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Effects of cadmium stresses on physiological characteristics and genomic DNA polymorphism of Brassica

chinensis L. seedlings

ZHANG Yun-fang, CHEN Chu, CHEN Chen, SHU Liang-zuo

(School of Life Sciences, Huaibei Normal University, Anhui Key Laboratory of Resources and Plant Biology, Huaibei 235000, China )
Abstract: Cadmium( Cd) is a toxic trace pollutant that can easily be taken up by vegetable crops. The effects of Cd stresses on some physio—
logical characteristics and genomic DNA polymorphism in Brassica chinensis cultivar "Suzhouqing" seedlings were studied by random am—
plified polymorphic DNA(RAPD ) technique and physiological tests. Results showed that treating plants with 1, 5, 10, 20 and 40 mg-L™" Cd
for 20 days inhibited fresh weight and root elongation of seedlings, decreased chlorophyll content and total soluble protein content, but in—
creased malondialdehyde content and electrolyte leakage. Using 8 oligonucleotide primers (10 bp) to amplify the genomic DNA of the
seedlings by polymerase chain reaction, 55 clear RAPD bands were detected in normal seedlings. Compared with the control, the RAPD
profiles of Cd—exposed seedlings showed new bands, lost normal bands, altered band intensities. In addition, DNA polymorphism was dose—
dependent. The genomic DNA template stability decreased with increasing Cd concentrations, and the genomic DNA polymorphism of Bras—
sica chinensis was positively correlated with some physiological characteristics under Cd stresses. In conclusion, the DNA polymorphisms
detected by RAPD technique could be used as a biomarker for detecting the genotoxic effects of Cd on Brassica chinensis.

Keywords: Brassica chinensis; Cd stress; physiological characteristics; RAPD ; DNA polymorphism
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(Cd)2—FAX A M E SR ICR TR
A= ATz e B IR 4 R L T
JCPFEEA T B IR, B A C A0 1 PR R
Jg , ol = Aol A 7 ep A 25 ARRERY) 2
SRR HAUKIRSZ Cd 15 RSOl H 4512 . Cd 236
52 A% Bl P AN A W B o 0 4 S 2 — Y, 4 [
B GRS Bon, Cd 5 Y AL S 4R TG Yl
B TR 59.6% . Cd A ARAEY) Y7 i Al
AT, T H A B sE ] AR T AR, U B e
AITHREST , 5 O IS B B JEadiErl, 20 b4l 60 4F
POH AR A 0 TR s il LR g (8 Cd bR
8], 16 P AT e B GROK 0B A, S it H
FERR B FIEE S I TE 4 i L, g DR AT &
HAM . Wik, BT Cd 5 QL iz 5 B A E
B PRI RN B Lo

BEH A T F A 2 BOR B P & e, W #1058
15 YL i AT LA ) O , i 143 2K P A R PR
MG G A WA s e #E o AT AT R,
Cd X2 Wy i 35 4% B 1 32 2502 18 A L DNA (194
3, 51 YL LRI AR , 2048 DNA 1 ALK - S 80
PRI 5 5 95 kAR ZR AL A1 BEALY 1 2 284
DNA (RAPD )£ A AT DLAS I % AN BE PR 2H 1) 2251, Fe
BREE A ARRE, 2 N TR 0 b A 428
TR Bt f s A A 4T, ok RAPD R
W FH ST B 4 15 Y XA P 5L R 4 DNA f9ast %
Pif, O KREY &P Rl g p e
R FIISER SRS , W] RAPD A8k 3% v] LUAE
ARSI 4y e 5 YRV AV TR LE IR IC )

B 2% (Brassica chinensis L)ERE R LS =7, &
& RIH T R Z M KB L — , AR E SR
A RE 5 M SR SR TR R R H 4 | A Y, Cd
XoF T SR 4J 1 1 AR ORI AE BRR M e A A DG HRE L 7K
BE AR AT T i 45 R R WY IR B Cd Ak 3
XF T A AR K, TR R Cd Jihia 23
W A S I AR BRI R i R S i
PUAALRE ST, sl 40 MRS e i S8 AR, Bl SR TRIF
AR, AT Cd 1Y s AR RE 1 B ARV Cd 54

BRMERAZZ W, AR Cd & &0 E
ZhrUE(GB 2762—2005) B HLAE (8 5 Cd BRAEO.2
mg-kg”o I, 7E Cd 75 5% -3 rh AR 1) 75 SRAF7E SR
e R T XURS: T H i B2 PR PE A 3 Cd 5 B4 )
Jidie AMHFENH RAPD $AFNA: BEAE Ak Jrids, Kl
M TSR Cd P38 T 7 3 407 i Y AR B

