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Abstract

BACKGROUND: The disease resistant (OsCK1) rice was
generated by inserting choline kinase (CKJ/) and
phosphinothricin acetyltransferase (PAT) genes isolated
from Oriza sativa and Streptomyces hygroscopicus into the
genome of rice (Nakdongbyeo). With the potential
problems of safety, the non-target organism evaluation is
required as an essential element for the environmental risk
assessment of genetically modified (GM) crops. In present
study, we studied the effects on survival of Misgurnus
anguillicaudatus and Cyprinus carpio, commonly used as a
model organism in ecotoxicological studies.

METHODS AND RESULTS: The M. anguillicaudatus
and C. carpio were fed on disease resistant (OsCK1) rice
and non-genetically modified (non-GM) rice
(Nakdongbyeo) to 0, 10, 100, 1,000 and 5,000 mg/L, as
treatment concentration respectively. The OsCK1 rice used
for the test was confirmed to have the OsCK1/PAT gene

*W A1 A Z{Corresponding author)
Phone: +82-31-299-1142; Fax: +82-31-299-1122;
E-mail: leekjong@korea.kr

231

expression by the PCR and ELISA analysis. Feeding test
showed that no significant differences in cumulative
immobility and abnormal response of M. anguillicaudatus
and C. carpio fed on between OsCK1 rice and non-GM rice.
The 96hr-LCsp values showed no difference between
OsCK1 rice (>5,000 mg/L) and non-GM rice (>5,000
mg/L).

CONCLUSION(S): The results of this study suggested that
there was no significant difference in toxicity for M.
anguillicaudatus and C. carpio between OsCK1 rice and
non-GM counterparts.

Key words: Cyprinus carpio, Disease resistant transgenic
rice, Misgurnus anguillicaudatus, Risk assessment
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Genomic DNA &2| ¥ PCR #3.

BAZA GMH S Y AlSE 7+ 1 g A& Fska,
AP A x| A A8} | 2315t §- DNeasy plant kit
(Qiagen, CA, USA)E ©]-€3}9] genomic DNAE 23}
%At} NanoDrop Spectrophotometer ND-1000 (NanoDrop
Technologies, Inc, Wilmington, USA)<  ©]-8-3}o]
260/280 nm #te] 1.8~2.0 Afolql FE& Aol o83t
Ark. AE FEARE A fAEE wEoE
OsCK1/Pinll, PAT, Actin §37F 81§ Leto|m S A%
&}lti(Table 1). PCR 7S $l5to] ANTP(10mM) 4 ul,
10X PCR buffer 4 ul, =Zztel#] z} 20 pM, f-Taq DNA
polymerase 1 unit(Solgent, %), template genomic
DNA 200 pg= 713 5 HF ihg H9]5 40 nl 2 53
t}. PCR HH&-> PTC-100 Thermal cycler (MJ Research,
USA)E ]85t 1 cycle(95C, 5+), 35 cycle(95C, 30x
-55C, 30% - 72°C, 30%), 1 cycle(72C, 538 iHs-2 <=3}
Aoz ATt S%5¥ PCRAFES 1% agarose geloll4]
A719se § UVEALR gR18119H Gel Extraction kit
(Qiagen, 28704)% ©o|&3t] “Alstal pGEM T-easy
vector (Promega Madison, USA)e°ll 4F3Jsto] kst 71
M ARE sl
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Table 1. Primers list used for PCR analysis

Gene Primer Primer sequences Product Size(bp)

Forward 5'-AGTCCCCTAATGGTGCCCTAACCAA-3'
OsCK1/Pinll 625

Reverse 5-TTAATGTGTATTGTGTGTTGAAAC-3'
Forward 5-TCAAATCTCGGTGACGGG-3'

