total volume of 20 µL. Prepare an appropriate volume of PCR master mix (number of samples plus 1). For each sample, add the following components to a 1.5 mL tube:
1.8 µL 10 µM primers (forward and reverse)
1 µL of 5 µM probe
6.2 µL of dH2O

6.1.7. Transfer 19 µL of qPCR master mix into an appropriate number of wells of a 96-well qPCR plate and add 1 µL of the diluted first round PCR reactions to the corresponding wells. Do the same for the plasmid dilutions. 

6.1.8. Run the qPCR with the following algorithm: denaturation for 10 min at 95 °C; 15 s at 95 °C, 1 min at 60 °C for 40 cycles.

REPRESENTATIVE RESULTS:
High temperature RNA denaturation coupled to affinity purification of biotinylated cDNA prevents amplification of non-specific ASP products during PCR in PBMCs infected in vitro and in CD4+ T cells isolated from patients. RT self-priming has been shown to occur during reverse transcription of antisense RNAs10,14-17. In order to prevent this phenomenon, we developed a novel approach using the technique originally described by Heist et al.10. Our procedure involves high temperature denaturation of the RNA prior to RT and the use of biotinylated primers to perform RT, followed by affinity-purification of the biotinylated cDNAs onto streptavidin-coated magnetic beads13. The cDNAs obtained by this method can be used for downstream applications including standard PCR or qPCR. 

The experimental conditions for antisense transcription were first tested in PBMCs from one healthy donor infected in vitro with HIV-1HXB2, the reference sequence for HIV-1 Subtype B (all our patients are infected with isolates of this subtype). Table 2 shows the sequences of primers and probes used in this study. Our initial RT reactions were done using a regular, non-biotinylated antisense primer (ASP R1) and resulted in the successful amplification of ASP (ASP F1-R1 primer pair) (Figure 1A, Lanes 1 - 3).  However, by this approach, we also amplified a band of the same molecular weight in primer-minus RT reactions controls (Lanes 4 - 6). The complete lack of signal in our negative controls (Lanes 7 - 8) indicated that the non-specific template was coming from the RT reaction and not from cross-contamination of samples.

To bypass the problem created by RT self-priming, we decided to use a method previously described by Haist et al.10, in which the specific antisense primer is labelled with biotin so that the resulting biotinylated cDNA corresponding to the antisense orientation can be purified prior to PCR and selectively amplified. By this approach, we were able to amplify the ASP sequence (Figure 1B, Lanes 1 - 3) with greatly reduced contamination from the non-specific cDNA in the primer-minus controls (Figure 1B, Lanes 4-6).

Optimization of this method was achieved by complete denaturation of the RNA prior to RT at 94 °C, followed by immediate cooling onto iced water. As shown in Figure 2A,B, the ASP band is effectively amplified, whereas the non-specific products have disappeared.

ASP RNA is detected in CD4+ T cells from patients with detectable viraemia and in absence of therapy, following stimulation with anti-CD3/CD28.  ASP RNA was undetectable in either unfractionated PBMCs or unstimulated CD4+ T cells isolated from HIV patients (data not shown). However, it could be easily detected in CD4 cells isolated from three HIV-positive subjects, MP135, MP140, and MP148 (Table 1), following stimulation with anti-CD3/CD28.  The kinetics of ASP RNA expression measured by qPCR in these three patients are shown in Figure 3.

CD4 cells isolated from patients undergoing ART and with non-detectable viraemia, may produce small amounts of ASP RNA when stimulated with anti-CD3/CD28. Quantification of ASP RNA levels in two of these patients (MP071, MP146) by qPCR shows that in these conditions ASP RNA is detected in low levels (10-15 copies/million CD4+ T cells) at 3-5 days post-stimulation (Figure 4). In one patient however (MP069), no ASP RNA could be detected at any time point (data not shown).

ASP and env RNAs have similar patterns of expression in one untreated patient with detectable viraemia (MP140). Two patients were analyzed, one untreated (MP140) and one treated (MP146). In MP140 we could detect both ASP and env. Although their levels of transcription were dissimilar (Figure 5A), the expression curve of these two genes over time was identical, which can be visualized plotting data on a logarithmic scale (Figure 5B). In patient MP146, which was treated and whose viraemia was below the levels of detection, ASP and env were barely detectable and only after several days of stimulation (Figure 5C). 

