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Abstract
Animal species identification has received growing attention, regarding genetic diversity and food 
traceability. The objective of this study is to apply a universal primer of part of the mitochondrial 
16S rRNA gene analysis using the PCR-RFLP and HRM methods for identification of species 
origin in cattle, chicken, horse, sheep, pig, buffalo, and goat. PCR product size was 512 bp. The 
PCR product of 16S rRNA was digested with two restriction enzymes (BclI and MseI); sufficient to 
easily generate analyzable species-specific restriction profiles that could distinguish the unambigu-
ity of all targeted species. The HRM method successfully identified all species by shape of melting 
temperature, and proved to be of higher resolution, and a more cost effective, alternative method 
compared with other identification techniques.
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Species identification is important for genetic classification, animal biodiversity, 
and is becoming increasingly important in food traceability (Weitschek et al., 2014; 
Loftus, 2005). Several methods are used to identify DNA variation between species 
including single-strand conformational polymorphism (Gasser et al., 1998), random 
amplified polymorphic DNA (RAPD) (Shioda et al., 2003), amplified fragment length 
polymorphism (Gupta et al., 2004), polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP), DNA sequencing, as well as conventional real 
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time PCR (Dalvit et al., 2007). However, these methods are time-consuming and 
high-cost (Hellberg and Morrissey et al., 2011; Krenkova et al., 2009). PCR-RFLP 
has been determined to be one of the most efficient identification methods in terms 
of cost, detection power, and applicability to large scale screening, and as an alterna-
tive to direct DNA sequencing of PCR products. Interestingly, recent next-generation 
of Real time PCR techniques, such as the High Resolution Melting analysis (HRM) 
as powerful method, measure the rate of double stranded DNA dissociation to sin-
gle stranded DNA, with increasing melting temperatures (Reed and Wittwer, 2004). 
HRM also has the presence of a third generation fluorescent dsDNA dye, present 
in analyses involving the scanning of single nucleotide polymorphisms (SNPs) and 
genotypes; as applied to species identification of plants, and bacteria; as well as the 
detection of meat adulteration (Ganopoulos et al., 2012, 2011; Madesis et al., 2012). 

Mitochondrial DNA (mtDNA) is the tool most frequently used for identifica-
tion in animal species; due to the high copy number per cell and high mutation rate, 
which impacts sequence variation among closely-related species (Pakendorf and 
Stoneking, 2005; Girish et al., 2004; Dooley et al., 2004). Species identification in-
volving the mitochondria region generally includes the Cytochrome b, 12S rRNA, 
Cytochrome oxidase I (COI), D-loop, and 16S rRNA genes (Bravi et al., 2004; 
Girish et al., 2005; Haider et al., 2012; Haunshi et al., 2009; Mitani et al., 2009). At 
this time, Cytochrome oxidase subunit I (COI) is a marker for species identification, 
such as eutherian mammals, chicken, bacteria, amphibians and Mollusca (Hebert 
et al., 2003; Vences et al., 2005; Feng et al., 2011). Although the COI is the popu-
lar gene for animal species identification with high efficiency and specificity, only 
PCR-RFLP methods from large fragment (710-bp) could be applied in cow, chicken, 
turkey, sheep, pig, buffalo, camel and donkey (Haider et al., 2012). The complement 
of 16S rRNA to COI gene has been reported in amphibians and molluscs (Vences et 
al., 2005; Feng et al., 2011). In addition, higher variation of 16S rRNA gene has also 
been reported in Huagui Zhikong scallop by Yuan et al. (2009). Yang et al. (2014) 
also reported that the rRNA genes shared the homologous structures in species of or-
ganisms, ranging from bacteria to humans, due to the fact that numerous nucleotides 
are highly similar whereas such genes exhibit inter- and intra-specific nucleotide 
variations. In livestock, few publications of 16S rRNA gene have been reported (Mi-
tani et al., 2009; Sarri et al., 2014). Therefore, in this study, we intend to demonstrate 
the HRM methods as screening tool for identification of seven meat animal species 
(cattle, chicken, horse, sheep, pig, buffalo, and goat) based on the developed univer-
sal primers of the mitochondrial 16S rRNA gene.

Material and methods

Samples and DNA extraction
Genomic DNA was extracted from the blood of seven species: cattle (Bos tau-

rus), chicken (Gallus gallus), horse (Equus caballus), sheep (Ovis aries), pig (Sus 
scrofa), buffalo (Bubalus bubalis), and goat (Capra hircus), using a guanidine hy-
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drochloride protocol modified from Goodwin et al. (2007). The extracted DNA was 
quantified using a Nano Drop (ND) 2000 spectrophotometer (Nano Drop Thermo 
Scientific, Wilmington, DE) and stored at -20°C for use in subsequent amplification.

