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Summary. – One-step real-time RT-PCR assay was developed for quantification of the immediate-early (IE), 
namely IE1 and IE2 transcripts of Rat cytomegalovirus (RCMV), strain ALL-03 in rat embryonic fibroblast 
cells (REF). This in-house SYBR® Green I based RT-PCR was shown to have higher amplification efficiency 
and detection limit as compared to a commercially available real-time RT-PCR kit in quantifying these two 
transcripts. The quantification histogram revealed the divergence of transcription activities of the two IE genes. 
The IE1 transcript had a concentration peak at 7 hrs post infection (p.i.), whereas IE2 transcript at 20 hrs p.i. 
Regulation of IE expression is critical for determination, whether the infection is going to be abortive, lytic or 
latent. Therefore, this in-house developed quantitative RT-PCR assay offers an alternative for diagnosis and 
monitoring of the acute cytomegalovirus (CMV) infection directed at IE transcript detection.
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Introduction

CMVs are widespread species-specific viruses belonging 
to the family Herpesviridae, the subfamily Betaherpesviri-
nae that cause acute, persisting or latent infections in humans 
and animals. Infections with Human CMV (HCMV) are pri-
marily asymptomatic in immunocompetent individuals, but 
can be life-threatening in immunocompromised individuals, 
such as AIDS patients and organ transplant recipients.

Expression of CMV genes is controlled by a cascade of 
transcriptional events leading to the synthesis of 3 categories 
of viral proteins designated as major immediate-early (MIE 
or α), early (E or β), and late (L or γ). The MIE genes are the 

first viral genes expressed during infection independently 
on de novo synthesis of the viral proteins (Mocarski, 1996). 
The MIE locus consists of an enhancer/promoter region that 
directs transcription of the region consisting of five exons. 
Differential splicing of the first three exons to either exon 
4 or 5 generates three different transcripts, namely IE1, IE2, 
and IE2A (Beisser et al., 1998). The architecture of MIE 
regions of HCMV, RCMV and mouse CMV (MCMV) is 
similar. There are striking homologies in exon 5 of the IE2s 
of the HCMV and RCMV and the analogous ie3 of MCMV 
(Messerle et al., 1992).

In our previous studies, we detected a transplacental 
RCMV isolate (strain ALL-03) obtained from Rattus rattus 
diardii (Loh et al., 2003) that was able to cross the placenta 
and infect offsprings congenitally (Loh et al., 2006). Further, 
we were studying the HCMV infection and disease in utero 
and in neonatal model (Loh et al., 2006, 2007a). To fully 
exploit the RCMV-rat system, it was necessary to obtain 
a detailed picture of the molecular mechanisms involved 
in the replication of the virus. In this regard, we previously 
explored one of the most crucial regions of RCMV genome, 
i.e. the exon 4 and 5 of MIE region (Loh et al., 2007b).We 
employed PCR as one of the molecular detection systems 
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plate RNA, 1.5 units of TthPlusTM DNA polymerase (GeneCraft) 
and nuclease-free water was prepared on ice. The reaction mixtures 
were incubated at 50–60°C for 30 mins followed by initial denatura-
tion at 95°C for 10 mins and subjected to 40 amplification cycles at 
94°C for 15 secs, at 50–72°C for 15 secs and at 72°C for 20 secs. 
Final extension run at 72°C for 2 mins and finally, the amplified 
products were detected by electrophoresis. 

For SYBR® Green I (Molecular Probes) optimization, a dilution 
series of SYBR Green concentration (1:1,000 to 1:100,000) were 
tested in 100 pg IE1 synthetic sense RNA oligonucleotide (positive 
control) and no template control (NTC; negative control) using 
primer set RT1-F and RT1-R according to the modified protocol. 

In order to set the fluorescence acquisition temperature for 
real-time RT-PCR modified protocol, the melting temperature 
(Tm) of primer-dimers was determined. Primer-dimers for both 
RT1 and RT2 were generated under reaction conditions such as low 
annealing temperature, long extension time, high primer concentra-
tion, very low initial template concentration. Primer-dimers were 
detected by melting curve analysis in conjunction with agarose gel 
electrophoresis. Besides, the sensitivity limit of TthPlus system 
(in-house developed assay using TthPlusTM DNA polymerase) was 
elucidated by applying different dilutions of RNA template.

