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Abstract the OsCKI/PAT gene by the PCR(Polymerase chain
reaction) and western blot analysis. Feeding test showed

BACKGROUND: The disease resistant (OsCKI) rice was that no significant differences in cumulative immobility

generated by inserting choline kinase (CK/) and and abnormal response of Daphnia magna fed on OsCK1

phosphinothricin acetyltransferase (PAT) genes isolated rice or non-GM rice. The 48hr-ECsy values showed no

from Oryza sativa and Streptomyces hygroscopicus into the difference between OsCKI rice (3,147.18 mg/L) and

genome of the rice, Nakdongbyeo. With the potential non-GM rice (3,596.27 mg/L).

problems of safeties, the evaluations on non-target CONCLUSION: This result suggested that there was no

organisms are essentially required for the environmental significant difference in toxicity to Daphnia magna

risk assessment of genetically modified (GM) crops. In the between OsCK1 rice and non-GM counterpart.

present study, we conducted the evaluation of acute toxicity

on Daphnia magna that commonly used as a model Key words: Daphnia magna, Disease resistant transgenic

organism in ecotoxicological studies for non-target rice, Risk assessment

organism evaluation.

METHODS AND RESULTS: Effect of acute toxicity to

Daphnia magna by each concentration were investigated in ME

the disease resistant (OsCK/) rice and non-genetically

modified (non-GM) rice, Nakdongbyeo, as concentration 474 5K (Genetically Modified, GM) #1&< 2013d°]
(0, 1,000, 1,800, 3,240, 5,830, 10,500 and 20,000 mg/L). ~ 1° 7,530% Set=rk AuiEe] A5 AdAom A=)
The OsCK1 rice used for the test was confirmed to express AlAFeE 1996 1T -2 1008 o) T7kstelar, A AlAl 36

Tharell A 272HE 33601HIES] GMZHEo] A 5918 710
2 TG4 EE 82 st FAAMHIA(ISAAA)E Halst
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ob2HOwen, 2000), 715 ®i3} 5] 3 WAsle] 2<%
V8t A=) AARS 7FsAl St Brookes and Barfoot,
2006). 14, GMZAHEC] AufE] 7] A 25 1996 3H-E] A u)
WAl F7kel A, GMAE A =9 g7 2 AeA
ezt 215 AdF el whE Al JF 2 kAol vigk ¢
T o]ds] A]E L Qirh

2013714 -ElvtetellA] A o= Azt Sle A
PR flovh EXE, i 2 7ol |, 2,
F, A, vlE, BErfE 58 FHOE bkt 7159 1%
o] AlEH I lom, 7]wo] AFE 45 GMA
HE AlF5S Hd97HE S8 A83kE Adsta
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Aol oJgt =4, del=r)eF ¥ A
7 9 Aol s, A wst
7 FEsokeln] 1 S, 5
2 gl vEA AEAel gt & 7P GMAES] A
AALY] Hp gEor QFE QtHOh et al, 2013; De
Vries and Wackernagel, 2005).

Toriyama -5(1988)°ll 23X % FAHASA ¥(Oryza
sativa)7} 7 0 B4 F YA 8t Wofell E S Ao
719 A7} A2 9l S (Toriyama et al, 1988), 7=, ¥
B, 5, Ak solA FistA GMH 7] o]Fojx 1 9l
ok el A e ARAARAY, FHE 23l A, 7t
TARA T2 vekel 7150 sl BYE GMH e Tl
o] HFA 0w o]FoA|al ltiJung et al, 2004; Ha et
al, 2010; Shin et al, 2009; Oh et al, 2010). Lee &
(2007)& B 522 choline kinase ¥ OsCK7)S o
gato] H=dryst vElelnEgel A tehlle AT
4 GMHE 783, o AE3sr| flste] gd<lsid
7} AFE kAL Qtk(Lee ef al, 2007; Oh et al, 2013).

