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SUMMARY

Detection of living modified marine organism

A conventional PCR and real-time TagMan PCR with TagMan system-based assay
for the identification of living modified (LM) Common carp (Cyprinus carpio), Tilapia
(Oreochromis niloticus), Medaka (Oryzias latipes) and Coho salmon (Oncorhynchus
kisutch) carrying antifreeze protein or growth hormone transgenes were developed.

A pair of PCR primer and probe, RSV-F/R and RSV-P were designed, and
pPGEM-Teasy/RSV vector as positive control was constructed for detection of living
modified (LM) Common carp. A pair of PCR primer and probe, AFP-P/R and AFP-P
were designed, and pGEM-Teasy/AFP vector as positive control was constructed for
detection of LM Tilapia. A pair of PCR primer and probe, MetA-F/R and MetA-P were
designed, and pGEM-Teasy/MetA vector as positive control was constructed for detection
of LM Medaka. A pair of PCR primer and probe, MtB-F/R and MtB-P were designed,
and pGEM-Teasy/MtB vector as positive control was constructed for detection of LM
Coho salmon. Four pair of PCR primers and probes, CCB-act-F/-R and CCR-act-P for
Common carp, ONB-act-F/-R and ONB-act-P for Tilapia, OLB-act-F/-R and OLB-act-P
for Medaka, and CScyt-F/-R and CScyt-P for Coho Salmon were designed from
endogenous gene.

For detection of endogenous gene from Common Carp, Tilapia, Medaka and Coho
salmon, pGEM-Teasy/CCB-act, pGEM-Teasy/ONB-act pGEM-Teasy/OLB-act vectors and
pGEM-Teasy/CScyt vectors as positive control were constructed, respectively. A target
and endogenous genes were inserted a vector for using positive control, pGEM-Teasy
/RSV-CCB-act for Common carp, pGEM-Teasy/AFP-ON@-act for  Tilapia,
pGEM-Teasy/MetA-OLB-act for Medaka and pGEM-Teasy/MtB-CScyt for Coho salmon.

Conventional and real-time TagMan PCR methods were optimized for detection of
LM Common carp, Tilapia, Medaka and Coho salmon. The real-time TagMan PCR

method has 1,000 times better sensitivity than conventional PCR.



The application of a qualitative and a quantitative method of analysis to detect
transgenic DNAs in LM fishes is tried. The use of the ABI Prism 7700 sequence
detection system allowed the determination of the amplified product accumulation through
a fluorogenic probe. The methods of analyses proved to be very sensitive and specific in
regard to the Common carp, Tilapia, Medaka and Coho salmon checked. It is necessary
to determine the LM fishes in order to assess whether living modified marine organisms

were deliberately added, or whether they were caused by contamination.
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fish; GM fish)®] 3-% 8l =&l oy ofx Ags] 45 @ A7k vk 28y vt
o B4l ARG om s o] aEa o, xpAA
g9 mo] ik kAR EAY sAS flsted AHEEEIAAd oA A (Cartagena
Protocol on Biosafety) 7} ZE g &oA 20020 1€ o] FAARFAEA S =717k
o]F ol I HE(2001. 3 AASHA HAUATE o] HES WFo| thrlst o {9 FHA
H & A=A (living modified organism; LMO) HA&HE& /MEst=d 2 AT EHHo] o,
FREFAAYHA YR A9 B A20x4] gt oste] FAAAGFAE ] FAHAAFE
= Alawel A Aol uel FAAH P =2HE(Living modified fish; LM fish)2] Al &7 A
= 93] Fst7] Adte] & ATE FHsA

Ho FAAARNGAEA ] AAMH o ZE {4 XFZ 4 (polymerase chain reaction,

PCR)= ©o]&3to] AEAd =98 FdA5 ddsts Wi FAANSHE o] &3 A=

o WEHAE A 71 X3F
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g, obg FAHOR EEL Hol YAt dAw AAMHOE B FshdM PCRE ol @

of sttt whebA AA M Fo YoJ(d: Common carp, &": Cyprinus carpio), B2}3] o}
(9™ Tilapia, &™: Oreochromis niloticus), At (3. Medaka, "4: Oryzias latipes)
a3 &ddoj(9dH: Coho salmon, 8": Oncorhynchus kisutch) & Ao & PCR % A7k
(real-time) A% TagMan PCRH & ©| &3 A= Wi s A stk
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al., 1990; Bayer et al, 1992; Du et al., 1992; Hew et al, 1992; Ozato et al., 1992; Sato et
al, 1992; Chan et al, 1993; Hanley et al., 1998; Hew et al., 1999; Rahman et al, 1997,
Rahman et al., 1998, Rahman et al., 2001; Masri et al, 2002, Hartmut et al, 2002; Tiina
et al., 1999; Maclean et al, 2002, Aleksei et al., 1999; Stevens et al, 1999; Elwood et al,
1999; Tsukasa et al, 1999; Nathan et al, 2002), $-glygtol A= n A et Joj& 7 3
AHA 5, 1995 A 5, 1999; A 5, 2000; #H &, 2000; 4 &, 2001; A 5, 2002). L
LMO 2t =A7F =

ofH7tA AFomE FYALR FES HA Fa oy o
ekl ofyet F7kgke] ool & Ao HMWHI Ytk wekx gow S Y 59

B 4% ol 879 o JYHm, LMO ol fel <A iAol ERuEa @Al
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PCR W& A 5(2003)°] FAAAY A Ao E Az AEHe g 8 v wabA
B oATgelA o], depylol, FAbe Elal 2<dojel] diE LM A=A A Al g

conventional PCR %@ A A7+ TagMan PCR AXMHE 7319t}
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(1) AloF B 58
(71 TAE buffer(508] 53§ <)
Tris base 242 g, Glacial acetic acid 57.1 m¢, 0.5M EDTA(pH8.0) 100mE

Han dE] gl F SHFR 108 RET W9 EA IXTAER 3438}

(W) d7199% A loading buffer(6¥] &=8&)

HFT 527 0.25% bromophenol blue, 0.25% xylene cyanol FF, 15% Ficollo]