PAT 466
Reverse 5-CGAGACAAGCACGGTCAAC-3'
Forward 5-ATCACTGCCTTGCTCCTAGC-3

Actin 137
Reverse 5-GTACTCAGCCTTGGCAATCC-3

HREH GMee] We TR 2

PAT 3219 24 8Rls 91319 Immunostrip 77
(lateral strip test)= AASIILE AR5 F243} a7 v}
Hoto] @A S FE3 F, PAT 7342 S Trait LL
Test Strip(Strategic Diagnostics Inc, Newark, DE)E ©]
g3l Immunostrip 778= TH8IUTHO et al, 2011a).
PAT @9 F55 AFat7] floto] 2 AsEs vkt
¥ PBSTE3 3 w43} ¢ § ALA(AEelA 51)
2 AAEE(5,000 g 5W)stel WHAS Ry, FET &
PAT/bar ELISA kits (EnviroLogix LibertyLink,
Portland, USA)E ©]8-3lo] ELISA®AS AAeoict B
ANEEE oM 2417 WEgSE § ELISA  reader
(Multiskan EX, Thermo Scientific)E ©]23}°] 450 nm
oM FHEE SHSAHKIm ef al, 2010b).
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™, A tiZ7+= Pentachlorophenol sodium salt (Fluka,
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e W e @ Actin

Fig. 1. Confirmation of the T-DNA genes on the OsCK1 rice and non-GM rice. M: 100bp DNA ladder, N: non-GM

rice; Nakdong, GM: OsCK1 rice LS28 30-32-20-9-7 lines.

(GM) &Eo] 13 t] W2 =7k A=) glek. =fjellA]
T 78 455 o 18 GMAEC] /s 1 glom, 1
f#2] Choline kinase f-2HOsCKDE AN A HE=E
W w31eluiE el A S veRllE BA GMH7E 7Y
W9t Lee et al, 2007). B {29 WA K]
Choline kinase (OsCK1)9} Streptomyces hygroscopicus
el AEAAEd 94121 phosphinothricin acetyltransferase
(PAD7Y T%1¥ WATY GM (OsCK1)H o]HlE(event
LS28 30-32-20-9-7) ¢} Bl AAS YHeHE ¢ GMAZE
oA Apist & w)3EA AEAQA Jojo} wlFeef st &
37k At

HEA AEA 54 G2 A2 ARE HAZY GMH
EHE OsCKI9} PAT A7k A gRlebr] 28t
PCR #48 50]2]1 Zejolw 5 A|&slgitl. OsCKT 34
A= v fEl fExelmE UAlE CKT FAkeh e
fate] T-DNA A=Al ARG T4 AR Pinlieh A
T FHE HEHES ZelolE AFEIL, o4 T
o7 v YAGAA dE Zelo|mE Actin A4 971=
BE] AZateltiTable 1). PCR ¥4 A3}, OsCK1/Pinll
= HATA GMHIMTE 625 bp WME7F HEE L, ¥
AAZAR] Hanjolis HEEA it PATE BAEAS
GMEolAE 466 bp F71¢] WMEZE AEH AL, HHA A%
AR el AEEA Fokek vhdel B WAz
Actin® B1ZAASAQN g1l AT GM#B| EFelA]
137 bp ME7}F AZH AT ol & Al AHgd HAY
GMHol| OsCK19} PAT 5447 ==%lar, eHgd o=
TAIE L Q5 Ikl th(Fig. 1).

WA GMH NN Bar 53AK(PAT) w2 o] wg S
A7) flsto] FAE o83 lateral flow strip test
(LFST)w41S 2Aleeict 4o ARg-# WA GMH 9}
W 2] Azl diste], PAT whiid gelg g7t 45

N GM

p.

Fig. 2. Confirmation of PAT expression for OsCK1 rice by
using immunostrip. Immunostrip tests for the PAT
detection. N: non-GM rice; Nakdong, GM: OsCK1 rice
LS28 30-32-20-9-7 lines.

60 -

50 A

40 -

30 A

PAT [ug/g]

Nakdong 0sCK1 rice

Fig. 3. PAT protein Levels (ug/g Dry weight) in non-GM
rice (Nakdong) and OsCK1 rice. Values are the Mean+SD
of triplicate measures.

