The use of real time pcr approach for detecting human boca
virus (HBoV)

(Received: 11. 06. 2010; Accepted: 15.07.2010)

Ibrahim M. M. M. and Sabit H. H.
Faculty of Biotechnology, Misr University for Science and Technology, Sixth of October Governorate, Egypt.
Corresponding author; mail to: mmustafai@must. edu.eg
Address: Faculty of Biotechnology, Misr University for Science and Technology,
Almotamayez District, 6th of October City, POB: 77, Egypt.

ABSTRACT |

Human boca virus (HBoV) is a newly discovered parvovirus prevalent among children with
acute wheezing and can cause systemic infection. Suggested model for boca virus infection in which
high viral loads are potentially associated with respiratory symptoms and low viral loads indicate
asymptomatic shedding. Therefore, quantitative polvmerase chain reaction analysis could be used
as a sensitive method for studying the human boca virus. Moreover, design specific primers for the
detection of this virus support the potentiality ro develop a multiplex real time- PCR assay In this
research, the whole genome of many HBoV virual strains was aligned, and specific oligonucleotide
primers have been designed by the use of bioinformatics sofiwares. In addition, a real time-PCR
protocol has been optimized for the detection of HBoV. Results generated from this investigation
showed that all designed primers were capable of detecting low titration of the virus using real time
PCR protocol. Moreover, comparison of the cycle threshold values generated from this protocol
against other previously described protocols has been carried out.
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I_ INTRODUCTION ] respiratory tract infections in many countries
by PCR or realtime PCR (Shirkoohi er al.,

2010). Parvovirus has been found in children

uman bocavirus (HBoV) belongs to
che genus Bocavirus that infect cattle

and dogs—thus the name, derived from
bovine and canin (Manning er al., 2006). It is a
newly identified human parvovirus that was
originally identified in the respiratory
secretions of children with respiratory tract
disease (Kesebir et al., 2006). HBoV is
belonging to the family Parvoviridae,
subfamily Parvovirinae, and genus Bocavirus,
and was cloned by molecular screening of
pooled human respiratory tract samples in
2005. HBoV has been detected in patients with

with respiratory tract illness in practically all
areas of the world in which it has been
investigated (Pérez-Trallero er af., 2007). This
virus has not been replicated in vitro, and no
animal model has been reported. This is a
frequent problem with newly identified
viruses, since the very reason for them being
undetected until now is their resistance to
detection by traditional, culture-based methods
(Allander er al., 2005). It was the first virus
identified by “molecular virus screening”, a
procedure based on DNase treatment of the
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samples, random amplification and cloning,
followed by large scale sequencing and
bioinformatic analyses (Allander, 2008).
Meanwhile, The availability of rapid and
reliable molecular diagnostics would therefore
aid future studies of this novel virus. To
address this, two sensitive and specific real-
time TagMan PCR assays that target the
HBoV NSI and NP-1 genes were developed
(Xiaoyan et al., 2006).

The aim of the present study is to
optimize a realtime PCR-based approach to
detect HBoV in clinical and non-clinical
samples.

| MATERIALS AND METHODS |

Primer design and analysis

In order to detect HBOV full genomes,
specific  oligonucleotide  primers  were
designed. The HBoV full length has been
obtained from the WNational Centre for
Biotechnology information (NCBI) (www.
ncbi.nlm.nih.gov). Primer design has been
carried out by the use of primer 3 software
(http:/fwww. genome.wimit.edu/cgi-
bin/primer/ primer3-www.cgi). Alignment of
the HBoV strains genome has been carried out
by the use of Bioedit software program
(http://www.bioedit.com). Oligonucleotide
primers used in this study are listed in Table
(1). Moreover, Table (2) contains the
accession number of the strains used in the
bivinformatics analysis.

