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1 qRT-PCR primer design


3.1.1 Primers for analysis of HIV-1 transcripts.


While this protocol can be adapted to other viruses, the characterization of HIV-1 will be provided here as an example (primers listed in Table 1). Primer design and validation is fundamental to obtaining accurate quantification of RNA abundance. It is recommended to use primer design software such as PrimerQuest (http://www.idtdna.com/Scitools/Applications/Primerquest/) to select suitable primers. Below are some guidelines in selecting optimal primers sequences:

1. The Tm of both primers should be equal, ranging 58-60°C.

2. Primers should be 15-30 bases in length with 30-80% GC content.

3. Runs of a single nucleotide or self complementing sequence should be avoided in the sequence.

4. No more than 2 of the last 5 nucleotides, at the 3' end, should be G or C. This will reduce non-specific priming.

5. Shorter PCR products are more consistently amplified, so the expected amplicon size should range 50-150 bp.

It is advised that the primer pairs are used in standard RT-PCR and that the product is resolved by agarose gel electrophoresis to ensure that the PCR reaction is specific and that the level of primer-dimer is minimal. If this is not so, alternate primers should be designed or the primers should be HPLC purified to ensure the most specific reaction possible. This is particularly true of the intercalating dye strategy that does not have the added specificity of a hybridization step. In the following protocol we will use primers designed and validated by Jablonski and colleagues (2008).

Table 1. Sequences of Primers for Quantification of HIV-1 RNA

	Primer Target
	Forward Sequence
	Reverse Sequence
	Product Size

	Unspliced RNA
	5' - GAC GCT CTC GCA CCC ATC TC - 3'
	5' - CTG AAG CGC GCA CGG CAA - 3'
	101 bp

	Single-spliced RNA
	5' - GGC GGC GAC TGG AAG AAG C - 3'
	5' - CTA TGA TTA CTA TGG ACC ACA C - 3'
	145 bp

	Multiple-spliced RNA
	5' - GAC TCA TCA AGT TTC TCT ATC AAA - 3'
	5' - AGT CTC TCA AGC GGT GGT - 3'
	176 bp

	Beta Actin
	5’-GAGCGGTTCCGCTGCCCTGAGGCACTC-3’
	5’-GGGCAGTGATCTCCTTCTGCATCCTG -3’
	201 bp


2 Transfection of virus / provirus vector DNA into target cells


While a number of transfection reagents and protocols exist, we routinely use Polyethylenimine (PEI). We co-transfect a plasmid expression vector expressing secreted alkaline phosphatase (CMV-SEAP) to monitor transfection efficiency and general effect of treatments on global gene expression. Numerous HIV-1 provirus vectors are available but in this instance we used the pLAIΔmls HIV-1 plasmid vector containing a deletion of the reverse transcriptase (RT) and integrase (IN) genes for safe handling in the loboratory.

Protocol 1: Transfection of target cells with provirus and expression constructs

1. Twenty-four hours prior to transfection, 293T cells are seeded at 106 cells per well in a 6-well plate.

2. Combine HIV-1 pLAIΔmls DNA (1 µg) as well as vector CMV-SEAP (0.5 µg). CMV-SEAP is used to access the specificity of any alteration in HIV-1 gene expression. an expression plasmid (2 µg) is cotransfected.

3. To transfect DNA into cells, a number of commercial lipid-based transfection reagents (FuGene, Lipofectamine 2000 (Invitrogen)) are available and have been successfully used in our work. Use as directed by the manufacturer.

4. Add the DNA/lipid mixture to the cells dropwise and incubate in a 37°C CO2 cell culture incubator for 5 hours.

5. Remove and apply fresh media. Incubate the cells for 36-48 hours.

3 Secreted alkaline phosphatase (SEAP) Assay


Transfection efficiency is evaluated using Protocol 2.

Protocol 2: Determining transfection efficiency by SEAP assay

1. Prior to collecting cells for RNA isolation, collect media to assay SEAP expression and adjust to 1% Triton-X100. SEAP is secreted into the media.

2. Add 10 µl media supernatant to 190 µl SEAP buffer (10 mM diethanolamine, pH 9.5; 0.5 mM MgCl2) containing 4-nitrophenyl phosphate (1 mg/ml) in a 96-well plate used for ELISA. Include a blank (10 µl untreated media and 190 µl SEAP buffer). Measure all samples in triplicate.

