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Abstract: Using Arabidopsis thaliana( Arabidopsis ) as tested material, the toxic effects of cadmium(Cd) in cultural media on the three levels
of morphological indexes, physiological indexes and molecular indexes were studied, in order to choose sensitive biomarkers indicative of Cd.
The study on molecular indexes took 18S rRNA as house—keeping gene, MutS 2 homolog(atMSH2 ), atMSH3, atMSH7, atPCNA1 and atPC—
NA2 as targeted genes, which focused the effect of Cd on the above mismatch repair related genes expression of Arabidopsis seedlings with
semi—quantitative Reverse Transcription—Polymerase Chain Reaction (RT-PCR ). The results indicated that the root length of Arabidopsis
seedlings reduced with the increase of the concentration of Cd. The total soluble protein level of the shoots in Arabidopsis seedlings signifi—
cantly increased by exposed to Cd of 0.125 mg- L™ for 7 days, and reduced by exposed to Cd of 0.25, 1.0, 3.0 mg- L™ for 7 days whereas they
were still higher than the level of control. Exposure to Cd of 0.125~3.0 mg L™ did not have a significant effect on leaf numbers, fresh weight
and chlorophyll level of the shoots in Arabidopsis seedlings as compared with the control. The inverted U-shaped dose—response effects of Cd
on expression of atMSH2, atPCNA1, atPCNA2 of the shoots of Arabidopsis seedlings were observed, with maximum effect at 0.125 mg-L7,
0.25 mg-L™" and 0.125 mg- L™ Cd, respectively. The above results indicate that the change trend of the total soluble protein level of the shoots
in Arabidopsis seedlings was similar to that of above three mismatch repair related genes expression. They were all sensitive to the Cd pollu—
tion and could be served as potential biomarkers for the detection of Cd pollution and the related biological effects.
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AR, B A T A A ™ ry s & Jig |, A 1+
T A JE TS Y H 5" IR 22 A IR 5 Y B
FUIT 2 000 J5 hm?, 24 5B AR 1/5, Hirp Cd V5%
B b7 1.33 77 hm?s Cd h FHEB s E T,
TE 1984 AERER A EIMMR AL B S R “ 163 23RRE
ALY BRI 2R AR B A, I HL T Cd 1Y)
SR A AN o AR R, & mT DA I 2ok st e R EA R
MR F AR, I T s fa S N Jfd i,
PRI XS Cd 75 S 4= 58 1 B2 W AR S XU A B
BYCA 2 i 7 T PR PR ) 5 — 1,

DNA Ay ih o i B R A W e, TEZEd
MU IEF DhRe - B EEAEH (B2 5 2 5
B LA R R = A 4540, T 5 | e 40 i AL
TRIHE - A0 B LA 75 B 45 A A 1A B K
AN A ) A A E S XTI A0 FME & A 4G I 7
BREE R AU = 0 AEbRie Ok, AR bRic PIvE R
FR/R IG5 e ) 2R R 1 N A NS, R T 4%
TP RER RV R . TEEYAT, % Fh DNA 5
P FME ZHLHIIIAT 25 B AR S 1 0 R 7 R DR 4, A R
& AMAY e, BAT, AEYPRC e S DNA
P UG A (A 5T L S — AR B R B
77 18132 BB 200157 5 i A,

DNA 45 Bc & &2 (mismatch repair, MMR ) & —FF1 4
HlE MR, ERiURh FEMBERIEZ —. MMR
SR A A R TR ARSI, B R S
& DNA & il L R b s BRI BRI A5 B , 4E+F DNA
A PR B P R R DR A A RS 1 o A OB R LT 2
b MutHLS %%, o &4 MutS [7] 24 (MSH2
MSH3 MSH6 MSH7) MutL [&] % 4 (MLH1 ) fI PMS2
40 MSH2 7[5 MSH6 \MSH3 & [IE 84 H 1 5
JR R HLE A W45 MutSec AT MutSB , 43 31l 75
FERLIE A TP I - AR R PUNVE R, OE S
LRSS & e — R B = A, T 20
FERCEE , IF 58 SR BEEC A YT BR & 5 T i 1Y
DNA B AFIRIF 51,

