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NA 5@ BB AH Y 2235 2k pGreen0029 I, 48 J5 8 i R AT 1A A 5 0, o T 41 22 3k 40 5 ACHR B, %o 3 ik IR 08 262 1) 0
Cd*" Be AT I 404 o K&52RT PeXTH B K A IF 7% ) B2 AHE C(ORF) K 867 bp, & ATG IR %1 7 TAG & L% 14
F ot il 288 A2 B R 40 A 1Y B 1 5 2 R MR F ) LS 5 R R L PeXTH 2B [ & A A3 58 0 P8 4% 0 Tt /7K fore Ty
(XTHs) AR SF LS 3 DEIDFEFLG 1 N-B§ 546 A7 s NLSG;Real-Time PCR Kzl 25 - 2 W], PeXTH £ H E 4
LIIFE 2 A5G H B B R (L6 F L14) il 3k Cd* T a5 . # I E AR A U h B 21 Cd S B m TR R AL,
M PR Cd* &t B AR F R A T Cd™ Whan F 6 2k IR 5 o e A 4 0 ri S 30 B 350K 39 A 80 L (R e 4
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Cloning of Populus euphratica PeXTH gene and its effect on Cd*™
tolerance of transgenic tobacco
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Abstract: [Objective] The aim of this study was cloning a putative xyloglucan endotransglucosylase/
hydrolase gene (PeXTH) of Populus euphratica and analyzing its role in Cd*" tolerance of transgenic to-
bacco plants. [Method] The PeXTH gene was isolated from Populus euphratica leaves by RT-PCR. The
full-length ¢cDNA of PeXTH was cloned into the expression vector pGreen0029,and then the recombinant
pGreen0029-PeXTH was transferred into tobacco plants through Agrobacterium-mediated method. Anti-
Cd*" characters of the transgenic lines were analyzed. [Result] The PeXTH gene contained an open read-
ing frame of 867 bp encoding a putative protein with 288 amino acids with the start codon of ATG and the

termination codon of TAG. The putative amino acids sequence of PeXTH contained the conserved DEI-
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DFEFLG domain and the N-glycosylation motif NLSG. Real-Time PCR analysis showed PeXTH gene was

overexpressed in two transgenic tobacco lines. Compared to wild plants, transgenic tobacco had higher Cd*"

concentrations in roots and lower Cd*” concentrations in leaves. Under Cd*" stress,the relative electrolytic

leakage in leaves of transgenic plants was significantly lower than that of wild plants, while antioxidant en-

zyme activities, nutrient element contents, net photosynthetic rates and transpiration rates in leaves of

transgenic tobacco plants were significantly higher. [ Conclusion] Overexpression of PeXTH enhanced

Cd** tolerance of tobacco plants.
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VAT K B A Tl R R R T K L SR )
B A, LIEE SR QNS A S, W
(CHR—FAENEEBICR BREL B WA
AR B G HE NS RE, Cd* 5 i ) e i i
REREAREOL A B 5 R A AL T E TR
AR FROR M A K E SRR T .
Aol fife e + 48 Cd*" 35 Y [n) 8, 2% ik Cd* " X A 9 1Y
B FAEFBOR B SZ BT SCTE . I, P 2 0F 5T
HIF R o7 A2 A0 R 3l 5 5 A R R Ok 4
E R R HL Cd* fEF7 . Zhu %53 WO K
FETE A A e H IRE UBE L R gsh T e BN 97 3¢
(Brassica juncea) W, & B EN B 37 S #4010
Cd*" Fap¥g . Wl wp Cd*" i 32 P 3 58 . Pomponi
SEUOR LR T B KA S JE I AePCST B AR B
P TE M T CT AE ). Lin Y @ iGE , o %
TR 4 Ja A ) R BB A5 A R R 0 X P R it

