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Abstract— Bioinformatics has developed into an application tool for basic and applied research in the biomedical and biotechnology
field. Polymerase Chain Reaction (PCR) is a common technique in the molecular area that has always involved bioinformatics science.
PCR cloning techniques such as TA cloning and PCR-mediated cloning exhibit complex processes with low success rates. One easy,
effective, and practical solution is to use a mega-primer with the Overlap Extension PCR Cloning (OEPC) technique. The success of
PCR cloning using the mega-primer design in the OEPC technique is strongly influenced by the characteristics of the mega-primer
used. Knowledge of mega-primer characteristics is one of the important factors in the success of PCR cloning. The design process for
the mega-primer str promoter was characterized based on the principle of a genetic algorithm using the web-based bioinformatics tools
such as ClustalW, NetPrimer, and BLAST. The success of the mega-primer construction in producing recombinant pSB1C3 vector has
been confirmed by the sequencing method and the function of the reporting protein (AmilCP). DNA analysis shows a 100 % homologous
sequence on the str promoter, while E. coli colonies successfully express the purplish-blue color. Mega-primer characters can save costs
and time of the research by maintaining the primer parameters that provide optimal values and increase the success value of PCR
cloning via bioinformatics software. Hence, implications on biological problems, especially using DNA and amino acid sequences, could
solve rapidly.
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The Overlap Extension PCR Cloning (OEPC) technique is

L. INTRODUCTION a variant of PCR. Overlap Extension PCR Cloning (OEPC)
The world today shows progress in the field of consists of two stages: overlap-extension PCR and PCR
computerization and molecular biology. Bioinformatics is a cloning [4-6]. Overlap-extension PCR functions to produce
multidisciplinary field of biology, computer science, DNA fragments (mega-primer) which have homologous tail
informatics, and mathematics that supports the development sequences at the 5 'and 3' ends of the plasmid vector.
of future biotechnology. Bioinformatics applies methods for Meanwhile, PCR cloning was used to enter the mega-primer
solving biological problems, especially using DNA and results of the overlap-extension PCR into the plasmid vector.
amino acid sequences and related information. Currently, the Mega-primer contains homologous gene sequences at the 3
most commonly applied molecular analysis technique is the 'end and homologous vector sequences at the 5' end in both
PCR (Polymerase Chain Reaction) technique. PCR is a forward and reverses primers [7]. The mega-primer attaches
diagnostic technique that requires very high specificity and to the complement sequence and starts the cloned DNA
sensitivity [1]. PCR is commonly used for a variety of synthesis process in the overlapping area.
purposes, such as gene cloning, hereditary diseases detection, Primers are DNA sequences that complement the target
fingerprints DNA, diseases diagnosis, paternity testing, and DNA sequence and one of the determinant factors in PCR.
DNA computation [2], [3]. The primer design can utilize sequence codes that are readily
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available on the internet on several sites, like GenBank
(www.ncbi.nlm.nih.gov) which includes sequence data
collection in America, European Molecular Biology
Laboratory - European Bioinformatics Institute / EMBL-EBI
(www.ebi.ac.uk) covers Europe [8], and DDBJ
(www.ddbj.nig.ac.jp) in Japan. Bioinformatic analysis using
software (software) such as ClustalW, NetPrimer, and
BLAST can characterize primers based on their genetic
algorithms [9, 10].

The characteristics of the mega-primer designed influence
the success in designing mega-primer in OEPC reactions. The
good mega-primer characters are determined by the primer
length, primer melting temperature (Tm), primer annealing
temperature (Ta), the difference between primer melting
temperature (ATm) and GC content, GC clamp, secondary
structure, repeats and run, specificity and uniqueness, and
product length [11, 12]. PCR cloning such as TA cloning and
PCR-mediated cloning shows a complicated process and low
success rates. The presence of mega-primer with the OEPC
technique is an easy, effective, and practical solution [13].

The mega-primer character of the str promoter that was
characterized was constructed into the pSBIC3 -
Bba_K592025 vector. The pSB1C3 - Bba K592025 vector
part has a pMBI ori which is responsible for the replication
process, including the replication of the CAT gene which
causes recombinant Escherichia coli to become resistant to
chloramphenicol antibiotics (Fig. 1). The success of the
recombinant pSB1C3 vector was confirmed by restriction
analysis and reporting protein function (AmilCP).
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Fig. 1 Location of the mega-primer insertion to pSB1C3 - Bba_K592025)
vector

