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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 TRNA 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 - L.,
0.25 mg- " 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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Table 1 Names and sequences of primers used in experiment

/bp 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 atPCNA1 F 126 GTGACACAGTTGTGATCTCTG
8 atPCNA1 R 126 ATCACAATTGCATCTTCCGG
9 atPCNA2 F 137 GATGAAGCTGATGGATATCGAC
10 atPCNA2 R 137 GAGATCACAACTGTGTCACC
1.3.5 PCR —
PAGE .
PCR 12% PAGE
58~60 V 3~3.5h PAGE 0.015%

EB 30~40 min, Wealtec

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

cd /
mg- L Img fem 1%
0 6 10.03£0.85a  4.2+0.4a 0
0.125 6 11.56+1.72a  3.3+0.2b 22.49
0.25 6 11.01£1.90a  2.8+0.2¢ 26.79
1.0 6 10.04+1.26a  2.4+0.2d 42.58
3.0 6 9.37+0.51a 1.5£0.5¢ 60.53
P<0.05 .
2.2 Cd
Cd 3
0.125 mg-L."' Cd
P<0.05 74.25%

0.25.1.0 mg-L" Cd 0.125 mg-L™ Cd

P<0.05 P<0.05 . 3.0 mg 17" Cd
P>0.05 .
3
0.125.0.25 mg-L.' Cd
Cd
P>0.05 P>0.05 P>0.05 P>0.05 .

3.0 mg L™
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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

Cd  /mg-l /mg-g” FW /mg-g FW
0 4.00+0.18a 0.450.06a
0.125 6.97+0.88b 0.470.02a
025 5.26+0.27c 0.46£0.03a
1.0 5.02+0.14c 0.45:0.01a
3.0 4.59+0.24ac 0.42+0.01a
2.3 Cd
2.3.1 RNA
RNA
RNA o 0D260/0D280 OD260/
0D230 RNA o 4
RNA
0D260/0D280 1.8 ~2.0 RNA
- RNA
1 285.185.55 3
RNA
RNA RNA N
4 RNA

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 Cd PCR
Cd c¢DNA
cDNA 100% .50% .
25%  cDNA PCR
cDNA PCR
Quantity one
0.9
PCR 5.
233 Cd MMR
PCNA
RT-PCR 18S rRNA

a b.c.d Cd 0.0.125.0.25
1.0mg-L" M DL 2 000 marker,
1 RNA

Figure 1 The agarose gel electrophoresis of total RNA in shoots
of Arabidopsis seedlings

5 RT-PCR Cd

Table 5 The optimal number of cycles of semi—quantitative RT—

PCR for different primers under different concentration of cadmium

Lrig~L"/ 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

5 MMR
Cd 7 d
atMSH7 . atPCNA1 atPCNA2, 2

atMSH?2 . atMSH3 |

100% 0.125 mg-L™' Cd
atMSH?2 .atPCNA2
Cd 0.25 mg-L"  atlPCNAI
140 y " .
M atMSH2 CJatPCNA2E wtMSH3  saMSHT B atPCNA L
120
100 " =
& 2 \Z
2| 80 / 7
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= 60 7 % |7
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20 v 2 Z
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0 . L 4 A |
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Cd {e i img- 1!
a (REXHAL ;b o d e (CHULPRA, Cd HEHESr 912 0.25 ,05.1.0
fl 3.0 mg- L'

B2 Cd 238 7 d BMIT4 & LA MMR
FPCNAZ EyFREH R
Figure 2 Expression levels of MMR and PCNA genes in shoots

of Arabidopsis seedlings exposed to Cd for 7 days
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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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