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ABSTRACT

In this study, a method utilizing PCR-restriction fragment length
polymorphism (PCR-RFLP) of a mitochondrial gene was developed for
the identification of chicken (Gallus gallus), quail (Coturnix coturnix),
and common pigeon (Columba livia) meat. PCR products of ~440 bp
were obtained from the 12S rRNA gene of these three birds using a
pair of universal primers. The three terrestrial birds can be distinguished
using one restriction endonuclease, Alu |, which was selected based on
species-specific variations in the mt 12S rRNA gene sequence using 9
newly-obtained and 44 published chicken, quail and pigeon sequences.
This method was also successfully used to identify commercial quail
and pigeon meat products, which were found to be adulterated with
chicken meat. Additionally, our method had relatively high sensitivity
for detecting a meat mixture. Ten percent of chicken meat in the mixed
quail and pigeon sample was detectable. This assay can be useful for
the accurate identification of meats from terrestrial birds, avoiding
mislabeling or fraudulent species substitution in meat products.

INTODUCTION

In 2015, the total stock of specialized commercial layer breeders
was about 1.25 billion in China, which means that the same number of
male chicks needs to be properly disposed at day-of-hatch. Commonly,
most of males are used as a source of protein for animal feed, and a
few are raised to produce human food. It was recently reported that the
specially processed male chicks were used to manufacture counterfeit
quail and pigeon meat products. The meat of quails and pigeons have
high levels of polyunsaturated fatty acids and low intramuscular fat
content, which are desirable to consumers(Maiorano et al., 2011), but
their production costs are several times higher than that of culled male
chicks in China. Moreover, it is very difficult to detect adulterations in
chicken, quail and pigeon products with the unaided eye due to their
similarity in appearance, particularly if the food changes drastically after
specialized processing, such as frying, baking, pickling or removing the
head, feet and wings, etc., thus hampering the visual identification
of the product (Drummond et al., 2013). Moreover, packaging labels
do not provide sufficient guarantees, and therefore, it is imperative to
develop an accurate and rapid method for the identification of quail
and pigeon meat products, not only because of commercial protection
and unfair economic competition, but also for the sake of public health,
such as allergies.

In recent years, a variety of techniques have been suggested for
the identification the species origin of meat products, including
chromatography (Leduc et al., 2012), spectroscopy (Rohman et al.,
2011), and protein (Hsieh et al., 2015), and DNA assays (Safdar & Junejo
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2015). The methods based on physicochemical and
protein analyses have high sensitivity and throughput
to detect raw meats, but have limited application
in cured, fermented, chemically-treated or highly-
processed meats, because proteins can be denatured
by high temperature, pressure and other processing
methods (Soares et al.,, 2013). In contrast, DNA is a
relatively stable molecule that can withstand the
different heat and pressure treatments, and therefore,
DNA-based techniques are more practical, sensitive
and robust (Mafra et al., 2008).

Among the DNA-based approaches, polymerase
chain reaction (PCR) coupled with techniques,
including random amplified polymorphic DNA (RAPD)
(Keeratipibul & Techaruwichit 2012), restriction
fragment length polymorphism (RFLP)(Céspedes et al.,
2000), species-specific primer amplification (Amaral
et al, 2015) nucleotide sequencing (Girish et al,
2004), or real-time PCR assays based on the use of
fluorescent dyes and probes (Rojas et al., 2012), have
been extensively utilized for the detection of animal
species in a wide range of raw and processed meats.
In PCR-RFLP, a conserved region of DNA sequence
is amplified, followed by digestion with restriction
enzymes, revealing the genetic variation among species
(Partis et al., 2000). Several mitochondrial genes have
been chosen as targets for the PCR-RFLP method
due to their inherent multicopy presence and great
sequence diversity(Wang et al., 2010). Among them,
the mitochondrial 12S rRNA gene is one of the most
widely used targets for animal product identification,
such as beef, mutton, pork, venison, chicken, fishmeat
etc.

In the present study, we tried to establish a reliable,
rapid and economic assay for authenticating chicken
(Gallus gallus), quail (Coturnix coturnix), and common
pigeon (Columbalivia) meat products using a RFLP
profile of the mitochondrial 12S rRNA gene. The
appropriate restriction enzyme was selected according
to the intra-species variation that was defined by the
data gathered both from the sequences of this study
and GenBank.

MATERIALS AND METHODS
Sample collection and DNA extraction

Live quails (n = 3) and live pigeons (n= 3) were
purchased from commercial markets. The live chickens
(n = 3) were obtained from the Poultry Research Farm
of Sichuan Agricultural University. A total of nine
pectoralis major muscle samples were collected from

[
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the birds, slaughtered according to animal welfare
requirements of the Sichuan Agricultural University.
The labeled quail (n = 7) and pigeon (n = 7) meat
products were purchased from three different markets,
and which are marked as processed meat.

