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ABSTRACT - In this study, seafood products (n=26) sold on sushi buffet restaurants in the city of Wonju were
monitored by analyzing sequences of DNA barcode markers (cytochrome ¢ oxidase subunit I and 16S ribosomal RNA
genes). NCBI BLAST database was screened with the barcode sequences analyzed as a query for species identifica-
tion. The BLAST search revealed that fifteen samples (58%) analyzed were consistent with their labeling information;
however, the ingredients used in seven samples (27%) were not compliant with their label information. In the case of
these mislabeled products, ingredients for sutchi catfish sushi and cherry bass sashimi were identified as Pangasian-
odon hypophthalmus and Lampris guttatus, respectively. For Japanese flying-fish roe sushi and Pacific herring roe
sushi, roe of Mallotus villosus was used as an ingredient. Amphioctopus fangsiao and A. membranaceus were used in
octopus sushi and soybean-marinated squid products, respectively. This monitoring result can contribute to the protec-
tion of consumer rights and the reduction of fraudulent practices in the food industry.
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Materials and Methods

Table 1. Species identification results based on sequence information of DNA barcode markers

Identified species

No. Productname  Primer set . Identity . Labiling o
Accession No. %) Species Common name compliance
S1 Z ) 7]zt 11 MH194532.1 100 Pangasianodon hypophthalmus 7}ol oF NC
S2 A o] 2wt II MF004315.1 98.47 Sciaenops ocellatus Z 9o C
S3 Fo]xnt I NC 039847.1  99.84 Octopus cyanea SZ2EYE C
S4 FoA) =W I MK336921.1 9891 Dosidicus gigas ol 2] 7} & 9 7 o] C
S5 zFo Aol xur II LC121565.1 100 Sepia recurvirostra - -
S6 ez I KP136661.1 100 Rapana venosa R8I C
S7  FA| Az I MHO003640.1 100 Oncorhynchus kisutch 2o C
S8 Fo]xnk I AB028664.1 99.82 Paralichthys olivaceus =] C
S9 YA Q- ik I MF490230.1 100 Litopenaeus vannamei s A S C
S10 7pgw) =t I FJ595957.1 100 Chlamys farreri vz 72 ¥ C
S11 Bz =4 I MG431821.1  99.26 Pseudocardium sachalinense Hulo st C
S12 Folxw 111 MF185643.1 99.84 Lateolabrax japonicus =9 C
S13 Hydgxy II MG205088.1 99.80 Actinopterygii sp. - -
S14 €} 3 9} Apu] 8 I LC121539.1 100 Amphioctopus fangsiao ZF3tu) NC
S15 A xd=3 I GU233808.1  98.71 Mallotus villosus g o NC
S16 HIx g3 I GU233808.1  98.72 Mallotus villosus g o NC
S17 A ¢l o] 3] I KT719282.1 99.52 Salmo salar ) A ek o C
S18 2= 3] I AP002924.1 100 Lampris guttatus B3 % NC
S19  Fo]x7A I AB477017.1 100 Enteroctopus dofleini o C
S20 oA A A II MH293068.1 100 Amphioctopus membranaceus kI NC
S21 o] g3 I FJ205579.1 99.52 Mallotus villosus Ao NC
S22 EN N I MF490230.1 100 Litopenaeus vannamei ok A5 C
S23 P PN = I MF490230.1 100 Litopenaeus vannamei S ok Al -5 C
S24 7y Z A & I MF490230.1 100 Litopenaeus vannamei gl A - C
S25  FEnmjEs I KT362380.1 90.39 Uroteuthis chinensis 3}2) @ A o] -
S26 ZA1E 4 11 NC 037173.1  99.38 Monomia gladiator -

*Identified species were compared with the raw materials declared in the product names. C and NC represent compliance and non-com-
pliance, respectively.
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Marker® Primer set Primer sequence (5 — 3°) Reference
16Sar-L CGCCTGTTTATCAAAAACAT
16STRNA 1 Palumbi S.R. et al. (1996)'”
16Sbr-H CCGGTCTGAACTCAGATCACGT
LCO1490 GGTCAACAAATCATAAAGATATTGG
I Folmer et al. (1994)')
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA
. VF2 t1 TGTAAAACGACGGCCAGTCAACCAACCACAAAGACATTGGCAC
i P21 TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC Ward et al. (2005)"
FishR2 t| CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA  Ivanovaetal. (2007)"
FR1d tl CAGGAAACAGCTATGACACCTCAGGGTGTCCGAARAAYCARAA

#16S rRNA and COI represent 16S ribosomal RNA and cytochrome ¢ oxidase subunit I genes, respectively.