Bl @A A%sireE GMHY AgstE 98
S9N H7E el ARbAR] ot did?l velE,
HAE, Y T B 4 LF o] EHEF,
dol, mire] 5o FAEE viBA AEAe] v F7w o
Folxol gt H ALl BF FEQ WA A
5ol A= dFge BAs] Slste] AFARA Bt gl
HIER AZSPH 7} EW S Daphnia magna)©ll WA= 4
o] #AH AL, ofFel nAE Pkl it e 7 B
TE KO ef al, 2011a; Oh et al, 2011b; Oh et al,
2012a; Oh et al, 2012c).

2 A eME BAE GMH e tigt 37 AE 5494
s SleliA SEAE 54 A VI i (FEISE 1L
Al Al 2010-29%) 0l BAE SRS AE BEEA 7t
gy AREE AEEA AR EWSe deR BA
3 GMrlel| digk J3s Atk HAT GME Y
choline kinase (OsCK7) G342 £417} PAT =z 2t
s gRlst &, BEoR AR Yersl 3 980
Bt A T TR AT EWF n|Xe 9IS AL
stalom, = Algle Fall =u Ut GMAHES] S
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EEER HeiE wHwddete GMO A (A7)
AA] AEF) ol Apistar A3t 2717215 Festo]
AZ3 3(UA 3 FD8518, 3, H47]1= o]
17], HMF-3100S, Korea) 23} 39l #4)
600 me EFFACEANS, s T
ol deste] A5 A48 AER o] &sgl
191 H-PA1E TH AT HAA7I=(ES 04751.1)
o] 48t FA 5 JAIEH(2010) ¢l whet ZA1H W)
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Genomic DNA &#2| 3 PCR(Polymerase chain reaction)
&3

WA GMESL HEH AlEE 71 g¥s Feka, o
AApzel A HA AL 3 23t § DNeasy plant
kit(Qiagen, CA, USA)E ©]&-3l°] genomic DNAE ¢
331t} NanoDrop Spectrophotometer ND-1000 (NanoDrop
Technologies, Inc, Wilmington, USA)< ©]&-3to] 260/280
nm gto] 1.8~2.0 Ale]]] FZs Ay o] &siSith A=
FAARE oAl YRS vEOR OsCK1/Pinll,
PAT, Actin w737k 14 Zelo|HE |48t Table
1). PCR(Polymerase chain reaction) 78S |3t
dNTP (10mM) 4 ul, 10 X PCR buffer 4 nl, 3gto]v z}
20 puM, f-Tag DNA polymerase 1 unit(Solgent, Korea),
template genomic DNA 200 pge F7Ft § HE HkE
F9E 40 plE %Itk PCR W2 PTC-100 thermal
cycler(M] Research, USA)E ©]&-3l°] 1 cycle(95C, 51),
35 cycle(95C, 30% - 55C, 30% - 72C, 30%), 1 cycle
(72°C, 50)RES oz AAESIT T%% PCRAMH
< 1% agarose gelolx 7]4sd & UVEALZ g]leiql
©m Gel Extraction kit(Qiagen, 28704)E o]&-3to] 4|
3}l pGEM T-easy vector (Promega Madison, USA)ell
sl Ags 7IMd JRE ERlskGith

X5 GM(OsCK1)H{2| dbs] CHHEl 21K

Y28 GMHef| choline kinase(OsCKY) -4k} &
7 %)% Phosphinothricin acetyltransferase(PA7) 3
Ape] ek vk gs gR1517] $15ke] western blot 7S
At WAZA GMH 9} G AlEE 7H1 g¥s #
skl HpRpaptol A A A A} S HEkE) sigith st
d Algo] TlA 2=Z58-900.5 M tris-HCl, 10 mM EDTA,
0.7 M sucrose, 0.1 M KCl, protease inhibitor cocktail)
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A7ret 7, 9322l C, 15,000 rpm, 2032)3t0] A

