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. ABSTRACT

. Background: Todays, one of the most important problems in detection of human pathogens, is lack
Article Type: :  of positive control. The idea of using hybrid vectors, containing genes of different pathogens, can
Research Paper . overcome this limitation. We can design specific primers for each region and use the hybrid vector as

positive control sample in PCR. In this research we designed a hybrid vector and relevant primers for
detection of Variolla and Burkholderia.

Am?le info: Materials and Methods: In this study 16stRNA and HA genes were chosen to be located on the
Received: 29 Jun 2019 : vector, to represent of Burkholderia and Variolla, in respectively. The sequence of these genes
Revised: 23 Jul 2019 . obtained from NCBI in FASTA format and aligned in BioEdit software for finding conserve region of
Accepted: 14 Aug 2019 . each gene, then some purposeful changes were applied in the sequence of each gene and the sequences
: were placed next to each other and the construct was designed. Specific primers designed for each
region using Oligo7, BioEdit, GeneRunner softwares, Oligo analyzer website and NCBI database.
Finally, the construct cloned in PUC57 in SnapGene and PCRsimulated on hybrid vector using

designed primers.

Keywords: * Results: Analysis confirmed that conserved region for each gene is located on hybrid vector for each

Hybrid construct, Positive pathogen, and simulation of PCR proved the accuracy of designed primers.

control sample, PCR, Conclusion: Hybrid vectors design contain similar sequence of pathogens genome but they are none-
Burkholderia, Variolla ¢ pathogenic. We can use these hybrid vectors as positive control, without any concern.

Introduction different genetic components simultaneously in one or

more specific hosts [1]. The ability of carrying different

enetic vectors are engineered and artifi- genetic sequences in hybrid vectors, lead to using them

cial tools used in molecular cloning. A as positive control sample for detection of some patho-

genetic vector contains an external ge- gens. These hybrid vectors are cloned in a host and can

netic sequence is a recombinant vector. be used when required. One of the most important hosts

The recombinant or hybrid vectors are is Escherichia coli, which is used for keeping and repli-

tools for transmitting, reproducing or expressing several cating of hybrid vectors [2]. Centers for Disease Control
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and Prevention(CDC) classify biological agents in cat-
egory A, B and C for prevention actions [3].

Laboratories are classified in 4 biosafety level accord-
ing to their equipment, so working on dangerous patho-
gens require equipped lab [4]. Biological agents usually
spread quickly and have high mortality rate, so rapid
detection of these pathogens are valuable [5]. Culture
and immunological base detection methods are costly
and time consuming, but molecular detection methods
are quick and reliable [2, 3]. There are some limitations
for molecular detection of biological agents, such as, 1.
accessing to the genome of pathogens to use as positive
control sample is difficult. 2. In order to ensure that these
factors are not present, we always have to test several
microorganisms simultaneously using different controls
[4]. 3.The presence of false positive results due to con-
tamination of the positive control is problematic. 4.
The level of existing laboratory equipment and existing
methods in clinical laboratories and the lack of access to
common commercial tests is a major limitation [5].

Using simulation techniques is a good idea to solve
many problems associated with threatening biological
agents, but very few simulators have been identified so
far. In biological defense, a few simulators, including
Bacillus subtilis (as an alternative to Bacillus anthracis),
Panto aglomerats (as an alternative to all threaten plants
bacteria), and Phage M13 (as an alternative to all viral
threats), are used, But these simulators are ineffective in
molecular methods because they have no common gene
with the real pathogen,so design and construction of hy-
brid vectors seems to be more efficient [6]. Hybrid vec-
tors have similar genetic region of the biological agent,
but when they applied instead of these pathogens, they
eleminate all the problems and deficiencies mentioned
above; hence, these hybrid vectors act as a kind of ge-
netic simulators. In fact, this strategy is the application
of positive control sequence is in order to confirm the
presence of a specific organism in a sample.

