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Abstract

A drought-tolerant transgenic rice (Agb0103) was developed using a pepper methionine
sulfoxide reductase (CaMsrB2) under the control of rice Rab21 promoter with a selection
marker, the phosphinothricin acetyltransferase (PAT) gene. Commercialization of genetically
modified (GM) crops will require the evaluation of risks associated with the release of GM
crops. With the potential problems associated to GM crops safety testing, the investigation of
their effects on non-target organisms is necessary for environmental risk research. This study
was carried out to assess acute toxicity of a GM crop using the water flea (Daphnia magna) for
non-target organism risk evaluation. The effect of acute toxicity on Daphnia magna of Agb0103
rice and a non-GM rice, limibyeo, were investigated at different concentrations (0, 625, 1,250,
2,500, 5,000, and 10,000 mg/L). The Agh0103 rice used for the test was confirmed to express
the CaMsrB2/PAT gene by the PCR and ELISA. Daphnia magna feeding tests showed no
significant differences in cumulative immobility or abnormal response with either Agb0103 rice
or non-GM rice. The 48hr-ECs values showed no difference between Agb0103 rice (2243
mg/L) and non-GM rice (2694 mg/L). These results suggest that there is no significant difference
in toxicity to Daphnia magna between Agb0103 rice and its non-GM counterpart.

Keywords: Daphnia magna, drought-tolerant transgenic rice, risk assessment

Introduction

A z=AWS GM (Genetically Modified) 501 71T = o] 199613 A5 4 HH 02 AufH o],
20143 19} 8,1507 et 0] GMAFEo] AHl =0 GMAFE <] A 2] o] 72 1068 o1 57T
StEom, GMFA AR 1579 Dol o] 231 A FAFAE ] 35%E AAjE A o= 5
A58t -§-8-2 I HAA B A(ISAAA)= B A5 Qlth(James, 2014). GMAFE-2 2HE9]
A EE L 7 ol AFFTl mhE AFRE, AT 25 0] Wetet FA4 A 9

W da S AA Y e HED o e tite = AAEHIL }leH(Woo et. al,
2015), 5 H55 d5E= 1988F0f| Toriyama et al. (19880l Qa4 2z FAHATA] W
(Oryza sativa)?t 7WEE AL, T, L2, vl 5ol = 26tA GM H 7ol o] g0 2] 11 §)
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THToriyama et al., 1988).

T ol A= A A A, FLEE AL T, 7He AT 5o thdet 7154 f-AaAE0] =4 H GMH
o] o] &2 0 g2 o]F0]2] 11 Qlth(Jung et al., 2004; Ha et al., 2010; Shin et al., 2009; Oh et al., 2010). 2014L% 77}
2 A PA 05 A7t 5 H GMAES glov 5E2X187, tieh 9 7| el A |, 2], 1%, F, A
FHOZ T Aol 32 =Y o] Al E 11 9lom, 750 ASH AxA MY et HAHZREZA T
H 59 A5 GMZE 9] oI E AlS52 A 7S 58 A-83E Wdgstal ot GMAE 2] A-82HE loA
= HARPHYA %Z%H 5%7} 7J 01 TAP(LMOH) 2] HE 10-19] A5 Q1o 9 A=A &
o]

H
2
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9
19} =4 Sof Tol AZ ok A Tjyp gl & Xix}o]E/ﬂ 11-1(0]:
A T W= FF Tl it 23 S1ed B7HE sAsfof st 15
LI ﬁz}oﬂ —45 §J7§ AEZo] gt 45k B} FEo] GMAEQ] SHAA] AAPA o Wy o7
Q=37 QITH(Oh et al., 2014a; Lee et al., 2015).

GMAZ O] HIEH ARAe] et FFBIHE FoloAE FHRY S4HMONSI0)T SNFATH Brd
(Huahui 1)°f] th2t E¥ S (Daphnia magna)2] L2+ AA1E Fof| gt A o] B 1% 3] © ¥ (Thomas etal., 2010; Li
ctal,, 2014), FUHOIAE S} e GMARR 0] A 519} 9] GMAHE 5 710l T2 552 2 27 F3e)
AR B2F A o]0l thet 9% W7he] Baol @751 glow], Fuf e S5 Beed, vlek A
7yete], el 2HIEHES AT GMH So14 HIH T o], 55 Bl B4R A0] GRFHER A2 0] e)
(Misgurnus anguillicaudatus), °]°1(Cyprmus carpio), EHE Sof st Yy 485 ,J\E]'(Oh etal, 2012; Moon
etal., 2013; Oh et al., 2014b).

