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ABSTRACT

A label-free, one-step multiplex high-resolution melting (HRM) assay has been developed
for the identification of five different meat species namely beef, pork, sheep, chicken, and
duck. HRM involves PCR amplification of the region of interest in the presence of double-
stranded DNA binding dye followed by melting at high resolution. The HRM assay is
rapid, sensitive, cost-effective and allows simultaneous detection of multiple species in

meat and meat products.
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1 Introduction

Porcine derivatives used in the meat processing industry include pork fat (lard), mechanically
recovered meats (MRM), porcine gelatine and porcine blood plasma. Consumption of porcine
derivatives is prohibited according to the Islamic law. The identity and authentication of
ingredients in processed or composite mixtures have emanated into the appointment or
formation of credible halal certification bodies [1]. Currently, many efforts have been made to
develop more effective halal-authentication detection systems. However, there is no
discernible trend in the methodologies employed for the verification of halal food from 1980
to 2021. Protein-based techniques have some limitations. They are limited when assaying heat-
treated products due to the denaturation of proteins during thermal processing. Additionally,
analyses of immunoassays, which rely on the use of antibodies raised against a specific
protein, are often hindered by cross-reactions occurring among closely related species [2]. For
these reasons, protein-based methods have been replaced by DNA-based ones. The PCR is an
exceptionally sensitive method, but it requires post-PCR processing i.e., gel electrophoresis
etc. Real-Time PCR methods require Tagman probes which are expensive. Moreover, these
methods are limited to the detection of one pathogen at a time and require repeated and/or
multiple tests for the detection of different pathogens.

Therefore, the present study aims to develop a simple and label-free detection method for the
simultaneous detection of five different meats species namely pork, beef, chicken, duck, and

lamb using multiplex PCR followed by high resolution melting (HRM) profile for detection.
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2 Methods

2.1 Primer Design and PCR

The target region of the amplicon and primers for the detection of chicken, duck, pork, sheep,
and beef were essentially similar to the one described in the published reports [3-5] with
modifications required to meet desired melting point (Tm). The modified primers were
subjected to thorough scrutiny for specificity using BLAST analysis. The thermal cycling
conditions are as follow: 3 mins of initial denaturation at 95°C, followed by 30 cycles of 20sec
of denaturation at 95°C, 20sec of annealing at 55 °C, 30sec of extension at 72°C and lastly 3
mins of final extension at 72°C. Amplification was carried out in Applied Biosystems

GeneAmp ® PCR System 9700.

2.2 Cloning of pGEM plasmid constructs

The target region of the DNA to be used for chicken, duck, pork, sheep, and beef was cloned
into pGEM-T Easy Vector (Promega) following the manufacturer’s protocol. The clones were
confirmed by restriction digestion with Eco RI and by sequencing and used in further

experiments.

2.3 Multiplex PCR and HRM Assay

The multiplex (5-plex) PCR reaction mixture contained plasmid templates of all 5 pathogens
at a concentration of 30 to 3000 copies per reaction. The Rotor-Gene Q (Qiagen) was
programmed to continue the melting of PCR products at a resolution of 0.02°C between 70
and 90°C after the completion of amplification cycles. Data generated after HRM was analysed
using Rotor Gene-Q series software 2.0.2. The plasmids were replaced with genomic DNA
after the optimization of the assay. For all the reactions, non-template control (NTC) was also

used.

3 Results

3.1 Optimization of PCR conditions

The thermal cycling conditions were optimized to amplify all five different target DNA
evenly. The PCR products for chicken, duck, pork, sheep, and beef were amplified efficiently

as shown in Figure S1.
3.2 Standardization of HRM profile of individual pathogens
HRM assay of individual meat species was performed followed by PCR. Data generated after

HRM was analysed using Rotor Gene-Q series software 2.0.2. The Tm of beef, pork, sheep,
chicken, and duck showed Tm as 69.8, 73.7, 76.4, 80.0 and 83.0°C respectively (Figure 1).

ISBN: 978-81-961472-9-7 Series: AIJR Abstracts
DOI: 10.21467/abstracts.155


https://doi.org/10.21467/abstracts.155

205

- Sheep 76.45
1.2 .
Beef 69.53 Chicken 80.08]
Park 73.71) | Duck 83.07]
N\
/1N \
\
!
7 \l \
\
A \
A 3
? '
75 80 85
°C

Figure 1: Composite of melt curve of individual PCR amplicons of beef, pork, sheep, chicken, and duck merged.
It can be observed that there is a 3.0°C difference between each profile/curve.

3.3 Multiplex PCR and HRM

As described above, a 5-plex assay for beef, pork, sheep, chicken, and duck was developed
using the plasmid templates and then evaluated with genomic DNA. To retain the Tm
difference of 3°C between PCR products of the multiple species, the primers and amplification
region underwent several changes and only the final set of data are presented here. Figure 2
presents the 5-plex HRM profile of the five meat species. There is a difference of about 0.3°C
in Tm of these PCR products compared to the individual PCR/HRM reactions.
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Figure 2: Melt curve of 5-plex PCR amplicons showing beef (70.0°C), pork (74°C), Sheep (76.4°C) chicken
(80.2°C), and duck (83.4°C).

3.4 Specificity multiplex HRM assay

To examine the specificity and cross-reactivity of the primers, PCR/HRM assays were
performed within the presence of all five pairs of primers and with only one of the 5 templates.
The results indicated no cross-reactivity between the five different target DNA sequences as

the melt curves are specific as designed.

3.5 Sensitivity of multiplex PCR and HRM assay

Our initial real-time qPCR results revealed 3 copies as the limit of detection of individual DNA
target. pathogens. To determine the minimum copy number of template DNA required for
detection in multiplex conditions, Multiplex PCR followed by HRM experiments were

performed by mixing equal copies of all 5 different plasmid templates. The results indicated
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that a minimum of 2000 copies are required for even amplification of all 5 templates. Whereas,
in 2-plex and 3-plex, distinguishable melt curves can be seen with low copy numbers (data

not shown).

4 Discussion

HRM analysis is a post-PCR analysis method used to identify variations in nucleic acid
sequences. The 5-plex HRM assay was initially optimised with plasmid templates followed
using genomic DNA templates from the five meat species. The HRM profile/melt curve
carried out with plasmid templates showed only minor differences in Tm e.g., amplicons from
genomic DNA templates. The slight increase in Tm is likely since the genomic DNA of the
meat species used are very long compared to the plasmid templates. It has been demonstrated
that melting temperature depends on a variety of factors, such as the length of DNA the

nucleotide sequence composition and salt concentration [6].
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