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Abstract

Insect-resistant transgenic (Bt-9) rice was generated by inserting mCry1Acl, a modified gene
from the soil bacterium Bacillus thuringiensis, into the genome of a conventional variety
of rice (Ilmi). With regard to potential problems such as safety, an evaluation of non-target
organisms is necessary as an essential element of an environmental risk assessment of
genetically modified (GM) crops. We studied the effects of the Bt-9 rice on the survival of
cantor Daphnia magna, a commonly used model organism in ecotoxicological studies. D.
magna fed on the Bt-transgenic rice (Bt-9) and its near non-GM counterparts (Ilmi) grown
in the same environment (a 100% ground rice suspension). The Bt-9 rice was confirmed
to have the inserted T-DNA and protein expression evident by the PCR and ELISA analyses.
The feeding study showed a similar cumulative immobility and abnormal response of the
Daphnia magna between the Bt-9 rice and Ilmi. Additionally, the 48 h-EC50 values of the Bt-9
and Ilmi rice were 4,400 mg/L (95% confidence limits: 3861.01 - 5015.01 mg/L) and 5,564 mg/L
(95% confidence limits: 4780.03 - 6476.93 mg/L), respectively. The rice NOEC (No observed
effect concentration) value for D. magna was suggested to be 1,620 mg/L. We conclude that
the tested Bt-9 and Ilmi have a similar cumulative immobility for D. magna, a widely used
model organism, and the growth of Bt-9 did not affect non-target insects.
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Introduction

24 HIA1A © 2 GMAE(genetically modified crops)-2 A Z AU GME-0] 1996101 431 %0 2 =)
vl o] %, A E 87 ]e-S o] 858 GMAMEC] Bl Aol F4:51 A7 eH o, 2017 doll=24
7H=2ollA] 189.84H5t Set=.o] HAof| A 2HuE] ] om | MIA M) SAMAI] 30062 AFAIFHAL QL
th. 2017\ 7|0 2 GMAHE-2 4071 =710l A 2971 2+, 498719] o HIEZ} AlE Bl ALg, 273 1
Zol| tfgh 59lo] o] Foi X thames, 2018). FAN7HA] ol A= Z2je AldolAe] AlEH-&
o|€lofl= GMAE A7} &AL Q2] k. ey, Fujell = 20173 7|02 AlF E ALE-§ 59
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S 2 2F9,601% E] GMF=0] U= ATHKBCH, 2018). GMAFE2] Q3 o]- &3t 4} 1] Tigh fJslld& A
o] ogskaLz; AlA Zh=oil A Ap=iol] 212kt -§ A 2P A8 E-A (genetically modified organism; GMO) 9F ] AAIS-
%— FaL ek, GMOo]| tigt 57} 7ke] QP e]e} S 9l Hio].2. QFgAd 2174 (Cartagena Protocol on Biosafety) =37
HoFe Algsil o, GMzl= Al 5737 712 5 27, AJeiAl fIsid B GMzR=2] AlE AdFell 2t 1A b
7dol] gt 921 F1E5] EAIA] H3L QIeH(Lee and Sub, 2011).

THPllA = GAlA o2 Faok W, W, F, 13 il F, A 52 S22 Tkt 75 FAAE o] Al =g o] S
o, o]F LF GMAFE2] o[HIE Al5-Eol| tieh FIGHARE 13 Folut ob2] A-getdAll= ol24] Rl Sl=
A7Jo|cHOh etal, 2017). GMAHE S flsiAl = 273 91al/d B A /g7t Za2loln, £5] =9 HzF 4t

Z1/gel

9.

H

40 54 L oA YA O 9 S0 458, U345 91 90 U] 2 90

ARl n|AYE 7|20 wlet v Y/ Mldto2 B7%= Bacillus thuringiensis (Bt)% Az 0 2 olsla] 1961 o]
HE] dYA oz AY, 5741 27 A 52 e 8 E 59k r o]t 2 sAEE9] siEel ofgt wsE |
Asl7] SJste] Bgafe] Tkt Gy RS- Aol Tolsto 24 Aast 7|4 l &3t o3 HAE Al ot
T}, 1981H0] 222 Cry 97} BelH ofel& & 31429 Cry 1x}7}g{4QME}(5chnepfandwmte1ey, 1981; OECD,
2007). FAPHA] 2 100% o}d] Beg o] 831 4 0] SF5]o] SLOB(USERA, 2007, B A3 AN EAHE

