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Abstract: Actin genes are genes that are common in organisms, and their expression is constitutive. These genes
are used for gene normalization and internal control of DNA extraction, but the actin gene is not widely used for
halal certification tests. Bioinformatic studies help to analyze the experiment through in silico more deeply before
the experiment is carried out in laboratory, making it more efficient and time effective. uMelt is an analysis to
predict the melting curve of target amplification in real-time PCR. Real-time PCR has been widely used for
screening and detection of pork content in a product. This research aimed to explore actin gene as a candidate for
testing pork using qPCR. The study was carried out in two main stages, namely alignment of the DNA sequence
and analysis of the melting curve using the uMelt approach. The results showed a set of actin genes containing
conserved regions that can be used as degenerate primers with different family-type coverages. Melting curve
prediction with uMelt shows differences in tm peaks so as the types of samples can be easily identified. The use of
bioinformatic applications such as uMelt helps in the simulation of predicting the melting curve to increase the
precision of the analysis.
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1. Introduction
Indonesia is the largest Muslim country with 87.18% of its citizens is Muslims. Therefore, the
potential of halal market is promising. To protect Muslim citizens, the Indonesian government has an
agency to regulate halal-guaranteed products, namely BPJPH (Halal Product Security Agency)
(Aminuddin, 2016). Halal-guaranteed products include raw materials, production processes to the final
product (Faridah, 2019). One of the concerns is the use of pork and its derivatives. Pork is widely used
for meatball mixtures, emulsions, and trypsinization in cell culture, vaccines, candies, and medicine. It
gives a challenge to develop a robust, accurate, and sensitive method for pork detection.
Real-time PCR (qPCR) as a DNA-based detection has been widely used to detect porcine. This
method is able to detect at the level of the raw material to the end product (Rachmawati et al., 2018;
Raharjo et al., 2019; Widayat et al., 2019). The advantage of this method is high level of accuracy and
sensitivity to detect and quantify target in samples. The advantages of this method are high sensitivity,
high specificity, and no post-analysis after the PCR process is complete. The amplification process runs
in a live stream (real-time) on the monitor screen. Intercalating dye and probe are types of fluorescent
dye in use because the accumulated fluorescence of this chemical is equal to the number of amplicons
produced. In addition, the PCR composition consists of DNA template, primer and master mix
containing real-time PCR buffer, Taq polymerase, nucleotides, fluorescence dye (S. A. Bustin, 2004).
Primer is a key component in determining the success of porcine detection with qPCR. Primers
work by starting the amplification of genetic material by annealing at very specific sites on DNA. qPCR
has been successfully used to detect porcine DNA contamination in food products such as bread,
meatballs and candies, and non-food products, such as bread brushes, moisturizers, soaps, cosmetics,
and capsules (M. J. Kim & Kim, 2019; Y. S. Kim et al., 2018; Mohamad et al., 2018; Mustaqimah et
al., 2021; Septiani, 2021; Sudjadi et al., 2016; Tan et al., 2020; Tanabe et al., 2007; Widayat et al., 2019).
Currently, primer Cytochrome oxidase I (co1) and Cytochrome B (cyb) gene located in mtDNA region
is popular for porcine-specific detection. The problem with this target is that it is very specific to the pig
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species but cannot detect the presence of other sources outside of its species. Therefore, other alternative
targets are needed to be able to screen for the presence of other sources.
The β-actin (act) gene has a high conserved region, ability in eukaryotic cells, and stable
expression in cell (Zhu et al., 2013). This gene serves as endogenous gene in PCR such as normalization
expression gene, quality control DNA extraction, and amplification PCR (Rebouças et al., 2013; Waluyo
et al., 2016; Panina et al., 2018). Presently, this gene has also been successfully used in digital PCR
(dPCR) for the quantification of porcine contamination (Cai et al., 2014; Tan et al., 2020). The act gene
is present in all eukaryotic cells, so that this gene has the potential to be used for non-halal contamination
screening in products. The in-silico approach can be used for identification of candidate primers, PCR
amplicon, and melting curve prediction. This study aims to explore the actin gene through in silico for
the detection of the presence of porcine and its accompaniment for the detection of non-halal
contaminants.
2. Materials and Methods
2.1. Sample Preparation
Sample Act (actin) gene sequences were taken from NCBI (National Center for Biotechnology
Information) (https://www.ncbi.nlm.nih.gov/nucleotide) in FASTA format. The sequences analyzed
were obtained from cattle (Bos taurus); horse (Equus caballus); dog (Canis lupus familiaris);
orangutans (Pongo abelii); chicken (Gallus gallus); porcine (Sus sucrofa), and rat (Rattus novergius)
with accession number NCBI is NM_173979.3; NM_001081838.1; NM_205518.1; NM_001195845.2;
NM_001133354.1; XM_003124280.5 and NM_031144.3.
2.2. In-silico Analysis
The experiment used 2 steps; the first was the sequence alignment using BioEdit software (Hall,
2007), and the second is predicting the melting curve using uMelt (Dwight et al., 2014). Each sequence
was downloaded and joined together in a FASTA format file. The ClustalW protocol was used in
BioEdit software to align from multiple sequences. Furthermore, the preserved region was selected as
the amplification of target region and used as the forward and reverse primary sets with a size of < 200
bp. The amplification region contained a specific region of each sample sequence. Next, the
amplification regions were analyzed using uMelt (https://www.dna-utah.org/umelt/quartz/um.php). The
amplification region sequence was entered into the sequence box. The prediction curves used conditions
of Mono + 20 mM and free Mg ++ 3 mM and readings every 0.1ºC. Each curve produced a Tm
(temperature melting) value, and the next image was carried out, all the melting curve images were
overlaid.
3. Results and Discussion
Sequence analysis used BioEdit software to generate PCR primer and amplicon candidates by
aligning the sequences. The size amplicon candidates are 131 bp containing conserved sequences as
PCR primers and species-specific regions. The conserve sequence as generated primer with sequence is
forward 5'-GCTACAGCTTCACCACCAC-3' and reverse 5'-TAGCTCTTCTCCAGGGA-3'. Primer
was the main component in qPCR to start amplification and will be hybridized to the target region. Good
characteristic primers selected have GC content percentage of 55% in forward and 52% in reverses at
annealing temperatures of 56.46°C and 52.42°C. Harpin analysis showed that each primer has 4
structures of Self complementarity and Self 3' complementarity forward is 0 and reverse is 4. This
analysis is in accordance with the description of the mFold analysis which shows the presence of a
harpin structure at 4 amplicon points (Figure 2). Good qPCR primer design was amplicon <150 bp, GC
content between 40 - 60% with melting temperature of 55 – 65°C (S. Bustin & Huggett, 2017; Taylor
et al., 2010).
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Figure 1. Alignment analysis using BioEdit to identify candidate generate primer in actin gene

