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Abstract Plant transgenic studies have found that multiple copies insertion often lead to decreased
expression of exogenous genes. However, when constructing the vector, the same exogenous gene is
constructed on the same vector with series connection. Whether it will improve the expression of exogenous
genes after transformation of plants has not been reported. In order to improve the expression of exogenous

gene in transgenic plants and explore the effect of superposition of the same target gene on gene expression
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and transgenic plant growth, in this study, the plant transformation vectors carrying single and double Bacillus
thuringiensis(Bt) gene CrylAc respectively were transformed into tobacco (Nicotiana tabacum) tissue culture
seedlings by Agrobacterium (Agrobacterium tumefaciens)-mediated leaf disc method. Then, the transgenic lines
were detected by polymerase chain reaction (PCR), fluorescence quantitative PCR (FQ- PCR) (Absolute
quantitative) and Bt toxin and insect resistance tests to identify whether or not the exogenous gene was
integrated into the tobacco genome and the expression were carried out. At the same time, morphological
indexes and physiological and biochemical indexes of the transgenic plants transformed with the two vectors
and non-transgenic plants were observed to research the growth of the transgenic plants. The results showed
that nine transgenic single CrylAc gene lines and 8 transgenic dual Cry/Ac gene lines were obtained by PCR
detection, and the target genes were integrated into the tobacco genome. FQ- PCR and toxin detections
showed that the Cry/Ac gene transcriptional abundance of the transgenic dual Cry/Ac gene lines was about 2.6
times higher than that of transgenic single Cry/Ac gene lines, the CrylAc toxin content of the transgenic dual
CrylAc gene lines was about 10 times higher than that of transgenic single Cry/Ac gene lines, and the two
types of values of the transgenic dual Cry/Ac gene lines were significantly higher than that of transgenic single
CrylAc gene lines. The result of indoor insect feeding test showed that with the increase of feeding days, the
mortality of cotton bollworm (Helicoverpa armigera) fed with transgenic lines leaves increased gradually.
There were some differences among different transgenic lines. The lethal rates of the two kinds of transgenic
lines against the first instar larvae of Helicoverpa armigera were 100%. When feeding for three days, the larva
mortality rate of transgenic dual Cry/Ac gene lines B1, B4, B6, B7 and transgenic single Cry/Ac gene lines
A2, A7 reached 100%. Feeding for four days, the larva mortality rate of B3, B5, BS, A1, A3, A4, AS, and A9
reached 100%. At five days, the larva mortality rate of all transgenic lines reached 100%, while the rate of non-
transgenic tobacco was less than 10%. Moreover, the lethal rates of the two kinds of transgenic lines against
the second instar larvae of Helicoverpa armigera were also 100% . The larva mortality rate of B7 and B6
reached 100% at feeding for five days and six days respectively, while A2 and A5 reached 100% at feeding for
eight days. Overall, the lethal time of the transgenic dual Cry/Ac gene lines was shorter than transgenic single
CrylAc gene lines, and transgenic dual CrylAc gene lines had high insect resistance. The morphological and
physiological and biochemical indexes detections showed that there were no significant differences in the
parameters of ground diameter, net photosynthetic rate (Pn), stomatal conductance (Cond), intercellular CO,
concentration (Ci), transpiration rate (Tr), maximum fluorescence (Fm), chlorophyll a (Chla), and total
chlorophyll content (CT) among transgenic dual Cry/Ac gene lines and CK and transgenic single CrylAc gene
lines. While there were some differences in other parameters. On the whole, the growth of most transgenic
lines was not significantly different from that of the control group, and some of the transgenic dual CrylAc
gene lines showed dwarfing phenomenon. In general, in this study, compared with transgenic single CrylAc
gene lines, the exogenous gene expression level of transgenic dual Cryl/Ac gene lines was improved, and the
plant growth and other aspects were not significantly affected. This study will lay the foundation for exploring
ways to improve the expression of exogenous genes and to transform other plants.

Keywords CrylAc gene, Tobacco, Genetic transformation, Exogenous gene expression, Physiological and

biochemical indexes
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32(Brassica campestris)~ =542 % (Solanum tuberosum)-
¥ B (Populus) 55 (90 327 4%, 2011; Dong, Li, 2007,
Lu et al.,, 2010; Rensburg, 2007; Himanen et al.,
2008; Mi et al., 2015; #8455, 2006). H IR Bt ik
DRI B B P RS 02, (R R R A R I E
(%h =55, 2008, Bl ik, 53(6): 658-663; T 5
55,2016)0 PR, AATTAE G 8 A 7] 3 D Y L B 46 )
B N A% 25 51 45 4 X (matrix associated region,
MAR)ZE 6 S5 T7 Tl 1R & AR, DU & Bt #48
FI [ % 1K £ (Wang et al., 2008; £ Ak 55, 2000; 2=
J=, XK, 2015; Qiu et al., 2017). EAR ik J5 ik
Xof i e AR [ () A K B — e VR R (EE b
V5 R FE 2 AR R ) 1) 3 1K 00 2 52 B B0 5 1 DL 5%
217 (Hobbs et al., 1990; Matzke et al., 1994; Elma-
yan, Vaucheret, 1996; Jorgensen et al., 1996; ¥ i 43
4%, 2013; ¥ LA, &, 2004).

