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The Study on Ecological Risk Assessment of Living
Modified Fluorescent Zebrafish, Danio rerio
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Abstract : This study reviews the concept and process of ecological risk
assessment on Living Modified Organisms (LMOs) under the Cartagena
Protocol on Biodiversity and tries to set the direction of the ecological
risk assessment on LM fluorescent zebrafish, Dania rerio, which may be
soon filed for market approval in Korea.

It is expected that our country would ratify the Protocol in the near
future. In this case, the Transboundary Movement of LMOs Act comes
into effect 3 months after the ratification, and then all LMOs should be
used through risk assessment in accordance with the Act.

LMOs is one of good items traded between countries so that the risk
assessment should be harmonized with international standards. Thus, the
ecological risk assessment on LM fluorescent zebrafish in Korea needs
to observe the process of risk assessment prescribed in the Protocol,
which consists of hazard identification, evaluation of likelihood,
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evaluation of consequence, estimation of risk, and determination of risk.

The ecological risk assessment on living modified fishes is still at an
early stage, and a variety of pathways between hazards and harmful
effects in ecosystem were not well identified. For this reason, the cases
of harmful effects previously posed by aquaculture fishes and invasive
species need to be considered in order to facilitate the identification of
harmful effects that may be potentially caused by LMOs.

In addition, it is reported that zebrafish has been established in Japan
and USA, but there is no official risk assessment report on this LM fish
published by any government authorities in the world. Therefore, the
possibility of passing winter of this fish is a major concern in terms of
prevention of establishment and the matter should be clearly evaluated.

Key Word : Risk Assessment, LMOs, Zebrafish
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20 MNFAAAT A21dA 1%

gol o] ol e oprlEl E e FedT Abale Ao

2

dho]t}, %9 (Stone Moroko, Pseudorasbora parva
o} =

=

ﬂ?

= L
1>,
L
o

N ok;o
o

ol
ol

foop fo mg

A A U 18E3 AR F&st AEZA 2

o,
k]

lul
ol
22
itk

[o
e
2
ol
=
rlr
v
rr
X,
o,
=
o,

2w o

g 2 Fol3 5
o 7)9 ool f37 EeA7]7F 1960 T2 2| ol
oo £qgel wE Ay At FHA Yo} FHe] AAOE A
o}

st Aol S =87 f8 HolE2A o]
Osmerus eperlanus mordax)= ZFa18k Al# o]t}

2l
% BHOoE Wol B o ety ddol7} o] ofF
o]

Rl

g 1>
ol

2L

X

O

2

fd

ki
N
L
oy &

L3y o= of ok A4 dHiel ¥z Qs

ataint Holgow #H2 A 1Y AE WolE
™
)

> Y%
2
o
g,
>,

4
e

o

)

of & Pr

A AA I QLTH63)
T = =4S = FFHol(Golden Apple Snail, Pomacea
canaliculata) =3 o3 @] FalFaFs vz Abeloln. &v-dol=
o 2] 7} opwhE frejo] A Aol 1980t thvte] =]iE
wolalol 2 HA UL FAlSs B4R did =9jd F
FA GO Sojof H =
= A 715l A AE
ol A= 200074 Al JNAIG7E S7FeAA] ool wE 1 F

F7Hom o) Sl A% o5 Fol AEL ol Fyole B

X

rl

g

61) http://www .fishbase.org.

62) RE. Gozlan, S. St-Hilaire, S.W. Feist, P. Martin, and M.L. Kent,
“Biodiversity: Disease threat to European fish”, Nature, Vol. 435, 2005, p.
1046.

63) M.C. Van Zyll De Jong, R.]. Gibson, and 1.G. Cowx, “Impacts of stocking and
introductions on freshwater fisheries of Newfoundland and Labrador,
Canada”, Fisheries Management and Ecology, Vol. 11, 2004, pp. 183~193.

64) http://www.agnet.org/library/abstract/eb540.html.



Jo
~
>
rE
of
of

FaA Bk Ao YA A kel FF AT 24

oA Lhehg e AA W o Fal ve] WS goel sl wAlsta o)
T} 65)

4. NAHH
o) Adse AVA QAT 9E AEA} $EE B 29
e AN A AEFO2A FF] FF MAAL AeAel
AAE sho] FAADL op71F AbalolTh o5 AR, obrlE & gl
FAG G A ol T3 FAANY FYALLGE 0 EG /e
FAANY FAPBAA Arht pAgo] YEA GHS mEAT 9

S4B ote AN e e e A d
A, FAANY FAREAT} b4 FEel vlaLs] AgEst vl
% opel ) A ow 2daA &g 4 i, el ol»} b4 5E

=)
o] AT Y o5 Fo BAAL
=

O

2
AAAE AEAAG e A0 B e FYFOE 4500

F g e e 5 ke ol B4, B9 olF7k A9 ¥4
T I I A A
MAAG e fARE GFRA g 4Rt ZAHEE B by
A o) F Ak A, SeES) 49 LR g BYHF ]
A SlelE Ul Wl el Aka @A 4EE Aol dastn

[}
538 ZAFo] 3 A SAZ Frols HE BET A5l &

TH

65) 2005 29 AF W E=x}F(http://www.me.go.kr/dev/board/board.jsp?id=
notice_02&mode= view&idx=83655).