Polymerase Chain Reaction-Restriction Fragment Length Polymorphism 
(PCR-RFLP)

The design of primers and finding restriction enzyme specific for mutation 
site that allowed the discrimination between species were carried out for the first 
and second steps. First, the complete mitochondrial sequences of seven species: 
 1) V00654.1 (cattle, Bos taurus), 2) NC_005044 (goat, Capra hircus), 3) NC_001941 
(sheep, Ovis aries), 4) GU147934 (pig, Sus scrofa), 5) HQ439493.1 (horse, Equus 
caballus), 6) AP003317.1 (chicken, Gallus gallus), and 7) NC_006295.1 (buffalo, 
Bubalus bubalis) from Genbank (http://www.ncbi.nlm.nih.gov/genbank) were used 
(Clustalw2 software) to identify regions of similarity and difference between seven 
species for selected primer region, to design the universal primer for 16S rRNA gene 
by Primer Blast program (http://www.ncbi.nlm.nih.gov/tools/primer-blast). Second, 
identification of restriction enzyme allowing mutant discrimination by in-silico anal-
ysis was performed using the NEBcutter V2 program (Vincze et al., 2003).

The PCR was performed with 10 µl containing 10 ng of DNA 1µl, 1µl of 10x 
PCR buffer, 1µl of 3µM of primers in 16S rRNA. The universal primer for the 16S 
rRNA gene was forward (5’-TGACCGTGCAAAGGTAGCAT-3’), reverse (5’- AC-
CTGGATTACTCCGGTCTGA -3’), then amplified to the fragment size of 512 bp, 
1µl of 10mM of 10 µM dNTP, 0.8µl 50mM MgCl2, and 0.1µl of 5 U Taq DNA poly-
merase (MBI Fermentas). Using a TProfessional Standard Gradient Biometra (Ger-
many), these reactions were amplified under the following conditions: five minutes 
at 94°C, followed by 30 cycles of 30 seconds at 94°C, 30 seconds at the annealing 
temperature of 62°C, 30 seconds at 72°C, and a final extension of five minutes at 
72°C.

The digestion of restriction enzymes (BclI and MseI, New England Bio Lab, 
USA) was performed in a total volume of 10µl, containing 3µl of PCR product, 1U 
of restriction enzymes, 1µl of a digestion buffer, and sterile water was added up to 10 
µl. The products were then incubated at 50°C and 37°C, respectively, overnight. The 
digested products were visualized by electrophoresis on 6% polyacrylamide gel and 
stained with gel star (Lonza, USA). Electrophoresis ran at 100 volts for 40 minutes 
at room temperature.

High Resolution Melting Analysis
The HRM analyses used the CFX96 TouchTM Real time PCR Detection System. 

The total volume of 25µl contained 2µl of genomic DNA/species, and 12.5µl of Sso-
FastTM EvaGreen® Supermix (containing dNTPs, Sso7d fusion polymerase, MgCl2, 
EvaGreen® dye, and stabilizers). The melting curve analysis used CFX 2-step Amp-
EvaGreen® melting conditions; consisting of one cycle with initial denaturation at 
95°C for 10 minutes, 35 cycles starting denaturation at 95°C for 15 seconds, and 
underwent annealing at 61°C for 20 seconds. Readings were taken every cycle. The 
threshold level was fixed at 500 -d (F)/dT throughout all samples of the experiment. 
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The melting curve of PCR products, seen on the monitor, showed that the fluores-
cence values were plotted at slow ramp (0.2°C) intervals from 65 to 95°C. Changes 
in fluorescence of EvaGreen® during PCR and the melting phase were monitored on 
the SYRB green channel of CFX manager software. Afterwards, HRM used Preci-
sion Melt AnalysisTM and Software BioRad® to detect different species by clustering 
number. All samples were examined in duplicate.

Specificity and sensitivity test
To confirm assay specificity, 10 ng of genomic DNA from seven species: cattle 

(n=20), chicken (n=10), horse (n=3), sheep (n=15), pig (n=20), buffalo (n=20), and 
goat (n=20)) were used to amplify with HRM real time PCR method and to detect 
RFLP patterns by PCR-RFLP assay. No amplification product was obtained when 
without genomic DNA. The shape of curve from HRM and RFLP pattern of DNA 
from all seven species must be consistent to show species specificity. In sensitivity 
tests, DNA samples of seven species were diluted to 10 ng in sterile water and then 
serial dilutions were made down to 1 in 1 × 106 to determine the sensitivity of the 
PCR assay. The standard curves for both detection systems were constructed by us-
ing the cq value obtained from the corresponding DNA concentration.