o
= =
el o
= —

Al
4], &3 ¥ bovine serum albumin(BSA)S 7]+
i protein assay reagent(Bio-Rad, Hercules, CA)E ©|
goto] WS AFelsitt FES dES 30 ¥ 10%
SDS-PAGE(Sodium dodecyl sulfate-Polyacrylamide gel
electrophoresis) A4 7|95 % nitrocellulose
membrane(Bio-Rad, Hercules, CA)°l| Zo|3}3it}. Hoj=
membranes blocking §9(5% non-fat skim milk,
0.02% sodium azide, TBST-&) 0.2 224 24|17+ F<t
E27)8 &, PAT antibody(13+ 34, 1:1000) 2% 4°C of|A]
127135 ?F A28k313, anti-rabbit IgG-HRP antibody(2
2} &), 1:2000) % 4°C ol A 1241752 Ae)aigict. 7 a4
E A2g ¥, TBST §902 1023t 494 AlFsoict |
o] Rk T2 ECL western blotting detection reagent
(GE Healthcare, Piscataway, NJ)& ©]&3to] FE3I3iTh

PAT @id o] F5 AFslr] flsto] 2k AEES vl
gt 5 PBSTEH 7 3 w43} ¢t § A2A(deolA 5
) 2 AHEE(5,000 g 538t @A R, FES &
PAT/bar ELISA kits(EnviroLogix LibertyLink, Portland,
USA)E ©]g3ato] ELISARAS AAlSIith e Aliss
Ao 2A17F HES-3E & ELISA reader(Multiskan EX,
Thermo Scientific)E ©]-8-5}4] 450 nm IgolA SF=E
SASAHKIm et al, 2010b).

=d5d L2 flet =HS Y =A

EWS(Daphnia magna)> & 20+2°C, 500~1000
Lux 327 16A13F, 424 8213k 531004 AR38kgl
o, wol= 9Hel| 13| Chlorella vulgaris (ATCC,
Manassas, USA)E &w3atich #leFele pH 7.6~8.0, 73
¥ 160~180 mg CaCOs/L, &% 110~120 mg
CaCOs/L, &1k 3.0 mg/L o FAHES o] At
o] A 2477 A F7NA ARSI A A
2kl KSI32069] Inductively coupled  plasma
emission spectroscopy®l ¢J3, ¢ZAe]%=E  Standard
method(21th edition, APHA, AWWA, WEF, USA)<]
ARl sl SAion, HAREs, Al Y
UAE Q91 WA st

=HE SH=Y Al HrEd GM(OsCK1)H{Lt HE
B &z =A

WA GMH 9} Ye 2] Algel dist fass A%
ou|A| & A3} 4847+ ECso%ke] 1,000.00 ~10,497.60 mg/L
el el 9l& Aoz F74x ] 1,000, 1,800, 3,240, 5,830,
10,500 % 20,000 mg/Le] %ol AlFE FaI3ITh Al
gl zAE AJEE 0.100, 0.180, 0.324, 0.583, 1.050
2 2,000 g# 3] AwFste] 100 mL2] kol whEte
Z47F Aglsto] AggN oz AMgsl o, xR AlEE
1 A E SAUETE AASIGith Aldels A% 24
AlzkolUle] Hl5=st 719 ol EWSES ARGl oH, Al

NAFE w5 2F 10vk], a0z A2sieith Al
HE 200 mL &) 2FARFE7] (100 x 40 mm)el| 100
mLE AZaelon, w23 ARz Y3 2
20:2C & A8kl

SH{S JYSY 2MS B TAS

EHSol oft FYSYATE TR 915
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sto] pH 4 Dissolved oxygen(DO)E FAFHLL.
= 2473 A 0w ZARSKITE pHE 22 HANNAAL
9] pH meters ARE8F 1, DO+ ISTEKARS] DO-300L
DO meters AHE3te] SAITE ECs A 2 F33%s
S(NOEC, No observed effect concentration):= A|&&E
A A 5 481170 frasditel oidt Wk RS E(ECs
4 95% A1ESHAIE probiteA el sl AtEsisich F-9
T TEedol sl A s e A
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=
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B GM(OsCK1)H{e| EXPEESHN EAM