Genomic DNA from raw meat was using the
standard phenol/chloroform method. Genomic DNA
from processed meat was extracted by combining the
guanidine hydrochloride lysis and phenol/chloroform
methods, previously described by Chen et al. (2010).
The purity and concentration of the extracted DNA
samples were assessed based on 2% agarose gel
electrophoresis and NanoDrop Spectrophotometer at
260:280 nm (Bio-Rad, Wilmington, USA).

PCR amplification and sequencing

A pair of universal primers (Forward: 5'-CAA ACT
GGG ATT AGA TAC CCC ACT AT-3'; Reverse: 5'-
GAG GGT GAC GGG CGG TGT GT-3") were used to
amplify a fragment in the mitochondrial 12S rRNA
gene (Kocher et al,, 1989). The PCR was performed
in a thermal cycler under the following conditions: 95
°C for 10 min, 35 cycles of 94 °C for 50 s, 62 °C for
50 s, 72 °C for 60 s, and a final extension at 72 °C
for 10 min. The 50-pL reaction mixture contained 4
uL (50 ng/pL) of DNA template, 25 plL of 2 x Tag PCR
MasterMix (TIANGEN BIOTECH, Beijing, China), 17
pL of ddH,0 and 2 pL of each primer (10 pmol/pL).
The PCR products were purified by a DNA Purification
Kit (TTANGEN BIOTECH, Bejing, China) according to
the manufacturer’s instructions, and sequenced by
Shanghai Yingjun Biology Technique Corporation.

Restrictionfragmentlength polymorphism

The nine newly generated sequences from the PCR
products were edited by DNAstar software (DNAS Inc,
Madison, WI, USA) and were aligned with 44 reported
mitochondrial 12S rRNA gene sequences of chicken (n
= 29), quail (n = 8) and pigeon (n = 7) from GenBank
(Supplemental Table 1). We identified species-specific
variations by aligning the new sequences and database
sequences for each species using the MEGA 6.0
software (Tamura et al., 2013).

The PCR products of 12S rRNA gene were digested
with Alu | (Thermo, Beijing, China) at 37 °C for 12 h.
The 30-pL reaction components contained 10 pL of
PCR product, 2 pL of restriction enzyme, 2 pL of 10x
buffer, and 16pL of nuclease-free water. The digested
products were visualized by electrophoresis on 12%
polyacrylamide gel performed at 80 v for 40 min, and
then 120 v for 30 min at room temperature. The gels
were silver stained.
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Table 1 - Mitochondrial 12S rRNA sequences of three
terrestrial birds analyzed in this study.

species GenBank Accession No. species GenBank Accession No.

Chicken AJ490505 Chicken KF471517
AJ583547 KF471518
AJ849444 KF471520
DQ885561 KF471521
EU851896 KF471522
EU851897 KF471523
FJ610338 KF471524
FJ610339 KF471525
FJ610340 KF484729
IN695757 KM224330
IJN695758 KM224331
IN695759 KM224332
IN695760 KM224333
IN695761 KM224334
KF471516

Quail AM902516 Quail IN695769
FN675551 JN695770
IN695767 IN695771
IN695768 KF469290

Pigeon EF373295 Pigeon FN675580
FN675577 FN675581
FN675578 X87857
FN675579

RESULTS

DNA Quantification

In order to conduct PCR amplification of the
mitochondrial 12S rRNA gene, the genomic DNA
was extracted from the meat of the known birds
and labeled quail and pigeon samples. There was
obvious DNA degradation in processed quail and
pigeon meat products. The DNA quantity measured by
spectrophotometry showed the DNA concentrations
were in the range of 320-2245 pg/mL with the
A260:A280 ratios from 1.78 to 1.85.

PCR amplification and sequence analysis
of the 12S rRNA gene

PCR amplification was successfully performed
using the universal primers on chicken, quail and
pigeon samples. An amplicon about 440bp was
visualized by electrophoresis. The identities of the
amplicon were confirmed by direct sequencing of
the PCR products. The lengths of the amplification
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products of the mitochondrial 12S rRNA gene of
chicken, quail and pigeon were 445 bp, 435 bp, and
446 bp, respectively. The newly-obtained sequences
were deposited in GenBank, with the following
accession numbers, for quail; KP211935, KP211936
and KP234018, for pigeon; KP211939, KP211940
and KP234021, and for chicken; KP211943,
KP211944 and KP234022.

Together with the downloaded database sequences,
the alignment of the 53 mitochondrial 12S rRNA gene
sequences from the three terrestrialbirds revealed
species-specific  sequence variations. Consensus
sequences of three species were constructed using
the sequence of chicken 12S rRNA as the reference
sequence (figure 1). In total, we identified 65 single
variable sites and 3 insertion/deletion sites in this
dataset of mtDNA sequences, but no parsimony
informative site was found.

