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Table 1 Sequence information of primers for species-specific PCR

Target animal Primer name Primer sequence (5'-3") Product length
Donkey EaCytB-f GCCCTTATCCTTTCCATCTTA 66 bp

(Equus asinus) EaCytB-r GCTTCGTTGTTTTGTCATG

Horse EcCytB-f CCCATTCCACCCATATTAT 71 bp

(Equus caballus) EcCytB-r GAGTTAGTAGGAGCAAGATC

Cattle BtCytB-f CCATCGGACAACTAGCATCTG 68 bp

(Bos taurus) BtCytB-r TGTGCCGGCCGTTGGTATTAGC

Pig SsCytB-f CTAGTAGCAGACCTCATTA 76 bp

(Sus scrofa) SsCytB-r GTTGGCCGATGATGATGAAC

The underlined nucleotide in the donkey sequence was the one that was replaced by another nucleotide to enhance the specificity

MinElute PCR purification kit (Qiagen), subcloned into a
2.1-TOPO vector (Invitrogen/Life Technologies), and
sequenced. Cycle sequencing was performed using BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems/Life Technologies), and the results were analyzed
using an ABI Prism 3130 genetic analyzer (Applied Bio-
systems/Life Technologies).

Detection sensitivity analysis of cattle DNA

We mixed 0.1 % of cattle glue with ACC and used 5 g of
the mixture for DNA extraction as described above. Using
the DNA as a template, PCR with cattle-specific primers
was performed to investigate the detection sensitivity of
cattle DNA.

Results
Examination of DNA extraction method from ACC

Lv et al. [3] compared three strategies, the “SDS/protein-
ase K” (phenol/chloroform) method, the “Wizard magnetic
DNA purification system for food” method, and the mod-
ified silica-based method, for extracting DNA from ACC.
They concluded that the modified silica-based method was
the best because it achieved higher DNA yield and purity
than the others. In this study, we compared the silica-based
method by Lv et al. with the ion-exchange resin-based
method (Qiagen Genomic tip 20/G), which was recom-
mended for DNA extraction from genetically modified
foods [16].

The DNA extracted by each method from 1 g of donkey
glue differed little in purity as estimated from the Asgo/280
value. Ten ng of each DNA was amplified by PCR with
primers based on ERE-1 (equine SINE) in the same way as
reported by Lv et al., which resulted in the generation of
each PCR amplicon with the predicted size. However,
more amplicons were obtained from DNA extracted by the

ion-exchange resin method than by the silica-based
method, though the same amount of DNA was used in PCR
(Fig. S2).

Lv et al. had reported that the SINE region was ampli-
fied, but mitochondrial regions such as cytochrome b were
not amplified using DNA extracted by the silica-based
method [4]. As the ion-exchange resin method was shown
to be effective in obtaining more amplicons of the SINE
region, we tried to amplify the cytochrome b region, and
were able to obtain amplicons using 50 ng of DNA
extracted by the ion-exchange resin method. These results
suggest that the ion-exchange resin method is superior to
the silica-based one for extraction from ACC.

As mentioned above, mitochondrial DNA sequences can
distinguish donkey from horse sources, unlike those of
SINE. Because it was confirmed that the cytochrome
b region can be amplified from DNA of ACC, we selected
that region as the target in species-specific PCR.

Establishment of species-specific PCR

ACC adulterated with substances from other animals such
as horses, cattle, and pigs has been found in Chinese
markets [3, 4]. We tried to establish PCR methods for
species-specific detection of substances derived from
donkey as well as horse, cattle, and pig-.

As DNA extracted from donkey glue is highly degraded,
amplicons more than 100 bp long are difficult to obtain [3].
The primers were designed based on the species-specific
sequences in the cytochrome b gene so that the size of
amplicons was less than 100 bp (Table 1; Fig. S1). PCR
was performed using 5 ng of DNA extracted from each
animal sample with the designed species-specific primers.
As a result, amplicons specific to each animal were
obtained (donkey, 66 bp; horse, 71 bp; cattle, 68 bp; pig,
76 bp) (Fig. 1a—d). Sequencing analysis after subcloning of
the PCR products confirmed that all of the sequences
showed good identity with cytochrome b genes of the
corresponding target animals. V
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Fig. 1 Specificity of PCR for donkey, horse, cattle, and pig DNA
with each of their specific primers. a Donkey-specific PCR. b Horse-
specific PCR. ¢ Cattle-specific PCR. d Pig-specific PCR. Lane I is a

Fig. 2 Specificity of PCR for
DNA from ACC with each of
four animal-specific primers.

a Donkey-specific PCR. Lane 2,
positive control (PC; donkey
DNA), b Horse-specific PCR.
Lane 2, PC (horse DNA).

¢ Cattle-specific PCR. Lane 2,
PC (cattle DNA). d Pig-specific
PCR. Lane 2, PC (pig DNA).

Lanes 1 and 3 indicate no- 100
template control and ACC, 80
respectively, in all panels. M, 60
20-bp ladder marker 40

(bp) [

These species-specific PCR methods were applied to
DNA extracted from ACC known to be derived from
donkeys only. Amplicons could be obtained only from the
donkey-specific PCR (Fig. 2a—-d). These results suggest
that the species-specific PCR methods established in this
study would be useful for simple and easy identification of
the animal origin of ACC.

Detection sensitivity of cattle DNA

In order to estimate the detection sensitivity of the PCR
methods in this study, the detection limit was analyzed
using cattle glue as a contaminant. DNA extracted from
ACC blended with 0.1 % of cattle glue was applied to the
cattle-specific PCR, and the cattle-specific amplicon was
detected (Fig. 3). Thus, the PCR method was confirmed to
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Fig. 3 Evaluation of cattle-specific PCR assay sensitivity. Lane I,
no-template control; lane 2, ACC; lane 3, 0.1 % cattle glue in ACC;
lane 4, cattle glue; M, 20-bp ladder marker
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be able to detect as little as 0.1 % admixture of cattle glue
in ACC.

Discussion

In this study, new PCR methods were established to
identify the animal origins of ACC. First, the silica-based
and the ion-exchange resin methods were compared as
methods for extracting DNA from ACC, and the ion-
exchange resin method was revealed to be more suitable.
This may be because the ion-exchange resin procedure was
so gentle that DNA fragments were not degraded further
during preparation, or was superior for removing polysac-
charides and phenols that inhibit the activity of the PCR
enzyme.

PCR methods based on the cytochrome b gene were
established to detect DNA specific to donkeys, horses,
cattle, and pigs. The methods were shown to be effective in
identifying the animal origins of ACC. Unlike the SINE-
based PCR, the cytochrome b-based method could directly
distinguish donkey- from horse-derived substances, and
should be considered as a new method for simple and easy
identification of the animal origins of ACC.

The detection sensitivity of the PCR methods against
ACC blended with DNA from other animal species was
also investigated. Because horse glue and pig glue could
not be obtained, only cattle glue was used for detection
limit analysis. As a result, a 0.1 % mixture of cattle was
detected in the cattle-specific PCR, which was as sensitive
as in the SINE-based method and sensitive enough to
examine impurity contamination. On the other hand, the
cattle-specific PCR did not have quantitative capability,
- given the fact that there was little difference in the amount
of amplicons from 0.1 and 100 % cattle glue. One of the
reasons may be that we detected the amplicons at the
endpoint of amplification in the PCR method. For quanti-
tative analysis, further investigations into quantitative PCR
would be needed.
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