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Pyropia, economic red algae species, have been cultivated in Korea (referred to as ‘gim’), Japan (‘nori’), and China
(‘zicai’) for over 300 years. Vegetable seaweed Pyropia species are sold in the public markets in various forms as
commercial seafoods. In Korea, two kinds of Pyropia seafood made with species of Pyropia and Ulva (sea lettuce,
referred to as “parae’) are also sold. These are referred to as ‘parae-gim’ (with Pyropia spp. and U. linza) and ‘gamtae-
gim’ (with Pyropia spp. and U. prolifera). There is currently no method for identifying the seaweed species that com-
prise Pyropia seafood products. Therefore, we developed novel molecular markers to identify Ulva species in com-
mercial Pyropia seafoods. Based on rbcL molecular markers, we identified informative characteristics to discriminate
U. linza and U. prolifera as seafood ingredients. Moreover, PCR with 3’-end mismatch primers successfully isolated
the specific rbcL sequences of U. linza and U. prolifera from Pyropia seafoods. Therefore, our novel molecular mark-
ers will be useful for identifying the ingredient species of commercial seafoods.

Key words: Molecular marker, Pyropia, rbcL, Seafood, Ulva species specific primer
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oA FH FAE Ash =ARE T A ARG S8 /do] Fx A5}A] 9F=thLee and Kang, 2001; Bae, 2010). ¥3, 2%
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e FH(Ulvasy)= = oll Al 1450] AHgstaL Qlont e
ol WHol7} ghol Fej- s et 54 vte 2= He3t 54
A7E Qlck(Bae, 2010). 2|2 s 2572] A7t A+
i) Aol wef AEFol 7 54 A F9E £
54 (species identification)®] &A1} (molecular marker)=
Aarsto] ok 7140] Yel e QIrk(Mages et al.
2007; Saunders and Moore, 2013). 3| 272 $7F 4150 &
|EIL = HAPA R A9 ITS, 18S rDNA -9
2t AEA FAA2] rbeS (Rubisco small subunit coding gene)
9 rbeL (Rubisco large subunit coding gene), 7| EZ = 2|0}
A9 coxl 50] ARE-EAL Q1o H(Lee et al., 2001; Maggs et
al., 2007), thekst 7o) AR E 5-83F DNA HfFL & oA+
= ghto] el Qltk(Zuccarello et al., 1999; Lee et al.,
2011; Saunders and Moore, 2013). T3 D] EZE2]o}E H| 2
g AlZa7| A s Soto] REellRR 5 RS
91t EAprA i At 213w 3 QIeH(Wang et al., 2013;
Hwang et al., 2013; Hwang et al., 2014).

Bl 71E AR AT of e choke 2
ofe] o rof] 8- 11 ¢l+=tl|(Hebert et al., 2003; Hebert and
Gregory, 2005), £3| A&=%52] EA-57 (molecular identifica-
tion)& Ab ol kel AEFe) 54 W /]9 Ao
85 4= Qth(Lee et al., 2002; Wasser et al., 2007; Agrimonti
etal, 2011). AR FO A= =2 o572 F Aol EAHHA
7} &850 2ok Lockley and Bardsley, 2000; Hanner et
al., 2011) s 27 7F&-A 5ol thgh A= w|zIgt A4 oot

Ul elof| A thRt FEf o] 7 AlE o2 AElE AL gl 419
-, 7 A 2 8 E7] ol e AESe] 7H FH
FAISHL QUA| eh2 oy e} thE 579 sl 277t 3
UE BFE Uk & Aol A= AEA AR RS =
DNA B} E EAEA S 78et &, o] 5 o|-§sto] A -5
= 20 F A 2 e ol 25k st ol o
A8t T ol AAIE g skaLAl skl
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O CEREL R ESLEEVEEE RS R
AT o TR 35 R A 157E Pskh
QA BA L Lee et al. (2001, 2011)0)| 4] A= HH
& o] g3t} sty 7] A|&E= Tissue Lyzer (Qiagen, Ger-
many)& AE-51o] Tl 3}aL, DNeasy Plant Mini Kit (Qiagen)
2 o]8-3}¢] total genomic DNAE &3]t} &% total
genomic DNAY&= 7 212 DNAS} oh| & 22 DNA
7w safslo] Lo, PCR 34o] AHgE ool
230 T2} w2 BolHel Zato|wE wE¢fste] 713t ule
5 fAE 77 225tk PCRERS-S amfiXpand PCR
master mix (GenDEPOT, USA)E AM-s}% oW, Hh-g-2 742