220 SFAAAT A20A 1%

V. #AAEY FFA B4 4R 25

1. 387 FA

o —’Foﬂol aLt-9] *ﬂ”x] ojH, T8 o7 dujr o] n x
4 €] 7 (Connecticut), =]tk —.—Oﬂ A A B ek o R Hal
H Ao 66 Ao A mgh ApA| A o' HA st AXE Ao w Ve
ThED o] Feo] m=gl o7 913 s 7e Fdko] A= delzl Aol glo
M AAA SHAAE Ego] He Ao® By Jrhs et
FRA B A= FAToIY AU FHe Dy AHor AxgE
FAAE 7R FAAAYE AEA olvt A st Ao M EA ek
B A FHAE S MRS A5 ES 7HAAL JlojA 2EH o
2 B go] SAGTE) 3k A w=eho] EAstaL 7w T
£os 18T w 22 gE ugd A A8E F dves 2
aefd wf, FAAAE FEA By A= s devt Hee A5
Aol dastar o]Ao] H=a tinkS A&t thE vt A ofA
7w A &= o]frehal o At

AA, FAAAYE FFAB I HEF T2 A A dF 7 A
g o FAaAE Tl g FA A FA A Thol=ke EA
b4l = AAolth. FAAM YT ddstel B A
-?48]]/‘3-‘737]-/\] e wgk tolER = 'FAAEYo R 2 i/ A

Conductmg Research with Genetically Modified Fish and

66) http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID =505.
67) httl://www.env.go.jp/en/nature/as/041110.pdf.

63) http://www .fishbase.org.

69) NRC, op. cit.



FAARE FAA B o] YA SN EgF Tkl #F AT 23

Shellfish) 70 2 “FAxpAF A=A o] AejA R QAA 174 G337 vl
7+ 4 (Manual for Assessing Ecological and Human Health Effects of
Genetically Engineered Organisms)'7Do] Qlt}. o] F 7lo]=of A A E|

A AR WEe] o BE L WA o] b5 Al o8] 3

2
no
o

hl w5
2 Shualy] 918 Aol wheba who] oo Aol FAH O] Q=
a7t Axjel me A FETgol AFEo]l AA i AT
sl ARG AR A Bl F3

FARNRAEA ] A BA oz QuA 9la) %7

N
do
:Oé
2
rir
—r
DY
et
o,
o,
N
X
ot
i
o
=
I
N
N
1*)
>
- DN
N
N
=
0%
A
ol
2
>
[ .5

% o

o 2k M op
ol

o, S el acle) FadY A 2 A4 Bbsha, o4
B AW JHS FAs] Y FAIABYB AL A3}l
of7ld 4 Qe e Aujd wela olE B+ lojof @k,
S AEeE ARt 2RARA FAARIYEAD A%
KRGS A4 QA S i) LR ARE 9/ IED B
o gagyel EAGEED AdaRFe A6l wely FAANY
WEAZ B2 QWA Wl ARAHoT WAse] A%H Jore G4
37 Zae® @ Bast Ao Audee Qo olzow o i
W b5 2AFe] EASA W 4e nel T o), el 588}

IF FAREE Jojo] ok Al A Al T =] U, o] F
2 AT (USDA's Office of Agricultural Biotechnology)oll
3 sk A 9] 9 3] (Agricultural Biotechnology Research Advisory
Committee) W sl A7 33t 2 &7 kA A FH(Working Group on Aquatic
Biotechnology and Environment Safety)¢] -4 F il o] 714 o] #|F o] 75 o]
Aot o] TA = FAAAFAEAT) opd A} FEE oz g,
71) 19950 F9F AETFAAH oF GAar S o] ST st #3 2l dde] ¥F
o] §X1 FAA AEFAdel gk oA MLE 2P, T F Har] v
gl AF71#9l == A4 (Edmonds Institute)oll A B2 A&7k T52
wolx] theket KA ofe) theket AES oz sidS Hrkshr] e vl
d-g 19989l &7 gl th(http://www.edmonds—institute.org).
72) NRC, op. cit.
Kapuscinski, op. cit.
R.H. Devlin, L.F Sundstrom and W.M. Muir, op. cit.



