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WE . NI Crylle SR P E KA CP4- EPSPS PR it b w77 R G0 €8 25 1 A= A 35 BN, LARE S, #4 (Danio rerio)h 5%
TSI, BE 4 o) B A T S PR K e i DR O A R AH o7 7 ik PR S A (3 s A, I LA RS AR A Ay o) B 3 5 98 dﬂx?%
Jeg A DA PR A BT REG M: 23S (R R R B BB £ ) 20 2 S AU AR 1T mRNA Rk K, 2
SRR L B HU R DR K AT 83 R )t DR R 2 X B £ P A A SR JHFIE 0 8 R e it ) A1 0 L O R A2 5 O g £k
YIT0 R0 R TR R 2 0 e A b 1 7 AT ) 1 AL B (SOD) T M Wk 2 e T AR BE TR K G A RN R A ek 2, H e
F R T MEAO(P<0.05), BEE 0 JEdn ] 2P BRURR AR 1 mRNA AR TR KT, A B[] 52 3000 0 9 R0 7 A | SR e i) 57 28 1)
FE S 2 (B AR B 2 RS AR . g e Rk A B T £ 1 A SR I IR SOD 64 LA mRNA ik i 5 ik fm e AH e A
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Abstract: To evaluate the ecotoxicological effects of transgenic Crylle insect-resistant maize and transgenic CP4-
EPSPS herbicide-tolerant soybean on fish, zebrafish (Danio rerio) was used as a model animal and four experimen-
tal diets, including genetically modified (GM) maize, GM soybean, and corresponding near-isogenic non-GM lines
were prepared respectively. A commercial feed was used as a reference diet. The feed intake, growth, reproduction,
and antioxidant enzyme activity were investigated during a 98-day feeding trial. The histopathology and mRNA ex-

pression levels of sensitive protein were analyzed at different feeding stages. The results revealed that insect-resist-
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ant GM maize and herbicide-resistant GM soybean had no significant effects on growth performance, histopatholo-

gy of the liver, intestinal tract, and brain, fecundity, and hatching rate of fertilized eggs. The activity of superoxide

dismutase (SOD) was significantly higher in the liver of zebrafish fed with GM soybean compared with in those

fed with the non-GM soybean and commercial diets, and was higher in male than in female fish (P<0.05). There

were no obvious regular changes over time of mRNA expression levels of sensitive protein in zebrafish organ tis-

sues. There were significant interaction effects between feeding duration, diet, and sex. When comparing experi-

mental diets and commercial feed, we detected significant differences in growth performance, SOD activity in the

liver, and mRNA expression levels, which may be related to the differences in palatability and nutrient composition

of diets. In general, transgenic Cryl le insect-resistant maize and transgenic CP4-EPSPS herbicide-tolerant soybean

have no obvious ecotoxicological effects on zebrafish.

Keywords: insect-resistant GM maize; herbicide-resistant GM soybean; zebrafish; ecotoxicology

DR 5 DR R AR M A% 0 B B R A W AR g 1 P
A eSOl AT RSk A AR AL TR iR AR
2019 4, R 4 B FEE L PIEY—ARAE KT
TR AT 24 0 FH 8 y 52.8% , Horh B K
T R DR K B 1 43 5k 74% T 31%
e e DRIV E ) RIS Ry M A e AL P VS A A 2S5 XU
EnliE T ANz, B, iR EAEY B3
B VPN E R A TR Rl AR AR R G, KK AR AR
BRGMFEAIR BE =

SRR B AR R AT AR AR AR AR
K FIAR PR WA 55 R A% 1 AR - R4 IF: Bifi
b RAR AN RAR U E A SR K, © AW
FEW R, ¥ Br Ok H 8] A9 b 3 K R TR p
Cryl Ab 8 [k B 7] 43 5135 130 ng- L' 1 143 ng -
LB K FH B A R K Tl e g IR e P R
BRI ek U B cryl Ab 3 T I A2 6D
I N R A TE AR AR TR A A7 2 REAT X K A A=)
()22 B R A RS . LA, 5% ik PRVE 4 16 R 9% 9
FNFRAATT LRy K A Sh ) B4 sl A 2 o g2 2, 2
HARIT K SN A W v T 2L R A SRR U K
91 R RS % e VR 7T BE 23175 A S e /K A= )
HETE 24 Al g DU s BT S 2 1 iy 22
R, K AEABSRENEEAEYWARZ —,
30 3o G N £ 288 A FURIA T Ay S 0y AT DA S8 e 7K P
AR ARk, B WY LA S X
YIVTAN e SE R A 1 A 25 0 BN, R 22 T 9%
3 o) T JR i B DRy ) ) MR S oy R A A 2 A K
R HLURI NEAS KT BT N S
I DA K BB RE 15 VEA i DR VE ) ) AP IR RE DR B
HFBEAN AR LMD fERA A%
THAR RIS , 380 H 2 7RI PR SL I 4l | AR R AR A