B LA R R A 22 250 1784, IRl RAPD [ ey
YN A R IR Cd A x4 KR T K
SN, A AR 7 R S Cd 5% 9 L0 FUE F2 K
FEAEFIBARAE o

I MRS

1.1 LI

2 T 32 (Brassica chinensis L.) 5 #2775 M
N AN = Rich AR /A= S
1.2 REHE
1.2.1 MORHR 53R S A3

F AT 0.5% NaClO 77 20 min, 25 K [# 7K
FZ e, T R 2 AR 1 5 S5 LA 1 L ks
FRFE 25 CHEZE . VRO & — B A FIEFFiEa
W=1:1(VIV )[R A JE T, R BB EIE G T4 P s %
BRI N 28 °C/22 C, GRS RE A 12 h/12 h, S5
120 pwmol *m=2+s7!, S5 A 1/2 Hoagland & 37 WK HEE ,
J&i 564> Hoagland #HFRIRGEHE . BEFR 8P E—.O0F,
AR A 4 0(CK)F 1.5.10.20.40 mg-L™" Cd 114
Hoagland & FEM HedE , Cd LA CdCl,-2.5H,0 FEZUMA .
AFE 20 d J5, B SR ERRSE AR IT I B SR IO A
24 DNA DL R o AR 5 TR S A 346 A7
1.2.2 FR4 IS8R I E

IUARTR] Cd #e BEA R (75 324l 1 4% 30 #k,
BRI R IR 4 i 8,
FRR 3R 4% T 2 i =(1-x/y)x100%,
Horb y Syt BRZH 4 0 7 S8 i o s P ARG 2 4%
Qb FHRZH 4y P T Y fif o BT ARG

K H SPSS 13.0 #4771 ) Duncan [G3EHEA 75k s
255 5 RS HT
1.2.3 75324l b A= PRES AR A RE

2R 28 5 I SR AR AR A SR B &
5 25 B8 Bradford J7 ™5 N & BER FHAACE HE
ZRRIEN B M LA X L R R T FR AR AL
P = EE, R SPSS 13.0 # i H1 f) Duncan
FIEIE TR R 22 57 B B o
1.2.4 H3EYH KL DNA 4ELS RAPD 4047

FR 0.2 g TM A WAHES , R CTAB JA$2HL
DNAPI AN 356 56 BE TG A260 FiT A280, Ff1-54
A260/A280, LK DNA f 3 B A4

10 bp RAPD Ffi#L 5] ¥, Taq DNA 2 & i L1 M
dNTPs W H iR TR A FR 2 Rl o PCR R,
AR 25 pL, K& &4 10xPCR Buffer 2.5 pl,25
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mmol - L' MgCl, 2.5 wL,dNTPs {854 1 wL(4 F 4y
¥4 2.5 mmol -L7'),5 U -pL™" Tag DNA 3 & Jiff 0.2
L, 10 wmol - L FEALE 4 1 pL, 100 ng H:PH 21 DNA,
PK 7K % 25 WL, RAPD FEHLE YT 51 an5R 1 Fis .
PCR Jz W 27 : 94 CHIAEPE 5 min, 94 CAE P4 1 min,
39 CiB 2k 60 s,72 CHEAH 60 s,35 MG, fixJ7 72 C
fRif& 10 min, PCR 74 4 CLRAFFF . RAPD 937
Y 1.2%B RE R BE I LI A3 B8, TEBEN LIRS0 Ar &
4 (Tanon—1600, i KEE)FAMRIRAE, et i 4t
A3 AT DR AR AR e P o ik PRI RS 2 1 (GTS)
M
GTS=(1-A4/N)x100%

K A AL FR L 1) RAPD Z2 8PR35 80, N
X REZH A B, AT RGeS X R AR L,
AL FRZEHT BRI S RAPD iy Z i,

& 1 8 % RAPD BE#L5| M H9mE 751 (5'-3")
Table 1 Sequences of 8 RAPD primers used in experiment(5'=3")

5|¥4%i 5 Primer No. 5|##F Primer name BJLF51 Primer sequence

Primerl S5 TGCGCCCTTC
Primer2 S8 GTCCACACGG
Primer3 S18 CCACAGCAGT
Primer4 S21 CAGGCCCTTC
Primer5 S26 GGTCCCTGAC
Primer6 S69 CTCACCGTCC
Primer7 S91 TGCCCGTCGT
Primer8 S178 TGCCCAGCCT
2 KR5S

