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Effects of Cadmium Stress on Oxygen Enzyme System and Genome DNA
Polymorphism in the Root Tips of Strawberry Plants

LI Hui'?, CONG Yu’, WANG Hong-wei', CHANG You-hong'*", SHENG Bao-long', LIN Jing', and
WANG Zhong-hua'

('Institute of Horticulture, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; *The Key Laboratory of
Jiangsu Province Food Safety, Nanjing 210014, China; *Institute of Soil Science, the Chinese Academy of Sciences, Nanjing
210009, China)

Abstract: Fragan x ananassa Duch. ‘Toyonoka’ plants were exposed to 5, 10 and 15 mg - L™
cadmium (CdCl, - 2.5H,0) for 6 d to investigate the influence of heavy-metal Cd on root tips, which
included DNA polymorphism change and oxidation systems damage. In addition, above indexes were
analyzed by physiology biochemistry methods and random amplified polymorphic DNA (RAPD )
technology. Cd induced an inhibited effect on root growth and soluble protein content, which also
accumulated reactive oxygen species outbreak including superoxide anion production rate increased and

hydrogen peroxide content enhanced. At the same time, antioxidant enzymes ( SOD, POD and CAT)
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activities also decreased. Moreover, DNA hyperchromic effect reduced after 6d on 5, 10 or 15 mg - L™
Cd treatment. Finally, RAPD results showed that 8 primers gave a total of 88 RAPD bands ranging from
150 to 3 500 bp in molecular size in the normal plantlets. The changes occurring in RAPD profiles of the
root tips after Cd treatment, which included loss of normal bands, appearance of new bands and variation
in band intensity in comparison to which of the plantlets without treatment. It is need to point out that the
RAPD band change effect was dose-dependent of Cd concentration. These results indicated that genomic
template stability (a qualitative measure reflecting changes in RAPD profiles) was significantly affected by
the above Cd concentrations. Reactive oxygen species outbreak and DNA cross-linking were the main
reasons which causing the root tips damage. Thus, DNA polymorphisms detected by RAPD analysis could
be used as an effective method for the assessment of the root tips damage by Cd in strawberry plantlets.

Key words: Fragan x ananassa Duch.; Cd stress; reactive oxygen species; antioxidant enzyme
system; DNA polymorphism

W (Cd RRFRESETE, NARZEED . 30 WESaERFHER. R, Tk “ =
J 7 R T A S S R AR AR HE S LA B A AR e AR 2 A A 22 A P Sl B T AR RS G H S
i, LA G AR AR Tl A A e A TG 3T X B A 7 CBRPRAR A, 2005 BRFRAE AF,
2006; TG 4%, 2006; Cao et al.,, 2009). HEEEEZFEF /KR, RLBEMEit, MK
18, AT BRIk s I I T, FRIE A2 AR PR T AR R . DA IR B 3 A 458 )
SRR, SRR A PRI R AR R (PSRN S, 2006). HETKT Cd *f A S Mbam
L4332 T (Cieslinski et al., 1996; Treder & Cieslinski, 2005; FZ435 %%, 2007), HRAE(R
WREEI CA AFAERS LR, R B R, (H2 SRS P& O [ pr fr ik i & 11 4 ed
PR (BRE% 55, 2003), X—FEMETTRE S EURIA G G800 1) 38 Cd ¥ JetRavd i 34 0 50 ag 7= b
Z Cd iR . BAEZ R Cd V53 )a, AMUSEmIL = s iR, B ERE Cd H5HALE SR
TCEAHLCE G e A S R R, JEE IS B e T N R . AR T A PR e e e A 1 B
AEYR I Z BB S, WICPOEVHN SR Cd V5 T

