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Abstract In order to study the insect resistance performance of genetically modified insect-resistant maize CM-
8101 with different genetic background to Ostrinia furnacalis, this study used transgenic maize CM8101-105 and
CMS8101-111 as test materials, with their corresponding genetic background 'Zhongdan105' and 'Zhongdanl111'
as well as conventional maize 'Zhengdan958' as controls. The results showed that the pest grades of CM8101-105
and CM8101-111 were both grade 1, which presented high level resistance to Osirinia furnacalis at the heart-leaf
stage. Meanwhile, the investigation results of maize ear at harvest stage showed that CM8101 with different
genetic background showed high level resistance to Ostrinia furnacalis, and the indice of tunnel number per plant,
tunnel length per plant and pest grade were significantly lower than the controls. At the same time, the results
showed that the stems of CM8101 with different genetic backgrounds were not affected by Ostrinia furnacalis. The
indice of tunnel number per plant, tunnel length per plant and living larva number per plant were significantly

lower than the controls. In conclusion, the expression of crylA b-Ma gene was stable in maize with different genetic
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backgrounds, and the leaves, ears, stems and other organs of genetically modified maize have excellent resistance

to Ostrinia furnacalis. The genetically modified insect-resistant maize CM8101 had the important value in pro-

duction and application. This study might provide a basis for cultivating new varieties of transgenic insect-resistant

corn with independent intellectual property rights in our country.

Keywords Maize (Zea mays L.); Bacillus thuringiensis (Bt); crylA b-Ma gene; Insect-resistance identification; Os-

trinia furnacalis

EAK(Zea mays L [ — KR E1EY), 4%
FITAGER I 3.5%107 hm?, F gy D rh (5 85K
(5 K A7 X, R AR 2 E W =2 —,
FEA B AT 2R 77 b BLAT 10 TE R LB PRIESE,
2007; BREDZEEE, 2019), KM K [ ] 32 22 55
e, AT S ECE K 10%~20%, A AR I )
& e AR 30%, 7 R B B KK A
a7 (Silva et al., 2018; FhLHEEE, 2021), FIFHH 7
AT PUR B ML BCRAR R PRIRAR e 1 22
Sl i, T I AR AR AME DT IE R RN EOK,
B A A DR RO R AT e A ) R AT
4 % 77 x(Shu et al., 2017; Shabbir et al., 2018).,

1996 4, 9 4% He PR T e ROK AR 56 [ R Ak
2019 A T AL B PR FOK MR T ARIE 6.09%107 hm?,
29 5 FE DME D) SO T RR ) 32% (FEL B A A4
FARRN RS54, 2021), #E 2021 48, TP [E 3K
AP S PRI TR AR ST 5 A4S, &
) Ay AR A 4 A PR ) R e AR R A T
EIFRIPTER TR ND207 (5L 2B IR 44 2A-T).
e i = AR R AT R 2 W) ALK 22 B T R I
PUHUIH BR 7 T oK Hi = 1257 (e LD A=) J5 44 W
P 12-5)H1 i 8 L IE B R 44 GAB-3)LL Ak
R ACAR W ARAT B | (1 Pt Ui g 570 oK
DBN9936 F1 DBN9501 (H [E A Ml A A 8 4 3k PRI
VA W 3l http://www.moa.gov.cn/ztzl/zjyqwez/) . {HF;
FEDR K 22 AU A R SR A 2L Ak N (1 i 42
AE, AESEBRA P R B R )T B A e e
S fa Ry . B T RE D FAEERLRI T 50R AR, H R
V) A S AT i 2 DR TR K i P v [ R b AL oA

DRIE,  AEHT A JE DR RO AE Hp [ OB ) Fol
2T, HEEZMEAIRPURMR I &
K, SEINAROC VBRI DR Y5 i 2% WA A L A B B4
BRI H oK CMB101 BRAL T A= Mk Ie i By, 2
Al e 3RAF 22 A UE S I B T 3 32 R R B
AL 2 — 2010 4F, R E AR BEAE Y R0
FC PRI B 44 AL R 27 Be B B 4 I 2= 4 R AT TR
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CrylAb 5 N ¥ 2 5L R 7 41, R4 J 7~ ) (R
K B Al 4 1 AT s, N A R TR
crylAb-Ma JERFF1(ZL 201010574708.X), £ LI At
b B /AR (2015) K iZ L R 3 N oK IE R 41, JF
AT 28 BRALIEDRIBH PR MR . 5K 55 (2020)41E T #%
crylAb-Ma FEK 2K CM8101 78 R b &40 F (%
T KD M, 50 HEE AZ 3R K 587 AL, T3 T Ts
TH ARG L PR R Z06) WP KR R I =Pt ANF
FAE LR g At b, DOz LR E A
13 BN A [F] 124% 1 558 5L R U 2K CM8101-105
AT CMS101-111 A0k}, A8 i IR 22 31k AT 37 YN
KU A2 de g, WESU BRI AR A 2 T AN A
BAETS S IE R BT HUE K CM8101 5 7 ] oK U
P KT, DU A 85 5 BA 1 B A 3 H0R =AU
T DRt HR R KT P AR AR