MSH7 2 FUZAEY) TR 1 . 5 MSH6 FHLY
— o A RS B S A MY, MSH6 1 MSH7 7
N—K Uity 55 BC 45 A DX 3840 5 A i F A 1 05 A5 R 3, 1A
A N AR X, xS X ek m] Rl e 5 14 7
YA AZ LR (PCNA)AH BAE H 7 55, PCNA & 1Y)
b5 DNA A R—3, 2R WA s SRS 1 A= 4
FRicol, e A KR BRI g 2 40 rf  PCNA 2 FH M3
IR AT A SRS ARSI frfrag 20 s SRS 10 AR bR i

FHT I sl 1 2,

H i PCNA 1 MMR & R 5 A 5% 5 248 o 7 15
BRI SRS, 2EAE 5 1 B D s A A
¥) PCNA J MMR 2 X f) AfF 5% 32 246 v 7 SR A2k
MMS F1 H,0, 85 B0 55 1415 55 4 Ja 15 G o0 X5 A
PCNA Jz MMR S E R 550 . ARSCURIRG T
SJPIREG AR}, R 2K E i RT-PCR AR Cd #hin
XFHU R T4l 1 MMR 3[R J PCNA JE R R E R 520
IS HIEE KA R PRAE LR, ik ) Cd BURAE)
PRicY) . BTEXTEREE /N Cd 75 YL f 77 01 i
FZ W, SRR P RUBS: PN B 49805 Y18 R )
S PR PR SRR A SR AR -

| RS

1.1 it det

B 40 R T S B AS L A 28 Y (Arabidopsis
thaliana ecotype Columbia ), {56 K& H] Murashige and
Skoog(M & S)E FEEEF
1.2 5%t

AR IR & ZFET & B /KPR 259, 905
Ve A1 R0 71231 T 0.1% HeCly VI H 25 5
min, 258 T /KIRIETEGE 3 ¢, B 5 min, PEFHE
WA R T 8K, T 4 Tt 3 d, ATRiR
TIRIR . B 100 mL M & S EFRHINA =M, K
Je 4 R AH [R) 5 AP 1 7 5~ (2 40~50 kL) =
A, BE, B TRIR EE LIRS 6 d (REE
21~22 C, JEHEJE] 14 h/10 h, Y65% 3 000 1x), 2RI
A Cd W (LL CACL B ), 2535 54> Cd A PRV
0.0.125.0.25.1.0 3.0 mg- L™, 4 3 K., AKLEFEHEIR
RS 7 d,
1.3 MEERSFHE
1.3.1 BRI 4B ASTR PRI &

WANTR] Cd e BE AR BET B 4P A ST 4w, 4301
Fort R AR B, IR o

n=(1-x/y)x100%
A ow AL L W AR ARG 5y Jxd BREH
LIRS ARG
1.3.2 IR IT4l i b 50 AE BRAR BRI

AR A R S S re i G250 Jefa il
AN I 2 iR FH N BT A i B 1,
1.3.3 IR T4y 58 RNA $2 IO A

Xof HR ZH 145 A2k T 2H 400 7 I 40 B M b A R R
100~200 mg ¢, ARPEARAFEHA (Takara RNA HEH) 12
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BOMATHAR T B RNA B4, $EBUS R Eppen—
dorf Bio—photometer 25 [ -4 I i {4 T RNA & &
LA FEME L 0.8% B BBl BEC K F-H ik (127 V, 17
min 7247 ) %€ RNA SElUf . $2HUS RNA BRI
AT =80 CoRAA T I T 5 S S e % S o

1.3.4 FEah ISR % (RT) 5 R A MpE U (PCR)

AN SL UG R 2 A= ¥) Takara 19 RT-PCR 7 & .
BB 3 S AR 2R 38 20 WL, HOseoy e B (BR B tn
T :MgCl, 5 mmol - L' 10xRT buffer 2 wlL; d NTP Mix
ture (4% 10 mmol + L. )0.5 mmol - L™ ; RNase inhibitor 1
U-uL™";AMV Reverse Transcriptase 0.25 U+ wL™;Oligo
(dT)primer 0.125 pmol - WK™'; RNA (B =4 5 g ) Fll
RNase Free dH,0 HR#E AR RNA W EEPHHEMA . ]2
SRR N i 58 30 °C, 10 min, 2R 5 42 °C,50 min;
¢JF 95 °C, 5 min,

PCR SR 2 N 25 L, Hopor e i (st AR
4R : 10xPCR buffer 2.5 wL; Ex Taq HS 0.025 U-pL™;
¢DNA 0.5 wL; B/ FHFRERPEG 145 0.4 wmol - L7

