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Effects of Cd stress on the physiological responses of
oilseed rape transformed by Pprl

XIE Tian, FENG Gang , YAN Qing-Long , WEI Tao, WANG Mao-Lin, ZHAO Yun
(College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract: The absorption characteristics and physiological responses of oilseed rape transformed by P prI
were analyzed by the outdoor pot experiment under the cadmium stress. Results indicated that the accu-
mulation of Cd in both transgenic and wild type plants all increased significantly as the increase of Cd
concentration in soil, and the content in roots was higher than upon-ground part. Under the 0.5 mg/kg
Cd in soil, there were no significant differences between the accumulations of Cd in the two genotype
plants, but the accumulation of Cd in the transgenic plants was significantly lower than that in wild type
at 1 and 2 mg/kg Cd treatments. The accumulation coefficient and translocation coefficient of plant re-
duced gradually with the increasing concentration of Cd. Under the Cd stress, superoxide dismutase
(SOD) activity in all plants showed a trend of first increasing and then decreasing and SOD activity in all
transgenic plants were higher than that in wild type plomts. The content of malondialdehyde was in-
creased, and the content of transgenic plants was lower than that of wild type plants. The content of
chlorophyll a and chlorophyll b in all plants decreased with the increase of Cd concentration. Therefore,
the introduction of Pprl gene significantly reduced the absorption of Cd in rapeseed, and increased the

safety of the edible part.
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FNFAg . 2010 AR, K RE B 5 0 5 A0
e A B ol it Joi e M G T I 4 T A A (3 [ A
K 5T i A BUIR B K R SRS ) FR H AT IR 1/5
FR A M A2 ) 1 S T g T AR T U A AR v 2 11
A 25 ADHBIK RRAR AR5, 010 ke
ZERRK AR R E YR AR
PRI o 7™ i Y Jo i 22 4 5 KSR A A R 2 DITAH G L A
R S R R AR 23 5 | R T AN K AR LB R B 2
S S5 5 ) A R 1 L Cd s e ) R S K
KHEEMZEMFERNRZ . 23 Z K WA
SR 4R BGE o B R TR T Bk x4 e bk
SIS (R AR A 0y ot ol Sy O s T 6 S 7 e b XY
B iRt T AR,

Pprl 2 DT 4 5k Bk o & A — A A O 42
JRy 4R P 5 1) DNA 45343 18 52 1 5 5 L 78 39 355 1y
SR S R RN S L N RS S B S TN
T 442 15 #5168 52 6 R B 2 38 L I IR AR 0 4 v ) il 3 7
R K s U e R A JE a5 4T
T P AR A 1 A8 1 7 51 R 4R Ak 3 L BEL 1S 57
O3 WSTR[ A AR T S 40 ak D' & VR TR 28 1 A JH 45
EA PR BEB A Pprl SN 5 A H Al A=) 5+
JEIE T AR AT E AR W) )5 RE B 35 3 5 K
FF T 09 Bt Ak 1k BE DL B AR W /Y T A 3R B 5 g
T3t BER T Pprl B AE 48 W E T it
PERT TS AR AT I

H g By 3¢ (Brassica napus L.) 2 EE —
KAMEHEY , B A& R AR SR R R Kk ]
PLok R 3 45 00 5 TS A B s A A Bk A R
C FIRE £ 27 4k, AF 0 & i o) B AR & 1 8 R A0
B FPRLR S A REM AR R AME A B, /I T8/
FH AN A 0 5k 0 A 57 SEDR 8 N TR AT ARy R4
AR RL 5 I A1 55 B8 i Rl AT Il i s mT LAAE S BE kL ik
L SRR B A ARG M 2 B O

AWFIELAHE T P prD B HE DH 0 24 3l S Al
A 2 L DA H i A 3 g Ak G e g rh O [ v
(9 Cd Jiir3E , A 5 % 5 DXL 7l =52 AR 4 5 DR S % Cd

(I WSO AIE DL K FEAE Cd ik 38 R i A 3R £ 45 A
(00 S5 Sy BE— 2T P prl FE RS 2 5 LN
112 5P Cd 0 e £k BE IS 4 3 752 BR L Al
A BT AP R R T U b A R ORI B4 TR I S B
] £ i L < JA ¥ % I AL A 4 E R S AR