(t}h) Ethidium bromide =< : 10 mg/ml= Z4H T

rr

A w

ro

}.
(2}) 2% agarose gel
Agarose 2 g& 1xTAE buffer 100 mlol] Y1 AAAA = 7tdste] %o tf
S 60C A= Hd A Egold Fo] Z3t}

g

(2)

A

(7F) PCRZH-H @do]%x DNA 10 ol 71958 loading buffer 1 wE <33}

2
1% agarose gel | loading 3+ % 150 volt At & 20~40% FoF A7

TS A
(1}) Gel loading dye2] BPB(Bromophenol Blue)7} gele] 2/3 A=7bA A= ™
A719% S WFi UV ZAM(transilluminator) 1] 2& &3 CCD(Ex &

gtzol) 7l o gt el E BEFT

(7hH &9 DNAE "EdTisZ A33] 34ste] 260 nmolAe F3=(0D)E

ol ZH oA wRolu AAlAom Fake] Mol 15014l PCR &
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(th 260 nmel A9 33 %=7F 194 W] DNA 5%+ 50 ng/ulo] 22 F53F DNA

* DNA &%=(ng/pt) = 260 nmell A 9] F3%= x 50 x 32 uj4

(1) €} DNAE PCREAM A A3 F=el 20 ng/w7t S =% AdSHTE 3
A8te] PCRS DNARZ Apg-at] -20Colstoll A Bk,

("h) €19} DNA®] F=7F PCRol &3 whnt & d9ol= 9 DNAE 1
HE o] 8-t

7171 8 7]
7] % 574 A (electrophoresis  system), Z A& 2] (microwave), & o]u]x] A=
(Gel documentation system)
Al 9 FHE
(1) PCR buffer(10xPreMix)
25 mM dNTPs, 20 mM Tris-HCI(pH 9.0), 100 mM KCIl, 0.1 mM EDTA,
25 mM MgCls
(2) Tag DNA Polymerase
A5 E= Tag DNA Polymerase (5 U/ul)E A& 3k},
(3) Primer
ZHA] A 2L primerg AFESHH, %=+ 100 ng/E AREghT
(4) TAE Buffer(509] &=8)
Tris base 242 g, Glacial acetic acid 57.1 m¢, 0.5M EDTA((pPHK.0) 100 mE ¥
ks g § SRFE 1 45 wEY HA79EA IXTAER 345}
(5) A719%5 2 loading buffer(6¥] ==-&)
HF T E7F 0.25% bromophenol blue, 0.25% xylene cyanol FF, 15%



Ficolle] ¥ =% Z3tshry,
(6) Ethidium bromide &% : 10 mg/ml=Z ZM4W = 23R 3
(7) 2% agarose gel
Agarose 2 g= I1xTAE buffer 100 mlol ¥ AxAA =2 7}E3ste] =20 &
ethidium bromide &5 2 pl H7lste] &gt & 60Colst= A2 5 A E
gofo] Fof Z3th
. A
(1) PCR €38 9 (master mix) Z=A|
15 ml FEE FH&e] Alm 1484 digk #g8HE 20 7] (template
DNA 7} ¥£3)o 2 PCREA A4 2 thx7 4o 3k master mixs %A
gl PCR A4 FHol| PCR Z3 M (master mix)& 53 T, HAIAZZHE
23 template DNAE Yo HE 20 w7} skt
(2) PCR =%
PCR WFg& 95T A 10272l DNA " A (denaturation) ¥F$ 3 95Tl A 30
%, Z} primer?] annealing ==oA 1%, 72ColA 30%<2 g9 Hk3S 35~40
cycle HEE-SIT} o]o] 72T oA 7i&3te] F3HbeS F71s & 4T= Yzhslo] 1k
+S TR
ek AAAne 34 % Ad
(1) A719E ¢3 PCR 23 &<l
PCR 2FE 10 ol loading buffer 2 S ¥o] &33 & 2% agarose gelo]
sto] 150 2E AYQo = 30 5 #7958 & Gel loading dye?]
A APHH A7|dse WFL, gel
CCD(%Ev ZetRoly:) 7hvet o= #

st EA3tE A7) DNA W=7 AGEHAE

welloll ¢
BPB(Bromophenol Blue)7} gel®] 2/3
document system 9o AL &#F
d3tal, DNA &4 vh7] b vl
Al gkl gk
(2) 23 1
A A FAEA A gk A A SAEJMAE AAEE T HAE S
ME AAste] SRk, Ao ol HRFAAE HASFA=A9F WA F A
E& H5ote] Bag

2Le] AAA Y L ALA
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7k 7171 8 A
Real-Time PCR 7]7](ABI PRISM 7700 SDS), 94l #2l”7] &
Lh AR B Rl

(1) TagMan™" Universal PCR Master Mix : Applied Biosystems(#4304437)

(2) Primer/Probe Mix : AA] A|Zt¥ Primer, Probe®Z4] &%+ Primer, Probe 2+2}
100uM o] T},

(3) 71} : ¥F-&& tube(Applied Biosystems # N801-0933) ¢} cap(Applied Biosystems
# N801-0935)

Ij-. 2] ql:lo]—

(1) TagMan™ Universal PCR Master Mix$} Z} primer/probe mix& 1.25 : 19| H| &
2 Hkg-8 M(master mix)ES ZA s, 3%37F vortexd ¥ spin down 3 F 7}
welld REE&E&HL2 25 pl(template® AF&E DNA *3hH)= dt) Z} wello] nbe
of 7127} A7A s Fo gk weF 712 7F wello] vite] oW #4%
7§ gskA "k

(2) A eke z=A87] Aol #417171(ABI PRISM'™ 7700)¢] W14 A3 7]7] control
€ Macintosh computer?] AHYL €& 3 7]7] EAo] A& Y1 Thermal
cycler condition®] ®HE-S-ZZ 50T 2%, 95C 10+, 95T 30x%, 72+ A=<
annealing 3<% 55T 13 20%9 A 40 cycleE 213 & 77|12 25 A 71}

ot AARAe] 3 3 A

gl B F SWelA 7 welldl FEFUE Fste] 34} FYL

-

it

ey

Amplification plot®] threshold cycle calculation®] A Ctgke] plasmid DNAZ copy
5 AAele standard serial dilution$t ¥ HWE o] @A FEo] HUEHA
3}

ol gre AATL, AN A4, AYPET Lol AR E wHd

o



CFE ERe HAA WY ofFol U AIHAA BAL glste] A2 wEi

E35te] FAAZIMES FEF3 F  MultAlin  program(http://prodes.toulouse.inra.fr
/multalin.html)S ©]-§-3ko] 41819 2™ (Corpet, 1988), =413t dHlolH & Al&31o]
AH9 2 BE Primer Express'™ program(Applied Biosystem, USA)S AF43t¢] PCR
primer<} probeE A AEATHIE 1).