Real time-PCR analysis

Detection and quantification of HBoV
positive control sample (kindly obtained from
Dr. Tobias Allander, Dept. of Clinical
Microbiology, Karolinska University Hospital,
Stockholm, Sweden) has been carried out by
the use of Platinum Taq (5U/ul) (Invitrogen,
USA). The reaction consists of Buffer (10x),
MgCl, (50mM), dNTP's (10mM), forward
primer (20uM), reverse primer (20uM), SYBR

Green dye 0.25 pl per reaction (Invitrogen,
USA). Machine program (Miniopticon,
Biorad, USA) was as follows: 5 min at 95 °C
for activation of Tag DNA polymerase
enzyme, followed by 40 cycles for
amplification with a denaturing step at 95 °C
for 15 sec., gradient annealing temperatures
(from 355- 65 °C) were used in order to
identifying the optimal degree. Fixed
extension step of 1 min at 72 °C was used.
Five DNA concentrations were used in this
study; 17 Million copies, 1.7 Million copies,
0.0017 Million copies, 0.00017 Million copies,
and 0.000017 Million copies. Melting curve
analysis has been carried out between 90°C
and 60°C in 15 second intervals.

Conventional PCR analysis

A conventional PCR was performed to
ensure the obtained data. Gels were prepared
according to the ordinary lab procedures and
using the primers LNS1 and LNS2. Agarose
gel electrophoresis was performed to separate
the obtained bands. The resulted pattern was
viewed on UV-transilluminator after being
stained with ethidium bromide. The PCR
conditions were as follows: 94°C for 9 min,
followed by 35 cycles of 94°C for 1 min, 54°C
for 1 min, and 72°C for 2 min.

| : RESULTS |

Oligonucleotide primer analysis

Designed oligonucleotide primers have
been tested against the HBOV genome by
using Bioedit bicinformatics software. The
results showed that the designed primers have
been matched successfully to the HBoV
genomes (Figure 1). Sensitivity tests were
performed to assess the cycle threshold (Ct)
against the four DNA concentrations used with
primer pair LSN1 and LNS2. Table (3) and
Table (4) represent the values of Ct against the
gradient DNA concentrations used. Figure (2)
and Fig. (3) demonstrate sensitivity test of
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Table (1): Oligonucleotide primers designed and used in this study.

Primers name Primers Sequence AT  EPS (bp)

LNS 1st 200-620F 5CCACGCTTGTGGTGAGTCTA3  58°c 247
1st _200-620_R 5 CCCAAAATGGCGATCTTCTAS

2nd _ 820-1320_F &SCAGTGGATCCTCTTCGCTTC3  58°c 213
2nd _B20-1320 R S5GCCCTGGAATGACTTCGTTAY
AT: Annealing temperature, EPS: Estimated Product size

Table (2): Examples of HBOv strains used for the bioinformatics analysis of this study.

Strains name

gi|77125236|ref|NC_007455.1| Human bocavirus, complete genome
gi|161137737|gb|EU262978.1| Human bocavirus isolate CUT4W, complete genome
Qi|161137732|gb|EU262578.1| Human bocavirus isolate CUBN, complete genome
gi| 14938572 1|gb|EF450740. 1| Human bocavirus isolate HK24, complete genome
gi| 1483897 16|gb|EF450739. 1| Human bocavirus isolate HK23, complete genome
gi| 1493897 11|gb|EF450738. 1| Human bocavirus isolate HK22, complete genome
gil 1493897 06|gb|EF450737. 1| Human bocavirus isolate HK21, complete genome
gil 1493867 01|gb|EF450736. 1| Human bocavirus isolate HK20, complete genome
gi|149380696|gb|EF450735. 1| Human bocavirus isolate HK19, complete genome
gl 1493859691|gb|EF450734.1| Human bocavirus isolate HK 18, complete genome
gi|149389686|gb|EF450733. 1| Human bocavirus isolate HK17, complete genome
gi| 14938968 1)gb|EF450732.1| Human bocavirus isolate HK 16, complete genome
gi|149389676|gb|EF450731.1| Human bocavirus isolate HK 15, complete genome
Qi 14938967 1|gb|EF450730.1] Human bocavirus isolate HK 14, complete genome
gi|149389666|gb| EF450729.1) Human bocavirus isolate HK13, complete genome
Qi| 149389661 |gb|EF450728. 1| Human bocavirus isolate HK12, complete genome
gi| 149389656|gb|EF450727. 1| Human bocavirus isolate HK11, complete genome
gi| 149389651 |gb|EF450726.1| Human bocavirus isolate HK10, complate genome
gi|149389646|gb|EF450725. 1| Human bocavirus isolate HKS, complete genome
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Table (3): Sensitivity test of the examined annealing temperature with primer LNS1.