FIGURE LEGENDS AND TABLE LEGENDS:
Figure 1: Expression of ASP RNA in PBMCs from one HIV-negative individual infected in vitro with HIV-1HXB2 by standard and modified RT-PCR. (A) Detection of ASP RNA using standard RT-PCR.  ASP is amplified from cDNA synthesized in the presence of the non-biotinylated ASP-specific antisense primer ASP R1 (Lanes 1–3). The same band is also found in primer-minus RT controls (Lanes 4–6). (B) Visualization of ASP RNA by biotinylation of the antisense primer and cDNA purification (Lanes 1-3). A band of decreased intensity is still detected in primer-minus controls (Lanes 4–6). No bands are present in negative controls. Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al.13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Figure 2: ASP RNA is expressed in PMBCs of one HIV-negative individual following infection with HIV-1HXB2. (A) The ASP band is easily detected RNA which has been fully denatured and reverse-transcribed using the biotinylated RT primer (ASP R1) (Lanes 1–3) but not in purified cDNA from primer-minus controls (Lanes 4–6). (B) No signal corresponding to ASP is detected in RT-minus controls of RNA from infected PBMCs, uninfected PBMCs or water, although a clear band is visible in gag positive control from ACH-2 cells. Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Figure 3: In anti-CD3/CD28-stimulated CD4+ T cells isolated from three untreated patients, ASP RNA production is readily detectable and peaks between day 2 and 4 post-stimulation. In MP135 and MP140, expression of ASP peaked at day 4 post-stimulation, while in MP148 it peaked at day 2. ASP levels are expressed as RNA copies/million CD4+ T cells. Points in the time course correspond to the mean value of triplicate PCR reactions. Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Figure 4: In two aviremic patients undergoing ART, ASP is barely detectable only after a few days of stimulation. In both our patients, ASP could not be detected at day 0. In Patient  MP071, low levels of ASP could be detected at day 3, whereas in Patient MP146, we had to wait until day 5 in order to see some levels of RNA. ASP levels are expressed as RNA copies/million CD4+ T cells. Points in the time course correspond to the mean value of triplicate PCR reactions. Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).


Figure 5: Expression of ASP and env in anti-CD3/CD28-stimulated CD4+ T cells in treated (MP146) and untreated (MP140) patients. (A) In the untreated patient (MP140), env is expressed at higher levels than ASP; (B) The same data plotted on a logarithmic scale show that ASP and env expression are characterized by a similar profile over-time; (C) Expression kinetics of ASP and env in one patient with undetectable viraemia and undergoing ART (MP146). Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Table 1: Patients’ features. Previously published in the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Table 2: RT-PCR primers and probes

DISCUSSION:
In this report we describe a strand-specific RT assay applied to the detection of ASP RNA in CD4+ T cells isolated from individuals infected with HIV-1. The occurrence of non-specific priming during RT hampers the detection of RNA transcripts with the right polarity, leading to misinterpretation of the results. Previous groups have developed several strategies aimed at preventing primer-independent cDNA synthesis during the RT reaction. Tagging the reverse primer at the 3’ end with sequences not related to HIV has proved effective in achieving strand-specific amplification6,8,9. However, this approach only allows for making the falsely primed cDNA undetectable rather than to avoid it, with the risk of it leaking into the PCR reaction, causing amplification of non-specific DNA products (i.e., env instead of ASP).

Our initial RT-PCR attempts at detecting ASP RNA were performed using a standard antisense primer. Amplifications were successful, as we obtained bands of the right molecular weight, but bands of the same size were also present in our primer-minus controls. Based on these results, we used a different approach, performing RT with a biotinylated specific antisense primer, as described by Haist et al.10 . Although our preliminary experiments resulted in a drastic decrease of the RT self-priming, we could not fully remove non-specific products of amplification. Haist and coworkers eliminate non-specific cDNA products by washing the beads in high stringency conditions 10.  In our method, we removed completely the source of self-priming in the form of RNA secondary structures using high denaturation temperatures to fully linearize the RNA template.

We show that ASP RNA is expressed in anti-CD3/CD28-stimulated CD4+ T lymphocytes. Detection of ASP, however, cannot be achieved in cells in absence of stimulation. Our data are somewhat dissimilar from those by Zapata and coworkers, who have reported expression of low levels of ASP in resting CD4+ cells isolated from patients undergoing ART9. Based on these results, they propose that ASP RNA may play a role in regulating HIV latency.  Our finding that in the same individual the kinetics of expression of ASP and env are characterized by the same profile is not consistent with the Zapata’s model9. In fact, if really ASP was involved in the regulation of latency, its expression profile should be opposite to the one observed for env18.

[bookmark: _GoBack]We also observed that env transcription levels are over 2 logs higher than those of ASP, at least in patients in absence of therapy. These data are in agreement with studies by Laverdure et al.8 showing that in primary CD4+ cells infected in vitro, 3’ LTR antisense transcription is much lower (up to 1000-fold) than 5’ sense transcription. Our results indicate that ASP is expressed in infected CD4 lymphocytes regardless of the stage of the disease as long as cells are properly stimulated. In addition our data demonstrate that ASP is expressed in cells from patients undergoing ART treatment, although the level of expression in these cells is lower than in cells from patients in absence of therapy.

In summary, we suggest a reliable strand-specific RT assay aimed at preventing primer-independent cDNA synthesis. ASP and env are two genes which overlap to each other in opposite orientation, a feature that makes their study very challenging. Our approach, which allows for selectively capturing cDNAs retrotranscribed from RNA with both negative and positive polarity, represents an optimal and effective tool for the study of these two genes in particular, and genes overlapping in their antisense orientation in general.
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