PR AW AR W], e et b, 298 IUAEAE 3
FOHE K I8 RH T B (Flavell, 1994; Kohli et al.,
1999; Yang et al., 1998; Cervera et al., 2000; ZSHER
& 2001; SR, 2012). FEHEE45(2001) 3 i
X R A A [R5 Bt S dUii i RBEAT HLAS, 1k
tH 2 f Bt = D5 205 BT HUR i R (4 Bt D),
48 JLR WP IE R R B 55 DR 3 DL 184 i g 34
SR R e 3 R e e KT 1) £ (=] 9058 4100 1) 1710 A e B A
SR (2012) 75 #% Bt crylBa3 1 Bt crylla8 %
L AL 2 (Brassica oleracea var. botrytis) [ 5L H
RN, B KR & 1Ba-8 o H 13 ] (1) 48 A\ 45 DAL
N2 B L, HXFAINSER (Plutella xylostella) ) HT HLAL
RS DU PR R 25 . Li %5 (2002) 75 # DUHUNH 5
L DR A e A0 Y 2 DR 2 0K RS WA FE o, 6 e wid A Bk
[KHH B 1T Southern 7% A2 F1 B -3 &7 0 £ B2 iy 22 [A]
(B-glucosidase gene, GUS)FKIE 53T K I, GUS H:[H
RIGEHEAKER AP ES T 24 widd # D1, M
GUS ¥ 14 & 1 TR R AR 22 O wid A B9 DL, 3R]
widA B2 R G S 2 P8 RS 0. B IHBESE
(2013)F FH 4 #F B (Agrobacterium tumefaciens) /1 5
2R K 4 1 36 3R Ik B A& pXCS- HhWRKY11-
HbWRKY7-HAStrep ¥ N B £ T U 5 It (Arabidopsis
thaliana), 3k 73 1 $T Basta [ 571 (1) fUl 5g I+ % 5
FE#E , Southern 45 e 3 W, 548 UL HUL B T e AL ik
RS2 HN S5 R BB T HAh 2 ¥ I &R
I8 I M G i) R 2 R A 5 R
[X 17T Bk (Hobbs et al., 1990; Linn et al., 1990), 4y

THLHEE ARG 4, (H K2 5 DNA-DNA .DNA-
RNA WA EAER A K. WK Y], DNA HE 75
2 [ 4% 55 T Rl ¢ A5 Bie X (Dorer, Henikoff, 1994), fff
DNA 5 e 0 5t AL , 411 2 PR ) % 5% 5 T DNA-RNA
FHEAE AT 35 5 A5 2 R R 301 X T 254 (As-
saad et al., 1993). IL4h, T-DNA EHFJE il K2
WA IS, A R 60 21 46 N O R A A 5 0 R A
A% (Fladung, 1999; Kohli et al., 1999; Kumar, Fla-
dung, 2000), [F] Y5 /7 #1| i D] 55 4 B S ) 1 5] R
PR 2R3 (B2 22 4%, 2000) 55 1 7] g T UM 2L R 32
AR B AH S AR BRI R A — 2 ] e
WAL S AE [F) — Bk b, BRI AR R 351 )3 36 A
PR TT A, &7 T4 % AR R () R B R R A
ke

Bt £ K2 H Al 5= R0 b S & 2 i s
B, LA RE L, AR A, o CrylAc 2R 2
XF g H i B E . — o ABEFTHE
L AT R A V2R AL R B B 3 ) 4% T B X Cry 1 Ac
B DR R 2 TR UM e A M B ZE 5 Y, T gt A i
DRI Pk %, J8 e 58 4 I8l % 3 S B (polymerase chain re-
action, PCR). %¢ J; /& & PCR(fluorescence quantita-
tive PCR, FQ-PCR)( 4%} 5& ) B I %0 72 (enzyme-
linked immunoassay, ELISA )il , 8 2 45 3L K 7
B FE DRI P ) B G I SR SRR A L (]IS X 7
ol 38 A 0 B e DR A PR AT o o AR T e R
ISERVS ROV SRR (e 5 NS Pl 28
Mg R S B A AR P AR AR E , LR R B AN
K I e R o) Bt 2R DR R R o AU R TR R Tk B AR K
SO, TR 2R ey AN DR 20k 5 U7 v B A oA
T FE AL AR .
1 #R57E*®
11w

PR AR AR ik 8 A

S K PR R AR A K W A TR (Escherichia coli)
DHI0B Al & #F (Agrobacterium tumefaciehs)
EHA105, B AR 5258 % (R AT

I A 2 56y 28 by e 1) 20 R DR 3R B 3R R 1 &R
4t(Dong et al., 2017) 4 & 53 53l #5 77 5. L X Cry IAc 3
K IAE IR IEEAR NT FIN3 L, (RA7 T KA

PR AR B Z5 A I B 1 BT e A 2R TR
T MAR 45 F)(MAR 5% 3 Ji 45 6 72 il — A

1.1.1
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BT (R e 857 loop 45 K4, AT FRAIE 55 35 B G 1)
AR BRSTAE Y BN . BE A RIER
otk Hh A N7 b CrylAc R EH TN X S
16995 7% (figwort mosaic virus, FMV) & 8l -, Z£ [A]
FIE B PIMAE MAR 4544, #/K N31 M6 — CrylAc
FER B BEAE T-DNA X, L% CrylAc 3R R 3 F
N FMV, i Cryl Ac £ H 1) J5 3l 14 CaM V35S,
H A AtADHS ~UTR 358 1, 5 e3R8 R /MUA
MAR £5#4
1.1.2 SRR

FH T 388 4% % A0 1 A 20 A RL R 0 5 (Nicotiana
tabacum) Wisconsin35 21 55 117, ] Jb Ak K22 R
B PR IR A . SEI0 BT R HUNAE 4 U (Heli-
coverpa armigera)— ¥ ) HUFI 1% 4y (853 H ), 75
Bt RN S 4 HROE TR RS A R s Sl A R
AT, HH PR ) — 8 B R T, i gh
T 525
1.1.3  FZRHA

SEUPS I 1) Tag DNA % 47§+ 10x PCR Buffer
IR 52 75 i) %% 38 77 £ (Competent Cell Preparation
Kit) ] B 5 4 #)(TaKaRa, Ki%)A 7 ; INTP & San-
Prep A 20 TUR DNA /N Sl #2107 & W H 2B ) T2
FEARNR S A PR 7] (1) HA 2 RNA $2 BUA 7T &

LB Nos pro

Bsp1201
RB VAR Spel A

E1 #EN7(A)FN3B)EE
Figure 1 Structures of vector N7(A) and N31(B)

TS e & B S AR IR A F (kK
I1); 2xSybr Green qPCR Mix 77114 H 3 18 S 4= 4y
B IR 2 7] (AE 50); Bt-CrylAb/1Ac ELISA i 71|
&I H Agdia A" (£ E); 519 HAEY) TR AR MR
A RAF (L) & .