3 Zoll §o]A o g AF gukE LEh|aL HHH E{Rof Foligh o ® Bk § ‘E}(Betz etal., 2000). AF=F M= 7t
Eo| 34 sljgtol| Solo|n, 24 W54 Tl (crystal [CRY] -endotoxin)ol] 2]gF 210 & & 1% JTHSchnepf and
Whiteley, 1981). =7+ &8t AL AL AE A& Foke S50l QAo vl 2= $13/do] o, ofd Aztst 71edo]
U AISES dotitks S717Fob2] BAlw ] i@t m, B, thuringiensis B[ 2] oF A& 5 2R TA7IA] QFdsHA] 0] 84
L QItHRosenquist et al., 2005). SHA]TF BERHE: {0 o] Sol/dint ofuje} Cry Tl 2l o] 34 ti=H] T4 A EA]ol| tifsh 2
8712 = 2hslA] osfiE] ] eiarl QLom (Bravo et al., 2007), FHISF Aol A] A= 11 Qlgoll = Etolal | w4 A
EAoll Bl x]= e 1eHA o= AR o= WA e A7 ol wleha] 2 Il B7F 24 Foll shuel Bl EA]
E3)of] thst 95 7t thst A2 0 Ql=o] W a5},

GMZEO] = fate] I Thid 2 AlZ A Uloll A B9t R7IeketE AEl= Hojlom, AlZA|ule] B
A& F27re] 2kgof tigh oS Sl = Tt o] A2 A|Q] A 7152 AAolut X|AE §1A], ARITiARe] 4
5ol Plxl= FFE A =M fold ke S E S AR o] AJEiA SHollA Al Wil o g a3
ATHKim et al., 2010). TFYE SN Thgdt A1 —c‘>—°] AR B EZ = 71l (crayfish), SAHS
(Gammarus), $+1]-2-55(Brachionus), =8]=-(Daphnia, Daphnia magna), ©15+2-= AFE 2}1] 4 (zebra fish, Brachydanio rerio), O
3] (Misgumus anguillicaudatus), %JO(Cyprinus carpio), F-A]714:01(Oncorhyunchus mykiss), T12]11 ZF 2% Selenastum,
Chlorella, microsystis, Navicula 5-0] QHFA 0 & A}R&%] 11 QI Versteeg et al., 1997).

& Aol = EYF Al Bacillus thuringiensis oA fefigt si&A 4 §-A2HmCylAcl)g LrlHoll =PAII o=
A 2K Cnaphalocrocis medinalis)ol| thoto] A/d-& Uet= 134183 BiH(Leeet al., 2016)7+ EH S0l Bl X|= &
gEA oI5 2A517] fIot] mCrylAcl F79AF] =T mCrylAcl I RS 2015 S B0 2 ARRH AN
Hel S 3 9lo/d B7F e 5 A A2 AR B8 S n|x|= G RARICEH b Aks LS S5

4 ke St

_I

ox o
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Materials and Methods

A= HZ=

315218 BtH (B9, To)2} H|F 27 R EE01 AnHE 5 d skl LMO 2] 272017, Mg HFEA],
RDA-7}AB-2013-041)0]|A] Zjuli5}9l o &427]0] 7|9} A4S 4:@}6}01 =A727](FD8518, llsinBioBase, Yangju, Korea)
£ o] g3lo] A%EH 5, B4l7](HMF-3100S, Hanil Electric, Seoul, Korea) Z 0]-25}0] Hajsigich. 24iE Al 5= T2

(Chunggye sang gong sa, Seoul, Korea) 600 umZ- 0]-8-5}0] AHet & H&d#)|0] M4 B X](Sigma Aldrich, Germany)©]] ¢ E}S}
o FHE 5 B8 A S= ARESIGIT

Genomic DNA £2| % PCR ZH

Unlee} siF215H g Bt (Br9) A1 &S] AlRE 7H 1 gi& Fokal, BixpapES o] -§5to] 2 25}eh S DNeasy Plant kit
(Qiagen, USA)Z ARESto] PuHel siE213td BiH(Br9)2] genomic DNAS #2lsl3ltt. &% DNAS A2
NanoDrop Spectrophotometer ND-1000 (NanoDrop Technologies Inc., Wilmington, USA)Z- 0]-85}0 260/280 nm Z7%J7}o] 1.8 -
2.0 AFo]Q1 DNA A| 25 A1§]o] 0]- 8351 tt. s1Z413Hd BtH(Bt9) =UH 2HHA|o] - HE 7[HE0 2 mCiylAcl, Bar
(Phosphinothricin acetyltransferase), SPS (Sucrose-phosphate synthase)- -2 2} 2018 Eo|2] meto|H S &5} THTable 1).
PCR 772 915} template genomic DNA 20 ngof] 10X PCR buffer 4 uL, Z2}o], dNTP (10 mM) 4 L, Z}F 20 yM, £Taq
DNA polymerase 1 unit (Solgent, Dagjeon, Korea) 2 %715+ & 2= 12 828940 L2 5FIch PCR HFS- 2L 94°C SE