AT A3, B XS R AR K R F
S B DL M A B4 T ) AR AR AT B A8 W X T g
SRR A R A E . T R 2RI A K
BRI AR U 5 R )RS A B T RE 4 AN
[ XTSI AR A K EE AR bR
HEAT BRI W, A R T 4 T DPA A 3 DRV 9 1
TEAE TR AR U AN

PE 54t (Danio rerio) ¥R 4 5 NI K H HA
BRI R T Y R R DI RE DL M
NP 5T B BRARAE AL TR
PRRY/N HEACTRI A 5 T 72 0 BB i SR AR Lk
HEAE VE hy 5 i DRV W 42 4 1k 2F A b iy 45 X 3
Py AR LB E Sk 2 i s, AR E A
W Crylle FEH %K TE09S034 Fif: CP4-EP-
SPS FEKIR & AR J9331 Sy iRk 43l e il 4 Ak, 4G
DU %% L DRURDRL )5 S i MBS TR % 3 i, Jl ) 98
d MRS AT BE O R B A K BUA L
TEPE R BT SRR bR, 20 B AS [) W o BB 5 £ (1) 241
2055 BN SR 1 mRNA 63K 7K | 35346 3 R A
Pyt i A= A8 T BRSNSy 5 IRV W oK 2B 3
YRR PP PR IR 4%

1 ##l57 % (Materials and methods)
1.1 R
BRI B R MR N FE Crylle K BT AL £ oK
TE09S034 N H AR He A i 45 HE R 3 25 31, it iny K
SR N 5 CP4-EPSPS 3 IR i Bk %557 K & AE
J9331 J HARSG TP 3 45 3 I R 8 30, Y i E
F B BEAE IR A5 AL
RN B A R AB S R BE S A b E R
2B KA A Py 5 i 6] S8 B 0 B v W) S P e
0 RTETE , 4h It B R R R R L (Parameci-
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um caudatum), A6t 20 d J5 MR FAF 2 (Artemia
salina), B RF o MRIRE 3 WK, 4 HTE K
7730 d Lofq 4% 2 B H 0 575 3 5 (Aquatic habi-
tats ZFO601, Apopka, FL, USA)H1 3554 , 1% £ 58 W&
MK, B RKFOK RN 10% , Fibiks] 60 d 4G
R Ml R A, A R MR i o LA R i O R )
09 4% , BELh A%k 3] 90 d B aa il 5, il & 32
ENER NI NG TR I N
1.2 SRR il A Bkl

RIS ARV A8 1T, X FT A EOR R S AR 3
FUE SRR AT, R 5 SRR R R SRS %
F 4 52 [ = X WF 9% 2% 01 2 (National Research Coun-
cil, NRC) il 2 i i1 2 5 3% 75 5K b off e ) A T 4]
B FRRHEC Y NEE 1 R . BRI TR K KR
P FH R FH 43 HIL(FLBP-250 , b i E J1 1) 4T
P IS, it 100 F 07 904 FH i Tk Sl 45 B e o
ZLTVAT 80 CAAT Ak b S PR 5] 9K 5
R A51] pi ZNEI K 9 I AR U SE N 26 1 Hp ) oAt
TR , BRI R v A5 R AILAS 4 4 H 7 4
RAIRA A BRI R AR LR/ R A 1.5
mm SR, 4 TR R, B TR mAt AR RT,
FHAR 8B L5 Fa 11428 K /INEA T A s AR 2 o7 A ) ek 4t
B ELAR N 450 ~ 550 wm,4 C A, M Ok

RS E H B AL CORHE) DR R A R B 9 Ay
e}, B R by R N TE R | AT
HAEYEA 2R X Yy B as i BEHK 57 125 (ELISA)
il e % FE P F KRR Y CrylIE £2 F1, ELISA
TG 11 B 5 R BT A RIS IN 7 5 357 o v [ b B2 B
YEYIRL 2= X R ZE 484 . SR CP4-EPSPS
TE EARIIR 45 2% (Agdia Elkhart, IN, USA)K: I it 5
FF F R R SRR 1) CP4-EPSPS 2, [A] A,
R % JE R B (AR I3 4R 2% (Agdia Elkhart, IN,
USA)YKEIN T 75 b 47 L 9 Cryl Ab/Ac S CP4-EP-
SPS AMRZE X5 LR R % FE R T K AR e AR
3% B1(FB1), % {1 % 7 2 BI(AFB1), L KR %
47 i (ZEB) FIMX i 75 22 (DON) #4 5 F #E AT 1 A6z 0
(RS R B AR R S5 (L) A R AR,
1.3 ilEikit