°] Q& immunostrip= ©]-€3to] T WAS BAGH Ay,
WA GMHAYE Sold o whalo] W9 o, tf
271 Yol TR ASItHFig. 2). =3 HATY
GMH|elX €] PAT i WFAZES ELISA (enzyme-linked
immunosorbent assay)¥2 ©|-g-3to] E4lst A}, 45.44
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+2 23 ng/g T2 PAT @¥ido] So]x o7 g Hglom

SHEHoMe wdEA d5S ERISHITHFig. 3). ol 3l
%Xi%“é BTH oA W= n]5est 502 WA GM
HolME gHgA o7 PAT dldoe] wleg S elg 4= 9)
ATHKim et al, 2013).

G GME{2| o{R0f| et X2 s= AHE

WA GMB e} HaH o] vlite] 9 qJolol] tigh 54
54 oFE A wEE $4s] Y8 2 AlEE 0, 10,
100, 1000 ¥ 5,000 mg/Le] F5E2 Agg<ro] dE 2
St om 27} 24, 48, 72, 9l 96213t it} HAoj RS £4
o].cmz]- 96/\]7} o} ;q /\] o7 )\1;\] O].o% PARR = I
ol 107kl g AL o Bl AREESYe 2
96717t F- a1 Ae)Ei=]l 5,000 mg/L 2214 B3t
oJo] B x|Aloi7) P A 9kgKTable 2). 2t Al&2
10, 100, 1000 2 5,000 mg/L #2] F=¥ B
A}, 7t 342, 6.23, 40.76, 261.8, 2,214 NTUZ 573
th olE 7IRko 7, WAZA GMH Y| of el tidt 54
Aol #HF F% 5,000 mg/LE At} SAANEE
Fapoict.
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Jojg} mltee] ﬂ%fz %73*3% =4 AEARL 7189
AE 71Ed PU(EENEY A Al 2010-29F) 0 EAE
SAARE vgeR } -t—ﬂ 71 9 7] 5454
B URbeHAl WSk woke] 54 A4S flste] Wt
OF 24 HE 48A7to] QFHHILE 2 AlRdeAlE Azt
(24, 48, 72, 96A17h) B AlEE52 FHHAE 1Y 1ﬂ
EE Tz tiste] pH, DO (Dissolved Oxygen) ¥ 5

7\/\} }oﬂr)r t\:g} }\]6-] 7] 7} Eo}oﬂ DO ZX—]@L]. 48/\121'
%‘ﬂr % DO7}F ESHEEAARTS] 60% ©letE Weld 7o)
AE = ) dnE vl o R v 24A17F A0 2 oF 1AI7F
St WAY GMH S e ATt W S izl At
AE Fuste] Ttk AlE7I F ik U pHE w4
Az}, vt AT A, S HAgE GMHe| o
ato] Ztz} 3t 7.27+0.69 (7.17~7.34) 9 7.32+0.15 (7.04
~742)01910M, Jo] A9 A9 717t Hqt 7.31+0.06
(7.29~7.40) % F4t 7.21+0.16 (6.91~7.31)% ==}
(Table 3). A2 Fxul9] DO #4143 2] A2 elA
= 9En el HAEA GMH skl 22 o 6.58+0.45
mg/L (6.19~7.33mg/L) % 6.49+0.57 mg/L (6.07~7.49
mg/L)oIglom, oo Ay FelA 77t it 6.55+0.62
mg/L (6.02~7.55 mg/L) ¥ 6.82+0.66 mg/L (6.06~
7.63 mg/L)°]tHTable 4). Ag] 39| ~2H3le] 7
G wE] Al Heen 2 WA GM#E el tiste]
77} 4t 22.98+0.44 C 9 22884033 C 55 KL
o] Aol A Z2F et 22.98+0.28 C B 22.76+0.27
C 5 Hol A7zt & Ao|7} gla& EAtKTable
5). mtE] gl QJofell tigt Yaniol WA GMH2 Az

of w pH % 722 Wk s 4
Holx= okotov, 7+ Ae49] DO
vl = sk Ads Bolth

T A, v SAuETelN 7.44+0.44
mg/L (7.05~822 mg/L) ol HEH(6.58+0.45
mg/L)s} MATA GMH(6.49£0.57 mg/L) Hz|TelAe=
s AgE ®BYla, o AeE SAAUET(7.39+0.41
mg/L)°ll 15k %ﬂ% 55+0.62 mg/L)%} HAZ GM
H(6.82+0.66 mg/L) AH#7olM FHashs S Btk
o]g} o] STzl vl e L WA GMH A
g7 DO7F 743k o] fi= A 7te] AlE7t f7]EolH,
o A=A wre el dojo] S B e
el g T IS e Aow Ity ME}.

