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Abstract: DNA damage assay based on RAPD, ELISA-based global methylation analysis, and expression analysis of genes related to DNA
damage, repair, and cell cycle were used to study genomic DNA damage and stress response of DNA repair and cell cycle in Arabidopsis
plantlets exposed to 0,0.125,0.25,1.0 mg+L" and 2.5 mg+ L' cadmium(Cd) for 5 d. Compared with the control, DNA damage and global
methylation rate were increased significantly with the increased Cd dose, and expression of cell division genes (PCNA 1 and PCNA2),
MMR genes (MLHI, MSH2 and MSH6 ), homologous recombination genes (RADS5I and BRCAI ), and non-homologous end joining
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genes (KU70, MREI1 and GR1I ) were followed an obvious inverted U-shaped dose-response effect of Cd exposures and a MMR>HR >

NHE]J sensitivity rule. The results showed that low—dose Cd result in easy—repaired mismatch damage, and high—dose Cd stress cause diffi—

cult—repaired chromosome damage and double strand break, which could accumulate and aggravate with the stress duration. In addition, the

expression of MSH6 and MLH 1 is the most sensitive indicator which could be a sensitive biomarker, applied to early diagnosis and risk as—

sessment of genotoxic effects of Cd pollution in ecotoxicology.

Keywords: Cd; DNA damage; DNA repair; cell cycle
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2.1 Cd BMEFHINE T4 &R R A KA #m

R 2 FrR, % B2 55 40 B 4 i e B R
2, 0.125 mg- L™ Cd XHUM TR RAEKA BEW
TEFEVE KBS RN 16.85%(P<0.05), 0.25 mg:
L7 Cd i X 9 AR R I sgm R BN e A K B S
XTI A B E 2R Mk (1.0.2.5 mg-
L7 Cd)XTHE 2 i A4 R B H S 28 A A R 24007, AR &R
25051k 52.56%( P<0.05)F1 65.17%( P<0.01)
2.2 Cd MBS HINE T 40 DNA #BRG1E R
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Table 1 Names and sequences of primers used in experiment

GIL/ BN S1YFHl(5'—3") e
UBQIO-F CTCAGGCTCCGTGGTGGTATG FRIEH
UBQIO-R GTGATAGTTTTCCCAGTCAACGTC
atMLH1(F)? GTAGTAAGGTCTTCTGTAAGGCA TS JEE, SR SIS T AR R 15 A e
atMLHI1(R ) TGCCATTCCAACATATGTGC
atMSH2(F )™ TCTGACTAGGCGAGTTCTT FEECE S SE T, RO S R 2 G | 200 B S R A DGR
atMSH2(R )™ CACCTCTCCAGGGAATCA
atMSH6(F ) ATTAGTTAGAAAGGGCTATCGGG FEBMESE L, S OO A IR S 4 A A O
atMSH6(R )™ AACAACTGCACATACTTCGC
atPCNA 1(F)® GTGACACAGTTGTGATCTCTG 25 91 0 JE B  DNA S 3k 2 e 1 e A
atPCNA 1(R )™ ATCACAATTGCATCTTCCGG
atPCNA2(F ) GATGAAGCTGATGGATATCGAC 25 40 i R A5  DNA &2 100 400 T2 A
atPCNA2(R )P GAGATCACAACTGTGTCACC
GRI-1" CAGCATGAGAAATCAGCAATCTCG NHEJ 2 5K i i ol Pt 1) B A A g™
GRI-2M" GGTGAGATGGAAGTGATAGGTGTC
BRCA 1-11" GTAACCATGTATTTTGCAATGCGTG Z:55 HR 7 DNA A UI5R A0 AR T DL R e (o e i 22
BRCA -2 GTGACGGATTATTCTGGCTAACG
RAD51-1" CGAGGAAGGATCTCTTGCAG HR [h7 kL
RAD51-21" CTAGAACTTTATCGAGCTCCCGTG
KU70-11" CGAGCTTCGTGAAACCAGAGATG 5 NHEJ i 2 H s 475 10 oter X 3B 354 o)
KU70-21 GTCATATTTTCCATCATCTGCGTCAC
MRE11-1" GTGATACACTTCGAGTACTTGTTGC WE NHEJ 348002 (1) — Rl B2 "

MRE11-2" CTGACTACTTGAAACTGCACTGG




638

YIEINCR RS Y 5 36 5% 4 H

&2 Cd AIEIHUE T B A 8RR IE
Table 2 Effects of Cd on leaf numbers and root length of
Arabidopsis seedlings