(1) 9 o}(common carp)

FAAHY Jo](common carp, Cyprinus carpio)S N'Esl7] $1ste] A4 w
2+ RSV(Rous Sarcoma virus) 3 AHGenBank accession number
M83236)& ©| &3} th(Zhang PJ, et al., 1990). W&t RSV F3 A T4 PCR
AR g7 do] & 153 bpZt H %= PCR primer®} probeE A A s} th.

(2) €2} ok(Tilapia)

A A Tilapia(Oreochromis niloticus)= Ocean pout (Maceozoarces
americanus) anti-freeze protein(AFP) %1% (GenBank accession number
S65567)& Ab-&3FAth(Azizur Rahman, et al. 1998). WeEbA AFP % A2 H-E
PCR At&9] 29714 <o) 113 bp7} H %= PCR primer® probeZ A A &9t}

(3) ¥4+ (medaka)

S Abe](medaka, Oryzias latipes)S  A=3F7] $43 S xR FAA=
Rainbow trout(Oncorhynchus mykiss) metallothionein(MT)!) A promoter % A}
(GenBank accession number X80181)o| 4 PCR At&29] & < 7|xdo] 156 bp7}t
Y %Z=% PCR primer®} probeE A A5t tH(Olsson, P. E.. et al., 1995).

(4) 2&19f(coho salmon)

1) Metallothionein (MT)

el o rlo rlo

-

MTE whelelotol 4 n55%o] o #717b4 Fwsl 2t 2o guldoelth MTE o 6001719 ofnlwmitow T49 2

Gz o 3ol A9 ool S48 4 18 Aua fe. MI- wE e 24 A42 Aga o,

G& B Bold ARHNAY T WEEEEN HOAH, NEE A A e Frauins 0 43

Qe 1957 W oA obAAA 4w e FAAA @ Atk £a FEEA] B@ wol, FASA S5, A
4 ¥ fA5 Aol Fol Jvor F4Hm ek

_10_



& o)(coho salmon, Oncorhynchus kisutch)E #HZ38}7] 93 =%
Rainbow trout(Oncorhynchus mykiss) metallothionein(MT)2) B promoter gene
(GenBank accession number M22487)2 AF&3l S th(Masri S, et al. 2002).
u}2} A MtB promoter fFdAFZ45E PCR 4HE 9] A7) <Eo] 133 bp/l HE=Z
PCR primer®} probeE 4 A5} t}

U b E A EA AES 9 SxF32 PCR primer set 2 probe ‘27
FAAEE NGB EAA o, FAM, 2o E Hekgote] PCR A&S $13H4
29} Zo] PCR primer ¥ probeE AASItE doj= RSV FAAE HxFHA
= lon, gatyol= AFP #HdAE EXFAAR S oH, SAM = MetA

AAE BEFAAZ 9L, SAoE MBFAAE BEFAAZ SATE 1.

2) Metallothionein (MT)

MTs= ®telg]otol A 1

DEEEA AT FA LLGE AL DAL, MTE o 00l 19] olrlion 7y
AR 1 1/30] A2

o 2 w7lele] Sl dd WE Adn el MTE wE 77H4 4 A48 Agsa A ¥
& R4 AW Sold ppAad tx wghEed Hagy, Ase SLAls s g2 wdwass ae v
3 T 1957 w71 oldlE obAAN AT A5 e FeAAA Rn Atk £3 FEEA 0@ Fol, FHA A5, A
T #4% 5 449 do] Fol Jl5oR F4sw et
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%L FAAEY FAAEA S MY, S FAA AT 2 AU Y S5

I o] SEER $A1e) eqlol

° (Common carp) (Tilapia) (Medaka) (Coho salmon)
AFE 9 E pRSV-RTGHcDNA opAFPcsGH pCAT onMTGH
A AL RSV (153 bp) AFP (113 bp) MetA (159 bp) MtB (133 bp)
W A - =} B-act (180 bp) B-act (170 bp) B-act (180 bp) cyt (170 bp)
XA
kAt pGEM-Teasy/RSV | pGEM-Teasy/AFP | pPGEM-Teasy/MetA | pGEM-Teasy/MtB
e
A A

pPGEM-Teasy/CCB | pGEM-Teasy/ONB | pGEM-Teasy/OLB
FAd gz pGEM-Teasy/CScyt
—act —act —act
ule)
53 2 UiA)
A PGEM-Teasy/RSV | pGEM-Teasy/AFP- | pGEM-Teasy/MetA | pGEM-Teasy/MtB
T AA
-CCB-act ONpB-act -OLB-act -CScyt

FEu

_12_




LM-Common carp

Rous sarcoma virus—long terminal repeat(RSV) promoter

Rainbow trout growth hormone cDNA

5’ > 3
5 € SVF RSV-P =5
153 bp
LM-Tilapia
. s ; . csGHCcDNA . s ;
Op promoter with 5’ flanking region Gadling i Op promoter with 3’ region
5’ » 3’
AFP—F AFP—P _AFPR
3 <« 5’
113 bp
LM-Medaka

5'-flanking region

rainbow trout metallothionein—A promoter

y

5 MetAF MetA-P _MetA-R_

159 bp

LM-Coho salmon

rainbow trout metallothionein—-B promoter

Coho salmon growth hormone

5 >
5 <MBF MtB—P _MIB-R_

133 bp

y
@

[$)]