One-step real-time RT-PCR. A ‘one-tube/one-enzyme' real-
time RT-PCR system (TthPlus) was developed for mRNA quanti-
fication assay using DNA Engine OpticonTM 2 System (BioRad) 
and to compare relatively with QuantiTect® SYBR® Green RT-PCR 
Kit (Qiagen). The 25 µl mixture contained similar components as 
mentioned in section Quantitative real-time RT-PCR optimizations 
except for a ten-fold dilution series of each synthetic sense RNA 
oligonucleotides, i.e. either IE1 or IE2 (for standard curve and 
quantification) or 500 ng of the extracted sample RNA, 1 µl of 
SYBR® Green I (1:5,000) and 3.5 mmol/l Mn(OAc)2 was prepared. 
RT step was conducted at 60°C for 30 mins followed by initial 
denaturation at 95°C for 10 mins. The 40-cycle amplification and 
quantification conditions were stated as follows: denaturation at 
94°C for 15 secs, annealing at 60°C (primer set RT1-F and RT1-R) 
or 68°C (primer set RT2-F and RT2-R) for 15 secs, extension at 
72°C for 20 secs with a single fluorescence measurement at the 
end of the 72°C segment. A final extension was done at 72°C for 
5 mins and followed by a melting curve analysis. All these param-
eters were chosen based on the best performance obtained from 
the optimization steps.

Some modifications were then applied to the conditions in 
order to improve the efficiency of absolute quantification. The 
modified cycling conditions in amplification and quantification 
steps were as follows: 95°C for 15 secs, 60°C or 68°C for 15 secs, 
72°C for 20 secs and then followed by fluorescence acquisition 
step at 78°C (primer set RT1-F and RT1-R) or 79°C (primer set 
RT2-F and RT2-R). 

Data were analyzed using OpticonMONITORTM Analysis 
Software. Every real-time RT-PCR assay contained NTCs, test 
samples and a log10 dilution series (0.001 pg to 10 ng) of standard 
RNA control in triplicates for absolute quantification. A threshold 
of fluorescence 0.010 was fixed to standardize the C(T) value cal-
culation and minimize the variations between each assay. The mean 
values were calculated in order to plot a quantification histogram 
expressing the kinetic levels of IE1 and IE2 mRNAs for each 2 hrs 
interval in log10 concentrations of pg mRNA per µg of total cellular 

for RCMV infection using primers flanking the exon 4. The 
RCMV infection was identified in many target organs and 
showed some pathological features of HCMV infection (Loh 
et al., 2006, 2007a).

For continual attempt to understand the molecular repli-
cation of RCMV in vitro, a quantitative real-time RT-PCR 
(qRT-PCR) assay by applying the SYBR® Green I was 
developed to study the transcription levels of IE mRNAs. 
This real-time analysis of kinetic RT-PCR enables a truly 
quantitative analysis of mRNA concentration and reduces 
a contamination along with an assay time, because usual 
post-PCR steps are no longer necessary. In addition, the 
SYBR® Green I assay can easily verify the non-specific 
amplification by melting temperature calculation through 
melting curve (Ririe et al., 1997). The conceptual simplicity, 
practical ease (Wall and Edwards, 2002) and promise of high 
throughput (Cohen et al., 2002) have made the qRT-PCR 
detection assay the most widely used RNA quantification 
method for various research applications including monitor-
ing transcription in vitro (Liu et al., 2002). 

In this paper, we report a development of the one-step 
real-time RT-PCR assay particularly for the quantification 
of kinetic levels of IE1 and IE2 transcripts in vitro. Further-
more, a sensitivity and efficiency of this assay was compared 
with those of a commercially available kit. 

Materials and Methods

Virus and cells. RCMV strain ALL-03 was employed (Loh et 
al., 2003). Rat embryonic fibroblast cells were used throughout 
the work.