CAkliEmg L' WIBUE  WKdem  RIEA%
0 2 0.89+0.06 0
0.125 2 1.04+0.05* -16.85
0.25 2 0.93+0.05 -4.49
1.0 2 0.40+0.11%* 52.56
2.5 2 0.31£0.03%* 65.17

¥ FORHA BEZEF(P005);+ FoR HARBEZR(P<0.01),
T
Note : *Indicates significant difference (P<0.05 ) ; **Indicates very

significant difference(P<0.01). The same below.
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M J3 DNA marker(Takara DL2000), H- Bt MR E| /N5 5124 2 kb 1
kb.750 bp 500 bp.250 bp; A A Primer 3,B & Primer 11 8 RAPD &
it a~e 23R Cd PHAHEEH 0.0.125.0.25.1.0.2.5 mg- L, F[d

M stands for DNA marker (Takara DL2000 ) ; a~e for RAPD finger—
prints using Primer 3(A) and Primer 11(B) of Arabidopsis seedlings ex—
posed to 0~2.5 mg+ L™ Cd for 5 d, The same below

1 Cd BB 5 d JR#lE I+ 40 & RAPD Ei%
Figure 1 RAPD fingerprints of Arabidopsis seedlings exposed to
0~2.5mg-L"'Cdfor5d

ff FHREALE 4 Primer 3,11 §73¥ J5 () RAPD &3, 7£
200~2000 bp JEFEIN, FARUKIESA 10 500 A&,
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i, A B ORI ) 1 2 25 M Ak B A TR
0.25.1.0.2.5 mg- L™ Cd b B 2 25 455 Ko 43 )

187
16+
14+
= 12+
#£ 10+

S N B~ N
TTTTTTTTTT

0.125 0.25 1.0 25
Cd Ab A i /mg - L

2 Cd BB 5 d JFHIETT4h 8 DNA BEAL5 M1 8 5 51
Figure 2 Polymorphism variations detected by RAPD from

Arabidopsis seedlings exposed to 0~2.5 mg+L™" Cd for 5 d

10,1217,
23 Cd pMEX I EFYEHEEEFRARELNZ I
ik 3 Fros, W& Cd Ab PR FE A 38 i, 4005 57
Yy AL R A F AL A T, P SR R4
FIRRON e F . Cd a5 d 5, W B4 4 BL PR 20 H 0
1k Hy 20.19% ;0.125 mg - L™ Cd A FHZH 1Y 4 3 R 4H
FH AR 5 X A R 3T B 3 25 5+ 50.25 mg - L
b FRZH 42 BRI 2H BR300 25.94%, 5 %) B4 A 2
# 2 5%(P<0.05);1.0.2.5 mg- L Cd 2 FH )5 ARG I+ 4N
4 R 2H TP AR 3293 31 30.25% .32.30% , 5% BE
HA WP #2257 (P<0.01),

351 ok woE
301 *
i
201
151
10+

H AL 5-mC/%

[« W
T

0 0.125 0.25 1.0 2.5
Cd Kb PR /mg - 17!
3 CdRmE 5 d FHETTaEeERARELE
Figure 3 Global methylation levels of Cd—induced Arabidopsis
seedlings for 5 d
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1.0 mg- L™ Cd i F 235 5 1948 10 5 X BE 2 AH Eb 9
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3 g

3.1 Cd BMBIFESHAEIT4E DNA #Hif%

0.125~2.5 mg- L~ Cd Ab B 20 254600 5] 22 25 1 4%
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PRZA A AT I B 2 A0, FERTRE R IR — R AR F T
P HERE SRR Y LA Taq DNA G, 1175 RAPD [
T RSP AAR S 2 HR s 2, iUk
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[ 1 J ) 22 57« FEARVR JE Cd Wl |, e 5 d S5 %D
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Figure 4 Expression levels of marker genes from Cd-induced