Chicken CAAACTGGGA TTAGATACCC CACTATGCCT AGCCCTAAAT CTAGATACCT CCCATCACAC ATGTATCCGC CTGAGAACTA

Pigeon —  weswwsenws sesvveiie meen e Goviman s TG TC TAT chie Bl B Govinny swcwavnanse 80
Quall s PRRSITTUR SSSTTERS REREERESR TR = wlsrsemaidT s waeeeea 80
Chicken CGAGCACAAA CGCTTAAAAC TCTAAGGACT TGGCGGTGCC CCAAACCCAC CTAGAGGAGC CTGTTCTATA ATCGATAATC 160
Pigeon sesasiisies sOmEveess RCIVEOsiE SOeniiie ey GREvien sevee Bas wawsons C.. 160
Qiadll  sgeprowes samesesowsn srsssoany seRooemress ammIesms Smeseiatd gapisianes o Cowamgan: 160
Chicken CACGATTCAC CCAACCACCC CTTGCCA-GC ACAGCCTACA TACCGCCGTC GCCAGCCCAC CTCTAATGAA AGAACAACAG 240
Pigeon sesiselen u Gevvai IT wisvues Tl svoniien womimvas amss Toww san CTC...6 ..C..T.... 240
Quail ... 1 R ey e s e N 240
Chicken TGAGCTCAAT AGCCC——C TCGCTAATAA GACAGGTCAA GGTATAGCCT ATGGGGTGGG AGAAATGGGC TACATTTICT 320
Pigeon -....A...CC....TAAC. C...... G e e T ...AA .../ Aot e 320
Quail ... ... (€ s 2 . (OO O .S . SO 320
Chicken AACATAGAAC AA-—ACGAA AAAGGACGTG AAACCCG—CC CTTAGAAGGA GGATTTAGCA GTAAAGTGAG ATCATACCCC 400
Pigeon ..IC.....A .T1CCC..... ..G..G.A.. ...—TAG.. .C....... Coreeeeeee ol A AG. ..A..—— 400
Quail T S SOTCREPONAS . TR TGT: jeerliBhunivie wpmusmmny wnead O 400
Chicken CTAAGCTCAC TTTAAGACGG CTCTGAGGCA CGTACACACC GCCCGICACC CTC 453

Pigeon Bermnid GEl: srmomormsd BL.s: vsinn L AR ——— Bises pmommmpsppmncnsen sy 453

Quail AT siemenmd T aBhmmonione mmevemionons momsesmndes e 453

Figure 1 - Alignment of modified consensus sequences of the mitochondrial 125 rRNA
gene fragment for three terrestrial birds.

The intra-species polymorphic sites identified in each species (chicken, n = 33; quail, n
= 11; and pigeon, n = 10) are presented by IUPAC codes. The restriction sites of endo-
nuclease Alu | (5'-AGACT-3") are underlined. Dots (.) denote the consensus with the
references sequence (chicken). Short lines ®-X represent the base pair deletion relative
to the reference sequence.

Restrictionfragmentlength polymorphism
analysis

Meat samples of known bird species

The PCR products obtained after amplification of mt
12S rRNA gene were subjected to restriction enzyme
digestion. According to the species-specific variations,
one restriction enzyme, Alu | was chosen for restriction
fragment length polymorphism analysis. As shown in
the results in figure 2, each bird species presented a
unique specific RFLP pattern. Alu | digestion yielded
three fragments (244 bp, 154bp and 47bp) for
chicken, two fragments (241 bp and 194 bp) for quail,
and four fragments (216 bp, 122 bp, 72 bp and 36bp)
for pigeon, respectively.
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Figure 2 — Electropherogram of mitochondrial 12S rRNA gene fragments of three
terrestrial birds digested by Alu 1.

Lane M, 500 bp DNA ladder; lanes 1-3, chicken; lanes 4-6, pigeon; lanes 7-9, quail.

Meat samples of tested birds

In order to test the practical application of this
methodology, we examined a total of 14 meat
samples, including labeled quail and pigeon meat
samples from different commercial markets. All
samples were processed as described for the known
bird species samples. Based on the results of the RFLP
patterns by restriction Alu | (figure 3), three samples
were identified as chicken in labeled quail meat and
one sample was identified as chicken meat in labeled
pigeon meat, which suggested that the labeled quail
and pigeon meat was replaced by chicken meat
at different levels. In order to validate the results of
species identity obtained by the PCR-RFLP analysis,
we sequenced the four amplicons that showed 100%
homology to the partial sequence of chicken (Gallus
gallus) mitochondrial 12S rRNA gene.
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Figure 3 — Electropherogram of mitochondrial 12S rRNA gene fragments of so-called
quail and so-called pigeon meats DNA digested by Alu |.