1.1.4  SEESFT A 519

FIH Primer Premier 5.0 #4, #R45 & FE [ (nptll
B[R CryIAc B2 R) ) JA3 8 F(FMV JE 3 1. CaM V35S
R RIF 5, 51E BN 1.

1.2 Fik

RN B AT R B A A O

FI) H SanPrep £ 2 5K DNA /)N & i 523857 &
2 HU R AR A N7 AT N3 T, A S22 4 7 &
(Competent Cell Preparation Kit) ] & 4% #F
EHA105 #IUBSZ4, FI#VBOE R N7 FIN3 T A0k
FF 1 EHA105 /& 5275 o @ & FF A 5 15
AL 5 (Horsch et al.,1985). 3 HUIC B « fHOH: | &
SRIHE L By WL BK BT % 0.5~1 em® (-4,
5% B A VU B BERANT FIN3 )10 1), FF R 5
{1 T 422 S 48 8 main, 5 1 A HHE G B TR K 4K
W F-, B T 5% 75 3£ (MS+2.0 mg/L 6-BA+0.1 mg/L
IBA) B3LRT I, W85 9% 2 d J5 e # B 85 IR R (MS+

1.2.1

LB Nos pro

CrylA CAtADH5 ~UTR

Bsp1201 B

N7: 8 CrylAc 3 KW RIE BAR s N3 1: XU CrylAc 2 RIAEFIE BN ; Nos pro: JIF R B 2 R R 3155 npull - 35 85 2 WK
BRI MAR: B EE 456 X s FMV pro: XS A6 M B8 )3 81T s CrylAc: 95 25 4 5 FAT B 2% R R 8 L L5 Nos ter: il
R A L TR 2% 15T s CaMIV35S pro: TEMBSEAE 955 35S 8 8 T AtADHS ~UTR : #1577 B I EUBF(ADH) 5" A4 5 X

N7: Plant transformation vector carrying single CrylAc gene; N31: Plant transformation vector carrying double CrylAc gene; Nos
pro: Promoter of nopaline synthase gene; npt/l: Neomycin phosphotransferase gene; MAR: Matrix associated region; FMV pro:
Figwort mosaic virus promoter; CrylAc: Bacillus thuringiensis insecticidal crystal protein gene; Nos ter: Terminator of nopaline
synthase gene; CaM V35S pro: Cauliflower mosaic virus 35S promoter; AIADH5 ~UTR: 5' noncoding region of Arabidopsis thaliana

ethanol dehydrogenase
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Table 1 The primer information involved in the test

Gy SIMARR SIS (53"

Tm/°C v BoKJ/bp Hlig

No. Primer name Primer sequence Length Purpose
of fragment
35# 35send F ATTTCATTTGGAGAGAACACGG 58.6 - 5 btl RACH A %€ 35S J3 30 7 FT A 31 CrylAc
E-30|
In combination with btl R to identify the Cry/Ac gene
promoted by the 35S promoter
103# nptIl F ATCTCCTGTCATCTCACCTTGCTCCT 63.5 473 nptIT B RS
nptll R TCAGAAGAACTCGTCAAGAAG 56.1 nptll gene detection
105# btl F ATGGATAACAATCCGAACATCA 54.5 546 CrylAc K5 sl
btl R CCACCTTTGTCCAAACACTGAA 58.2 CrylAc gene detection
125# FMV F GCGGCCGCAAGCTTGTCAA 61.9 573 FMV J& ) 7 A&
FMV R GGTATTGGATCCATTACAAGATCTC 58.7 FMYV promoter detection
176# CrylAcF TAGAGTTCGTGTGAGGTATGCT 553 176 CrylAc £ %0 E £ PCR e il
CrylAc R TGTTGCCGAATGAAGATGTGAA 55.6 CrylAc gene detection by fluorescent quantitative PCR

2.0 mg/L 6-BA+0.1 mg/L IBA+50 mg/L Kan+400
mg/L Cef) ik, FEFG 2 AN B A — kG 973E . £F
PUIEZF K2 2 om 7 Ao, g FURE 5 & AR A0S 97 2
(MS+75 mg/L Kan+400 mg/L Cef) F3E47 ik, i &
TR E 2542 COLHEBRE 1 500~2 000 1x A/
WM 1410 h GRS R R R 9% . ixd AL (CK) -4t
1R LT 5% MW 8 min, BUH IR B #8847 4L
B, M T A S ARG RE R R, H
fZAF R o XPTEAEAR RS 7R 5 B AR AR ik R AT
T8, YMb E R R I =, BoFP 2 A4 18 em. 15 20
em [ RAETE T, BEAE 1 RR, R R E D 6 ¥k
1.2.2  BHEHER R PCRATI

AN 2 R A 5 Ik R R A B 5 DR R 2 (CRO) I
Fr R BRI CTAB VE(E Rk, 77 %%, 2002) 32
HU APk R FE K2 DNA.  PLIE R 41 DNA ABEAR , 43
S nptl £ | Cry1Ac 525 . FMV JE 37 1 1E = 51
YD(103#, 105#, 125#), K| FH Taq B 55 P9 P04 4 5 4
1) %% B DR RE PR 3E 47 PCROASIN , e 41, R B AR 48 35S
A 7 AT ) IE 1R 51 0(35#) ) FMV J& 3l 1 1) 1E
7] 519053 il 5 CrylAc FE PRI B ) 51 0 EC 0T, %)
N3 T AR I 4 ik DR AR AT A

PCR /< N.AA % (20 uL): 10xPCR buffer 2 puL,
dNTP(10 mmol/L)0.4 pL, 1E % 5] #(20 umol/L) %
0.4 uL, Tag 0.2 uL,DNA 1 uL,ddH,O 15.6 uL.