Annealing Tempelate cone. C.t.
Temperature *C : =
55 17 Million copy 14.51
bt 17 Million copy 1409
60 17 Million copy 1413
63 17 Million copy 14.44
05 17 Million copy 14.77
35 1.7 Million copy 18.08
58 1.7 Million copy 16.91
4l .7 Million copy 272
63 1.7 Million copy A
63 1.7 Million copy 18.23
58 0.017 Million copy 23,74
i) 0.017 Million copy NIA
&3 0,017 Million copy 25.07
335 0.0017 Million copy 28.92
58 0.0017 Million copy 28.46
B0 0.0017 Million copy 27.81
643 0.0017 Million copy 27.29
L] 0,0017 Million copy 28.20

Table (4): Sensitivity test of the examined annealing temperature with primer LNS2.

Annealing Template Conc. Cit.
Temperature"C
55 17 Million copy 13.47
58 17 Million copy 13.39
o) 17 Million copy 13.46
63 17 Million copy 13.65
65 17 Million copy 14.06
55 1.7 Million copy 17.87
58 1.7 Million copy 17.08
Al 1.7 Million copy 17.28
63 1.7 Million copy 17.19
65 1.7 Million copy 17.51
535 (.17 Million copy 21.68
58 (.17 Million copy 21.08
i) .17 Million copy 21.17
63 (.17 Million copy 21.25
65 .17 Million copy 21.41
35 0,017 Million copy 24.50
58 .017 Million copy 2418
B0 0,017 Million copy 24.37
&3 0,007 Million copy 24.47
63 0,017 Million copy 25.14
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gi|14938971E|gb|EF450739.1] Humen bocavirus isclete HEZI, complete gqencms
gi|i49389711 |gh|EF450738.1] Fumen bocavirus isclate MEZZ, complete genome
gi|145389T06 | gb|EP450737.1] Humen bocevirus isclate HEZ1, complete genome
gi]1145385701 | gb |EP450736.1] Humean bocavirus isolate HEZD, complete genome
gi| 145309656 | gb |EP450T35. 1] Human bocavicus isolate HRLS, complets genome
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F1]14938762]1 |gb|EP450720. 1| Muman bhocavirus isclate HE4, complete gencee
F4|14536%616 ] gb | BF450715.1| Human bocawirus isolate MEJ, complete gencee
gi| 145389611 g | BF430718.1| Human bocawirus isolate MEZ, complete genome
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complete genome
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gi| 66356133 |gh |DOO004S6. L] Human bocavirus isclate stl, complete genome
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- CTATGACTTTCAATCCTCOTETEA
« CTATGECTTTCAATOCTCCTRIGA
+ CEATGECPTTCAATCCTCCTFTGA
- CTADSECTITCAAPCCTCOTETGA
- CRATGECTTTCAATCCTCOTETGA

Fig. (1): Bivinformatics Analysis of primer as a Model of the bioinformatics analysis of the
designed primers.