N
o
o
ox
)
[

T A2l 1%

0] =

T = el el ek kel 23 o] stFo] Ao (<™ -3>

A
x).

oA AEA W g2 o Fol It F7F R G2 ol dANA HERE

(Z™-3) RS gyF=aimsel idEI SE=7

o oty
It

20

oot e
o & & oll
st 2ol 22l

aL
= u (<3<} T =
5 WEoRE g 54 FARHFASAE T o o7A = f
AP FYADel)He HaE FREUS okt



=5

£

o2 i)

Zhell #3 A5 25

3

o

]

(e}

o] 710l A

W
7} melEolof & Aolu.

o}

9

=4

ks
2 A=A

A B 2} 41 7L A B ol A

Fal
ZAY 9

°

i

9
yul

37
=

A el
|

&

jl]“r:l

L
[e]

-

25417k A el A =

2

9

H

A

AEA ol AL 5=

FAANY FRA LA QA 9904
Tl Fozs BESAHA Wl M o

& 44

FAAAGAEA

=

=
L

T

"o H W NN N B E o RR oo N
W oG N ok TR X OEe R o R T =
- B W — T 7o qyoﬁeﬁol.;o
F T TR T R e P
REETpme g® g7k
‘m_#oﬂﬂai ma]\mﬂoﬁ_/onmnlicﬁo
muo_uWEmH%iﬁ.oﬁ}aﬁoovx1xr®

- o8 —_
friizisidiozsis
T G - S B
R S AT
FA PR LTy o
ﬁoﬂoﬂuuoPLﬂ,mo”ﬂwlﬂl U:wﬂo#ﬂuﬁ
J%Eﬂﬁmﬂﬁﬂ_%%%ﬂo_uﬂ
ToT R mea 5 og 2oa -
=By EERI AT T g
OTmem_EﬂplmﬂﬂaoﬁMﬁoﬂ%ﬂwdloT
ﬁooT]OWJUWHoﬁoo ,._.oMﬂn_AloL,_wHEE

X —_ = =y X
NP F Yy REEE SR EEE T
TR e DT FTXE TS oo
7o M R o= g oF _ m o= L —
e z,to# N o) = <~ = B
=0 ok JAT.;?U:WO_Hﬂl__oHJﬁXUEﬁU]ME
o) R Loﬂoﬂn_rmxﬁommo £
T ome KPR ~ 70 ol |J
U S il I 7_,_.&0_6mw__b
xFEFBgOITTLTN TR
o T MOtEEEﬂr.E_.ﬂ_LLl]ﬁ.la
EAVE 2 T B OB X T X
Qﬂ/lEmr%]o ~ X & m alt]
Wmm&oﬂwrd.ﬂﬁﬁo“@ovﬂa%ﬂo
© oo KB Wy WTF ok g W
%u%ma_sm%%gﬁxﬁ%_ﬂn%@
TR TR T P AT S o

o A7

Tk

tof AA Al A el

7:(1__

°©

3} m) =t A A Bald] 4] 7} oA A E) A o)

7}7}

2oz iil) Mol 7bedt Ag oA dE

]

3

.
ak

9
pil

&
o




H o S| $9) UF £ neld 294 FHS F 9
% b5l U@ B/t a9 onldoh £8 A %o 3
ol ALe ALSn AES WY 5 domz Qe a9
A o] HE/HS ;e A Bt ol Fol Aok @t BBl b
Aol %A AFT A3t gol, AA) 7] A s S5
Bk 1%z AR gl tlal A F Qe delHE 27 of
o gheb 9ol ol Baa el EAlStnE, UANE FHA
2949 o &3} Bes) F7H4Q =eleh sl Bad Aol

AA A MEAN ABUGH BE L A%5H o] Go mAE
44 G2 A7) S8, fAuEaBAe) hF A E E
o S Felsks ol Basth Tet FANNIYEAE =
AH mARFEES] Stolmg nlolesAgel 4N B 2AH JF

kel

of FEE Bask Ak webA Fueld AR FAGRG YA
CEEE R PR RIS EEERE R RRIOE R R
A% % Goh ARl wel, fAAAGYEAN h gehacle] #

_"
e aglow A% Fa G B R Al dF A48 E A
=
=

il A998 25 ATAe2 Ay 23 Tl AT 3
A€ ARske shgel mYselo dr A §5
g FAneiol ua Au g szt 2 A
A olele Bok AR mhet Aol @ Aol
g GaAnes 4 S sl FAAE ol Fol
A ek, AuA fAR WA el o
2al7] of el web 7
A A REAGNA R FAGBA e A B9 B

of,
N
)
ook
o2
f
(g
_,_,
o
\1
Hﬂ
gljv
MY
:|o
ol
o2
ot
o
o

75) http://www fishbase.org.



gk AT 97

i

Eu

7]

gl

(e}

g 7} o)

bz

FAARE FAA B o] YA 91373

ol

"

X

=

ZEAREIZE QLo @A o] AEA 9

o]

23

g

ol A

=

]

A e 47} 9
o A el og

z:gl_

;2

Abel 7t Qlat, A4

3

3

I

Al A
R |

Mo

bl 4

°

7 ole$ R,

3]
ABI]H7E sl AN dE

R

k)
pl

-
[¢]

[}

[}

el QeI HE obH e T W
A

A

R

o
ma
o

—_—

file}

o
‘.mo

2)



28 3

A 9] 991, THAAI At E who] oot d ARy, A

4. Aerni, P., “Risk, Regulation and Innovation: The case of aquaculture

10.