2t BE S AP S Cd™ E ACKE W 40 B B 5 — 1A R
B A2 A W i AE Cd™ i Gl 3 e DR O 7 A 0 1Y)
P Cd*" o B b i % # ZAEHY . Nishizono %
I8 B 55 Bk (Athyrium yokoscense ) R #5 BF W W 19
Cd*" \Cu*" \Zn*" 2545 70 % ~90 % Bl B AE MR IS /Y 40
g, He 555 A WF 5 25 Bl 7R L /K R 40 i 1 45
A Cd i i Cd Bk iy 55% ~62% ., A4
Ak T BEFE RS )BT Cd® T B B Y
WETEATIIR I B 22 o KA SR M PN Y I/ K At T
( Xyloglucan
XTH) J& 1 ¥y 20 i BE B o 72 b i) OC B Al L B RE 08
3B o8 b A T RO (7% U 2R R B % R A T A ) 4 i RE
AR AE R KRR RME Y 25 SR, DA S 30 40 L EE
P gt A A B B AT, X XTH 3 Y I 58 0F 52
E AR A W) A AR IR AR R SR
B KM R E T T . AR Sy 40 RE AR ) R
OGN  XTH fEAE Y HT Cd* L 9 4R
T4 R UGS o WA A S — b ME— BE A8 1 TR B Y

endotransglucosylase/hydrolase,

At 1+ 5~ R e b A T AR AR A = R IR A B, — E LA
RS2 AT AR AL Wy e 38 i 5% 10 LR AL R, AR B SR
K DA% v v [ A5 310 1% A SR OB P9 7 0 T I /K
M3 PeXTH RUYIS ARl 2 b A i 56 AR
PRV A AU R FE Cd™ W38 T B9 45 331 A B AR Ak 45
br R PeXTH J P RAE #R BT Cd* 1 Z 8] (1 ¢
Z R PeXTH 3K o BAE 95 5 Fh 3t
ZZ AR

1 ARSIk

L1 # #

i B R i AR A A% i B A R e R T 10 L 9
A R AP LR RN 1 DT
eIl K 2 = b 8 3R IR E P Ry IR B R R AR
20~25 C OB R 12 h JEIE/12 h BB, B K
Fir FH B MR B 5 R ok Nicotiana tabacum cv. Wiscon-
sin 38, iy Rl 2= B 3t 4% 5 kB WESE T IR AE O
B E

i B pGreen0029. W #f Escherichia coli
Topl0.Agrobacterium 1LBA4404 , ¥ iy 7 52 46 =5 {4
7.

1.2 F &

1.2.1 ##AHM PeXTH 2K AW L% ] Tr-
izol BB M A B RNAL A M-MLV i # 5%
fitt (Promega, 3 [E) #F 17 5 % sk & L cDNA, DL
¥ cDNA Az, A 35 NCBI W 35 4 & 1) B R
PiXTH 4K HF (XM_002318900) &5 #1514,
#17 PCR ¥ 3., 1E 1 519 ¥ %1 h GGTCCCAC-
CTCCGAGCTTCC (5'-3"); Iz 18] 51 ¥ )5 %11 y GA-
CAGGTAATGCAAGGACG (5'-3"), PCR Jz i {k
ZH:1 pul cDNA, 2 uL ANTP B &% (2. 5
mmol/L) .1 U Ex Taq B4 M (Takara, Ki#).2. 5
pL 10X Ex Taq g2 W IE K 18] 5145 (10 pmol/L)
# 0.5 ul, PCR R 4504 H7:95 °C 5 min; 94 °C 30
$,56 C 30 5,72 C 1 min(35 NMEFH);72 C 10
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HHEVR B PeXTH K& PR 11 5 R S I 5 DR R 1) 470 5 1k 43 i 39