Isolation of total RNA. Confluent monolayers of REF were 
infected with RCMV at multiplicity of infection (MOI) of 2. 
Mock- and RCMV-infected REF cells were trypsinized with 
antibiotic/trypsin/versene solution (ATV) containing 50 µg/ml 
cycloheximide at 2 hrs intervals and subjected to a RNA extraction 
by using RNeasy® Mini (Qiagen). The extracted total RNA was 
treated with RNase-free DNase I (New England Biolabs) in order 
to remove contaminating genomic DNA before use.

Quantitative real-time RT-PCR optimizations. Different pa-
rameters were subjected to optimization to obtain a best possible 
protocol for the one-step real-time RT-PCR assay including the 
concentrations of primers, manganese acetate Mn(OAc)2, SYBR® 
Green I, RNA template, temperatures for primer annealing, RT and 
fluorescence data acquisition steps. One ng of each synthetic sense 
RNA oligonucleotides (IE1 sense RNA, Exon 4: nt 269–371; IE2 
sense RNA, Exon 5: nt 302–406; Loh et al., 2007b) and 500 ng of 
extracted positive sense RNA were used as positive templates. The 
mixture in volume of 25 µl contained 1x one-tube buffer, 2.5–5.0 
mmol/l Mn(OAc)2, 0.3 mmol/l dNTP, 0.25–0.75 µmol/l of each 
forward primer (RT1-F: 5'-TGACTAACTGTCCATCGGTAAC-3'; 
RT2-F: 5'-TGCATACTCAGATGATGATGGAGATACG-3') and 
reverse primer (RT1-R: 5'-CGATCCTGCATCATGATCTTGA-3'; 
RT2-R 5'-ACCTGTAAGCGTGGGAGATCATAACGTA-3'), tem-
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RNA. The trend of the kinetic transcription level of each mRNA 
was represented by a polynomial graph and created formulation.

Commercial real-time RT-PCR kit. The QuantiTect® SYBR® 
Green RT-PCR kit (Qiagen) referred to as QT system was employed 
for a relative comparison with TthPlus system. The manufacturer's 
instructions were followed with only one modification concern-
ing the annealing temperature of the primers. A cocktail of 25 µl 
reaction volume contained 1x QuantiTect® SYBR® Green RT-PCR 
Master Mix, 0.5 µl QuantiTect® RT Mix, 0.5 µmol/l of each forward 
primer (RT1-F or RT2-F), 0.75 µmol/l of each reverse primer (RT1-R 
or RT2-R), a ten-fold dilution series in a range of 0.01–100 pg of 
each synthetic sense RNA oligonucleotide (for standard curve) 
and RNase-free water were prepared. The reaction mixture was 
incubated at 50°C for 30 mins followed by the reverse transcriptases 
inactivation, activation of HotStarTaq DNA polymerase and initial 
denaturation of cDNA at 95°C for 15 mins. The mixture was sub-
jected to 40 amplification cycles similar to the protocol of TthPlus 
system without the additional fluorescence acquisition step.

Comparison of TthPlus and QT systems. The modified protocol 
of TthPlus system was compared to the standard protocol of QT 
system. Ten-fold serial dilutions ranging from 0.001–100 pg of 
sense RNA oligonucleotides (IE1 and IE2) were tested in triplicates 
and the mean C(T) values were plotted against the amount of initial 
RNA input to generate standard curves for genes IE1 and IE2 in 
order to compare their differences in the amplification efficien-
cies (slopes) and sensitivities (y intercepts). The amplification 
efficiency calculated as [10(-1/slope)–1] x 100 was expressed in %. 
The smaller the C(T) value (y intercept) in the regression equation, 
the greater the sensitivity of the RT-PCR reaction.

Results

Quantitative real time RT-PCR optimizations

A partial fragment of each RCMV spliced transcripts, 
IE1 and IE2, was successfully amplified with the use of 
primer sets, RT1-F/RT1-R and RT2-F/RT2-R, respectively. 
The desired RT-PCR amplicons of 103 bp and 105 bp were 
respectively generated in IE1 and IE2 synthetic RNA oli-
gonucleotides as well as in the positive RNA. A gradient of 
annealing temperature from 50°C to 62.9°C successfully 
generated a positive distinct band in the synthetic IE1 RNA 
oligonucleotide and positive RNA, while IE2 amplicon gave 
a distinct band in the range of 50°C to 71.5°C. Since the in-
tensities of the band generated at 62.9°C and 70.2–71.5°C for 
IE1 and IE2 genes, respectively, were fainter, the annealing 
temperatures chosen were 60°C for primer set RT1-F/RT1-R 
for the gene IE1 and 68oC for primer set RT2-F/RT2-R for 
the gene IE2 in both TthPlus and QT systems used. 