AR SR 2 L AAAR o] f= tpeFst At
HEGM) 2ol AulEa vk el e Fo A =
=91 B E toE okt 12t £9% GMAEE0] 7N
Ha 9o, ol W 532 choline kinase 1A}
(OsCKN)Z FEAAA HEGEI wHaSlnEEo] A
< Yeh= BAEA GMHZE =St Lee et al, 2007).
W fHe] WA FAARI choline kinase(OsCK7) 9}
Streptomyces hygroscopicus 1312 AzAAEYY F4
%l phosphinothricin acetyltransferase(PA7)7} =51% 8
A& GM(OsCKI)H oM E(event 1528 30-32-20-9-7) 9}
HZd43 JsmE 794 GMZZ 2004 At 5 54
S AFF vjuA A EuSFl s 5487 A
A8k

EHE T AR AR HARE GMH S OsCK1
S} PATHAAS] A91S =Rlehr] flste PCR #4184 50l
Teto|m S AT OsCKT A= W R3] fdAke]
22 WAlE CKT AL T EE] $18o] T-DNA A4
o AkgE 4 FAA Pinfel A%E JHE AEFEHEE
zZeto|w S AAs L, 54 o R B WA HE
Zto|w= Actin AR @71EHFE AXSISITHTable
1). PCR ¥4 43, OsCK1/Pinlk= A3 GMH ol A1t
620 bp W=7 A= ST, HIFAATAQ] Ferlelx= 3
ZEA] LSty PATE WA GMHA W 445 bp 7]
o] st AEENAL, HFAASAR] HErleM e HEY

(A
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A okgket. mbdel ¥ AR Actin?: HIHAASA]]

Hnl o WAGA GMB] BellA] 137 bp MET}F AEE S
ok ol 2 Aol ARgE WARE GMHel OsCK19}
PAT 7327 EQ1E900, ePgAo® fAH T les &

SIITHFig. 1). 41 g2 b4 A=AQ1 5 v
Ae s FrksP] oldel FA AR e el WA
GMH 9] PAT w4 ¥ky] 745 913l western blot 77
< AAEIHE GMOZAZ oA Aulgt WA GMH
s} HErel thate], FE3 TAS SDS-PAGE AeofA &
71%9% %, Ho]¥ nitrocellulose membrane®| PAT &4
£ o] g3t dhuld wrdS EA s A, AT GMH el
ARk 21 kDadll Sol# 0% i wiert HEE o, o
Zl HEHolxs wo] &R ASItHFig. 2). W
A& GMH AR PAT wwid wdzks A=yt
ELISA (enzyme-linked immunosorbent assay)'Hl< ©]€-
sto] s A, 45444223 pg/g 5] PAT o]
Eol]z o7 weQ] or(Table 1), Kim 5(2013) 2|3t 3
SATA Bt A FEOE HWATAY GMH AR qF
Ao 7 AxA A PAT @iido] Wx 1 §lom, o]
E AEE ARRsto] EWF o iS5 B2k st

il

7ol S 90 4 AATHKim et al, 2013).
SHS FHSY AlZSO

£ Aol ARE AlEEl gk AlE7IE T A
AlgEA Al A8 A FRA] 7L, pHE ZAI
A7 5 ARET] 2 Y ATelMe 3
7 20.9+0.1C (20.4~21.2C)°]3laz, BAd GMB(OsCK1
rice) 2ol e 21.0£02°C (205~21.5C)2 574
%%t Table 3).7t Al@EEolA F51 EHSFY) AH 25
of i3t t-test 7943 0, 1,000, 1,800, 3,240, 5,830,
10,500 2 20,000 mg/L 2| olA 4847k ell= 22t p
ol 1, 0.27, 0.53, 0.09, 0.85, 0.76, 0.11°]3itk. webr =
© AglEEeA F FFN AR 2Rolle 2Rl Afol7t
Sl 2o UERHTHp>0.05).