%

7 5 EAH 523

95°Coll A 38 ] 2]3t 3, denaturation (94°C/30%), annealing
(50°C/30%) ¥ extension (72°C/18) 42 403] HHE511©
W, Z|Z 72°Col|A] 787) final extension ¥4 =85} ch
(Thermal Cycler 9700; Applied Biosystems, USA).

2 AtollA At ol R w457 (molecular identifica-
tion)& 91t FEAA R FGFA| FHARI rbeLe A5
8] rbeL 572} 7|9k EApaEA S f1eiA] A S5
of| J3He S rbeL 5370 5T S FESH= ZEto|HES
M=ol YA}2ls e (forward primer, rbcL-2F-Por; reverse
primer, rbcL-772R-Por), ©|& ¢l GenBanko| 525 ¥WAE
o] g=a] SR AA| AL 223HATHNC_007932).
oM, el 7] FAAL FES SloliA= 52 5ol Zefo]
™ 23} rbeL-7F-Ulva?} rbe590 (Hayden et al., 2003)2 A&
5l = o] & forward 2Zete] ™2l rbeL-7F-Ulvat:= 2 14
of| A el 7 FE-Z flste] AR o] TRl Aolct. ®3E, ‘ut
2 e ol =] Sl AR FE el 7t
Alatel o] G7HolE 7|22 5o, rbel A 79 T F F
of SolAdl B dHE FE57] fI5te] forward Zefo]H
£ A&kt

PCR 422 A 3 A4S 3513127 (Genotech, Ko-
rea), Al 714 A3}?] chromatogram-2 Sequencher 5.2.4 A2 E
Ho1(Gene Codes Corparation, USA)E- ©]-8-5}0] assembling
2F % contighl G5 F=513lch 274 rbel 71442 Gen-
Bank database (National Center for Biotechnology Informa-
tion, NCBI)2] BLAST AM 7|55 AF8-51o] database W0l &
A Q7MY AR vl BAstr) @714 vl
o= GenBank database & A&l £14-& Z3F5}a1 Q)1 EA}
ATEFA A7 Bol A3 E AR @7 AT A3}
&2 ™, Sequencher 5.2.42} MEGA 5.2.2 (Kumar et al. 1994)
L2 WS o] 833

Al Fl 2|3 F w2 e el 4] =3t total ge-
nomic DNAS ¢ 02 73} 5350 242 Sol#Ql Ze}
oj 23S o]-gate] AF2 2l PCR ¥HATE AU ch(Fig.
1). 1& iAo 2 g PCRL rbel 4L 554 Zatolw] 2
3} rbeL-2F-Por (5-TGTCTCAATCCGTAGAATCAC-3))2}
rbcL-772R-Por  (5-CTCTCTCATACATATCTTCCAT-3)&
Al&rste] 28t A, 71 S04 771 bp2| rbeL A7} 5
Z =] thFig. 1). SFH rbcL A 4714 E 24 Ak
4 A 52 ke 2 238 % Hwang et al. (2005)2] A+A7} 3
St Ak HFAML Y 2 (Pyropia yezoensis)¥t 100% U 2|51 T,

SHH, =% FHF rbel S22 9ste] forward Zefo|w
(rbcL-7F-Ulva, 5-CCACAGACTGAAACAAAAGC-3)¢]
rbcL-7F-Ulvag A 20| t]jz}elslo] #8519 21, rbel-7F-
Ulva®?} rbc590 Zgto|m %3-S o|-8-5fo] Zu|]ojA] 584 bp
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rbcL(R) rbecL(G)

Fig. 1. PCR results from total genomics DNA of Pyropia seafoods.
rbeL (R) is the PCR product of Pyropia rbcL gene and rbceL (G)
is the amplicon of rbcL region of Ulva species. 1-3. 'Parae-gim'
made with Py. yezoensis and U. linza. 4. 'Gamtae-gim' made with
Py. yezoensis and U. prolifera. GeneRuler Low range DNA lad-
der (Thermo Scientific, USA) was used for a size marker of PCR
products.