Figure 2. Mfold analysis amplicon target from generates primer actin (https://www.idtdna.com/calc/analyzer).

The uMelt program is aimed to predict the melting temperature (Tm) to differentiate each sample.
Between general primers, there is a specific region which is able to distinguish specific regions from
each species. The variant nucleotide will produce different melting temperatures. The results showed
that the Tm amplicon candidate value of the selected area has a high range between 85–89ºC, and each
curve could differentiate one from the other (Table 1). Dogs and rat have Tm samples which are not
significant, so it will be difficult to distinguish them, both are non-halal types. Interestingly, the curve
of porcine is significantly separated from the others due to the lower Tm temperature (84.9ºC), so it
makes a quick indicator of its presence (Figure 3).
Table 1. Specific Temperature Tm from candidate amplicon for Each Target
Species

B. taurus

E. caballus

C. lupus familiaris

P. abeli

G. gallus

S. sucrofa

R. novergius

Tm (ºC)

88.9

87.8

88.2

85.7

89.2

84.9

88.1
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Figure 3. The Curve of Tm Values Analyzed by uMelt in Each Target

The uMelt had successfully predicted the Tm value of each sample as shown in the form of a
melting curve. Differences in Tm values varied greatly between 0.1 to 4.3ºC, so that there was no overlap
between targets. It was interesting that the peak of porcine had a considerable distance compared to the
others. The lowest Tm value was 84.9ºC and had a difference of 2.5ºC when compared to the others
(Figure 3). The advantage of this software was that Tm simulation paid attention to the reagent
composition such as the MgCl+ content, salt, and the reading resolution, so that it was closer to actual
conditions. In addition, this analysis was useful for predicting the profile of the post-PCR curve, so that
it could reduce the experiment time.
The melting curve was matched between uMelt and the qPCR machine. Melt peak parameter (–
df/dr compared to temperature) resulted from the conversion of post qPCR. The data generated is the
TM value calculated from the %GC percent and the size of the amplicon. Processed by the qPCR
machine, the amplicons produced from the amplification step were denatured from the annealing
temperature to 95ºC with a reading of each increase of 0.5 – 0.01ºC. SYBR and Evagreen are types of
intercalating dye to produce a melting curve. This reagent is compatible with all types of qPCR
machines. Thus, the development of detection using intercalating dye using a melting curve has the
potential to be widely used in qPCR machines.
4. Conclusion
The results of the in-silico analysis of actin gene show the melting curve can easily distinguish of
porcine and other species to determine halal products. The success of differentiating the source is due
variation sequence in specific region that produces a specific Tm. Further research, laboratory testing of
candidate primers using PCR on various sample sources is needed to prove the accuracy of Tm
predictions.
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