1E5R50H

1.1 AREEEREEREEX CM8101 AN K FQN

i T4 3L K 2K CM8101-105 AT CM8101-111
A B ARG HH 2SS M, ST ery 1A b-Ma
e PR IE MR P A . R, EE A
Bt-Cryl Ab/1Ac G ik 404 A5 I, B RSl BH Pk FH 1
P ORI % e e R PRt LR 2K CM8101-105
I CM8101-111 73 AR 1) F 52 1l 4R 454G I 445 1 il
(1), B R b SR e 24 IR, 3% B Ao s 1A AR
ZAG IR 1E Y, L M 2K CM8101-105 1 3.7.8
A9 5L CM8101-111 1 3.5 A1 10 A2k
P, 3R IR LA P Ay e RE DR BH PR o A 0 A DU
CMB8101-105 K 283 #, I r 4 5k PRI B P A ik 4y
116 A%, BHYERRFT b7 EL ok 41%; A0 CM8101-111
oK 350 B, JL A B LRI BH R AR R 91 B, BH Ak
JIT v Ee iR 26%

AN, HAR Bt-Cryl Ab/1Ac % iR 4R 4 1 # I
OO FE T B it 5K FH R FASEAS: W A FH i, 2 R AT
SRASE ey ARG N ) 2 1) H 928 R AR N 3B BY T, —
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111; C: Bk T: Ak 1~10: % 5

Figure 1 The part detection analysis of genetically modified in-
sect-resistant maize by immunostrip

Note: A and B represented the genetically modified maize CM-
8101-105 and CM8101-111, respectively; C: Control line; T:
Test line; 1~10: Number

12 AR EESSEERENK CMS101 LM EMH &
M HELEE

TE R OK R BR A2 &0 ik B (6~8 1 1) it AT
PR KR N T4 % e (R 1), W) 40 R R oK
CM8101-105 /M- E 2 o 1.02, HFEZ0 0 1,
P E KRBT AR Ih = ds B oK
CM8101-111 LB g 4 1.08, 0 1,
X P T K ME BT 7K P R AR R I Pt
1057 o3 b 25 530 K 7.47, B0 K 7, G
TRIEHTME AP R I i 11170 R
S 514, RN 5, 6P R KIEFT K TR
WA HRPT. L9587 L B A N 5.02, HE
A 5, X FOKIE UK R I ht . £5 b
Pk, 5 g5 R AR WA [R) AR 8 S R R R OK
CM8101 Lo S o ME 9 KM R B = e, £
IR 7 g T A e = < S = W INA U 3
T RORAC L 1057 R0 FP A 1117, b el G T
T KT B IR 9587,
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2% 5~ B4 23 90 4 0.02 AN/FE L0.02 em/ER AT 1.09,
P BRI GT PR KR Ih mrhes F 3L R oK
CMS8101-111 FRpfle: FL &L | Fhe B i K R A f 3
GO 5 A 0.02 AN/8K .0.02 eo/BRFA 1,11, %)
ML TR G E AP LI = s 5 105”7 Bk
FLEL. BRI E B 0 R A T GO0 P 3B 230 R
1.28 ANKK . 2.60 coo/BEAT 6.07, %7 T K AR 7K
FEI AR R 111 SRR LB SRR R K R R
A A 5 2 S 3L 4 A 112 AR (2.20 em/BR
1530, 0 KT K ST R I A K
958" HLBRIE FLEY | FLPR IS 18 K E A R A T ) T
Y9500 1.25 ASFK 2,50 em/BRFT 5.82, X 9 1
P NCETIR 6V O 3 S Y