Results

Variation of 16S rRNA gene in seven animal species by PCR-RFLP method
A fragment of the mitochondrial 16S rRNA gene of approximate size 512 bp was 

amplified from the samples of all seven species. There was no size variation among 
samples. A schematic figure of predicted RFLP patterns for specific differentiation of 
seven species with 16S rRNA gene was generated. MseI enzyme generated specific 
RFLP patterns for the differentiation of seven species: the RFLP patterns of cattle re-
sulted in 195 bp, 159 bp, 80 bp, 43 bp, 28 bp and 7 bp, which were indistinguishable 
from the fragments observed for buffalo 196 bp, 159 bp, 115 bp and 43 bp; sheep 
fragment size was 195 bp, 159 bp, 62 bp, 53 bp and 43 bp, goat digestion pattern  
196 bp, 130 bp, 87 bp, 80 bp, 43 bp, 29 bp and 28 bp, pig digestion pattern 174 bp, 
159 bp, 63 bp, 47 bp, 43 bp, 23 bp and 4 bp, horse digestion fragment, 172 bp,  
159 bp, 118 bp, 40 bp and 23 bp, chicken fragment pattern 302 bp, 89 bp, 70 bp,  
43 bp and 41 bp (Figure 1 A). 

Consequently, it was crucial to take into account this finding for experimental 
confirmation of predicted band patterns and we found that cattle, buffalo, sheep, 
goat and pig could be identified with Mse l, while chicken and horse showed simi-
lar pattern, and the pattern was unexpected in chicken (Figure 1 C) due to different 
genetic background of chicken samples used in this study. Thus, it was necessary to 
find the other enzyme which allows discriminating between chicken and horse; thus 
BciI enzyme generated exclusive band patterns based on polymorphic sequence (Fi- 
gure 1 B). Six animals showed the same restriction patterns of BclI (328 bp and 184 bp), 
except that of the chicken which was undigested and showed the same result between 



Species identification using HRM 419

RFLP prediction and experiment, thus it could be discriminated between chicken and 
horse (Figure 1 D).

Figure 1. PCR-RFLP patterns of seven animal species obtained by digestion with MseI and BclI using 
16S rRNA gene. Lane: M1, DNA ladder (50 bp ladder); Lane: M2, DNA ladder (100 bp ladder);  
1, PCR product size; 2, cattle (Bos taurus); 3, buffalo (Bubalus bubalis); 4, goat (Capra hircus); 5, sheep 
(Ovis aries); 6, pig (Sus scrofa); 7, horse (Equus caballus), and 8, chicken (Gallus gallus). NE refers to 
negative control (without genomic DNA). (A) and (B) In silico analysis and (C) and (D), 2% agarose gel 

electrophoresis with MseI and BclI, respectively 

High Resolution Melting Analysis for identification of animal species
The sensitivity and linear regression of the 16S rRNA gene by EvaGreen® dye 

were detected using ten-fold serial dilutions of the genomic DNA obtained from each 
of species, starting with 10 ng to 0.01 pg. The standard curve with the Cq values 
was plotted against the initial quantity of DNA, to test linear regression. The cor-
relation between the Cq value and the logarithm of the target DNA concentrations 
of cattle showed a determination of coefficient values of 0.995, as shown in Figure 
2. The HRM assay, a fragment of the mitochondrial 16S rRNA gene of approximate 
size 512 bp, was amplified from the samples of all species. Normalized melt curves 
were sufficient to identify the sequence variation with melting curve shapes after 
clustering the Bio Rad software that precision melting analysis indicates the fol-
lowing melting temperatures: cattle 82.2°C±0.2, goat 82.6°C±0.2, pig 81.2°C±0.2, 
chicken 81.4°C±0.2, horse 81.2°C±0.2, buffalo 82.4°C±0.2, and sheep 82.4°C±0.2, 
and when we analyzed by difference plot curve showed the same single curve shape, 
as shown in Figure 3.