min, =YL 1. 2 V0B IR E EE IE HL Uk S O R
EISGR & CRAR . JE 50 [ afifb DNA H B, B
H il F B % 8 8] pEASY-T1 # 4k (24, db 50
Jo AT AL KB AT T Topl0 Jk 32 25 4 il
PRBCER g e HE 4T PCR % %8 » 16 P 50 5 B U ) )
P45 B AE NCBI Wl b JEAT HE X .
1.2.2 PeXTH % @ &%) o4 #£ NCBI M i
it Blastp £ Z A A AE ) h PeXTH 1 [/ I8 & 1 )5
G, 38 AL M 55 Wk SignalP 4. 0 Fill PeXTH
T WSS Ik, FFH Bioedit Sequence Alignment
Editor V7.0 #4438 11 Clustal W FiEHITEZEEH
TR ¥ 5 X
1.2.3  #i4 &k H Ak pGreen0029-PeXTH ) #)12
ik PCR Y Jr ¥ 47 38 15 2 79 o 43 0l 4 A
BamH 1 Fl Spe | B 551 PeXTH 2K FE K,
iE | o5l ¥ ¢ 5 8 CGCGGATCCATGGCT-
TCATCGAGTACTG (5'-3"), & In 81 ¥ )% %1 K
GGACTAGTCTAGGACATGCCGCATT (5'-3"),
- 3 7= Wy v B B vp [a) 361k pEASY-T1 b, H
BamH T 1 Spe T XUV A 8] 24K J5 . 8% B 79 B B
AR & R REREYI S (1) pGreen0029 |, 315 4 %
K# K pGreen0029-PeXTH, ¥4 T 41 3 1k 8 1k 1%
R FF B Topl0 8% 37 25 41 i , Bk BCH v B 0 )7
BB 415k pGreen0029-PeXTH , fflBamH T
Spe 1 WUEGYI A % 5 23k FAR 2 A5 40 2R D)
1.2.4 H4h& ik HAK pGreen0029-PeXTH #44 K
AFE AR AR A 23K AR pGreen0029-
PeXTH # ANAHFH LBA4404 BZ S A M SR 5
T IR Ty e Ak ) A R B G A ik R 4R g o
(Nicotiana tabacum cv. Wisconsin 38) Wi nt. £
300 mg/L R IR %5 2 0 36 . 3% 45 PH M 5 2 D)4 bk
%, )1 d Real-Time PCR 1 7 586 F PeXTH #t
PR B e AR PR rh i 3R 5k . MR B AE b st bRl R 2 21
FEHRSERE N5 COEMRIEE A 50 pmol/
(m” )G 16 h YR /8 h JAmE A AR B ok
50% ~60% .
1.2.5 Real-Time PCR i 1 Real-Time PCR {1
Tk M B PeXTH FEPR B FRIBAKF, T8
¥ PeXTH £ FIMHE NeXTH 3 [H 5 5 I8, fr
DLW ZAE 2 APy 51 1 A R IR X351 90 5k Ak
PCR By %¢ 4 Bt 5197 51 PeF : AAAGGGTC
TGCGTGGGATG(5'-3") ;PeR: CGGGAGGAGAA
GTGGTTG(5'-3") . XF #% F& PR 8 #0 01 1BF A= 8 4 7
R R AR 21 2R U RNAGREANREAR B 3 N EED

| F DNA [ (Promega, 3¢ [E) #4172 DNA Ab#,
RIGHH M-MLV i ¥ 5% i (Promega, 3¢ ) ¥ 17
s 4 % cDNA, Real-Time PCR Jz W i H
SYBR Green i& 5| & (Bio-Rad, 2 [H ) , UL AH ¥ #1 B
i cDNA N A H . 7€ Real-Time PCR 1Y (Bio-Rad,
FEEDHY ., EFla(3EH 5 :D63396) 1k N S 3
B B W F 51k EFF: GCTGTGAGGGACAT
GCGTCAAA(5'-3") ;EFR: GTAGTAGATATCG-
CGAGTACCACCA(5'-3"), PCR JZ W & k.95
C 5 min;94 C 30 s,55 C 308,72 °C 30 s(35 IM1F
¥);72 C 10 min,

1.2.6 JAFE 4 Cd" xR A4 @EH 2 4 T, 105
FEDN B RR 2 (L6 A1 L14) LA 2 B 2R B bk 52 (W) 3F
TR . B 3 RN T AR rFH
2.5 WA RANIH B )5 - 75 & 300 mg/L RIREE RN
1/2 MS i3 Bk, 10dJ5 KB R H %%
FBrfeE MS 35923 B akgedn g8, 20 d J5 KAl
MEEFER % 1, A 1/4 Hoagland & 37 W K
Fe G0 7 d 5, BE A& A 0 F 100 pmol/L
CdCl, # %1 Hoagland ¥ W h 4k 227k 5. 5 d
S o WS AR I RAR B 2R R AT IR L AR S O A
TR 1 I FTAR S 0 G ARG L 7E 65 CHEFR P T4 48 h =
SEA IR PRI B, B FEA R 3 AN
1.2.7 Aastd FFegm e LIARLHE ) fIL 100
pmol/L CdCL, 4b 3 5 d Y B 4 B (WT) F s 3
(L6 L1440 5 R bk AR Lutts 2550 (9 )5 v, B
JHE I R R B FKIEUE 3 k. SR AT FL &
FATECAE T AR A /NE o B 20 AN LA & A
20 mL KB F KBS 0 A 5 3l Bk
HE A i . 1 h J5, I DDSJ-308A Hi 5 Y
CRR MG » ) D2 T W P M (L) 5 SR 5 0 0 0
20 min J5 0 W 0E (Lo ) o AR X L S 3808 SO
L./Lo. BAMEAR3ADESR.