SETIYIILE 1, BRI 18S rRNA 51H))7
5 . 13514 :5'~TTC CAT GCT AAT GTA TTC AGA
G -3'; TFUiE514:5'-ATG GTG GTG ACG GGT GAC-
3", PCR ififeH : 94 CHAENE 10 min, 94 CAEE 30 s,
55 CiRk 305,72 ‘CHEfH 30 s, A5 Y EaE MG
W SR A TR, 5 72 CLRIRE 10 min, PCR 7
P1-20 CHRAFR L

&1 KBRS MEREF

Table 1 Names and sequences of primers used in experiment

4 BlWIERR R BOR/IMbp SIFHI(5'—3")

1 atMSH2(F) 136 AGGTATTTGAGGACTTAGCTGG
2 atMSH2(R) 136 AATATCTCCAGCATCCGAAGAG
3 atMSH3(F) 139 GTCGTCATCCTGTACTGGAG
4 atMSH3(R) 139 ACGGATATAGCAGCTCTTTCC
5 atMSH7(F) 148 ATATACGTTGACAGGGTCTACG
6  atMSH7(R) 148 CAGCACAGTTCCATGATTCAG
7  atPCNAL(F) 126 GTGACACAGTTGTGATCTCTG
8  atPCNAI(R) 126 ATCACAATTGCATCTTCCGG
9  atPCNA2(F) 137 GATGAAGCTGATGGATATCGAC
10 atPCNA2(R) 137 GAGATCACAACTGTGTCACC

1.3.5 PCR I 7™ ) ARG ——3R TR s P e 458 Fie L K
(PAGE) BERE AR Mo & 53 A

PCR &5 W5 B r= AT 12% PAGE HLIK ,
HiJE 58~60 V, HLykFE] 3~3.5 h, PAGE 455 /H0.015%
TRAL 288 (EB ) Je (@ 30~40 min, #RXJi5 ] Wealtec #EI%

G Z GeA BT Quantity one SERE AT AR HEA T 45
HPIRFE 53T o
1.4 BIES

B 25 5 R SPSS B E (MRS 13.0) 1 Microsoft
Excel 2003 #1740 4T , o A P ehrifE 2 o 45
AR B L3R BN i 2 22 8502 (LSD) if AT 2 H Lk
&, MUt LSD 0.05 7K1k B2

2 HBRESH

2.1 Cd XHHURTFFAhE I 8 it EEREEEE AR KA 2N

2 2 AT IE N, ARIE] Cd e AR LR T4
BT R BSOS A AR AR A b ER A EERE Cd YR
(RHE INm AT AR Ak, AE BT 9 A B2 5556 BEAH EL 25 SR
1% (P>0.05,P>0.05,P>0.05,P>0.05), HHK1E 0.125
% 3.0 mg-L"' Cd ZbF T it A&z 2R
8 2(P<0.05, P<0.05,P<0.05, P<0.05 ).,

K2 RERE Cd 418 7 d XU 4 M B £
h EEREEE ARKAISIT
Table 2 Effect of different concentrations of cadmium on leaf
numbers, fresh weight of the shoots and root length of

Arabidopsis seedlings for 7 days

CURBL yp g DD SRR
mg- L™ RSB E/mg R K/em HDHIR/%
0 6 1003£0.85a  4.2+0.4a 0
0.125 6 115651720 33+02h 2249
025 6 110121902 2.8:02c 2679
1.0 6 100451262 248024 42.58
30 6 9037:051a  1.5:05¢  60.53

TE: AR 7R 308 22 57 1835 (P<0.05), Tl

22 Cd xt#lmIT4hE it ERRA iR EE A @ 2N &
ERENZIT

Cd XU R I &)y i A= BRRR PR A 520 WL 3. mT LA
Fih,0.125 mg- L7 Cd AbBEF, 4R IT 40 i o [ &R ]
EMEE SR B E T (P<0.05), LX) REEI174.25%
0.25.1.0 mg-L™ Cd Ab ¥R 0.125 mg-L™ Cd 4k HLAH
Lo AU T4l AR AT R S D, (H B
T RHR(P<0.05,P<0.05), TiAE 3.0 mg-L™" Cd 4k
BT ARG T &Iy e b b5 5 ) BEAH L TG i 2 M 22
F(P>0.05).

