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Abstract: There are many types of tuna, shoddy and fake tuna products are found in the market from time to time. DNA-based detection

technologies have been widely used in the detection of adulteration of tuna products. DNA extraction is crucial to the application of DNA detection

technology. In this study, 28 deep-processed tuna products were used as the experimental samples. Three different DNA extraction methods (SDS

method and two commercially available kits) were compared in terms of DNA quality, yield, PCR amplification and method operability. The results

showed that all the three methods can be used for DNA extraction from most tuna products. Compared with the other two commercially available

kits, the SDS method led to a lower DNA yield with a higher purity and a A260-to-A280 ratio (1.89), less salt residue, lower inhibition in real-time

fluorescent quantitative PCR and relatively low cost, which meets the demand for adulteration detection of tuna products.
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B, LR S 52 A IR B R Ak
(Restriction Fragment Length Polymorphism, RFLP)!%,
DNA %4J6% (DNA barcoding) ™51 384 G44575 41
(loop-mediated isothermal amplification, LAMP) 116
S 3 5E B PCR HR (Real-time PCR) ),
FERTIN TN, SRR i M 4
F5eBE IR AI 2 DNA 52 5 S a M AT i ORRE
SRIM, A AR A E I T AR rh 2 I g . W
iR R, MRS RD TIEY, REYIReiy
i DNA AR 5 5, A5 30 PCR 3™ 3R B,
Xiong X ZEVV\SEHESL 5 FH2EL DNA, K3l DNA
R, PCR G EI)Z R 40%, FEAIUEE L™
fh AR Z A T PCR 91805 . Smith 252 B

B INFAT TR AE G, $RHT) DNA 2 EZET TR
- H & F B g A7 R AE G, DNA $2HG =49 1)
RIFIERZ . Maria P08 T 4 RREUT N4
Mt fESLIY) DNA ZHEE520A, 4 FAIF B AN [R] 1 H2 Y
JT Ageo/Aaso CA L Aso/Anso AN« HEE RSN
T T P Fh R DNA, RIS [H N 107 =i fa A
DNA & TR, HAFFEHT 1EFH R —FE &
i TS

ST LA IR, ASCIUKH] SDS V280 2 i
AN S ] R IEN 4] DNA BHTHREL  FHRIH
16S rDNA [7 51151 %t 3T PCR 474, i3 L DNA
[P f% PCR 3R, BRI B —FE AR )
DNA $EHUT S, DACRER 5 2R s e R IEA T -

F1 AMIEHREERTFEELER
Table 1 Information and molecular identification of fish samples from deep processing

P AR RAT FEH S BLAST (98%~100%)
XWIJ1 s (#ha) 55 XWIJ1-1 Thunnus spp.
XWI2-1 Istiophorus platypterus
XWI2 e iogeh AN P P typ -
XWIJ2-2 Tetrapturus spp Makaira nigricans
XWI3 AAch (#h) 575 XWI3-1 Thunnus spp.
. XWJ4 b 8% XWJ4-1 Thunnus spp.
) AN o .
: XWJ5 HEaib e WL TE XWIS-1 Thunnus spp.
XWI6 AAbd (#h) 575 XWI6-1 Thunnus spp.
XWI7 o on A AeEEMN  XWIT-1 Makaira spp.
XWJ8 e on:A 575 XWJ8-1 Thunnus spp.
XWI9 A (8h4) 85 XWJ9-1 Thunnus spp.
. XWI20-1
XWI20 g on:k T T R )
XWJ20-2 Makaira spp.
; XWI21-1
XWi21 g iogcih TTR#E
XWJ121-2
) XWI22-1
XWI22 arionA JR¥Bm .
XWJ22-1 Makaira spp.
XWIJ23-1 Makaira spp.
XWIs  Af (BE) & AH TP
XWJ23-2 Makaira spp.
XWJ24-1 Makaira spp.
HESK ] XWI24 Eogioh:! YT ,
XWIJ24-2 Makaira spp.
XWI25-1
XWI25 o oA &E
XWJ25-2
XWI26-1
XWI26 Eagon:A & Kk
XWJ126-2
XWJ27-1
XWI27 g on A i
XWJ127-2
XWJ28-1
XWJ28 Kegpie & T ILF
XWI28-2