BEALY BEDNAZ P50 #1 (Random amplified polymorphic DNA, RAPD) CUE M2, #tfb.
oA B SRS B2 N H AT AR STTE G B0 = SR AR AN R SE R 4L DNA 2 451
(R JRH) W (Liu et al., 2005, 2009; fi#Fils 55, 2007). DNASE AN AR 0 HIBTDNA
P (A AE R AR AR AUE A 202 N, B THEDNA AN Ak, BT E AR
Cd™*. Hg™"v AP*, O CEABR 2%, 2002; D5 FIRIS/NF, 20065 5K CERIZE AL 2008). UV-B
AT FINaCIUE (B RFIR S22, 20060 Frol M EYDNASS BN, . ¥ iz H H A 2 A=Ak 7
HIRAPDHI A, WEREARSIE FESECN FEARAE K, P RGN ZIDNASZ# G 1E O,
DAPRISS R 00 Y. C Y Je () A SR A AU, O B 2 = i b Cdys e 1) S DA DA S ) 25 2 A i 4
LR I

QY VR SRS DARES

1.1 #MEEFR
I T 2009 F 2—7 HAEILHA R E B bd ZRF 5 pridifr, %4 (Fragan x ananassa
Duch.) fhFlch ‘FF . EUEEMERR S R BRI M, frghi K e = —0n, EREKHAR
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I KA —SBIAE B RN S AR, HAR 21 em, & 15 ecmPIEAE, 227 1 8550, 400 mL#&
WK LRI 1/2 Hoagland®5 3590, V5 4MILACAC], - 2.5H,0 (43#r4l) LA mEE 2uoh, ik 4
ANHRSE: 00 5. 10 fil 15 mg - Lo ACHIY A AR FEIRRE FRATIOIRIE (26 + 0.5) °C, JEIREN 14 0/10
h OIE/MHED, JE5i4 500 pmol - m™ - 57
1.2 R, EHEEMRELEEENE

CAALHE 6 dJ B BEAE L I e KR K (BRAREE 30 #F), FFiHSCdxt R A K ambl . il
(%) = (1 — ACBRALSFEIE /A ALFEIED < 1000 MK SRR 228 7K bR &, I FIoK
AR TR T, WERARAS (1 em) I TFAFFEARIIIME o DLA M35 8 AR v, WU 5E nT s i 2
F 5 (Bradford, 1976). HAANIE 7 (0p) y= A (1 e 4% I8+ 52 EA 24 (1990) B2
JilE i, TEAE (Ho0,) & & HE %  Ferguson®s (1983) U5k, FAENRYE, kst
. BEAEALEE (SOD) ETEARHE HANHIZ S DU (NBT) 86 I3 SR A FH R A o B P K
/N (Giannopolitis & Ries, 1977), LIHIHINBTIA 5K 50% K —ABEGEPE AL, WAL (POD)
TR S SR FH AR I (Linetal., 2007), EAH,OoF4EMIEOL T, PODAF@AIARMEAL, A0k
FHGEYT, T 470 nmib e A GELENE 3 min) RETIIBGEE M. 40 E R (CAT) i
PEFE R 2R AESE (2008) 17535, LA 15 s anms|],  [AIRE 30 st 240 nmiZE 20 6 4 Hds .

1.3 DNAIRENFNIE & 3Lzl E

FAGHLISDNASEBUCR ] 2 L CTABYE (Saghai-Maroof et al., 1984), HU&ALFDNAFES 2 4,
B4y 10 uL, ¥T 1 mL (0.08 mol - L") NaCl #¥irf, —7E 70 CARBHMM, %48 T 5=
(24.5 C) T, 30 min5 7 BIAEZRRLN{Y (Eppendorf biophotometer) il i€ Asgos LAL (Aggo70 ¢ —
Anso2as ©) /Ans02asc] x 100 YENDNABG RN Fabr (5| R4/, 2006),