3 o}, Qetlel, Akl aea Sddold] YR WS

T H
EFAAe] T3S 913 PCR primer set 2

2 probe A A F-$]. LM: living modified.
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i 2 FAANY ASFVEA AES A FEFAAS PCR primer set 2 probe
Species of fish Name of PCR|Size of PCR primer Tm (TC) | Target gene
primer and probe and probe
RSV-F 22 58
RSV
Common carp RSV-R 20 59
(153 bp)
RSV-P 29 68
AFP-F 20 57
. AFP
Tilapia AFP-R 20 56
(113 bp)
AFP-P 30 67
MetA-F 21 56
MetA
Medaka MetA-R 20 56
(159 bp)
MetA-P 30 69
MtB-F 22 57
MtB
Coho salmon MtB-R 20 59
(133 bp)
MtB-P 27 69

of. G EA ] WAFARe] FES 93 PCR primer set 2 probe A7
FAAEY fFA=A ] PCR HEA B =A7F Al 7HA L e HAFAA
2 o] ZZ3to 2 A PCR Ado| & H9i=x o] & 4= glow LI sEgAELo
2 WEoHE Al A A HA=A obdAE st Wy 1 B
ALE Bt71 9% shube] W o R A AR glo] g2 ot whekA Zhzbo] o
P

@ EE FEOR MNL Qe WARAAE FEHAT

Lol YAFAAE ZH2+e] cytochromelcyt)d) FrAAFEFE A A 89 2™ (Wolf.
et al, 2000), =3 Jof, detgo}, FAE 7 FEFOE JFA AL Q= B-actin AR
B PCR primer%} probeE AAstAtHLiu et al, 1990 ; Hwang et al, 2003 ; Takagi
et al, 1994)

3) Cytochrome (cyt)
EaFo® gyl dwtd FAES] X M -FFo] -gx S g EA%E A S &A1)

A|
9 AP Al dFeAE BAEAY. BE R AxdE B Fo AEAFo] MEZE=Eo}
el slar, aREe] st AxsFe Fizs &P

_14_



% 3 FA=AY NAFAAE] T2 9% PCR primer set % probe
Species of fish Name of PCR Size of PCR primer Tm (TC) | Target gene
primer and probe and probe
CCp-act-F 20 58
B-act
Common carp CCp-act-R 21 59
(180 bp)
CCp-act-P 26 68
ONB-act-F 20 58
. B-act
Tilapia ONB-act-R 20 58
(170 bp)
ONB-act-P 28 70
OLB-act-F 20 57
B-act
Medaka OLB-act-R 20 58
(180 bp)
OLB-act-P 25 66
CScyt-F 23 57
Cyt
Coho salmon CScyt-R 25 57
(170 bp)
CScyt-P 28 68

_15_




I
(1) FAA ¥E Joj(Common carp) AES 3 RSV #HA &84

FHAAHE Jojo] PCR A& FAAUEZ AMEst7] skl HxFAQ1 RSV 3 2

@S pGEM-Teasy vectord] A Z3sle] pGEM-Teasy /RSVHIH & A ZstFtHZH 2).

=<

A4 28

r’l

fpa |
Aat
Sph |
E=tf |
Mo |
B=t? |
not |
Sac Il
EzaoR |
FSY gene
Mae | 2857 o Spe |
EcoR |
Mot |
B=t? |
Pzt |
zal |
Mde |
Sac |
pGEM-Teasy /RSY E;ﬁ?‘f '

Z171 bp
drnp F
“mn 12139

Sca | 2040

a9 2 RAAWY Qolo PCR WES A% WEE AHES] 9Astel RSV 44 9
z=

pGEM-T easy vectord] #}zZ% 3t pGEM-Teasy/RSV H#EH XA &

_16_



(2) frdxAe "ebyof(Tilapia) AES 918 AFP f3d# &4
AAME Tilapia®l PCR A& ¥ d=

Sl
HS pGEM-Teasy vectord] A Z%3sle] pGEM-Teasy /AFPHEHZE AHxg sAqcH(1d

fpa |
fat |l
Sph |
B=tZ |
Mo |
Bzt? |
nat |

Sac Il
EcoR |

Mae | 2857 Spe |
EcoR |
Mot |
EBstf |
Fzt |
zal |
Mde |
Sac |
Bsts |
M=i l

pGEM-Teasy f AFP

Z125 bp

wron 1 2139

Sca | 2040

a9 3. A Tilapia®l PCR A&5 1% dx2 AHE3t7] 9fsto] AFP 34 dH <

pGEM-Teasy vectorel #|z3+ato] pGEM-Teasy/AFP W E & A3 RA L=

_17_



0.

(3) A WE S48 (Medaka) 715 915 MetA 747 28
WMy A9 PCR d5A SANZEE A8 dste] ZEFAA Met F47

Ho

N
_>,i
O U
ofy

@A S pGEM-Teasy vectordl] A Z&3sle] pGEM-Teasy /MetAYWE S A Z A THLH 4).

Mae | 2857 Spe |
EcoR |
Mot |
Bste |
P=t |
zal |
Mde |
Sac |
Bets |

pGEM-Teasy /Het A Mei |

2174 bp

amn | 21379

Sea | 20400

9 4 HAAAY $AE PCR AES AT B2 A8 95l met A4 HRL
°f

PGEM-T easy vectordl] A Z&3ste] pGEM-Teasy /MetA WME S A 23k A L&

_18_



(4) FFAApEE 2o)(Coho salmon) HAES 3 MtB 34 &
FAAEE 29019 PCR A&EA] FANEZ AFESHY] 5ty H %
o] pGEM

@ S pGEM-Teasy vectoroll ]zt

Mae | 2257,

Armp
Hwmn 12159

Sca | 2040

a9 b5 FAAME &do PCR

pGEM-T easy vectorel] =

= AL

pGEM-Teasy FHiB

%14E bp

AEES gk dx= AFEs7] 98kl MtB
stsle] pGEM-Teasy /MtBE A %23 &

_19_

1)

[e]

AR

~Teasy /MtB ®EHZ A%

dpa |

ET|

Sph |

EBzte |

[

Bzt |

naot |

Sac

EcoR |
Spe |
EcoR |
Mot |
Bzt |
Fz=t |
zal |
Mde |
Sac |
Bzts |
M=zil

MT -+

SRt

A5

=



(5) ool WAFAA FEL 97 Bact HAA FEY
FAA88 Jole] PCR A4

SA FA R AREs7] ek WAl AHcommon carp
b-actin; CCp-act) ©H S A Z¢3sFe] pGEM-Teasy /CCp-act M EH S #| Z3ATHLH 6).