50 45 R R WA ) 32 A% 8 S5t 0 B R D ROk
CMS101 MEREX SV 9 R AU E A3 R DA & bt
BT H S BTN I A% 18 S5O AR L 1057 A
CHRER 111, (R A U T I R OK K R AR
958, L AH W f1ty T 4 I PR 6 B K B Bl (¢ FP PR 1057
TSR 1117 )R 2 b T R RO (SR 958)
(R KT B 0k I
14 AEEEESHEREEARK CMS101 HEFEE

FoOK 22 JAREAT W YN ROz e, TRk
FEAREAT AT U8 7, DA SRR e FL AR L Bk B K 5 A
FRRAFIE 4 AR SRR bR, VPN FORAEAR 1) T 1 L
(3 3), WENAN RIS AL S R R ROk CM8101-105
I CMS8101-111 FRPRIEFLEL . FRPR RS TE 1 52 AR
AEE ) B AE A 05 i 1057 bkt FLEL .
R R K RN BERR AT 1R 40 HRUERCER T A 4 ok
1.52 ANKK 733 /BRI 1.32 So/Bk; i 1117 Bkk
U FLR L B BT K B RN B A 4 B B P 3 (E )
A 1.57 ANR.8.73 eo/AR AT 1.45 /B  FB . 958
FARRIE LA SRR A B AN R AR 4 AR T
BIE 530 1.90 ANKK . 10.67 eo/FEFN 1.58 Sk/tk.

g B PrIR, A [E AR S R R T ROk
CMS8101 JEANFAAE I FOK IR f5 5, ik fLER
AR R K R BELRR AT T 40 B R S e A AR
- LA IV 1 A A 55 DRLRE K b B (¢ B 105 AN
SRR LT )RE b T R K A (R 9587),
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LI EK CMBI01 Iy F ) e
Table 1 Resistance of CM8101 leaf against Ostrinia furnacalis in
the field

Mk T2 JUEZ Ptk
Materials Leaf damage grade Pest grade Resistance level
L 105 7.47+0.73 7 1%
Zhongdan105 Sensitive
HE 11 5.14+1.63 5 SRk
Zhongdanl111 Medium resistance
HEHL 958 5.02+1.90° 5 SREA
Zhengdan958 Medium resistance
CM8101-105 1.02+0.02° 1 EE

High resistance
CMS8101-111 1.08+0.11¢ 1 e

High resistance

o AN N5 o R AN ) B4 ) 8] 1) 22 St
0.05)

Note: Different small letters indicate significant differences a-
mong different materials (LSD, P<0.05)

% 1k (LSD, P<

JX R WA [ A 15 35 (1 e ZE I 10K CMB101 2544
P K IR BAT R e
21418

o E ERAME IR A 2 e A5 1 5 M EE
PUREAR K KA AR BT R IE D 73530 0 wip3Aa
(DBN9501).crylAb (DBN9936).crylAblcry2Ab (GA-
B-3).crylAblery2Aj (AP 12-5)M merylAb/mery2A b

QA-T), T erylAb FEDIHAT RUFIPUREE, L3R
5 N4 DI T erylAb TN (BULAL

26 2 BEFLIN T K CMS101 EAS f FH TR 470 de 1k

A B8 5 T RE D) 5 ery 1A b F5 RATY A2 24 1 N 0 32
BRI Bt b R . AR WE ST A R A
crylAb-Ma JE R HTH R OK CMB101 [FIFE A Tk
B3 J5 1 erylAb FEDH, 5T 45 38 WA Bt B A
cryIAb-Ma FEANRIBAL TS 5t FOK P8 e e e RIA, ¥
FEDRIFOK B AR ZEFFAE AR ORI KR )
HA R, JriEEgeh 1 96, X 5k #855(2020)
el R —20 [FR, 104 2855(2020)4R1E crylAb-ma
5 DR A o 391 P 0 R b S 0 1 W R 2 WA R R
L (45 IR S AN TR 28 B HPE KT B sy 2K 20 700 ok
O SFFRLS {22, IXWR I ZIER BAR) Mt
HE

e BE DR T R R TR R A 7 N T 3 78 ) e
HIRBS 224k, B2 2018)4R1E T 5 H AR JL P )
W 587 AR LL, R K oKk CM8101 X 7 - 52 Jik ]
(A3 6 R EE AR A o ) o RO A0 4 s 1 LA &%
FFBIRIAF 15 SR T 2 3 5 5 YU AR 1 (2019)WF T &5 1
T UL D) oKk CM8101 1554 1 K < S 58 M L,
HE S S AE R R . M s SR V% 2
FEMESETT IR IC B 5, e erylAb-Ma BRI BT
K CM8101 AN X K HI 5 B sh W vk 7 A AN R
SEM s YR NI (2019) 78 K T 3 A8 AT e i, &
82 2 ARSI T TR SE IR BT ROk CM8101 SR s 35
P 7K pH DRI R 15 R Bl i M () s ), & SRR
3G SE AP ok CM8101 St IRAH B, Ml B 43
7K pH DR RN R 1 B R B M A5 W R AR
Ak, FEFERPUER LK CMS8101 X HIEAS ARG R
Faate, g8 Bk, W crylAb-Ma FEHFHTHE &

