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Insect-resistant identification and heterosis of
transgenic Bt maize

XIE Yu, YANG Wei, REN Xuejiao, CI Jiabin, JIANG Liangyu, YANG Weiguang
(Agronomy College, Jilin Agricultural University, Changchun 130118, China)

Abstract: [Objective] To study the material expression, yield potential and heterosis of transgenic Bt
maize(Zea may), and provide references for genetic modification of transgene materials. [Method] The Reid
group elite line PH6WC, the bred inbred lines J1490, J1495 and 4DH10, as well as the introduced line PHICPS
were used as female parents. The Non-Reid based transgenic Bt materials, including 6DHS85, J1401, 6DH222,
8DH273 and 8DH279, as well as the self-selected lines J9D207, J1628 and J1688 were used as male parents.
Totally 40(5x8) cross combinations according to the NCII design were assembled. The insect-resistant
performance and yield potential of transgenic B¢ materials were studied. [Result] Part of the Bt genes were
deleted or silenced in transgene materials obtained through backcrossing pedigree method, and no corresponding
protein was successfully expressed in the filial generations. The cross combination of transgenic Bt materials
could partially avoid yield loss due to pest. Comparing to the control variety, combination 4DH10x8DH279 had
the best performance with 31.10% yield increase. For combination J1495xJ1401, although it contained the Bt
gene and it displayed obvious yield increase (65.77% at the highest) compared with the combination without Bt
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gene of the same male parent, however, it only had 10.04% yield increase compared with the control variety.

[ Conclusion] High-yield and insect-resistant maize varieties can be bred through combining transgene

breeding with conventional breeding as well as tracking and testing.

Key words: maize; Bf gene; transgenic; insect resistance; yeild; heterosis
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Fig.1 Detection of transgenic Bt maize inbred lines PH1CPSx8DH279. 4DH10x8DH279 Nhi, ZF 4T
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Fig.2 Detection of transgenic Bt maize hybrid lines
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Table 1 Insect-resistance performance of transgenic Bf gene material at seedling stage and wax stage
T 1] Seedling stage £ 2438 Maturation stage
A T s
Combination Leaf-feeding Pest Stem breakage - est Stem breakage
level level rate Ear damage level level rate
PH6WCxJ1401 6.84 S 0 5.14 S 0
J1490%J1401 6.33 S 0 5.21 S 0
J1495%J1401 0 HR 0 1.00 HR 0
PHICPSxJ1401 6.98 S 0 5.27 S 0
4DH10%J1401 4.92 MR 0 5.29 S 0
PH6WCx8DH273 0.23 HR 0 1.00 HR 0
J1490x8DH273 0.89 HR 0 1.00 HR 0
J1495x8DH273 0 HR 0 1.00 HR 0
PHI1CPSx8DH273 0 HR 0 1.00 HR 0
4DH10x8DH273 0 HR 0 1.00 HR 0
PH6WCx8DH279 0 HR 0 1.00 HR 0
J1490%x8DH279 0 HR 0 1.00 HR 0
J1495x8DH279 0 HR 0 1.00 HR 0
PHICPSx8DH279 0 HR 0 1.00 HR 0
4DH10x8DH279 0 HR 0 1.00 HR 0
8DH273 0 HR 0 1.00 HR 0
8DH279 0 HR 0 1.00 HR 0
6DHS85 6.75 S 0 5.14 S 0
J1401 0.57 HR 0 1.00 HR 0
6DH222 6.41 S 0 5.05 S 0
PH6WC 6.23 S 0 5.13 S 0
JoD207 6.12 S 0 5.16 S 0