SRR 95 CHAEPE 5 min, 95 CAZ 4 50 s,
50~55 C(A A 51 P03R K I FEANA])IB K 50 s, 72 °C

ZEAH 60 s, 30 NMEI; 72 CLEAH 7 mino. [ N 45
Ji s I 1% TAE B IR e s ok 829 38 7= i
BOAE T RKE
1.2.3 LRI R R M98 E & PCR AT

W L 28 i = R L ) 2 1 TR e 8 A 1) 5 e
PRk 22 K% A2 ik TR 5ot R (CRO) VR 3k, SR A2 B BT
THE =, RS DG EMRHRA IR A
] AR A S RNA 32 B 70 & S RO sl i & 1%
ECUE B P R AR BRI A RNA I = #7555, i
CrylAc BRI 58 5 5E 5 519 176# 2 2xSybr Green qP-
CR Mix, i# i Agilent Technologies Stratagene
Mx3005P Real-Time PCR {SCHEAT 4 36 S5 I, Sz W A4
Z(20 pL): 2xSybr Green qPCR Mix 10 pL, 1E % 5]
(20 pmol/L) %% 1 pL, cDNA 1 pL, ddH,O 7 pL.
VAR : 95 °C 5 min; 95 °C 305,50 C 305,72 C
30 s, 40 M 2 JG HEAT 51~95 CHIM R th 28 2
BT o SRR 48 0] 58 & 10 J7 35 MR A vt il 2k 1T B
CrylAc 5K 1) S A DL o
1.2.4 B ELRREAR I Bt 2 2 R

BE ALl H % S DR ok R TR S T AR5 3 0K 40 )
KAEHE B NRE Y A A, SR Bt-CrylAb/1Ac
ELISA {7 &, #H4T Bt 8 & (Rl . PHPEXT A
A AT, B RO AR S R A A2
Z R & 15 9, ] BioRad 550 7Y BbR X HEAT A6
W. EARBEUEWHETFIEEEANRT
(ng)iT5.
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1.2.5  FFE BRI MO A 48 HL AT B vAs )

e DRI 2R 20 0 BE LI X 3k, SR LA
A — e A % E Ay e, DA A R DR R R (CK) o bt
M TRFRAL AL R b Fide F R — S
B T E AR 7 em. /& 10 em [ 37 35 S 25 1
HIE R, B AT B 30 kA d, AR T3 IR
B, RERBBCH L B, R AT,

REFEAARBENL BEH 2 MR R, B PE RIEEL
3FR, SRAR B A MR e A B gl L, B CK XS
M. CE TR EAR 7 em. 5 10 cm T 7715 S
MRS, B AT B 20 kg B, MR R TR
IWESE, T RIGHCH L Fr, BT 2,
1.2.6  FREDIREPR I A KR AR E

I B DR R R RN CKAE IR 52 2R K 5 I, A
5 AN 2 B RO & & R R A RS 3 IRE
52 o0 RO & B R R s, AR5 3 IE
525 FH BRI &% R R I R ORI 5 AR AR
B3N, B RTIWER REGTH ST
MR, ARG 3IREL
12,7 FHLBEREAR ARG & 20 E

PRI A 5 I, 4 9:00~10: 00, 2 U
e FL TR bk 2P0 CK T 55 — 31 = )7 ThRE M, K Li-
6400X T {455 XDt & X (G H b kg A 7 4L ) W e &
TE MRS HGEAT I E , P a4 ot a il &
(net photosynthetic rate, Pn)~ "< fLF & (stomatal con-
ductance, Cond). il [8] CO, & J¥ (intercellular CO,
concentration, Ci) [ 7% If5 14 % (transpiration rate, Tr),
BNRTINER.
12,8 EEREPRRB O 250 B RO

Y i e
“AI‘\ Qd T\ 0& |
A N

N

B2 HEREENRE

Figure 2 The acquisition of transgenic tobacco

e SaA A 2 E000 R, % FH A8 45 Qi
2R IGAX PAM-2500( PSRBT PR 7] 4R
FEY I SE R = % A R DR B & R CKOII T 46 94 O
(initial fluorescence, Fo)+ fiz K % ) (maximum fluo-
rescence, Fm). & & 4t [ 1) & Kot & 2 F (maxi-
mum photosynthetic efficiency of photosystem I,
Fv/Fm) A A] A2 %3¢ /4] 46 5% 't (variable fluorescence/
initial fluorescence, Fv/Fo), F:ill 5& % Z B PR IE Y
e S g2, W0 T B Ak e S R I g AT
20 min FIEALHE, B ML RT3 IREE .

1.2.9 R REDIRE bR I i Sk 2 e

9 5 B L DRI PR R AN CKP I e, I I 2R
a(chlorophyll a, Chla). -4k 2 b(chlorophyll b, Chlb)
J I £j 2K 5. 7 5 (total chlorophyll content, CT), J5
12: 2 24 4E.(2000), H TU-1901 XL A1 1T I
I FE v (b 32 3 b 38 A3 A PR 34T 2 =) 2k 47 0
5, ZEmg/g FW HER, BN RS 3RELR,

1.3 Kot

K- H Microsoft Excel 1 DPS v7.05 %4 4b # &
G S IS AT B B AR T E i 2
EC IR AR O 43 #r, o J7 22 930 i Je 2 B LR H
Duncan # Bk 21%(P<<0.05).

2 ERESM

21 HEHERBEHRBES

T I AT B A T R R A 3R I8 AR 43 )
AR, TE Al 0 e 5 37 3k I, B S5 RV H i
T A L UK PO 28, T AR R A SR e

A BB AE TR 1 IR EA PR SF s B PUVEZFAE AR AR R AR C A IRR R R B A

A: Tobacco leaves grew resistant shoots in the screening medium; B: Resistant shoots rooted in the rooting medium; C: Rooting

lines were transplanted to small pots



5 BOIERH A Cry 1A JE R (1) & 038 909

Superposition Effect of CrylAc Gene in Transgenic Bt Tobacco (Nicotiana tabacum)

1, B i R R 2 s R P P R R A A AR O
W RE IR AL, F AL TR FR B R IR SR 35 mT AR AR, X R
AR BAEMRK RS K ARG RRTE
L E TR R R (E 2), A4 Kan W] 0
1 BB CrylAe 2 R R &R 9 1N (A1~A9), WL
CrylAc B K1k 5 8 1~ (B1~B8).