TEPRAR 5 12 AR A T A BE 2 Bl AL 4 AR S
20, BIVELFE IR K 41 (GMM) | B 5% 3 IR 5 K 4 (Non-
GMM) &3 H K 24 (GMS) A% 3 K & 41 (Non-
GMS)HIE b kL B ZH (CF), A4 1% & 3 AT
i), BHEL 50 ZRBESL (10 L), XS [a] ) 1) 57 26 1F
Lol I IR A R R — B, R R R 98 d
RN Z AR IR R TSR 3% ~4% ,47 3 K
FIE(8:30,12:30 ,16:30) , H-AR 4l 57 i fa A 5 2 (1) A8 1k

F1 RWABE ARG %)

Table 1 Composition and proportion (% ) of the experimental feeds
S i Ere S| LR ISP NERE| E B2 S PN
I £ K H(GMM)
§ ) (Non-GMM) (GMS) (Non-GMS)
% Genetically } ] ‘
] . Non-genetically Genetically Non-genetically
Ingredient modified
modified modified modified
maize (GMM)
maize (Non-GMM) soybean (GMS) soybean (Non-GMS)
L H P K Genetically modified maize 22 -

EFEFLF F oK Non-genetically modified maize -
IR K H Genetically modified soybean
e R K K & Non-genetically modified soybean

£} Fish meal 23

fi%#E 1 Casein sodium salt 28

B Gelatin 12

AE427H Peanut oil 5
JEB Starch

1 JiFl Cod-liver oil 3

WY o/ 4EA: 2R p

Mineral mix/Vitamins/Amino acid mix

JINAH Z £1 Carophyll red 1

22
22 B
- 22
23 20 20
28 20 20
12 12 12
5
14 14
3 5 5
6 6 6
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PRI a0 I DR B £ Ui B SR
WEEIKZ B B AN R HEA T ISR, I e SR B A
SEH (AN 2R R BN A S0 RN SR B LR FIBE
TGS, I ] BT i SR R G K T (27 2+
0.5) C .pH /7204 HLFFH(507£18) pS-cm™ ¥
fE N (102+1.1) mg-L™  FFEBED A KA,
1.4 AERIEFRHIE

FEIRI T 1R )5 A2 14 .28 (42 .56 .70 .84 Fil 98
K, AL REHLBE L 10 4% BE T ff FR R (U8 5 ) L 0 o
PR, IEAR YR AT A0 Bl 31 8 R e 3 K SR RN ] L i
%,
1.5 HEURHEEESHr

TEIRIG T4 I 26 28 .56 i1 98 KW BT h fr 2%
12 h i, BEELREPLEEL 4 45152 T 10% BIHE/R D
MW, WK A 35 e 3 45 i U ik MR
I 4 B, A J5 H A i 61 34 Ml (HistoStar, Thermo
Fisher Scientific, USA)#F/ T4l Z1bE B3l | BEAI 4
H a1 £ 1 Y B #1 (Shandon Finesse, Thermo Fisher
Scientific, USA)YYI N 4 wm 2247 B4 S8 A, R 75
AKG-FHELHEV A 5Y) 7 Yot I Je A2 50O s
(DX45, Olympus, Japan) F T2 2R H2A G2, R
Po e A 4 5 45 R AR R B I R B EA T4 40, o0
FIERICH 1.2 3 F14 43, JTGEBRAE R 0 4, B s
WAE R 0.5 4,
1.6 ZHaFR bRk

FEET BEMLIEL 5 X BE 2 f b R A L 1 - 2
FFECXT PEH0 , MG 156 70 KIT R MR IR 4501, 4
14 d BexF—k, A AERE 3 WK, 0 s AR BE 5 £0 7 B
T LR A ATt W T LS AT A
1.7 HFHEFD B 36 8 48 Ak ) 5 AL i (SOD) Al i 4 Ak
ABHCAT) I M

PRI TR 5 O 98 K, I ALk FRUME 4 A1
MEPEBEE 045 2 5%, KAk ) Je BRI Ok i 1 21
ZUREAS 43 5112R F SOD 171 5 (Sigma, USA)FI1 CAT
17 & (Biovision, USA)KS: M | ki £ fT HE A1 i 18 20
A1) SOD il CAT ik,
1.8 B mfEgR 44 SOD, CAT Fi# G E 1 70
(HSP70) mRNA &3k # K

FERI IR 5 HOE 28 .56 FIl 98 K, KL BEML
UM FVEPEBE S 1045 3 2%, KM Je B AFATE |
W IEFNVERR A AR A R s RNA 42 BU 7] &
(Qiagen, Germany)HEHUIE#S 22U H) B RNA , 3818
6 THDS-11, DeNovix, USA) IS b ke