1) HR: %4%, R: 4%, MR: T 4%, S: £, & & HS!"Y

1) HR: High resistance, R: Resistance, MR: Medium resistance, S: Susceptivity, HS: High susceptivity
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TE o SRR 2 R, UANE Br FERRE AR I 45
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Table 2 Indoor identification of insect resistance of transgenic B gene material
s kg e | s A ng e
Average weight of each insect Average weight of each insect
Combination 0d 14 6d 94 Mortality Combination 0d 14 6d 94 Mortality
PHO6WCxJ1401 8.50 17.10 41.50 60.40 0 V1490x8DH279 8.29 100
37.10 42.10 60.10 80.30 0 40.83 40.19 4149 43.84 0
88.20 93.40 120.40 140.50 0 91.92 94.87 95.54 96.32 0
J1490x]1401 770 1230 21.50 44.90 0 V1495x8DH279 7.84 100
4420 49.80 65.70 8730 0 39.16 38.94 39.61 42.59 0
88.40 95.10 116.90 130.10 0 89.60 9151 9435 94.89 0
J1495x]1401 830 100 PHICPSx8DH279  6.93 100
42.00 44.60 4130 49.60 0 39.48 39.51 41.26 211 0
84.40 99.10 96.50 98.40 0 8752 90.46 92.13 95.62 0
PHICPSxJ1401 8.46 14.90 25.70 41.90 0 4DH10x8DH279 761 100
3730 43.20 56.70 71.20 0 3842 39.46 3991 42.53 0
89.40 93.40 107.90 114.60 0 88.46 93.16 95.29 98.89 0
4DH10xJ1401 8.76 1170 19.60 36.80 0 8DH273 9.14 100
3340 39.40 56.10 74.10 0 40.13 39.16 40.13 4.59 0
90.20 98.60 110.10 119.90 0 90.29 91.95 91.26 93.19 0
PHOWCx8DH273 837 100 8DH279 8.61 100
36.87 3123 3741 38.56 0 42.34 43.19 44.62 44.89 0
93.48 95.29 96.94 98.26 0 90.16 91.16 93.56 93.89 0
J1490x8DH273 789 100 (ODH85 933 14.10 23.10 48.90 0
3752 38.19 40.53 41.61 0 38.40 41.70 57.80 67.60 0
92.87 94.51 95.16 97.19 0 89.20 94.50 11530 123.10 0
J1495x8DH273 8.06 100 v1401 9.70 100
34.13 33.81 34.13 36.45 0 34.50 36.40 35.10 37.20 0
88.24 9119 93.46 94.60 0 85.50 87.60 97.80 97.50 0
PHICPSx8DH273 923 100 6DH222 791 14.70 28.60 64.90 0
36.95 3751 39.48 39.89 0 39.10 4430 65.10 78.90 0
89.51 91.46 92.51 95.49 0 84.20 94.10 109.70 119.60 0
4DH10%8DH273 9.12 100 PH6WC 782 11.40 19.90 47.90 0
3123 36.26 38.13 39.49 0 35.60 4570 59.00 71.90 0
89.62 93.61 96.13 98.60 0 8430 9430 113.60 123.90 0
PHOWCx8DH279  8.16 100 v9D207 6.72 13.50 24.60 56.70 0
41.25 43.62 43.89 46.91 0 36.40 44.50 68.90 89.40 0
93.12 94.29 94.13 95.36 0 8720 96.50 114.70 130.80 0

D) A TR EZGAETERERCHEBHAR 2R R F

1) Blank data in the table indicate that the corn locusts had been poisoned by the Bf gene maize leaves
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Table 3 Variance analysis of different characters of maize plant

AR5 oF 3N T FRK BT PR P
Variance source Ear length Ear coarse = Baretop length  Ear weigh ~ 100-grain weight Yield
44 Combination 29 656.71%* 8.85%* 203.30%* 855.39%* 417.84** 622.40%*
KA Parent 28 229.00%** 5.36%* 166.63** 254.39%* 115.37** 296.03**
%2 Error 39 0 0.99 0 3.55 0.05 0.01

1) “*” Fa “Hx” 53] % %00k $]0.05420.0149 2 FK-F

1) “*” and “**” indicate the effect reaches 0.05 and 0.01 significance levels, respectively
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Table 4 The multiple comparisons of area yield in different combination

i o/ R BN i o . R BrAEN
D% . W%
He (x10° , Whether or not He (x10° ) Whether or not
L - Yield o o - Yield .
Combination kg-hm™?) containing Combination kg-hm™) . containing
. increase . increase

Yield Bt gene Yield Bt gene
4DH10x8DH279 15.20a 31.10 5= Yes PH6WCx6DH85 13.15hi 13.36 17 No
PH6WCx8DH279 14.90ab 28.45 2 Yes 71490%J1628 12.88ij 11.03 75 No
4DH10x8DH273 14.67bc 26.48 2 Yes U1495xJ1401 12.76ijk 10.04 & Yes
J1490x8DH279 14.47bed ~ 24.75 5T Yes 11490x6DHS85 12.75ijk 9.88 1% No
PH6WCx8DH273 14.36cde  23.83 2 Yes 4DH10xJ1668 12.55jk 8.20 1% No
J1490x8DH273 14.11def  21.68 & Yes PHICPSx6DH222 12.50jk 7.79 1% No
PH1CPSx8DH279 14.02defg  20.87 /& Yes PH1CPSxJ9D207 12.391jk 6.84 17 No
J1495%J9D207 13.97defg  20.39 1% No PH6WCxJ1668 12.321k 6.17 17 No
J1495%x8DH279 13.89¢fg  19.70 5= Yes 71495%J1628 11.721 1.05 77 No
J1495%x8DH273 13.66fgh  17.73 7= Yes 46 £335(CK) 11.601 17 No
4DH10xJ1628 13.58gh 17.11 1% No 4DH10xJ1401 9.65m —-16.81 75 No
4DH10%xJ9D207 13.52gh 16.52 1% No PHICPSxJ1401 8.48n -26.91 75 No
PHICPSx8DH273 13.25hi 14.22 2 Yes 71490xJ1401 7.99n0 -31.10 75 No
PH6WC*J1628 13.24hi 14.14 7 No PH6WC>J1401 7.700 -33.62 7 No