H1¢ 3 FTLUE 4 ST 4y i il R4 R 5 i
£ 0.125.0.25 mg- L™ Cd AbBE R THi, 7F 3.0 mg- L
Cd ZbFEFFEAR, (H &40 3 5 X A 25 5 R i 3
(P>0.05,P>0.05,P>0.05,P>0.05).,
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Table 3 Effect of different concentrations of cadmium on total
soluble protein lever and chlorophyll level of the shoots in

Arabidopsis seedlings for 7 days

C el L TR I fib/mg-g | FW 0HAER & ftdmg- FW

0 4.00+0.18a 0.45+0.06a
0.125 6.97+0.88b 0.47+0.02a
0.25 5.26+0.27¢ 0.46+0.03a
1.0 5.02+0.14¢ 0.45+0.01a
3.0 4.59+0.24ac 0.42+0.01a

2.3 Cd M EFERERIENZ N
2.3.1 UGS RNA AL

T4 RNA £ R 4l B2 RN 5¢ 8% Pk ™ 5 52 i &
RNA 1 % 5% 3 4 . 3 £ 0D260/0D280, 0D260/
0D230 (1) HLAE AT LK RNA B8R EatfE . ik 4
Al LAA Y RNA SRR S0, 45 Wi o 2T AY 4 R
0D260/0D280 #R7E 1.8 ~2.0 Z i), 3B H#EHUAY RNA
TR BTG AR, BT F . RNA $R BN S8 A
Bl 1 AT LUE 1, vk 2B T SR 28S (185,58 3
Fl RNA 7B HA5 200 TRl B Bl 5, R
) RNA JCHA S Befife, PRGOS RNA 76 & i 46
FE RN e Ty AT, AT LA T S s RO

R4 WAL A RNA RIS
Table 4 Purity of extracted RNA from the shoots
of Arabidopsis seedlings

Cd ¥ )& /mg- L™ A260/A280 A260/A230
0 1.98 2.11
0.125 2.05 1.92
0.25 1.90 2.10
1.0 1.87 2.08
3.0 1.86 2.09

2.3.2 HFHEFEA Cd VAN T PCR Sab %L
ANTR] Cd e B b BE 9T 13 cDNA 43551 5 %F BE 4]
cDNA TR G ARG T RS, 43 A5 2R B2 R 100% .50% |
25% [¥) cDNA %7, %% PCR IR REIEUE 455 | W 1E
DL cDNA ¥R BE R PCR i H =35 52 B S 5 I Sl A
JEi&H, I Quantity one EEIE /3 B/ Afr 5240
SREE(E, AR T 0.9, BI&5190)
PCR ol fEHEE (WL 5).,
2.3.3 Cd 38 X400 RE T 4 B b MMR 3 AR
PCNA J K FRIKH 520
ARG R H2E 2 5 RT-PCR 7772, L 18S rRNA

a JPRTRAZE b o d 2 Cd ARBEZH , LMk 4353]250.,0.125,0.25 FiI
1.0 mg+ 1" ,M # DL 2 000 marker,
B 1 #lE7F 2 RNA SRR 8RR F ik
Figure 1 The agarose gel electrophoresis of total RNA in shoots
of Arabidopsis seedlings
&5 RT-PCR ARSI HESE Cd RELET
X Rz ) R SE IR
Table 5 The optimal number of cycles of semi—quantitative RT—

PCR for different primers under different concentration of cadmium

Sz BE

Cif(g ! 18S rRNA atMSH2 atMSH3 atMSH7 atPCNA1 atPCNA2
0.125 24 35 32 37 32 28
0.25 24 35 32 37 32 27
1.0 26 37 34 40 34 30
3.0 28 50 47 42 36 33

YE KB F I LL T 5 4> MMR AH 56 35 P 75 A [A]
We B Cd &b PR 7 d J5 323K N O :atMSH2 \atMSH3 |
atMSH7 .atPCNA1 . atPCNA2, 8 2 BAERURIEALI T
DA b 45 L DR AR O AR 0 (I < B 0T BRZH iR L
RN ek E N 100% ), 7E 0.125 mg- L™ Cd il
1B ,atMSH2 atPCNA2 FE[A 1Y 36 35 1 i 3 3 n , 78
Cd BB SR N 0.25 mg- L7 i), atPCNAT JE [H F 35 5