Arabidopsis seedlings for 5 d
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SRR AR ST DA IR I AR FEACHIESY
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TEEAS . AN Pogribny SESIRIETY A B, 4 40355 14 /)N
FRURE DR LAY B4k 5 DNA 80518 5247 5K s Silva S5
WK, B ACH Bk 5 45 B A . 4R
T, T e i R 2 5 B PR b IR R S A, #R 25 3
TN PR ZH AR 1, DR A 3 5 | RS ) el A AR B L it
A5 T A B, AEARWEIE T, Cd JhE 4 i R A
IR P A (HHGR] B0 A8k a3 5 RAPD Z52R
— 3, ULUIRE Cd P8 ry3 R , s Ae i s 5 SL 4R
FE TERE (2.8 3) . BIRZE RAEC a7 5
B IRt A R
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RUZH B A T, S A& 58 HPLC 75 \MSAP
P DA A S 0 38 2 Hif & e 1Y) MSAP-PCR 5 15714
Pl SR TR B, O B TR | A . SR, Bk
SUTE T ICIAG I H LA R AR e 25 BRI 4
SRR #& A4 K S L DR 20 R A O, LA adt & R
AR PR A
3.3 Cd BrBIESPIETT 48 DNA EEHLH KA
JEVEA Nia Rz

Ha5E A0 B AZ Pr R (Proliferating cell nuclear anti
gen, PCNA) S A7 T T A EAZ A= Wy A A v i) — Fif
HOREY ., 25 AR E G1 I S M4 A2 K
PR R Z —P9 7 DNA & 5185 h il A i
FHEBETE AR &4, K600 PCNA JEAIF5E 40 I 386 58 335 7 5
2 SRR %) AT 5y i FEAU R ST R PCNA g ] 5
[Koh PCNAI #1 PCNA2, — #1325 DNA 165 K
LR AR AT AR Cd AR o 0.125
mg- L7 I, 3X 2 AR 1 R 24 W] 3 fn (1] 4A ), Fifi
JEITU TR, # 2.5 mg- L7 I 2532 2 B AW ,
WM BE Cd i fE SR I A A, B I ik J3E 1
Jrdd B AE IR, SR R AR K —E(5R2),
HPIRIEERAE Cd Bhif 60 hEWHIRE I 4l vh A i
1A,

ABFFEIE L 73T DNA $505518 52 AHSCBE DA iy ek

TEOL, NS M ERE T Cd i T Hlr I 4)
B DNA #5100l . AWF5R & B (OMRHEE Cd e
TG EBIF T4 ) DNA S50 Hith, Tt
AlgE MMR R4 642, Itk MMR 25K MLHI MSH?2 ,
MSHG6 1 0.125.0.25 mg- L™ Cd Ml R 221k 8 248,
AR MMR RGAE R B RLIS S 30E DNA #4556 56
U BELVRT 240 JE S B R R TR v BEAR B 5N L 5
S, T B A JR SO BEL s R AL T AR e 35 T
PCNA 1 .PCNA2 JEH [l 23638 (S ] DNA 4 3t
), SRR T e A5 405 1% 200 A SR S0 B | i L —
T A A R SRS T IR ST Al AR K (2)
Bl Cd BB, 75 40 m I 4 i AR g e AR i 4
FG 2245734 50 B4, FRINAE [R5 2 20 ANl [RVER o
HEFEAHOCHE R I FRIBHG NN 5 73 40, I PCNA 2 BRI ik
REARC, 2000 60 ) A oy s B BEL AR, 44 2408055 L AR K32
S (F 2)(3)4 Cd Ak ik E] 1.0 mg- L™ B,
MMR J [R5 52 2B B0, 1 BRCA 1 JER Rk i
KB ARAE, VLB IR B B R 2 2, 2 5
DNA #5182 1 & HR 5 NHE] 428, 185 Rk &
2.5 mg-L™' Cd AT, BT A 1852 15 40 i i I AH G 6 1A
FIRYIH R T 4), ULRA LI DNA #5145 ™, 7]
REAE 2 B DA B sl DGR BE R & 32 20 , B fy
BRI o X 5ASCH DNA 5145 LA F 3
AR AE IR BE T BH B35 in 25 SR — 2
3.4 DNA {78 E B ERIFIEAFT Cd BviE B RS
EMERICY

A= R AT R = RS A A W AR SZ B 2R
BEIa RO, FEREBUR AR IC Y C s 545
Y2 Wi FaE B PRAE ST R I s 22— AR FSE 4
KR, AR IT A Cd a5 d 5, B an e
(IBETI , 25 P16 52 i R Fah AR Ak i A S Gk B 1)
3¢ J5 W K :MSH6 MLHI RADSI MLH2 MREII .
KU70 .BRCA1 .GRI. 7EX} Cd Wria U |, DNA 4
Bits 5 2 45 Bk £ 5 MMR>HR>NHE], H,
MSH6 F1 MLHI 3£ AE 0.125 mg- L™ Cd 8 T 235
ZR iR 1 1.5 500 F o MSH2 BIRE Ele &
()38 25 5, (H LI AR BRAE 0.25 mg- L, ZERUSE
55 F MSH6 MLHI 3[R . X W] fgJ&[F 2 MSH2 5
MSH6 HE[RJE il MutLa &2 A-44, T MSH6 FEAT 5%
UEHTR Cd (1 aa $EA7 831, DT B0 MSHG6 1)Uk
PR T MSH2., 2545 ABE5ER 8 4~ DNA #4531
2 FERAEXT Cd il BUSNE 5wy 2 5k AR B,
MSH6 MLH I SR RTAE R ARG ST Xt Cd if Ui



