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Abstract: qRT-PCR and ELISA methods were used to detect the CrylAb—Ma expression, and lab and field bio-
assay were applied to evaluate the insect resistance of transgenic CrylAb—Ma maize CM8101. The CrylAb—Ma
genes could be detected to express in all tested tissues in CM8101, and there was no significant difference among
different generations. Compared with non—transgenic maize Zheng 58, CM8101 showed significant insect resistance
to Ostrinia furnacalis in different tissues both in laboratory and field conditions. And no significant differences in
the survival rate of the Ostrinia furnacalis were observed in these tissues among different generations. The resistance
rate of CM8101 was detected to be Class 1 at each generation, showing high resistance level to Ostrinia furnacalis.
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Note: A, Expression level of CrylAb—Ma in leaves at different stages; B, Expression level of CrylAb—Ma in different tissues.

B1 HEEEKCM8101 RRKH AREAR Cry1Ab-Ma B FFRRIZKF
Fig.1 Relative expression levels of CrylAb—Ma gene in nine tissues of CM8101 at different growth stages
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Note: A, CrylAb—Ma protein expression in leaves at different stages ; B, Cry |Ab—Ma protein expression in different tissues.

2 HEEEAKCM8101 REIHHRE AR Cry1Ab-Ma EHKIRIZKF
Fig.2 Expression levels of CrylAb—Ma proteins in different tissues of transgenic maize CM8101 at different stages
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SRR PR 3) o I R T K E A 13 BBk R K
JEE NG E LA S 2 (IR TR B DR R
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Efficacy of different tissues against the Ostrinia furnacalis neonates

FokgHE BT IR H] (d)

L) WA (%)

Survival rate of neonate larvae

Maize tissues Feeding time

¥ 58(CK) CM8101(Ty) CM8101(Ty) CM8101(Ty)
TN 1 100.00+0.00 a 88.00+5.83 be 70.00+7.07 b 80.00£3.16 be
3 98.00+4.47 a 10.00+7.07 b 14.00+5.48 b 12.00+3.74 b
5 98.00+4.47 a 2.00+2.20 b 0.00+0.00 b 10.00+3.16 b
7 98.00+4.47 a 0.00+0.00 b 0.00+0.00 b 0.00+0.00 b
T 1 100.00+0.00 a 68.00+8.94 b 54.00+13.00 b 68.00+2.00 b
3 98.00+4.47 a 30.00+12.00 b 12.00+8.00 b 12.00+5.48 b
5 98.00+4.47 a 4.00£4.47 b 2.00£1.25 b 4.00£2.45 b
7 98.00+4.47 a 0.00£0.00 b 0.00+£0.00 b 0.00£0.00 b
1t % 1 100.00+0.00 a 84.00+2.00 b 78.00+4.47 b 46.00+2.45 ¢
3 98.00+4.47 a 30.00+13.00 ¢ 58.00+8.37 b 22.00+2.00 ¢
5 98.00+4.47 a 12.00+£7.00 b 8.00+8.37 b 6.00+2.45 b
7 98.00+4.47 a 0.00+0.00 b 0.00+0.00 b 0.00+0.00 b
B R 1 100.00+0.00 a 60.00+13.00 be 66.00+8.94 b 48.00+2.00 ¢
3 98.00+4.47 a 34.00+12.00 be 30.00+10.00 b 14.00+2.45 b
5 98.00+4.47 a 18.00+8.00 ¢ 2.00+4.47 b 4.00£2.45 b
7 98.00+4.47 a 0.00£0.00 b 0.00+£0.00 b 0.00£0.00 b
+ ki 1 100.00+0.00 a 62.00+2.45 b 60.00+2.45 b 64.00+4.47 b
3 98.00+4.47 a 25.00+4.47 b 32.00+5.83 b 24.00+2.45 b
5 98.00+4.47 a 2.00+2.00 b 2.00+2.00 b 4.00+2.45 b
7 98.00+4.47 a 0.00+0.00 b 0.00+0.00 b 0.00+0.00 b
TE R PRI R AR DR [RAT PP REAR R 2R 28 5 35 (P<0.05). K[l
Note: The data indicated by Mean + SE, different letters within a line were significantly different(P<0.05). The same below.
F2 OMHAREEREEKCM8101 SIFHEEFE F KRB 58 I E R A KK F
Table 2 Disease ratings and resistant levels of CM8101 and non—transgenic controls aganist
Ostrinia furnacalis in the field at whorl stage
ok W e HFEG) PrrkKer
Material Leaf feeding rating Disease rating Resistant level