140 1 [ atMSH2 [latPCNA2[E atMSH3 74 atMSH7 B atPCNAL
120 -
100 Fprl _ " &
g 7] %
2 80 Hiil | &2 2 g 7
R 2
ot z ,
g % g 7
40 + % % 7
%
20 + %
/
abede abcde abede abcecde abcde
Cd He i /mg - 1!
a RFEXTHRLL ;b e d e FRFALFHL , Cd ¥R JE 43518 0.25 ,0.5.1.0
HI3.0mg-L7,
B2 Cd 43 7 d R4 it EAR MMR
FIPCNAEE By RIEE SR

Figure 2 Expression levels of MMR and PCNA genes in shoots
of Arabidopsis seedlings exposed to Cd for 7 days
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RN, atMSH2 ,atPCNA2 Jt R 1) 2 35 5 W) T 46 b
. 7E 1.0 1 3 mg- L Cd i}, 3X 5 LAY FeIRI
BT CE 2 FnEL 3). IEL 3 FTLUE Y Bl Cd WREE
MR, atMSH2 . atMSH3 . atMSH7 ,atPCNA1  atPCNA2
FEA YRR L W I A8 U 228,

3 He

il I Z Fh 270 18 A Wnhm i R 98 5 Y 7
IR BE . ANIAZ R A BN B 284 AR DG HRGE 19,
AR A I IR T8 bR EBE bR T8 AR 3
NZRIAFE T Cd AESTRERON, Tkl 7987 Cd
1YL YR

TEIE TG 05 7 T8, AR IT 8 BT i 785
fif F Pl Cd Ve BE BN A B AR (3R 3), AR
KEERE A Cd ¥R BE B35 i B &7y ,0.125.,0.25 1.0,

18S rRNA atMSH?2 18S rRNA

18S rRNA

18S rRNA atMSH2

atMSH?2 18S rRNA

18S rRNA atMSH?2 18S rRNA

3.0 mge L CA AT 7 d I, AIHAHERAE K im0
H°h 22.49% 32.06% 42.58% .63.64% ,3EHH Cd il
SRR SRR 2 M T BB (o
3), 35 T2 HIFI B, T Cd Ry
HR K 300 2 2 1 P T A5 B LA < (o 7
KT A2 AR K Je Vi S Rl B P LA ZE
VR B AIAE Cd e ] AR T B 7
i RN OFE T E . (2)Cd Wi SRR
R IF T R L 4 W 2 A T R
i A, T3 R LU B e 2 A A
KR (3)ARAMMRE A7 A 3SR 5, S C
ARG K Cd B T 2 2 B (i 1,
T BEIR A ML e (e RV L PR A 43 2
A K TR B SRR K B B A s, )
B, Cd AER R SRR B Z A AR B

atMSH7 atPCNA2 18S rRNA

atMSH7 18S rRNA atPCNA2

atMSH7 atPCNA2

atMSH2 18S rRNA atMSH7

VKIE a RN I UKIE b oo d e {RFRALFRAL, HCd ZbFRMR 430020 0.125.0.25.1.0 1 3.0 mg- L™, M & DL 2 000 marker,

B 3 Cd &b32 7 d STt 4h st L AR atMSH2, atMSH7 #1 atPCNA2 B E KA Kk E %
Figure 3 Electrophoresis profiles of atMSH2,atMSH7 and atPCNA2 genes expression

in the shoots of Arabidopsis seedlings exposed to Cd for 7 d
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FERL, UFE T4 AR AT Cd 1y 2R TR T A%
Cd 11 RFLE,

FEASEG (1) A P b T Y, R R S i e
Ak, SAFRSX A ZE S AR E RS ZH XK,
SR, T VAME R & SR Cd e 1728 1k 52 B 5 670 £
U FRI(3R 2), 2 Cd We BRI (0.125 mg- L), A
PEZE A A SR, EOX IR 74.25% 5 Cd YR
$90.25.1.0.3.0 mg- L [, FIEPEE A S &L 0.125
mg- L™ Cd AH FURREAI, (EATS  F- 5 R AmApke n] s ik
B P S Y Pk B A Ak e AR ) AR A
TP TR R 25 5020, ARG T s R
AT REA LR LA : (1) AT A
JoT 5 S T ML ARG ) AR 4k, AE ARV B Cd
STER N et A B A O N ST NN 1R 7oA 4 = Do ik=di'd
BN S bR E AR S w T (R
Cd WP (MG, B 1 I 37 BIAS [ 2 4 ol , PRI
AEMEEA RS E TR, (2)@mkE Cd (%
H AR E