JRE LK, Rl RNA O 2E B2 F e B Pk . RNA &%
KA cDNA Ji7 SR HISEI 7 E f PCR A 5t &
e i R 2 SOD, CAT Fil HSP70 1Y
mRNA Fik7KF, LA actin NS L, SR AR X &
k279 11 SOD, CAT I HSP70 () mRNA &
B, HH AAG = (Crpmim = Crmssm Juna —
(Crmoen = Crysam D anmen » 75 5 YRR E 51 ) 7 51
FIRI T332 350 2 BRI A 17 ) i
1.9 BRGS0

R 5XE B 81 A Jo o BB B E R E AR R
(special growth rate, SGR) KL% 1L % (feed conver-
sion ratio, FCR), Fi A K R AR BHEZ AL A
LU

SGR=(In W,~In W, )/tx 100

FCR=C/(W,- W,)
. W, R Wy 530 i 45 TR i R 6 T 4 e
R i (mg) ; ¢ AR E](d) ; C A (mg),

KM 22 I R J7 22 73 H7 (multi-way ANOVA) 7351
56 R (B G % J R FOR A AR FE JE H R 2 A
B AR DA KR S (iR R KR E 4 JE
Bt R R R 2 A R s o Ak X A ) v A L B
FER] L BB AT 22 18] 1 528 AR FH XA ) JiE s 2 21
HURAR 1 mRNA 28 3k 5 AT A A0 B 35 1 1 5% el
AR T 2245307 (one-way ANOVA) K 56 A 7] 21 531 35t
Bk iTe R R A KR R AR
S S B G R i 22 5, B E KPR a=
0.05 , ZK 25 1 2 WK A Tukey I53E4T AR 41
S 2 8 R, M AEAS TG 56 ( T-test) 1o
P 0 e TR 0 U 4 2H 2 U AR 1 mRNA
Foikm b B AU IS ) 22 7% (a =0.05), LA gy
P fdi SPSS 19.0 BEit Rk 5e . g £ dhs F-F
BIBAREIRRIR

2 R 5457 (Results and analysis)
2.1 R ERHE SR R R O AN
HEHFRIKER

TRPRHE TR B 3 e 46 2R R | e S R R
AR 9 A 7 B DR R R 32 B8 95 il A I e 22
5, HARREAS I /& B () AR K TR SR (% 2) B 5 7
MP AR Ee, T AR RS 1 LR 9 DR K S
S WA A, T Ve R 2 i ) A O v o X 2 R BT A
AV 2 5 PR T oKD v o TR R A 45 2R R AR
BEIEIH TR GRRL Y FB1 . DON il AFB1 5 fb i
TR LR KA i i) AN 3 R A A AT AR
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TAFRUEY (GB 13078—2017) H #1514 55 1o R 7K
(e 2)1 A B i PR R R AR RRL AN B PR R A e
ORI B T AR BE DR SRR B 1, TR N ) 3R A
R RTR L AR B Cryl Ac F11 CP4-EPSPS 2K [ 5
FATECR 2),
2.2 HERKEM

ARG 0 (1) 4 1 24 A BT B R 43 Sl
(12478 +4.69) mg F1(23.0+0.3) mm, 7E 56 1 7] 4%
B £ (0 A4 BT A X S T B kA R
DRI 2 5 R 7 = 2 35 PR 21 30 P 45 30 A K AR
B EZERE D), BEIRE 98 d i, £ oK
2B £ A 0 A S AR T AR A R R R OKR A (P<
0.05), 5wl fl k4L AH B, N TR} 2 B0 ) £ 1A
o PR IR A R R I I 2 A, TRDRHG (%
F i (181 1),
2.3 42U

BE Tt T i T 0 IR 2L £ s LG T 4% B e
TR o TCW e AR W 2 B Bl AR B AR JHF IR AR
FEERINIFH MRS, Z BN R DB PR,
AR, DR 0 g RERGAR I Bz AR AR 4
B 2 SRR IE B W RN, £5 4L BE T £ v
ZH L 2 A RN 1 B R UL B R s, RPE ISR 28 d
ARG B FOKR AR 1 4532 A A 1) p 22 4 L IR
BE, X BURIRIE A 9 J7 2253 B 45 R R AR IR
56 d B, gl bR 4 BE Ao i S e AR AR W T
FEBE R 20 (P<0.05) (3 3), FAB IURE IR ] 5045 20