1.4 RAPDHHFIEEAERIEEMHITE

N TR RAPDE R B M 22 . AR S, 18T 3 SO S M 30 4% 10 bpRfHL5|
YrpiE s 8 ARENSIRIF M EIALG S5 RIIRAPDSY) (W H LR AEMHEART WA, JPylik
Do SRS NI G, FF LA 23 T ARAE B AE Jy i, 50 L PCRIEA R - His)
Y1 f%: 2.5 uL 20 pmol - L™ BEKLT 4, 4 pL 2.5 mmol - L' dNTPs (4 Fftpli /325 B8 /K4 ) (TaKaRa),
5uL 10 x JRMNVZEM, 5 U Tag DNA polymerase (TaKaRa) 1200 ng JE[KZ41 S DNA. § R
94 CYAEYE 5 min; 94 ‘CAZ% 1 min, 38 CiE‘K 1 min, 72°C#EM 3 min, 35 AMEH, &JG(E 72 °C
R 10 mine BEECHIYIIYHE 3 K. RAPDY 3 F B 1.2% Bl vk )5, SR mG
A4t (Tonon 2500) HEATHMUORAE . BERA AR €t (GTS) HFUHH: GTS (%) = (1-P/n) x
100 (Liuetal., 2005, 2009), X HPAHAFELRAPDZ AVEREA K, Bl 556 BAZEL AL L A BRAF B H 0
(R RIS 2k IR PCRAE 5 2 R, 0k o) B2 () i ity 4

% 1 RAPDIRIFTRBENIIHFFI

Table1 Sequences of 8 primers used in this RAPD experiment

GlL/E e IFE (5'—3" GIL/E e SIFH (53D
Primer No. Primer sequences Primer No. Primer sequences
Primerl GGACTGGAGT Primer5 AGGGGTCTTG
Primer2 GTCCACACGG Primer6 GGTCCCTGAC
Primer3 TGGGGGACTC Primer7 GTGATCGCAG

Primer4 CTGCTGGGAC Primer8 TTGGCGGCCT
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1.5 BRSNS

R PR 3 IRER, BCOPERAESNT, B PER A SPSS11.5 1) ANOVA, H
LSD &5 38T 2 H Lh

2 HiR 50

21 HABNMESHEREKMAAMESS M

Cd Ab RN A S AR AR, FRBAR BRI A 2k, B AR 5 A3, i/ FH o 3
B (R 2). Cd ABER IR XT B R4 AR AR ATV M A A5 B AR SR T e, B A BRI P 0, AR
RIPTIEMEEOSE N (K 2), HH Cd IREERIMEPE S A& 52 A7 3 UG, R Cd
TR 55 RAE ) AR I AT R B 1 0T B B (A A B S (R R B RN G R

2 BAENESSERKNRATEEEOSENRM

Table 2 Effects of Cd on root length and total soluble protein content of root tips in strawberry plantlets after treatment 6 days

cd/ R Root 4R Root tips
(mg- L™ £fem I % AT/ (mg - g FW) I %
Length Inhibitory rate Soluble protein Inhibitory rate
0 13.48+1.83 a 3.27+0.19 a
5 12.05+£1.70 b 10.61 2.85+0.15b 12.80
10 10.86+0.81 ¢ 19.44 2.50+0.05 ¢ 23.58
15 9.25+1.38 d 31.38 2.2240.10d 31.92

E: B NG PR 2257 8% (P <0.05) o R

Note: Different small letter in the same column indicate significant difference (P <0.05) . The same below.

22 WRAEIIEFHESBAMMELEEEAS

H T VR CAX B A Ay w I K AP E, E T REARAR R 1 O 7 AR T FITH, O, 15 B o RME NN

BIRW 6 dfb, RIS IO AR AR IO LS 8 I, JF FLBEAG A 3R B I B I £ . ARSR
H202 AL B CAAL T FEMT, ARV AL FE FFH, O0 7 & 43 il BN RIS I T 53.27%. 120.10%F1
200% (5 3). SODW LAHBRAN LN = A= 10;, BRHEMCAE TR 6 dfa, HLERIH SODIE A B
N, AN AL P S SODIE 23 il A KR IR 95.10%. 83.31%A11 74.97% (4% 4). PODFMICAT A4y
it H, O, I =B PAACIEE, SN INCAAEHE S, PODFICAT 3G i, (H R[] Ab B B PODE 1 2
SEIFA R, MCATHITEYE D5 T 32.10%. 45.93%A1 58.27%, K F&IEE 5 HIK B EM % (£
4),

£ 3 RAENERLERRBERHZE

Table 3 Effects of Cd on reactive oxygen species of root tips in strawberry plantlets after treatment 6 days