2 MRS

2.1 & #

84100-18 & H & By 3% (Brassica napus 1..)
BRI EE A TR AE R AR H T
84100-18-Pprl J& DA 84100-18 N Z 1K W 5 Pprl
BRI &R AR BRI Pprl FIEE B A5 ic 2 K
Npe=IT B h v B & B Bt A Wy 3 AR BT 5 Fr b i
oz B,

2.2 /F &

2.2.1 HuxEFLHMeE X tHHeRA MG
JECHS T VT X T T G AR DX - 8 o R,
HAEPEB AN 1 . L8R R, L BR A Bk
JBT I R I P 5 e B S N A I b 4 v 45
PR L) RHERRU 3500 0.0, 5.1 M 2 mg/kg.
B —A A JE AL AT A 0.0, 5.1 A1 2 mg/L
MITEIE Cd BRI 12 b J , 376 B0 T A8 N A 4% v B2
g I R I BE K DR 75 00 1 - HENR
FRAE AR A B —. 0 0, BN B4 4 Jnt
T HEAT A AR BRAR AR A 5E » 2S5 OB AR A ) 43
B H b ER Sy A R R T Cd S R e

®1 TEABELER

Tab.1 Physical and chemical properties of soil
EER NG e LW i
Organic Total Total Total
pH . .
Matter nitrogen phosphorus potassium
(g/kg) (g/kg) (g/kg) (g/kg)
6.663+ 43.813+ 3.620+ 1.095+ 19. 966+
0.039 0.458 0.115 0.025 0.212

2.2.2 4BAEeymlE FHPIFE S RN A AL B 1E
AR FH 25 B8 K U 14 i o A R 1) AL R L - 38 3
F£,105°C F AT 15 min, 75°C FHLT ZfE FE 4. B
T 0.2 g 2R A1 28 3 A AUTH % CHNO; A1 HCIO,
EAL, ZHEBL R 5., % T 70°C F AR 15
min, % THEF] 155°C, 4E % 50 min, SR 5 7E 180°C
FAREE 15 min, T 58 BUS AT EERR , Y RE A PR
ZIETE (2 1 mL) A5 1R ERR A F] 50 mL. HIH
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R A A T E % (ICP-MS; Inductively coupled
plasma mass spectrometry) Xﬂ‘*ﬁ%*ﬁdﬂli%ﬁﬁj\* Cd
FEIEATINE AR 3 IREE. MWL Cd 195
M FE b R F B AR HE S L) i GBWO07603 (R
R 1805353 B b ) 50D A 7 o o 428

- SR A R 2R XU T L
(100 FD AR £ HERE & 0. 2 ¢ TIHME . H A
K E R, 23 28 A ## R HCLL HNO,  HF
HCIO, , T A S A S8 im A 5 mL HCL,150°C
{54 60 min, 3 E M A 5mL HNO, ,150°C {44 60
min, SR 57 K& £ 5 mL, H A 3 mL HF,150°C f
# 10 min, &5 M A 3 mL HCIO, ,190°C {##¢ 100
min, 4 ff 56 B HE AT EE R . DL BR & AU L R A
SRR, MFEM IR E R L TR (4 1 mL) {5 1R
% .M A 1 mL HNO, 5 % 4 %) 50 mL. [ ICP-MS
PR G Cd & T, & HE 0 3 IRE
5. RS Cd @53 B i 72 vk R AR fE S T
Yy Jit GBWO7408 (48 B 43 43 B b HE ) JB0) + 45
YEAE S AT BT B4 o
2.2.3 ABALKARGMNE N B MDA
HOR G E e Rk I e s R R
PR 2, B3 A s s R & 2 R Ak
A (SOD) 1 Pk . 127 & 1 [ m s g A ) TRt
5L fr (http://www. njjcbio. com).
2.3 iR

IS R SPSS19. 0 3417 81t 43 #7
PLEXCL fEE. Lk a.b fil ¢ S/NE ¥ SCFRERIRAR
[] &b B 22 ] 7 22 S5 d 2 %k (P<<0. 05).