7HE A4 (Agb0103) H= iEEﬂ A Z2RE(Rab21)°) Qe o] ZHE &= 15 F-2 CaMsrB2 57
S dulHof e iste] L= Qlom, i3 2l CaMsrB2 1732 k= B @ d 7] 9] AtelS hel Al & A ghsto]
Al ‘:'oﬂ/\—] /RH‘:‘ ol H]AHU;H /\EE]/\oﬂ EHE ;qﬁo 1A S 7P7ﬂ o]—];]— 7]"6;{1 o]—/\'](AgbOIO:;)HE'Q,] 7]_‘5_% Z_J_ 7)__4 %78]
Hgtof| ThE AR E A A FGEA] Wol A wE 2 d o] kS AAsta w]EEE o, FEA), 121
LA ZN A At B4 A (Reactive oxygen species, ROSYE Al 7|5h= 7185 Faf G549 &= AL
2A O] §H7|et A% 7)o el ] S3HE H.th(Oh et al., 2010; Kim et al., 2014).

2 YA E 7B AT (Aeb0103)310] Y CabdrB2 §2712] A7} PAT Rl WS £AT 7, B
202 A3 LulHe} 7 7HE AT (Agb0103)Hol e B3R BAATL A4 BHAE SHNE 7]
S gpos AR

=0 P (FEXSH 1A Al 2010-299)0f] BAIH HEBEHEHAR HETA 2HES
(Agb0103)H]] gt FFH7HE B 0, GMA-Eof| Tt AJAtAtre Av| 2o Al 4124 ©
A A 5okl = i GMH ] P/ Bkl gt 7] 2255 AlEsh7] flste] 2 AR
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Materials and Methods

ZHE 24 SE QI AR A=

7HE A1 (Agb0103)H(T7)eF B A AT R EFQ AW E FEoety LMO A2 Z7H(A 5 F-97- A8 H)
T =5 Adehd LMO A2 24 (77| & 44 FATF) A Auliotal £719 & E5710 =6to] &
= 2359t 52 A% H A 5E B47](3HY A7), HMF-31008, Korea) S o]-&5to] Ba)51ch B A=
600 o] B YACYAYY, e=)oll Agfsto] At &, G458 H7H8 EH T AR & Al x517] H71A]
20°Cofl RIs}ATt,
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Genomic DNA &2| & PCR (Polymerase chain reaction) Z44

7Ha X %3/d(Agb0103)H 2t non-GMH Q1 UR[HE ZF 1 g¥-& F[otal, AP oA BA| D 4-F o] §-5to] EYD
ot1l BEUStE Az oA genomic DNAE DNeasy plant kit (Qiagen, CA, USA)E Ahgsoto] Ee| FZo19)
NanoDrop Spectrophotometer (ND-1000, NanoDrop Technologies, Inc, Wilmington, USA)< ©]-8-5}] 260/280 nm
S74k0] 1.8-2.0 A0] Q1 DNA A|=REE PCR 4] Ao ARE-SHGIT A8 FEdes T-DNAY 18 EE 7| %=
2 CaMsrB2, PAT, SPS 732} &<1-§ Eo0]# malo]HE A 25t tHTable 1). PCR (Polymerase chain reaction) &
A 2710 2= 10X PCR buffer 4 1L, ANTP (10mM) 1 L, =&to|H Z} 20 xM, f-Taq DNA polymerase 1 unit (Solgent,
Korea), template genomic DNA 200 ng= 5713+ & |5 W5 H 1] E 40 L2 SIS TE PTC-100 thermal cycler (MJ
Research, USA)S 0]-85}0] £=985}%1 11, PCR B3 2712 18](95C, 55, 3529](95C, 30% - 58°C, 30% - 72°C, 30
%), 18)(72°C, 5E)§H-&- =AF4 0 2 $=3513ATh PCR ATH= 1% P Aol 7] 958 & UVEALR ERIstH o
™, Gel Extraction kit (28704, Qiagen, CA, USA)E ©]-8-5o] AA|5t2 pGEM T-easy vector (Promega Madison,
UsA)el Adste] 2293 &, A7) Ad FEE elstinh

Table 1. List of primers used for PCR (polymerase chain reaction) analysis.