Cd/ (mg-LY 03/ (umol - min™ - mg'protein) H,0,/ (pmol - mg ' protein)
0 1.59+0.07d 1.99+0.22 d
5 2.13+0.10 ¢ 3.05+0.25 ¢

10 3.48+0.20 b 4.38+0.33 b

15 4.34+0.14 a 5.97+0.54 a
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Table 4 Effects of Cd on antioxidant enzyme activity of root tips in strawberry plantlets after treatment 6 days

Cd/ (mg- LY SOD/ (U - mg'l protein) POD/ (AOD4y - min™ - mg'l protein) CAT/ (AODyy - min™ - mg'l protein)
0 62.37+5.72 a 1.844+0.18 a 4.05+0.38 a
5 59.3146.68 a 1.83+£0.24 a 2.75+0.18 b

10 51.96+3.85b 1.49£0.19 a 2.19+0.22 ¢

15 46.76£3.60 ¢ 1.48+0.45 a 1.69+0.30 d

2.3 DNA &3y

FIHCTABESR I () A AR RDNALL A 1.77 ~ 1.81 (ODagy nm/ODago nm) 1), WKEEZI K 10
ng - g FW, BRI ik 45 B i RDNAKAT 5238 (B 1), RHLIDNAF =BT, #H T 5 4k
18 530N FIRAPD 43 #7

Bl €650 ] S BRDNA AR BERESE , TTDNAMRBERE 5 S A BE (M) A BRRE 25 0%, DNAWTZY
SR AR e DRI T 38 € 2K N s DN ) A2 IR U488 €28 Y 1 e, R AP A A 34 €2 20 &5 SR T LA
KTDNA & 15 Wr 2 ulo kA BRI AT BRZE 3475 %Y. (Koch & Giandomenico, 1994). {HEWrZLFIAZ BEKIFE
FRAR R ), Wn R ROV AH Y, 38 RN A AN R AE R o CAAbER 5 A2 4 T DN A (A 30N T
B, I HAFAERERONY, GAC Bk B N3] 15 mg - LN, DNABG (2408 d A kL BEAT ) 12.25% T B
A 1.29% (FE2), UiHHCAAHE SRR 4R RDNA K AL T 5Em 2T EE, M DNA R 3 =,
SHAEMFAZE 70 “CIFDNAIAR 5E AR EE, KT DNAB (30N A8 /) o H - Cd> 4 7] gt 7] I S 5 DNA
WLk A, i LA BEDNASE €250 35 I P 38 R e DN A (0] <SS 6 (5 T i, 255 R I DNA
BN R R, RIDNABEMAZ B CAFME N H A %) AR ISDNAI S 1 LN 2 —

Cd/(mg-L")
M 0 5 10 15 15
2,700
23 °
£
23130 bp —» g =
9416 bp —= gZ 6
6557 bp —= s & °
57 bp EI‘

4361 bp —=

2322bp —=

0 5 10 15
2027 bp —=
3 Cd A(mgL™")
B 1 CTABZZRBMEELERL DNA B2 CdEELHEIRLR DNA HEEME KT
Fig. 1 The root tips genomic DNA of strawberry plantlets Fig. 2 Hyperchromicity of the DNA in the plantlets root tips of
extracted by CTAB method strawberry against Cd

2.4 SRALIEXTEELHEDNAZ 7SR

RAPDIRES T HIIK 8 4% 10 bpSEA% ¥R 7 4115 | W35y ml LAy 38 th ke e A5 2 (PCR™“ W) A HE AR
RIEFZADNAFRAPD 1 rhm] 23 #f 88 45ty o ook 3 K/INE 150 ~ 3 500 bpz [i], - H 4%
W (% 5), RUHEMPCREA: TP BB A, 5~15mg - L' CAbM B RLNE 6 d, HARZR
FENZ4IDNAIRAPD I i e A= BARAE (] 3), R H4 B L 4ARAPD A Sk #n, Ba%
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JEHRFERIAE CALFRIRITERIE D . DNAZ A1t T RAPD 7 (19 hn ks 7= A2 1, B07E 5+ 10
F 15 mg - L CARLFL 4N iR &R 34 Brsfiin, Cd 154 6 dJS %) AR RIENAIDNA L SR (£
AP EP b R ZLE S T B K ) 23k 22.73%- 59.09% F1 61.36%, SCAFIEAHK. b
Gb, BRFHETIRASIE N IR AR e E (GTS) ZRCAALBEI R, & BEAE S InCdF) & 8 N T B,
5. 10 3% 15 mg - L' CAAbBIREAE 40T 6 dJs, GSTZM AN 77.27% 40.91%F1 38.64%.