Fig. (2): Sensitivity test of primer LNS1
at the annealing temperature of 58
) i

Fig. (3): Sensitivity test of primer LNS2 at

the annealing temperature of 58 °C.
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Fig. (4): Optimization of annealing
temperature of LNSI primer; Well
Al: 55°C, A5: 58 °C, A6: 60 °C,A7:
63 °C Al0: 65 °C.
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Fig. (5): PCR product generated by
primer LNSI; Lane 1, Molecular
weight standard; Lane 2, HBOv
specific PCR product.

Fig, (6): PCR product generated by primer LN52; Lanel,

Molecular weight standard; Lane 2, HB

product.

primer LNS1 and LNS2 at the annealing
temperature of 58 °C. In silico PCR analysis
showed that the designed primer has a fixed
annealing temperature of 58 °C. However, in
vitro analysis showed that the annealing
temperature was variable according to the
DNA concentration (Figure 4 and Table 35).
The data obtained indicated that in all the
concentrations applied (0.017 Million copies
0.17 Million copies, 1.7 Million copies, and 17
Million copies) using the primer LNS2, the

Ov specific PCR

s

00ky — ibp

annealing temperature was 58 °C as it gave a
Ct value of 13.39 17.08, 21.08, and 24.18,
respectively. While when using the primer
LNSI, in the four concentrations used, the
annealing temperature was 58 °C in three
concentrations (17 Million copies, 1.7 Million
copies, 0.017 Million copies, (L0017 Million
copies) but it was 62°C in the concentration
0.0017 Million copies.
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Real time PCR analysis

Real time PCR analysis for the detection
of HBoV has been carried out. The results
(indicated as cycle threshold (Ct) wvalues)
showed that the primer LNS1 was the best as it
gave a Ct value of 13.94 followed by primer
LNS3 which gave a Ct value of 14.03.
Sensitivity analysis of this protocol showed
that there is a gradient increase in the Ct
values in response to the gradient decrease of
the virus DNA concentration. Also, by the use
of primer LNSI, the recommended protocol
was capable of detecting a very low viral
concentration down to (0.0000017 ug).
However, the sensitivity limit of primer LNS2
was (0.000017 pug) (Table 6).

Agarose gel electrophoresis

To visualize the obtained resulits, ten
microliters of each amplified product was
loaded in an agarose gel (2.5%) containing 0.5
ug/ml  ethidium  bromide and then
electrophoresed in TBE (89 mM Tris-borate 2
mM EDTA, pH B8.0) buffer. Afier the
electrophoresis the DNA bands were
visualized by UWV-transilluminator. The data
generated were photographed and then
subjected to analyses by Gel documentation
system (Gel Pro Analyzer version 3.1).

Conventional PCR analysis

Conventional PCR was performed to
ensure the data gained by the real time PCR
and the in slico PCR. The obtained data
(Figure 5 and Figure 6) showed that using the
primer sets for LNS1 and LNS2 amplified a
fragment with the expected molecular weight.

DISCUSSION |

To date, the detection of HBoV has been
performed predominantly on NPAs and swabs
and has been possible only with PCR-based
methods (Schildgen er al., 2008). Since the
described oligonucleotide primers have been

205

designed based on the sequence alignment
analysis, the absence of any mismatches of
these primers against the tested HBoV strains
was expected. Moreover, this result also could
be attributed to the relatively small number of
HBoV strains that have been completely
sequenced and published at NCBI. Designed
primers have been tested against the whole
length genome of HBOV genome and
informative patterns have been obtained.
Among five primers designed (data not
shown), only two primers (LNS1 and LNS2)
were the most powerful oligonucleotides in
generating a specific profile against the
genome of HBOV. Sensitivity tests were
performed to assess the Ct values and to assess
also the best annealing temperature (55-65° C)
against the four viral DNA concentrations (17
Million copies, 1.7 Million copies, 0.17
Million copies, 0.017 Million copies, 0.017
Million copies. 0.0017 Million copies, and
0.00017 Million copies). The data indicated
that the annealing temperature 58 °C was
dominated over the other temperatures used
against the viral DNA concentrations of 17
Million copies, 1.7 Million copies, and 0.017
Million copies, as this temperature gave a Ct
values of 14.09, 16.91, and 23.74. This may be
in disagreement with the findings obtained
with the in silico PCR which determined the
optimum annealing temperature of 55 °C
against a wide range of viral DNA copy
number. Meanwhile the Ct wvalues of the
designed primers LNS1 and LNS2Z at the
annealing temperatures 58 °C was 14.09 and
13.39, respectively, indicating that this
annealing temperature was the most
appropriate one among the range employed in
this study. However the designed primers
LNS1 and LNS2 might be used in PCR
amplification likewise in sequencing as the
primer length was almost the same as that used
by Xiaoming ef al. (2006) who used the primer
F 5- GAGCTCTGTAAGTACTATTAC-3 and R
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5- TCTGTGTTGACTGAATAC-3 for both
amplification and sequencing.