1) B 2| 345 )& 09 R R /N B F 4 & 7 £ 5 % (P <0.05, Tukeyi%)

1) Different lowercase letters of the same column indicate significant difference (P < 0.05, Tukey method)

2.5
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Table 5 Heterosis of transgenic Bf gene materials %,
Yo IS xRS Yo S B o IS ok AL
Combination Averag.e Contro.l Combination Average Contro.l Combination Averag.e Contro.l
heterosis  heterosis heterosis  heterosis heterosis  heterosis
PH6WCx6DHS8S5 115.56 14.63 |PH6WCxJ9D207 71.61 —5.11 |4DH10x8DH273 124.85 26.48
J1490x6DHS85 102.29 11.11  |71490xJ9D207 58.61 —9.53 |PH6WCx6DH222 61.77 —11.84
J1495x6DHS85 36.63  —26.65 |J1495xJ9D207 118.17 21.74 |J1490x6DH222 46.64  —17.53
PHICPSx6DHS85 81.01 0.93 |PHICPSxJ9D207 86.66 8.04 |J1495x6DH222 3385  —26.38
4DH10x6DHS85 59.55  —15.75 |4DH10xJ9D207 114.55 17.83 |PHICPSx6DH222 90.97 9.00
PH6WCxJ1401 37.51 —32.88 |PH6WCxJ1628 88.18 15.42 |4DH10x6DH222 47.65  —20.09
J1490%J1401 37.81 —30.32  |[J1490xJ1628 77.99 12.27 |PH1CPSx8DH279 98.48 20.87
J1495x%J1401 125.60 11.27 |J1495%J1628 65.24 2.19 |4DH10x8DH279 126.13 31.10
PHICPSxJ1401 43.81 —26.09 |PHICPSxJ1628 53.46 —1.92 |[PH6WCxJ1668 100.43 7.36
4DH10xJ1401 73.67  —15.88 |4DH10xJ1628 94.26 18.42  |J1490%J1668 80.47 -0.19
PH6WCx8DH273  118.69 23.83 |PH6WCx8DH279  120.15 28.45 |J1495%J1668 75.73 —4.98
J1490x8DH273 108.53 21.67 |J1490x8DH279 107.67 24.75 |PH1CPSxJ1668 63.35 —8.29
J1495x8DH273 106.10 17.73 |J1495x8DH279 103.41 19.70 |4DH10%J1668 105.71 9.41
PH1CPSx8DH273 93.03 14.22

8DH279 WX MR Fdw &1, 7070 9 28.45%. 26.48%
H124.75%; LA Bt 3£ K 11401 NRQXALRH 5 4
Hed, RAE Bt BERMAEA 11495%J1401 1P
M Joxt RAAR A I R I, P33 N 125.60%,
XTI (BB AR L) 18 11.27%, 1 H AL A
Bt B[ 4 S H A - AR SOk REAL 35 40 R IR
7, UL A B Be B DR BRI & ] DL R A,
WL T 2RI HEARRIENS REL =& %
RIRZ . [FIFE, &% 5 REKIER 6DHRSH 6DH222,
BRI A A H AR B IR A, SRR

3 WS

% Br R G AP RIE T B HL i U &
SR (14 FE ) e e 1 DA % =5 PN 0 R s v R I B
S, YO R, U IE I [R5 7 E VR RS I
Bt B K B 48 R AHE B KA KB AR BLPT A, X
& PaEr ZaREPT IR — 8. @it
PCR 560 X SE ARG AR, 52 A J1401. 8DH273 Fl
8DH279 &F Bt H:[H, it Wi 2 52 (1) 77 k] LA
Bt B NFIH 2 A b, S L Be i e ss 414 im it
PCR 58 AT B E, &5 R BRI HE J1495%
J1401.PH6WCx8DH273.J1490x8DH273.
J1495x8DH273. PH1CPSx8DH273.4DH10x
8DH273.PH6WCx8DH279. J1490x8DH279.

J1495x8DH279. PHICPSx8DH279.4DH10x
8DH279 & Bt 2, M HMAEHAEH Br I
A, Ui BHAE RS B e SR DR P R AR I, & JLACE T
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