dpa |
EY |
Sph |
B=tc |
Moo |
Bzt |
not |
Sac |l
EcoR |

CCb-act gene

Mae | 2357 Spe |
EcaoR |
Mot |
E=tf |
F=t |
zal |
MNde |
Sac |
B=tx |
MN=i |

pGEM-Teasy f/CCh-act

%195 bp

Arnp 1

wmn | 21329

Sea | 20407

a9 6 FHAEY Jole PCR HEs A 2= AMEstr] skl WAlFdAe] B-act

‘[C_IL
A2 @A S pGEM-Teasy vectorol] A Z%t3to] pGEM-Teasy/CCg-act EZ A%

_20_



(6) Eetylote] WAlFHA AES AT pract wAA SEY
Tz E "efylore] PCR A& Az AE8H7] 918kl WAl 7d AH(Tilapia b-actin;

ONB-act) ©#HS A Z%3Fe] pGEM-Teasy/ONg-act WE & A ZsJ (29 7).

dpa |
Aat
Sph |
BztZ |
|
Bztf |
nat |
Sac |l
EcoR |
OMb-act gene
Hae | 2857 PR Spe |
i EcoR |
Mot |
E=tZ |
Fz=t |
zal |
MNde |
Sac |
pGEM-Teasy fONb-act ﬁz’lc};! I
Z185 bp
Armp
Hmn | 2159
Sea | 2040

a9 7. 4449Y Deiuele] PCR UES AW BEZ AHEE] skl WARAAS B

1T O

—act FAA GHE pGEM-Teasy vectorel| A %Z3gsle] pGEM-Teasy/ONg-act

H

e Axg 24

_21_



(7) A WAFAA AE& 93 Bract 8 84
TS FAEle] PCR A& dAAUx=E AFE37] fste]l WAFH=E
(Medaka B-act) @S pGEM-Teasy vectorel]l A Z33ste] pGEM-Teasy/OLB

—act MEE A XEFAGH(1H 8).

dpa |
EV
Sph |
B=te |
Moo |
Bsté |
not |

Sac |l
EcoR |

OLb-act gene

Mae | 2837 Spe |

...... Eoof |
Mot |
Bzt |
Fzt |
zal |
Mde |
Sac |
Bzt |
M=i |

pGEM-Teasy fOLb—act

3195 bp
dmp
wrnn 1 2159

Sca | 2040

oY 8 FAA4WE gebslel PCR 4% A% tEz gyl dskel WAFAA 5

-

A2 GAHS pGEM-Teasy vectorol] A Z& 3ol pGEM-Teasy/OLg-act * &

_22_



8) Ao WAFAA A& AT eyt FHAA FEY
FAAMEY &deoje] PCR AEA FAHER AHEsH7] flste] WiAlfFHA
(Coho salmon-cyt) IRy pGEM-Teasy vector©]| A Z g5} o]

pGEM-Teasy/CScyt MH & A Z3tAH(1d 9).

dpa |
fat 1l
Sph |
B=tZ |
Moo |
E=tZ |
not |
Sac
EcoR |

CSoyt gene

Mae 1 2237 -l o Spe |
EcaR |
Mot |
Bzte |
Fzt |
zal |
Mde |
Sac |
BztH |
M=i |

pGEM-Teasy /CScyt

%195 bp

Arnp

arnn 1 2159

Sea | 2040

¥ 9. FAAEY 2209 PCR HES A% tlx==2 AF&3817] 98t 249 yAFA
Z}el eyt FFAA ©@HE pGEM-Teasy vectore]l A %3l pGEM -Teasy/CScyt

ME S Axd BAE

p A

_23_



(9) RSV} B-act FxzAte] HE3EEY
FAAEEYE dojo PCR HAEA HxFAAR] RSV FAdd =< WA-FAAB
—act AL pGEM-Teasy vectoro]l HEgo=z A%x%3ste] pGEM-Teasy

/RSV-CCB-act WHE AlxstATHH 10).

dpa |
Aat |l
Sph |
Bzt |
Moo |
EB=z1é |
not |
Sac Il
EcoR |
Mae [ Z0ZT, o~ | bemar Spe |
EcaoR |
Mot |
B=t? |
F=t |
zal |
MNde |
Sac |
pGEM-Teasy FREY-CCh-act ﬁi'ﬁ '

TT42 bp

mn | 2239 AMp 1

Soa | 2220

S 10, FA4EE Jolo] PCR 45 99 o2 A4§37] 9ol RSV a4 w3

WA A2 B-act FHA ©@HE pGEM-Teasy vectore] &3Oz 2| 23351

o

BAE

pGEM-Teasy/RSV-CCB-act WEHE #| =



(9) AFP¢} B-act w47 5 S&Y
FAAWE dehalolel PCR WEA SHAAA AFPe G olzeh oA f
2 Bract ©HE pGEM-Teasy  vector? B3loz ) 25} ol

pPGEM-Teasy/AFP-ONB-act W& A| XAt (2d 11).

dpa |
&at |l
Sph
Bstf |
Mo |
Bste |
nat |
Sac |l
EcoR |

OMb-act qene

Mae | 30ZT. ] Spe |
g, EcaoR |
Mot |
Bste |
Fst |
zal |
Mde |
Sac |
BztH |

pGEM-Teasy f AFP-ONb-act Mzi |

2293 bp

drnp F

Ymn | 2329

Sca 12210

a9 11 AW debele] PCR A&S 91e dx2 A&3h7] 9fste] AFP f3dx &
A HAFAR B-act A2 GHS pGEM-Teasy vectorol] 3o 2 A %gs}

o] pGEM-Teasy/AFP-ONB-act ¥ & A 23 22 %,

_25_



(10) MetA9} B-act F-AAe] HFgFEY
FAAAE FA] Y PCR A&A HxFAA] MetAd FAdd =< A+
A} B-act ©¢HE pGEM-Teasy vectorol]l A Z3%3te] pGEM-Teasy /MetA-OLB

—act MHE AZRSATH (Y 12).