pHE 0AIZHAIEEel AR el Al zdels Y
A e e 7.13(6.49~7.50), HAEY GMH AT
Bt 7.06(6.46~7.42)Z SAESICE AlF 482171l A=

2|
T A

2o

rr =

OsCk1/Pinll pat Actin

600bp —

0065 — - : OsChi/Pinil

L ) PAT

100bp —» LB B N R V=]

Fig. 1. Confirmation of the T-DNA genes on the Disease
Resistant (OsCK1) rice and non-Genetically modified
(non-GM) rice. M, 100bp DNA ladder; N, non-GM rice
(Nakdong); GM, OsCK1 rice 1LS28 30-32-20-9-7 lines

M N OsCK1

130KDa =
95KDa =

72KDa =y
55KDa mp
43KDa mp
34KDa mp

26KDa =
17KDa mp

— ‘
Fig. 2. Expression analysis of PAT at the Disease Resistant
(OsCK1) rice and non-Genetically modified (non-GM)
rice using western blot. Crude protein extracts were
isolated from leaf tissue, separated on 10% SDS-PAGE
(Sodium dodecyl sulfate-Polyacrylamide gel electrophoresis),
and then visualized through the immunoblotting
process. M, Protein ladder; N, non-GM rice (Nakdong);
OsCK1, OsCK1 rice 1S28 30-32-20-9-7 lines

Table 1. Primers list used for PCR(Polymerase chain
reaction) analysis

Product

Gene  Primer Size(bp)

Primer sequences

5'-TCAGGGGATTACCACG
GGATTGGTT-3'

5'-CACATAACACACAACTT
TGATGCCCACA-3'

5'-TCTGCACCATCGTCAAC

Forward -\ ~rACAT-3
PAD) 445
5-CTGAAGTCCAGCTGCCA

GAAACCCA-3'

Forward 5'-ATCACTGCCTTGCTCCT
AGC-3

Actin 137

Reverse 3-GTACTCAGCCTTGGCAA
TCC-3'

DOsCK1, Oryza sativa choline kinase 1;
2 PAT, Phosphinothricin acetyltransferase

Forward
OsCKY

/Pinll
Reverse

620

Reverse

Table 2. PAT protein levels (1g/g Dry weight) in
non-Genetically modified (non-GM) rice (Nakdong) and
Disease Resistant (OsCK1) rice

PATY Concentration

Sample (ug/g Dry weight)
Nakdong 0 (N.D)
OsCK1 rice 45.44+2.23%

DPAT, Phosphinothricin acetyltransferase;
YValues are the average + SD of triplicate measures
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Table 3. Changes of water temperature (C) during
cumulative immobility tests of Daphnia magna in
non-Genetically modified (non-GM) rice (Nakdong) and
Disease Resistant (OsCK1) rice

Concentration Nakdong OsCK1 rice

(mg/L)Y 0hr 48 hr 0 hr 48 hr

0 218 211 218 21.1

1,000 216 210 21.6 20.9
1,800 216 209 21.5 20.8
3,240 216 210 21.8 21.3
5,830 215 208 215 20.8
10,500 216 209 215 20.9
20,000 215 207 21.6 21.1

D Active ingredient, Nakdong; OsCK7 rice 100%

Table 4. Changes of pH during cumulative immobility tests
of Daphnia magna in non-Genetically modified (non-GM)
rice (Nakdong) and Disease Resistant (OsCK1) rice

Concentration Nakdong OsCK1 rice

(mg/L)" 0hr 48 hr 0hr 48 hr

0 7.73 7.61 7.73 7.61

1,000 746 7.18 7.33 7.20
1,800 7.36 6.79 7.24 6.68
3,240 713 6.58 7.16 6.46
5,830 6.97 6.29 6.94 6.32
10,500 6.78 6.09 6.61 6.12
20,000 6.54 5.97 6.46 6.03

