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Abstract: [ Objective 1 This paper aimed to comprehensively evaluate the adaptability of transgenic Populus x
euramericana cv. ‘74/76° with multiple genes ( Abbreviation: Transgenic poplar 107) under salt stress through
measurements of growth traits, membrane permeability and photosynthesis and other physiological parameters of the
transgenic polar 107 under different salt stresses, as well as of the change in the accumulation amount of exogenous gene
expression products. [Method] The transgenic polar 107 was used as test material, which had been verified successful
transformation. The transgenic materials were propagated by tissue culture, and then the obtained seedlings were
transplanted in pots when their heights were up to 10 cm. The seedlings were cultured in growth chamber and treated with

NaCl solutions which concentrations were 0, 3, and 6 g * L™, with the nontransgenic poplar 107 served as the control
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(CK) . The growth indexes and physiological parameters, as well as accumulation of betaine and Bt toxin proteins of two
lines were measured in 25 days after treatment. [Result] The results showed that under low salt concentration treatment,
the height of transgenic poplar 107 was significantly higher than that of poplar 107, and the diameter of the transgenic lines
was greater than that of poplar 107. Under high salt concentration, the height and the ground diameter of the seedlings of
the two lines all were significantly affected by salt stress. Under low salt concentration, membrane permeability of
transgenic poplar 107 was significantly lower than that of polar 107, chlorophyll content increased more greatly, and both
net photosynthetic rate and transpiration rate increased and were significantly higher than that of polar 107. The actual
photosynthetic efficiency Y ( II ) of photosystem I decreased slightly, but significantly higher than that of the control,
indicating that photosystem Il was able to maintain higher electron transfer rate. F /F  had a relatively greater increase,
suggesting increased photosynthetic capacity. Under high salt concentration, the chlorophyll content of transgenic lines
decreased slightly. However, both the plasmalemma permeability and net photosynthetic rate decreased significantly, F _/
F_and Y(II) had a sharp decline, electron transfer rate of photosystem I was affected greatly and photosynthetic
capacity decreased. The all change trends were the same as that of control, and the seedlings of two lines suffered to a
great degree salt damage. The accumulation amount of exogenous genes expression in transgenic lines, detected by ELISA,
showed that with the salt concentration increasing, the contents of Cryl Ac toxin protein, Cry3 A toxin protein and betaine
all had an increasing trend. The accumulation of exogenous genes products significantly increased under the stress of high
salt concentration. [Conclusion] Transgenic polar 107 displayed strong adaptability under low concentration salt stress,
and its salt tolerance was stronger than the polar 107. Both transgenic polar 107 with multiple genes and control polar 107
were to a great degree impacted under high concentration salt stress, and transgenic line did not show any advantage. Salt
stress induced an expression enhancement of the exogenous Bt gene and BADH gene, suggesting that the transgenic poplar
107 would show a good salt tolerance and insect resistance potential under salt stress.
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Tab.1 Changes of growth indexes of two lines under salt stress
A e G AT (R M A7 4 A (9 AT (B
NaCl ¥ /& Relative value of plant height growth (%) Relative value of ground diameter growth (% )
Concentration of NaCl/ (gL ") 107 ¥ AL 107 B 107 ¥ AL 107 B
Poplar 107 Transgenic poplar 107 Poplar 107 Transgenic poplar 107

0 100. 00aA 100. 00aA 100. 00aA 100. 00aA
3 81.43 £9.00bB 106. 50 £9.93aA 93.12 £32aA 97.54 £20aA
6 58.00 +11. 60cA 64.25 £9.94bA 77.10 = 15bA 75.41 = 13bA

ONEFRERIRF R RN FWK L NaCl A P4 T 22 5, K'E 7 BER IR A R BE NaCl AR P14 40 F AN R RR &R ) 22 5, 3% P KP4 0. 05,
F . Lower case letters represent significant differences of same poplar lines at different treatment; capital letters represent significant difference of

different poplar lines at same treatment. significant difference test level is at 0. 05, the same below.
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Tab.2 Changes of photosynthetic pigment contents in leaves under salt stress

) MEXE a M4 b MR R B
NaCl ik Chlorophyll a/ (mgsg™") Chlorophyll b/ (mgeg™") Total chlorophyll content/ (mgeg™")
Concentration :

of NaCl/ (g+L.-") 107 ¥ A 107 ¥ 107 ¥ AR 107 ¥ 107 ¥ AR 107
Poplar 107 Transgenic poplar 107 Poplar 107 Transgenic poplar 107 Poplar 107 Transgenic poplar 107

0 1.01 +0. 18aA 1.03 £0.25aA 0.16 +0. 04aA 0. 17 0. 04aA 1. 17 £0.22aA 1.21 +£0.39aA

3 1.06 £0.23aA 1.20 +0.20aA 0. 18 £0. 05aA 0.21 £0.03aA 1.24 £0.28aA 1.41 £0.42aA