() B 2 £ JF I 3 A A SO AR R TE i 25 57
Bt R P (R HE RS | 45 2H I35 22 (JHF &4 e s A2 ) 7
JEAME BTG 3),
2.4 BHAtER

B b X 7 5P 45 S R B 2 AL 3k B
45 XTBEE fa R LR BRI KA 75% A2
A B MEfa = B S DR R 5% 36 K 40 A 68% 22
A7 e fE = B L AR R A 84 % 7= B, B L R AR
P 5 B U RDRHZE 1 27 B a5 RS2 4 D Ak
RINTC I 22 5 (K 2), Aad i a6 Ak 2 114 7= B 1
AR SR AR R A F AR R R (13515 vs 175+
23,(53.1+4.5)% vs (60.8+2.3)%), £ HBE4k H %)
10359 WL B R TR PN o S H AT
2.5 JHHEFGIE T A B P

TR L HE T 250 2h TR (€ 4), 415 A
P50 5 IS A i A8 R Y SOD BG4 I 2 5, AR i
FE R EORZLBE S £ SOD i 17 &l 2 /51 T 7 ol 1 Ak 21
FR), T Ml AR R ZH ME £ SOD it % AH R T 1 £ . 3 i
o PRI A S 591 5 20 50 R A2 EAE X FOKR 2L BE 1)
fafizE R CAT B % A 5k 25 52 e, BIVAE AN [W] 28 53]
Hh O £7 R £0 Y R AN — B, TR 58 & B AR B 3
PR T K r o £ B 38 T B CAT il 2% = T Af £
(E3), RKEHAZHET 25 e RERES),H
SRR ) % S0 S £ I R Y SOD il TG A i 2 5
Tt R DR R 7 A Y = vy T A e DR A O R R o ) e
20, M0 ) SOD B W2 T iDL,

®2 EHMERBSSMNEEANEESERE

Table 2 Nutrient composition, exogenous protein and the content of mycotoxins of the diets

43 Components GMM Non-GMM GMS Non-GMS CF
T¥1)5/% Dry matter/% 88.5 89 88.5 88.6 954
HE /% Crude protein/% 56 545 50.7 53 57.8
HLARNI/% Crude lipid/% 9 112 11.1 109 159
TEHY/% Starch/% 103 11 124 122 12
HLK53/% Crude ash/% 8 78 78 83 14
Y/ % B6/(mg-kg') Vitamin B6/(mg-kg™') 206 238 931 773 15
#/(mg-kg™") Iron/(mg-kg™") 257 292 224 289 866
ffi/(mg-kg™') Manganese/(mg-kg™") 12 12 17 17 53
¥ /(mg-kg™") Zinc/(mg-kg™") 34 34 32 32 238
fk ¥ & B1/(mg-kg™") Fumonisin B1/(mg-kg™") 1.09 2.04 - - -
T K IREEMER/(wg - kg™") Zearalenone/(ug-kg™") 094 095 - - -
MR - 7 25 /(ng - kg ™) Deoxynivalenol/(pg-kg™") 3.65 2829 - - -
# M E K Bl/(pg-kg™") Aflatoxin Bl/(ug-kg™) ND 028 - - -
AN Foreign protein FH4E Positive B Negative FH4E Positive BA4: Negative BA 4 Negative

. CF Z Rk Akl 4,

Note: CF is commercial feed.
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3207 —a— GMM 800 _u it
300! —&— Non-GMM 7007 —=—Non-GMM
250 —a— GMS 600r —*—GMS
£ g | —&—Non-GMS @ sl —a—Non-GMS
£ = CF EE
£5 =g 400
= 240t &z
3001
22.0¢ 200F
20.0— L . - p y y 100
14 28 42 56 70 84 98 14 28 42 56 70 84 98
IS i) /d 15 s 1) /d
5 Experimental duration/d s Experimental duration/d
s 16} i £ 4t T
3 AB g a
< E e A
o o B A\J .S AB
¥s 12} b Tz 3t
Wz b g
H 5 ZE Bb
Be osy EZ af
=3 5
g =
204} 1
0"GMM Non-GMM GMS Non-GMS _ CF 0"GMM Non-GMM GMS Non-GMS _ CF
41591 205
Group Group

Fig.

E1 FAERAMNHDENER ERE FEEREMARELER
TE AR RS TR R e B P R A 5 P FOR LRI L A B 2 [I7E P<0.05 /K B 225 35
ARVING FREFRIR IR N G AR S R R A R R 2 17 P<0.05 /K 225 3% T 1A,

1

Length, weight, specific growth rate and feed conversion ratio of zebrafish in different groups

Note: Different capital letters represent significant difference between GMM, Non-GMM and CF at P<0.05;

different lowercase letters represent significant difference between GMS, Non-GMS and CF at P<0.05; the same below.

x3 AREAEBEDERTRE. 78 E R REFENER
Table 3  Histopathological results of liver, intestinal tract and brain of zebrafish in different groups