Table 2 Resistance of CM8101 ear against Ostrinia furnacalis in the field

B BRI AL L FARREEIE K (cm) JEH G HitkKP
Materials Tunnel number per plant Tunnel length per plant (cm) Pest grade Resistance level
T 105 1.28+0.27° 2.60+0.68" 6.07+0.32° I
Zhongdan105 Sensitive
111 1.12+0.25° 2.20+0.35° 5.30+0.55 I
Zhongdan111 Sensitive
M 958 1.25+0.17° 2.50+0.67° 5.82+0.43® I
Zhengdan958 Sensitive
CMS8101-105 0.02+0.02° 0.02+0.02° 1.09+0.11¢ (=L

High resistance
CMS8101-111 0.02+0.03° 0.02+0.02° 1.11+0.13¢ =Pt

High resistance

T AN P RHCR AN FR R ) 2257 52 PE(LSD, P<0.05)

Note: Different small letters indicate significant differences among different materials (LSD, P<0.05)

https://www.cnki.net



SRl pRI ]

RR 7R

2058 Molecular Plant Breeding

X3 I oK CM8101 ZEFF1 I ]3¢ He ik

Table 3 Resistance of CM8101 stem against Ostrinia furnacalis in the field

L FPRIESL AL FAPRBEIE K (cm) FRRAF 5 ) T
Materials Tunnel number per plant Tunnel length per plant (cm) Living larva number per plant
T 105 1.52+0.35° 7.33£2.69° 1.32+0.33*

Zhongdan105

111 1.57+0.48° 8.73+1.89* 1.45+0.17°

Zhongdan111

KL 958 1.90+0.65* 10.67£3.79* 1.58+0.50°

Zhengdan958

CMS8101-105 0.00+0.00° 0.00+0.00° 0.00+0.00°

CMS8101-111 0.00+0.00° 0.00+0.00° 0.00+0.00°

VE: ANEVNE FRARERAN AR A 1) 22 5 40 25 PE(LSD, P<0.05)

Note: Different small letters indicate significant differences among different materials (LSD, P<0.05)

K CM8101 FiAt xS FH H) 15 Ji sh i v AR EE bR A=)
TR REFY RN G F R, R
K CMB101 TEAN AR . A EL 1 s 4 N &
T B O TR R B &b, Bt fe,
X WIFERL T Rk CM8101 FLAT B2k 77
MM, B RUNARE BAad E A= miuy=
L)t B DR T R R OK T i P S A B

YT, B erylAbcrylAcery9C F cryl Fa2 %5
B DR (BRI A s i 10 55 BRI bt K 58 G 3k A
F AL, A BR8P R ORGSR
MONS810.MON89034 . Bt11 Fil TC1507 2 (Hebt #e 45,
2015), [AIF, X eryIA haerylleeryl Cavery2A avery2A b
cry2Ahery2Aj Fl vip3A a S5HT LU P IR 7% AR B
AW THE, XA — s R bk S 2 e K3
i —PUHE N, Al BRI 2 B bR 5 e AR B
BN IR LT AT RS s F R, BNt
A Bl (W 3 4245, 2012; X4, 2017; Shwe et al.,
2021). UEAk, el 2 A o d ik R sl il ol 2 A2 & Fh
EINEHZAPIRERNE S, SBEEEPURIERE
R IR K, A0 A AR R S I = 2 7 1)
3B EAE
3.1 R

PLEFEFED] 2K CM8101-105 F1 CMS8101-111 K
KGR, DUHAH N8 AL 5 SR 5 1057 F°
U117 M %3l oK O R 9587 g i L S,
CM8101-105 A1 CM8101-111 &t i 4 AT B A 5 1%

b crylAb-Ma FER 5N B K A8 Fl Hill K4
I [PIAZ #e G A AZ AL, /BRI LA A
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105”1 i 1117 Ay agt AR 7 55 R e DR R oK 2 A8
crylAb-Ma %5 R B R 2= B AR L7 B 52 B
W RS A B B T E B A
BURIPTHSEIR 5 BE DR T KR L AR B 35 14 15 S AL
Bk A rh E AN R BEAE DR F AT B 958°
HH VT P 48 AR MV R R B AR 7 BT Al

