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Abstract: [ Aim] To study the combining effects of two or more insect-resistance genes in plants, as well
as to screen and confirm double Bi transgenic 741 poplar lines with high resistance against coleopteran
and lepidopteran insects. [ Methods] Eight lines with three transgenes ( Cry3Aa + CrylAc + API) , one
line with double transgenes ( CrylAc + API) and three lines with single transgene ( Cry3Aa) of transgenic
741 poplar were used as experimental materials. Comparative studies were conducted from three aspects:
PCR detection of exogenous gene, the expressions of insecticidal proteins and the assessment of insect-
resistance ability of plant. [ Results] The expected electrophoretic bands from the transgenic lines
appeared in PCR amplification. ELISA detection showed that the expression of insecticidal proteins was
consistent with the exogenous genes in each line. Toxicity tests were performed in the laboratory with
Plagiodera versicolora and Hyphaniria cunea on fresh detached leaves. Transgenic poplar lines carrying
different insect-resistance genes demonstrated selective resistance to target insects, but showed no toxic
effects towards non-target insects. Transgenic 741 poplar lines with double Bt transgenes had double
insect-resistance ability, and individual lines showed resistance ranging from high, medium to low. Five
lines ( pCCA1, pCCA2, pCCA5, pCCA6 and pCCA9 ) selected with high resistance against P.
versicolora showed higher toxicity than three single Cry3Aa gene lines with high resistance ( pCCl1,
pCC53, and pCC84 ). As regard to resistance toward H. cunea, seven lines ( pCCA2 — pCCA7 and
pCCA9) exhibited similar effectiveness as the single Bz line (pB29) and only one line (pCCA1) showed
an extremely low level of resistance. [ Conclusion] The combination of multiple insect-resistance genes in
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741 poplars exerts gene stacking effects which not only expand its insect-resistance spectrum but also

improve its insect-resistance ability largely.
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Fig. 1 PCR amplification of CrylAc (A) and Cry3Aa (B) from transgenic 741 poplar plants
A. M t3fES>F8 DI2000; 1 B X} HE Negative control; 2; pB29; 3 BH: X it Positive control (pCAMBIA1305-Cryl Ac-Cry3A4a) ; 4 - 11 pCCA
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x1 HEET4 HAE%RRE CrylAc
Cry3Aa EHAE
Table 1 CrylAc and Cry3Aa contents in
transgenic 741 poplar lines

Wz CrylAc EEHE & Cry3Aa EHEH
Lines Cryl Ac content Cry3Aa content
(ng/g - FW) (ne/g - FW)

pCCA1 41.44 12.78
paCA2 57.76 12.61
pCCA3 16.44 4.59
pCCA4 55.24 2.24
pCCA5 26.73 12.09
pCCA6 56.45 12.49
pCCA7 55.71 3.30
pCCA9 34.59 13.30
pCC11 0.00 8.51
pCC53 0.00 7.7
pCC84 0.00 8.06

pB29 60.32 0.00

741 (CK) 0.00 0.00
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Fig. 2 Mortalities of the 3rd instar larvae and adults of

SET-% Mortality (%)

iy

p9  741(CK)

Plagiodera versicolora on double Bt 741 poplar lines
pl -7 pCCA1 -7; p9: pCCA9.

pCC84, F pCCA [ 5 MNPk R MM A 3 d
i 60% LA EAETS, 5 d BFRZET- K T 85% ~
100% ; T pCC )3 ™MEZR 3 d BT IFET-H7E 50%
PITF, 5 d i R 60% ~70% ; pB29 A& Pk
FHE Y Cry3Aa FEFH, WIHE M SET1% B0 AR 7%
FF 741 EEA -3, XFPEAE B EEKR
LR B — AR T Br R & —F R EE
2.3.2 FRFEHAMRRX X E H 8K BIERA
EEEIE 7 A, B a4 84 s

—O—pCCAl —O— pCCA2 —O—pCCA5 = -O- -pCCA6
—0—pCCA9 —A— pCCl1  —A—pCC53 pCC84
- X- -pB29  —x— 741(CK)

HET= % Mortality (%)

TRt [A] Feeding time (d)
B3 FHEE T4 HARRR SOIIEM B R R ST 3R

Fig. 3 Comparison in mortalities of adult Plagiodera versicolora

on transgenic 741 poplar lines
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Table 2 Mortalities of the 4th instar larvae of Hyphantria cunea on transgenic 741 poplar lines

73 BET-2% Mortality (% )

Lines %1 K Day 1 %5 3 K Day 3 %5 K Day 5 %7 K Day 7 %9 K Day 9
pCCAl 0.00 +0.00 0.00 +0.00 0.00 +0.00 6.67 £0.09 23.33+0.14
pCCA2 0.00 +0.00 36.67 +0.24 86.67 0. 19 100.00 +0.00 100.00 +0.00
pCCA3 0.00 +£0.00 3.33£0.05 90.00 +0. 14 93.33 +0.09 100.00 +0.00
pCCA4 0.00 +0.00 13.33 £0.00 80.00 +0. 19 96.67 +0.05 100.00 +0.00
pCCAS 0.00 £0.00 10.00 +0.05 70.00 +£0.05 93.33 +0.09 100.00 +0.00
pCCA6 0.00 +£0.00 5.00 £0.00 73.33 £0.09 100.00 +0.00 100.00 +0.00
pCCA7 0.00 +£0.00 6.67 £0.09 63.33 £0.24 93.33 +0.00 100.00 +0.00
pCCA9 0.00 +0.00 3.33 +0.05 60.00 +0.47 96.67 +0.05 100.00 +0.00

pB29 0.00 +£0.00 3.33£0.05 53.33 £0.57 100.00 +0.00 100.00 +0.00

741 (CK) 0.00 +£0.00 0.00 £0.00 6.67 £0.09 10.00 0. 14 10.00 +0.05
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210d A, REREHREETFEILRZAK
PREFE T AP IR T X S B R = A
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