II. MATERIAL AND METHOD

A. Primer Design via Bioinformatic Software

The str promoter sequences of E. coli were obtained from
the NCBI GenBank website. Sixteen sequences of the str
promoter [14] obtained from various E. coli strains were
downloaded in Fasta format and then carried out the
alignment process using the CluswalW software
(http://www.ebi.ac.uk /clustalw /index.html) [15]. The results
of the analysis show that the * sign is the conserved sequence
area in all strains of E. coli bacteria. Forward and reverse
primer candidates were selected in the conserved portion of
20 nucleotides. The eligibility of primer candidates was tested
with NetPrimer software (http://www.premierbiosoft.com/
NetPrimer/AnalyzePrimer.jsp) to see the characteristics of the
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possible occurrence of hairpin, dimer, cross dimer,
palindrome, and repeat and run structures [16, 17]. The best
primer selected will be added to the tail of 20 nucleotides as
an overlapping area in the pSB1C3 - Bba K592025 vector.

B. Mega-primer Production for Overlap-Extension PCR

The mega-primer design contains a homologous sequence
of the str promoter at the 3 'end and a vector homologous
sequence at the 5' end in both the forward and reverses
primers. Mega-primer is nucleotide sequences with forward
and reverse directions that overlap with the str promoter
sequence and pSBIC3 - Bba K592025 wvector [18].
Overlapping sequences were used to produce overlap
extension PCR using the KAPA Hifi HotStart PCR Kit
(KAPABiosystems, USA) (Fig. 2).

C. Mega-primer Construct into The pSB1C3 - Bba K592025
Vector

The mega-primer construction into the pSBIC3
Bba K592025 vector was generated by the PCR cloning
method. The PCR cloning method used the KAPA Hifi
HotStart PCR Kit (KAPABiosystems, USA) with a mega-
primer concentration of 6.5 ul in a total mixture of 20 ul for
10 PCR cycles. The results of PCR cloning were added with
the Dpnl enzyme, which functions to destroy vectors that do
not contain mega-primer based on the presence of the methyl
group. E. coli bacteria are transformed with the recombinant
plasmid and the success of the process will result in the
appearance of a purple-blue bacterial colony (AmilCP).

II1. RESULTS AND DISCUSSION

A. Primer Characteristics

Based on multiple sequence alignment analysis using the
ClustalW software, results were obtained with a sequence
length of 413 bp. Determination of primer candidates forward
(5'-TACCTTGAAAGTCTGCGTAA-3") and reverse (5'-
AAA TAGCTCCTGGTTTTAGC-3") based on the conserved
area with the symbol * (Fig. 3) and the following parameters
[19-21].

1) Primer Length: The primer candidate has a length of
20 base pairs (bp) consisting of 4 combinations of DNA letters
(ATGC). A good primer length generally consists of 18 - 22
bp. This is based on the consideration of random
combinations that may be found in one organism's genome
sequence. The probability of finding one nitrogen base
(ATGC) on one base is 1/4, the probability of finding two base
sequences (AG, AC, CG, etc.) is 1/16, the probability of
finding four bases (ATGC, TACG, etc.) is 1/256. So that in
20 bp of primer lengths based on statistical analysis will be
found once in every 1 trillion base sequences. Primer lengths
with more than 30 bases are not recommended because they
can produce low specificity and secondary structure
formation.

2) Primer Melting Temperature (Tm): Primer Melting
Temperature (Tm) is the temperature required by the primer
to dissociate the bond of its DNA complement. One theory to
calculate the primer melting temperature is Wallace's Formula
(1). Based on Wallace’s formula, it is known that the forward
and reverse primers candidate calculations show a melting



Informations:
Tm : Primer melting temperature Wallace’s Formula

temperature at 56 °C. The melting temperature 56 °C is the
optimal temperature range for the DNA Taq Polimerase

enzyme performance. nG : the number of bases G in the primer
Tm = (nG+nC)*4 + (nA+nT)*2 (1) ni : tﬁe numger 0? Eases i i.n ﬂllle pri.mer
_ % %7 _ &g o nA :the number of bases A in the primer
Tm (f) = (4+4)* 4+ (6+6)*2 =56 °C nT : the number of bases T in the primer
Tm (r) = (4+4)*4 + (5+7)*2 =56 °C
Primer- overlap str promoter seq.
3| GCTAAAACCAGGAGCTATTTA

str promoter E, colt

3. | TACCTTGAAAGTCTGCGTAA CGATTTTGGTCCTCGATAAAT I 3

J‘-| ATGGAACTTTCAGACGCATT GCTAAAACCAGGAGCTATTTA |-5'

I TACCTTGAAAGTCTGCGTAA |37

& Primer- overlap str | seq.