T 94°C 30%, 55°C 30%, 72°C 1:2:9] Z710jlA] 30 Alo]| 282 223} 5] 72°CollA] 587 Bke- ol 0 2 AAsiQit) &
Z5] PCR ARZ-2 1% agarose gelol|A] K17] &35t & &1

mCryl1Acl CHHE W5 2

mCrylAcl §210] A 21743 215}0] immunostrip 737 (lateral strip testh& AAISIITE A<} si3213Hd Bt (Bt

9)°] A EE FZHt 37 npafoto] THlAS 2251 S, mCiylAcl 9 bar §72F2] WS CrylAcl ImmunoStrip Test

(Agdia, Elkhart, USA)2} Trait LL Test Strip (Strategic Diagnostics Inc, Newark, USA)2- ©|-&5}0] ZF2} immunostrip 7372 453
atoict. duHet s15A3d Bt (Br9)2] mCrylAcl BiA ] s55 574517] floto] 2t A|85-8 nkfsh & PBSTE
Sk ] 250 AT 52 9 BIRls 0 SRl DA o), FE0E By 1A A
ELISA Kit (Agdia, Elkhart, USA)S- ©]-8-5}0] ELISA (enzyme-linked immunosorbent assay) 2412 AAI51QICE RE A 252
AJ-20]| A 2417} HE-2-5F & ELISA reader (Multiskan EX, Thermo Scientific, USA)Z- ©]-85}0] 450 nm thgojA] S F =S 2% é
st

-

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

Gene Primer Primer sequences Product size (bp)

mCrylAcl Forward 5-CTTCGGCAACGTCAGCAAT-3 258
Reverse 5-GATGGACCAAAGATACCCCAGA-3

Bar Forward 5-CACTACATCGAGACAAGCAC-3 427
Reverse 5“TGAAGTCCAGCTGCCAGAAA-3'

SPS Forward 5-AAGTGTTGCA TTCCCCAAGC-3' 91
Reverse 5-ACATGACTGGTGACAGACCTTCA-3'

Bar, phosphinothricin acetyltransferase (PAT); SPS, sucrose-phosphate synthase.
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A2 ] B BAAYEAIQ] B S (Daphnia magna)-- S 3158 3HAE A2 (Hwasun, Korea)ol|A] AL 215 ARE-
SElct. e 201 L 83h)olA Z270 16817 A2 8AIE 4219 -21°Ce) EA 2 0NA ARSI oM, ARS2
W 23t ARSAlY] 2= AE-RES77]2 1) 300ttt SA5IeIch 2HEC] Hol 2 & Chlorlla vulgaris (ATCC,
Manassas, USA)S- <4~ B F51o] miY 15] 3351910 H, -84 ‘Daphnia sp., Acute Immobilisation Test, Annex 3 Elendt M7
and M4 medium’(OECD, 2004)01] AAJ%El M4 B 2] S A Z5to], ARg517] A 2A1%F o) FshA] Z7] A7) & EHE ALS:
S4= o] &sint. 420 S EHE AlY 849 A FY A A4 KSI32062] Inductively coupled
plasma emission spectroscopy©]| 2]&F &Z+2] == Standard method (21th edition, APHA, AWWA, WEF, USA)2] GAF A7 o
2 Bajslei

SHE0 Cist A= x2|=2

Unlee} s F21aH g Bt (Br9)2] 2k Al Zol| thgh 48417t 59t &5 24 AT} EC, Zte] 500 - 17,006 mg/L ] U
of] ZGFEITh= oflH] A8 A Z 500, 900, 1,620, 2,916, 5,249, 9,448 2 17,006 me/L (A7 %=, 3] 1.8)9] &= Z710]|A]
S 20| tfst A2 2] 2 319t Yn|iet 515234 Bl (Br9)2] Al2(0.5, 0.9, 1.62, 2.92, 5.25,9.45 L 17.01 @)= 7}
ZF 1 L9] A|@-8<eoll whE A2sto] AlE -8H(est solution) 02 ZAGHATE AlF 8491 MAHIA S 24 HIZTE,
potassium dichromate (Sigmaraldrich, USA)E ¥/dHz12 212t ARSIt AlE X g)= AF 244171 o]uje] ofdd EHE
& o R w% G 7 10nt2}4] 38k AAJSHITE 500 mL -§5F2] 58 /21422115 mm ¢ X 65 mm H.)ol| 300 mL

sl on, 422 ARg2AT FUR 20 £ 1°CE FAISIH:

743} T FAANA 4, DRHEESA 2 Sol54 52 BT 59 Aalle] B2 9] Alg 8-S 71EA Aol

S Hofutx] ZaAL f981A] Fohe hAlE 43w 0= 7sleich 2At
18 22|49k F2 A2} 2t 22} 70 o] DO (dissolved oxygen)
2 pHE S5} oM, 22 244K §519ACk. pHe} DO, 4-2-2 WTW AF2] Multi 9430 (WTW, Gemany)&
AFE31e] Z7g511et. Y5 = (NOEC, No observed effect concentration) 2+ EC, &2 A1 A2] 3484710 R
ol Thg R e (EC,) H 95% A12I3HA|S: probit £A41 1ol oJf AHEslgion], Rk mt S50l ol
AT LA Y 2T A 2 BRI,

=
r‘—r
Jo
of
2
ol
)
_—>‘.]_I“
2
l-gll
n G
>
2,
oo
N>
el
N
)
A ofN
2 >~

Results and Discussion

SHEX{EHA BtH{o| BAMUSSHE HAM
24 /99710l o8 &A1/ BtH (Br9)= EF MltQ! Bacillus thuringiensis F-2i5t s1E4 /3 R4S 2454
2 Hol =g ¢J7|4AS ZEo|| HFsHE2 HMHA|Z] mCylAcl SRS AnjHo] Elsto] 7HEHE] QoM (Lee et al,
2016 }\(])-]%7-5];?)‘ 75:‘1]- ‘—'é_‘tg]’]—t(‘)]' 'TO ia-o'“ EH?:)‘]‘O:] -—(,)——l/\—'é__}' /:\_:!'-%-/\é% EO:] (‘)_]_-ﬁ/\é ‘\__\‘_0:17}_7]_ ﬁ—sc];] -%—Oﬂ 93,1]_—‘]'_ }%_]%7‘:"];%] é_' %%
XS 12l 322184 Be (B9, T6) 9} B]3 2213 Qu|8) 2 GMZ 2] ZAH2017, Jeonju, Korea)ol| 4] 2Bl 3 6] E4]

AQl Zoi5 o o PSS AAslgi.

Korean Journal of Agricultural Science 46(1) March 2019 116



Molecular biological analysis of Bt:-transgenic (Bt-9) rice and its effect on Daphnia magna feeding

HE 3/ 5/ B7Ioll AREE AlE0ll mCrylAcl fA212] A2 ER1s}7] fisto] PCR 242 AAgH At sliE4]
/3 B (Br9)ol| A5t 258 bp2] RS- AbE0] A H S el on, BEE?I Aujwolxf= HEE]A] eotrt. Adni
Q1 bar (phosphinothricin acetyltransferase) -3 2HE. 1541 3d Bt (Bt9)oll AT 427 bp 7] 9] HIEZF A ZE] 10 Uu|eo)
A WHEZE HEE] 2] eokom, ¥ UjRIR22kR] sps (sucrose-phosphate synthase) -0 2H= 132133 B (Br9)2h U]
H & F50lA 25 91 bpe] A=l AEEQIH o|eh 22 Ak 2 Al E8E 34 54 W7tol| o] &4 siEAF
A BtH(Bt9, T6)ol| mCrylAcl &} bar A7} T om, =U-QAx7} b2 o 2 ¥l e oI5kl tHFig. 1).
mCrylAcl {AF= 2 Al&]o]| AR s1Z2]34d Bt (Bt-9)ol| onecopy® AU E|21-2-S- Southen £44-2 E5}o] 215k

H} Q1THLee et al., 2016).

SZ AP/ Bt (Br9)ollA] mCrylAcl T o] A5 77d517] $Joto] FAE o]-8-5t LFST (lateral flow strip testA]
S AAIBI3ATE 2017 =35 A 1FsHd LMO 42| 7ol A Afuigt s 23 Bt (B9, To)2t L] wofl thatod, eyl Acl
! PAT (bar) TH 2] Q18- 3|7} 32| =] 0] QL= immunostrip: 0]-§-510] 2 Thilj 2 HF & 295 A} s F#13Hd B
(Br9)oll ATt Eo]Z o 2 thildo] HEE|g) o, th2419] Uu|HoljA|= Tl d o] A7) okotthFig. 2). TSt &4
/g BtH(Bro)ollA12] cryl Acl Tl MEARES ELISAH S o]-8-5t0] 2413 A} 3541 7/d Bt (Bro)ollA{RE 4.3 + 0.2
ng/g 2] mCrylAcl T o] HAE]g) o Auufol| A= Wal =] 2] okotrHFig. 3).