HMEE GMEH2| o150l Chel SHSHAIR

BWW* GMH g} Fgrfe] gk u lﬁalﬂ @ole] —“é
AT S 96417 BE AFA o AAEoH, 7 w5
W eF ofF 10vklel dist A, AWkEEEd, AT 2
e sl Sl WATA GME 9} e A
Al 7} 5590, 10, 100, 10,00 2 5,000 mg/L) #2417
24, 48, 72, 96A17h ol W A|Ate] 4] AFAY HisE
2l 5,000 mg/LellA] vFe] W Qlo] B XAl Holx|
28ItH(Table 2).

Oh 5(2012)<> 3lEA3/d BtHel tigt ol IF F7}
Alell Hd) 1,000 mg/L sEE A7dsto] AdS Fase
(Oh et al, 2012), o= YR o= Hj$ls) s =(MHD,
Maximum Hazard Dose)® GM2ZH&0] WHdsh= Hi t
W4l Holweel X7 s S (Expected Environment
Concentration)?] 108)(v]= 4R 5H 7Tl A
gt Zlout, 4t 96hr-LCsos A5 5~ $1SITE Kim &

o g J

—~

(2007)> ofF-<] Btrol] thsh A %7} Alef €= 200 NTU
TFrollA] 48A13F mF:Alel o] 5 JW*% Mlﬁ

717kl AR FEA o7 SFe A 23 Ak
I BRI Kim et al, 2007). 9] 0}7}‘:’]‘: —’F% &
oA E&AR TAnEES 8 Qe A3 F 7P AdAls

A-g¥ A 425 5%3—’ Ao, Alek= Sl 4
ez Q7] Wil 24 faliAke] Hd o=l 9

o A BhS e Holr, o] el SAEAE
el 22 789 3—7&3} Hstol 22 8

AEYAE W HE ophrt AR s}
(club shaped) =74t AfW(gill lamellae)<> F7 9%
< o]FA Ho], CO, w3 Atz Qs TFHA o] &A7}
25719 st Hebd 5= 31tk (Ferguson 1989; Shin et

ol O ot px X
4

al, 2011).

2 AZelAE BATY GMH7E offel ARAA JF
= = T Hu %Ei 5,000 mg/LE Aol A
T, ol i%} [t =(EEC) 2] 1008 o]4e] &
o]"r /\]64 =0

1235V ooo mg/L(261 NTU)2| 8.51]<]
2,214 NTU #403 HAAER vlte] ek Jofe] 59



236 OH et al.

Table 2. Cumulative immobility of Misgurnus anguillicaudatus and Cyprinus carpio in the range-finding test

Sarmple Concentration Number of Number of dead fish Mortality (%)
P (mg/L) fish 24h  48h  72h  9h  4sh 96h
0 10 0 0 0 0 0 0
10 10 0 0 0 0 0 0
non-GM rice 100 10 0 0 0 0 0 0
1000 10 0 0 0 0 0 0
5000 10 0 0 0 0 0 0
Loach
0 10 0 0 0 0 0 0
10 10 0 0 0 0 0 0
OsCK1 rice 100 10 0 0 0 0 0 0
1000 10 0 0 0 0 0 0
5000 10 0 0 0 0 0 0
0 10 0 0 0 0 0 0
10 10 0 0 0 0 0 0
non-GM rice 100 10 0 0 0 0 0 0
1000 10 0 0 0 0 0 0
5000 10 0 0 0 0 0 0
Carp
0 10 0 0 0 0 0 0
10 10 0 0 0 0 0 0
OsCK1 rice 100 10 0 0 0 0 0 0
1000 10 0 0 0 0 0 0
5000 10 0 0 0 0 0 0
Table 3. Changes of pH
Concentration
Sample (mg/L) Oh 24h 48h 72h 96h
0 741 7.13 7.04 7.26 7.27
non-GM rice
5000 7.30 7.17 7.25 7.33 7.34
Loach
0 741 7.13 7.04 7.26 7.27
OsCK1 rice
5000 7.35 7.04 742 7.39 7.40
0 742 7.45 7.21 7.28 7.03
non-GM rice
5000 7.33 7.40 7.29 7.34 7.22
Carp
0 742 7.45 7.21 7.28 7.03
OsCK1 rice
5000 7.30 7.31 7.27 6.91 7.27
Table 4. Changes of DO
Sample Concentration Oh 24h 48h 72h 96h
i (mg/L)
non-GM rice 0 8.22 7.28 7.05 7.38 7.27
Loach 5000 7.33 6.33 6.75 6.19 6.31
oac OsCK1 ri 0 8.22 7.28 7.05 7.38 7.27
SR nice 5000 7.49 6.28 6.04 6.43 6.22
non-GM rice 0 8.11 7.20 7.41 7.18 7.09
Car 5000 7.55 6.58 6.56 6.02 6.04
ap 0 811 7.20 7.41 7.18 7.09