1.2.8 Cd*" K" .Ca®" Mg*" &gz IR
O FIZE 100 pmol/L CACL, &b FE 15 d (% %5 4= %I
(WT) R FE PR (L6 L14) J8 55 (0 - FAR b 418}, 78
Mt RS 0 S L FRE 0.2 g TR T 50 mL B EY
HET A S mL ERRIE A 2 h, ¥ A5 FHRZE
KEFZE 50 mL, FH Perkin-Elmer 2280 J§i W%
614 (PerkinElmer, 28 [E) ] 2 4 &5 - 20 21
K" Ca® \Mg"" iy & & I AA-240 BLA7 B
FWRMBOE AL CRL B 22, 38 D I 2 08 i AR 2 21
) Cd* o, BIHAR3IAEE.

1.2.9 RAALHE LGN T BERIEE . LUK A3



40 P AL AR MRB 3 222 4R (A SRR 2 B

12 %

(0) f1 £t 100 pmol/L CdCl, 4b# 15 d fY Bf 4= A
(WD) FlAL L PR (L6, L14) 3 F 16 55 0 B b A1 kE . il
SE B AL W ;L T (SOD) L 3 4k A il (CAT) 4t
IR i A ALY T CAPXO B9 36 M L B BEAR IR 3 A
HwRE . 0.5 g WM R, BT 0 ) A B
oA 3 mL 1A B B R 2% vl (pH 7. 0) FlI i
A YLRPTE UK EAEE AT R AR G B A B 10 mL 2 &
R A YA EAE 4 CELL AL 10 000 r/min B0
20 min, 175 RP A A B2 V. 1 IS 2 Wl 1 4 )
E .

(1) SOD i il 2. SOD % ¥ W & = W
Schickler Z" {5k . BAR RN 1. 79 mL B R
P 2% 1 (50 mmol/L, pH 7. 8).0. 3 mL H i 8 g
(130 mmol/L). 0. 3 mL 4 # P4 ™ (NBT, 750
pmol/L) 0. 3 mL EDTA-Na, (100 pmol/L).0. 3 mL
B HER (20 pmol/1) (10 pL BEHLAEW . X HELL 10 pl
MR 2 v AR, B 10 mL @Oty i 4 4 32,2
SN RRAE (2 S A (454 1 aE DR — 30 R R
N BRI 51 J5 4 1 SO BRAE ICAE G Ab , HoAth 3
FET 4000 1x(30 pmol/(m? = $)) HIEKT T [ i 6
min, #&J5 7£ 560 nm A, 8 SF R OEE, — 4 SOD
BN AT 50 % NBT JEik i & i ik i

(2)CAT WEHEM E, CAT 3% M & 2 I 2= 11
W . VAR R R 2. 47 mL 8RR A0 28 vh i
(50 mmol/L, pH 7.0).0.5 mL 2% H,O, % # .30
pL BRI ABE WS 5 3 SR, 240 nm | R
6 BE R B I ) IR 238 43 9 ] T SR e A

(3) APX & P 22 . APX 3 M0 5 2 IR 25 1
W B R . 3 mL IR A W 50 mmol/L B
TR 4P 2% v (pH 7. 0),0. 1 mmol/L EDTA-Na, 0. 3
mmol/L ASA 0. 06 mmol/L H,0,.30 pL [ 2
W I H,O, J5J3 8 5O8 290 nm R MOGEE T Y
W46 T4 o0 w5 F 1 TR Y 1
1.2.10 A kb FfkiEizFane DRSO
(0) F1 £ 100 pmol/L CdCL, 4 # 15 d 1y B 24 #Y
(W'T) Rl 3 K (L6 L L14) K 5k 44 kL FL T L1-6400
HeA A (Li-Cor, 38 ED Wl 22 47 5 0 1 (14 1t A 3 %
MzEBEE, BRI ANEE.

2 RS0

2.1 #% P XTH £ KERBWFZEM PeXTH &
B F 5 o4
Itz R cDNA i, il if RT-PCR ()77

WL 15 ) PeXTH 4 £ cDNA, ¥ H % # 5
pEASY-T1 &k b, #54L F] Topl0 52 25 40 L ,
PRIBRH Pk BT B 1, A NCBI 47 17 81 He X
WHUE A S PeXTH HePR 3235 DR A FF 7 ) 132 A
867 bp, & ATG B %S T M TAG KL% 7,
G 288 DA IR A WA Z K.