(A) Lane M, 500 bp DNA ladder; lanes 1-7, so-called quail; lane 8, definite quail; lane
9, definite chicken. (B) Lane M, 500 bp DNA ladder; lanes 1-7, so-called pigeon; lane 8,
definite pigeon; lane 9, definite chicken.

Sensitivity test

In order to assess the sensitivity of the current
method in detecting mixed meat products, deliberately
adulterated mixed meat samples were prepared. Two
meat mixtures (chicken and quail meat, and chicken
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and pigeon meat) at five ratios (1:9, 2:8, 3:7, 4:6, and
5:5) were analyzed (figure 4). The electropherogram
showed that it was possible to identify mixed quail-
chicken and pigeon-chicken meat products at all ratios
tested.
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Figure 4 — Electropherograms of mitochondrial 12S rRNA gene fragments of mixed
chicken and quail, and chicken and pigeon meats DNA digested with Alu I.

Lane M, 500 bp DNA ladder; lane 1-5 refer to a mixture of chicken and quail (A), and
chicken and pigeon (B) in ratios of 1:9, 2:8; 3:7; 4:6, and 5:5; lanes 6—7 are positive
controls: pure chicken and quail (A), and pure chicken and pigeon (B), respectively.

Discussion

The identification of different species in meat foods
and of different ingredients in processed food is often
based on consumer requirements, administrative
management, health concerns, economic demands,
or religious choices (Aida et al, 2007). Although a
number of molecular techniques have been applied
to authenticate the origin of meat products, the DNA-
based techniques developed in the recent past are
found to be of potential value for the identification
of meat animal species (Mahajan et al, 2011).
Mitochondrial DNA sequence is highly conserved in
different animal species, and thus the corresponding
fragments can be amplified by universal primers for
the 12S rRNA gene in a wide variety of organisms
(Kocher et al., 1989). Furthermore, general differences
among mitochondrial 12S rRNA in different biological
samples are sufficient to identify species by molecular
techniques, such as PCR, RAPD, DNA hybridization,
and gene sequencing (Partis et al., 2000). Each of these
methods has their own advantages and limitations.
PCR-RFLP was reported to be one of the most efficient
approaches in terms of applicability, detectability, and
economy and has been proven to be a practical, simple
and rapid technique for large-scale identification(Chen
etal. 2010).
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In the present study, the method of PCR-RFLP
analysis targeting mitochondrial 12S rRNA gene was
employed to identify terrestrial birds. This technique
was effective in accurately identifying chicken, quail
and pigeon meat samples. The expected PCR products
were obtained for all samples, including in processed
meat, suggesting that the universal primers used in
our method are feasible. However, the PCR products
obtained from processed meat were commonly short,
because of the genomic DNA degradation. Using
too many restriction endonucleases in one restriction
digestion reaction is not advisable, even though more
than one restriction endonuclease recognition sites
are present in the targeted fragment. The results
would be too short DNA fragments whose length
polymorphisms cannot be clearly visualized (Zhang et
al., 2006). In the present study, we only employed one
endonuclease, Alu |, for RFLP analysis to identify three
terrestrial birds. Authentication of quail and pigeon
meat products bought from different markets also
showed that this method is practical, and adulteration
meat was identified.

The DNA-based methods are based on the
assumption that species-specific genetic differences
exist among the detected species (Hajibabaei et al.,
2007). However, intra-species variations may cause a
gain or loss of restriction sites which would obscure
the inter-specific variation, especially when only a
few samples are used to identify species-specific DNA
sequence variations (Chen et al., 2012). However, our
method can exclude the intra-species variations as
much as possible by comparing the newly-generated
sequences and downloading the published sequences.
Of course, if more sequences for each species are
collected, then more accurate and reliable results will
be obtained.

Additionally, our method accurately detected the
adulterated admixture of chicken and quail or chicken
and pigeon at ratios from 1:9 to 5:5. This sensitivity
is better than had been expected, because sensitivity
problems were found using a similar method to detect
mixed meat samples (Chen et al, 2010; Mahajan et
al., 2011). For increased sensitivity, a real-time PCR
assay may be a better choice. Compared with other
molecular methods, such as terminal restriction
fragment length polymorphism (Wang et al. 2010) and
DNA sequencing (Mitani et al.,, 2009), and real-time
PCR (Camma et al., 2012), the PCR-RFLP procedure
established in this study is more cost-effective and can
be easily conducted in a laboratory without requiring
specialized equipment.
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In conclusion, the present study suggested an
accurate and applicable analytical method to identify
chicken, quail and pigeon meat based on the PCR-
RFLP analysis of 12S rRNA of mitochondrial DNA.
This method is useful and feasible to trace meat
contamination. By analyzing a relatively large number
of sequences in one species, it is possible to avoid the
false identification caused by the interruption of intra-
species variation.
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