Er RTINS RIK.
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1 MR5REE
L1 SEeatrt

1.1.1 FFmkE

2019 11 HZE 12 A, Wiz 3eReE 18 (it
BEMpmr (R D, G 9 MR (S h
XWII-XWJ9) F1 9 frafEdetil i (5 XWI20-
XWI28). AT = i HIA LI = 5 Tl T H R FIbR I,
HALF P b EfE 2. 4/ el 24 h
SLANVELEER, BRSNS TR MR, RTHHURE 28
iy (R 1), T-18 CLRAF%H .
1.1.2 XA

YT/ iR 20 23 TR 2H DNA $2BGR 765 (Code No.
DP304), RIRAENWFHIHPRAF]; Takara 4R/ M/
HEELFIZH DNA $2HUAFE (Code No. 9178), FEAE
YITRE OOE) BIRAF]; BIRHEREL, FHHEA Biowest
AFl; GelRed ™ HiRYLEl, E[E Biotium AF]; 514
ARG B TAEYEIRAF] SYBRIEETR (with low
ROX). 2xTaq PCR Master Mix, g4 TAMIHRA
#]; 100 bp DNA Ladder, RARAMRHLZHRAF];
6xLoading Buffer, AT CKiE) AIRAF.
1.13 MELHEE

BioPhotometer D30 #% 2 & A M & 1%, 1%
Eppendorf AF]; JY-SPFT HLUKAE, JLEE EAR 7 HIK
WA BR/AT; Tannon-1600 BHRERAY, LiFRAE
RHEHBR AT ; GWA-UNI-F40 4i/k/#aiKss, Jbnt
Y AridE A A A PR ST A s MS-100 fEIRIESIL,
BUM BB # A PR AF]; LightCycler® 96 SZIF 2 E
& PCR X, Int% [KE&EH]; 2H3IEH PCR 71 &
4i (Code No. Gentier 96), PiZ KIERFHIRAT;
HR/PBLOHL (1-14k), [ Sigma A#.

1.2 k&

12.1 DNA #I

SDS i%: 2 Xiong X PR B TE Y
Bk . BURERZ) 100 mg T 1.5 mL B0, I 100
uL SDS AR HIR[2% (W/V) SDS, 0.1 M NaCl, 0.1 M
EDTA, 0.5M Tris, pH=8.0]. 100 uL BRZE R (0.3
M NaH,PO,, pH=8.0) 120 uL [#) 2 M K(20 mg/uL),
FHE FEIERSMCH 60 CHIE 50 min. KRS WITE
FIRSAF T LA 14000 r/min 2.0 5 min, B EIEREHT
1) 1.5 mL B0, N 1 AR 2B (4M
CH;COONa, pH=8.2), V215 14000 t/min &5.0» 5 min.
B EEZEBELE T, A 0.6 fHARARE, |’
AJEHE 10 min, 12000 r/min 250> 10 min 3£ FiE. &
Jei» Fi 70% Z.BERN 100%TE7K 53 5 DNA #H K
F—K, 65 CHARMET S, MIA 20 pL K pE K
fit DNA, {RFET-20 C.

i/ 1V 2R FE R 2H DNA $2BGAF & (PL R
K Tiangen 71D : FREL 100 mg FEih, 2 MR &
VLB DNA, /e eI 50 uL TE ¥
Bt DNA, 7120 C.

Takara 2P/ /4HZRFER2H DNA $EEGAF &

(LA R fEIFR Takara 718D : HUFEAZ) 50 mg AN 3E
A 0.5 mL Extraction Solution ijf!|[{] Microtube H'.
X Microtube 75, 70 C/KALHE 10 min, 7E=iRA&MHF
T 12000 r/min B0 10 min, )5 B IBUKE .
HoAPIRA = IR 200 uL JKZAARRR, Bk S
100 pL, fRFET-20 C.

122 #fo& DNA Ji E AR M %

X:F BioPhotometer D30 A% 8 I &4 23 51l
€ DNA 7E 230 nm. 260 nm £ 280 nm J% KA
B, T Aoso/Anso FH Aoso/Anso fE,  [FIETIIE DNA ¥
.