3
3| [ | |5
- [ | |

[ primer-overlap vector strpromoter primer-overlap vector I
3- 5
s [ I | |5

Fig. 2 The Overlap-Extension PCR technique in producing the mega-primer

gb|CPRe9859.1|:¢3924172-3923757 AACTGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
gb|CPRB7394.1|:c4288911-4288495 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
gb|AER14075.1| :¢3906353-3985940 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCTCTGAACGAAGAC 180
gb|CPOB968S5.1|:225193-225480 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
gi|85674274:4165451-4165879 AACCGQTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
g1]557270520:3307646-3308062 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGRAGAC 180
gb|CPR10371.1|:¢3515366-3514950 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC ige
gb|CPRD7391.1|:512516-512933 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGRAGAC 180
gb|CPRB1589.3| :¢3334566-3334152 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 1ge0
g1]313848522:¢3334560-3334144 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
gb|CPR10816.1|:¢3303731-3303315 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
g0 |CPRB9106.1|:¢4489964-4489550 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 1ge
gb|CPRB91084.1|:¢4411330-4410916 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 180
gb|CPR10585.1| :¢3334566-3334150 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 1ge
gb|AERDS5174.2| :¢4262093-4261680 AACCGATACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGRAGAC 180
gb|CPRB6e27.1|:¢4168413-4168000 AACCGOTACCTTGAAAGTCTGCGTAATGCCCCCATTAAGGTCTATGCCCTGAACGAAGAC 1ge
I T T e P T T

AGGACGTTTTATTACGTGT TTACGAAGCAAAAGCTAAAACCAGGAGCTATTT,

gb|CPB0Y8S59.1|:c3924172-3923757 A 413
gb|CP807394.1|:c4288911-4288495 AGGACGTTTTATTACGTGTTTACGAAGCAAMAGC TAAMACCAGGAGCTATTTA 413
gb|AE014075.1] :€3906353-3905940 AGGACGTTTTATTACGTGT TTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb|CP8R9685.1|:225193-225480 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAAAACCAGGAGCTATTTA 413
£4]85674274:4165451-4165870 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
g1]557270520:3307646-3308062 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb1CPO19371.1]| :¢3515366-3514950 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAAAACCAGGAGCTATTTA 413
gb|CP807391.1|:512516-512933 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb|CPBR15e9.3| :¢3334566-3334152 AGGACGTTTTATTACGTGT TTACGAAGCAAMGC TAAMACCAGGAGCTATTTA 413
gi]313848522:¢3334560-3334144 AGGACGYTTTATTACGTGY TTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb|CP810816.1| :¢3303731-3303315 AGGACGTTTTATTACGTGT TTACGAAGCAAMGCTAAMACCAGGAGCTATTTA 413
gb|CP809106.1| : c4489964-4489550 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb|CPaR91e4.1|:¢4411330-4418916 AGGACGTTTTATTACGTGTTTACGAAGCAAM GCTAAAACCAGGAGCTATTTA 413
gb|CPO10585.1| :€3334566-3334150 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413
gb|AE@R5174.2| :¢4262093-4261680 AGGACGTTTTATTACGTGTTTACGAAGCAAMGCTAARACCAGGAGCTATTTA 413
gb|CPB06©27.1] :€4168413-4168080 AGGACGTTTTATTACGTGTTTACGAAGCAAAAGCTAARACCAGGAGCTATTTA 413

Fig. 3 Multiple sequence alignment analysis of str promoter by using Clustal W (Bioinformatic software)

that there is no difference between the primer pair melting

3) The Difference in Primer Melting Temperature temperatures.

(ATm): A good primer pair is the one that does not have a
melting temperature difference of more than 5 °C. This is
based on the possibility of a failure of the amplification
process. Based on Wallace's Formula calculation, it is known

4) Primer Annealing Temperature (Ta): The annealing
temperature is the temperature estimated when the primer can
stably attach to the DNA template. The annealing temperature
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value which is proportional to the melting temperature causes
the annealing temperature not to be included in the calculation
of the primer design optimization.

5) GC Content: The general rule followed by most primer
programs is to use a base G and C percent between 40 % and
60 %.

GC Content = (nG+nC)/([p]) x 100 2)

Informations:

nG : the number of bases G in the primer
nC : the number of bases C in the primer
[p] : Primer length

Based on this formula, it is known that the primer forward
and reverse calculations show the same GC content 40% with
the following calculations.

4+4
GC Content (f& r):E x 100
=40 %

6) GC Clamp: Some programs require the primer pairing
with a GC base at the 3' end of the primer. This arrangement
makes hybridization more stable. However, it is necessary to
avoid more than 3 bases G or C in the last 5 bases of the 3’
end to prevent secondary structure formation.