When the unmodified protocol was used (i.e. without 
additional fluorescence acquisition after the extension 
step for both primer sets, RT1-F/RT1-R and RT2-F/RT2-R), 
primer-dimers were shown on serial dilutions of sense 
RNA oligonucleotides of IE1 and IE2 at low annealing 
temperature and with very low concentrations of start-

ing RNA (≤0.01 pg). However, there was an exception 
for diluted RNA template (≥ 0.1 pg) that did not give 
any detectable primer-dimers, although the annealing 
temperature was set at 50°C (primer set RT1) and 60°C 
(primer set RT2). This result was best demonstrated by 
the electrophoresis of real-time RT-PCR products of IE1 
mRNA in serial ten-fold dilutions (0.001–100 pg) that 
showed only specific IE1 amplicon (103 bp) without 
apparent primer-dimer (Fig. 1, lanes 2–5). Primer-dimer 
with a molecular size of ∼ 50 bp was detected starting 
from 0.01 pg mRNA and it was present also in NTC 
(Fig. 1, lanes 6–8). The melting curve analysis of the IE1 
RT-PCR products in ten-fold dilution series from 0.1 to 
0.001 pg of IE1 RNA confirmed these results (Fig. 2). 
The primer-dimer was generated in ascending dilution of 
template RNA and the sharp melting peak at 0.1 pg was 
split to two peaks at 0.01 pg (Fig. 2, curves a, b). The two 
melting peaks observed with amounts of 0.01 and 0.001 
pg indicated that the primer-dimer co-amplified with the 
desired IE1 product (Fig. 2, curves b, c). This result was 
confirmed by agarose gel electrophoresis (Fig. 1, lanes 
6, 7). The NTC sample containing the primer-dimer 
was the only source of fluorescence (Fig. 2, curve d), 
what corresponded to the band detected in agarose gel 
electrophoresis (Fig. 1, lane 8). On average, the primer-
dimers had a lower Tm than that IE1 product (≤75.6°C 

Fig. 1

RT-PCR assay using primer set RT1 with annealing temperature of 
50°C with ten-fold serial dilutions of IE1 sense RNA oligonucleotide
Size markers (lane 1), 100 pg (lane 2), 10 pg (lane 3), 1 pg (lane 4), 0.1 pg 
(lane 5), 0.01 pg (lane 6), 0.001 pg (lane 7), NTC (lane 8).
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RNA controls as compared to the reactions not employ-
ing this strategy. Nevertheless, primer-dimers were not 
found in IE1 and IE2 RNA even with dilutions of 0.001 
pg and NTC, when the procedure was conducted at an-
nealing temperatures, 60°C and 68°C and the IE1 and IE2 
sense oligonucleotides served as templates, respectively  
(Fig. 3a,b, lanes 5, 6). 

Comparison of TthPlus and QT systems

The OpticonMONITORTM analysis showed a linear relation-
ship between the amount of input RNA and the C(T) values 
for IE1 and IE2 specific products, individually over six log10 
dilutions for TthPlus system and five log10 dilutions for QT 
system. The mean C(T) values were plotted against amount of 
RNA input to generate mean standard curves (Fig. 4) producing 
correlation coefficient (R2) values for the reaction in excess of 
0.9994 (IE1 RNA) and 0.9975 (IE2 RNA) for TthPlus system 
and 0.9913 (IE1 RNA) and 0.9889 (IE2 RNA) for QT system. 
These mean C(T) values are depicted in Table 1 for com-
parison. The use of the modified protocol of TthPlus system 
produced lower C(T) values at all respective RNA inputs and 
therefore conferred higher sensitivity to the TthPlus system 
than to the QT system. In addition, the TthPlus system had 
a higher amplification efficiency for IE1 (90.5% vs 82.25%) 
and comparable amplification efficiency for IE2 (103.26% vs 
102.00%) in comparison with the QT system.