1.3 PCR ¥ ¥
1.3.1 -£:& PCR

R 2 BAS HFFRAT B

Table 2 The sequences and products size of universal primers

B 3%, HEZ 220 A7) (5-37) Rkl BKEE/C
16sar-L CACGACGTTGTAAAACGACCGCCTGTTTATCAAAAACAT 5
16sbr-H  GGATAACAATTTCACACAGGCCGGTCTGAACTCAGATCACGT P
miDNA  FOR16Spc TGCCCGTGCAGAAGCGG N 5
p
16SDNA  REV16Spc CAACATCGAGGTCGTAAACCC
FOR16S-1 GACGAGAAGACCCTATGG e
242 bp! 53
REV16S-2 CTGTTATCCCTAGGGTAACT

XF 3 Fh7 ALK DNA #E4T PCR 734, BT
KEFh DNA $EBUEMEUREE AN, N TR —/KF

BRIV SR UV, SeXH A DNA HH T
o HREJSHE D DNA WKFEYIH 30 ng/uL. PCR XM
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KA 25 pL A %&: 45 12.5 uL 2xTaq PCR Master
Mix, b, F#F54 (10 M) % 1 uL (%2), DNA
BBR 1 ul, MTCEKANE R 25 pl. PCR RMNART S
H R, RNEERE, LA 2% IR E R kA
M PCR 7=,
132 %3xZ=Z PCR

XTHEHLE] DNA JEATHRE, %55 DNA WK
Y175 30 ng/uL . IR itk FH 327 bp 1 B 7 Bl 1,
= R 242 bp I E I B 4. Pt e & PCR
KHI 20 uL R BifA % : SYBR Mixture(With low ROX)
WURM 10 L, b FHESIH (10 M) 7% 1 uL, DNA
B 1 ul, JERKANE 20uL. BFAMERLS AR
oo YGRS, ATIEMIG T, WE 72 CTH
ECAEIRE, FHEZ 95 °C, FFFIRZ 65 CIRIF60s, 1
s THIRE 97 Co RMNZERG, o4y sk, AR5
NRI{E (cycle threshold, CT {H) F@ANFIFE b ALE
75 SAHR I 1% 999 PCR 3 18 (IS4, B Ja 20 BT i
firt 2k, @I AR (Melting Temperature, TM {H)
P NANES 2 NEIE7/F

133 itz
PATTEE =oAL, 28 1.3.1 7k T8 PCR
3G, Pty 14 s HLA T B — R P A T X e
J¥o RH BioEdit FAX T AT fe )i Bl e T R
%, KBRIERFGIVMAMKRERTAGE, $ecdidEE
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) LLXT 5347, 1
P AR LU S5 R (ABUEE>98%),  FfA A
At IR ] o

L4 BdE AT

K SPSS 24.0 Giit 28453 BT 3 Fh AT
(1) DNA 155, Aseo/Aago M1 Ageo/Agzo TEIHEAT 73 H7, HH
TRES T ZATE, # ¥ Kruskal-Wallis K J7 280Kk H
pfH, # p fEH/NT 0.05, UEBHPALIRAZ/EREMEZESR,
A p HKT 0.05 U PZEIAI TG W 2 5