Table 3. Optimal PCR conditions for amplification of DNA barcode markers

primer set(I): 16Sar-L, 16Sbr-H /

primer set(I1I):

Step primer set(1l): LCO1490, HCO2198 VF2 tl1, FishF2 tl, FishR2 t1, FR1d tl
Temp. Time Cycle Temp. Time Cycle
Pre-denaturation 96°C 3 min 1 94°C 2 min 1
Denaturation 96°C 20 sec 94°C 30 sec
Annealing 53°C 20 sec 35 52°C 40 sec 35
Extension 72°C 1 min 72°C 1 min
Final extension 72°C 10 min 1 72°C 10 min 1
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Results

A= Iﬂ%ﬂ FHWEZ Pt UIRE U179 T
o] FTyhde de] 8% 9 Zetolw AE
1, 1, IDE o]&sle] FAHE AFe] FHHS 93 A
o] FEFx1E F9Ystth(Table 3). ZHzte] Zato|m A
= T A wet deld $EEES UERigle
Hols xZglojn] MEE A3t
T el v FEol| AMESISITE Table
1914 &eolgd 4= 9l%o], ‘16Sar-L/16Sbr-H’ ZE}o] A
Ee AN, Z1gvzy 5 1142%)71 AlFelA
HA ZZF &S BYOH, ‘LCOI490/HCO2198 =z}t
olm AE( °]-& A ZW7IZ=H, AAAxY 5 127
(46%) AN HAH<2] PCR ZTEAHE] YA AT} 1k
™ VF2_tl/FishF2_t1/FishR2_tI/FR1d tI’ Zg}lo]m A E
(IIHE AHT 45 4 AF F 370(12%) AAAA
9] PCR TFAHES A3t
HIZC 07 PEE o[ &3t A2 HEQ FWE
ARE Al He] Zgfolw AEE o] &3te] 4 PCR
TZ4HES DNA HlEE PCR 2 @714 #4, 35

ol AAlE Wl wel Al & GrIMLS BAET
27 A 71 208 A& SHE MG F B
S el B3 AVIMEES HRS - va=dE
B9 GenBank tloJEjHo]Xol] TR H7IME

Btk 97149 FARE (identity, %)<t ©i
F(match score)& 71FC 2 PCR THAES] &

Aol EAE AANEEH ], B, &

o], oA
)t GIME BHog FHE gl AR ofFe
F9 71 B 74 AH2019-893); = (EE 1) 4 F0
A = e 98 EE 0 AAE gy e Vo H

fil

SEHTHY. DNA WHEE W RE ol &
FWE A= Table 19 AElstlen, A4 267 £4]
AE T 1570 AFG8%)NA AHEH RSt T3 A7)
A3 37d 012 HK(S2), TA A2 RH(ST), Folxit
(S8), Fo =W (S12), & AA3|(S17)¢] ¥A|E+= DNA
HlEE ulA] B4 31 F oy (Sciaenops ocellatus), =1 0]
(Oncorhynchus kisutch), dX|(Paralichthys olivaceus), 5]
(Lateolabrax japonicus), 2 A FA S (Salmo salar)Z 4
A3k A AFAS-Z(S9), 2A-(S22), A
(823) 7HEA$-(S24))e] 749 DNA HlZE= vl 474
I 25 A2 M $-(Litopenaeus vannamei)Z 574 = AT,
T Z2FH(S3)oll= T2FH T (Octopus cyanea)’t ==
F2(S 19)01]*‘ = (Enteroctopus dofleini)7t A+-8-% LM,
= o 2RS4l = obrl 2l 7ol B 2. o) (Dosidicus
gigas)ﬂ ARG o] A FH A AL 8 AT B

g A=

F

b zuK(s6), 7HH Z25HS10), Bz RSN
ANEe TEILF(Rapana venosa), V&l 7Vl ¥ (Chlamys
farreri), B EYNEH(Pseudocardium sachalinense)2-Z &
;{qﬂi’i‘:}