Gene Primer Primer sequences Product Size (bp)
CaMs/B2 Forward 5-CTTGCACACCACAGCAAGAG-3' 361
Reverse 5-CTGACTTGTGAACGGAGCCT-3'
PATY Forward 5-GTCGTAGGCGTTGCGTGCCT-3' 250
Reverse 5-ATGAGCCCAGAACGACGCCC-3'
Sps? Forward 5-AAGTGTTGCATTCCCCAAGC-3' of
Reverse 5-ACATGACTGGTGACAGACCTTCA-3'

*CaMsrB2:. Capsicum annuum L. methionine sulfoxide reductases.
YPAT: phosphinothricin acetyltransferase.
ZSPS: sucrose-phosphate synthase.

2E AE 240 25t 7182 e4d(Agb0103)B{2| S CHMA Shak A
Aol ofgt o) 87 W 2] wHE 7HE A S (Agb0103)H(T7)0] B2 Tl el PAT vhall g1k
sk 241517 $15ed 20131 19 420l 590 LMO A iAol 7H2 A4 H(Agb0103, T7)2] At £7] 52

10cm 0|2 ket %, 100 ¢4 TR F2 1 mm)e] B2}o] EF dfAEZANA 15 em vl), e A(ES)
e, SR L EASA, A0 B2 FEsHch iR 37 WEE 200) w2 & V102 0,4, 8, 12, 16524

F Ao THEAD/(Agb0103)B] 9] PAT Ejdo] njfE s 7R 24& +3stHeH, 7HaA34d
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732 e/du{ o wod Chuizl A

7ha A3 (Agb0103)H ol CaMsrB2 722} @7 &= Phosphinothricin acetyltransferase (PAT) 72| T
12 FATES S191617] $5te] ELISA A& A5 7HE A3/ (Agb0103)H] 2 dujH A28 7+ 1 g4 3
Shal, Zap Aprof| A A A AE o]-85to] Baslstt PAT THl A o] 5 5 Aaks)7] Qste] Bbsld 7 A7
S PBST-§ 3} oA 48 3lstol om, 24 2)(d=olA 58) © 94 +21(5,000 g, 5+) A=lote] A5
23t &, PAT/bar ELISA kits (EnviroLogix LibertyLink, Portland, USA)Z ©]-8-5}o] ELISA AA|5} T} BE A&
2 2ol A 2417 ]88 2, 450 nm 1FF0] S35 S5 tH(Kim et al., 2010).
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SIS 34 S4 WIS 93t vj 22

EWE(Daphnia magna)< 500-1000 Lux FZ7 16A17F, &2 8AI7F 27437} 42 20+ 2°C 2] FHAZ A AR
st9.oH, B8 E Ho|R2 X Chlorella vulgaris (ATCC, Manassas, USA)E 1x10°cells/mL 52 ojd @ Ao 138] &
ot 295 v F 8282 pH 7.6-8.0, @42 =+ 110-120 mg CaCO5/L, T+ 160-180 mg CaCOy/L, &FA A
3.0 mg/L o1 FA =5 5ho ARG A 2447 FH7|AA o853t 48 0] 7 k= fAFAHE KS 13206
9] Inductively coupled plasma emission spectroscopy©ll 2Jall, ¥Z2|== Standard method (22th edition, APHA/
AWWA/WEF, USA)9] d4H /o] ofaf S45HloH, AR AlRle]l k& vl 8912 =R gigitt