D Active ingredient, Nakdong; OsCK7 rice 100%

YEns Fe 6.64(5.95~7.37), WATA GMHE= Hit
6.63(6.03~7.25)% Z4%3lc}. Wb SAHZETH0 mg/L)
o] 0AIZF AglolM e et 7.733} 48413 7.61%2 S H Tk
ol 7= ARl el BARY GMHZE =5 3
+ T AE AL s A frl= wal Aol
pHS Aolof Y-S FAUS Ao AR ETKTable 4). 7}
AEEEoAA HATA GMH S eIt BHE] AR
F pHell it t-test 717927} 0, 1,000, 1,800, 3,240, 5,830,
10,500 3! 20,000 mg/L A2|ollx 48A175oll= 242} p
Zkol 0.94, 0.69, 0.12, 0.09, 0.56, 0.51, 0.45°]t}. whehr
B AsRedA 7 FE ARE pHelE o2l 2t
o7} 9l Flo& et p>0.05). lvAE e FHAuE
nigow EuE SR 54AY BAE Slste] AlEes
°] DOE E3HEAH0] 60% ol8kE el 7k 218 WA
a17] Slate] 24417F 1A 07 AaE 3087 FHEIgith A
717 5 WA GMHI 9} HEH 1k AElsed
ARl 2pol7h GIlth ZF Al solA FE3t B
AEgs DOFkel gt t-test AEZA3 0, 1,000, 1,800,
3,240, 5,830, 10,500 2 20,000 mg/L 2]F-ollA] 4841715

vl
o
(e >

ol 27t pakel 0.78, 0.54, 0.55, 0.57, 0.51, 0.54, 0.67°]%]
ok mbA BE AEeRer T FE AR 2Ede 19
el 2pol7h fli= Ao YERRATH p>0.05).

IS GM(OsCK1)H et HHEte| Mels=ol e &
HEL| RAX H3|

HATA GMH 9} SaH o] EWE 33598 S 484
FEE AFACR FEE =F BHS 109l
F5 B, Al oH F 3NkE AR EHEL
7] 9 7] 55 ntkeA whestEE, 54 S-S
He dubA o7 24470 @ 48417 59 F A8 =70
o] - tHKim et al, 2010a).

Yn 22 7elA 1,000~20,000 mg/Le] A EEolA
EWE FASIANES e Y, B2 AY F, 2447
7374 1,000, 1,800, 3,240 mg/L A& TolMe= FAANA
A7F 9191y, 5,830, 10,500 2 20,000 mg/L *2]7-ollA
242 BIA] ZA72FE] FEeAA 30, 66.6, 96.6% 2] 9 A3l
MAZE =l o, 48A1%F A 7A] 1,000 mg/L AT+l
M A AA7E e 1,800, 3,240 2 5,830 mg/L
Aol M= 333, 40, 56.6%2] AN MA7E B
T} 10,5003 20,000 mg/L Az|7-olA= 48411t ol B
100% A8 MAZ FEE Ak AT GMH AT
A 1,000~20,000 mg/L2] AEsEolA EWS 3954
AEE AAe Ay, B A7 § 24A1F ATA] 1,000,
1,800 mg/L AgTelxe FGAAA7E lon, 3,240,
5,830, 10,500 % 20,000 mg/L A& Fellr ZHzte] izol A
33.3, 43.3, 60, 70%°] FAAE JNA7F AEE O, 484
ZF 774 1,000 mg/L AgTelME GEHet LA &
FAE AT Ao, 48417 o 1,800, 3,240, 5,830
mg /L Ae]TolA 43.3, 53.3, 56.6%2] f-3A 7 B2
T} 48A17F Al 10,5002 20,000 mg/L A2l rellM =
B 100% A NA7E 2= 0k A 713 5 52
Z7(0 mg/L)¥ HATY GMH gL HEH ] 1,000 mg/L
ATeMe Uit S5 T 9 5ol wEHA ot
ok eu, AR GMH S HEH ] 1,000 mg/L o
o] A7l % oA Uk T AR F el 19
&= fAI7F BRIt Table 5). ZF Al&8FEoA EE3F
EHE] A AT ttest 774, 5,830, 10,500
920,000 mg/L ATl 24A1E0ll= 22 pato]
0.27, 0.56, 0.09% A3 GMH ¢} Y53t A 79 7
Aol ZFol7k iglon, 3,240 mg/L A oA 24417
T A MATFE T oFEtel Aol(p=0.02)F Hof
WA GMHlM thh A veRgth vl A
GMH 8} 51 9] 48A13F H2]9-2] pgke- 1,800, 3,240 4
5,830 mg/L A&7l 717k 0.46, 0.41, 1.00 o|3lom X
€ AYErddA F FE5:7 H 79 MAGde fo4<d
zto]7b GIATHp>0.05). WebA] 3,240 mg/L A 24417t
T APYTFE Aglst BE ATl T EFEelE #
FA AL Aol Qe oz BAEHSILL Oh 5