dpa |
dat 1l
Sph |
B=tE |
Moo |
B=t7 |
not |
Sac i
EcoR |

OLb-act qene

s SFIE' |

g - EcaR |
Mot |

B=t7 |
P=t |
=zal |
Mde |
Sac |

Bsts |
M=i |

Mae | Z0ZT

pGEM-Teasy /Met A-OLb-act

F354 bp

drnp

Yron | 2339

Sca | 2220

o

oy 12 FAARE FAE 9] PCR AES A% dx2= AFE3t7] 9189 MetA A whd
I W AFEAQ Bract FAA ©@HS pGEM-Teasy vectoroll Al % 3&} o]

pGEM-Teasy/MetA-OLB-act W E & A Z£3F 2%,
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(11) MtBe} cyt Fd4He] &322
A & '8‘01101-0/] PCR A&A BT &A= MtBY Az U A-8A A=)
cyt @& pGEM-Teasy vectordll Azx§38to] pGEM-Teasy /MtB-CScyt  E

& AzxsAT (24 13).

dpa |
&at |l
Sph |
B=tZ |
Moo |
Bzt |
not |
Sac |l
EcaoR |
CSoyt qens
Mae | 3027 Spe |
EcoR |
Mot |
Bzte |
Pzt |
zal |
fde |
Sac |
=
pGEM-Teasy FMiB-CScyt I"-Iii |
ZZ12 bp
Arnp ©
amn | 2329
Sca l 2210

29 13 fAAUE edele PCR W&
FAA wAR WAKFAAL eyt FAR @

o] pGEM-Teasy/MtB-CScyt WE & A %3 FA =,

S A% dxz= AHgst7] 9lske] MtB

HE pGEM-Teasy vectoroll A =33}

_27_



A2Ad d7FZ2H

1. 9o (Common carp)
7F AAAA A3
FAAEY Jojo] PCR HEA FANEE A7) $18 RSV 44 @A S
st & EgAv|= DNAE FE3 UgEE B7]9s PCR 23+ 149
129} #Zt}. PCR primer= RSV-F/-RS Al&3ldlon, Zg2xv= DNA® copy

2 AAtsle] 108 A< g Asle] PCR 3 A7 10°%8 10" copyZ7hA] 153 bpel
FZd F24 @RS g2 3 5 AUTHIE 14),

M 1 2 3 4 &5 6 7 N W M

Size = == ) G S e ) G ) — G
(bp)

1500

500

100 =

Y 14 FRANE Jolo] PCR AEA FYUEE S AT RSV A44 BRe 2

k F EZkAn|= DNAE FE8to] WPAEES B7I9F PCR 23 PCR primers
RSV-F/-R& A3l 21 template DNAE A3t Zet~n|= DNAE copy &= AAbst

o] 108] AL 3]Adste] A3t e. Lane M, DNA size marker(100 bp DNA ladder); Lane

1-8, 10°%-¥ 10' copy; Lane N, &4 %; Lane W, 275 .
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ARND

A

Z.000
2.500
2.000
1.500
1.000
0.500
0.000

-0.:500

=
)=

15 4w
=

FAAREY ool PCR AEA FANEZ AFEsl7] 93 RSV 44 A S
849 3 5 927 E= DNAE 553519 copy Fol WE &S dolH 7] 9gh
real-time TagMan PCR-2 #AA 7 A}e] A3+ PCR primeri= RSV-F/-R¥} #&
RS AHE3stA e, probe2E RSV-PE AH&3tth Eek2~v = DNAS copy
Alarste] 108 1< 314ske] PCR & A3 10°%E 10" copyZtA S WS
S BITHIZY 15). PCR ¥3& & 40 cycled AAs92m, 10°%copyol A& 16

Wl

cycled M RE FFNAE A ste] Z2EZHE AL F9 & £ U, 106A4=
36 cycledl A F-H TS &<l 3 5 AT

Amplification - 04-1-26

Copy Nos.

o 2 4 & 8 1012 14 16 18 20 22 24 26 228 Z0 32 324 35 32 40

Cycle

Ydolo] PCR A&EA FANE=E AHEet7] 918 RSV 42 dHl s &
g 3 ¥ Zgav= DNAE FE31Y copy Fo wWE WS dolry] 93t
real-time TagMan PCR Z 3. PCR primeri= RSV-F/-R 1831 probex= RSV-P=
AHE-3LE o template DNAZ AE-3F Zet~n= DNAE copy 55 A4tste] 109
12 3|A&te] ALR3E9 S, Copy Nos., 10°%E 10" copy; N, SAZE;, W, EFHF.
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Fduxzz AREEr] 97 ARl CCB

FAA GdHS FEF7Yse] CCRB-act-F/-R primer setZ ©] &3] PCR

Z%E FAAGAS FA F 5 AATHIH 16).

o
Ny
o
—
o0
(e}
o
T
B
do
>
o)
I\

M1 2 3 4N M 6 78 9 NM

Size
(bp)

1500

500

100 —p

Pt

Size (bp) 180 170 180 170 163 113 159 133

nJIo
i

g ool esol, Ak, £lole] PCR AZA WAfFAA el

3k B-act, Cyt A ©4#AS F/-R primer setZ ©]-&3}o] PCR

M, DNA size marker(100 bp DNA ladder); Lane 1, Jo] WA+ A} Lane 2, ©

ghajo} WAFA=}E; Lane 3, $AF] WA+ A Lane 4, =<o] WA A} Lane

5 Az Wd dof; Lane 6, +dx W "etgol Lane 7, T34 WE FA;

Lane 8, A2 W& &d9o}; Lane N, 4%
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2. € g}¥] o} (Tilapia)

7h B A A3t
FAARY detyol PCR AEA dAHERE AFEst7] 918 AFP #d2 @A
9 & ¥ ZFAv = DNAS F3E5t0] WA E=ES B7]93 PCR 3= 21
2 63 Zt}. PCR primers AFP-F/-R& Atg3tg o, Zek~n= DNA® copy
2 Aatste 108 A% 343ke] PCR & A3 10°5-¥ 10" copy7tA] 113 bpo

229 404 B B I 5 AU 17,

Size
(bp)

1500

500

100

108 10°

gy 17, FAAEE debgote] PCR HAEA A UE=E AHE38H7] 98 AFP fd2 G S
849 3 F EFg2vE= DNAE FF38to] UaAEE ®7[98 PCR Z¥. PCR primere=
AFP-F/-RS AFg3ll oW, template DNAZ AF&3F Z2t~w= DNAE copy = AAst
o 10w A A ste] ALE3FS. Lane M, DNA size marker(100 bp DNA ladder); Lane