S THEbR 7 I, AR ) MMR 2402 DNA
B0 F BRI Z— , MMR R4 RET L& S DNA &
il 3 A ) — T T B A A - R A
SR LATH B R T 7 S EE A 90 4 IR R 1 22 [ 1Y
AL AL BT IR 81, X6 2ERE DNA &2
il AR e M B B L, W & RT-PCR 43
Braln, Cd 5 HAWA R K 2= —HE AT DL LRI R T4
i DNA MMR FE R 28 0222 (& 2 FilE 3) :atMSH2
FERNAE 0125 mg- L' Cd i FHE R BEHE ST
atMSH3 1 atMSH7, H. 5 Cd e v i 52 B W 1 (5] U
FHIEZ  FFAE 0.125 mg- L BFiAFI (A, ]
DL, atMSH2 HKE[K F6 1575 SR EE Cd ¥5 Y S0 4
&, AT RIME R 4 Cd 5 Y R A b ic . 2
25 RALAEAE T AR A g BF o 2, 6T
W Cd MHEi%A S DNA MMR LR 253k 14 32 20 L B A7
BAUEE : (1)Cd 58 A = ZEZ5H P 2 s iR A AR 5
MYEAE, FTLMERE Cd F1 MMR R G841 73 i 45 51k
ghb NI EE I RE, (2)FHN TR S TFIX A
A SEHNEE R, Cd Wi 5 R AR RR 1k 1 5
G S PR - 6 AV FH 1 T e 28 20 A 51 S iAo
(3)DNA AL 4% 3 il i — A~ ZELH] , Wang?!
S5 R 14 ) Lo e it g AR 1) R VT 5 IE B
hMSH2 JEH i 2R BEAR 5 1A s FH Sk 6. 5
Ah,—SE L4 MLH1 F1 MSH6 (15 2hF X ZEME 4%
P2 B AL O F A=, (4RI Cd +

Uz R a1 B R b i) D N A VA = 2
LR FEAE, TS DNA MMR JEH 33k

PCNA 3 3 Pp sl DNA 52 il 3k 72 Sk 52 i) 4 Jfd 3
B, S AN G T T FR . PCNA 38 1] LAIAE b Dl RE G4 4
P, 8 45 PO R A R 45y X5 20 A0 AR
H,Z5 7T DNA it fi& 52 4 i J5 01 4 g i qR
AU T e P AL 2 R A M R, A
g, ARG T4 b &R atPCNAT  atPCNA2 FE[H
(2R 5 Cd e vk i 2 0 B 05 U FRISC R, Hay
WITE 0.25 F1 0.125 mg- L™ Cd B 353 5 Ao fl (& 3 il
Kl 4), IXFRH] PCNA JEH AR AR T Cd ZRERE
S gUR, AT LIAE Ry Cd 15 4 A - AEIbRic Y . X
5 Yamamoto ZE" W 5E U FE UV Fl H,0, 40 P 1) 7K FF
PCNA mRNA fyRIAZE R, 5 ERIAE T oK FE
PCNA mRNA [k s FEAIRI Z5 AN .

Mz, AFEMEE Cd ke (0.0.125.0.25.1.0 il
3.0 mg- L") XF 8l 9 JF 4 1 atMSH2 | atPCNAL |
atPCNA2 B[R 23K 1 AR5 M AN J2 S 4 P ) 711 i — 2800
KF, MR R RE U FRI R - R,
X5 — LA (AT 58 25 SR A2 A=,

FERCGR TS Yt T AR AR 2R KT
O3 T KRR B P o KA AN [R) A < SRR AR X
BEYIOVGRER, HOX SRR AR E A AE s ic ) s
SEFRFRXTEEY) 0 SO AR R, O H ST ik s 2
(AR B R R G R, BV RS BT i ik
R AE brRic ) o i HASTR)Z kA Mibsic YA
55, KOS G MR A A RGE AR AT TR,
ARIFORIEAS EBIE VR 50 AR ARSE &, WTE A
FIF S F KT e 25 5L, 0T DLBE 47 s 35 Cd
15 Y FE T F AT B EEPERON . BRI, P RS ST Al A
BCAE 52 AHOCHE R 23R i AR A 2 & O A8 AR nl
DIVE A AGIN Cd 15 G e Hoasi A% 35 V800 19 B0 A= )
bR,

Sk

[1] SEIAEE. PREEA A M. I - BB i i, 2000.