3 HBRSHMH

3.1 il 3R Cd B IR 451
TEANTR] Cd e B2 ik 3 . 3 =2 4l i xF Cd /Y i
W it 5k B8 ) P e T A 2 (P<<0. 05). 7E 7]

—WREF I R B (84100-18-PprD) if £ E
LI SE 4 1 (84100-18) MR &M Cd &3 E F
Hy AR B BRI SR A IR Cd J5 22 R
TEMHR . B A & UE R B A B B . 76 0.5
mg/kg Cd &b B R, &% 3 P 3l 3¢ %) 1 (84100-18-
PprDHi b 53T #4309 Cd ¥ B2 4351k 1. 97,2, 02
mg/ kg, 7 HE PR 4 B (84100-18) (143 51 4y 1. 86 F0I
2.13 mg/kg, —FH MM L5 R Cd a2 7 A
W3 (P>0.05); 7F 2 mg/kg AR, 7% 5L K 4
(84100-18-PprD Hb ¥ 53 FIARFE Cd & & 4% T
LG (84100-18) Wi & i, 5 B AIK T 9. 38%
5. 75% . 2 53k 5] 3 MK P (P<<0. 05, 1 WL 3%
D ERBIR RS ENNE N TR
Pprl (5 A BEAR T WX Cd Ak,

Bis RBOT LU BLTE £ R A YR E R 2
H b FB 5 AR ST & B4 Cd i 5 R Cd
AL, W 3 PR, BEE Cd b Bk 3 Y 44
T G el R 7R i S 1Y) e i AR BB 2 R AR {EL 1R
2mg/kg Ab PR 2 [B] 25 R B (P>0. 05) ; H %%
LRI (84100-18-P prD iz R W F AL T IEFE
FEPI 4 H (84100-18) 9 (P<<0. 05) , f1 o] W, , 7 Kk
R SE (84100-18-PprD Xf Cd By %415 G S 1% T3k
S ILPRIIM 2R (84100-18) 1. th 3R 3 B ] LU . M
o 3 LR SR A i 7 AN [R] Cd VR AR B R . H s 4R
FERE Cd ¥ B2 G 15 i g 35 B AIK (P<<0. 05). &
HERB MY ESESES P EESE T
M LR, AT DL RAE L - RGP E LR T R T
B 0k By R 5 [ b ] LA sz WA 4 W A o 4 T 1Y)
fE 7. FL P I 3R (84100-18-PprD) B B 42 R L
FR T ARFE R K I 22 (84100-18) (Y (P<<0. 05) , &
A AR 5L R (84100-18) X 48 1Y W Wi AE 7 HL % 3 [X
FEFE (84100-18-PprI) 5. 25 R B /R T Pprl HY
TS BEAR T ST Cd 195 4E.

2 MEHEI CdHRKEFIHH
Tab.2 The uptake and distribution of Cd in rapeseed seedlings

84100-18

84100-18-Pprl

Cd ¥ i
Cd concentrations (mg/kg)

H B4y
Above-ground(mg/kg)

i H b #B 4y LisER
Roots(mg/kg)

Above-ground(mg/kg) Roots(mg/kg)

0.5 1.967+0.142 a

1 2.99640.124 ¢

2 4.870+0.038 e

2.01940.096 a
3.870+0.082 b

6.93840.347 d

1.862+0. 041 a 2.12640.049 a

2.731£0.085 b 4.006+0. 145 b

4.413%+0.079 d 6.53940. 146 ¢
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Tab. 3 Bioaccumulation factor, translocation factor and removal rate of rape seedlings in different concentrations
cadmium stress
. 84100-18 84100-18-Pprl
Cd e J&
Cd concentrations BTN AR 58 R BRERAK
(mg/kg) Translocation factor Bioaccumulation factor Translocation factor Bioaccumulation factor
0.5 2.2374+0.216 ¢ 0.056+0.003 e 1.919+0.059 b 0.052+0.001 d
1 1.969+0.043 b 0.0434+0.001 ¢ 1.668+0.105 a 0.037+0.001 b
2 1.979+0.083 b 0.023+0.001 a 1.599+0.029 a 0.0214+0.001 a

3.2 Cdxim3E4#E MDA S 2 XM

4R WA T A A AN T A I e AR
KT B IR ol 8 1 P AR T 3 B 43 MDA
SR AT ) AE 4 S P 30 3 58 P B R A AR B R 2
— o LB Y AR Ak TT e A ) A0 R e A ) R
JE D R St 396 35 0 07 A 5 5. A 1 BT R B 3 IR 9
3 (84100-18-PprD) £ Cd JWrifi F . Fifi kb B ¥ FF 119
WS EAHE TREGEH, 2 mg/kg Cd ik B 4k 31
415 0 mg/kg bFRALIHE T MDA 2R AR
F(P>0.05); F % 5L H 3 3¢ 4 5 (84100-18)
MDA & i Bl E Cd b PRy B (935 in &2 22 ¥ 7 5
5 H 0 A B .1 M 2 mg/kg bR &M
T MDA &4 A3 hn T 24. 19% A1 41. 76 %. &5
RRM, B Em Cd Wk E T, 3E 5 5L ol g
(84100-18) 1y P& Bg & %A b 72 B Lb #% 55 X ol =%
(84100-18-PprD ™5, Wi Bl th T Pprl ' A %%
e T 5 X Y S 1) B