1-7, 10°%-¥] 10° copy; Lane N, &4t %; Lane W, 75 .
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ARn

FAAMY depyote] PCR A& FAHERE AREst7] 91 AFP #da &
AS F24Y 3 & Zgtan|= DNAS 535519 copy Fol e ¥HS-S ol 7|
#% real-time TagMan PCR2 /ALl A& PCR primer+ Tilapia-F/-R¥}
e AL AEEYen, probeZiE AFP-PE A3tk Z@kan]= DNAY
copy FE AArete] 108 A% 345t PCRE 23 10°%-H 10" copy7tA 5%
HFSS BT 18). PCR W8S % 40 cycleS 2 A8t 21, 10°copy ol A
= 17 cycledlAFH @FJANAE BAGY THH= As S & 5 dAeH,

10’ A= 37 cycled] A HE FZS 321 3 & Yt

e

Amplification - 04-1-26
4.000 P Copy Nos

3.500

2.000

2.500

2.000

1.500

1.000

0.500

0.000

=0500 v+~ rirrr e T T T T T T T e T T e T e T T T T T 100
02468101214IE-182022242628303234363840\
N
Cycle
w
18 44w Aeksiole] PCR A% A FAUEZ 8§37 918 AFP F474 Bl e

F8Y & ¥ ZYAv= DNAE FE3H9] copy ol @mE wgS dofuy] e
real-time TagMan PCR ZA3. PCR primer= AFP-F/-R 18|31 probei= AFP-P=
AbEskgl e, template DNA®Z AR&3F EekAm] = DNAE copy 5 7ZAkske] 10
12 3|Aste] AR, Copy Nos., 10°%E 10" copy; N, SR =E;, W, 7.
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o HAFHAA HE
FAAMY "etgole] PCR A&EA Fdx=2 AE3H7]
12 1S FE38719 8o ONB-act-F/-R primer setE ©]-&3}4

ONB-act 4 ]
PCR3 Z# 170 bpY #ANA TZd FHAAGHES &2 & & AJvH(2d 19).

Sg WAF AR

M1 2 3 4N M 6 78 9 NM

Size
(bp)

1500

500

100 —p

Pt

Size (bp) 180 170 180 170 163 113 159 133

nJIo
do

g ool, esol, Ak, ©lole] PCR AZA WAfFAAe el

3k B-act, Cyt A ©#AS F/-R primer setZ ©]-&3}o] PCR

M, DNA size marker(100 bp DNA ladder); Lane 1, Jo] WA+ A} Lane 2, ©

gtulol WAl Lane 3, A WAl 4H Lane 4, =949 WA#F%4 Lane

5 Az Wd dof; Lane 6, +dx W "etgol Lane 7, T34 WE FA;

Lane 8, A2 W& &d9o}; Lane N, 4%
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3. A2 (Medaka)
7h B3 HAA A
FAAAY SAE Y] PCR HEA AHEE AFEs7] 918 MetA A &
HE 849 & & Zg2~v= DNAE F H7]9s PCR A%+
F/-RE& Ab&etaion, Eot2v|= DNAY
copy 5 AArste] 10M) A% 34)8te] PCR 3 23} 108 10° copy7HA 159
bpel =

:U i
—OL
£
r\:l
oy
o
il

1Y 8% #tl PCR primers MetA-

I

A FAA BHe F & AATHIY 20

=2 AR AN

Size |[F*
(bp)
1500 5
500 -—__:
\aan 159bp
100

% 20 FAREY FAEl ] PCR AEA] FANERE AREsH7] 913 MetA #d2 ddE
849 ¢ F Fg2v= DNAE FE3te] WaxEE ®7]98 PCR 23 PCR primere

AHE3E o, template DNAZ A&t EF2t2~v] = DNA+ copy & ZAtsh
o 108] AL 34 ste] A3 S. Lane M, DNA size marker(100 bp DNA ladder); Lane

1-7, 1081‘%151 10" copy; Lane N, &4 t%; Lane W, ZHF.
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2.300

2.000

1.500

ARND

1.000

0.300

0000

-0.300

FAAEE FAE ] PCR AEA U2 ALEs7] 98 Met 3 &4
& 284 ¥ F Z&vE DNAS FE8k0] copy Foll wheE iheS otr)
£ 3%t real-time TagMan PCR-2 A7 Abe] AFE3 PCR primer?] MetA-F/-R¥}
2o S AFES o™, probeZE MetA-PE A3t Z8~1= DNAZ
copy & Aree] 10W] A% FA1ste] PCRe A7 10°%-E 10" copyZtA ZZ
S-S WAty 21). PCR W3- 40 cycleS A3 2™, 10°%opy ol A]

5 =
S R AR

gt

¢
o

i

= 18 cycledlHE FFAMALE Al ZZ2H= AL

10" 4= 34 cycledl ¥ SH& & 2 9o},

-‘3‘%‘

o
]

Amplification - 1-26-1 Copy Nos.
_y108

107
] 108

|_v105

| v104
| »103

| »102

10!
TR 100
N

A A A A U A Wl A U U A A A A U A ) W
o 2 4 &6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 Io 32 40

Cycle

a9 21, #AAEE FAE e PCR AEA FAHER A&7 A% MetA #+44 @S
=

4 & F E¥AvE= DNAS FE36H9 copy ol we wgs dotr7] 93
real-time TagMan PCR Z3¥}. PCR primer= MetA-F/-R 18] 1 probei= MetA-P=
AFEEE o1 template DNAZ AFE-3F Z g ~u= DNAE copy &5 AAkete] 10
A< 34kl A3 AS. Copy Nos, 10°5-H 10” copy; N, 4HZE; W, 5H.
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g 23 180 bpel AN TFHE FAAGHS & & 5 AATHIZH 22).