vs 81.0oC). Therefore, an extra fluorescence acquisition 
segment of 78°C was added into the modified protocol. 
On the other hand, 79°C was chosen for the fluorescence 
data reading segment for IE2 RNA oligonucleotide. There 
was a significant decrease in fluorescence of the positive 

Fig. 2

Melting curve analysis of ten-fold serial dilutions of IE1 sense RNA oligonucleotide in TthPlus system
0.1 pg (curve a), 0.01 pg (curve b), 0.001 pg (curve c), NTC (curve d).

Fig. 3

Real-time RT-PCR with modified cycling conditions
(a) Amplification of IE1 sense RNA oligonucleotide using primer set 
RT1 with fluorescence acquisition segment of 78°C. (b) Amplification of 
IE2 sense RNA oligonucleotide using primer set RT2 with fluorescence 
acquisition segment of 79°C. Size markers (lanes 1, 7), 1 pg (lane 2), 0.1 
pg (lane 3), 0.01 pg (lane 4), 0.001 pg (lane 5), NTC (lane 6).
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Fig. 4

Standard curves showing mean C(T) values in TthPlus and QT systems
R2 = correlation coefficient, AE = amplification efficiency.

Fig. 5

Kinetic quantification of transcription levels of IE1 and IE2 transcripts in RCMV-infected REF cells
The trend of the transcription level of each mRNA was represented by a polynomial graph and created formulation.
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For melting curve analysis, the Tm values of the IE1 and 
IE2 RNA templates included samples generated by using 
TthPlus system represented 81.0°C and 82.0°C and by using 
QT system 74.6°C and 76.4°C, respectively. NTC showed 
no defined peaks (data not shown).

Kinetic quantification of in vitro transcription levels of 
IE mRNAs

The concentration (expressed in pg mRNA per µg of total 
cellular RNA) of the two RCMV mRNAs (IE1 and IE2) 
present in infected and mock-infected cells at different time 
points p.i. is depicted in Table 2 and Fig. 5. The histogram 
analysis showed that the kinetic levels of two mRNAs were 
particularly different. The mRNA IE1 had an earlier expres-
sion kinetic compared to mRNA IE2. The mRNA IE1 level 

increased steeply in the very early time p.i. The highest 
mRNA IE1 levels were at 4–10 hrs p.i. forming a plateau. 
Afterwards, the concentration of mRNA dropped gradu-
ally. The kinetic level of mRNA IE2 seemed to be reverse 
to that of mRNA IE1. From the beginning, there was a slow 
increase of mRNA IE2 level to the 16 hrs p.i. and this level 
was maintained till 24 hrs p.i. The kinetic levels of these 
two mRNAs could be expressed in polynomial equations 
with R2 values of 0.96 (Fig. 5). Based on these polynomial 
formulations, IE1 had a concentration peak at 7 hrs p.i., 
whereas IE2 at 20 hrs p.i.

Discussion

An accurate quantification of PCR products is extremely 
problematic due to the differences in PCR efficiency and 
altered amplification parameters of large and small quanti-
ties of starting template. However, with the advent of real-
time RT-PCR, it has become possible to measure amplicon 
production directly during PCR eliminating most of these 
technical concerns and providing a more reliable estimate of 
mRNA transcript levels (Serazin-Leroy et al., 1998). 

In our study, single-stranded sense RNA oligonucle-
otides were employed as a standard control for the absolute 
quantification of mRNA level. The main advantage of the 
single-stranded sense oligonucleotides is the process of ob-
taining a standard curve that is significantly simplified, i.e. 
avoids the time-consuming production and gives an accurate 
data about concentration and length of the amplicon. The 
identical length of standard and sample amplicons gener-
ates equivalent RT-PCR efficiency as well as homogeneity 
during melting curve analysis (Bustin, 2000).