RG] /d 21531 JHFIE Wit fisi
Experimental duration/d Group Liver Intestinal tract Brain
GMM 022+0.22 022+0.15 0.00+0.00
Non-GMM 0.00+0.00 0.11+0.11 0.06+0.06
28 GMS 0.00+£0.00 022+0.15 0.00+0.00
Non-GMS 0.00£0.00 0.11£0.11 0.00+£0.00
CF 033024 033+024 0.00+£0.00
GMM 0.50+0.33 022+022 0.00+0.00
Non-GMM 0.89+045 033+£024 0.00+£0.00
56 GMS 0.67+0.33 0.00+0.00b 0.00+£0.00
Non-GMS 0.00+£0.00 022+0.15ab 0.00+0.00
CF 028+0.15 067+022a 0.00+0.00
GMM 0.78+0.52 033+0.17 0.00+0.00
Non-GMM 133041 033+£024 0.00+£0.00
98 GMS 0.11£0.11 0.00+0.00 0.00+£0.00
Non-GMS 022+022 0.11+0.11 0.00+0.00
CF 061+023 0.11£0.11 0.00+£0.00

T A F/INE F R R 3 R 4 ARG 3 R R S LA AR 22 7] 22 5 1 3 (P<0.05)
Note: Different lowercase letters represent significant difference between GMS, Non-GMS and CF at P<0.05.
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Fig. 2 The egg-laying amount and hatching rates of fertilized eggs of zebrafish in different groups
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Fig. 3 Superoxide dismutase (SOD) and catalase (CAT) activity in the liver and intestinal tract of zebrafish in different groups

Note: (a) and (b) are liver, (c) and (d) are intestinal tract; *

and * * represent significant difference

between female and male zebrafish at P<0.05 and P<0.01, respectively.

2.6 AFENEZSLLZH SOD, CAT Fil HSP70 ) mR-
NA £ik&E

X B BE o AR iz AR R 2 Rk
H I mRNA RIEEMZ RN R I 208 R s (GR
5), IR AFSE I (] 55 241 00 A0 P 1 %) 28 AR X I 2%
HZ SOD | CAT F1 HSP70 mRNA Fiki A o %

SEMA , Ul B R[] BURE B ) 5 AN [ 2 30 R 1 il 1) 2
SRR, B0, 7255 28 d B, L oK
ZH B fa JIEE Th CAT mRNA 33k 0 28 TRil
T RH M AE 98 d B, %% B DR R AR 5% 56 I E Ok 4
CAT mRNA Fik 53 0 8 T Rl e A 78 28 d
I, et TR T B HSP70 mRNA 2634 7K -5 1k e AR
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x4 AFNMERNNHDEFENGEPREUBEEXNNZERTEST
Table 4 Multi-way ANOVA of the effects of group and sex on the antioxidant enzymes

activities in liver and intestinal tract of zebrafish

‘ ] Tk Kl
JE#% 75 S SR .
Maize Soybean
Organ Source of variation
SOD CAT SOD CAT
JiT G 3.144 0.745 10.110% * * 2871
Liver S 3283 3.154 30.356* * * 15
GxS 2.722 035 0.004 0.328
i G 3.977* 0.028 1013 2648
Intestinal tract S 6467* 5233% 8.814%** 0.134
GxS 0.764 4222% 0.768 3.11

TE : SOD JElt A ALY B ALl , CAT Jiid S L S SR T AUER R Z IR O 2 0 Wi it FAH, * K78 P<0.05,* * IR P<0.01,** * FIK P<0.001;G
R, S FRFHED, GxS FRFEMHE L TIHF,
Note: SOD is superoxide dismutase; CAT is catalase; the values in the table represent the F value of the multi-way ANOVA, * represents P<0.05, * * re-

presents P<0.01 and * * * represents P<0.001; G means group, S means sex, and GXS means the interaction factor of two factors.

x5 AR EHNREEENEDARRARFHEEL mRNA RIEKEZMUESEARFTESH
Table 5 Multi-way ANOVA of the effects of group, sex and experimental duration on
mRNA expression levels in tissues of zebrafish