XIONG Zhi-ting. Environmental biology|[M]. Wuhan ;: Wuhan University
Press, 2000.

[2] Kong F X, Hu W, Liu Y. Molecular structure and biochemical toxicity of
four halogeno—benzenes on the unicellular green algalJ]. Environmental
and Experimental Botany, 1998, 40:105-111.

[3] ¥ 2. SR WIFE P SO BINA SN [T]. A= 4" 8 4z, 2005, 40(11):
26-28.

HUANG Bao-sheng. The biotoxicity and control strategies of cadmium|[J].
Bulletin of Biology, 2005, 40(11):26-28.



1252 S P SRIDME R ST 4 BT A AR BSOS A DG LR 2 (R iR A 72

2009 4F 6 H

[4] 5 i, FEIT. DNA S0 FE & LB ic Wy e R I e ()] A
R B 24 48, 2002, 25(2) : 120-122.

LV Bin, ZHOU Yi —kai. The detection of DNA damage and repair
biomarkers[J]. China Journal of Laboratory Medicine, 2002,25(2):120-
122.

[5] Nia A B, et al. A multi-biomarker approach to study the effects of smok—
ing on oxidative DNA damage and repair and antioxidative defense
mechanisms|J|. Carcinogenesis, 2001, 22:395-401.

(61X %8, H5 25, IR A, 4. 1o g LI AR bR iC i e ). A
ek, 2004, 23(5):150 - 155.

LIU Wan, LI Pei-jun, ZHOU Qi—xing, et al. Advances in the research of
biomarkers of contaminated soils[J]. Chinese Journal of Ecology, 2004,
23(5):150-155.

|7] Hays J B. Arabidopsis thaliana, a versatile model system for study of eu—
karyotic genome-maintenance functions|J]. DNA Repair, 2002, 64 : 1-22.

[8] e =2, 11 WL WlfEEH b hMSH2 2 PCNA RYFRIE K [I].

B AR R 22485, 2005, 15(5):691-694.
TUO Xin-lan, BAI Ming. Expression and significance of human mis—
match repair gene (sMSH2) and proliferating cell nuclear antigen (PC—
NA) in lung cancer[J]. China Journal of Modern Medicine, 2005, 15
(5):691-694.

[9] Culligan K M, Hays J B. Arabidopsis MutS homologs—AtMSH2, AtMSH3,
AtMSH6 and a novel AtMSH7—form three distinct protein heterodimers
with different specificities for mismatched DNA[J]. The Plant Cell, 2000,
12:991-1002.

[10] A BE, AR, 5 18, HEFHA AU (PCNA) #5345 B H:
EYPESREDISCHIEL). [ AAFIE . 2006, 16(10) 1201-1209.
SONG Nan-meng, SANG Jian-li, XU Heng. The molecular structure
and biological function progress of proliferating cell nuclear antigen
(PCNA)[J]. Progress in Natural Science, 2006, 16(10):1201-1209.

[11]Jin Y H, Clark A B, Slebos R J C, et al. Cadmium is a mutagen that acts
by inhibiting mismatch repair(J]. Nature Genetics, 2003, 34:326-329.

[12] Bowers J, Tran P T, Liskay R M, et al. Analysis of yeast MSH2-MSH6
suggests that the initiation of mismatch repair can be separated into
discrete steps|J|. Molecular Biology, 2000, 302 ;327-338.

[13] Yamamoto T, Yoko M, Ishibashi T. Interaction between proliferating
cell nuclear antigen(PCNA ) and a DnaJ induced by DNA damage|[J].
Journal Plant Research, 2005, 118:91-97.

[14] 5RTEAE, RGN, BoCH, &5 AP AR BR SR HOR M. PRI . LT
RO A, 1989.

ZHANG Xian —zheng, TAN Gui -ru, HUANG Yuan —ji, et al. Plant
physiology experimental technology[M]. Shenyang : Liaoning Science
and Technology Publishing House, 1989.

[15] Besarati Nia A, Van Schooten F J, Schiderman P. A multi—biomarker
approach to study the effects of smoking on oxidative DNA damage and
repair and antioxidative defense mechanisms.|J]. Carcinogenesis, 2001,
21:395-401.