2 ZR5WE
2.1 DNA w4z

R 3 M7 SEIRERAY DNA 65
Table 3 DNA purity extracted by three methods

52 Anso/Anso Ageo/Ansg
Takara X7 # Tiangen iXF &  SDS & pf& Takara iX5|& Tiangen iX#A|&  SDS % p &

XWI1 1.14+0.05 1.98+0.04 1.91£0.08  0.019 0.26+0.02 1.16+0.23 0.61£0.21  0.007™
XWI2 1.12+0.09 1.95+0.05 1.88+0.15  0.022" 0.29+0.03 1.05+0.18 0.60£0.43  0.048"
XWI3 1.07+0.09 1.97+0.03 1.86£0.09  0.011° 0.23+0.02 1.09+0.17 0.68£0.31  0.015"
XWJ4 1.08+0.08 1.94+0.14 1.72£0.17  0.012° 0.24+0.02 0.70+0.27 0.38£0.16  0.018"
XWIJ5 1.37+0.06 2.02+0.04 1.96£0.16  0.018" 0.27+0.01 0.95+0.37 0.84+0.28  0.022"
XWJ6 1£0.13 1.88+0.04 2.06£0.2  0.007" 0.24+0.02 1.07+0.12 1.00£0.63  0.025°
XWI7 0.97+0.06 1.89+0.03 2294034  0.007" 0.25+0.02 1.00+0.20 0.95£0.51  0.018"
XWI8 0.97+0.07 1.83+0.07 1.77£02  0.024 0.24+0.03 0.99+0.11 0.45£0.01  0.007"
XWI9 1.08+0.16 1.9£0.07 1.87£0.03  0.021° 0.25+0.05 1.21£0.20 0.85£0.48  0.018"

p1& 0.011" 0.017" 0.027" n.s. ns. n.s.
XWI20 1.17+0.1 1.77+0.19 1.77£0.09  0.023" 0.24+0.01 0.45+0.26 0514024  ns.
XWI21 1.08+0.18 1.94+0.08 1.85£0.12  0.018" 0.23+0.02 0.61+0.30 0.50£0.35  n.s.
XWI22 1.1840.13 1.68+0.27 1.86£0.10  0.026" 0.23+0.01 0.39+0.25 1.24+0.34  0.024"
XWJ23 1.27+0.09 1.83+0.14 1.87£0.15  0.025" 0.26+0.02 0.37+0.06 127+0.95  ns.
XWI24 1.20+0.1 2+0.18 2.09+0.19  0.022° 0.24+0.01 0.50+0.30 125£0.76  ns.
XWI25 0.87+0.02 1.78+0.14 1.84+0.15  0.020 0.19+0.01 0.27+0.07 0.90£0.63  0.016°
XWI26  1.02+0.11 1.79+0.12 1.72£0.38  0.025° 0.23+0.01 0.33+0.15 0.59£0.33  0.047"
XWI27 1.13+0.08 1.68+0.2 1.86£0.14  0.018" 0.24+0.02 0.40+0.18 1.30+0.70  0.036"
XWI28  1.09+0.08 1.83+0.16 1.91£0.08  0.019° 0.25+0.03 0.34+0.07 0.92+0.32  0.007"

p{& 0.017° n.s. ns. 0.029° ns. n.s.

i ARG FB—ATF, HR4E Kruskal-Wallis K 32 5 A58 T p1a, 958 TE—F &N AR = 50t hABRA R R — = de A
KRR F R, **EZFMEE (p<0.01). *RETRFE (p<0.05). ns.=LHAREZF, THE.
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TR E 3 FMRIOTIEMIAEE IR 3
FE 1o Agso/Asso LA N FUTREY T 1R 23 B
I, AEPEEREATFI) DNA LUEN 1.8 £idq . HUE R
ZEEA OFER YRS 1Tk
FEM (XWI1-XWI9), Takara &7 & K7 LA A
1.08+0.14, #ifE 7%, Tiangen ki & SDS £H
Ageo/Aogo LLAEHRTE 1.8 Jidy, ZURERT. XohFHEskie
i (XWJ20-XWI28), Tiangen X7 & A SDS £
Asgo/Asgo ELIE N 1.80 1.86. 1M Takara iRl &5 (1]
PlE 111, BERTHARBF . Asso/Asso HAFIR
P, SRR LRSI, AEREEUTH) DNA L
BN 2.0 i f . HHAE/ANT 2.0, BRSO
Y CBEZ . BUANLIAR & B E . Tiangen W &1
YA N 1.02, SDS ¥2:41 Takara 7565 135 HUAE 43
AN 0.7, 025, KUIZRFIFREEZ, WTREMERE . —
SRS A KRR R R by, HiELkdh
BT . AT BEAALE AR BEAR Y RNA 7E 260 nm
A=A T R R I