Ik Rk 3 F A Maize KG4 Soybean
Organ Source of variation SOD CAT HSP70 SOD CAT HSP70
G 1.65 16 1.74 3.64%* 635%* 1.71
S 0.09 0.79 0.04 0.56 0.06 192
D 341%* 8.67% ** 1.75 21 1.82 0.39
JT
GxS 093 025 0.14 0.06 1.08 061
Liver
GxD 0.59 332% 1.66 1.08 156 2.11
SxD 095 2.69 1521*** 08 0.69 6.79% *
GxSxD 035 1.14 3.94%* 0.13 1.04 1.78
G 101 251 2.64 6.65%* 6.62%* 095
S 3.68 0.77 257 0.03 0.01 523%*
o D 1936% * * 839 * * 275 8.02% * * 234 725%*
=
. GxS 181 2.15 129 040 057 129
Intestinal tract
GxD SAL*** 1.94 135 2.10 1.99 126
SxD 532%* 4.53* 148 1.04 0.07 1.08
GxSxD 1.62 152 0.71 098 0.81 234
G 503** 2040% * * 733%%* 099 26.05% * * 447%
S 0.19 0.67 4.70%* 0.65 11.98** 0.02
D 1827* * * 361%* 0.08 13.89% * * 881 * ** 723%*
PER
GxS 022 024 293 083 0.57 036
Gonad
GxD S5.67*** 363%* 144 552% % * 437%* 1.08
SxD 295 278 1.69 4.63* 528%** 238
GxSxD 051 091 099 121 025 0.61

U HSP70 BHWHE 1 70, R BUEFR LN R T 200113 FAE,* FOR P<0.05,* * IR P<0.01,* ** FIR P<0.001 ;D fLRIEE I A], GXD
1 SxD REMHE L LA T ,GxSxD REZFEL LA T,

Note: HSP70 is heat shock protein 70; the values in the table represent the F value of the multi-way ANOVA, * represents P<0.05, * * represents P<0.01
and * * * represents P<0.001; D means experimental duration, GXD and SXD mean the interaction factor of two factors, and GXSXD means the interac-

tion factor of three factors.
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o 2 g, 2] 98 d B i ERAR (R 6), KIG4L
ZHFE T 2250 Mras B R (36 5) , 4 0% 3 5 fa A
HmiE h By SOD Fl CAT mRNA ik A B FHE
Wi, 5 3 PR AR 7 S K G 4119 SOD Fll CAT mR-
NA Fih 34 10 2T Rk DB (3R 7)), 1 46 B[]
S 0 P ) ) 32 B AR S S ) R 4 2
SOD Fl CAT mRNA 1)Kk K-, & 2H 2 [8] 1) 2% 5
TEAS [ BURE RS 1] g 8 — BOR  BR, 8 d X oK 4l
IR G PSR A B [R] () 22 58 L3, R BAL ) 2
] () 25 5 Rk AN T AR 5 R ol ) ek 2 =2 ]
AN R 3L PR 5 5 3 PR DR 4L 2 ) (36 8), i L
it 5 R U0 R V) A9 % | B0 £ T 1 21 20 P 1 SRR R
F1 mRNA FRIK7KF I8 R B B T = 5l R R
SR EETN

3 iFi ( Discussion)
3.1 FESLRVEYIX BE D fa A KRB R

Pt M A e DR A R 85 0 70) 2 5 PRI R 7 X B
IR T R DRL (3 R AR KRk
WA B HAE R 98 d B, 55 3 [N T oK 4 B
I (R AR o i S (IR T AR L R IR, A K A8 A5
(AR {08 5 A R R AR AR h S Rl AE R R 2R A AR
AT I T N L (SR B e R e e=i ety VAL
L AR, — AT, AR K IR AR FEAE S 1R
TR UL R AR 1) R B ASBIFIE A K LA i
PR 5 AR 3 PR R K BE 2 £ ) e R e AR 2 2
S, 10 H A0 1 (B) (A e Jm — Ok e vh R 3
FE DR R AT A A T A f 2 ORI, 3P 2 5 1T B 2 U
RN B EEAY RN, EHEA
P B LD K (MONS10) Ft 4] R WEL£ A 78 V3 i i)
WEFEH [RIRE 2 PS5 IR T K 4 10 e AR B i (. 35
T RS LD TR AL, HE 0 ] B2 1) e v S 2
BLAT 25 5, RN . BB VE R 5 S BV 1Y LU s 4T
PR BN 2E 5, v B S RS 8 S 0 T AL R T
SHEA KIS,

EAERRIE, 5 4 MR AR AR, Bk AR
RFLH BE 2 o 1 A K R BT G, 22 i T DA R AR
Skt BRI BFGE -t A A5 R AR FR AT I
A0 T Ak E M A B I £ ) 3 R R (ELE I T
T SRR R 20, R 1 R EEIE
e FE DR v 8 A1 5 B R TRDRL ) A R RO R
fiff, FRATTA X I R A T B He A B i i b
TR 2 I L o R A B A 0k e ), HGE O
THALRHEROL TR0 a3 AT BB 2 T 5% i 5 1 £

(B B fE N RDRLA T8, A, Bl DR o 2
FIUKELRE o 1) 25 S AR A 8, AT B T R T8 SR A 1
W SR A DTk v B £ P e R
3.2 BEFLNAEYNTBE D 41 4005 B A5

