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ABSTRACT: Objective
method for the detection of Oncorhynchus mykiss source components. Methods

To establish a pre-amplified quantitative real-time polymerase chain reaction (qPCR)
The study developed an enhanced
pre-amplified qPCR method, which was based on the validation and improvement of the existing standard qPCR
method and compared the performance of both methods. Results Specificity testing of the standard qPCR method
revealed cross-reactivity with closely related species, such as Coho salmon and Atlantic salmon. The established
improved pre-amplified qPCR method, which incorporated a pre-amplification step, exhibited high specificity and no
cross amplification was observed for Coho salmon, Atlantic salmon and other closely related species. The
amplification efficiencies of the standard qPCR and the pre-amplified qPCR methods were 90.25% and 104.91%,
respectively. The lowest limits of detection of the 2 kinds of methods were 2.99x10> ng/pL (0.83-8.87 pg/uL, 95%
confidence interval) for the standard qPCR and 1.50x10™*ng/uL (0.09-0.27 pg/uL, 95% confidence interval) for the
pre-amplified qPCR. Conclusion The method established in this study has the characteristics of strong specificity,
high sensitivity, and is suitable for authenticity and adulteration detection of Oncorhynchus mykiss source
components in food products.

KEY WORDS: Oncorhynchus mykiss source; authenticity identification; quantitative real-time polymerase chain

reaction; pre-amplified quantitative real-time polymerase chain reaction
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Table 1 Gene barcode sequencing primer sequence and PCR reaction conditions

FEH EIk/ A SR (5'—=3")

SR AF it K/ bp

s F

TTCTCCACCAACCACAARGAYATYGG

94 °C 30s;94 °C 105, 60 °C 30

TR

CACCTCAGGGTGTCCGAARAAYCARAA

s, 72 °C 45 s, 40 MG, 72 °C 655
10 min

#&2 AT qPCR AERISI4/4RET
Table 2 Primers/probes used in the qPCR method

S19AREr

SIYIARE R H1(5'—3")

275 30k

Few AGTAATTATCGGCATACGAAACCAG

Rev GTTTCGATAATGATCAGTACTGGGATC [28]

Probe

FAM-CTACGGCCGCCCTCGGCCATTTAT-TAMRA
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#*3 1M DNA BEFMEMFER
Table 3 Sequencing results of sample DNA gene barcode

sy Fe 2 ST AT HIREES PP 25 3R A S HE b 44
(genbank 741 5) Fr—2%
1 R Salmo salar KX145289.1 2
2 e Oncorhynchus kisutch FI998805.1 =
3 T Oncorhynchus mykiss EU752133.1 =
4 oyt Oncorhynchus gorbuscha KX145377.1 =
5 o1 i Oncorhynchus nerka F1999169.1 =
6 ki Oncorhynchus keta AP010773.1 =
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KP013084.
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LC050735.
DQ288270.
0K583899.
MW300336.
MG434736.
MG434735.
MG434733.
0Q301638.
MT667254.
MW300335. 1:8440-8541
0K623679. 1:8441-8542
D83947.1:316-417
MG434734.1:315-416
D83946. 1:316-417
DQ288269. 1:8441-8542
MT410879. 1:8445-8546
NC_087622. 1:8441-8542

1:8441-8542

0L339390.
NC_056957. 1:8440-8541
MF621750. 1:8445-8546
0L339391. 1:8441-8542
0K040162. 1:8441-8542
DQ288271. 1:8441-8542
NC_026537. 1:8443-8544
KP085590. 1:8441-8542
0K336457. 1:8441-8542

0. mykiss—TI 0. mykiss—P
AGTAATTATCGGCATACGAAACCAG  CTACGGCCGCCCTCGGCCATTTAT

0. mykiss—R
GTTTCGATAATGATCAGTACTGGGATC

AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG

AGTAATTATCGGCATAC

AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG
ATCGGCATACGAAACCAG|
CGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG)

AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG)
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG
AGTAATTATCGGCATACGAAACCAG)