% 5 FRBRELENEFRREFHEADNAS SR
Table5 Effects of different Cd concentration on genomic DNA polymorphism of root tips in strawberry plantlets

514 CdOmg-L" Cd5mg-L" Cd10mg-L" Cd15mg-L"

Primers + - 1 D + - 1 D + - 1 D
Primerl 18 0 2 3 3 3 12 3 2 2 11 2 3
Primer2 9 0 1 1 3 2 0 4 2 10 3 0 5
Primer3 8 0 2 2 5 8 4 1 2 1 5 0 3
Primer4 12 0 6 2 4 0 7 1 4 0 3 2 6
Primer5 12 0 0 4 6 1 5 2 5 0 1 0 10
Primer6 11 0 1 1 2 0 2 0 8 0 7 0 4
Primer7 11 1 1 3 4 1 4 0 7 0 5 0 7
Primer8 7 3 3 1 3 2 1 2 4 3 3 0 3
MilTotal (n) 88 4 16 17 30 17 35 13 34 16 38 4 41
P 20 52 54

C 67 99 99

TEe o+ BB - WARIAEG L SO & EG D SO ARG P ZEM A C BN
Note: +. indicates appearance of new bands; —. Disappearance of normal bands; I. Increase in band intensities; D. Decrease in band intensities;

P. Denotes polymorphic bands; C. Varied bands.

8 S BEALAT IR T4 5 |0 B AE AR DNA I 3 R4 A A (B3, % 5): £ 10 fl 15mg - L7
CAXLFRA], RAPDIEGHT HOB A 52, W10 mg- L AMBRALZ51H) 1 § 155 3 40l
G143 15 BT 8 4kt 15 mg - L ANFAIZ S 2 R H T 10 Z4EA1, 514 8 I 4
T 3 4k

I 5+ 10 A1 15 mg - L™ CAALFI 5 3t 1l AR JSDNA T R APDE 5 KBk, W1 5mg- L7
REFRNLE5 1) 4 5B 6 43875, 519 8 IR HLK 3 4 10 mg - L ACFRLL S| 1.
5193, 514, 515 RIS T RGBT 120 4, 7. 5 A4 A, 15 mg - LT ALRRZ
511, 512, 5193, 514, 516, 517 MG 8 IS5 R T 11. 3. 5. 3. 7. 5
IR S

RAPDIEAT IR AR AL J7 R FAAE 5,10 F1 15 mg - L' CAALFRZAZ 549 1 Mg 19 4 § 15594 1
~ 3 ZARAPDI 7 2 EA FTH N, 1fi 3 ANMEFLLAAETIY) 1 ~ 8 G4 4F T, #RRILH B B I RAPD IS iy
SR RBROLS, 5. 10 R 15 mg - L CAAbEE G (A RARDNAZ S [ 5 55, 54 6. 5 A
10 ZRAPDE 5 52 AR T X e FHE T %0, A5 140 0] LIS 36t DNA— S 45 84 AN R 5 143403
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2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

E3 CdiamEyEERREEZA DNARAPD EEHIZN (WL Primerl 2R A6
M1 2y DL 2000 DNA marker; 1. 2+ 3. 4 251378 04 5. 104
15mg - L-1 Cd 4bHJS AR DNA #1945 4L .
Fig. 3 RAPD profiles of genomic DNA from root-tip of strawberry plantlets exposed to varying Cd concentration
(taking Primerl amplified results as example)
M1: DL 2000 DNA marker; 1, 2, 3 and 4 indicate 0, 5, 10and 15 mg-L" Cd

treatment root tips amplification results, respectively.