7)  Secondary Structure: The PCR reaction should
preferably not contain secondary structures in the form of
hairpins or dimers. The stability of the secondary structure is
determined by free energy (AG) and its melting temperature.
Secondary structure formation causes primer unable to attach
to the template DNA. The hairpin formation is caused by the
occurrence of complement in the base sequence of the primer
sequence. Hairpin with free energy (AG) not more than -3 kcal
mol! can still be tolerated. Primer sequences that bind to other
sequences are called self-dimers. Primers that bind to their
other primer (forward-reverse) are called Cross-Dimers. Self-
dimers and cross-dimers with free energy (AG) below -7 kcal
mol! can still be tolerated.

8) Repeat and Run: Repetition of the same base sequence
must be avoided because it can cause breathing to the primer
so that the process of attaching the primer to the target
sequence becomes difficult.

9) Specificity and Uniqueness: A good primer consists of
sequences that are unique to the DNA target so that they are
not attached to other DNA sequences' locations. This
character can be analyzed through BLAST-NCBI software to
find out that the primers used are truly unique and do not stick
to other organisms [22].

10) Product Length: The distance between the 5' ends of
the two primers is known as the amplicon or product length.
In general, the product length by PCR product is less than
2000 bp.

NetPrimer is a web-based analysis software that allows
users to perform primer analysis. The characteristics of the
primer candidates based on NetPrimer analysis can be seen in
Table 1. Based on NetPrimer analysis, the melting
temperature calculation is different from Wallace's formula
(56 °C). The Tm calculation from NetPrimer software is

based on the Nearest Neighbor Thermodynamic Formula (3)
[23, 24].

Tm = (AH (P)/(AS(P)+R.In (y/4}]) + T+t  (3)

Informations:

Tm : Primer melting temperature The Nearest Neighbor
Thermodynamic’s Formula.

P : Primer length

R :1,987 (cal/®)

v : 50 x 10”°, molar concentration

T, :-273.15°C

t :-21,6 °C

AH : Enthalpy

AS : Entropy

TABLEI
PRIMER CANDIDATE ANALYSIS

Parameter Primer Forward Primer Reverse
Tm 51.21 °C 51.46 °C
ATm 0.25°C 0.25°C
GC % 40.0 40.0
GC Clamp 2 2
Hairpin (AG) - -
Self-dimer (AG) -3.3 kcal mol! -6.34 kcal mol™!
Cross-dimer (AG) -4.89 kcal mol™! -4.89 kcal mol™!
Repeats - -
Run 3 bp 4 bp

The result shows that the difference in melting temperature
is almost the same between the forward and backward
primers. GC Clamp, repeats and run, and secondary structures
(hairpin, self-dimer, cross-dimer) show good results on the
other hand, although this can occur but is still within tolerable
limits. The results of BLAST-NCBI analysis on the genome
of E. coli cells showed the uniqueness of the 100 % primer-
specific attachment to the str promoter region. Where the
length of the resulting product measures about 289 bp, this
proves that the primer candidate str already has primer
characters that are suitable to be used in OEPC techniques.
Then the primer candidate is given additional sequences of 20
bp to form a mega-primer.

B. Overlapping-Extension Product Confirmation

The mega-primer amplification of the str promoter has
been successfully carried out with a product length of about
289 bp. The electropherogram resulting from the
amplification of the mega-primer promoter str was visualized
on 1 % agarose gel as shown in Fig. 4.

¥ 2 23

Fig. 4 The electropherogram of the mega-primer str promoter. M: massruler
DNA ladder, Ps: str promoter of E. coli



C. PCR Cloning Product Confirmation

Confirmation of recombinant pSB1C3 vector by PCR
cloning method has been successfully carried out. The PCR
cloned electropherogram was visualized on 1 % agarose gel
(Fig. 5).

nSA.

nSA,

Fig. 5 The electropherogram of the PCR cloning pSB1C3 recombinant
vector. L: ladder 1kb, pSA: pSB1C3 recombinant vector (str-AmilCP, 1000
bp)

The sequencing product of the str promoter and AmilCP
gene was analyzed using ClustalW and BLASTN software.
The results showed that the homology level was 100 % with
the str promoter of E. coli and 99 % with the AmilCP gene of
Acropora millepora. The ability of the str promoter to express
the reporting protein AmilCP (purplish-blue color) [12] can
be seen in Fig. 6.

Fig. 6 The success of the PCR cloning construct

IV.CONCLUSION

A good mega-primer design is critical to a successful
OEPC reaction. The wuse of web-based bioinformatic
technology has been proven to save time and trial costs in the
success of PCR Cloning. Mega-primer promoter str
characterized by ClustalW, Net-Primer, and BLAST-NCBI
software has been shown to increase the success of PCR
cloning. The success of the construct is evidenced by the
results of 100 % homologous sequencing and the ability of E.
coli bacteria to express the purplish-blue protein (AmilCP).
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