AEXE|E A 80| +EHS HH

EHE S S48 AIE 24 Sloto] A8l 4 HARE A= 2] A2t A1 T8 Al ZF A R 5] 42
2, pH % DOE ZARSIRIT. AH|A IR e] 54 AxE 7]E 2 & DO7} E3HE-FANFe] 609 ofstE W7 he AS A

_]
=70 o
5H7] flsto] 24412 A 0 2 3023t AtAS FESIRITh A7 I F A8 Wl 22 dnH et sl Rd B
(Br9)ofl thato] ZF2F20.7 £ 0.1°C (20.5-20.8°C) 2 20.7 + 0.1°C (20.5-20.8°C) 2 QA 0 2 FA|H & ERIsHc). 3

M N Bt-9
S00bp mp  —
300bp =y - e e = nCrylAcT
S500bp mp - - W W = S
400bp = o
500bp mp ww—
'IOObp - G S W s  4m SPS

Fig. 1. Confirmation of the T-DNA genes on the Bt-transgenic (Bt-9) rice and non-genetically modified
rice (Ilmi). M, 100bp DNA ladder; N, non-GM rice (Ilmi); Bt-9, Bt-transgenic rice T6; Bar, Phosphinothricin
acetyltransferase; SPS, Sucrose-phosphate synthase.
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BB 5/ A7 R (521085 A A| 201029Z)ollA] AIAE BHE S 7F A S o] A7 Ad =9l 18

-22°C =22 AAIBII e, 1°Co|uje] 2% RIShE S5 o] 220 gt EHE 3/ 54 Ao 9F eA=E= 28

S| ‘BJS 22 ERISHATHTable 2). pHi= 047 2 2] 2710l A LulH e} si5413d Bt (Br9)2] 5= 2] FLollA] Z+2}

6.94 + 0.28 (6.51-7.31) & 6.98 & 0.22 (6.62 - 7.36)°]| .01, 48A]|7F 2] 2] & ofj=Z}2}6.72 + 0.37 (6.14 - 7.59) L 6.50 &=

0.30 (6.14 - 7.61) 2 S/Jth 2710 mg/L) 2] OA|ZF X 2] of| A= T 7.871} 48417 Fol = 7.602 =7 =] ATHTable 3). of[H] A]

6494 24272 vigro 2 Jujuie} oﬁﬂ &/ Bl (Beo)el] chat 282 33 WrHEA S glsto] g 840) DOt &
§F A0 6096 o]5H2 UlEi7he 2 WA1sl7) Slatod 4417 71 0 2 Ahag 3087k FERISIct

Bt-9

= PAT

e CrylAcl

(@) (b)

Fig. 2. Confirmation of genes expression for Bt-transgenic (Bt-9) rice by using immunostrip. (a) immunostrip
tests for the PAT (phosphinothricin acetyltransferase) detection, (b) immunostrip tests for the CrylAcl
detection. N, non-genetically modified rice (Ilmi); Bt-9, Bt-transgenic rice T6.

5 -
4
)
~
o
2 3
2
> 2
U
£
1
0

[Imi Bt-9

Fig. 3. mCrylAcl protein levels (ug/g fresh weight) in Ilmi and Bt-transgenic (Bt-9) rice. Values are the average
=+ SD of triplicate measures.
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20|t2t siEXISH Btt(Bt-9)2] Az2| S0 whE EHE0 Cig S S 24

=52 /7] 5 77| S92 WA HHSSiR R, 54 5/ VIS SlsiMe LR 02 4AIRE Bl 4gAIRE
O] - g#Ial 241 7Pt et ool Anjuiel shEA1RHd BiH(Br9)o] 2HIS /5 dAI TS 481K 59k A4