2.1 Cd BB B ELHERK AR EE M

f 2 2 A 0L, Cd Ab BN T E R4 AR, B
FRRAR T A peE B AR . B Cd AbFRYR FE ()
B, Cd X &y fif ERAR K B4 30 761 2 I 25 4 A (P<
0.05), 5354 19.6%~74.9%F1 14.6%~59.3% ., F=H4))
B FFIAR A 9 B 5 Cd MR B =22 (B A7 AE 7 B A%
KFR, JFHAEAME Cd WRFEEALIET , Cd X4y i iy
PR TR, AN7E 40 mg- L™ Cd 38 T, 4 i fif
PHRIEE] 74.9% , AR AAMEIE A 59.3% .
22 Cd imEMERHEH R HERERFAAEEAS
MM

B & 1 FTE 2 AT, 1~40 mg- L Cd 4P 3%
BG M R SR RREE T  a  R RRE I R
FAR T X B (P<0.05 ), M43 2 5 540 1) L6 IR B
25.0% .32.0% .51.9% . 72.1%F1 91.1% , & [ 5 & &4

F& 2 Cd PHEX FERYHRKUAREER M
Table 2 Effects of cadmium stresses on root length and

fresh weight of Brassica chinensis seedlings

SRR Seedling plant ST Seedling root

Cd e P P
Concentration/ {if 5 Fresh it = HK: Root it =
mg- 1! ';i ht/ge Inhibition length/em- £k Inhibition
weightie rate/% g rate/%
0 4.42+0.86a 0 18.9+1.24a 0
1 3.55+0.81b 19.6 16.1£1.23b 14.6
5 2.71+0.65¢ 38.6 15.3+1.22¢ 19.0
10 2.62+0.64c 40.7 13.2+1.21d 30.2
20 1.74+0.46d 60.6 8.8+1.07e 53.4
40 1.11+0.37e 74.9 7.7+1.18f 59.3

T« R B3 P R bR i 22 5 [R50 B J #R) /N 3507 B
ARFFRZERB#(P<0.05), T
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Figure 1 Effects of cadmium stresses on chlorophyll content of

Brassica chinensis seedlings
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Figure 2 Effects of cadmium stresses on protein content of

Brassica chinensis seedlings

P T BE T 4 17.8% .32.9% .52.1% 64.4%F1 86.5%
R SR B A S FRENEE S Cd A%k
i 2 (B AE IEAH R
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23 CAphEXMEESHEMHREEENIR _BSEN
A

A 3 FE 4 B] 51, 1~40 mg- L' Cd 23 3240
WG, T B BB AN R S g,
I H 5 TR (P<0.05) o M A i s 43 51 b X
HERAI 61.8% . 158.3% 211.6% .279.1%F1 344.5% , 5
TS A HE X BE S T 61.8% (142.0% \247.1% |
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Figure 3 Effects of cadmium stresses on leaf membrane
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Figure 4 Effects of cadmium stresses on leaf malondialdehyde

content of Brassica chinensis seedlings

332.6%F1 510.8% . = BHBBEZ ML RPN W5 & A9 35
RS Cd AbBRMR P 1A G
2.4 Cd BmExTEELEM FEREE RAPD BRI

TEIRY 8 2% 10 bp ZERZH BRIF 55| ¥ e 44
AR B PCR 724, X BT Sl i SE R 41 DNA
() RAPD [E5E AT LLAr e 55 45 TR, 4 F &
K/NE 150~2500 bp Z [E] (& 5), 1~40 mg- L™ Cd 4b
PR SRANH T, A SR ZH DNA (1) RAPD B3 & 4=
W R AR, Rk i B e FN3G I, DL e 28 i
(855 B G 5R (B 5) .

%3 FKH,1~40 mg L™ Cd b HE R E G, it
Jr BL IR 20 DNA % RAPD & 3% rf i) 22 25 1 5 Al 38
i, 22 A AE (PR 50 73 3 R 16.4% .25.5% |
29.1% .30.9%F136.4%, 5 Cd KbFHvEk BE IEAH G & 6 32
1, 1~40 mg- L™ Cd ZLFRH LG , i v BRI B A
e (GTS) BT FE#E, KKy 83.6%.74.5% .
70.9% .69.1%7F1 63.6%, 5 Cd AbBRM FEFAHK .
25 CABMB T E XS HEEIEIRS DNA S5MHH
P

1007
N
= 80t ]
# = ] o
® 3 -
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¥ 3
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Figure 6 Effects of cadmium stresses on stability of genome

template of Brassica chinensis seedlings

M: DL 2000 marker; a: control; b: 1 mg-L™" Cd; ¢: 5 mg: L™ Cd;d: 10 mg L™ Cdje: 20 mg- L™ Cd; f: 40 mg- L™ Cd
5 Cd Bhax &4 Eit R EE 4 RAPD Bl 220