=HE 24 54 A 718X /4 (Agb0103) e} L0|H 22| 271

=4 H71H-8 7HE A /9 (Aghb0103)H<F Lu|H o] Al mof| thgt fask A7 AH|A AT, 484]7F
ECso8t°] 1,000-10,000 mg/L §9] Wl 3l-& A 0= 4= 0] 625, 1,250, 2,500, 5,000, X 10,000 mg/L 2] L=l A
A S AXGHATE Al 8o-e ZAH A 820313, 0.625, 1.25,2.5 D 5 g A5}s] A=slo] 500 mL 2] v ¥l o
7} HEEA A 2fsto] A|-89 0 2 ARgotgl o, 22 7THE A I (Agb0103)H e} Ar|H o] Al 57t 74 2] H
HiFl-S SN ET = AT A olli= A% 2441710l o] o i B S-S ARSI O™, A THAI = AR
L 100 E 3REE0 2 F 7 30utEE A 2ottt A8 1800 mL 8°F2] Y5 -R24F(135mm H. x
130mm ¢ )°ll 500 mLE A 2fotH om, = E8H-2 Ab2 13 5 ARt -2 20 + 2CE FAISHAT

288 T4 S BME A 2N B2

SHF| et g4 =4 o FE A5 flste] 2 ﬂa:r“’ﬂ tisho] 24 9 48417 At & G-JA S A, &
o|FA H YSESA 5= TSI FaA e w2 A 87 W &Ho] wHtE B 7PHA 5§, 15%
ojio] EH T U 7 THEER, T4 5)2 2 olU FIoHA] &= AS FIA M= oA A @71 F
AN P-GHRO £ ZH L AT A2 ATt F = A 9] ZF A 7] o] to}od pHQ} Dissolved oxygen (DOYE ZAFsH L.
™, AJS BQFH O] =22 247 71A 0 2 =451t pH, DOS =22 Orion 3 star (Thermo Scientific Co., Ltd.
USA)E AH8-oto] S76F5 0, ECso AFE-2 A=A A 2] 3 24474 48A17H0] fra/d ol tigt W d s =

(ECs0) & 95% A Z|3HAE probiti-4] H(EPA600/4-85/13, 1985)°]) 2|5} A-=5}1<]ct.

Results and Discussion

72X d(Agb0103)He| 2AMSZE S 24

282 34 =4 371 A B9 7HE A4 (Agb0103)8] Q] CaMsrB22}F PAT -G73AF0] 419 &
PCR 248 Zato]HE AZ51t}. CaMsrB2 73 A= T-DNA A|ZHAof] AFEH AEFHA
(Rab21)%} ARE Felz AEFEE DofolniE AT, 4 IEFOR W WA HA 42 Zefolole
Sucrose-phosphate synthase (SPS)--AA+2] A 7] 2 5E] A &5} thTable 1). PCR 24 A} CaMsrB2= 7Fa A%
“J(Agb0103)H ol ATt 361 bp HIEZF AZE UL, BEFY Lr|HolA= HEEHA FUTh PATE 7FaA 4
(Agb0103)H ol AT 250 bp Z719] HEZF HEE 1AL, duls{ofA= HET} HEEA] dkom, W WA-RA=H]
SPSN A= 7Fa 217/3(Agb0103) B &F A m|H] 7 FFo A BT 91 bp HEZF HEE ULt o] o -2 A= 2 A4
ol BEHZ FA =4 Hrtof o] &8 7HEA A (Agb0103)BI(T7)° CaMsrB22} PAT 73247 EUE 9loH, T
TR A o = W H-S I okth(Fig. 1). 41 2 AEE1 B850l vlA= &= B7Ist7] o] dol &
Al Az Q1 7HE A3 (Agb0103)H ] PAT T4 WA=k 35131 2F ELISA (enzyme-linked immunosorbent assay)
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CaMsrB2 PAT SPs

M N  Agb0103 N Agb0103 N Agb0103

R ]

500bp —

400bp —+

300bp — -— - | CaMsrB2
200bp — - e - @ par
100bp — B W gmses

Fig. 1. Confirmation of T-DNA gene presence in drought-tolerant transgenic rice (Agb0103) and non-genetically
modified (non-GM) rice. M: 100 bp DNA ladder, N: non-GM rice; llmibyeo, GM: Agb0103 rice T7.