O 2 it ieE FH|So| teh AR T I AhE53/0-8 ARSI

A Z2]toilA] 500 - 17,006 pg/Le] A[ds=olli EHE S/35/dAIdS AAIGH A1}, 24417 A AT 500, 900,
1,620, 2,916 pg/L A 2}Lol| A= - G#I5H 7HA|7F G2, 5,249, 9,448 ng/L %] 2] Lol A 24417t THA| ZF24e] <5 Teof|A]
10, 26.7%2] +-G#5H 77} 2= L o™, 48A7F 73 2HA] 500, 900, 1,620 ng/L 2] 2fLof| A= F-F#sh 7HA17F Aot
2,916, 5,249 2 9,448 11g/1. 2| 2] FLof| A<= 13.3,43.3, 83.39%6.2] 315l 7|7 2= AT}, 17,006 pg/L 2] 2] FLol| A= 24, 48
AZE Zol] B 100% FB A5 7HA| = 2= QA 554133 Btk (Bt9) %]2]7LollA] 500 - 17,006 pg/Le] A& & EollA]
EHE S 5/ AldS AAIRHAx, 24417 1A 500, 900, 1,620 pg/L 2 2]ell A= A7 $iRlen 2,916,
5,249, 9,448 2 17,006 pg/L 2] 2] FLol|A] ZFzhe] ol A] 3.3, 10, 16.7, 83.3%62] -2 af 7|7} =] 9l o m| 484|177
TFA] 500, 900, 1,620 pg/L % 2]toilA= Lnleet 5 USHA -FBA18H 7HA7F Lo, 2,916, 5,249 g/l A 2|l 16.7,
63.3%2] FYA1oH7F T QAT 48417 73 2A]of] 9,448 B 17,006 pg/L A 2]Lofl A= 25 100% -F#IsH 7147} 22
=] et A7) 7|7t 5 S ETH0 mg/L)2t Aneiet 313213 B (Br9)<2] 500, 900, 1,620 mg/L %2} 7ol RS
537/ 4 Bol3/d2 HEE]R] gdotrt. e, dnluiet siE5A1EHd Bt (B9)2] 2,916 mg/L o)/ge] A2] & 27|

Table 2. Changes of water temperature (°C) during cumulative immobility tests of Daphnia magna in non-
Genetically modified rice (Ilmi) and Bt-transgenic (Bt-9) rice.

. ; Timi B9
Gomgsiielion i) 0hr 43 hr 0hr 43 hr
0 20.7 20.7 20.7 20.7
500 20.6 20.6 20.6 20.5
900 20.6 20.6 20.6 20.7
1,620 20.7 20.7 20.7 20.7
2916 20.6 20.7 20.7 20.6
5,249 20.8 20.6 20.8 20.7
9,448 20.6 20.8 20.8 20.7
17,006 20.7 20.7 20.6 20.7

“Active ingredient: Ilmi; Bt-9 rice T6 100%.

Table 3. Changes of pH during cumulative immobility tests of Daphnia magna in non-genetically modified
rice (Ilmi) and Bt-transgenic (Bt-9) rice.

. ) TImi Bt-9
Concentration (mg/L) T e T e
0 7.87 7.59 7.87 7.60
500 7.31 7.13 7.35 7.12
900 7.23 7.10 7.15 6.66
1,620 7.13 7.08 7.04 6.58
2,916 6.88 6.63 6.97 6.43
5,249 6.84 6.58 6.92 6.33
9,448 6.68 6.40 6.79 6.27
17,006 6.52 6.15 6.63 6.15

“Active ingredient: Imi; Bt-9 rice T6 100%.
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A AEFEZ/ER 2 Adetolli fGske ZHAI7F = QITHTable 4). Lowie} s15218d BtH (Bt9) 2+ Algs-o
A SHE YA 7HA4=2] ttest 747843} 2,916, 5,249, 9,448 B 17,006 pg/L %] 2] Lol A 24A17kS0lli= ZF2} pgho] 037,
1.00, 0.10, 0.130. & Un|He} s§F-4 /g Bte(Br9) 7+ Bt 7 7HA|oll= ko] 7§t =t Unlwe} &3
Bt (Bt9)2] 48A)7F 2]2]52] pZhe- 2,916, 5,249 B! 9,448 mg/L 2| 2]FLol|A] ZF2}0.51, 0.18, 0.13 0] o HE X]%%
of|A] dulH et iF AP/ B (Br9) 7H He 9 7HAIoll= R & 2ko] 7 GILTHp > 0.05). webA] B 2] o]
A s15213d Bt (Br9)2} BEE<Q1 LuH o] fGAsl 7ixl4 ol= gl A o2 EMEQIL) o= YEH7t BES
QI HIER] AZFShH ot A& GME o] B E F/d5/dolA9] AutEat dus7t ZEE?I 7HEA /3 (Agh0103)H <]
B2 FAEA oA Aol M & GALSH HERS B ¢ O (Oh etal,, 2012; Oh etal., 2014a; Oh et al., 2018), FE3H AHkA
|75 drlHet siE A3 B (Br9)Q] x| ARt et w0 Z71ol ukeh 59 A sH 7ile] M3kt /A
TS Ko, iIFAA B (Bro)ol] 2Jste] BHEo] Yutg-Sol G2 nIx|A] 2 o= A