Figure 5 Effects of cadmium stresses on RAPD profiles of genomic DNA from leaves of Brassica chinensis seedlings



436 R kot

FEIHLEIH

£3 CdmETERSEMTFERASSENTH

Table 3 Changes of genomic DNA polymorphism in Brassica chinensis seedlings under Cd stresses

5|4 primer 2 RAPD
Cd #eJi/mg- L o C
Primer |  Primer 2 Primer 3 Primer 4 Primer 5 Primer 6 Primer 7 Primer 8  1%ifi4k
0 6 7 8 8 2 8 8 8 55
1 + 0 1 0 1 0 0 2 0 4 9 27
- 0 0 1 0 1 0 0 3 5
I 0 3 4 1 0 1 3 0 12
D 0 1 0 0 0 0 1 4 6
5 + 3 0 0 0 2 1 2 0 8 14 30
- 0 1 0 1 0 1 0 3 6
I 0 3 2 1 0 1 4 1 12
D 1 0 0 2 0 1 0 0 4
10 + 3 0 0 1 2 0 0 0 6 16 34
- 0 0 2 1 1 3 0 3 10
I 3 3 3 1 1 0 4 0 15
D 0 0 0 0 0 1 0 2 3
20 + 3 1 0 2 0 1 2 2 11 17 41
- 0 0 0 2 0 1 3 0 6
I 4 5 2 1 0 4 2 1 19
D 1 0 0 1 0 1 0 2 5
40 + 3 0 0 1 1 0 1 0 6 20 45
- 0 1 2 3 1 3 1 3 14
I 4 1 2 0 0 3 2 0 12
D 1 1 0 4 0 1 1 5 13

T+ BT s — B AT 5 T PO B AGET s D DL BERL s ATl s P« 2T C. AR RAYTEAS .

F 4 R, 1~40 mg- L7 Cd A0 B A G, i
FrragR S . AR DNA 2805508
AR Ak 4 K a) £ 1825 67 R ¢ (P<0.05 B P<0.01),
N SR BB DNA 2804 B L
SR B A] 5 i 2 EAH DC (P<0.05 8 P<0.01),

3 g

WY Cd FpF)a, FERINARBLZE,
Fir G A 2, A2 i IR AR, Cd 25 35 g AR AL

il AT BB Cd &5 & B EE (1 4y 7R Y B il B L
& J A P B 2R AR M B AR TE Y 175 & A e R
o7 355 fef 240 A AR ZE AL, TP 4 0 At 25 5
WIS RIS 1 B8 7 5 B B TR A ARIFSY K
B, 78 1~40 mg-L" Cd 40T 20 d J5, 53401 i fif
MR I ag EE DR 1 B e KA i
T I I PS5 kS 1 fim - 26 Cd ik B G
X T ST 0 7 B0 SO, B , 5 T Y A R
FHRL . T4 2 S B IR 2 4514, Cd ¥k

R4 CdIMETERSEEIRIERS DNA S5MRBEM

Table 4 Correlation between physiological characteristics and DNA polymorphism in Brassica chinensis seedlings under Cd stresses

MR R
Chlorophyll content

ARG

Protein content

N JBEZE

Malondialdehyde content Membrane permeability ¢

4% & it Chlorophyll content 1

i Protein content 0.994% 1
% £ &t Malondialdehyde content -0.9847 -0.990%*
3P Membrane permeability —0.985%* —0.994%

p -0.925% -0.934

C -0.917%* -0.907%

1

0.977%** 1
0.881* 0.945%%* 1
0.851* 0.909* 0.979%* 1

TP O Z AR 5 C BRI s * R P<0.05; %+ 37K P<0.01,
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JEE 0.9 mmol - L i, BEFH I A A9 AE <, Cd Fdh 2
e 5, B T SR AR R A, 2R S AR Bl
SCIRMOGE R B 45 2R R W], g rh Cd W R A 25
mg-kg™ I, T SR A AR A2 BB AN, it A4 A
WG AR ARG, R o A e - AN B AR DL
AV FIRSAT BRI g B IR R B, 5 PR R el %
ANTA), HLAE Cd A 4 3 B2 A 1] b oAy 22 5, (RLAJF
FEARGHIARARL, KIRWICd X T 3004 B 5
F PR ROV X AE R A B R A
AR EIBTFEEE R, WA BRI, Cd W BEXS 3¢
LA R R LR IT 4 SRR R
St R IR M A R, X T RE SRR
JE Cd 4bBEmS, R 2R A A L T i,
AT BT i B Cd AR B, it 4122 3] Cd B¢
& R E A RIS L RE T , 8 ST A RN A2 F
i, AR AR R AR, Cd AR BES R Y
EA R S AR R R], AT REE S AR
Vel Cd ARPEARHERE | i) LA Cd {1 52 1
K.