FH NCBI [ 3 (49 8 F 5Ty ) %98 % . i i
Blastp &7 1E 22 &2 LW % (Populus tremula L. X P.
tremuloides) J I+ (Arabidopsis thaliana) . B K
(Ricinus communis) . EK(Zea mays) /NF (Triti-
cum aestivum ) ZEFEY T FF] 5 > PeXTH #9 [FJ5 &
H P51, 4350 0E PuXTH16(ABM91073) (AtXTH24
(NP_194756) . ReXTH (XP_002526228) , ZmXTH4
(NP _001130486), TaXTH5 ( AAT94297), & {1 #l
PeXTH f [a] Y 4 4 72 68% ~99% , & L T PeXTH
TESEAL b BEORSF P . 2 8 B IR T 51 LL X 25
W, PeXTH BN & F5 A7 2 A4 i B IR 1 1Y 45 4
S, — A R AR SR P R T /K i T (X T Hs) 1Y
AL P DEIDFEFLG ™, — A Jg % R 3 4 4k 15
PEIR A N-BEEEAL AL . NLSG; i oh . PeXTH i HAY
M 24 NEFERRAEA N 55 P51 (B D,

2.2 HREREEMNRF/MERE

Wt HE 4 3k 2K pGreen0029-PeXTH % i 1)
R S ARKFTIE LBA4404 o, B HIAAT A1 W 3
AL, 285 4 FA R oA 8 SR LR W Y i 4 i
GAR MBI A FFHAEFKE 1 om KN AL
MRS IR Ak 2 2 A, T 3R A5 10 BRPTME A2 .
PEIGX 10 BRFAE T 19 £ 41 DNA 3547 PCR &,
33 5 DN PeXTH BB R BN 1 50
55 FHAAE RS BROR /N — 30 (X2 900 bp Ze A7) iy B A= Y
THRE MR 2R WA P8 % R (B 2), 9128 3L B
PeXTH P E I AMIE

HE— 2P WX 5 MR R R 0y T, AR, JF
VERRH T 2 Mk R (L6 f1 L14) 17 5 2e o8, 2
BUx 2 kR &R AR ZH 20 1 60 RNA i 3 Real-
Time PCR (77 LK m FIARH 4L PeXTH 13
BIKP SR DL 3, & 3 al LIFE L L6 Al L14
PR IMR RSP RYFY PeXTH ik i3] )2
B AR MR RO 43 R A7 %, A 4 i By
PeXTH ikt 53 ) & B AR BB 44 F0 57 4%, UL 9]
PeXTH JEH B & MINTEIX 2 D H Rk & rhad &
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HHEVR B PeXTH K& PR 11 5 R S I 5 DR R 1) 470 5 1k 43 i 41

PeXTH ASNF YNDFD,

FQSR

PttXTH16 FYNDED I TWGDG : KASGSGFQSR

AtXTH24

ZmXTH4
TaXTHS

PeXTH "GNSAGTVTAYY FEFLGNLSGDP
PttXTHI16 |[SSREECHRRE S LGNLSGDP
AG T LGNS GDP Y

AtXTH24

RcXTH *GNSAGTV Y o LGNLSGDP

ZmXTH4 [ECEEXRRERE ‘ LGN
TaXTHS AGT \

PeXTH
PttXTHI16
AtXTH24
ReXTH
ZmXTH4
TaXTHS

PeXTH
PttXTH16
AtXTH24
RcXTH
ZmXTH4 |
TaXTHS

N ANl -mu.l FOS K
RcXTH FYNDED 1TV ; ¢
1 \ '\w.]m iK FQSR

WGDGRGK KBS GSGFQSK

FOSK

ADFI
AD I
N [
)P TADF
)P TADI

289
286
269
284
298
R- 287

Pl 1 PeXTH FI2k B AR HY XTH 25 H #9 £ 5 )5 51 Hxt

AR

93 5 A3 T R 1 — A RR B4 + D5 HE R 52 2 20 90 bk (1) 7 XT Hs f9 4L 35 ¥ 3 DEIDFEFLG 1

N-#ESEALA s NLSG; 2 br i 1 24 A& LR 2 BU Y N w5 5 BT 51

Fig. 1

Multiple sequence alignment of PeXTH and XTHs from other plants

Dark and grey boxes refer to identity and similarity of amino acids, respectively; Boxed residues indicate the conserved