20 7)1 28HS1), BRI EHS14), 2D F3HS15),
Ad2)L23HS16), ZE3](S18), 2 7HdAa2(S20).
oy T (S21)e] A9 AFB FAIE FRE}E ARE AA
59 ELA7E AFHAT. 272w
(Pangasianodon  hypophthalmus)©] 2% 3]l
(Lampris guttatus)7t A& A0 H | FX] -5
FHole EWol(Mallotus villosus) &o] A& S2
QAskaith. BFE oA W 9 A o 7 A o] ]'%EJ
ANEE FIV(dmphioctopus fangsiao) 2 FHr
(Amphioctopus membranaceus)E 2+t 574 = ).

7l—o;<]o]ztﬂ-(85) ol 1'17'1]-1471:1(826)«] /\]_ ']XHJEJ-‘C‘
S A3t 7oA oI &3l Sepia recurvirostra 2
EAFol| &3l= Monomia (5= Portunus) gladiator &2
SAEAT. TAF 7l 2 #A4RH2019-895), F
r(tuég 1) /5}% ] /\]._Q_’é‘]- zI: o] _]E’ EEJ oﬂ‘—— 7Lo
o= Sepia esculenta &2 % ‘Q Tt o= Sepia
lycidas Gray, Acanthosepion lycidas, Sepia subaculeata
Sasaki, == Sepia lycidus &2.2 A o]stal 9low, FA|
o) B9 Portunus trituberculatus 2.2 723t ). w
A dlF T HHE IAT F gle T AF(SS, S26)
2 AMEE RS 9o R A A LB

FHEE(S25)0] A5 AHE HAETE A Ao
(Uroteuthis chinensis)Z T4 H A2 71 E FA=
(90.39%)7F 714 o]staitt. Hgh HEExR(S13)e] 4
- G718 FALE 99.80%E H.O|= Actinopterygii sp.=
FAEF o Fad AFEE A71ME 9] coverage”t 82%
2 9gkom | coverageZ7t 100%<% S EX|(Engraulis
Japonicus)E F8E Ao A7 FAFE(88.20%)7F 71
A o]stE #AFE o] HF Tyl A9t

- rlr rlr
Y
o
O

-1N

Discussion

hines

°]

<

2 FTA 59 29 Sz A Fik=9
HRE2A STV 9lom, A7k 98 Ee AFAE
ALz ARG, AlFe] FANNES SR ZIA s 59
14 918} (economically motivated adulteration food) %
AEFAI7E F58tal Jde AAolth YA dE 7
gto] ThRzolgte olFoR dmjdke T AAA o5&
Brog A7te] £9 FAES AUt HE dARR
FAIBte] Fufshe AlEEC] BAE e dE R
2018 0ll= @go] WS ARGRE TRl Al
Foll del=7] fFE=ded eAo7t FAH A ot
TS 2 SR e ek g

Lo 3



B AT RUEY A3 74 AT 27%004] AEE
I AR R 7] BUXE e, A7k bR
FHEA, AL ) 7t oAAFFERE, EX Y )&
2 dlislE 39 A (mislabeling)’} & ] FA ). ¢
FA AF A}%fﬂ AANE T, F32], €8] F)=
F21 &9 7% 2 74 (#H2019-893.), FEXE 1) AF