084100-18 ®84100-18-Pprl
16

[ C
14} b b
2t a ; d
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6F
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~
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[ [~

f=]

B/ 1 Cdwhistis gk MDA & 86 #%h
Fig.1 Effects of cadmium stress on the MDA con-

tent in rapeseed seeding

3.3 Cdxtih3E4h & SOD & M

ALY 7 Ak Bl (SOD) fig i 1o 157 1k 52 R A Ak
A AL B A R AU A A A R — R R T
AT R B TR . K 2 s, Bl
R Ab P A B2 R BG4 i (84100-18-
PprD 555 FFHE FREE S, 0.5 mg/kg 4b H GG

PERG ST T 20, 02% , AR BE BL ISR 4
(84100-18) 1) SOD ¥ 14 5 T i 1) e 4. 78 45 4b 3
W PE T L 5L K 3 32 1 H (84100-18-Ppr D iy SOD
TG Ve v TR 5L H (84100-18) By 3% M, 78 0. 5,1
Al 2mg/kg X =S Ab Bk B H ¥ A B T W3 KOF
(P<<0.05). 5 R W, [F] — e BE T, 5% 5k R =%
(84100-18-PprI) 1y SOD ik M & T dk % 3
(84100-18) 1y, HL 75 Fp 5 PRI 280 1) Jih 3 76 MK ok B 1)
Cd W30 F XF B B0 35 1k 26 B0 0 A2 2E A T s e B 10
Cd B H 7 il £ FH. 158 BH 4% 35 B 3l =% (84100-18-
PprDAEfRIE T HA T & b Ak ig

084100-18 =84100-18-Pprl

40000 oy o - . o
3000 ’ N
2000
1000
0 0.5 1 2
Cd treatment (mg/kg)

B 2 Cdwria st £ SOD &M% a

Effects of cadmium stress onthe activities of

SOD activities (U/g-FW)

=

Fig. 2
SOD in rapeseed seeding

3. AW MEHEMHERESENZI

Mg pR s R R Y AT E N E
LR S EEINRE 2 BE L RrmosEER
AKAF 3z B Cd i aa f5, B B (84100-18-
PprD FIHE £ K 3 32 (84100-18) P4 % a b &%
B> AE Cd A3 2mg/ kg fh AR, 5H
A A0 b X F L % K (84100-18-PprD) Fl
A 2 32 IR 32 40 1 (84100-18) 4 2 a 43 31| B 1%
T 34.68% 1 36.40% , HH4EE b A BIREAL T 35.
01%F 35.43% (|8 3 a.b). 45 R Ui, E 4R Cd
SRR it 2 3R
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B 2 JIEE DI 30 T AR R X e Cd g i O
SRR M Cd FE A HAREE.
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T 8 L 9 3 P 4 A% Min-SOD #9345
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SE AL B A 2 45, SOD R 15 335 B 138 35 1 301 7= A= 1)
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) 2 I 300 R B IR L 7 AR R i ROS B3R T g Y
S5Hy L M SOD 6 1k B AR, 55 3F 55 35 B I S8 A
FEIEPIM SRR SOD 3E MR, vl BB 2T S Pprl
FHNZ S5 AT Y45 5. MDA & 48 o
S 304N M RS 3 S AR B R S R 0o R Ak K
- — A HE AR, 5 SR MDA & i ff Cd Ab # vk
JIE A 8 D 44 22, 3 T O Al i DR AR 3l S 4 400 i 4R
Z R T — R R B (H R B B R 3R i MDA
B i W AIG T TR A R R VS 1 i O 3 I
SEPUE AL B S R S S, 5 e E . AR Cd i
MRS H5AEEAERRSE a k5% bt
FEAE T AR R A R . o BB Cd A B KT T
M B PR 28 BT LA 1L i & 510E
A R 1 B AR A IO 38 %o A R e — a2 I R PR
{EL e 13 3 i T 4 6 A 9 3 B I K 1R AN T 3 1 9
Y. TRV AR5 5 DRI 2 A E L 5% Pprl 22 M P4 1k
PE T 5