& o]-gsto] BASH AT} 38.18 + 9.71 ug/g 5-7=2] PAT Tl Zo] Eo]z o & Hred -8 812159 th(Table 2). ©]
724 (Agb0103)H | A &= eF 2 0 2 A2 A 23HA PAT %‘WE‘ 9 5o, Oh et al. (2014a)°] 23+ &
233/ GMH e} F-AFRE PAT Tl A o] Whel =391 SIS 4= QL ITH(Oh et al., 2014a).

rlr mi

Table 2. PAT protein levels (ug/g dry weight) in non-genetically modified rice
(Ilmibyeo) and drought-tolerant transgenic rice (Agb0103).

PAT* Concentration

Sample (ug/g Dry weight)
[Imibyeo 0 (N.D)
Agb0103 38.18 + 9.717

“PAT: phosphinothricin acetyltransferase.
"Walues are the average + SD of triplicate measures.

78424 (Agb0103)8{2| L& 2740t A|7|H =2] CHMA slak B A
7HEA /3 (Agb0103)H €] 72t SJRt vl oA 2174 H d, ], e 2) 278 J=E AT,

4,8, 12, 1657)= PAT T4 oteF-3 ELISAR A9 A3}, e 1 ol A= ES wiE G ollA 07319

PAT HdTFo] 31.45+ 1.12 ug/g F.2™, 1252 | A 0 ug/g 0. 2 BAE| ATt 2] G A= 4521 12.32+0.99 ug

g2 ZE L, 1652l A] 0 pug/g O 2 BA = Q). = A fof] -85 = -2 F ol A= 8540l 0 ug/g O 2 &

/ﬁ.ﬂME}(Tablﬁ) A LEFIEE 52, Y, 2] =0 2 PAT T A S1efo] THA R o2 BAE et 4

2 o] o] £F0] mAEof| o3t {7 =] wEallet el ogt =7 A ]l 2Hgo] tha F7teto] ESF i H
A & EE}—PAT g o] §A5] FollE= A o= Abm

Table 3. PAT protein levels in drought-tolerant transgenic rice (Agb0103) according to environmental release type
and exposure times.

PAT Concentration (ug/g Dry weight)
Environmental release type

Exposure times

Landfill Ground Waterway
0 weeks 3145 £ 1.12° 3145 £ 112 3145 £ 112
4 weeks 6.51 = 1.05 12.32 + 0.99 156 £ 0.25
8 weeks 0.57 £ 0.27 143 + 0.25 0
12 weeks 0 0.90 £ 0.26 0
16 weeks 0 0 0

“alues are the average + SD of triplicate measures.
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Ald-Ssoll tist A7t 5 A AR S A7 A3 ATd T84l 2, pHE AT

Atk A7 F A E850] 22 dujy AHFoAE FHt 209 £ 0.1TC (20.6-21.1C)0|A, 7FHAZA

20.9 £ 0.1°C (20.6-21.0C)2 ZA =] Ak Table 4). 7FE A (Agh0103)H tHH]
Fe 2 of g t-test A A0, 625, 1,250, 2,500, B 5,000 mg/L A 2] 2] 48A17F

So]l =72} p7kel 1, 0.068, 0.19, 0.37, 0.37 0] QL0 ¥, BE A gL of| A 722134 (Agh0103) 8] 9 Lu]H ZF7+

Table 4. Changes of water temperature (‘C) during cumulative immobility tests of Daphnia magna in non-genetically
modified rice (limibyeo) and drought-tolerant transgenic rice (Agb0103).

Concentration Agh0103

(mg/L)? 0 hr 48 hr 0 hr 48 hr
0 21.2 20.7 21.2 20.7
625 214 21.1 216 20.8
1,250 214 20.8 21.7 21.0
2,500 215 21.0 217 21.0
5,000 215 20.9 21.8 21.0

10,000 215 - 21.8 -

ZActive ingredient: llmibyeo; Agb0103 rice T7 100%.

pH+= 0AZHAI A8l Al A A2 oA duls A2+ H 7.16 + 0.20 (6.89-7.49), 7Ha A 34
(Agb0103)H A 2]= Bt 7.29 + 0.16 (7.13-7.60)= S =Tt Al 48A17FS0ll= Lr|H= BF 6.65 + 0.39
(6.18-7.14), 7F=- A4 (Agb0103)Bl= Bt 6.64 + 0.18 (6.42-6.87)% =7 = et HHHof| 24 270 mg/L)2] 0
AIZE Aol A= it 7.887) 4841 7E 0= 7,742 S = Yl TH(Table 5). AHIA A L] SFATE IO E EHE
FF B7HEA S floto] A R-849] DO= Z3MEAIA TS 60% Oot= U2 7t= A& WAstr] flsto] 24A17F
HACR 4

S
TAE 3027t SEStAE

Table 5. Changes of pH during cumulative immobility tests of Daphnia magna in non-genetically modified rice
(Ilmibyeo) and drought-tolerant transgenic rice (Agb0103).

