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Abstract
Real time fluorescent quantitative PCR (universal QPCR) methods are used routinely in both
academic and clinical research to measure HIV cDNA. Fast QPCR allows for faster ramping times
between cycles and smaller reaction volumes, but may lose sensitivity and accuracy. We demonstrate
that primer sets for HIV late reverse transcripts and 2-LTR circles have similar sensitivity and
accuracy with either universal or fast QPCR methods. However, both cost and time are reduced with
fast QPCR.
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Real time fluorescent quantitative PCR (QPCR) is a key method for both research and clinical
laboratories to detect and measure the presence of HIV cDNA (Butler et al., 2001; Desire et
al., 2001). Recent advances in QPCR instruments have led to an increase of thermal ramping
capability from less than 2°C per second to 5°C per second, yielding faster times to results.
New "fast" QPCR protocols also allow for reduced reaction volumes and reduced cost.

Not all universal QPCR assays for viruses translate to a fast QPCR platform. Previous studies
have shown that some Epstein-Barr virus (EBV) primer sets had less sensitivity and greater
variability with fast QPCR conditions (Hilscher et al., 2005). These same EBV primer sets did
retain their specificity under fast conditions, but the utility of these assays is questionable unless
a universal QPCR protocol is employed. Here we show that two primer sets that detect HIV
cDNA retain their sensitivity and accuracy under fast QPCR conditions.

HIV late reverse transcripts (LRTs) may be quantified by primers that span the reverse
transcriptase primer binding site (Figure 1; Butler et al., 2001). This region is completed after
the second strand transfer of reverse transcription and is present in all full length HIV cDNA
molecules. During infection, HIV cDNA may be linear double-stranded DNA, provirus
integrated into the host chromosome, or extrachromosomal dead-end circular products with
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1LTR or 2LTRs (Coffin et al., 1997). The HIV LRT primer set measures all HIV cDNA forms
(Butler et al., 2001).

Although somewhat controversial, quantitation of HIV 2-LTR circles has been used to measure
continuing infection in patient samples (Bushman, 2003; Sharkey et al., 2000; Shaunak et al.,
2003). When host enzymes ligate the two ends of the linear HIV cDNA before integration, the
result is a circular DNA with two complete LTRs. The junction of the two LTRs provides a
unique target for PCR (Figure 1). Primers that span the 2-LTR circle ligation junction will only
amplify HIV 2-LTR circles.

The first QPCR method described for HIV cDNA (referred to here as "universal QPCR")
included 50µl reactions incubated at 95°C for 10 min. followed by 40 cycles of 95°C for 15
sec. and 60°C for 1 min. Similar universal QPCR protocols utilize reaction volumes ranging
from 20µl to 50µl. The total cycling time is approximately 2 hours. In contrast, fast QPCR
reactions can be only 10µl incubated at 95°C for 20 sec. followed by 40 cycles of 95°C for 1
sec. and 60°C for 20 sec. This modified cycling time allows completion of the PCR reactions
in less than 35 min.

Absolute quantitation requires a standard curve of known amounts of the amplicon per reaction.
The standard curve substrates in this study were generated by subcloning the amplicon in a
plasmid (pGEM-Teasy, Promega). A standard curve of the HIV LRT plasmid was quantified
with the universal QPCR method in a 50µl reaction volume including 1X Taqman Universal
PCR Master Mix (Applied Biosystems) and previously described primers 300nM MH531 (5'
TGTGTGCCCGTCTGTTGTGT 3'), 300nM MH532 (5' GAGTCCTGCGTCGAGAGAGC
3'), and fluorescent probe 100nM LRT-P (5' FAM-CAGTGGCGCCCGAACAGGGA-
TAMRA 3') (Integrated DNA Technologies) (Butler et al., 2001). Serial ten-fold dilutions of
HIV LRT plasmid covered a range of 100 molecules to 108 molecules per reaction. Triplicate
reactions of each dilution were pipetted into a 96 well plate and amplified in an ABI Prism
7900HT Sequence Detection System (Applied Biosystems) at 95°C for 10 min. followed by
40 cycles of 95° for 10 sec. and 60° for 1min. The data was analyzed with Sequence Detection
Systems (SDS) Software (Applied Biosystems) (Figure 2A and Table 1). These reactions
yielded a standard curve with a slope of −3.08 and R2 value 0.9986 (Figure 3A).