      (A)					       (C)

      (B)					       (D)
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Figure 2. (A) Quantification of ten-fold dilution series of cattle DNA. (B) Standard curve showing 
the Cq values in relation to the concentration of initial amounts of DNA, obtained by a serial ten-fold  

dilution of cattle species (from 10 ng to 0.01 pg DNA)

Figure 3. HRM assay use for identification of animal species with the 16S rRNA gene. 
(A) is the normalized melt curve, and (B) the difference plot curve

Discussion

16S rRNA is a ribosomal RNA encoded by the mitochondrial genome, necessary 
for the translation of messenger RNA into mitochondrial proteins. The 16S rRNA 
gene is about 1,570 bp long (Chen et al., 2013). Despite its diminutive size, the gene 
is used as a genetic marker to identify mammals, poultry, and invertebrates; using 
universal primer sets (Mitani et al., 2009; Sarri et al., 2014; Yang et al., 2014). The 
16S rRNA gene harbors a larger number of species-specific mutation sites than the 
cytochrome b gene (Guha et al., 2006). With two minimum enzymes BclI, and MseI, 
we employed endonuclease for RFLP analysis to identify seven common livestock 
animals. Additionally, the PCR-RFLP of the 16S rRNA gene successfully differenti-
ated closely related meat species, such as cattle with buffalo, and sheep with goats. 
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Compared with other molecular methods, such as Terminal Restriction Fragment 
Length Polymorphism (T-RFLP) and DNA sequencing (Mitani et al., 2009; Wang et 
al., 2010), the PCR-RFLP procedure established in this study may be easily conduct-
ed in a laboratory, without the requirement of high-standard equipment, in a more 
cost effective manner. Although the PCR-RFLP method is accurate and repeatable, it 
is both time consuming and overly expensive, when the digested PCR products are 
separated by gel electrophoresis.

HRM as a tool for disclosure, is an extension of melting curve analysis (MCA), 
and employs next generation Real time PCR thermo cyclers with high thermal and 
optical precision (Vezenegho et al., 2009). HRM provides a powerful approach much 
greater than conventional melting curve analysis, as it can differentiate the PCR 
product’s basic shape of melting temperatures when defining the same melting tem-
perature (Ganopoulos et al., 2012). MCA is unable to make distinctions at melt peak, 
but HRM analysis can dissociate the products based on their shape due to the differ-
entiation of mutation types, such as SNPs and the presence of insertions or deletions 
(indels) (Ganopoulos et al., 2012). A report by Santos et al. (2012) which used the 
EvaGreen® dye for monoplex primer hare identification, established a highly specific 
technique using 1 pg.

The HRM assay can discern a single nucleotide polymorphism or other mutation 
by comparing the relative position and shape of the melt curves in the presence of 
a third generation fluorescent, dsDNA dye. Prior to this time, HRM was connected 
to fluorescent dyes, such as LC Green, ResoLight®, EvaGreen® (EG), and SYTO9. 
EG is intercalating and dye-based, and used for quantitative Real time PCR (qPCR), 
melt curve analysis (MCA), as well as HRM (Santos et al., 2012; Mao et al., 2007; 
Sakaridis et al., 2013). Mao et al. (2007) found that when comparing intercalating 
dyes (such as EG and SYBR Green I), EG had good characterization, containing the 
widely used qPCR dye DNA-binding properties and stability. However, when using 
intercalating dyes, we must authenticate the target species, due to the non-specific 
fluorescent signal. In addition, the results were affected by the sequence of the sam-
ple, generating heteroduplex from random concentration of Mg2+ and other chemical 
variable (Reja et al., 2010).

In other studies, Ganopoulos et al (2013) used specific mitochondrial DNA re-
gions with high resolution melting (HRM) to detect bovine, ovine, and caprine spe-
cies; through an attempt to authenticate Greek PDO Feta cheese. The primers suc-
cessfully amplified DNA isolated from milk and cheese, and showed a high degree 
of specificity. HRM was proven capable of accurately identifying the presence of bo-
vine milk within 0.1%, as well as quantifying the ratio of sheep to goat milk mixture 
in different commercial Feta cheese products. Sakaridis et al. (2013) reported that 
the identification of meat samples from five animal species (buffalo, bovine, pork, 
sheep, and goat), may be distinguished using HRM analysis (melting profiles of the 
18S rRNA amplicons) using universal primers (18S rRNA). Ganopoulos et al. (2011) 
and Madesis et al. (2012) reported that the application of the HRM analysis method 
of universal plant DNA, employing regional barcoding via microsatellite, permitted 
the identification, adulteration and quantification, of Basmati rice and general bean 
species.
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This method offers high sensitivity and is widely applicable. Through mitochon-
drial DNA amplification, degraded (or small) amounts of forensic samples or meat 
products can be analyzed. The universal primer set enables PCR amplification of 
the 16S rRNA sequences of samples from many animal species, incorporating HRM 
methods which prove simple, fast, and cost effective.

In conclusion, we have demonstrated that both PCR-RFLP and HRM are useful 
methods of identifying the relative proximity of several closely related commer-
cially important animal species. The use of designed universal 16S rRNA primer 
was added to successfully identify seven animal species, using an HRM method  
that could be effectively applied to species identification tests in routine control 
methods.
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