Cd fg st BB SE AL DNA, Hir AWT
St W], Cd 15 DNA % - (4 58 AH FL AT A2 A 852
B AAUS T, S1E DNA BEWT 2L, 45147 DNA &5 &
GE, 2 DNA 5 A AE 1 2 A RAPD A AT L
ARSI DNA Fi5 A S AZ RO 13, 5RO
FE LKA S5 A% GE e A4 REMEAS DN 7 A AH L, RAPD
FORTT LA A= P 40 s DNA f9lk ik 28 4k , DR T B
IR, HEAR RAPD HOR P E B ] SE AR 5E
], R i 5 | P A fe PCR SR IA & BEAS ve iz
XLEHR T, AT R R R I ] A BRATAR E T SR AT 4
R, AW T2 R B Ve ) 8 A5REALS |
Yok PEAN Cd 35 e i B 7 S FE I 41 DNA $5i 77 , 45
REW], Cd W H 4 RAPD B8R A4 T W
AR, A AE RAPD 1545 A AR 3 ik 2k LK i3
FE 58 85955, OF H RAPD Z280E 5 Cd k2
AR R RO o X S XN GESE 4% B AE 4 Bl
SENTE A R S EL T RIS A RAR L

Cd 38T RAPD 35 A2 Al - 502 K BRI 4
DNA 245 , 551 Y455 RIBAR DNA 7 Beas kAR ik
PSR CIVANR | BN S AN S T Bl G A A 2 € D=
BN i BECR A T U RAPD 5T H BB 22 5
R BGH, ARSI, B Cd Ab B L 13
5, RAPD [R5 g s i) 25l Bl 2 (K 3) .
Cd V& JEh 1~5 mg- L B, RAPD Ji g 1 2% 1

DNA Z% B FE BT 5 Cd ¥ 10 mg L~ A1l 40
mg - L7 I, RAPD 3547 H i 2% (9 DNA 28715 B0 i 5
HEH) DNA Z5717 80 2 Cd W% 20 mg- L™, RAPD %
BT IS Y DNA Z8717 5080 S 11 2k i) DNA 2578
oo xalRgsE Cd A s ZE A g e =X
B2, 35 RAPD 28 MR BB R 2%, A
e Cd W E AL, AR PLEA THIRADISE
[FIE, BEH Cd AP R4 e, RAPD [&3E ot
JE R AR R ) R BB T i . 25 Cd AR BRI
1~20 mg- L7 if, RAPD 3 rp R Z BRI 00
H5R, FEUEACH Cd AHSH SR DNA JP8) kA
AR FECS G AN G R EAML SN 2, P A B
TG s 1M Cd #e BEARZEH N 40 mg- L7 i,
DNA FL05 IR, 55 | W) E AN 5 B L5 800, 3748 A
B imipgiZb . Gupta S SWFFEAE Y, RAPD [ )22
P AT L B BE R AR DNA B E L. A ST
FEARW, Cd W38 %] 7 S 4 i R 2 A8 1k i i T 42

SN, B Cd W BE Y3 =, RAPD &[5 g Al e
KW FBEINZ (R3), FNHARENZEL TR
(& 6), SahHipo e AR 2R AR E AU &
ARG RAE R, PE— P RIA TR B RAPD 2
AV T AR AR B bR B R R R SR (R
4) o XU, FIH RAPD HOR TR DNA 2254748
AR 25 AT LIAE R D Cd XA 40 38 % 7 M 3300 19 26
Yrbric.

4 it

(DB Cd bR BRGNS H A K
SR, R R DR B R R R N
e i AN AN R I

(2) LA e 8 2651 ¥ AT RAPD 93, 315 2
BT, o ISR 7 R4 DNA JE4k15
55 & RAPD j&77 . Cd JBhE /5 19 RAPD 35 & A 2L
AR 5B R RSN L i R A B U, I HL
55 Cd W TR ~RNARSG , 2k R A I B A
PERES Cd BRI IZEL TR, RAPD 2L H
SEA e 9 A PR AR A 2 A S

(3)RAPD 545 AT LI M I S A Kl 52 F 4
JET5 G LR ICH) , 455 A BRAE AR bR mT LUK
HERMAI Cd 15 Y MR AL

S

(1] B2 . BREE v A 0 R IR b T RIS M 16 35 (1], BRI R
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