Conventional PCR analysis

Conventional PCR was performed
according to the ordinary lab procedures and
band with molecular weight of 247 and 213 bp
were obtained when LNS1 and LNS2 primers
were used, respectively. According to the
primers used to generate the specific profile
different molecular weight bands could be
observed. Kleines er «l. (2007) identified a
target band of 354 bp. The initial studies on
hBoV infections have used conventional PCR
methods with agarose gel electrophoresis
(Neske ef al., 2007). The aim of our study was
to establish a real-time PCR assay for the rapid
detection and quantification of hBoV DNA.
We developed a real time-based approach to
detect the hBoV as a rapid and reliable method
in comparison to the conventional PCR,
however the real-time hBoV PCR was in good
agreement with a conventional hBoV PCR.
But because the amplified PCR fragment in
the real-time PCR is shorter than in the
conventional PCR, the real-time PCR may
appear more sensitive. This assay proved to be
sensitive, specific, and reliable for hBoV DNA
amplification and quantification and was
possible over a broad linear range. Results of
real time PCR analysis showed that all
designed oligonucleotide primers were

efficient against the tested HBoV positive
strain. However, optimization of real time
PCR. conditions was carried out. Several real
time PCR conditions were tested. Although in
silico PCR analysis recommended the use of
55 °C as an annealing temperature, in vitro
experiments showed that the best annealing
temperature is 58 °C. Also, sensitivity analysis
of this protocol showed that there is a gradient
increase in the Ct values in response to the
gradient decrease of the virus concentration.
These results indicated the reliability of the
protocols employed in this study. Also, by the
use of primer LNS, the recommended protocol
was capable of detecting a very low wiral
concentration up to (0.0000017 pg). However,
the sensitivity limit of primer LNS2 was
(0.000017 pg). In conclusion, while in silico
PCR analysis revealed that the best annealing
temperature of primers designed in this study
was 55 °C, in vitro experiments showed that
the best annealing temperature was 58 °C.
Also, sensitivity test of oligonucleotide
primers used in this study showed that primer
LNSI is better than primer LNS2. However,
these results suggest that a comparison of this
protocol to the other recommended protocols
should be carried out. Also, testing of this
protocol against clinical samples will be of

great value.

Table (5): Ct values of the designed primers at the selected annealing temperatures.

Primer s5°C 58 °C 60 °C 63 °C - 65°C
LNSI 14.51 14.09 14.13 14.44 14.77
LNS2 13.47 13.39 13.46 13.65 14.06
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Table (6): Cycle threshold (Ct) values of the oligonucleotide primers generated in this study.

Primer Sample gquantity (pg) Ct value

T
LNS2 1.7 14.0
LNSI 0.17 16.3
LNS2 0.17 19.4
LMSI 0.017 20.5
LNS2 0.017 23.1
LNSI 0.0017 23.7
LNS2 0.0017 339
LMSI 0.00017 28.2
LNS2 0.00017 30.3
LNSI 0.000017 30.6
LNS2 0.000017 3335
LNS1 0.0000017 54
LNS2 0.0000017 N/A
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