3. Incubate approximately 30 minutes at room temperature or until a pale yellow colour develops.

4. Stop the reaction by the addition of 50µl of 50 mM EDTA.

5. Read the absorbance at 405 nm using an ELISA reader.

4 RNA isolation and cDNA synthesis


Numerous commercially available RNA isolation and cDNA synthesis procedures exist. Due to the large size of the HIV-1 unspliced RNA, random priming is preferred to ensure synthesis of cDNA spanning all regions targeted for subsequent amplification. Since any residual DNA is likely to be detected by the primers used to amplify unspliced viral RNA, care must be taken to remove residual DNA in the RNA preparation and to verify that subsequent signals obtained during qRT-PCR are solely due to the RNA present.

Protocol 4: RNA isolation, DNase treatment and cDNA synthesis

1. Total RNA has been extracted using either Trizol (Invitrogen) or BioRad Total RNA Mini kits. To remove any residual DNA from the RNA preparation, the following DNase reaction is performed by mixing 10 µg total RNA with 2 µl 10x Turbo DNase 1 buffer, 1 µl  RNAguard (25 U/µl), 2 µl Turbo DNase 1 (Invitrogen; 2 U/µl) and water to final volume of 20 µl.

2. Incubate at 37°C for 30 min. Add 2 µl of 50mM EDTA and heat at 75°C for 10 min to inactivate DNase. 

3. DNase-treated RNA is subsequently used for cDNA synthesis by adding 10 µl of RNA (from above) to 4 µl 5x First strand synthesis buffer, 2 µl 2.5 mM dNTPs, 2 µl 100 mM DTT, 1 µl murine leukemia virus (MuMLV) reverse transcriptase ( 200 U/µl) and 1 µl random hexamers (0.1 µg/µl).

4. Incubate at 37°C for 1 hour. Dilute reaction to a final volume of 60 µl by addition of water.

 A reaction without reverse transcriptase must be run in parallel for each RNA template, as a control for potential DNA contamination. Under conditions where a large number of RNA samples are being analyzed, pooling of RNA to test for the level of DNA contamination can be used.  Reactions are identical to that outlined above but reverse transcriptase is substituted with water. This reaction is used in subsequent assays to measure the extent of signal due to contaminating DNA.

5 qRT-PCR reaction conditions and analylsis


The specific reaction conditions should be verified for specific thermocyclers and new primer sets. Preliminary assays should be run to confirm that only the desired amplicon is generated under the reaction conditions selected. Analysis of amplicons on an agarose gel and/or melt curve profile can be used. To permit inter-sample comparisons, all amplifications should be normalized for the level of cDNA added to the reaction. Although care is taken to ensure that equal quantities of RNA are added to the RT reactions, slight errors in pipetting or levels of contaminates can lead to varying efficiencies of cDNA synthesis. Compensation for these slight variations is most easily achieved by normalization to at least one gene (actin, GAPDH, 18S rRNA) whose abundance is not expected to be altered by the experimental conditions. The same cDNA reaction must be used to measure all RNAs of interest in the assay. The housekeeping gene in this example is beta actin. To generate a standard curve for quantification, dilution series of a cDNA sample known to express all target RNAs of interest is used.

Reaction conditions for qRT-PCR are as shown in Protocol 5. 

Protocol 5: qRT-PCR analysis of spliced and unspliced HIV-1 RNA species

1. Master mixes are prepared for each reaction as follows

	
	cDNA
	5  µl
	

	
	10x Thermopol buffer (Roche)
	2.5  µl
	

	
	2.5 mM dNTPs
	2.5  µl
	

	
	Sybergreen (10x in DMSO, Sigma)
	1  µl
	

	
	forward primer (0.1 mg/ml)
	1  µl
	

	
	reverse primer (0.1 mg/ml)
	1  µl
	

	
	Taq DNA polymerase (5 U/µl)
	0.4  µl
	

	
	water
	6.6  µl
	


2. Prepare standard curve. Normally, a serial 10-fold dilution series (1 to 10-3) is prepared to cover the anticipated range in signals from the samples.

3. Add 5 µl of cDNA for each experimental condition at least in triplicate, for each primer set. See the plate setup in Figure 1.

4. Add 20 µl of SYBR-green PCR master mix to each well, seal the plate, and perform PCR reaction as optimized for your thermocycler.

Reaction conditions for unspliced/multiply spliced HIV-1 RNA, beta actin RNA and 18s rRNA are

	Step 1
	95ºC for 5 min

	Step 2
	95ºC for 15 sec

	Step 3
	60ºC for 15 sec

	Step 4
	72ºC for 15 sec

	** Repeat steps 2 to 4 40 times
	

	Step 5
	Melting curve to verify


For singly spliced HIV-1 RNA, set up is the same but incubation times for steps 2,3 and 4 are increased to 30 sec. 