2.2 EHEFEMKRZRBINEEREHF PCRIGN

I3 9 FH nptl BE 18] Cry1Ae 3£ FMV 5 31
TSR B14s 5 W 28k A A 20 (10 2 5 TR A AR 3R 4T PCR
K, He o, B AR 35 35S F FMV A it 7 41 ¥ 1 1)
TE W51 K CrylAc HE R 1) 181 51 9 43 5% % N3
B PG BE DR R AR AT A, R 24k N3 1R A FH
A 6 B (CK ), 3R 5 8 DR 0 5 [ 14 6 BB L(CK-).
G LR, S5 BE DR PR 22 R0 BH 14 3t B SA AR B mpe T
FEH (I 3A) FMV J& 3 (¥ 3B). CrylAc J& [A (&
3OV 18 I B, 38 v BER /N3 il D 473,573
546 bp, B X FE R A I 2 5 7] B % N3 1R 4k 1 %

TR 22 0 BH A T HERS I 81 £ 35S A uif /7 71 1B 1
W IE [ 514 J CrylAc BRI 1 51 P47 386 1 H 1
B (F 3D), K/ K 626 bp, [l B 461 £ i FMV
ity F7 B0 Ve v IR IE 1] 51 90 B Cry TAe FE TR (1) )= ) 5
Vi B8 (0 H R B, KN AT 131 bp(EI 3E), i B 4
X REARATIN R H 1) BL(E3).

23 HERKRPINEEENERFEENE

% € f PCR(ZE X € &) R M Cry IAc FE R 1)
e R A5 AR W] (3R 2), IR — BAR A [F) e 5 R ik
RIE] CrylAc BRI SF EATAE — € 22 5%, JEHE LA
JHE R AT B CrylAc BRI g Rk . H X CrylAc
FERI bR R H (B1~B8) % 7 i 3 , & % R E N 0.679,
T K3 55 B Cry IAe JE R BR R [R] (A1, A3, A5~A9)
ERARZE . O CrylAc FER R R & T 75
CrylAc ¥k %, 2 B1.B4.B5.B7 i &1, BUE SN
E+05; 1M B2 {& T %% ¥ CrylAc JE R BE &, 38 X Fl
PG 10 JEL DA ] B A A N A BB 3 DR ) 0 e 4

bp M Al A2 A3 A4 A5 A6 A7 A8 A9 Bl B2 B3 B4 BS B6 B7 B8 CK- CK+

M Bl B2 B3 B4 B5 B6 B7 B8 CK- CK+

-D

El3 HERFEKZFE PCRENEXE

Figure 3 PCR electrophoresis of transgenic lines

Ml Bl B2 B3 B4 B5 B6 B7 B8 CK- CK+

A nptIT BRI PCR AU HEL UK ] B: FMV JE 21T 1) PCR AU HL K 815 C: CryTAc 2 R 1) PCR A I HL 9K 5 D= 35S Ji5 31 - 1E 1)
M5 CrylAc 31 J 1a) 51 41 PCRAS I FL UK 1] E: FMV JA 8 1E 1] 51 ¥ 5 CrylAc 3 ] J [a) 51 45 PCROAS I AL 3K 1B s M:
DL2000 DNA marker; M1: DNA 73 TFric; A1~A9: 5 B CrylAc FEDIRK 535 B1~B8: $43U CrylAc ZERIFE & 5 CK—: AR 56 5 R4

i CKo+ #5317 T A AN X B BURE(NB T)

A: PCR electrophoresis of nptll gene; B: PCR electrophoresis of FMV promoter; C: PCR electrophoresis of CrylAc gene; D: PCR
electrophoresis with forward primer of 35S promoter and reverse primer of CrylAc gene; E: PCR electrophoresis with forward
primer of FMV promoter and reverse primer of Cry/Ac gene; M: DL 2 000 DNA marker; M1: DNA marker; A1~A9: Transgenic
single CrylAc gene lines; B1~B8: Transgenic dual CrylAc gene lines; CK~: The untransformed tobacco; CK+: The plasmid carry-

ing all exogenous genes (N31)
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DRI 8 DUESCA 200 o SoF 79 P 28 A 2 s 3= BE R AT o K
55, e R R AR RN R F R R
Z R (P<0.05), W CrylAc 3E MR RN EEY
KRR CryIAc PR R 17 2.6 5 o

24 HERFEKZRCrylAcEEASEWRN

PIFP AR A BE R Pk &R Cry 1 Ac #8814 & ARG
RO, MR 3. BAR R E A RE, HAR
R RN EEAREIBAE—CES, WKk
RIAIA )W 25, CK AR H] CrylAc B E M
# X CrylAc BRI bR R B 5585 A & B AEOR, 2 R
ZEH0999, Hp ,BTREA T E&Rm, N
533.413 ng/g, B2 ik, }2.963 ng/g, 5#E 3 4= i 45
5 F 5 Cry TAc B2 RUBR RIBIE BN . X I
AR R B R AT ARG, 45 B W A () A7
TR % 22 5(P<0.05), # X CrylAc R bR R 1) # 5
& 82 NFE R CrylAc R R BR R0 10 75, XL

R2 CrylAcERMEREE
Table 2 The transcriptional abundance of CrylAc gene

CrylAc DRI R 27 B 7K P800 R Cry 1A B DR Ak
RiFm. PFRBHEERKANEREESHED
Tk BRI R RZE N 0.938(P<<0.01), ik B H)k &2
FHR (B 4).