CM8101(Ts) 1.0a la R

CM8101(T.) 1.0a la R

CM8101(Ts) 1.0a la SR

B 58 8.0a 7b J&&
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Table 3 Disease ratings and resistant levels of CM8101 and non—transgenic

controls against Ostrinia furnacalis at silking stage

Ok i Huk FORRBRIE 1K (cm) FURREEFLEL (/B fEHI HUHEZ)
Material Living larva Mean tunnel length /plant Number of tunnels /plant Disease level Resistant level
CM8101(Ts) 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a 1 X
CM8101(T.) 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a 1 it
CM8101(Ty) 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a 1 it
#5558 0.17£0.09 a 4.53+£0.59 b 2.44+0.33 b 7 T2

3 gEESiTiE

P UL LR TR Y B 2R 3R /K 5 Hi R
PEEAEARDC . Je i SE R AT ELSIA J5 ik, e 1
Mon89034 (2432 J5 18 Cry 1A 105 25 FA7E 1 ALL
Wink | Ab2z ek MEREZRS ZEBELL R FLE R
FRIA & 5 SRR, it i rh AR R B e, TR
16.20 ~ 30.82 pg/g. Nguyen ZF20 5 T 55 FL K ok
Mon810 4= K & B 19 4 /W 5 S EBALAY Cry 1 Ab £
F ik, 3R Cryl Ab 2 1A FOKRFLBCK I it
Rk, e h Rk R, ZEEEY
XF 24N B P FoRPR R AT T BLAEE I S R Ay
E , R B TR BRSO LA K& I
Wik BEE MR A K, BUE H R Ik B BT .
AR BUR IR Rk i 2R 0
Hi eIk i AR R AL 22 R b (At —L
WF5E 2B, BUER [ Rk it fEnk 22 A3k B0, 2
JE i Nk EEbAE A IR 2 RS T
J& RS MAEZEFT AER A TR AR RE AR e
(7K, 3% 1T BE 5 % SE R A BE A A 2245 5C . Gutha
L0 TR E B 20 M R R — R 81 2438 TR MR,
I LW A8 i ELISA SE 5 T 34 & & iF Y
A7 Actin JEF1-alpha 1 GAPD 3 /4~ P PR 2R () 7
i, AR, FRN TR F R RBZ B AE KRR
AU 5 NS 1 A 1 PSRBT/ S BB PN )
T M 2 (R 2% S T 5 B I AN [R]ZH 4
DL A KA SRR

L DA MR A 2 R 0 BARHR 20
HAEFFHMER O, R LA /AT AR5
125 B 5K 2K Mon810 X7 P T K R AR E
DKM ELA 35 v 1 TR0 UM INET I 2500 A K
K6~ 8 HA B 22 A - A SR A 40 BRGS0 1R M
KR, 24 h 5 4l BBE T F 55 5 R 87% | 100% Fil
100% 5 1 [] 45 5 A O W A Rk 22 13402 ], e 45
BIhmhi. INVBAEPIR FAERE R & i o ik 4

SE T ORI IS0 BT 5 [ P FHTFRE S 300 ) 7R R

I Xof K BB AT R 2 S R R A R OR MR R T

H SRR A2 dJF , FORIERIFET R &Ik

80% A Fo ASBIFFIXT AL LI oK CM8101 it MR

O MERE AE 22 JTORL R B R IE A N A SR B

CM8101 XF A7 P T A A 5 w8 YLk L 25 2 SUim] e

3 dJm, BRIESET RGN T5% VA L 57 dJEIET-HIK

100%. Xt CM8101 7 Lot B A 22 B4 7 HH 1] 42

YeSE o ZERFE XU K B A B KO A

Pro BHEEP E K CM8101 1) Cry IAb—Ma H ()5 K 7E

e SEARERIE KPR A, A4 ZUE X0 I

P 5 K AT 5t ) 2R IRSCR, T RTS8 0 1

e, PR e BT, PO AR A A% AR A 2 3

T E o

BB 3Lk

[1] BRICEE, sRRB B 4,55 . AR TOREEAEDIBIG RS i
[11. FEAYIBG#,2015,31(4):561-567 .