2.2 DNA & xR
R4 ZH75EIRENAY DNA 1535
Table 4 DNAyield extracted by three methods

DNA 1% %/ng
Takara X7 & Tiangen X7 & SDS#%  pfh

XWIl  194.61£76.74  19.7243.54  3.83£2.72 0.007"
XWI2  297.61£63.07  29.34+4.13  3.55+2.84 0.007"
XWI3 1922544406 1193447  2.19+0.99 0.007"
XWJ4  213.66£29.76  9.07+9.12  2.97+0.90 0.012°
XWI5 329447107  23.72+7.10  8.88+7.78 0.012°
XWJ6  207.33£29.82  35.10£11.47  3.13£3.25 0.007"
XWJ7 203.82+3147  20.89+4.12  1.66x1.15 0.007"
XWI8 177.84+2849 35444469  1.41x030 0.007"
XWI9  217.01£73.80  37.64+13.18  4.09+4.12 0.007"
p1h 0.031" 0.001"™ n.s.

XWI20 113.23+21.58  3.10£225  1.77£0.79 0.021°
XWI21  89.54+16.50 518179 235+2.01 0.012°
XWI22  84.87+11.04 1.85£0.94  3.09+2.15 0.021"
XWI23  111.30+14.81 233087  230+£1.28 0.023
XWI24  82.59+3.04 6.48+6.93  3.15£239 0.023
XWI25  69.50+6.86 385290  2.62+121 0.024"
XWJI26 101.82+16.69  3.01£1.05  2.04+0.81 0.015
XWI27  90.13£16.30 3904352 2.59+1.77 0.023"
XWI28 104.03£23.57  241£1.15  127+044 0.012°

p i 0.013" ns. n.s.
3 FOTREUY DNA fHR0E 4 FIE 1. Hep

Takara 1T ST HR L H SR 1 DNA 155378 iy T At P Fh
JriF, XTHCPIRAFGEL I M) DNA £33, PIFA M
DNA 1523835 2 Tk . Tagliavia M 252 Bi7E
DNA 2, RHEAR K. YekA. MIEfmA
I RICE IR, S5 DNA BRI, SDS it
HEM k ERREERSERSTYR AR, Tiangen i
PG R R S ISR B DNA CRISEAR B ) HEA T4tk
PRI TIESEEY) DNA T8 54F, {H DNA 52wk,

a,5.
OXWI1~9

WXWJ20~28

20t _r %

1.0F
0.5F
0.0 -

Tiangeni® 7 & SDSiti%

Takarai® il £
b 20
OXWIJ1~9
WXWJ20~28
1.5}
1ot
0.5+
0.0 i- l‘ " N
Takarai® il £ TiangeniX 7 & SDSiR %
€ 300 OXWJ1~9
HWXWJ20~28

250

200 {»
150
100

30t
20+
10}
0 1 |ﬁ—i.l.__

Takaraifk | £ Tiangeni® 7 &% SDSiR %

& 1 =75 ERERAY DNA 15350 DNA 46
Fig.1 DNAYyield and DNA purity extracted by three methods
E: a: A260/A280; b: A260/A230; c: DNA ?%’%7 ng.

2.3 PCR 73T DNA Jii & 8 %-3F

PCR 45 DNA [ Bk, Rk,
PCR ™ ¥ 3R i) E DNA R B E B E 2 —.
M T &ttt s e il T FE A /5 20 iR IR AL,
FRAEA Sl IED), DNA F B E, e
DNA FEFFFERE, FHORIESRBUL 5 50 2= 1) DNA

61



R EmiB Modern Food Science and Technology 2021, Vol.37, No.7
RERR LA T Je 8250 Bt e, LA 3 Fho70 3l
MFE A ERER) DNA fE R, R 2 3 XA

24 %A =& PCR

1903347 PCR 434, 734 = s B RS Wt e i ik sl =5 =HSEIRENGS CT {&F TM{E

2. 3 FfiaNe 3 PO A FH P RS2 ] 45 21 B 2 ) H Table 5 CT and TM values extracted by the three methods
WAk, AT, (HARISERCT VR A B AL s CT {4 ot