2.5 HEREKRZRMIBRMETLE

XA B — 1% 4y U] e s g 2 SRR B (E]5),
B 5 TR R R E N, e B TR TR IR AR AR a4l i
FET B IN . 1AM 3 d I, 35X Cry1Ac 5E R bk
A B1.B4.B6.B7 J i H CrylAc ZE[F FE & A2\ A7
(40 HEHE R A 5] 100%, 1AM 4 d s}, B3.B5.B8
F A1 A3 A4.A5.A9TEF] 100%, 5 d IR fiT A7 5% 3%
IR bk 58 38918 1) 100% , 17 FF 7% 25 R bk &= /N T 10% 6
M ELHE B 8] 5K B, B X CrylAc 3 [N bk R B0 5%
CrylAc BRI bR R, R — 2

Xof A B HL RS 4y U e S G 45 SR BH (B 6),
I ) W R S e R DR I A M PR AR e 4y R

AR HHRY R BARTEIME AR5 R A
Vector type Line no. Transcriptional abundance Vector average Coefficient of variation
N31 (CrylAct+CrylAc) Bl 1.68E+05+3.99E+04 a 9.71E+04*+7.05E+04 0.679

B2 8.22E+03+1.66E+03 ¢

B3 3.60E+04+1.07E+04 be

B4 1.38E+05+3.64E+04 a

B5 1.46E+05+4.19E+04 a

B6 6.93E+04+5.01E+04 b

B7 1.86E+054+2.12E+04 a

B8 2.45E+04+2.65E+03 be
N7 (CrylAc) Al 5.00E+04+1.77E+04 ab 3.70E+04+1.15E+04 0.293

A2 5.44E+04+2.18E+04 a

A3 2.95E+04+7.26E+03 abc

A4 2.13E+04+1.10E+03 ¢

AS 2.77E+04+4.73E+03 bc

A6 3.16E+04+5.89E+03 abc

A7 4.77E+04+1.60E+04 ab

A8 4.04E+04+1.65E+04 abc

A9 3.05E+04+1.36E+04 abc
- CK 0.00E+00+0.00E+00 f 0.00E+00 -

N31(CrylAc+CrylAc): 341 W Cry 1Ac 3 REMIFRILFR AR NI 1, NT(CrylAc): #7315 ¥ CrylAc FE RAHM R IE AR NT; R GIA A
BEROR 22 5 1R 35 (P<<0.05); * /s PRE IR SR R bR 2 2 8] 22 57 1225 (P<<0.05); T[]
N31(CrylAc+CrylAc): Plant transformation vector N31 carrying dual Cryl/Ac gene; N7(CrylAc): Plant transformation vector N7

carrying single CrylAc gene; Different letters in the same row indicate significant differences (P<<0.05). * indicates there is a sig-

nificant difference between transgenic lines of two vectors (P<<0.05); The same below
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B BRI B A Cry TAc B K (1 2 N2 o11

BT 3RIBHI N . 1AM S F 6 di, # R R #k R B7
HIB6 B4l EEIE 243 i35 £ 100%, 11 A2 I AS 7E
TR 8 d B B3k 100%, 11 JE 4% 2 R bk R /N T 10%,
XU CrylAc FEDRIRR R CrylAc 5 KB &5 #7440
o WA U SRR T

2.6 FEEEREREREETE

PR A A3 21 TRy P e R e Ak % I B R AT AR PR
AR O EER 28 SRS 8t
BRGTENFHELERRBWEAT R NE
KARIRKE , ANFESFEBIRR RIAFAE— & Z 57, F
CrylAc FERIFR R AEMR 57 i P 2800 K 0 BL 7 THI
5 8 CrylAc B AIPR R KOO IRARAE — 1€ 22 7 (P<
0.05), T LE A% 7 11 22 7 AN B3, 7% 5. Cry 1 Ac B2 [
PRAR X2 AN K, Hob X Cry LA e FE IR R
FRBUBK, SRR, B AL IR R 5 2 7 A
K WOGEAE S EORE , AR EBIRR R A AFAE—
JEZE Tt K ZHORIE B 0.3 2 7, X CrylAc
e R B 2R 104906 5 1828 (P 18] COL YR JEE (Ci)
ZE N R (Tr) 8 5 REUBUEE B CrylAc BB R OK,
AL T E (Cond )5 5% 5. Cry1Ac ZE AR R /1N, B AR
K&, He W CrylAc FER R R0 IS8 stk

®3 REEKZENSEASE

Table 3 The toxin content of transgenic lines

BRI P RT3 CrylAc 2 Rk RSP HME & T
B CrylAc B2 R R &, (H 0 #3590 T 55 B M0
Cond - Ci Fl Tr K7 , 5 XU CrylAc 7 R Bk 27 B {EAK
TFHE B CrylAc BRI Bk R A I SRR RS H
KE, AR R AFE—EZ R, B CrylAc
BE KBk R )6 9¢ 96 (Fo) i 3 i T- 35 ¥ Cry IAc 3
BAl S 4t HE(P<<0.05), B K% (Fm) 22 7 A K T %
W CrylAc ZERFE R RGN IR KB R (Fo/
Fm) B2 0] 22 5 /M) U6 5% 6 (Fo/Fo) & Ik T % H
CrylAc R PR Z AR IR (P<<0.05); NG5 &k
B W CrylAc EFMR R SRR T EEL T3
CrylAc BERIRR R AV B, H4E 3R a A2 R S &
BRE, EFARE.

B R AR R g 3 RO S H e B 40 ] 7
Fis. BEEGH A RS (PAR) G N, %241
B, gRERY, B PAR 3N,
Y L) g 2R B, 5 X0 Cry 1Ac FE R FR & i T3
CrylAc % R bk & A1 CK; 1 Y(NPQ). Y(NO). ¢" 1
ETRIZHi T i H I &0k BIRa e KA W Cry 1Ac 3%
K ¥k 2 89 Y(NPQ). ¢ F1 ETR & T % B4 Cry 1Ac 3
PR ARSI, MR YONOY i T4 3L RIRR R . #%
BRI R 50 RS —3, BERAK,

iR WHRY VM8 (ng- g") WA M8/ (ng g) A FAL
Vector type Line no. Average value Vector average Coefficient of variation
N31(CrylAc+CrylAc) Bl 944.985+351.817 b 546.613*+£545.798 0.999