S, 5 Cd WA SHIRIT AN DNA H55 57 641

EX /LN 7/
4 Hig

(1)Cd(0.125~2.5 mg- L) 5 d J , i3 ok o5
MK, BIRSIFANT 230 DNA 45 F1 R WAL 3 455

(2)7EXF Cd Wrae fBURREE I, BRI JT DNA $ifsis
55 A5 R FEI S MMR>HR>NHE] , #5F Cd hif &
EL5| i DNA B5ECH , Rt K . BEE Cd Phia
e BE R, 235 12 DNA W5 ge 445457 , M1 i
S S A BE A5 A A

(3) A SCRGIN (1% 200 A JE] 39 Je DNA $5 495 % 4 6 1A
) ZRIRIT 5 Cd ok v B i 1 in 2 B 5 g 31 U 78 54
RN G R AR A B 018 5 SRR TR s AR fb it DA Sk
FNE(E SIS IUT SR ST 4l B MSHG6 MLH 1 JER 1
FEIRX Cd W S5 R U, WTVE S RTIN Cd e X i
Wi A B PR8N 1 BUBAE WIbRic )

S 3Lk

(1] PEZR T, FHa e, SHE, 55, 4k 2 s Yo SR e is Y42 4y
HTlIL. KRB, 2016, 22(12) :87-91.

PANG Rong-li, WANG Rui-ping, XIE Han-zhong, et al. Analysis of
cadmium pollution in agricultural soils and analysis of its way of pollu—
tion[J]. Tianjin A gricultural Sciences,2016,22(12).87-91.

[2] 47K, KAL&, = . TPV R[] sh B R,
2005,26(5):49-51.

DIAO Shu-yong, ZHANG Li-zhi, YUAN Hui. Research Progress on the
mechanism of cadmium poisoning|J]. Progress in Veterinary Medicine,
2005, 26(5):49-51

[3] Adams S V, Barrick B, Christopher E P, et al. Genetic variation in met—
allothionein and metal —regulatory transcription factor 1 in relation to
urinary cadmium, copper, and zinc[J]. Toxicol Appl Pharmacol, 2015,
289(3):381-388.

[4] Virani S, Rentschler K M, Nishijo M, et al. DNA methylation is differen—
tially associated with environmental cadmium exposure based on sex
and smoking status[J]. Chemosphere, 2016, 145:284-290.

(ST 5, Ffbi, K G, &5 eEIT MLHT 345 3l 5 1P B4k
b 3E AL AR LT T T A [T, A2 A5 SR 2R AR, 2016, 35(5) : 1386~
1393.

HE Lei, WANG He-tong, SONG Jie, et al. Methylation of MLHI pro—
moter in Arabidopsis thaliana as a biomarker of cadmium stress[J]. Chi—
nese Journal of Ecology, 2016, 35(5):1386-1393.

(6] ThF1F, A3/NF-. 48 RS /I 4y i AR (53 i K HS DNA L5380
WS LA 2R, 2006, 26(4) :729-735.
MA Yin-li, SHE Xiao—ping. Effects and DNA damages of Cd** and AI’*
in wheat seedlings|J]. Botanica Boreali—Occidentalia Sinica, 2006, 26
(4):729-735.

(7] SKIBLL, M %, TR R AL, 4. 5 &R T (Vicia faba) ' i DNA $i4);

FIANIE I T-RFE . PR, 2006, 27(4)  787-793.

ZHANG Xu-hong, LIN Ai—jun, SU Yu-hong, et al. DNA damages and
apoptosis induced by Cd in the leaves of horsebean Vicia faball]. Envi—
ronmental Science, 2006, 27(4):787-793.

[8] Pierron F, Baillon L, Sow M, et al. Effect of low—dose cadmium exposure
on DNA methylation in the endangered European eel[J]. Environmental
Science Technology, 2014, 48(1):797-803.