DEIDFEFLG catalytic domain of XTHs;Putative N-glycosylation motif NLSG is marked with solid line;

Dashed line indicates the predicted N-terminal signal peptide sequence of PeXTH

1 2 3 4 5 6 7 M

1000 bp
750 bp

500 bp

B2 T, FUEE i A SE R 4 PCR A6l
M. Marker; 1. ¥ 24 RUAH %5 2. FH LX) AR
(pGreen0029-PeX TH JF kL) 53~ 7. % Jk PR 6 21

Fig. 2 Genomic PCR detection of

T,-generation tobacco leaves
M. Marker; 1. Wild tobacco; 2. Positive control(pGreen0029-
PeXTH) ;3—7. Transgenic tobacco

2.3 HERBEENHREE

2.3.1 Cd"" mrigmEMpey Ak EI 100
pmol/L Cd*" 4b¥ 5 d J& , B Az AW RE 1 A8 4 B 8 A7
A BRI i R B (] 4-A) LR
B L IR FE AR FR 2> (B 4-B) , T 4 5 PR 5 )
FIAR B A BT 0 32 B AE AR . 5 7 A R0 A A L
Cd™" Jilpae J5 e ik DR 0 1) AR K 249 2 B A 80 00 7 1Y)

or A [ B
T
M~ N %k
w5 60 o T
ﬁ&o 50 * % l L E
1T
E 5 4ol !
= §
= = 30 -
>< (5]
3 g 20 -
=
S 1or -
)
WT L6 Ll4 WT L6 Ll4

Bl 3 T, AR E AR 4 219 Real-Time PCR 45 4%
A MG B RS NS RINYE EFla M RARR 3 A~ EHE

“oxox TRORBEIE R R R 5 U A R bR R 2 ) A AR B 3 2% S (P<<0. 01)

Fig. 3 Real-Time PCR detection of T,-generation

tobacco leaves and roots

A. Leaf tissues;B. Root tissues; EF1q was used internal

”

control gene;Each group has 3 replicates;* * % ” indicates significant

difference between transgenic and wild plants (P<C 0. 01)

L5 A% (B 5-A) MR 20 A0 o o e, S 5 T4
AR (P<C0. 05) (/] 5-B),

2.3.2 Cd* mridsf )R et 7 LB E M 6 %R
Cd*' XY HEFEN —NHEE KRR kKA
L RG34 Ak o BT 200 L R 5 4 o DA T 5 B0 i B
AN o 20 R P B, AR X L R R, R 6 1]
DL H 100 pmol/L Cd*" Ab#E 5 d JF . BF A= RUAH &



b PG e R K2 24 CE SRR D

542 &

R (¥ AR X HL 5% R 3k 8300, TG JE DR Fe A BEAmAIR TP AE A A

300 /4T R UL IL R M 552 Cd* " Jh3e i) 75 35 R

100 1 mol/L Cd*

0 100 1 mol/L Cd*™
WT L6 L14

Pl 4 5 SEDRURET A B B AR Cd™F il 5 19 8tk
AL BOAR
Fig. 4 Phenotypic comparison of transgenic and wild tobacco plants after Cd** stress

A. Leaf;B. Root

== \WT;
. = L6,
*l =114

R K/em

Root length

0 100 pmol/L
cd”

Dry weight

FRE/(g %

1.0
== W,
= L6,
0.8 =114
¥ %
T
0.6
0.4
0.2 X
0 I | i;ﬂ
0 100 pmol/L 0 100 pmol/L
Ccd” Ccd”
L EA RALR

Leaf tissues Root tissues

PRl 5 KL DRURNHT A MU R AE Cd™™ radt J5 A 5 DL Y L 4

ALK FEEL s B AR M2 81T B LA

AR 3 APAEE

©ox VFRIR LRI R AR AN B A BUBR R 2 A7 TR L 22 5 (P<<0.05) . T

Fig. 5 Growth of transgenic and wild tobacco plants after Cd*" stress

A. Root length;B. Dry weight of root and leaf tissues; Each group has 3 replicates;

“ % ” indicates significant difference between transgenic and wild plants (P<C0. 05). The same for figures below

100 -
== WT;
% = L6,
g’ gob =Ll4
.8
S
#E 60f
'
23
"3 40t
5
= 20¢
0 2+
0 100 1 mol/L Cd