5. Analysis of qRT-PCR data: The fluorescent intensity of the reaction will increase every cycle as SYBR reagent intercalates with the PCR amplicons as they are generated. When this fluorescence reaches a defined threshold value, the cycle number at which this occurs is reported as the CT variable. More template in the starting sample results in crossing this threshold within fewer cycles, hence a lower CT value (See Figure 2). Using the standard sample dilutions, a curve of CT versus concentration can be generated and used to determine the relative abundance of specific RNAs in the experimental samples. Inter-sample comparison requires that compensation be made for slight differences in cDNA originally added to the sample by normalizing to the amount of control RNA (actin, GAPDH, 18S rRNA) present as determined in a parallel qRT-PCR reaction. Signal from reverse transcriptase-free samples should be 100-1000 fold lower than the experimental reactions. Otherwise significant DNA contamination exists and RNA needs to be more extensively treated with DNase prior to use.

Analysis of Splice Site utilization

Although the qRT-PCR provides insight into whether changes in HIV-1 gene expression are due to gross alterations in the relative abundance of unspliced, singly or multiply spliced viral RNAs, it cannot detect whether there are changes in splice site utilization within any one of these HIV-1  RNA classes. To test for changes within a particular class (i.e. singly or multiply spliced), a second approach must be used. In this instance, primers are selected to amplify only singly or multiply spliced RNAs allowing detection of the various splicing isoforms. Reactions are performed using 32P dCTP and amplicons fractionated on polyacrylamide gels to separate the various reaction products. Two rounds of amplification are used, the first to generate the amplicons and the second (consisting of fewer cycles) to label them. The following procedure has been modified from the protocol reported by Purcell and Martin (1993).

Protocol 6: RT-PCR analysis of splice site utilization

Table 2 Sequences of Primers for splice site analysis of HIV-1 RNA

	Primer Target
	Forward Sequence
	Reverse Sequence
	Product Size

	4 kb RNAs
	5' – CTG AGC CTG GGA GCT CTC TGG C- 3'
	5' -TCA TTG CCA CTG TCT TCT GCT CT - 3'
	varies

	2 kb RNAs
	5' – CTG AGC CTG GGA GCT CTC TGG C - 3'
	5' – CCG CAG ATC GTC CCA GAT AAG- 3'
	varies

	
	
	
	


1. Reactions are set up as follows:

Reaction #1:

	cDNA
	5  µl

	10x Thermopol buffer (Roche)
	2.5  µl

	2.5 mM dNTPs
	2  µl

	Forward primer (10 µM)
	5  µl

	Reverse primer  (10 µM)
	5  µl

	Taq DNA polymerase (5 U/µl)
	0.5 µl

	Water
	5 µl


2. First round of amplification is run under the following conditions:

	Step 1
	94ºC for 2 min

	Step 2
	94ºC for 1 min

	Step 3
	57ºC for 1 min

	Step 4
	68ºC for 1 min

	** Repeat step 2 to 4 25 times
	

	Step 5
	68ºC for 5 min

	Step 6
	Hold at 4ºC


3. A 10 fold dilution is prepared of the amplification, and an aliquot used in the following reaction.

Reaction #2:


4. Reactions are run as follows:

	Step 1
	94ºC for 2 min

	Step 2
	94ºC for 1 min

	Step 3
	57ºC for 1 min

	Step 4
	68ºC for 1 min

	** Repeat step 2 to 4 4 times
	

	Step 5
	68ºC for 5 min

	Step 6
	Hold at 4ºC


To prepare for analysis, an equal volume of loading buffer (90% formamide, 10 mM EDTA, 0.1% xylene cyanol)  is added to the samples and heated at 90ºC for 3 min prior to loading Amplicons generated are fractionated on 8M urea, 6% polyacrylamide 1xTBE sequencing gels (40 cm in length). Gels are run at 65 watts until xylene cyanol is run off the bottom of the gel. Gels are subsequently dried and exposed to phosphor screens to image products.

Diluted Reaction #1�
4  µl�
�
10x Thermopol buffer (Roche)�
2.5  µl�
�
2.5 mM dNTPs�
2  µl�
�
Forward primer (10 µM)�
5  µl�
�
Reverse primer  (10 µM)�
5  µl�
�
Taq DNA polymerase (5 U/l)�
0.5 µl�
�
32P dCTP (800 Curies/mmole)�
1 µl�
�
Water�
4 µl�
�
 