[9] Liu W, Li P J, Qi X M, et al. DNA changes in barley( Hordeum vulgare )
seedlings induced by cadmium pollution using RAPD analysis[J].
Chemosphere, 2005, 61(2):158-167.

[10] Wang H, He L, Song J, et al. Cadmium—induced genomic instability in
arabidopsis: Molecular toxicological biomarkers for early diagnosis of
cadmium stress[J]. Chemosphere, 2016, 150:258-265.

[11] Hsu T, Huang K M, Tsai H T, et al. Cadmium( Cd )-induced oxidative
stress down-regulates the gene expression of DNA mismatch recogni—
tion proteins MutS homolog 2(MSH2 ) and MSH6 in zebrafish ( Danio
rerio Jembryos[J]. A quat Toxicol, 2013, 126:9-16.

[12] ASE0%, BRN, 48 K, 55, T4 Cd i axg =LA KRIAR & DNA

L0 KT AL R P B 52 D). AR B IR S R 24, 2014, 23
(1):58-64.
ZHU Mei-lin, WEI Fu-gang, CUI Bin, et al. Effect of soil Cd stress on
growth, root system DNA damage and antioxidant enzyme activity of
Panax notoginseng|J]. Journal of Plant Resources and Environment, 2014,
23(1):58-64.

[13] Filipic M. Mechanisms of cadmium induced genomic instability[J].
Mutation Research, 2012, 733(1/2):69-77.

[14] G 3CLL, B fi. BRCAT Fuk K 41 % 2 PE[T]. i E, 2003, 22(3):
331-335.

FAN Wen-hong, ZHAN Qi-min. BRCA I and genomic stability[J]. Chi—
nese Journal of Cancer, 2003, 22(3):331-335.

[15] /¥R 25, 154 —. DNA XUBEWT LA AR R R s 3B 0], 2L it
2,2014,26(11):1157-1165.

YAN Zhen—xin, XU Dong-yi. Role of nonhomologous end joining path—
way in the repair of DNA double—strand breaks|J]. Chinese Bulletin of
Life Sciences, 2014,26(11):1157-1165.

[16] Roth N, Klimesch J, Dukowic—Schulze S, et al. The requirement for re—
combination factors differs considerably between different pathways of
homologous double—strand break repair in somatic plant cells[J]. Plant
Journal, 2012, 72(5):781-790.

[17] Jia N, Liu X, Gao H. A DNA2 homolog is required for DNA damage re—
pair, cell cycle regulation, and meristem maintenance in plants|J]. Plant
Physiology, 2016, 171(1):318-333.

[18] Yuan D, Lai J, Xu P, et al. Atmms21 regulates DNA damage response
and homologous recombination repair in arabidopsis[J]. DNA Repair,
2014, 21:140-147.

[19] Kandasamy M K, McKinney E C, Deal R B, et al. Arabidopsis actin—
related protein ARPS in multicellular development and DNA repair[J].
Developmental Biology, 2009, 335(1).:22-32.

[20] Liu W, Yang Y S, Li P J, et al. Risk assessment of cadmium—contami—
nated soil on plant DNA damage using RAPD and physiological indices
[1]. Journal of Hazardous Materials, 2009, 161(2/3 ) :878-883.



642

YIEINCR RS Y 5 36 5% 4 H

[21] Keller M, Kralisch S, Rohde K, et al. Global DNA methylation levels in
human adipose tissue are related to fat distribution and glucose home—
ostasis[J]. Diabetologia, 2014,57(11):2374-2383.

[22] Liu W, Yang Y S, Francis D, et al. Cadmium stress alters gene expres—
sion of DNA mismatch repair related genes in Arabidopsis seedlings[J].
Chemosphere, 2008, 73(7):1138-1144.

[23] Wang J, Huang S, Xing L, et al. Role of hMLH1 in sterigmatocystin—
induced G, phase arrest in human esophageal epithelial Het-1A cells
in vitro[J]. Toxicology Letter, 2013, 217(3):226-234.

[24] Edelbrock M A, Kaliyaperumal S, Williams K J. Structural, molecular
and cellular functions of MSH2 and MSH6 during DNA mismatch re—
pair, damage signaling and other noncanonical activities[J]. Mutation
Research, 2013, 743/744 :53-66.

[25] Xue C, Liang K, Liu Z, et al. Similarities and differences between ara—
bidopsis PCNA 1 and PCNA 2 in complementing the yeast DNA damage
tolerance defect[J]. DNA Repair, 2015, 28:28-36.