Seafoocd 1 Parae-gim
Seafood 2 Parae-gim
Seafood 3 Parae-gim
Ulva linza AB741533
Ulva linza AB830520
Ulva linza HM046607
Seafood 4 Gamtae-gim
Ulva prolifera JO867403
Ulva prolifera FJ042888
Ulva prolifera HM046608
Ulva prolifera AB598810
Ulva prolifera AB830521

Ulva linza

Ulva prolifera

F oA - o]
o] 27]9] PCR MEE I8¢l rh(Fig. 1). 5% ghef 7 71¢
rbeL 31ARE ARt A, A el rbel 7M1 B2

GenBankel| 2 1% steff Al5-w5754] A4y} 5 AU
linza; Japan (AB741533, AB830520), China (HM046607)]
<} 100% YA|5HaL, “Zreizd -2 7HA| skl U. prolifera; Chi-
na (JQ867403, FJ042888, HM046608), Japan (AB598810,
AB830521) 512} 100% LAt ch Z2m fa2] 7|4 4g
7} GenBank ZLA G-& v w245 At olutefjel 7halatef
2t S&H rbel A7 wEhe] Zato|u] A AES A st
544 bp A7|AE T T 172] AGoA Zpo|7F kT 5,
rbeL 577} 5] A ERE 465HA A 717 uE(U
linza)o| A= 'A'R, 7kAl3tel(U. prolifera)ol| A= 'G'= w4 =]
SltHFig. 2). o] &gt 7 A7IRlol= 4 H Almet s g
BRo|A Y3 QA el o BR BRshHor £ HS

£k 4= ¢l & A ¥ A (informative site) = 2FQ1 = 1tk
2 Aol A HAE rbel §ARe] A7IA G Aol & V2R
3o Qiutefe} 7hAlstefel] k2t Sol 29l PCR 258 9f3to]
7)ol & 3 5= forward primerE A| 21515 S H[ U. linza
465th
2

TTATGTTAAAACAT TCCAAGGTCCACCGCAT GGTAT TCAAGT TGAACGTGATARATTAAACARATAT GGTCGTGGTTTATTAG

Fig. 2. rbcL sequence alignment of Ulva linza and U. prolifera. Informative point mutation was found in 465th nucleotide from 5’-end of
rbcL gene sequence. This informative site showed A/G point mutation. Ulva linza had 'A' and U. prolifera represented 'G' on this informa-

tive site.

143 bp —

Fig. 3. rbcL region PCR products using Ulva species specific primers [Samples (1-3 'Parae-gim', 4 'Gamtae-gim')]. Forward primers [Ulin:
U. linza specific primer (rbcL-448Fms1-Ulin), Upro: U. prolifera specific primer (rbcL-448Fms1-Upro)].
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specific primer, rbcL-448Fmsl-Ulin(5'-CCACCGCATGG-
TATTCCA-3"); U. prolitera specific primer, rbcL-448Fms1-
Upro(5'-CCACCGCATGGTATTCCG-3")], °]&3t FE50]4]
forward ZefolH| 53} 7]E9] 1be590 231 -85 A} 5}
o= dute ol zeto] v (rbeL-448Fms1-Ulin)
gk uESsiea, e el Zhlake) Soldel oy
(rbcL-448Fms1-Upro)it ¥-3-3F0. 2 4] 143 bp 27]|9] S22
= A4S 4 AAK(Fig. 3). 50°C, 55°C W 60°CE annealing
temperatureS 243t A7}, 50°Cof A= rbecL-448Fms1-Upro
9] ¢ e Eol o] eGSO L} rbeL-448Fms-Uline 2
Sol4< Lk gichFig. 3). 60°Coll Al PCR Bhg-4HE o]
& LFERA] 92 Wh 55°Cof| A= = 7 2] Zato]m R oby
#9] ZE 0|2 PCR HEE B},