Bl 6 Cd™" Jhhae X e Sk s 70 B A 750 00 20 1
AT L 5 2 4 5 1)
Fig. 6 Effects of Cd*" stress on the relative electrolytic

leakage in leaves of transgenic and wild tobacco plants

3501 mmwWT;
= L6,
. 300F =114 i
T %
0L, 250F
=1
o0 2
; § 200 F
?}8 150}
S 100f
*
50
0
0 100 wmol/L 0 100 wmol/L
Cd2+ Cd2+
FEA AR
Leaftissues Root tissues

B 7 Cd™" i S 5 DR A 0 7 S A 700 A
MR 2 Cd* 25 31t 1 5% i
Fig.7 Cd®" contents in roots and leaves of transgenic and

wild tobacco plants before and after Cd*" stress
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HHE VA W14 PeXTH KPR Y 5 R K H 2 5 IR0 6 04 0 4 1 40 A7 43

2.3.3 Cd'" prit g EMR tard Cd 4 FW
T4 A7 ATLAE #1100 pmol/L Cd*" 4bHH 15 d
Jo BN BR £ (L6 Al L1 A g h FLE Y Cd*
E R B A RUBR R 2. 2 5 2.5 % I AE 2

2.3.4 Cd&" M gBREFTATERLELENE
& mFE 1A LIE H,100 pmol/L Cd*" 4 F 15 d
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Table 1 Effects of Cd*" stress on nutrient element contents in leaves of transgenic and wild tobacco plants
7S Cd? b7 K™/ Ca®™/ Mg?*/
Strain Treatment Cd?" (mmol « g~ 1) (mmol « g~ 1) (mmol « g~ 1)
WT 0 1.3634+0.029 a 2.95140.239 a 0.38540.008 a

100 ymOl/L 1.03240.014 b 1.64240.169 b 0.369%0.013 a
L6 0 1.2284+0.022 a 2.46740.273 a 0.36740.031 a
100 mel/L 1.3664+0.053 a 2.03240.135 a 0.361+0.003 a
L14 0 1.351£0.032 a 2.96140.284 a 0.37140.019 a
100 pmol/L 1.33940.038 a 2.10240.162 a 0.388+0.014 a
T —BUE AR 3 NEE AR ME . RS0 T AR /NG R R IR 25 AR R A5 4R AR AL B X IR 220 1 25 5 5k B 35K (P<C0.05)
&M,

Notes: Each group has 3 replicates. Different lowercase letters in each column indicate significant difference between treated and control
plants within each line (P<Z0. 05). The same for tables below.
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PR SOD 2 5 22 (W T A AL RE 15 43 35078
o3 20 i P 7 A TR B L i 2 B A i HL O, 5 i
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SOD.CAT.,APX i . 100 pmol/L Cd*" b
15 d 5 .16 A1 L14 B SOD 3 1 43 51 b xd BESE fn 1
2001 36 %0 . 17 B AE AU Bk R 9 SOD 3% #4 4 bk Xt 1]
MEAR T 24%; CAT #l APX [ 728 L #a #4 5 SOD 2%

AL, Cd* e AN () B2 R b B2 &5 1 e JRE DR R .
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Table 2 Effects of Cd*" stress on anti-oxidative enzyme activities in leaves of transgenic and wild tobacco plants
S Cd** b3 SOD/ CAT/ APX /
Strain Treatment Cd*™ (Uesmg b (nmol * min~! « mg~ 1) (nmol «+ min~! + mg 1)
WT 0 119.34+10.9 a 142.4+5.3 a 106.3+5.6 a
100 pmol/L 91.1+7.1 a 123.5+12.5 a 103.9+6.3 a
L6 0 122.8+8.6 a 112.4+6.5 b 123.6+3.3 a
’ 100 pmol/L 147.7+6.1 a 136.7+3.0 a 127.7+4.7 a
L14 0 113.4+10.7 b 127.8+9.7 a 118.7+8.3 b
’ 100 pmol/L 154.6+8.7 a 130.6+11.4 a 149.5+7.2 a
2.5.6 O BB ot K AR A A BIS I  MARMGH R . CA™ it 6f 6 3 5 A0 BF 75 1009 5
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Fig. 8 Effects of Cd*" stress on the net photosynthetic rates and transpiration rates in

leaves of transgenic and wild tobacco plants
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