The RT step is critical for a sensitive and accurate quan-
tification and the amount of cDNA produced by reverse 
transcriptase must accurately represent RNA input amounts. 
Therefore, the dynamic range, sensitivity, and specificity 
of the enzyme are prime considerations for a successful  
RT-PCR assay. Protocols using a one-tube/one-enzyme-

Table 1. Comparison of standard curves of IE1 and IE2 sense RNA oligonucleotides generated by TthPlus and QT systems

No. RNA (pg)/assay

Threshold cycle, C(T)
(Mean ± standard error of mean)

TthPlus
QT

TthPlus
QTIE1 IE2

1 100 15.659±0.577 23.806±0.293 16.250±0.642 24.034±0.313
2 10 19.005±0.560 27.512±0.429 19.269±0.216 25.855±0.486
3 1 22.537±0.555 30.462±0.289 22.397±0.159 30.003±0.434
4 0.1 26.180±0.626 34.508±0.121 25.251±0.256 33.595±0.627
5 0.01 29.581±0.275 39.491±0.153 29.374±0.552 36.538±0.418
6 0.001 33.576±0.146 – 32.338±0.202 –

Table 2. Kinetic transcription levels of IE1 and IE2 determined by 
modified protocol of real-time RT-PCR in RCMV-infected REF cells

Time (hrs p.i.)

Concentration of mRNA in infected REF per total 
cellular RNA (pg/µg)

(Mean ± standard error of mean)

mRNA IE1 mRNA IE2

0 0.00±0.00 0.00±0.00
2 616.60±58.36 4.90±0.70
4 6025.60±75.61 2.95±0.57
6 5754.40±120.00 1.91±0.19
8 5888.44±141.07 2.40±0.42
10 6180.16±34.55 27.45±0.92
12 489.78±28.18 136.15±14.54
14 56.23±6.41 477.95±5.46
16 77.63±4.46 6309.57±102.27
18 75.86±5.38 9314.62±85.94
20 41.69±6.65 7220.00±68.02
22 32.36±3.40 6943.20±183.58
24 30.20±2.48 7991.15±173.87
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based approach are significantly more convenient than those 
using two-tube/two enzyme-based protocols (Battaglia et 
al., 1998). Thermostable Tth DNA polymerase used in the 
current study exhibits both phases of the reaction (reverse 
transcription and amplification) in the same reaction tube 
in the presence of Mn2+ ions (Myers and Gelfand, 1991; 
Myers et al., 1994). These conditions permit RT reaction to 
be carried out at the increased temperatures using primers 
with a significantly higher Tm, while minimizing hands-on 
time in addition to the risk of contamination and thereby 
increasing the specificity of the assay (Mulder et al., 1994). 
On the other hand, the QT system contained two reverse 
transcriptases, i.e. Omniscript for reverse transcription of 
RNA amounts bigger than 50 ng, and Sensiscript for use 
with very small amounts of RNA (less than 50 ng). The 
enzymes combination claimed to provide highly efficient 
and sensitive reverse transcription over a wide range of 
RNA template amounts. However, it was found that differ-
ent RNA preparations were likely to give different results 
with the kit especially for low RNA template as conformed 
to the previous findings (Bustin, 2002). Moreover, it was 
unlikely to generate a standard curve with correlation of co-
efficient values as good as using the TthPlus system (0.9889 
to 0.9913 vs 0.9975 to 0.9994). This piece of information 
might be due to a different reaction efficiency of the two 
enzymes. All quantitative methods assumed that RNA targets 
were reverse-transcribed and subsequently amplified with 
a similar efficiency in order to gain an accurate quantifica-
tion (Bustin, 2002). However, the consistency of the reaction 
efficiency of QT system remained questionable. In general, 
the employment of TthPlus polymerase in real-time RT-
PCR using gene-specific primers produced better results in 
comparison to QT kit in the current study. Furthermore, the 
TthPlus system is cost-efficient and merits for quantification 
of a large number of samples. 