Chen L L, Zhang Q H, Xue Z, et al. Current situation and prospect
of biological control of corn borer in Jilin province[J]. Chinese Jour-
nal of Biological Control, 2015, 31(4): 561-567. (in Chinese)

21 X1 B, BE Bk, ROk, S DU B ISR S H
MR HOTEHEVEANT] . P E A B IR 4], 2017(6): 774-779 .
Liu C, Chen L, Wang B J, et al. Insecticidal activity of four different
Bt toxins against six important lepidopteran pests[J]. Chinese Jour-
nal of Biological Control, 2017(6): 774-779. (in Chinese)

[3] B, 5k R XIE G, 5 L A PR RE A r RS
DAV . P EAY TR, 2016,36(4): 18-23 .

Wang X J, Zhang X, Liu P L, et al. The application and safety as-
sessment of stacked transgenic plant[J]. China Biotechnology, 2016,
36(4): 18-23. (in Chinese)

[4] XURBEZ, 5K Al . oP SRS RE VR e A5 AR B2 LU ] . v el A
YT 2R ,2017,37(8):119-127 .

Liu X X, Zhang N. Comparison of regulation on GM crops cultiva-
tion management in USA and China[J]. China Biotechnology, 2017,
37(8): 119-127. (in Chinese)

[5] Fromm M. Inheritance and expression of chimeric genes in progeny
of the transgenic Plants[J]. Bio Teehnology, 1990, 8: 833-844.

[6] Nguyen H T, Jehle J A. Quantitative analysis of the seasonal and tis-



64 £ ok B 284

sue—specific expression of CrylAb in transgenic maize Mon810|J].
Journal of Plant Diseases & Protection, 2007, 114(2): 82-87.

[7] Kim J H, Kim H Y. Event-specific detection methods for genetically
modified maize MIR604 using Real-time PCR[J]. Food Science &
Biotechnology, 2009, 18(5): 1118-1123.

[8] Zhang Y W, Liu Y J, Ren Y, et al. Overexpression of a novel Crylle,
gene confers resistance to Cryl Ac—resistant cotton bollworm in trans-
genic lines of maize[J]. Plant Cell Tissue & Organ Culture, 2013, 15
(2): 151-158.

[9] James C. Global status of commercialized biotech/GM crops: 2017,
ISAAA Briefs No.43, ISAAA: Ithaca, NY.

[10] Bravo A, Gill S S, Mario Soberon. Mode of action of Bacillus
thuringiensis Cry and Cyt toxins and their potential for insect con-
trol[J]. Toxicon, 2007, 49(4): 432-435.

[11] Christou P, Capell T, Kohli A, et al. Recent developments and fu-
ture prospects in insect pest control in transgenic crops[J]. Trends
in Plant Science, 2006, 11(6): 302-308.

[12] Marra M C, Piggott N E, Goodwin B K. The anticipated value of
SmartStaxTM for US corn growers[J]. Agbioforum, 2006, 13(1): 1-
12.

[13] % &5, F M, G, 5 . 5% erylAb/ery2Aj cery IAb/vip3DA E

RIS L TSR RR SO BT R PP ] . R P g
2:47,2016,43(6):951-957 .
Chang X, Wang W, Shen Z C, et al. Evaluation of transgenic
crylAb/ery2Aj and crylAb/vip3DA maize events for their resistance
to Helicoverpa armigera, Spodoptera exigua and Prodenia lituralJ].
Journal of Plant Protection, 2016, 43(6): 951-957. (in Chinese)

[14] Wang X J, Xin Z, Yang J T, et al. Effect on transcriptome and me-
tabolome of stacked transgenic maize containing insecticidal cry
and glyphosate tolerance epsps genes[J]. Plant J, 2018, 93(6): 951—
957.

[15] Dietzpfeilstetter A. Stability of transgene expression as a challenge
for genetic engineering[J]. Plant Science, 2010, 179(3): 164-167.

[16] Du D X, Geng C J, Zhang X B, et al. Transgenic maize lines ex-
pressing a crylC*, gene are resistant to insect pests[J]. Plant Mol
Biol Report, 2014, 32(2): 549-557.

(071 X0 3, XA VEPEDH L 45 . H BT R G070 4% HE TR 32K Hill-
NGe-1 {3 AR5 PR M) . AE R Bk, 2016, 6(6): 428~
434 .

Liu Y, Liu X G, Wang Y Z, et al. Genetic stability analysis of in-
sect— resistant and herbicide— tolerance transgenic maize Hill-
NGc—1[J]. Current Biotechnol 2016, 6(6): 428-434. (in Chinese).