JEZE AR, Tiangen 7 &, SDS VEHEEL DNA 4 ” Tiangen x| & SDS %  Takara X7 &
B, YT . 1M Takara $2HUK DNA ToiE M XWIl  25.01+0.69 2297048  20.93+02  0.102
i XWI2  20.04+021 2323+1.07 20.64£1.12  0.102
123456789PNM12345 678 9PN XWI3  20.1140.11  23.77+0.06 ~ 22.140.97  0.102
XWI4  2434+021  2097+0.67 2223+0.12  0.102
sT0bp XWI5 21394029  20.76:022 22.11£0.07 0.102

XWI6  23.15£0.19  25.56+0.82 22.39+0.24  0.102
XWJ7  2325+1.01 2423008 23.08+0.87 0.156
123456789PNMI23456789PN XWJ8  22.93+1.08 22.55+0.76 22.87+0.83  0.651
XWJ9 24224076  21.88+1.14 2291+0.77 0.156
XWI20  21.14£0.77  22.58+029 25.77+0.25  0.102
XWI21  2039+0.1  21.78£021 25.77+0.41  0.102
XWI22 2139134 2341006 23.25+0.38  0.180
6789 PNMI23456789PN XWI23 2271027  23.17+0.65 23.11£029 0368
XWI24  2226+043  22.17+0.02 22.36+0.69 0368
XWI25 22774092  23.18+0.03  23.85+0.9 0325

B XWI26 244511 2225508 24072014  0.180
> 100bp XWJ27 21.3+0.73 22.91+£0.61 24.44+0.87  0.102
& 2 =FhERENTS SERRISAIMAE MR PCR 4 1545 XWI28  22.61+0.08  23.34+£0.49 23.55+0.83  0.180

Fig.2 Amplification results PCR three extraction methods T™ {4
JE: a: Takara iXA|4; b: SDSi%; c: Tiangen X7 & H Tiangen x| & SDS %  Takara X7 & Pt
P: FEETEE; N: ZGTR; M: DLI100 4T &4k, B3R, XWIJ1 81.50 82.25+0.35 82.00 0.123
123456 789 PNMI 2345 67 89PN XWI2  8625+035 84.25+035 81.25+035 0.180
XWI3 86.50 81.50 81.50 0.082
XWI4 86.00 86.00 81.50 0.082
XWIJ5 85.75+0.35 86.00 81.50 0.115
XWI6 85.75+0.35 82.00 81.00 0.089
9PNM12345 678 9PN XWIJ7 85.5+0.71 86.00 81.75+0.35  0.123
XWI8 85.75+0.35  81.25+0.35 81.50 0.123
XWI9 86.00 81.75+0.35 81+0.71 0.115

XWIJ20  87.65£049  87.25+0.35 86+0.71 0.156
XWI21  88.25+0.35  88.26+0.36 86+0.71 0.165
XWI22  87.75+1.06  88.24+0.16 87.25+0.35 0.465
XWJ23 87.5+0.71 88.25+0.35 87.52+0.02  0.257
XWI24 86+0.71 88.25+0.35 88.17+0.24 0.325

327bp .-

T XWJ25  87.25+035  87.75:035 87.75£035  0.368

> 100bp XWI26  87.75+0.35 87.5+0.71 87.75+0.35 0.882

[ 3 =HRENT5AFR1SHESK MR POR 7 HE45R XWJ27  8825+0.35  87.75+0.35  87.5£0.71  0.333

Fig.3 Amplification of canned samples PCR three extraction XWJ28 87+0.71 87.65+0.49  87.75+0.35  0.451
methods
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Fig.4 Amplification curves of meat pine samples obtained from
three extraction methods
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Fig.5 Amplification curves of canned samples obtained from
three extraction methods

25 KR TN
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45 50 Istiophorus platypterus. Jl43 ) 9 AN il % 5
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XWJ24-2 JX 672 it gl %5 5 28 J8 /KT o FABEESL = i %
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2P IR S . ARSI R ZERI/A 16S tDNA
XMt S, ABAERPK TS 2 IR B,
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P IGEE RN & DNA SR EAT SR G 04T, [RIREXE
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Table 6 A comparison of advantages and disadvantages of three DNA extraction methods
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