OsCK1 rice 5000 763 707 717 6.21 6.06
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Table 5. Changes of water temperature

Sample Concentration Oh 24h 48h 72h 96h
(mg/L)

M rice 0 225 233 226 233 231

Lonch 5000 25 233 25 234 232

OuCKI rice 0 25 233 226 233 231

5000 225 229 226 23.1 233

oM e 0 28 2.9 2.4 2.8 231

Carp 5000 25 232 23.0 23.2 23.0

OuCKI sice 0 2.8 229 24 2.8 231

5000 22.6 22.9 224 2.8 23.1

Table 6. Cumulative immobility of Misgurnus anguillicaudatus and Cyprinus carpio in the limit test

Concentration . Number of dead fish Mortality (%)
Sample (mg/L) Number of fish = 3 == g~ 72h  96h  4sh 96h
. 0 10 0 0 0 0 0 0
Loach non-GM rice 5000 10 0 0 0 0 0 0
© OCKL 1 0 10 0 0 0 0 0 0
° ce 5000 10 0 0 0 0 0 0
. 0 10 0 0 0 0 0 0
Carp non-GM rice 5000 10 0 0 0 0 0 0
. 0 10 0 0 0 0 0 0
OsCKI rice 5000 10 0 0 0 0 0 0
Table 7. Abnormal response of Misgurnus anguillicaudatus and Cyprinus carpio in the limit test
Sampl Concentration Abnormal reponse
ample (mg/L) 24h 48h 72h 96h
oM =i 0 NORD NOR NOR NOR
Loach non-LvL rice 5000 NOR NOR NOR NOR
oac OsCKL rice 0 NOR NOR NOR NOR
5000 NOR NOR NOR NOR
onCM i 0 NOR NOR NOR NOR
Car ° ce 5000 NOR NOR NOR NOR
P OCKI 1 0 NOR NOR NOR NOR
SR Tice 5000 NOR NOR NOR NOR
1) Abbreviation for abnormal response.
NOR : normal.
Table 8. LCs values
. LGCso (mg/L)? NOECY Body Weight Total length
T
est ltem 48h 96h (mg/L) © (cm)
Control - - - 1.93+0.12 7.78+0.33
021 0.20
_ 1) -
Loach PCP-Na 017026 017-025) 1.71+0.10 7.71+0.15
non-GM rice >5000 >5000 5000 1.93+0.08 7.90+0.25
OsCK1 rice >5000 >5000 5000 1.95+0.11 7.82+0.19
Control - - - 0.99+0.10 391+0.15
0.14 0.11
Carp PCP-Na (0115-0.161)  (0.092~0.126) ; 085:0.04 3.40+0.09
non-GM rice >5000 >5000 5000 0.98+0.11 3.92+0.23
OsCK1 rice >5000 >5000 5000 0.98+0.08 3.93+0.16

1) Pentachlorophenol sodium salt.
2) Median lethal concentration.

3) 95 % confidence limits.

4) No observed effect concentration.
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