TRIGE A R A ] R A AR ML R BB 2 it BH B2
LD oK PR R - (35.011°N, 113.711°E), 5 &4
K TR B B R B A IR oK ik IR AR ) 2 4 R B
sk, CM8101-105.CM8101-111. ‘ F1 81 105, “ 1 i
111 0 R K 800 958, ik 5 ANH RHE 4y
SELANRE 5 AT, MORHRIBENLIHESY, 4 E S FEFAT
K 4.5 m, /780 60 cm, FREF K 25 cm, 3 R, IR 5
MDY R BCEORAAT o I R4 A NS R
T, At FH TR B8 ) K

3.2 Bt-CrylAb/1Ac #&ZiX 4R &

T AR 2 B AR DR 22 ST S it (1) i
KL E2K CM8101-105 AT CMS8101-111 K & Ff v ]
FRHLEC H 248 ery 1A b-Ma P B FE DR 7E P 16 3
DA B AT A7 A 3 5, TR, A B DR K H i s o 22
$ERTSE A Bt-Cryl Ab/1Ac 8 i 404 A I s FF E AT
(), B S e i AR A A I SH PR AR FH T ) 8 1 I
T KM U

Bt-CrylAb/1Ac %3 iR 40 4% th [ WAt e A= ) R}
B RA TR SR ARSI V2R « 43 5 HL
BIL IR KoK CM8101-105 A CMS8101-111 1 I
O JCE T 2 mL B0 IR EUKE L8 0T B
FEMAgid KRG, FRAUAFE R A ik
W, B E S min J5 , BT S B 404 A 1 45 L1
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MELFIC K . Al dtak LTS 2k (control line) H H
WL DAL IE &, A DN 24 (test line) Y B e W BT A
st A BEE o A At R 00 SR LR B TR 2, 2 W Pl
FE AN BT RE R ROK, 0 B mAs 4 A I 2k [7]
I HA I, 2 BH BT it R Bt HRU R DR T K B P

3.3 i EXKEREH

35T KO (6~8 ) A 22 1, 5 _Fid
5 ANPRMEAT PN KM T4 e, 2 P Al 4% E )
RIS/ N A7 EE Ry NE Ay = I S /S ] 3 A < ol e ]
P KM O B BY Bl RE S A 30~40 iz B K B (1) /)
B, TERRFAR TR o (0 I ) R 22 I AR (1 22 1])
F N RIURE O 4 1 B S OIS 4% 7 2 /B, RIRERE %
60~80 Fir V.Y FOKIE BESL BN, 42 5 I AR HE RLbR
s FEAMPRMEEAN TR 2 HL 20~30 FR o Y0 T Kz
AR S5 1) 45 FL U 2 I e A AL R E B
PRYBFFCITIREAT o WP oK PR S B eIl 1 b5 2
WD RM A IR A F]

JATMEREREFRAE

oS R fe TR DL IR A s AR L 2~3 J S,
PRUA AT FOKAE PR b B e K I 0, i
KRGO, BN BN HE 20~30 FR . R4
MY KR Ay A O i 5 TR B i L AR
KRANFIE R R B0, B 900 R 7 Hahs %
AV NY/T 1248.5-2006 1) 9 443 Jehrife, B Ak
WY TR 250 o [, T 8 T KR 4
SE M BRI ] 78 T S5 e (B2 IR~ 2348, T 5
JREWR

PR RO = X (B G < A% O AR R A0
AR

P T AT 1 7K P PP A o fE A 2 HECAR M5
NY/T 1248.5-2006 hr#EREAT .

I 22 B AU fE AR LR A . ZEISOGR AT A ROK
WEREA F R L, (RIS REAT S AT 2, RS AR AN
SLUTE 20~30 FR o ROKMERE 2 B FL A SRRk B
K FEREFGONARR, DUt AR 73 R AR
AP 953 A5 ~10.1-2007 B S o ks, I FF
YA 2SR R LB R B T G L R AR T 4
iR
3.5 HESIT

X JH Microsoft Excel 2010 %A% Feli H 4T % AN
FRL R HT, K HI SPSS 21.0 #% 44347 77 Z 08T
FE 2 PEEA(P<0.05)
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