==
5
5 98E AF

o A8 F Y YR B, 0 58
AHgol TPsE ARl BEY A% T4EY /F 2

T4 3 ANAME Sacura margaritacea S-S ZEESE 2|3}
3 Sdnh AR EA 0l AMRE EE3I = FEE(Sacura
margaritacea)®] oV EH X (Lampris guttatus)s LA EZ
AREEE AlFoE thEARL S 9FA SFE T B =
7] kel AREE AAESQD 7ol F(Pangasianodon
hypophthalmus)®] 73-9- &'dobrlobe] w|F7}; f-ofol A2
sk HlE w712 SE3] 3|A] @2 3], 29 o= 7t
TE AFS LHT A 1A% EAE 2 +
o} o3t S EA= HT QMo BaAfolA] g
n=2] thEAR] FAHE A FAP] ALY sYE HES
UeRlem, ol AH|[AOAl S04 &Rt ol 2}
O ozt 1474 #AE 28 o+ A, A2 DNA
e AHE o] &3t BUHEY Ao mEW FAHE A
£ FYFAIE FHAT26%), TF(26%), NHTH25%),
H=(221%) 5 A AAA R I skE tEA Q] A FAM]
fFEolt . & ATe] RUEY Ax IRIE Fik=
AFe] AFA S BN E(27%)= 29 AtlelA B
g HlEel fARES 1S 4 ATt sHAINE S o]

=

™

Monomia
o] 229

ANA A @2 FAEE(Sepia  recurvirostra,

gladiator 5)S AHESH AFe] A FE FA=E

7ol wel v =R A EFA|S] WARIETL S7HE A

o F dgdrt.

wEpA] 4aH] X}-/] o Al Ash ¢ Qkdst ¢4Es 4
o

g fal ke AR FA] Wi F7140 EUEY
A7t %ﬁé}uﬂ, 2 a7 dde &5 BUHE A+ %
A 4 YS9 N12AER O e =& A
o2 yoEh

Acknowledgement

2 d4e 20199 AUt ] A4H 2 s

om, ol A=y},
=299
B oAgE 9FA] 141 g3y 29 HuoA AFEHE 2
v 3] 5 207l AR VRS W3S E DNA HEEEE

A5 AR FE EAHA, DNA S 55

A3t nEZ=2]ole] 16S ribosomal RNA 3 cytochrome

Monitoring of Seafood Products Sold on Sushi Restaurants 49

c oxidase subunit I F-H2F F-95 FZ31= Zetolw A
EE o]&3led FZ% PCR &9 @7IMES #4351
th. g3k 9714 9S BLAST SearchE ©]-&ale] m|=t
HEZAY GenBankol] 5EEo1%l= A& T H7I4E+%
HlaLste] @714 E Akt vl HeE Ldst] HE
%——o— 45kt EUEE Ay B4 AFe 58%= Al

B3 AMEE AAETE ASFAA N 27%M = EY
x]7]— FZAE Qo) Z2 7] Zy ]“ 7}o ]°k(Pangaszanodon

hypophthalmus)©)] 2539 FH X (Lampris guttatus)7}

2 fl
N

AREEl e, @A B HoldFHole dWo
(Mallotus villosus) 2°] AFEESS 2lslitt. el=Ze}
AEe 9 94l ghsed MR AARE FH
(Amphioctopus ~ fangsiao) L HHFI V] (Amphioctopus

membranaceus)Z ZYZ} 4 = Tk
References

1. Ministry of Food and Drug Safety, 2019. Year book of
imported food inspection, Korea.

2. Ministry of Oceans and Fisheries, (2020, January 6). Korean annual
seafood consumption is 58.4 kg, which is the highest amount
among OECD countries. Retrieved from http://www.mof.go.kr/
article/view.do?articleKey=15063&boardK ey=10&menuKey=37
6&currentPageNo=1

3. Warner, K., Roberts, W., Mustain, P., Lowell, B., Swain, M.,
(OCEANA), (2020, February 20). Casting a wider net: more
action needed to stop seafood fraud in the united states.
Retrieved from https://marxiv.org/sbm8h/

4. Kang, T.S., Basic principles for developing real-time PCR
methods used in food analysis: a review. Trends Food Sci.
Technol., 91, 574-585 (2019).

5. Kang, T.S., Development of four PCR-based methods to dif-
ferentiate tilefish species (Branchiostegus japonicus and B.
albus). Food Chem., 271, 1-8, (2019).