In this research, we designed a kind of vector consisting
different genetic units of specific microbial or viral agents

Table 1. Designed primers and their characteristics
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and can be used as a positive control in the PCR process by
designing specific primers for the same genetic unit and by-
comparing the amplified fragment from vector and patho-
gen. So, based on the existing priorities in Iran, biological
agents including Burkholderia mallei and Pseudomallei
and Variolla were selected to be placed in the hybrid vector
[7-16]. On the other hand, due to the many advantages of
Multiplex PCR, we have designed the vector and primers,
based on a multiple PCR reaction, in order to be able to use
this information a diagnostic kit of four pathogens, based on
the PCR process.

Materials and Methods
Selection of conserved gene for each pathogen:

In the first step, in order to improve the accuracy of
detection, a specific genetic sequence must be selected
for each species. This sequence must be so specific and it
does not exist in other organisms, especially do not exist
even in other none-pathogenic species or strains that can
differentiate between them. In order to find conserved
genes, of two mentioned pathogens, numerous articles
were evaluated from NCBI and the INSDC databases
(The International Nucleotide Sequence Database Col-
laboration). Conserved genes for the pathogens of Bur-
kholderia mallei and Pseudomallei and Variolla were
16stRNA, the component of the 30S small subunit of a
prokaryotic ribosome that binds to the Shine-Dalgarno
sequence [6, 7] and HA (Hemagglutinin protein), an in-
fected-cell membrane antigen [8-10], Respectively.

Sequence for each gene:

The NCBI database was used to prepare the sequence
of genes. This database is the center for information
about genes, their transcriptions, proteins, and many
possibilities for biosciences [17]. In this research, all se-
quences related to the two identified genes for all species
and subtypes of these pathogens were extracted from the
database and stored in the FASTA format.

Target . Primer o Product Size Product Size in Origi-
Pathogen Region Primer Sequence Length Tm Ge% In Construct nal Agents

F 5'- AATCCACAACAGACAAGACGT 21 57.8 429

Variolla HA 333bp 233bp
R 5'- ACCAAATACTTTGACATAGTC 21 51.2 323
F 5'-TTCTGGCTAATACCCGGACTG 21 59.2 52.4

Burkholderia 16srRNA 438bp 338bp
R 5'-TATCTAATCCTGTTTGCTCC 20 52 429

2Hmm
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Conserve region of each gene:

BioEdit software was used to determine the con-
serveregion of each gene. BioEdit is a powerful software
for sequence alignment which use the ClustalW Mul-
tiple Alignment method [18]. In this research, obtained
sequences in the previous stage were aligned with this
software and the conserved region of each gene were de-
termined to be placed on the final construct.

Primer design

OLIGO software version 7 was used to design the
primer. OLIGO is an essential software for designing
and analyzing PCR primers. At this stage, the conserve
region of each gene transmitted to the OLIGO software
and forward and reverse primers were designed for each
gene, and finally, the properties of primers including of
dimer, binding temperature, CG percentage, and PCR
product length were evaluated. Designed primers and
their characteristics are listed in Table 1.

Specifity of primer

At this stage, NCBI Primer Blast website was used
to determine the specificity of each primer by selecting
NR databank (just to identify the specific agent), and the
specificity of the primers was evaluated.

Analysis of primers for Multipelex PCR

In the first step, the online website of Oligo Analyser
was used to analyse the primers.After designing prim-
ers, dimer formation and stability of primers were stud-
ied and suitable primers were designed. In the next step,
primers were analysed in the NCBI PrimerBlast website
by selecting NR databank, in which the primers of each-
pathogen were examined two to two, with the aim of not
identifying any pathogen, and finallyall primers were
confirmed.