During optimization of RT-PCR, choosing the high-
est annealing temperature with no loss of band intensity 
minimized the problems encountered with strong second-
ary structures in RNA. These secondary structures were 
less stable at higher reaction temperatures and particularly 
associated with very low concentrations of starting RNA. 
Higher temperatures also permitted an increased specifi-
city and efficiency of primer hybridization and extension 
by both forward and reverse primers (Raja et al., 2000). 
The QT kit applied HotStarTaq DNA polymerase, which 
required heat activation prior to PCR reaction what pro-
vided better specificity (QuantiTect SYBR® Green RT-
PCR Handbook, 2008). RT-PCR assay that used TthPlus 
polymerase for reverse-transcriptions and PCR reaction 
using one-enzyme/one-tube system did not have this 
advantage and the major sources of non-specificity were 
impeded mostly by the modified protocol affixing an extra 
fluorescence acquisition step.

An important limitation of SYBR Green is the efficient 
binding to the non-specific products like primer-dimers 
as well as to the desired product. This fact interferes with 
a quantification of the desired PCR product. Its formation 
can be reduced by careful primer design, optimization of 
PCR with ‘hot start' PCR and amplification under stringent 
conditions (Harris and Jones, 1997). However, primer-dim-
ers can occur even under optimally determined conditions 
regardless of the primer design and complementarity. Thus, 
re-designing primers are not always an acceptable solution as 
it is sometimes either impossible or impractical. A melting 
curve analysis differentiated between PCR products such 
as primer-dimers and the desired product. Primer-dimers 
exhibited a lower Tm than the desired amplicon as they were 
considerably shorter (Brownie et al., 1997). 

The standard protocol for quantitative RT-PCR utilized 
40 cycles of denaturation, annealing and extension, with 
fluorescence measured at the end of each extension seg-
ment. Taking advantage of our knowledge of the Tm of the 
primer-dimers (75.6°C) of gene IE1 and the ability to read 
fluorescence at any point during the cycle, an additional 
segment was added in order to circumvent primer-dimer 
interference. After elongation, the temperature was increased 
to 78°C, lower than Tm of the desired IE1 product (81.0°C), 
but greater than the Tm of the primer-dimers (75.6°C). 
Similarly, a segment of 79°C was added to the gene IE2 
protocol, where the Tm of desired product was 82°C. Fluo-
rescence was measured at this point ensuring that only the 
fluorescence of the desired amplicon was detected, since at 
this temperature primer-dimers were single-stranded and did 
not bind SYBR Green.

Quantitative RT-PCR of the positive standard control 
series using this modified protocol demonstrated virtually 
complete elimination of the primer-dimer contribution to 
the total fluorescence. Thus, compared to the unmodified 
protocol, a much clearer dose response fluorescence profile 
for the positive control serial dilutions was obtained. The 
decrease in fluorescence of the positive controls was due to 
the loss of fluorescence from primer-dimers. Therefore, the 
results obtained reflected fluorescence from IE1 and IE2 
products uncontaminated by primer-dimer fluorescence. In 
the current study with this modified protocol, a sensitive, 
specific and reproducible one-tube/one- enzyme real-time 
RT-PCR was successfully developed.

Yet, PCR is not equally efficient with the two genes, even 
if the amounts of template are the same. The TthPlus system 
was more sensitive than QT for detection of IE1 and IE2 
genes with higher and comparable amplification efficien-
cies, respectively. Besides, the TthPlus system generated 
amplicons with higher Tm than those of QT. The differ-
ences of a buffer composition and salt concentration of the 
two systems influenced the melting point of the products. 
Consequently, the TthPlus systems produced amplicons 
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with a higher stability. All these points greatly supported the 
employment of TthPlus system for kinetic quantification of 
in vitro transcription levels of the two mRNAs.