HIV 2-LTR circles were also quantified by universal QPCR. 2-LTR circle primers are MH535
(5' AACTAGGGAACCCACTGCTTAAG 3'), KY268 (5'
CCAGAGAGACCCAGTACAAGCA 3'), and MH603 (5' FAM-
ACACTACTTGAAGCACTCAAGGCAAGCTTT-TAMRA 3') (Integrated DNA
Technologies). The serial dilution standard for these reactions is the 2LTR circle amplicon
subcloned to pGEMT-easy (Promega) and evaluated as 10 fold serial dilutions from 100 to
108 molecules per reaction. The primer concentrations, reaction conditions, and data analysis
were the same as with the HIV LRT universal QPCR reactions (Figure 2A). The HIV 2-LTR
circle reactions yielded a standard curve with a slope of −3.02 and R2 value 0.9954 (Figure
3A).

The same primers and standard plasmids were tested with a fast QPCR method. This modified
QPCR technique included 1X Taqman Fast Universal PCR Master Mix (Applied Biosystems)
and the same molar concentrations of primers in 10µl total volume reactions. Triplicate
reactions of each serial dilution of standard plasmids were pipetted into a 96 well plate and
amplified in a 7900HT Fast Real-Time PCR System (Applied Biosystems). Samples were at
95°C for 20 sec followed by 40 cycles of 95°C for 1 sec. and 60°for 20sec. Data was analyzed
by SDS Software (Figure 2B). The slope for HIV LRT reactions was −3.00 and the R2 value
was 0.9958 (Figure 3B and Table 1). The slope for the HIV 2-LTR circle reactions was −3.19
and the R2 value was 0.9990 (Figure 3B and Table 1).
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The slope of each QPCR standard curve is an indication of the efficiency of the PCR reaction.
If the reactions are 100% efficient, then the slope will equal −3.3. The HIV LRT standard
reactions had a slope of −3.08 under universal QPCR conditions and −3.00 with the fast QPCR
conditions. The slopes of the HIV 2-LTR circle standard reactions were −3.02 and −3.19 under
universal and fast QPCR conditions, respectively. The slopes of the standard curves obtained
by universal QPCR and fast QPCR suggest that they are comparably efficient. The R2 values
for all of the standard dilution series were greater than 0.995 indicating that the fast QPCR
method retains the accuracy of the universal QPCR technique (Table 1). Thus these HIV primer
sets in fast QPCR have comparable efficiency and accuracy to the universal QPCR reaction
conditions. However, the time of amplification is reduced by approximately 4 fold (Table 1).
While the Taqman Fast Universal PCR Master Mix is somewhat more expensive than the
Taqman Universal PCR Master Mix, the actual cost per reaction is less due to the reduction in
reaction volume from 20–50µl with universal QPCR to 10µl with fast QPCR. Due to the small
reaction volumes of the fast QPCR method, it is possible to use 384 well plates instead of 96
well plates. This would allow even more samples to be analyzed in a shorter time.

Quantitative PCR methods for detection of HIV cDNA have proved highly valuable for both
research and clinical laboratories. These methods are readily suited for decreased reaction
volumes and faster cycling times. RT-PCR methods may also be adapted to a faster DNA
amplification protocol although the primary reverse transcription step should remain the same.
The fast QPCR method allows for both faster and more cost effective detection of HIV cDNA
through reduction of cycling times and reaction volumes.
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Fig. 1.
QPCR primer sets and linear or circular HIV cDNA. HIV late reverse transcripts are measured
by the primers MH531 and MH532. This amplicon spans the HIV primer binding site and is
present in all forms of HIV cDNA, including linear cDNA, integrated provirus, 2-LTR circles,
and 1-LTR circles. All complete reverse transcripts are measured by the primer set MH531
and MH532. 2-LTR circles are specifically amplified by the primers MH535 and KY268. The
junction of U5 and U3 is unique to 2-LTR circles. The 2-LTR circle primer pair spans this
unique junction in 2-LTR circles and will not amplify alternative HIV cDNA forms.
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Fig. 2.
Universal QPCR and fast QPCR amplification plots. (A) Universal QPCR amplification plots
of HIV late reverse transcripts (left panel) and HIV 2-LTR circles (right panel). (B) Fast QPCR
amplification plot of HIV late reverse transcripts (left panel) and HIV 2-LTR circles (right
panel). Triplicate samples of 102, 103, 104, 105, 106, 107, and 108 target molecules were
amplified for 40 cycles. The horizontal red line indicates the threshold determined by the SDS
software.
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Fig. 3.
Standard curves from universal QPCR and fast QPCR. (A) Universal QPCR derived standard
curves for HIV late reverse transcripts (left panel) and HIV 2-LTR circles (right panel). (B)
Fast QPCR derived standard curves for HIV late reverse transcripts (left panel) and HIV 2-
LTR circles (right panel). Triplicate samples of 102, 103, 104, 105, 106, 107, and 108 target
molecules were amplified for 40 cycles. Best fit lines were generated by the SDS software. For
all standard curves R2 > 0.995.
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