o

20|e2t siEXEH Btt(Bt-9)2] Sol0il et SHF0) it SH=Y

Un|eie} S5 3/d Bt (Br9)2] S 34 SAJAITS AAISH A}, 24A17HEC 2 Au|H= 10,218.17 pg/L, 3%
&4 BH(BE9)= 12,675.67 pg/LZ SHEQ0H, 48AZHEC, & UnBi= 5564.18 pg/L (95% AlZ|SHA: 4,780.06 -
6,476.93 ug/L), 5T/ BtH (Bt-9)i= 4,400.34 ug/L (95% A= SHAL: 3,861.01 - 5,015.01 pg/L) 2 31541 BtH (Br9)7F
Cha =2 FA5/3S B3 oL 959% Al=ISHA 717t Wie) ato] 2 fo/d-2 gl 21 0 & LYERHTHTable 5). FH 5=+
Aol e} s F213Hd Bt (Br9)2] F F50llA 1,620 mg/LO & SRIE|QITY. o= mCiylAcl @t Bar (PAT) S22} =€
315213 Bt (Br9) X Aueol] oJst B S FeFg7t At A 55732 B 01, mCrylAcl &F Bar-3-317}e] T
2 - Zo] EH ol BRIl JFFS n|R]A] Y= A o= weE

=9 GMALE YU 3710l 2 5= T ST U i GMAE2] A 83tol| w2 2] T2 502 A

Table 4. Cumulative immobility of Daphnia magna in non-genetically modified rice (Ilmi) and Bt-transgenic

(Bt-9) rice.
. ) . Number of immobilized daphnia immobility (%)
Concentration (mg/L)* Number of daphnia S 8h 2 S0
IImi
Control 30 0 0 0.0 0.0
500 30 0 0 0.0 0.0
900 30 0 0 0.0 0.0
1,620 30 0 0 0.0 0.0
2,916 30 0 4 0.0 13.3
5,249 30 3 13 10.0 43.3
9,448 30 8 25 26.7 83.3
17,006 30 30 30 100 100
Bt-9
Control 30 0 0 0.0 0.0
500 30 0 0 0.0 0.0
900 30 0 0 0.0 0.0
1,620 30 0 0 0.0 0.0
2,916 30 1 5 3.3 16.7
5,249 30 3 19 10.0 63.3
9,448 30 5 30 16.7 100
17,006 30 25 30 83.3 100

“Active ingredient: Ilmi; Bt-9 rice T6 100%.
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5 A4 2 542 ESol tigh I3 71e] E /do] | Qlek ol A 7HEHE GME Q] AR ] GME 2}
HIERT] A 7330l tigt njte] et oJojo] g7t At BEFI 3018k FRISHITHON et al., 2013; Oh et al., 2014b).
AERN S50l thgh H]ERR] A 73k, HAd/d GMH 2} 7HEA13Hd GMH 2] FF 7 1ollA]
e} Zo] REER1 Un|eiel WaH oA §o] 4 Zpo|7} gl A o' B E|Qleh BEEQl Al 7}
SRS GMB Aol A] 48AITHEC, 2 48A17HEC,, 2,243 mg/L (95% A1Z|SHAL: 1,858 - 2,704 pg/L) 2 SR, ZF
Zo| Yi5uiQl H]eR A 733t AA] 48AI7HEC, 2 3,655 pg/L (95% A ZSHA]: 3,156 - 4,232 pg/L), HAIZAS GMEof| A
= 3,596 pg/L (95% AI=ZISHA]: 1,889 - 6,603 pg/L) = ZAE ATt =9 FF ks = 7HEA A GMH oA = 625 mg/L,
215 GMBo]| A= 1,000 mg/L, HIEF A 7330l 4] 1,800 mg/LOZ AH|A|E _T'_S\’}\E]-(Ohetal 2012; Oheetal,, 2014a; Oh
etal, 2018). 2 AlFol|Ax BEZo) om]a:]L 7|Z0] AujHe} YEH 2 nx=xo 2 sjdel oM St U] 2oJgk s
= 1,620 mg/LE HSE|Q oW, o= S5 4 w2l tigt EH 52 ECSOLHCSOHA | 35] B Aol EHE
TS AT Al AE A4, 7 Y 2719] o7} TH= Lee etal. (2007)9] E 19} Zho] SAUgh REFlo| & E151aL
Algo] A2| 27wk opet Al 2| 5.o] el Aot Afufz|e] 2| Ql #g 29l Fol| oJgt 2to] & AtEHTHLee et
al., 2007).