Concentration [Imibyeo Agb0103

(mg/L)? 0 hr 48 hr 0 hr 48 hr
0 7.88 7.74 7.88 7.74
625 7.48 713 7.59 6.86

1,250 7.28 6.90 7.30 6.74

2,500 7.18 6.39 7.23 6.53

5,000 7.01 6.20 7.21 6.43

10,000 6.90 - 7.14 -

“Active ingredient: llmibyeo; Agb0103 rice T7 100%.

712424 (Agb0103) 2t LD|H{2| 22| =0 wE SHF2| FIA|5H Het
BHEL 417 ol Iz} WHS3tod, H A LS SshAL Qb 0 8 247H B 4847 F0] §
ol A 7Pt o] &H T o]ofl 7R A R (Agh0103)H @ Au|H] o] 8|S F/d 5/ A= 48417t Bt 2|54
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O Bt kE BV et HARCEEE)E T, AT dulH A2 oA 625-10,000 mg/LL] A E
FroA EHE FAEAEE AR AT, 24417 H A 625 mg/L A 2Tl AE FGASNANA T gl o,
1,250, 2,500, 5,000 Z 10,000 mg/L Z 2]l 4] 24417t K] 222 S5 Ieof| A] 10, 30, 53, E 90%2] -5 415l 7HA]
74 = Qo™ 48X17F A 625 me/L A 2ol A= F- @A S A 7§l el e 1,250, 2,500, H 5,000 mg/L A
o M= 17, 57, 67%2] G A8 AAA7F = ) 10,000 mg/L # 2] Lol A= 48417 Fof] =5 100% 55 4]
3 A= TEE A 7HEA A (Agb0103)H A 2] oA 625-10,000 mg/LL] Al @ oA BHE A 54 Al
A& AR A}, 24A17F ZTHA] 625 mg/L A =]l A= F A0 A7F gl9leH 1,250, 2,500, 5,000 2 10,000
mg/L A2 oA ZZ+e] FIof|A] 3,23, 67, 90%2] F-F A8l HAI7F TEE 0w, 4847 HTHA] 625 mg/L A=
TollM= dnlset FAstA FAASH NA7F AL, 48417F Fof] 1,250, 2,500, H 5,000 mg/L A 2ol A] 23,
60, 83%2] -G-4 A 37} T = e} 48A17F A A ol 10,000 mg/L A 2] Lol A= BT 100% -5 2 s A1 7F 2 =]
S/ 20 mg/L)} 7HE A (Agb0103)H 2 || H| 2] 625 mg/L A 2] Fo|A= dRtE5F
AF 2l Eo]ZAre Tk 7] oFret, Tt 7HE A A (Agb0103) B 2F 1] 9] 625 mg/L 042 A ] Hk Z A
A AREE554R1 =5 Aol A - ok 7HAI17F B =] Stk Table 6). ZF A @& =041 GM/non-GMH ZH 5-9]
FAA 8l A2 t-test HAZATE 1,250, 2,500, 5,000 Z 10,000 mg/L A 2] oA 24X 747 fl= 22 pgke] 0.11,
0.37, 0.23, 1.002.& 7Fa A3 d(Agb0103)H e} Lu|H7t Bt §-F ZHAlpolli= Aol 7k $1Sleh. Tt 7Ha A3
(Agb0103)8 2} L m]H o] 48417 2215 9] pZhe 1,250, 2,500 D 5,000 mg/L 2 & T+l A 242} 0.23, 0.64, 0.20°] 31
ow = AL oA GM/non-GMAt Bt 59 ZHAIGell= 7214 Q1 ZFo]7F gladth(p > 0.05). whebA] 2= A2
Toll Al GMmon-GMH Ztoll= F-F A8l 7A4=2] 2tol= glis AL &2 A E Q] o] YaH7F BE-E<1 HIeHd]
AZYste et WA GMH Y] XS F45g0lA 9] Aatel fARE RS ETHOh et al., 2012; Oh et al.,
2014a). T=3F, AR 02 G718 7FR A3/ (Agb0103)H] <t A n|H o] X 2] 5 o] F7tet A|7to] Zugtol| ufat
TRl A o] |7t FARE FekE Ko, EE6] 7FR A d(Agb0103)H o]l &Jste] EHF0] dRtE-Fo] Pk