The total RNA contains sub-fractions of ribosomal RNA 
(80–85%), transfer RNA (10–15%) and messenger RNA 
(1–5%), which can vary considerably from sample to sample 
(Pfaffl, 2001). These sub-fractions were assumed to be con-
stant in all RNA samples isolated in different time intervals. 
The presence of the IE mRNAs in RCMV-infected cells with 
different concentration throughout the study is due to the 
superior sensitivity of real-time RT-PCR. As little as a single 
copy of a particular sequence can be specifically amplified 
and detected. The two IE mRNAs are transcribed at least up 
to 24 hrs. The kinetic transcription patterns of both IE1 and 
IE2 mRNAs were distinct from each other. The IE1 is more 
reflective with its IE property as it was transcribed earlier than 
IE2. Nevertheless, the level of an mRNA species is affected by 
its rate of degradation as well as by its rate of synthesis. The 
lifespan of most eukaryotic mRNA molecules is measured in 
hours (Dale and Schantz, 2002). It possibly implies the lower 
stability of IE1 that declined with time. In previous reports, 
the IE mRNA was transcribed to the highest level in 4.5 hrs 
tested by PCR in HCMV-infected fibroblasts (Kerry et al., 
1995). Similar to their counterparts from HCMV (Stenberg 
et al., 1989; Rawlinson and Barrell, 1993) and MCMV (Keil 
et al., 1987; Messerle et al., 1992), both IE1 and IE2 of 
RCMV, strain Maastricht were transcribed during IE phase 
of infection. However, late-phase-specific transcripts from 
MIE locus had previously also been identified for HCMV 
and RCMV, strain Maastricht. During the late phase (up to 
48 hrs p.i.) of infection with RCMV, strain Maastricht, IE2 
but not IE1 was transcribed, while in the late phase of HCMV 
infection both IE1491aa and IE2579aa transcripts were produced 
(Rawlinson and Barrell, 1993). In addition, the IE2A mRNA 
was almost exclusively produced at the late time of RCMV 
infection (Beisser et al., 1998). Hence, the transcription pat-
terns of mRNAs IE1 and IE2 of RCMV conformed to those 
mentioned in the previous findings.

On the other hand, a kinetic expression of IE proteins 
synthesized in Towne HCMV-infected human blastoma 
(IMR-32) and human embryonic lung (HEL) cells by West-
ern blot analysis was conducted by Sadanari et al. (2000). 
They found that IE1 was detected initially at 3 hrs p.i. and 
its production increased till 12 hrs p.i., then declined gradu-
ally. IE2 was first detected at 6 hrs p.i. and its production 
increased until 72 hrs p.i. In IMR-32 cells, IE1 and IE2 ap-
peared at 6 and 12 hrs p.i., respectively, and their expression 
levels increased gradually until 72 hrs p.i. The steady-state 
levels of IE1 after 24 hrs p.i. exceeded those found in HEL 
cells (Sadanari et al., 2000). These results implied that there 
were differences in the regulation of protein synthesis in the 
permissive cells. These different regulatory events may be 
crucial in determination of the relative levels of the IE pro-

teins, which are likely to influence the course of subsequent 
viral gene expression (Kerry et al., 1995). The findings in 
the current study conformed to the previous reports in both 
transcription and expression levels especially with the results 
of RCMV, strain Maastricht. 

One of the limitations of this study is the 24 hrs cut-off 
period, what makes the observations beyond that time inac-
cessible. We believe that both IE1 and IE2 mRNAs have per-
sisted until 48 hrs p.i., what corresponds with the results of 
Beisser et al. (1998). This is due to the asynchronous devel-
opment of RCMV in vitro, which was mentioned previously 
in Loh et al. (2003) involving the virus binding, penetration, 
regulation of transcription and translation, DNA replication, 
virion assembly, maturation, and egress. Nevertheless, this 
kinetic transcription study warrants further investigations on 
the alternative splicing phenomenon of the two IE mRNAs. 
This work will be conducted by designing the primers flank-
ing at the spliced junctions of exon 3/exon 4 (IE1) and exon 
3/exon 5 (IE2) to assess the levels of spliced IE transcripts 
using the newly developed RT-PCR assay.

In conclusion, the in-house real-time RT-PCR assay 
was successfully developed for quantification of the IE1 
and IE2 mRNAs levels with findings conforming to the 
previous transcription and expression studies with HCMV 
(Stenberg et al., 1989; Rawlinson and Barrell, 1993), MCMV 
(Keil et al., 1987; Messerle et al., 1992), and RCMV, strain 
Maastricht (Beisser et al., 1998). Since RCMV is one of 
the animal models for studying CMV infection and disease 
in human, this assay appears as the suitable alternative for 
rapid diagnosis and monitoring of the acute CMV infection 
by detection of IE mRNAs that directly reflect the biological 
activity of the infecting virus. 
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