98d HYMEFRIA S 25 R R |, Pt A % FE R KA
T 53 59 2 3 DR R O ok 3E £ I i A R A
HLVRHBAT R, (BB e R3S, &
20 B £ JH 4 M A AR R SR N TE I S i 28 2 4%
B2 1 e D S5 iRl B RS 5 AR BT E L |
HEBE PUEFRNTLUMCEFRR (L, JRek 244
RN ZFEA L, KR ] BE 52 i B 5 £ i AR 18
W, SEUFAEA DT DU B SCEkilGE , 2ad 7
MENORS SR N NERA R E I S5SNIk |
K PGVEGE 7y 8 1 1R IR SO HE I 7T B2 K B
PUEFRETFIHERRIES  fEH AP R £
KA RHE S 2 RBE L0 i T v, B SR I Al
A 5 e R 21— AR B At B AT BIREAS 14 3 41
ZUR IR IED
3.3 BEILNAVEYNBE LD A 1) 5 )

e R I L DR A TR o3 0] g B R K R X B
0 ZFEVERETC W R, 4% 2H IR D £ 1 - 147
R (144 2 17 87, 5 SCHRRGE A AHIERY S H 3056 4]
RELHL ) 7= B 2 R 32K DRI AL R 5 Rl A ek 4 A B
PImgARARR , o7 B8 3222 il il g0 4k R L AR R A
P RIE SR L2250 s BE 5 fa 48 1 ALk}
AL FNE SR BT L, #E — 8 R BE L0 L R A A
PR B W R R AR A, S 3507 D R AL
PR BT B b e e L R Aokt #8255 1) )
LT, W K A RE I IR AR R R
T IIFTE LA P P bk Ry 523 Bl 4, F: B B [ 4
W AT A PR SR Rk B IR AR L
BRI B fa A B W S TN T B Y, —
WLABE Syt R sh i, A e Br ok H 25 R

ST R | RS BE PR R A S A0 7 O i
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F LA K- RV A TR0 B3 J0 1 3 25 5 20
3.4 EEILNVEYO BE 40 I 28 A 2 b B A AL B S
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PR R DR 5 A A 3 PR K R 2 R P P fe T e £ 21
) SOD.CAT F1 HSP70 mRNA ik & WA i & %
S B S Ao R AR L, 2 2H R P T A i T P ARG
HSP70 mRNA Rk /KPR RS ]
RE S RO PUEFRE (IR EERER) AL, B
A SCHRARGE KT B R Re 8 5 RV itk Mg L Rz 4l
HURE S PESS &, R i M 25 AN T RER >, A
FEH PR 5 e () (% 52 AR X B ) £ )k 25 40
21 mRNA Fibk A 1 E 500, 76 A [F] BURE B[]
FIAS )G 0 36 A e £r 5 0 £ 7 22 S RIS TA]
Sissener 45 PO X} IE-E Ak 5 PR A TG Al ol e e
B 0 A I A B, B R K G A £ I R SOD 1Y
mRNA % 57K 58 251 T A 4 SE PR R o 4 i A 1
e 2 AEA REER, CAEPRER, RN KT
SR IR R 7 v K R T AR P M R 1
FTREAFAE 2257500 | Moo TRV s R A0 355 25 P SRR R
A 2 P A ) ME R e 5 T i £0 T E R
DI 2 P ) A B M R B A TR B
Bt E £ I 7% 20 2 B Bt A B 1 5 L mR-
NA Fik i 2 [ A B 0 0 A Se M, T Al = 2 5 3
PR e ik oo i vp A S VR R R 45 A O (AR TR
FB, R ME fo N i 46 7 38 SOD il G 5 H: 98 d
BT mRNA &35 & 5 2 A0 ¢, JE 6 JL IR F R 41 i
SOD i B2 H: mRNA 235 i 45 3% = F i b 4wk
4, AT R TR RH R S L 2E R S8 W
HEREE RV F 2R, WYk G
2% B A0 ) L 5 I, B 1 v B AR AR R I P 1 AR A T
DI 7 W 38 45 1 T BILAAR B9 S8 A0 B 8 R g, AR AR 5T
AR I K 1A RHE) FBL . DON Al AFBI 5 &
PTG = T B DR R OR AR, A Sk = 75 2 1
R IR T LA AR 414U SOD FE R
SEAKSF LI DON HI AFB1 78 f A o (1) FE AR 45
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AR RE b5 AR 5 5 PR IR ZH A0 He 38 G W 2 22
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THE£0(P<0.05),, BE b JiE i 41 21 AU (. mR-
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. BIRER, 5 Crylle 3R P10 T K FE CP4-
EPSPS & Rt B 5557 K 50 X6 B0 0 40 B0 A B I i A= 25
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