2 H)X)A) 9Fe Ao FA gL,

59,
i)
Y
)
N
=)
ol

Table 6. Cumulative immobility of Daphnia magna in non-genetically modified rice (llmibyeo) and drought-tolerant
transgenic rice (Agb0103).

Concentration Number of . Num Ef O] . immobility (%)
Sample (/L) e immobilized daphnia
24 h 48 h 24 h 48 h
Control 30 0 0 0 0
625 30 0 0 0 0
lmibyeo 1,250 30 3 5 10 17
2,500 30 9 17 30 57
5,000 30 16 20 53 67
10,000 30 27 30 90 100
Control 30 0 0 0 0
625 30 0 0 0 0
1,250 30 1 7 3 23
Agb0103 2,500 30 7 18 23 60
5,000 30 20 25 67 83
10,000 30 27 30 90 100

“Active ingredient: limibyeo; Agb0103 rice T7 100%.
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7224 (Agb0103){2} YO|B{S| FO|0f }E SHE2| 548 54

7Ha A2 d(Agb0103)H et An|H o] ZH & FA SJA RS AR A}, 24A17-ECse AP H = 4,023 mg/L,
7B/ (Agb0103)H = 4,011 mg/LE 7R A1d(Agb0103)H7F S = /1.0 ™, 48A|THECs<> A PH &= 2,694
mg/L (95% AZSHA| : 2,211-3,288 mg/L), 7FEA B4 (Agh0103)HE= 2,243 mg/L (95% A1Z|3HA : 1,858-2,704
mg/L)2 7HE A4 (Agb0103)H 7} thA =2 FAEFS B o, 95% AI=9HA 17t o] Zfol2 Fo]4d2 ¢l
L A0 2 YePdthTable 7). F9 5= GM/non-GMHE B5F 625 mg/L.C 2 S5t} o] CaMsrB22} PAT
FARY EGH TFEAE/E(Agh0103)H F du[H{o] ot EHE JFEt AT, A FE5AAS Bom,
CaMsrB22} PAT 7428 il - Zo] EHFofl A A1 JokS n|A]A] = A o= whohelch

UM =] 7 GMZ=E2] 881} =19] GMAFE U TVt e 6= 9 3R] 9 9] 2 2| 54
=% AR} olof| thgt 7 Brte] Ba/do] 8 E 1 §loH, =fjof| A AN E GMH &l B AR GMH 2} HIERT A
Sheof] tigt m|Ate|et Joj o] Fokgrt A}, BEF T -Fofeh-E ERIstATHOh et al., 2013; Oh et al., 2014b). 3,
AR} FAT AFEQ 28] tih S5 AFA B, BIEF A ZFshH el WA GMH 2] G HITA =
A o] Aot Zo] BEZQ FEHet 794 Zol7t gl AR HuHGITh BEES YgH o 4] 48A17F
-ECsp 5 A 3/ BtH A @ Alofl= 2,889 (95% A1=ISHA]: 1,073 - 6,854 mg/L), HIEF A Z3epH A Alofl= 3,655
mg/L (95% A1=3HA: 3,156 - 4,232 mg/L), HAFd GMH ol A= 3,596 mg/L (95% A1 =I2HA): 1,889 - 6,603 mg/L)=
SAE oW, E3F, FEFE = HEA T4 Bt 2F A GMH el A= 1,000 mg/L, HIEFR A 738k o] 4] 1,800
mg/LO 2 AAE] 17 QIEK(Oh et al., 2011; Oh et al., 2012; Oh et al., 2014a). ©]= Lee et al. (2007)°] 2H=2] JFH7}
A A AR, a9 279 Zpol7t Gtk et ol Fdeh REFel ol Eokal A 5.2 ARt of
Uzt A A oF 2] H A1 8178 2 1S Aetotofof op, 2 Ao Ak REFQ Ar|H = 7]E2] YsH et olE |
Zx 07 Rt GMHET 2] FA% = 625 mg/LE BEE 0 W, 4841 7H-ECs2 2,694 mg/L (95% A= gh
Al: 2,211-3,288 mg/L)= S =10, o]i= Y-gH et dn|H] F51He] 2ol & AbmEth(Lee et al., 2007).