[26] Lafarge S, Montane M H. Characterization of arabidopsis thaliana or—
tholog of the human breast cancer susceptibility gene 1:AtBRCAI,
strongly induced by gamma rays[J]. Nucleic Acids Research, 2003, 31
(4):1148-1155.

[27] Rein K, Stracker T H. The MRE11 complex: An important source of
stress relief[J]. Experimental Cell Research,2014,329(1):162-169.

[28] ZEJE I, SRALHK, 745 1. 3% PCNA BRI $2 1 DNA $1451
ZHLHII]. ARk, 2014, 26(11) :1143-1156.

QIN Zhou-shuai, ZHANG Chuan-lin, XIAO Wei. DNA damage toler—
ance controlled by PCNA post—translational modifcations[]J]. Chinese
Bulletin of Life Sciences, 2014, 26(11):1143-1156.

[29] Ou X, Zhang Y, Xu C, et al. Transgenerational inheritance of modified
DNA methylation patterns and enhanced tolerance induced by heavy
metal stress in rice(Oryza sativa L. )[J]. PLoS One, 2012,7(9):e41143.

[30] Li Z, Liu Z, Chen R, et al. DNA damage and genetic methylation
changes caused by Cd in Arabidopsis thaliana seedlings[J]. Environ
Toxicol Chem, 2015, 34(9):2095-2103.

[31] Jiang G, Xu L, Song S, et al. Effects of long—term low—dose cadmium
exposure on genomic DNA methylation in human embryo lung fibrob—
last cells[J]. Toxicology, 2008, 244(1).49-55.

[32] Zang H, Goodenough A K, Choi J Y, et al. DNA adduct bypass poly—

merization by sulfolobus solfataricus DNA polymerase Dpo4 : Analysis

and crystal structures of multiple base pair substitution and frameshift
products with the adduct 1, N*—ethenoguanine[J]. Journal of Biological
Chemistry, 2005, 280(33):29750-29764.

[33] Pogribny I, Raiche J, Slovack M, et al. Dose—dependence, sex— and tis—
sue—specificity, and persistence of radiation —induced genomic DNA
methylation changes[J]. Biochem Biophys Res Commun, 2004, 320(4) .
1253-1261.

[34] Silva T D, Vidigal V M, Felipe A V, et al. DNA methylation as an epi—
genetic biomarker in colorectal cancer[J]. Oncology Letters, 2013, 6
(6):1687-1692.

[35] Aypar U, Morgan W F, Baulch J E. Radiation—induced epigenetic al—
terations after low and high let irradiations(J]. Mutation Research, 2011,
707(1/2):24-33.

[36] ¥ 4x %, MIZRRE, 38 SCH, 4. SRl T~ 3 IR 20 DNA H AR
S 18 Z 35S BT, M)A B 3 F AR S 3R, 2007, 33(3):
219-226.

YANG Jin-lan, LIU Li-wang, GONG Yi—qin, et al. MSAP analysis of
genome in radish under cadmium stress[J]. Journal of Plant Physiology
and Molecular Biology, 2007, 33(3):219-226.

[37] EfGHE, ] 7, K 2N, 5. Bk MSAP-PCR £AR N F Cd A
THIRIIT DNA HUEAL AT [I]. ML BSR4, 2015, 34(8):
1618-1624.

WANG He-tong, HE Lei, SONG Jie, et al. Assay of DNA methylation
in Arabidopsis under Cd stress using improved MSAP-PCR technique
[J]. Journal of A gro—Environment Science, 2015, 34(8):1618-1624.

[38] Pena L B, Barcia R A, Azpilicueta C E, et al. Oxidative post transla—
tional modifications of proteins related to cell cycle are involved in cad-
mium toxicity in wheat seedlings[J]. Plant Science, 2012, 196:1-7.

[39] Amoroso A, Concia L, Maggio C, et al. Oxidative DNA damage bypass
in Arabidopsis thaliana requires DNA polymerase N and proliferating
cell nuclear antigen 2[J]. Plant Cell, 2011, 23(2) :806-822.

[40] Liu W, Zhou Q, Li P, et al. DNA mismatch repair related gene expres—
sion as potential biomarkers to assess cadmium exposure in Arabidop —
sis seedlings[J]. Journal of Hazardous Materials, 2009, 167(1/2/3) .
1007-1013.

[41] Giaginis C, Gatzidou E, Theocharis S. DNA repair systems as targets of
cadmium toxicity|J]. Toxicology and Applied Pharmacology, 2006, 213
(3):282-290.