)

L

_I

(
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(2012b)o] HIER] AZFEI 2] EWS 94538 AAIsHEA
SYEHE U2 2 A8 3Ys wRelA AFsiglor,
T A 2 AR e} 9] e 3,240 mg/L A 244
Hs- ek o] A AT Ao, 1e]e) A7
AT FARSE AdE Btk 53] Y1 3,240 mg/L A
2 24N FgAE Al B 2AR] BATAY GM
Hel SAA £ (p=0.252)°] §IloH, T3k HAntH oz
F71EQ e sl BRI GMH 2] A2 =9 STkl Al
o] ZAstel met FgA s AL Wb fAE Ade
Hol, 53] YA GMHo| 25t EnE2] UnksE
FIFE mRA Gk FloE FAHh

Table 5. Cumulative immobility of Daphnia magna in
non-Genetically modified (non-GM) rice (Nakdong) and
Disease Resistant (OsCK1) rice

Number of

Concent Number - po. 4 Immobility
Sample ration of' daphnia (%)
(mg/L)Y daphnia
24h  48h 24h 48h
Control 30 0 0 0 0
1,000 30 0 0 0 0
1,800 30 0 10 0 333
Nakdong 3,240 30 0 12 0 400
5,830 30 9 17 30.0 56.6
10,500 30 20 30 66.6 100
20,000 30 29 30 96.6 100
Control 30 0 0 0 0
1,000 30 0 0 0 0
1,800 30 0 13 0 433
O‘:ife[(] 3,240 30 10 16 333 533
5,830 30 13 17 433 56.6
10,500 30 18 30 60 100
20,000 30 21 30 70 100

D Active ingredient, Nakdong; OsCK7 rice 100%

Table 6. ECs(Effective concentration 50) values of
Daphnia magna afer 48 hours in non-Genetically
modified (non-GM) rice (Nakdong) and Disease Resistant
(OsCK1) rice

Test item ECso(mg /L)Y NOEC(mg/L)?

Control - -
Nakdong 3,596.27 (1,889.99~ 6,603.35)? 1,000
OsCK1 rice 3,147.18 (1,194.47 ~6,916.50) 1,000

D Active ingredient, Nakdong; OsCK7 rice 100%;
2 95% confidence limits; ¥ No observed effect concentration