6. Kang, T.S. Rapid and simple identification of two closely-
related snow crabs (Chionoecetes opilio and C. japonicus)
by direct triplex PCR. LWT-Food Sci. Technol., 99, 562-567
(2019).

7. Kim, M.-R., Kwon, K., Jung, Y.-K., and Kang, T.S., A rapid
real-time PCR method to differentiate between mottled skate
(Beringraja pulchra) and other skate and ray species. Food
Chem., 255, 112-119 (2018).

8. Hebert, P.D., Cywinska, A., Ball, S.L., Dewaard, J.R., Bio-
logical identifications through DNA barcodes. Proc. Biol.
Sci., 270(1512), 313-321 (2003).

9. Yu, Y.C., Hong, Y., Kim, J.J., Kim, H.S., Kang, T.S., Moni-
toring of commercial cephalopod products sold on the South
Korea market using DNA barcode information, J. Food Hyg.
Saf., 34(5), 502-507 (2019).

10. Palumbi, S.R., 1996. Nucleic acids II: the polymerase chain
reaction. In: Hillis, D.M., Moritz, C., Mable, B.K. (Ed),
Molecular Systematics. Sinauer & Associates, Massachu-



50

11.

12.

13.

14.

15.

16.

Tae Sun Kang

setts, pp. 205-247.

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R.,
DNA primers for amplification of mitochondrial cytochrome
¢ oxidase subunit I from diverse metazoan invertebrates.
Mol. Mar. Biol. Biotechnol., 3(5), 294-299 (1994).

Ward, R.D., Zemlak, T.S., Innes, B.H., Last, P.R., Hebert,
P.D.N., DNA barcoding Australia’s fish species. Philos.
Trans. R. Soc. Lond. B. Biol. Sci., 360(1462), 1847-1857
(2005).

Ivanova, N.V., Zemlak, T.S., Hanner, R., Hebert, PD.N.,
Universal primer cocktails for fish DNA barcoding. Mol.
Ecol. Notes., 7(4), 544-548 (2007).

Criscuolo A., Brisse, S., AlienTrimmer: a tool to quickly and
accurately trim off multiple short contaminant sequences
from high-throughput sequencing reads. Genomics, 102(5-
6), 500-506 (2013).

Handy, S.M., Deeds, J.R., Ivanova, N.V., Hebert, P.D., Han-
ner, R., Ormos, A., Yancy, H.F., Single laboratory validated
method for DNA-barcoding for the species identification of
fish. J. AOAC Int., 94(1), 201-210 (2011).

Ministry of Food and Drug Safety, 2019. (Annex 1) list of
ingredients able to be used in food, Food Code, Korea.

17.

18.

19.

20.

21

22.

Financial NEWS, (2020, January 6). Squid value marched
high, soaring imports of Humboldt squid from South Amer-
ica. Retrieved from  http://www.fnnews.com/news/
201906111058332228

Nocut NEWS, (2020, January 6). DNA tests of seafood prod-
ucts shows origin of one third is mis labeled. Retrieved from
https://www.nocutnews.co.kr/news/5145288

Yonhap NEWS, (2020, January 6). Stop selling Chinese processed
products that deceive squid into octopus. Retrieved from https://
www.yna.co.kr/view/AKR20180413128600017?input=1195m
But, GW.-C., Wu, H.-Y., Shaw, P.-C., Identification of fish
species of sushi products in Hong Kong. Food control, 98,
164-173 (2019).

. Hu, Y., Huang, S.Y., Hanner, R., Levin, J., Lu, X., Study of

fish products in Metro Vancouver using DNA barcoding
methods reveals fraudulent labeling. Food Control, 94, 38-
47 (2018).

Pardo, M.A., Jiménez, E., Vidarsson, J.R., Olafsson, K.,
Olafsdottir, G., Danielsdéttir, A K., Pérez-Villareal, B., DNA
barcoding revealing mislabeling of seafood in European
mass caterings. Food Control, 92, 7-16 (2018).