SNZ AP/ Bt (B-9)ollA WHE mCrylAcl F-R = 7129 Bacillus thuringiensis F-2f] Cryl Ac T 213t of] it A]
2 Sk ol Tl do] Aol & 7| Fe Mokt CrylAc Tl a2 zke)d pHet B4 QA&
offde] S4e] TEld Foll o] oJalf Fofik|o] A% avtE YERL, tif-2e] e Ee v B 2353 2f
FoAE= CrylAcl S B3le 4 glon 2 H]=4] el 2 viAd =] A] HTHAronson and shai, 2001). CrylAb -2 =UH
BtS44>(MONSI0)-& l Boto] EHE 7| F B7HE AT 2 S A A Bt HIG A S50 H
ol 2] 2] 5} ol A= EE2] Zpoli= UEfUR] ko) 42U%1 47| 7k H7HAl ol SATiollA o] Al A7)
2k, ARAZIA)17] 5ol XPO]% UERdE B 15HTH Thomeas et al., 2010). 12 AH-2 A E B4 AlF7 |10 (=
X155 TA] A| 2010:29%)0]] F5F AF B 0 & 48417 F/ 573 H7FE 53, o9t -2 A= Thomas 5-2] A
2] 5duje] Aot xS ERlsieit. %@C’ﬂ waﬁo /3 Bt (Br9)2] S Foll thet YT H7HE 42 oldel A7kt
g7} Aleh A zlof) e f Sl o g %

= 7HHP51 mCrylAcl 9} Bar (PAT) § dep} zol= & J

P AT Ak BESR ArlHet 5o Rl o] 7} gl 3 SIS mCrylAcl Tl 4
3l %"% % 02| 2] g2 At Bich webs, dnjuiet siFAgHd BtHEI(Bt-9)7} 784 ? Ho| =2 9l 5P 59 g
o FZE| S uff £ABERQ EHF nlx|= 25 97 =
3 GMALEo] tigh 9ol B7F 24 F 5 A
ot BEZFL Altdol| uhE YA =4 A2 {47t ’o] 77t T°"H°1°F?=_ 40]‘11, 2 A3 Ak o) 5 93t

*

HJZ

Table 5. ECs, (effective concentration 50) values of Daphnia magna after 24 and 48 hours in non-genetically
modified rice (Ilmi) and Bt-transgenic (Bt-9) rice.

. EGCs (mg/ L)y
Test item 2 h 2h
Potassium dichromate (reference substance) 1.66 (1.42 - 1.93)" 1.26 (1.12 - 1.40)
IImi 10,218.17 (9,110.96 - 11,459.94) 5,564.18 (4,780.06 - 6,476.93)
Bt-9 12,675.67 (11,644.67 - 13,797.96) 4,400.34 (3,861.01 - 5,015.01)

YActive ingredient : Ilmi; Bt-9 rice T6 100%.
“95% confidence limits.
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Conclusion

2 A= EG AR B. thuringiensisol| A 5213t s &4 F2HmCry1Ac)E LrlHoll EAAZ] 24 Sriuh
(Cnaphalocrocis medinalis)°l] thoto] AZ-/d-& UEtUi= si5A13d B (Br9)2] $73 9151/ B7tel tigt 22 EZ 4 7}
ol=giRlS Zitetarat =] fzte] W St 4 2 o] AEZ EH Sl n|A|= e A4S st

31543 Bt (Br9)oll = E mCrylAcl 9} bar 73 2F2] PCR 24 A}, 315:4]3d Bt (Bro)oll AT Eo| 49l Hi=
7t AEE R OH, CrylAcl T Z HFA S ELISA B4 A1}, 31 3213Hd Bt (Bro)ol| ARH HA=| Qi Wk 43 +
02 pg/g £ 02 AE=| et shE A3 Bt (Bro)2k Yn|ue] v HAYEA|Q ExFol theh =5 AIH S AAgh
A7} 3524 Bt (Bt9)2] 48A17HEC, 2 4,400 mg/L (95% A1Z]SHA|= 3861.01 - 5015.01 mg/L), F-5&F 5= (NOEC) =

50—

1,620 mg/L 0|31, Lu|H= 48AI7HEC 2 5,564 mg/L (95% AIZISHAIR= 4780.03 - 6476.93 mg/L), TP s+ 1,620

50—
mg/L o|3{th. X|2)7 |7t 5 shEA13Hd Bt (Br9)2 AnfHizte] S/ =/doll JaFe nld 4= e 2912 EAYsHA] (it
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