[18] - [FIU, R ki s, EAEEE , &5 . 5% Bt crylah BB AR K 3515

KL AT . Al A A #2010, 18(4) : 638
644 .
Yue T Q, Lang Z H, Wang Y F, et al. Acquirement of the transgen-
ic maize harboring Bt crylAh gene and analysis of its inheritable
stability[J]. Journal of Agricultural Biotechnology, 2010, 18(4):
638-644. (in Chinese)

[19] #hLLks 25 U, #5555 GrylAb/cry2Aj F1 G 10evo—epsps F
PR oK B R I 23 338 KT HEREA ()] . AR el
2018,27(1):63-68 .

Sun H W, Li F, Gao R, et al. Bt protein spatial-temporal expres-

sion and evaluation for resistance of transgenic crylAb/ cry2Aj
and G10evo—epsps maize[]]. Journal of Biosafety, 2018, 27(1): 63—
68. (in Chinese)

[20] H/INH, S 806 MR B0, 45 . % CrylAb—Ma B DR T KA R

W AR S e H 5 A (] . 4 A B Fl, 2015, 13(9): 1943
1948 .
Yang X Y, Weng J F, Xie S Z, et al. Construction and genetic trans-
formation of plant expression vector harboring insect resistant gene
CrylAb— Ma in maize[]J]. Molecular Plant Breeding, 2015, 13(9):
1943-1948. (in Chinese)

[21] Xie G N, Li Z X, Ran Q J, et al. Over—expression of mutated Zm-
DAI or ZmDARI gene improves maize kernel yield by enhancing
starch synthesis[]J]. Plant Biotechnology Journal, 2017, 16(1): 234-
244.

[22] #HEE  BWUR . FARPUENESOEITTMARHERI BT IE)] . £ KB
2%,2007,15(5): 142-143 .

Li G L, Li H Q. Research on the criterions of evaluating standard
for maize resistance to asian maize borer|J]. Journal of Maize Sci-
ences, 2007, 15(5): 142—-143. (in Chinese)

(23] Jemidil, 2 R, ZE 2 G VR B P RSN A g s

FIRFAET) TR RR=,2014,42(12):29-33 .
Long LK, Li F' W, Li C C. Spatiotemporal expression pattern of ex-
ogenous proteins of genetically modified corn with complex traits
[J]. Jiangsu Agricultural Sciences, 2014, 42(12): 29-33. (in Chi-
nese)

[24] Nguyen H T, Jehle J A. Quantitative analysis of the seasonal and
tissue—specific expression of CrylAb in transgenic maize Mon810
[J]. Journal of Plant Diseases & Protection, 2007, 114(2): 82-87.

[25] i, XUTEEE, RIS | e BL IR BT HU oK B 2R A I a5 32
KA . AL RRE, 2008, 33(6):35-37 .

Jiang Z L, Liu D P, Li X H. Studies on the temporal and spatial ex-
pressions of Bt toxin protein of Bt transgenic maize[J]. Journal of Ji-
lin Agricultural Sciences, 2008, 33(6): 35-37. (in Chinese)

[26] Székacs A, Lauber E, Juracsek J. CrylAb toxin production of
Mon810 transgenic maize[J]. Environmental Toxicology & Chemis-
try, 2010, 29(1): 182-190.

[27] Gutha L R, Purushottam D, Veeramachaneni A, et al. Expression of
endogenous proteins in maize hybrids in a multi-location field trial
in India[J]. Transgenic Research, 2018, 27(4): 1-12.

(28] EAWF, EIRHE AT, 5F . Bt BKA R S i 25 K5k

Bt S T AR Y % ORCR D] o B AR B, 2004, 37(8) -
1155-1159 .
Wang D Y, Wang Z Y, He K L, et al. Temporal and spatial expres-
sion of CrylAb Toxin in transgenic bt corn and its effects on asian
corn borer, ostrinia furnacalis|]]. Scientia Agricultura Sinica, 2004,
37(8): 1155-1159. (in Chinese)

[29] b B XUFFEL, WA, A . BT BRAH TR R KR
MIFAS R E)] . R EARERIE ,2015,48(2): 215-228 .

Sun Y, Liu X X, Li L L, et al. Production of transgenic maize germ-
plasm with multi—traits of insect-resistance, glyphosate—resistance
and drought—tolerance[]]. Scientia Agricultura Sinica, 2015, 48(2):
215-228. (in Chinese)

(FAL 2 5 . AP LT HE)