11.

12.

and transgenic fish”, Aquatic Sciences, Vol. 66, 2004.

. Andersen, M.C., H. Adams, B. Hope, M. Powell, “Risk Assessment

for Invasive Species”, Risk Analysis, Vol. 24, 2004.

. Devlin, RH.,, LF. Sundstrom and W.M. Muir, “Interface of

Biotechnology and Ecology for Environmental Risk Assessments of
Transgenic Fish”, Trend in Biotechnology, Vol. 24, 2006.

. Fleming, I.A., K. Hindar, I.B. Mjglnerad, B. Jossen, T. Balstad, and

A. Lamberg, “Lifetime Success and Interactions of Farm Salmon
Invading a Native Population”, Proceedings of the Royal Society -
Biological Sciences (Series B), Vol. 267, 2000.

. Gozlan, R.E., S. St-Hilaire, S'W. Feist, P. Martin, and M.L. Kent,

“Biodiversity: Disease threat to European fish”, Nature, Vol. 435,
2005.

. Jones S.R., AH. MacKinnon, DB. Gorman, “Virulence and

Pathogenicity of Infectious Salmon Anemia Virus Isolated from
Farmed Salmon in Atlantic Canada”, Journal of Aquatic Animal
Health, Vol. 11, 1999.

Kapuscinski, A.R., “Current Scientific Understanding of the
Environmental Biosafety of Transgenic Fish and Shellfish”, OIE
Revue Scientifique et Technique, Vol. 24, 2005.

Logar N. and L.K. Pollock, “Transgenic fish: is a new policy
framework necessary for a new technology?”’, Environmental
Science & Policy, Vol. 8, 2005.

Muir WM. and R.D. Howard, “Possible Ecological Risks of



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

FAARE FAAnm o] YA S dF kel #F AT 29

Transgenic Organism Release When Transgenes Affect Mating
Success: Sexual Selection and the Trojan Gene Hypothesis”,
Proceedings of the National Academy of Sciences of the United
States of America, Vol. 96, 1999.

Naylor R., K. Hindar, I.LA. Fleming, R. Goldburg, S. Williams, J.
Volpe, F. Whoriskey, J. Eagle, D. Kelso, and M. Mangel, “Fugitive
Salmon: Assessing the Risks of Escaped Fish from Net-Pen
Aquaculture”, Bioscience, Vol. 55, 2005.

Norris A., D. Bradley, E. Cuningham, “Microsatellite Genetic Variatin
Between and Within Farmed and Wild Atlantic Salmon(Salmo salar)
Populations”, Aquaculture, Vol. 180, 1999.

NRC(National — Research  Council), “Animal  Biotechnology:
Science-based Concerns”, National Academies Press, 2002.
OGTR(Office of the Gene Technology Regulator), “Risk Assessment
Framework”, Commonwealth of Australia, 2005.

PIFB(Pew Initiative on Food and Biotechnology), “Future Fish:
Issues in Science and Regulation of Transgenic Fish”, 2003.
Schiermeier Q., “Fish Farms’ Threat to Salmon Stocks Exposed”,
Nature, Vol. 425, 2003.

Simberloff, D, “The Politics of Assessing Risk for Biological
Invasions: the USA as a case study”’, TRENDS in Ecology and
Evolution, Vol. 20, 2005.

Summer J., T. Ross and L. Ababouch, “Application of risk
assessment in the fish industry”, FAO Fisheries Technical Paper,
No. 442, 2004.

Tsai H.J., “Transgenic Fish: Research and Applications”, Journal of
the Fisheries Society of Taiwan, Vol. 30, 2003.

Van Zyll De Jong M.C., R.J. Gibson and LG. Cowx, “Impacts of
stocking and introductions on freshwater fisheries of Newfoundland
and Labrador, Canada”, Fisheries Management and Ecology, Vol. 11,
2004.



30 NFAYAT A20dA 1%

23. Zhu Z, G. Li, L. He and S. Chen, “Novel gene transfer into the fertilized
eggs of goldfish(Carassius auratus L. 1758)7, Journal o Applied
Ichthyology, Vol. 1, 1985.