[16] E24MH, 25 fb, WDy, 45, Cd XHMSERh ¥ & 28 54l AR K iy 2k
AHEPEL). LHEE R, 2006, 37(6):1218-1222.

WANG Xing-ming, LI Jing, TU Jun—fang, et al. The eco—toxicity of
cadmium on seed germination and seedling growth of cole[J]. Chinese
Journal of Soil Science, 2006, 37(6):1218-1222.

[17] Nishzono H. The role of the root cell wall in the heavy metal tolerance

of Athyrium yokoscense|J]. Plant and Soil, 1987, 101 : 15-20.

[18] Herbette S, Taconnat L, Hugouvieux V. Genome —wide transcriptome
profiling of the early cadmium response of Arabidopsis roots and
shoots[J]. Biochimie, 2006, 88:1751-1765.

(191X %6, KB Ik, 28522, 45, BRME 0 A2 ) i JE R 41 DNA 275
PERFEMALT]. Aol FRFERF2A4), 2006, 25(1):19-24.

LIU Wan, ZHENG Le, LI Pei—jun, et al. Efects of cadmium stress on
DNA polymorphism of genome in barley seedlings|J]. Journal of Agro—
Environment Science, 2006, 25(1):19-24.

[20] fif A, X %6, Z5HE 42, A5 SRIRA X & G4 AL 4] DNA 275
PERIFEIRIL]. A= 252F2%, 2007, 26(1):35-39.

XIE Li-jing, LIU Wan, LI Pei—jun, et al. Efects of eadmiura stress on
DNA polymorphism of genome in Vicia faba seedling[]]. Chinese Jour—
nal of Ecology, 2007, 26(1):35-39.

R21] sk, B P XK REL it R LR TR & SR SE ] Aol
AR, 2004, 24(5):65-67.

ZHANG Wei—feng, CHEN Ping. Effects of cadmium on some element
content in leaves of rice seedlings|J]. A griculture & Technology, 2004,
24(5):65-67.

[22] Poplawski T, Zadrozny M, Kolacinska A, et al. Polymorphisms of the
DNA mismatch repair gene hMSH2 in breast cancer occurrence and
progression|]]. Breast Cancer Research and Treatment, 2005, 94:199—
204.

[23] M Spaepen, B Vankeirsbilck, S Van Opstal, et al. Germline mutation of
the hMLHI and hMSH2 mismatch repair genes in Belgian hereditary
nonpolyposis colon cancer(HNPCC) patients|J]. Familial Cancer, 2006
(5):179-189.

[24] Wang Y C,Lu Y P, Tseng R C, et al. Inactivation of HMLH1 and HMSH2
by promoter methylation in primary non —small cell lung tumors and
matched sputum samples[J]. J Clin Invest, 2003, 111(6) . 887-895.

[25] Kane M F, Loda M, Gaida G M, et al. Methylation of the hMLH1 pro—
moter correlates with lack of expression of hMLHI in sporadic colon
tumors and mismatch repair —defective human tumor cell lines [J].
Cancer Research, 1997, 57.808-811.

[26] Bearzatto A, Szadkowski M, Macpherson P, et al. Epigenetic regulation
of the MGMT and hMSH6 DNA repair genes in cells resistant to methy—
lating agents|J]. Cancer Research, 2000, 60:3262-3270.

[27] WadaY, Miyamoto K, Kusano T, et al. Association between up—regula—
tion of stress— responsive genes and hypomethylation of genomic DNA
in tobacco plants[J]. Molecular Genetics and Genomics, 2004, 271 .
658-666.

[28] Daniel L V, Iris Knoebl, Michael D K, et al. Relationship between
brain and ovary aromatase activity and isoform—specific aromatase mR—
NA expression in the feathead minnow ( Pimephales promelas )[J].
Aquatic Toxicology, 2006, 76:353-368.

[29] Yonezawa A, Yoshizumi M, Ebilo M, et al. Ejaculatory response in—
duced by a 5-HT?2 receptor agonist m—CPP in rats: differential role of
5-HT?2 receptor subtypes|J]. Pharmacology, Biochemistry and Behav—
ior, 2008, 88:367-373.

[30] Besarati Nia A, Van Schooten F J, Schiderman P. A multi —biomarker
approach to study the effects of smoking on oxidative DNA damage and
repair and antioxidative defense mechanisms.[J]. Carcinogenesis, 2001,

21:395-401.