6 0.83 +0. 18aA 0.98 +0.23aA 0. 15 0. 06aA 0.20 +0.03aA 0.99 +0.23aA 1. 18 +0. 35aA
AR EE R AR 2 MRRRATALIRBIE (L) 5 RS E BERAR  H FOG &5 28 5 00, AT 5 2oH
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Fig.2 Changes of photosynthetic parameters under salt stress
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Fig.3 Changes of chlorophyll fluorescence parameters under salt stress
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Tab.3 The content of Bt toxin protein of

transgenic plants under saltstress

NaCl ¥ BLiEAG R
Concentration Content of Bt toxin protein/ (ngeg ")
of NaCl/ (gL ~") Cryl Ac Cry3A
0 3.96 +3. 04b 8 052.5 +3 725.6b
3 5.55 +£2.79ab 12 118.34 £2 341.77b
6 10.25 £3.78a 19 651.26 +3 623.96a
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B4 HhIaE T 2 AR b RS & &
The content of betaine in leaves of two lines

under salt stress

3 iWie

ARG, 2 A 2 K (BiCrylAe + BiCry3A +
BADH) 107 # " ¥ i &5 2 X 28 BADH K. BADH

S5 DR 2 B S SR Tk I ot S g T 5 R T S e R T
NP R A T AP NG €7 e 3
AT NE AT SNEVE L /PO BN IS ER O T d
A (2013) W50 48 H i S A0 (Salix) 10911 BADH
BN R IEZ B &S, U e 5
BADH JE K f7 {2 45 % % KMk £ ¢ (2006) 16 F H
BADH JE K #:4k 107 ¥ (I WF 95+, BADH K14 1 5 A\
A8 45 A [ 5 Jolp 10 4% A1 1 e 5 DRI RE AR %) A 0 1R 2
G, % 5 DR R Bk 52 30 405 35 4/ o e A, 8 SR 38 45 1
B BRI RR R A R T R B A TR R R
WL FE R AR & Re 0 30 4F b KA ER T R . AR
Hh TEAIG BR P8 T e e DR BR R AR X H 3 N I R B
I H 2 S5 T 0] S, 7 I 4 3% R Y e T R R A
$ N BADH HEN [0k R 52 #h 52w B BN, X
ArNAEZE 45 A 1. 5K 4 oh %5 (1999) BF 7% 3% 1 h
JURIELTN — 5 VR R IR EIE Sk T LA B i AR R i 4
e P 2 SR R 118 RSO S DT B I 6 3 kT O
HAEHIEW . 5 4h, § SRR Bie v LR 2
T e A A Bl PRV P AR MU B B A RR IR A
JP YRR e A R R AR EE O E SRR Y 6e,
RN SERERE XN R INR R N S S R
WEPE & Co, R F, HE m O A e (R A%,
2007) , fe 24w i L RAE ) 1 T #h v . AR WES T,
334 2 LK 107 MRk R AR TG B 8 S5 R Filf S
B AL B A, L BADH Rk SR, # LM R
5 AR A QA B b SR S S, 1T R Bl A B
A LU S AN BADH 5 IR i 32 3, A 4 Ok DR B &
B SRR KR R, 3 g LRIk
TSR TR AR, JE I I B 0 T 4 R AT
JEE R (R A8 Tk, W AR It £t 3, HOREE 4EHy
A v 1) PSIT 3 2k, 38 K ACFL 3 B L 28 0 T, 4 v
e NNE 7 %) 7 SER N RE L e ot e SN ) S A
FEIE R R T R s i AR K . BADH JE A
SN T B DRRR RO R P 3 g
V2R Emih. T2 RESe %S
N, BADH £ [X 3% 35 5 10 39 i 75 AN W) A6 4 2 0] 47 78
B #F 2 % (Nakamura et al, 2001; X £ IH %,
2012) o FEARMRIE ZAF T, D R A 4 i B DA
PRAE fA B 2R B 1K % 5224 0.05 ~5 wmoleg ™!
FW (B % 6 56, 2004) , i £ 2 58 189 $1 # (Populus
euphratica) 2 3| £ W 38 J5 it S 085 f 3 1R R
Sl I R SRR S I # 190 pmoleg ', L
243 % (/D R %, 2001) o ASHFST PSR bR R AE
6 go L' BRIV S W8 T RIS O R B A K, (H AR Y
F0.02 pwmoleg ™", 2y 24 Xf M Ab B 2. 8 fi5, K W] 1% 3



52 D SN A = S 53 %

PRI 2 TE ROR AN 3 o AE BRI 0 R 0 B TUE K TR bR
PEBE SRRV T R W] R R 3 oo LT RUIK
WL R IR, R B R AR 0 N T ER RE ) R T
e FE PRI AR AE 6 g L7 B i SRk BE e
AR S S B B 8 AR A Gk 1 0, {H B 5 K]
R 5 107 1 10 % T4 B4R bron) BT AT R B ]
WES, R EREEBR K APk W, BADH
N RIEE NG, /£ 6 gL R m kg T,
[Fil I L R DR B AR 4 R R T 2 BE .
R AT N UM % 45N SR 4 v ik 5 45
R B R R BR 2R AE 8] 4% AF 1 R 6 4 3R A 5 A
BE— L5 .