Hybrid construction design

At this stage, using the creative idea of the researches of
Miss. Monica Carrera and et al [11, 12] certain changes
applied in target gene region of each pathogenin order to
be placed in the construction, which is expressed below:

1- A sequence with a length of 100 bp with EcoRI and
Notl restriction site was considered for inside of each
gene. This 100bp sequence was added because of two
reason: First, if the specimen containing the pathogen is
negligently contaminated with a very small amount of
synthetic positive genetic control, in that case, we can

Res Mol Med, 2019; 7(3):39-46
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use the enzymatic digestion method to differentiate these
two from each other. So, by performing enzymatic diges-
tion operations on the suspect contaminated sample, all
of the synthetic genetic positive controls will be broken
down and, as a result, we will not have false positive and
negative results. Second, providing difference in size for
each agent on the structure and original sample, so, if
restriction enzymes are not performed, it will provide a
definite answer with the aid of this difference in size on
the agarose gel.

2- A sequence of 48 bp was considered for between
sequences with Xhol and BamHI restriction sites. The
enzymatic pre-treatment before PCR prevents the pro-
duction of unwanted parts and also lead to amplification
of each region by its own specific primers.

After applying the above changes and placing the se-
quences together, a 2023 nucleotide sequence was cre-
ated for placement in the hybrid vector.

Hybrid vector preparation

SnapGene software was used to design a hybrid vec-
tor. As already mentioned, the Sacl enzyme restriction
site was placed on both sides of the structure. Designed
hybrid structure cloned into PUC57 plasmid from Sacl
restriction site and hybrid vector was simulate.

Structural approval by simulation of the PCR re-
action

In order to confirm the design, PCR reaction was simu-
lated in SnapGene software and the agarose gel produced.

Results
Choosing the best protected gene for each pathogen

Based on the studies and articles, the conserved genes
for the Burkholderia mallei and pseudomallei and Vario-
lla were 16stTRNA and HA, respectively.

Obtain sequences for each gene:

All sequences related to the four above genes were ex-
tracted and stored in the FASTA format (Figure 1)

Detecting conserved region of each gene:

Sequences in the previous step were aligned and the
conserved region of each gene were determined to be
placed on the final structure (Figure 2).
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Figure 1. Sequences of 16S ribosomal RNA gene in FASTA format for Borkholderia mallei and pseudomallei for example

Design primer Hybrid construction design

In the Oligo7 software, a set of different states of prim-
ers was randomly evaluated for designing the optimal
primers in terms of the absence of dimer primer, CG per-
centage, stability, Tm and (Figure 3).

At this stage, certain changes were made in the target
gene to be placed in the construct and after placing the
sequences together, and final sequence was created for
placement in the hybrid vector (Figure 4).
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Figure 2. The ClustalW Multiple Alignment process in the BioEdit software for variolla agent sequences for example.
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Hybrid vector simulation

The construction cloned in PUCS57 plasmid, finally hy-
brid vector was produced (Figure 5). Structural approval
by simulation of the PCR reaction:

The PCR reaction was simulated in SnapGene software
and results were observed on 2% agarose gel and expect-

ed bands were observed. For the pathogens Burkholderia
mallei and Pseudomallei and Variolla, band in the size
333 and 438 bp were expected, respectively (Figure 6).

Specificity of primer Confirmation

As you can see, when primers were evaluated on the
NCBI database on Primer Blast, we identified only one

M

Figure 5. construct schematic: 100bp Sequence with two restriction site of Xhol and BamHI-Sequence of Variolla (green) with
two restriction site EcoRI and Notl - 100bp sequence with two restriction site of Xhol and BamHI -Sequence of Burkholderia

(red) with two restriction site EcoRI and NotI.
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Figure 6. Simulation of agarose gel (molecular marker bp 100)
1. Varoilla (333 bp); 2. Burkholderia (438bp)

pathogen for each primer, and no nonspecific product
was found; thus, the 100% specificity of the design prim-
ers was confirmed (Figure 7).

Proof of specificity with 4 pairs of primers

To determine that in the multiplex PCR, 4 primers just
determine only 2 designed genetic sequences and do not
produce nonspecific pieces (100% specificity); these 4
primers are 2 to 2 randomly (32 modes) on the Prim-
erBlast NCBI database analyzed (Table 2) and showed
that 2 pairs of primers in a multiplex state are certainly
specific similar to monoplex state.