= 7WE CaMsrB29} PAT 5A77F 24 7Ha A /3 (Agh0103)H7F A4 T ehd A2 WSl w4
£ T2 AT 23t BESQ AulHet -9 Ato] 7 gle-g Slot it whEbA, 7Ha A 9 (Agb0103) H <}
Au7t FA42] FH] =2 9 5 5o o HEE S w) SAZEY S Sl A= AEA Q] d7Fol
ARSI Atz et 2=y, 7HEA 43 (Agb0103)H 9] B =& Q1 3173 ®rE e oJgh =33(= =)o A 2] PAT
thil o] nHE 5= AlFlo] 8F(56Y)E A F o] o] AE ste] &, 7 A d(Agb0103)HE ket
GMH | gt 3915114 B7F 84 F FAE AET) dist 54 548 B71 Aol GMH 2] 7|7 g o]zt
=T Aol w2 F3AF §lo] B A =4 FAo] paE]ojop & ZloH, £ H37lo] Ail= o] & 97t 7%

AR B8 5 92 Aol

ol

re ri

Table 7. RECs, (Effective concentration 50) values of Daphnia magna after 24 and 48 hours in non-genetically
modified rice (Iimibyeo) and drought-tolerant transgenic rice (Agb0103).

EC50 (mgmg/L)!

Test item 24 B h
Potassium dichromate 1.42 0.96
(Reference substance) (1.15-1.75)* (0.79-1.16)

lmibyeo 4,023 2,694

(3,264-5,063) (2,211-3,288)
4,011 2,243
Agb0103 (3,331-4,874) (1,858-2,704)

YActive ingredient: limibyeo; Agb0103 rice T7 100%.
?95% confidence limits.
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Conclusion

2 A7 YAA CaMsrB2 AR AZA XG4 PAT GFAA7E 2 4= 7FEA 34 (Agh0103)H ol A = &
Azpe] I HE A 2 AEER EHF| vl G A6 el A=A FEARA
(Agb0103)8of| =AH CaMsrB2 F PAT 74412 PCR 4 A3}, 7HE A (Agh0103)H o ARt 0] 2 o] W=7}
HEE % om, PAT Tl A 9FaA-& ELISA E415H A7} 7HE A 4d(Agb0103)H of| A TH A =] 9] 17, HFATFS- 38,18 +
9.71 ug/g +FL2 AEEom, vl 3 HE Q] FRoA 7HE AT A (Agh0103)H 2] PAT T
ke W= 7]7to] 85 Thofl n|HEE| ek 7FE AR (Agh0103)H et A njwi o] E 2o tiet FASAAIE A,
Al 0] 24 A1 7H-ECsp2 4,023 mg/L (95% A2 RHAL: 3,264-5,063 mg/L), 48A17H-ECs) 2,694 mg/L (95% A1 =] SHA:
2,211- 3,288 mg/L) A1, 7Fe- 21341 (Agb0103)H ol A= 24 A 7H-ECs 4,011 mg/L (95% A Z|$HA]: 3,331-4,874 mg/L),
48A17F-ECs) 2,243 mg/L (95% A1 Z|3HA]: 1,858-2,704 mg/L)| Tt T3}, Lk s = 7H2-2 34 (Agb0103)H 1}
AnHof| 4] FUSHA 625 mg/LE S = ATt whEtbA], 7HE A3/ (Agb0103) 7 B2 dn|Hof Hluwste &
H 5o £l G A g2 Ao & Atm Hrt
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