FEE A R a0 A T AR R IE AR
A B A AR R 3 N T AR Ak HIL R T T BT Ak R
WG 2 R 5 B ARAIF T P R R Rl S X Cd i i
AR MK TR 5 3 R 3, HLP R . i
it 2 Sk R T Pprl SR 1 4 8 75 e 19 5
ERHUME L BEAR T ST Cd 0 i A R TR A
5 3a o I e = AT I o B o N e
RAE— BB Pprl 3R 25 5 4 8 Wi HLEE
BEE T A [FEE h HE A R T G AR R 7 Y A
7 PR R A R A

S % Lk

[1] Cunha K P V, Nascimento C W A, Pimentel R M,
et al. Cellular localization of cadmium and structural
changes in maize plants grown on a cadmium con-
taminated soil with and without liming[J]. J Hazard

Mater, 2008, 160(1); 228.



392 Wl X FFRCH KA F R % 54 %
[2] N%AE, &ER, hE, % RERBKRELZ 2 [11] Zhou W, Leul M. Uniconazole-induced tolerance of

(3]

[4]

[5]

[6]

7]

[8]

[9]

[10]

AR B R JEXS R T[T ]. A fh Bl et 5 % 4. 2010
(06): 40.

Peralta-Videa J R, Lopez M L, Narayan M, et al.
The biochemistry of environmental heavy metal up-
take by plants: Implications for the food chain[J].
Int ] Biochem Cell Biol, 2009, 41(8-9). 1665.
Bertin G. Averbeck D. Cadmium: cellular effects.,
modifications of biomolecules, modulation of DNA
repair and genotoxic consequences (a review) [ J].
Biochimie, 2006, 88(11): 1549.

WEE, ), BER, F.0Cs A IrE
AR IR M 52w LT 1. 40 BH O 2 B 2 4R
2014, (02): 69.

g AR, BT B B pprD HEPIHE
X Cs 2™ Sr Wrag W mg N [J]. B M. 2014
(7): 1298.

Wang J, Guo C, Dai Q, et al. Salt tolerance con-
ferred by expression of a global regulator IrrE from
Deinococcus radiodurans in oilseed rape [ J]. Mol
Breeding, 2016, 36. 88.

ZEIGETN. T4 R R A I 3 R AR R 1
S, demigoll. 2015(12): 20.

IRAEAL, BGL. ESRAE N R Y 1 R T
S L] P EFREERE. 2002C0D) 49,
XAE, BRI, b, & Cd s xd 1 g A 3
Frmg ok KgAK I] # 5, 2007,
(09): 60.

(12]

[13]

[14]

[15]

[16]

[17]

(18]

rape plants to heat stress in relation to changes in
hormonal levels, enzyme activities and lipid peroxi-
dation[J]. Plant Growth Regulation, 1999,27(2):
99-104.

BRI, AR, HREa, % MAXETHSEEST R
WP E T ik e LT ). dedr b 2. 2010(23) ¢ 32.

Fu X, Dou C., Chen Y., et al. Subcellular distribu-
tion and chemical forms of cadmium in Phytolacca a-
mericana L [ J]. ] Hazard Mater, 2011, 186
(1) 103.

Wojcik M, Tukiendorf A. Cadmium uptake, locali-
zation and detoxification in Zea mays[J |. Biol Plant,
2005, 49(2). 237.

Srivastava R, Pandey P, Rajpoot R, et al/. Cadmi-
um and lead interactive effects on oxidative stress
and antioxidative responses in rice seedlings [J].
Protoplasma, 2014, 251(5) . 1047.

Clemens S. Toxic metal accumulation, responses to
exposure and mechanisms of tolerance in plants[ J].
Biochimie, 2006, 88(11): 1707.

Pan J, Wang J, Zhou Z, et al. IrrE, a global regu-
lator of extreme radiation resistance in Deinococcus
radiodurans. enhances salt tolerance in Escherichia
coli and Brassica napus[J]. PLoS One, 2009, 4(2):
edd22.

T, WA, LIEESE SRS RN E20)]
WEER S H], 2001, 21 21.