3 e

RAPD HiAR CUII AN TR IE e HA IR %2, WSS 2 Phys Y (e e 2 5 4
XAV DNA RSB ISR, SRS L dE e v (R ERE AR A
tb, RAPD BEALIN H AP 4i i DNA (IR AR 40 1 7RSI DNA BERR 1 de e 5T, e e Ee R,
FIE H A 2 R RSN BURYE B = (Atienzar & Jha, 2006). HARIZIEAAEAE LK 45 W HE
PEZE . ARE SR a, (FURTEIRIE A 1E P BENLS | AN R N 2 RTHE N, AR A I ) 9 20 A K
A, BBIPOEATI H . AT Sk RAPD RGN, ARG 3 ESRE, M 30 X519
(B AR T7R) T3RAG 8 SRS IR I I IS5 A SERZ TR 5 1), 3 H TPV B AR AR O 4
V5 YT T DNA #1075, Rl e 19 8 ok PCR 405 v SR AR RS e . (GSTY &I, BE
# Cd AP ERNE N, GST S, WA A S m MA@ sE, Yohtae P,

NI AEUE T 55 EE 0 = B SE MM (Schutzendubel & Polle, 2002) LL A Cd** 5 4k T+t
G 5 oA A B R L D Be VA 1 FH 2 7 Ik 22 A AL Z 4k (Roth et al., 20060, Cd5&H
AR E AL G, SEEOENRITS, PRI M RIS TE, & e Mk 8, 2
A DNAFIRNAII G, R4 20 i 0 A s 2D D' G A F =40 i) AR 308 3 R s i AR 1 A A KG
(Behboodi & Samadi, 2004; Gichneretal., 2004; Limaetal., 2006; Linetal., 2007). A&HFFTK
AR L ) CAME L AE 2T 6 dfT, AR, Rt A S & N, JF HEEE
AR BEAR FE IR, SO BN B AR, IR A0S R 4 1 T I ELER I, AT T &5 A At
IR RNESS (Liuetal., 2005, 2009; XJ%E 2%, 2006; fi##ils %5, 2007),

BRI B A P BRI “ F R B, U H AL B R G A )
i L kE (Shahetal., 2001). % ALMIEE (Araoetal., 2003) L4 b4 (Schutzendubel et al.,
2001) [RSETE, M5 KM R KA (Yannarelli et al., 2007; Smeets et al., 2008). AHFFEH
RTF TR LR, AFRRECAL B G, HAiHEZSOD. PODMICATIGTE F B, FlbiE b Ak,
DNAF=EAZ R RN, FEIDNAK RN, TR, B AR RS2 3 T30 . 35 O FIH L0, AR
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ZAWGDNAL A IS S A4l 7> (Linetal., 2007), 440 MIDNAK RGN, i k5149
AT S IIDNA R BB R 3 N BRI SR AR, A5 )T 4 A RUULAD, A4S i il B rh b
fEY = NRE R R A NAE, BRI 2 &M, AWFtat AW, cdihaskt~, ARSIy
HEAF R 1) B A S TR R 41 f T RAPD Y SR I B 1 22 5, HARRIUORAPDISHF 3G N 98D
AT S OG o FE () R el g, 1 HX LR 5 CAfIEA L (B3, £ 5). KR, CAWETEFwH
FE DRSS ()RS P A A TR I A . T CdJlE 3 35U DNA-DNAZKE I (B 008 T F ) Al S 2858
AT 5| R IS G R 511, T OHT FIRAPD KL, A 5024 %)) 1 5k R 4 DN A TR APD % 7 & A=
A

Zr Bk, B AR L) P ARSI TR R R, TR O, A DNA AZHAN
DNA Z 351 N DNA $if, MO iR Tt G e, SRl A&, 54, #
H RAPD 73 #13k4#53 (1) DNA Z &Mk, eG4 A K abs, wI/E R4 = A rh TS 4L i)
AR IWARP
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