B2 2.963+0.326 d

B3 22.697+9.839 d

B4 855.8334+268.894 b

BS5 504.100+61.501 ¢

B6 493.844+245.403 ¢

B7 1533.413+£183.253 a

B8 15.067+10.098 d
N7(CrylAc) Al 112.0814£25.467 a 55.173+£40.010 0.725

A2 93.381+41.783 ab

A3 23.71246.105 ¢

A4 13.937+1.803 ¢

AS 65.645+6.593 b

A6 14.664+£7.213 ¢

A7 74.097+£27.081 ab

A8 9.238+1.281 ¢

A9 89.801+35.666 ab

- CK 0
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Figure 5 The lethal effect of transgenic lines on Helicover-

BT %
Cumulative mortality rate

pa armigera first instar larvae

B1~B8: X CrylAc JE K #k 5 s A1~A9: % 51 CrylAc FE DR Ak
Fs CKe: AR B D] 2

B1~B8: Transgenic dual Cry/Ac gene lines; A1~A9: Transgen-

ic single CrylAc gene lines; CK: Non-transgenic tobacco
3 Wit

H AT, SN LR 1) 45 48 DI S H R IA & 2 6]
FIRRFFEA W AR, SNEIER 5 D15
X H 3R 1K B A7 A 1F 208 B A7 28 (Hobbs et al.,
1990); A W 7R B, ¥ I 5 R BB A L IREL
R(HEEETE 2001). HILFRTZ W 5L, b
VEFE R 2 78 DUBES I, 5 22 B BE DR AN [R] 72
EAESTER

AW A, 2 HUEE W Cry 1Ac 3£ R Bk 2 0 AN
DRI 53 B ek~ WY S v T B Cry TAe BERIFR R
KW CrylAc BRI ) B IMER = 7 RIEKTF, KIE T —
JE W BRI, BeAh, DHEE R Cry IAc Fe IR %
BB M E BRI T B CrylAc R R, 7
XM G A ) 5 DR AT e D i N8 DL Bl A
[E] P51 1T 5210 (Qiu et al., 2017; 2= E {2, K1ER,

120r _g—RB7 —&—B6 —%—A2 —e—A5 —8—CK
£ 100}
&\°§ 80f
5
11 & 60f
Re
=g 4o
B S
§ 20t
0 L - 8
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El6 HHERETRRITIREE H 884 HEIBIFERAL

Figure 6 The lethal effect of transgenic lines on Helicover-
pa armigera second instar larvae

B7.B6: ¥ X CrylAc B2 FIFR & A2 AS: i 5 CrylAc HE R Pk
Fi CK: AR5 B R 5

B7, B6: Transgenic dual Cry/Ac gene lines; A2, AS: Transgen-

ic single CrylAc gene lines; CK: Non-transgenic tobacco

2005; BB 2% JA %%, 2003; 5 2% 4, 2000; Meyer et
al.,, 1992). A T # 5 CrylAc B H ) R 15 &, H Ak
N31 5 A CrylAc B2 1 & 3 1R H CaM V35S
WA BT, R EFEE LT RS CrylAc B A 1)
FIEE, {H2E CaMV35S JE 5 F 8 sh i ¥ CrylAc 3
AT 45 A A TR 20 s SR o] i AN 2 . Xk
W45 (2014) % 5 CrylAc A1 BADH £ [X] (F CaM V35S
JE B3 B MR AR R R 2 08 B AT A, 45
KM CrylAc 8 5 H & & B =1 N 414.63 ng/g, M
AW L X Cry1Ac FE R Bk R CrylAc B8R 1 H
Eh R AT 1 533.413 ng/g, R CrylAc FE N Rk &
k7 =ie o cE B oS E= ) ST S YN S s S B
BRE, X CrylAc ZERRR R CrylAc RS 73 &R
BK, e B CrylAc FERIVR R 55 KRB, H
JiF DR AT B2 % B Cry 1A BE R AR R AR H 5 R ]
A A CrylAc B2 [H, A7 FoAd AMIE I DR ) 40, 1
X CrylAc F IR R — VAN A Cry 1Ac BE1H],
P -9 3 R AH (), T R L B R B S 1 FR AL
RS, 2005), t AT fE & A7 TERIE IS Z P
Wi 5 4, B0 LR (A7 — @ M EAE R R,
M FEEER LIEA R 502 (Qiu et al., 2017).
AT T T B W Cry 1 Ac HE RIRR 2 20 i 5 K 44
H— S g R R ) AT P R S, 45 AR
L WL Cry 1Ac BERIPR R0 —14 %)) ) BIOE 2 318
F] 100% , 1H 42 5% W Cry 1Ac 3 K Pk 2 % 4 B2 1) 8048
I TE) T2 B Cry LA e JERIRR &R 5 55 5 X Cry I Ac %5
BRI R 5850 0% &)y 1Y) 3500 2R 35 0 B 100% , 7 4
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CrylAc 2R bR 25 %) B (R BB TR, 85K ToRAUN 73.61%. 5532 (2013) 75 % 356 DA 471 S A Xof
G B CrylAc FE IR RARR BIPT RS & T MR R SOERR 7T R I, B % CrylAc KA
B CrylAc FENFE R o 552008, Fl2Ei@ R, 53 K 4& DP33B X 88  — & 4h M i 83 K A
(6): 658-663)Fl FHHA3F (%% CrylAc FEDR R B X ARE  91.01%, 1M 75 HA AT B R B, 43 918 78.15% A1l
BT 4 AT R RS, AE R R WAME S dIFAE 58.93%. 5 LIRWEFEAIEL , AW A #E CrylAc