QD) s Natonattrary ot wecicne

NCBI National Center for Biotechnology Information
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Disscussion

It’s been years, instead of using a real biological threat,
such as Burkholderia mallei and Pseudomallei and Vari-
olla, simulators are used as a genetic positive control,
because the genetic simulator and main pathogen have
similar properties (similar nucleic acid sequences), but
the genetic simulator is non-pathogenic.

This type of hybrid structure can effectively replace
withreal pathogen.One of the main barriers for design-
ing new kits based on the PCR process for biological
agents is the lack of a positive genetic control. Positive
control sample is neccessary for testing the performance
of a diagnostic kit (including primers or probes). Con-
sequently, the production of this kind of genetic posi-
tive control is considered as the research priority of the
country’s biological defense. Therefore, for this purpose,
we need to: 1- In Silico design of construct. 2-test the
effectiveness of primers and optimize them in the PCR
process on the construct. On the other hand, because of
the great advantages of Multiplex PCR, it is better to de-
sign structures and primers for a multiplex PCR reaction
then we can produce a multiple diagnostic kit based on
the PCR process. Studies around the world, shows very
few documents, and it seems that only 2 studies based on
such a subject which is published as patents and articles.

In a study in France in 2004, these hybrid vectors were
used to provide a kind of positive control to overcome
many problems that were encountered in detecting
pathogens. In this experiment, two different plasmids
were designed as a positive control which contained 4
and 6 genetic sequences of dangerous pathogens. They
also designed primers and probes to detect each piece,
either on the positive control plasmid and the main

Signin to NCBI

Primer-BLAST 5> 108 ID:KjHPUYhbIX8eUhpce3lolmBfGiNzQAC2

Primer-BLAST Results &

Input PCR template

ne
Specificity of primers  Target templates were found in selected database: Nucleotide collection (nt)

er reports b Search Summary

©Detailed primer reports

Primer pair 1

‘Sequence (5'->3) Length
AATCCACAACAGACAAGACGT 21
ACCAAATACTTTGACATAGTC 21

Forward primer
Reverse primer

Products on target templates
>LT706528.1 Varlola virus isolate VARV_V563 genome assembly, chromosome: |

Figure 7. Confirmation of the specificity of the pair of primers in PrimerBlast, for example: Variolla

GC%  Self complementarity Self 3' complementarity
4286 400 400
3333 7.00 500
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Table 2. Specificity of 4 pairs of primers in two to two: Variolla (F1 and R1); Burkholderia (F2 and R2)

o F1 F1 F1 F2 R1 R1 R2 F2 F1
F1 R1 F2 F2 R1 R2 R2 R2 R2
Result - + - - - + -
Product length - 233 - - - 338 -
Zrmm
pathogen. In this test, 8 nucleotides of the main sequence Conflict of interest

were changed with the 20 nucleotide that contained the
restriction site of the Notl [15-19].

Other study, is two patents in the United States, which
were published in 2008.They designed a simulator that
detect 20 pathogens simultaneously. In this research,
BamHI restriction site was located between the sequenc-
es of each pathogen [20-23].

In another study in Iran, Zeinoddini et al., in 2019, used
a chimeric construct for simultaneous detection of Fran-
cisella and Yersinia in a multiplex PCR method. In this
study, the fopA gene from Francisella and the cafl gene
from Yersiniawas selected, which produced 107and 176
nucleotides, respectively [24].

In two studies in the Pasteur Institute of Iran on Fran-
cisella and Yersinia, a hybrid structure was designed and
used as a monoplex PCR positive control [25, 26].

In this project, a hybrid vector with corresponding
primers was designed In Silico, for developing Multi-
plex PCR process to detect Burkholderia mallei and
Pseudomallei and Variolla. This can be used as positive
control in molecular detection methods.
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