Ren %5 (2015) K 2 % N 3K AR BiCrylAc +
BtCry3A + BADH 4k W 52 ( Nicotiana tabacum) , &
AINIEFE DN CaM V35S JR 31, 45 7R BADH
FE D R IR KA o AR BT 50 o 2 B DRI RR 38 P T A 4
FIEFARE Z M IR, T AMIE BADH He P 3 ik 24 R A
P2, o3 LT DR AT B 2 22 6 D R 2 )y B 2
F PR 1) b1 T8 3l 5 AR R AR BLAE D 3 802 A A
HE R AN BE [ I g R L o 20 ik DA 3 30k 10 Ay s A
FAR T T e — &R 51 R A (52 )R A%, 2011
Untergasser et al., 2012) « 7E4 JGWF5T 4, N 2% &M
PUR L7 TR AT 25035, BT Ik 21 22 A A1 5 Ak D 11
FEDURE AR TP R I A A i e, AR R R A 3k
A MR 45 AN () 0 U RS8P AN [ 45 S kR 3l 7, B
RF SR A FL Ok, A 3844 I A A U P Y
% 0 8 558 > 51 3 A 4 5 X MAR, e 4 A1 i
B DR AS o M 0k B =, Ar DU AR A R 4
Bt J& 300 e 4], kg e DR o B DX JE 4746 i 50 45 J 21
9o 9 250, 491 xR DRV REAT B M, A L S R R )
TGC F &, DL s L RIA &

AW FTHE Y B W38 4 18 n] DA ) 20 S 2 Al
cDNA FCFE 7 mRNA 45 5 45 (50 & i, 8 AR
W70 15 5 e BE B A H S 5 AR SRR R 2R 0K, LA
ISR SR U S N O O S 7 R v ) A\
2006; R A, 2007) o e 5 AF (2007) K AR
A KB (Agrobacterium rhizogenes) Ri JJU kL T-DNA ¥
A X Pt L HE ‘741 %’ [Populus alba x (P.
davidiana + P. simonii) x P. tomentosa] £k % Ph29
Ja, AR R (TAA) MR % 3% (GA) &\ TH i, B & ik
FILR I SZ AW, 3 H AT RE A AR JE RS A B R &
P, S BEURH A AR AL, (L BERL D) R AR, (H 0 T
ReLL g5 Ky i AT AR IL, TR B 75 2R A R IA R
St BN PR Z Sy SIS LS S & el o N X (A <]
P, Bt BRI AR E B X0 R T R e A

Il SR DR A A 7 RN A N 2R R R ) R TK 2 B
s T G A SRR S PSR B, AT 22 i X Bt
R AR RIEME . AHEFTH B 35 8 A B
B Ak PR R 5 0 S BT e B, L JEUIA AT BE RS IE R
Ze AT AN D 2 A 2 B R 11 Bl o (H Bl A
i A BRI S AR K A e P A R A AR A, R SRAC
PR R R B DR e R T B B D R A A .

4 i

BN TR S HI T, 80 2Rt A
WPE NaCl ¥ i 1 47 £5 o 38 4k 22, 25 R B X 3% 2 3
107 ¥ S A 56 56 X 5k B 107 47 4 KPRk L 2B B3R
PRI E 45 R AR W, B iE R B L 107 M40 R
KZ I E RN, 763 gL R IR b H T, #
B DR Bk 2R 0T 07 1 W K T 107 M, gk R S s
e RE AR, 2RI T 2 5 e Al A BB
T 107 % Y CID) /N B B AR AEL S 35 v T 0 L, Ol
R e IR AR S W sl A, F /F, LTt
TR K, R R R A BRI EERE .
E6 gL HEIRELAE R, BN R R E ST &
BEEALS , T J0E JIE32s P 3 Ol & T 22 38 B 3 R AL, R /F
YOI BWEREIA KRR N, RS T 15632
PR FE W, A e ) T, AR A 5 R RE W
ER2AIRRGE I Z IR KNEENGFH. B2
FE 107 M1E 3 g L R BRI A 21 N R B 4
()3 N i AR PR T 107 M AE 6 go L7 SR E
AbBR N B B R BE R 55 R 107 A% 3 52 B R,
LR R IR Bon AR 0§ B R bR & b AR U5
FERRIE =R B AT I 45 3R I, BE 3R B I
BN, Cryl Ac 2 2 11 Cry3A #8811 22 7 32 0k 1 5
TGN, 7 v AR VR B e TR B R B, #h
JpiEAE — e BB by LG 3 AR Be SR DK BADH &
IR 2% 028 i .

2 % x #
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