M1 2 3 4N M 6 78 9 NM

Size
(bp)

1500

500

100 —p

Pt

Size (bp) 180 170 180 170 163 113 159 133

a9 22 Y o], "depgol, FAbe, 29018 PCR AEA AFAAe] FE
],

B
3k B-act, Cyt F4

Able]l PCR AEA AU EZ AFE87] 918 WAfA =l OL
}o] OLB-act-F/-R primer setZ ©]&3lo] PCR

A ¢\ S F/-R primer setE ©]-&ste] PCR %% Z 3. Lane

M, DNA size marker(100 bp DNA ladder); Lane 1, Jo] WA+ A} Lane 2, ©
gra]o} W AF- 2} Lane 3, $AF2] WAlFAAE Lane 4, Ao WA A} Lane
5, iz W& dof; Lane 6, 2 ¥ "ekvlol; Lane 7, A2 ©d $AM,

Lane 8, A2 W& &d9o}; Lane N, 4%
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4. €49 (Coho salmon)

=z

1o

=)
BN
fr
>
ofo
_O|L
N
B
_?L
=
o3}
O
zi
gi
l

FHAARY 209 PCR AEA ¥X
289 ¢ & Zh~v= DNAE FE3to] WIREES 27|19 PCR A%+ 1
d 87 Zt} PCR primere MtB-F/-R& AH&3tdom, Eet2~v= DNAQ copy
F2 Aatete] 10M) A% 34)8te] PCR 3 23 10°5%E 10° copy7FA 156 bpe

FEE R4 BHS %A T 5+ AATHY 29

M1 2 3 4 5 6 7 8 N WM

Size
(bp)

1500

500

100 <1 33bp

108 104

a9 23 A 2018 PCR A&EAl FAHHEE AMESHr] 19 MtB 34 @S

F29d 3 F Zeav= DNAE F33e wUgEs 1793 PCR 2% PCR
primer= MtB-F/-R& A}-&3%1 21, template DNAZ A}-83 Fet2~v|= DNAE
copy TE Axtete] 108 A% sAste] AMEESe. Lane M, DNA  size
marker(100 bp DNA ladder); Lane 1-7, 10°%¥] 10" copy; Lane N, S4thx;

Lane W, &I
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4.000

Z.500

2.000

2.500

2.000

1.500

1.000

0500

0.o00

FAAMY dol9 PCR A&A xR AMEsH7] 918 MtB 32 &
He 289 ¢ F F2v= DNAS F3310] copy ol e wHES dotr 7|
#8t real-time TagMan PCR-2 A% Abe] AF&3 PCR primerq! MtB-F/-R¥}
A& AHEst e, probeZ= MtB-PE A&t Eeh2v]= DNAS]
copy & Aree] 10W] A% FA1ste] PCRe A7 10°%-E 10" copyZtA ZZ

B Uk S B9 24). PCR W82 % 40 cycleS 2 A8t 21, 10°copy ol A

rlo
Of

o) A=
f N = = 1 EELT 9»1]\9}]\—(—)-]1],

&
IN
.
i)
Ir
)
[o
ot
o

]_

10"l A= 36 cycled| A 5B ZZ S 89 3 4 gt}

ol

= 14 cycledlAHE FFALE A

=

Amplification - 04-1-26-2

=0.500 R Y Y O Y O O I N

0 2 4 & = 10 12 14 16 18 20 22 24 26 28 20 32 34 36 33 40 W

Cycle

FAAEEY 209 PCR HEA YA EZ AFES7] st MtB  F3x dd&
249 ¢ §F Zd2v= DNAE FF56H0] copy ol WE W8S dotry] f3
real-time TagMan PCR Z¥}. PCR primeri= MtB-F/-R 18] 1 probei= MtB-PZ
&3l o, template DNAZ AHE3F Eef2v|= DNAE copy +5 ZAitste]l 10W)

AL 8] Asto] AMRES. Copy Nos., 10°%-8 10° copy; N, SAHZ; W, ZH7H.
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o WAFAA HE
FAAME &dole] PCR
MtB-Cyt ##2 dH& F¥%s)
PCR& Z 3 170 bpe] $1A el A

A GANER AREE7] 99 AlS AR
o] MtB-Cyt-F/-R primer set® ©]&3}o]

4 FAABAS FQ T 5 ALY 25).

o
i

N

do
ol

I

o|\
|

M1 2 3 4N M 6 78 9 NM

Size
(bp)

1500

500

100 —»

Pt

Size (bp) 180 170 180 170 163 113 159 133

mlo
f

% 25 FAAEE o], Do}, FAbe], 21018 PCR A&EAl WAlFAAS] gl
3t B-act, Cyt A2 @#HE F/-R primer setZ ©]&3o PCR S%3 Z 3. Lane
M, DNA size marker(100 bp DNA ladder); Lane 1, Jo] WA+ A} Lane 2, ©
gt ol WAlfFHA}E; Lane 3, A WAlFHAE Lane 4, <19 WAlfFH=}E Lane
5 FAA WME Aoj; Lane 6, F+dx Wy gely]o}; Lane 7, 42 WE HApg;

Lane 8, A2 W& &d9o}; Lane N, 4%
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Detection of living modified Rainbow trout and Super mud loach

by real-time TagMan PCR
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A conventional PCR and real-time TagMan PCR for identification of living modified
(LM) Rainbow trout (Oncorhynchus mykiss) and Super mud loach (Misgurnus mizolepis)
carrying growth hormone transgenes were developed. A pair of PCR primer and probe,
ONMT-P/R and ONMT-P (LMrainbow trout) and MLCAT-F/R and MLCAT-P (mud
loach) were designed while pGEM-Teasy/onMT and pGEM-Teasy/MLcat vector as
positive control were designed for detection of LM rainbow trout and Super mud loach,
respectively. Two pairs of PCR primers and probes, RTCYT-F/-R and RTCYT-P
(rainbow trout) and MLBACT-F/-R and MLBACT-P (mud loach) were designed
targeting endogenous gene while pGEM-Teasy/RTcyt and pGEM-Teasy/ML-act vector,
respectively were used as a positive control. Positive control vectors using endogenous
gene fragments were constructed in pGEM-Teasy/onMT-act (rainbow trout) and
pGEM-Teasy/MLcat-—act (mud loach). The qualitative and a quantitative method of
analysis to detect transgenic DNAs in salmon fishes were tried. The use of the ABI
Prism 7700 sequence detection system allowed determination of the amplified product
accumulation through a fluorogenic probe. These methods of analyses were very sensitive
and specific.It is necessary to determine the LM fishes in order to assess whether living

modified marine organisms were deliberately added, or were resulted due to contamination.
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