o

Ao A= 7 AR 2ol ol 23 A v RE A
S5 9517 919 BAbARA bl 414} 7918 w4
%At} ol 3 47 7]91e] 2A5171e] 188 rDNAS} ITS
Alofl FEA| 714 8] EAtkA S dhmsto] 283k A9, A
Eaohs B4R FE EE S22 A5
AAle) Rglpaol A Eelo] T AS TS YAsine
(Yoon et al., 2002), =4 A2 A= GE=A| FH4A 40t
ALE Ao A 802N Ut bR 719 rbel §HAE
A2 4B OR 25 Ak Ao] stk

rbeLE S| 25 S A 9 AleEReHA Aol B8
w0} $F37(Maggs et al. 2007) GenBankol| B] 1L H-4 o] 7155t
W G714 Dol 2zt of Qlek %A1 A 5ol A Q1 rbeL ARt
75 o] &sto] 2| (A 2 el )l A S rbel
71 S A% A3, 718 WANELZ)(Pyropia yezoensis)2-
2 RIS AA FWioll Al FAE I = FARFH S g
= A EFST YRFT o R R R T e ol
o] A= A2 LT AFFL R BRIE =T, ol 2H &
A E 0]-85HH F o B T ofY 2 FAFEIIA] eS|
S AE= AL Stk ’ARFE A @] o= =jof
A AR Helle Avid &4 (Pyropia dentata)¥ 25-HE
% (Pyropia seriata)o] 9.0, A% Wl 21 3 Zreh A ol A
HPAE|A) gfolet. 21703} o] 138 Ale o] Al == DNATH
SArEhE A0 Qout B QoA A rbel %% me}
olu] 258 o] §3te] HBHOR BANs SRR, G
o] mejolm] £ £ HEO] FEANE QTS AR
Aol de] B8 4 9l Aoz o,

T, T BRI S o §ate] el 3} el ol
= e Sol A3l rbel $74 HASS Wt 2 AT
o ZAEL AR E 71202 B u) @A) ‘e 0.2 Ak
)= 0| 7ol = k(U linza) 7} A+ =31 9L, e o]
= AU prolifera)?} A3 9l A 0. Bh1Eglet,

Jo flo &£ ok |

a3 5% HAi 525

E3}, 2425 7el(Ecklonia cava, ThAIHE) 9] Zo] “Zhe 71’
o] 2 Q1o v 2 (Lee and Kang, 2001; Bae, 2010),
oz oefgt Z7oHA T A frE = sl B 1t
o] &= A Eolop & Al o= ehE

Autefjel 7HA|utefof] o] 2 0 2 A|2HE sZefolm = Tl 7
e ol A 22t Qlatef et ZhA|stent o) o g wh-g-s)
SCHFig. 3). 53], dufe} 7HA a5 -2k F7]Hel9t
£ HER zdto|u] A 3dtto] QYA O ¢7|HolE 7t
5}99=1|(3’-end mismatch primer; Kwok et al., 1990), o] =2}
o] o= PCR 7ol DNA %33} 85k 55°C annealing
temperatureof| A ZF Fofl thek 52 Sol A& el gich 2
U2 AFEo| AR AR 3 a R S e 9
5lo] Bxjulz & 7l@kst v 9Jeh(Kawashima et al., 2013). ©]
59 dt= wefFER YE S-S e R Skl
u, datefel 7hAl S RS 4= Sl ] s ElE Al
SSHA] kit ofof] vl sl i =l Al A 8H A= =
o] el zetEof Sl A Akt U Aol = vt
£ 2l 4 e o], vt e 7hA ukel 242k eS|
AT o Sl e 2 Sick whebA, A Slutef A
7HAEk Eol A etoln] 23ke 2ul F AlTEIL =
A7RsAE Wl 23k skl 7 ol 783 AR &

N
Ha
>
e}
i)
Lk

# AToIAE HEA EAABER A72 151l 2ule
WA 2 AZA 27} oheh ofef B LS A AFOR
Thaslo] BoiE T gl FBAES YAOR A% A
A8tk AR ges BolAl A3t stehgrt 71
9l S AT 0] g ol E Baka, £ Aol 4 o)
wE S 2nlglo] ERE kel SR Aes] 5
A3 4 Q)gich. web A, 9 o] 2jgk DNA HFLE 7)uk Bajeh
7 7148 chopst b Al o] EakEl LBl thstel 4
Sk 5 R0l E A S QA EE AT W oheh, B3t
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