YRk GM(OsCK1)E{et HSH] Z0[0 [E SHF2

=2d=4

WA GMBISL HEn]e] BrsE JASAAES AA
St A}, 48A17-ECso> W 3,596.27 mg/L (95% 1%
SH) : 1,889.99~6,603.35 mg /L), A GMHE 3,147.18
mg/L (95% A Z 3| : 1,194.47~6,916.50 mg/L)= A
d GMH7} tha 52 JASAS Blo, 95% Al sl
TZE U] Aol 2 Fode Sl Ao E Uelth F9E 5
TE 7 FF BT 1,800 mg/LOE ERIESITKTable 6).
1= OsCK1 7} =93¢ WA GMB7EF drkQl ey
of vlal W& 54 54 Sl TS nAA=
o= Hof, WAYY GMH W e BT F
(NOEC)7} 1,000 mg/LZ 3] w25 A4
olt}. Wb OsCKI9} PAT 5747} HA %1% 3
GMH] 4l Seu7t B S v|x]& o3k H7F e, A
e BYon, o= OsCKI%h PAT S7Axke] vkl
o] BHjFof BAAQl JTFE nAA] Y= AoE
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Thomas 5(2010)2] CrylAb A7} AxgE Bt
STT(MONSL0)e st =WS 9% 7 A3 Ay,
MONS8107} EEFFMFAAS S5)oA A $ 593
ellA o] AEES] Apoli= YERFA] daton, 4293t 2]
FE F7E Alelle FAtele 5717, Akt Al
717k Fol thA A7t e ALE H st Thomas ef
al, 2010). 1&u o] AL Fxe dist 7]& AAo] glo]
els o qut Algo] 3 glom, Lee 5(2007)2 A9
AnelA AAE FEE D ekl gt =859 ECs
LCsoako] Ads] FHAeHAl FA =] EvFe] JF H7t
AE Al APl w5 ol agEojol & A0E AFSHTHLee
et al, 2007). =YIHE GMAE2] 243t} GMAHE2]
U Skl i SR EAEFTE V)E A4 olef o
Sk 93 ke ool e7tEaL glom, SuelA e
GMZHER] #5413/ Bt et WA GMHE Jojs} v
Tl digk 3454887 A9, BEFH Fo3e E116l
tHOh et al, 2011b; Oh et al, 2013). T3k, = /Ld
SNFA LA Bt o} vER] A ZFshie] tigh WEubtu)e] A
A 573 AFAME 72ARLCs0ll BAA SR 794
2ol7} QI o2 BUHITHON et al, 2012a; Oh et
al, 2012b). ++ 37} FLst F7F AEFQ EWFe] st
SNFATA Bt} HIER A i o] JFF FrleME 2
3ol Ao}l o] BEF(HsH) I 127 zlel7t fle A
o7 ®HyFEgloy, 9% FE(INOEC)® 1,000 1,800
mg/LoZ AAEIL 9tk o] Lee 5(2007)0] W]
D3 W7F AR Al AR, g4 9 219 Afolrt Atk
Hygl o] FUs BELQeE E7eta AR AHE x
AR opde} Al A%} A9 ARl 3 Q]S qefsto]
el tigh 285 FYF FE 1,000mg/Lo® A
g & QS AoF AlE¥tHLee ef al, 2007; Oh et al,
2011a; Oh et al, 2012c).
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Bt WA OsCKT 378} AlZ2AAE ] PAT
A2 24E WA GMH A Y] fzke] 2wl A
S AR HEE AEAR)] EWHS e IS
lsky] S8l S WATAY GMHe| =9l®
OsCK19} PAT 574712 PCR 4 A3}, A4 GMH
oARE SolAQl MErt AEE oM, PAT Tid s
western blot, ELISA #2413t A3}, WA &4 GMHAATH
W s, Rk 45444223 pg/g O R AEEHSG,
EEER Heolre= AEHA vk HATA GM#B 9}
Hanlo WS gt S5 S AAs A, e
] 48AZLECsp= 3,596.27 mg/L (95% A1E3H @ 1,889.99
~6,603.35 mg/L), FYFEE(INOEC)= 1,000 mg/L S
3, WA GMHE 3,147.18 mg/L (95% A3 -
1,19447~6,91650 mg/L), FYFEE(INOEC)= 1,000
mg/L °|3ith webA] WA GMH7F BEFQ] Hst el
Hlwste] EW S F40 e vX|A] & Ao
cheh
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