F4 FREEBURAEERERSFERT L

Table 4 Comparison of growth characteristics of different types of tobacco plants

eyt fabr N31 N7 CK FH#1H
Type Index A1 CvV P CV  Average value of CK
Average value Average value
A KAER PRsi/om 5.079+1.783 b 0.351 8.933+1.449a 0.162 8.567+2.065 a
Growth traits Plant height
1% /mm 3.517+0.446 a 0.127 4.070+0.349 a 0.086 4.0001.000 a
Ground diameter
A 8.000+1.333 b 0.167 9.963+0.655 a 0.066 9.667+0.577 a
Number of leaves
KT E 3.185+0.247 a 0.077 2.759+0.171 b 0.062 2.327+0.114 ¢
Leaf aspect ratio
HEEHZH HHE 1%/ (wmol- mol) 4.764+1.353 ab 0.284 3.585+0.741 b 0.207 5.059+0.069 a
Photosynthetic Net photosynthetic rate
parameters S IL ST /(mmol- mol™) 0.077+0.030 a 0.385 0.108+0.058 a 0.531 0.095+0.042 a

Stomatal conductance
Wi IE) CO M /(nmol- mol™)  1070.443+£205.662a 0.192 1187.336+82.943 a 0.070 1210.654+30.033 a

Intercellular CO, concentration

78[5 14 % /(mmol - mol”) 1.38440.566 a 0.409 1.398+0.439 a 0.314 1.438+0.532a
Transpiration rate
MR ROCSE VIR 0.386+0.038 a 0.097 0.332+0.015 b 0.046 0.335+0.025 b
Chlorophyll Initial fluorescence
fluorescence SO 1.292+0.072 a 0.056 1.345+0.062 a 0.046 1.318+0.086 a
parameters Maximum fluorescence
MRS MR 0.699+0.035 b 0.051 0.752+0.019 a 0.026 0.744+0.031 a

Maximum photosynthetic effi-
ciency of photosystem [
ARG NI UE D 2.406+0.379 b 0.158 3.069+0.307 a 0.100 2.953+0.460 a

Variable fluorescence/initial

fluorescence
g o -4 % a/(mg- &' FW) 0.469+0.122 a 0.261 0.565+0.090 a 0.159 0.656+0.174 a
Chlorophyll Chlorophyll a
content 4% b/(mg- g' FW) 0.172+0.042 b 0.246 0.212+0.036 ab 0.169 0.246+0.061 a
Chlorophyll b
MG A G E/(ng g FW)  0.641+0.165 a 0.257 0.777+0.125 a 0.161 0.902+0.235 a

Total chlorophyll content

N31: B3 CrylAc ZERIPk 23 NT: 55 5 Cry IAc ZE R Pk R 5 CK: AR5 3L RV L [/ 47 AN [H) 2 BER R 22 77 B 3% (P<<0.05). CV: A%
N31: Transgenic dual CrylAc gene lines; N7: Transgenic single Cry/Ac gene lines; CK: Non-transgenic tobacco; Different letters

in the same row indicate significant differences (P<<0.05). CV: Coefficient of variation
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Figure 7 Light response of Chlorophyll fluorescence parameters of every lines

DRI B Ak 28 008 A % R R 0 e RO st » B Cry IAe
FEDR )2 i AR v 1 AR .

B X CrylAc F& A Bk & ) PR & E AR T 55 5
CrylAc FEPR bR R AN I, JL R R o] 688 Cry A R
F ) s RIS R R A AR A e B Rk
AR AR 2 00T e D SR 2 R 4 N A B ) R e
(Rawat et al., 2011). A HF 7RI, 158 FH 2H Bl 28 5 J

3ljF CaM V35S 1J & 2> t HIL 4% B DRI ek 28 4 1 B
B, JR BT BT IR AN 1) RTE R A AN 5 ZE I E L R AT
RS SR ZU M 20K, B8 1 HEL D 11 TR 5 B DR 2 AR
Wik R, w7 E KRB (R IEEE, 2008).
FE LG BB S a] DL iR 5 SRR 3l 1, A
BNIR S RL i Rk, R R AR B 7= AR A 3 (/N PR, B
1, 2012).
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SRR, AHIE ST BT X Cry I Ae BERIAEAI R
RHARRT 5 CrylAc FE R )R IE & HA —E AL
R BEERIRIEA R+ A8 5E , 78 LS BT FE ]
DL 2%k i 2 4 7 XU T- DNA [ R 18 #44, &4
CrylAc 3R ALF—/>T-DNA L, TR WY 5,
T-DNA Fifi A1 4 A\ AE A 55 DR 26 v, AT R 2 i 4 2 (A
AR LR, 5 AT B8 2 G N4 AL B Y
Bl HHEFRRY], kb AN R A7 B e RS
i o} e TEAFAE — € S, P AR R DR 1 1) 2R
Hil i} H R IA B 3514 3 5 =1 (Qiu et al., 2017), Kl HTE
S G 5 A I ] LK Cry 1A JE RIHES T 1) 5
gER, LI B CrylAc 3 R W 3R I8 &, T ik H
CrylAc BRI B R IBH A KB, NG gL H A Hi il
FE DAY & b 51 Fe A

4 g

A FER] F AR AT B A T 0205 23 0 45 i B L R
CrylAc 3 R R 3 I8 BRI B A 15 v, dd i
RABEE %k S PCRAG I, $RA5 46 JE R ik &, A
AINJRFE DR O B 43 0 0 35 [R] 4 5 0 5 S TR vk R i
1798 6 % B PCR(ZE X 7€ ) ELISA £l S A 4% B
& PRI S EG , 3 W AR S DR TR 54 S5 /K R R /K
PR BIRIE, &5 HE R RAIE K VB K
SPGB CrylAc
DR Wk 2R 3 i T B8 Cry LA c FEPRIBR 3 5 W) & R L
BRI FR R AT T 4 K P EE T 90, 45 SR R B 7E 4
& Pn.Cond. Ci-Tr«Fm-Chla., CT %5 2 ¥ J7 1 % W
CrylAc B RIbk 22 5 08 S 376 50 Cry 1Ac 2R bR R0
0, M A SHOT NAAE—E Z R 2R
BT, H X CrylAc FE Rk RTEAME R R Rk &
BB Cry IAc B3 B3R =, M AEAA AR AR K7 T R
ZRIEEW . BRI, CrylAc 2R E T LA
e RIE R, I B R AE K A 3 il SR
AT TR R FE i AN DR R T 2 10 5 vk Ak
FoAh A 3L — i (P ERR AR
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