GIICTACGGCC

SICTACGGCCGE

AGTAATTATCGGCATACGAAACCAG

CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT
CTACGGCCGCCCTCGGCCATTTAT
CTACGGCCG GGCCATTTAT]
CCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCC
CTACGGCCGCCCTCGGCC
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
“CCTCGGCCATTTAT]
“CTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT]
CTACGGCCGCCCTCGGCCATTTAT)
CTACGGCCGCCCTCGGCCATTTAT]

[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
'GCCTGAAGGAACCCCCGTTCCACT
[[GCCTGAAGGAACCCCCGTTCCACT]
[[GCCTGAAGGAACCCCCGTTCCACT]
IGCCTGAAGGAACCCCCGTTCCACT
[[GCCTGAAGGAACCCCCGTTC!
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
[[GCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]

[TGCCTGAAGGAACCCCCGTTCCACT]

[[GCCTGAAGGAAC

GTTCCACT)

[[GCCTGAAGGAACCCCCGTTCCACT]
[[GCCTGAAGGA? CCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT)

CTIG.

[[GCCTGAAGGAACCCCCGTTCCACT|GA
IGCCTGAAGGAACCCCCGTTCCACTGATCC

[[GCCTGAAGGAACCCCCGTTCCACTIG.

[[GCCTGAAGGAACCCCCGTTCCACTIG.
[TGCCTGAAGGAACCCCCGTTCCACT]
[TGCCTGAAGGAACCCCCGTTCCACT]
IGCCTGAAGGAACCCCCGTTCCACT]

TNGATCCCAGTACTGATCATTATCGAAAC

[TGCCTGAAGGAACCCCCGTTCCACT]

GATCCCAGTACTGATCATTATCGAAAC
ATCCCAGTACTGATCATTATCGAAAC|
GATCCCAGTACTGATCATTATCGAAAC)
ATCCCAGTACTGATCATTATCGAAAC|
ATCCCAGTACTGATCATTATCGAAAC)
sATCCCAGTACTGATCATTATCGAAAC]
GATCCCAGTACTGATCATTATCGAAAC)
sATCCCAGTACTGATCATTATCGAAAC]
ATCCCAGTACTGATCATTATCGAAAC)
ACTGATCATTATCGAAAC]
GATCCCAGTACTGATCATTATCGAAAC
ATCCCAGTACTGATCATTATCGAAAC|
sATCCCAGTACTGATCATTATCGAAAC]
ATCCCAGTACTGATCATTATCGAAAC|
ATCGAAAC
ATCGAAAC

ACTGATCATTATCGAAAC]
GTACTGATCATTATCGAAAC
ATCCCAGTACTGATCATTATCGAAAC|
ATCCCAGTACTGATCATTATCGAAAC|
SATCCCAGTACTGATCATTATCGAAAC
ATCCCAGTACTGATCATTATCGAAAC

GATCCCAGTACTGATCATTATCGAAACH
GATCCCAGTACTGATCATTATCGAAAC)
ATCCCAGTACTGATCATTATCGAAAC|
ATCCCAGTACTGATCATTATCGAAAC
ATCCCAGTACTGATCATTATCGAAAC
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Sequence alignment results of primers and probe for Oncorhynchus mykiss source components in standard method
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Fig.2 Specific detection of Oncorhynchus mykiss source components of universal gPCR (A) and pre-amplified gPCR (B)
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4 qPCR TR 1% qPCR R EIF2FF

Table 4 Reaction program conditions of universal qPCR and

pre-amplified qPCR
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DL J3E s 8 1) L 68 56 TR 2 DNA(HI U6 It ok 3
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qPCR J5 L4 S8 . 20 I LIRS DNA ¥ B2 7 2

1 Ae bR (X, ng/uL), PLYHEEG Ct {8 9L A bR (Y), {5 T

GraphPad prism 9.3 B2 AERZE . {§1] Origin 2021

5 5 ¥ MEE/°C B[] PRI EA
95 10 min 1
qPCR 95 15s
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60 1 min
95 10s
15
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95 10s
40
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24
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(K 3B),
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