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Cytogenetic Damage Induced by Cadmium in Rice( Oryza sativa L.)Root Tips

HE Jun-yu'%, REN Yan—fang', ZHU Cheng? JIANG De-an?

(1.College of Agriculture, Guizhou University, Guiyang 550025, China; 2.College of Life Science, Zhejiang University, Hangzhou 310058,
China)

Abstract: Cadmium (Cd )is one of the most toxic pollutants in the soil, which can limit plant growth and crop productivity. In order to ex—
plore the cytogenetic damage induced by cadmium on rice(Oryza sativa L. )root tips cells, the root tips were treated with different concentra—
tions of cadmium for 24 h, 48 h and 72 h, and the mitosis index, cell cycle, the frequency of micronucleus and chromosomal aberrations were
determined. The results showed the mitotic index in root tip cells of rice seedlings were significantly decreased with the increase of Cd con—
centrations and treatment duration. Cadmium had the least effects on the metaphase cell ratios among four phases during the mitosis. The fre—
quencies of micronucleus increased with the increase of Cd concentrations and treatment duration; However, beyond concentration of 75
pmol * L', cadmium restrained the frequencies of micronucleus. Moreover, high frequencies of chromosomal aberrations of root tip cells in rice
seedlings were produced by Cd, and the chromosomal aberration frequencies were increased in treated time-response and dose —response
manners. The results of the present study indicated that cadmium could inhibit the mitosis and damage the chromosomes of root meristematic
cells of rice seedlings, suggesting that cadmium had clear cytogenetic toxic effects on plant cells.

Keywords: rice; cadmium; root tip; mitosis index; frequencies of micronucleus; frequencies of chromosomal aberration
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Figure 1 Effects of Cd on the mitotic index in root tip cells of

rice seedling
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Table 1 Effect of cadmium on cell cycle in rice root tips after 24 h

Cd ykpg/  THI% /% Je 11% K%

pmol-L7 P FRIE  HR PRI R PRI R PRI
0 5.54 1.82 1.68 1.09
1 534 271 188 -329 161 417 088 19.27
5 476 1408 1.84 -1.09 144 1429 072% 33.95
10 400% 2779 181 055 1I3%* 3274 056% 48.62
25 270% 5126 176 329 0.83% 5059 0.33** 69.72
75 L71%F 69.13 1.59%F 12,64 046%% 7262 0.16%% 85.32
200 0.79%F 8574 0.93*%F 4890 0.13%F 9226 0.05%* 9541

¥ P<0.05, %% P<0.01, [,

3R 2 Cd BB 48 h XF7KFER 2020 A FEV HA O 52 i

Table 2 Effect of cadmium on cell cycle in rice root tips after 48 h

Cd ¥R/ T A/% /% J& /% KI/%

pmol L™ HE BRI LR FREE LR BRI R FRIE
0 5.40 1.76 1.53 0.92
1 496 814 181 -284 151 131 081 1196
5 432 2000 188 —682 140 849 0.61** 33.69
10 3.61%F 3315 182 -341 118% 2286 041** 5543
25 202 6259 162 795 044% 7124 0.19%F 7934
75 0.88%F 8370 1.05%* 4034 0.14** 90.85 0.07** 92.39
200 038 9296 0.52%* 7045 0.05% 9673 0.02%* 97.82

& 3 Cd fm8 72 h 3K FEIR S 20 B B HA A 22

Table 3 Effect of cadmium on cell cycle in rice root tips after 72 h

WZZR A R AR 4. N3 4 AT, Cd A FKFE L
24 h Ji ,ASFEMRE Cd b B KRB AR 2R 20 A= 4 i ik
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1 wmol - L ZbBRZH 5%} R VA Geit# 1Y 22 5% 524 Cd
WEHE—E T+ 2 200 pumol - L™ B, FAZ A8 S 1M TR
W A% T 75 wmol - L™ ZbFH(P<0.01), £ Ab 3% %
Bt Ak LA T 1) B, AR B (1~25 pmol - L) Cd 4B
PR R E I —E T B H, KT Cd i LK FR
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Table 4 Effects of Cd on the frequencies of micronuclei of

root tip cells in rice seedling(%o)

Cd HepE/ ek Kb FHSHE] Treatment time/h
pmol -1 24 48 72
0 10 0.36+0.15 0.35+0.17 0.39+0.18
1 10 0.69+0.35 1.13+0.49 1.98+0.71
5 10 1.26+0.58 3.49+0.81* 4.27+1.17*
10 10 3.47+0.95%  6.82+1.38%*% 10.49+1.56%*
25 10 11.13+2.43%%  26.79+4.37*% 37.52+5.33%*
75 10 25.64+4.36%*% 23.37+£3.92%% 24 46+4.20%*
200 10 19.01£3.52%% 12.63+3.11%** 9.44+3,02%*

2.4 Cd AbIBXF 7K FEAR S 40 Al S 2 (A I 25 R A S
MFE S AT UL, Cd A I I A7 & 7K R MR A 200 it
CRIR AR O VE o TEASR IR MR FE VI DY, Cd A HHK A
4T 24 h T, BEE A PR B A T RS A i
WA AR R4 L Xt HR 2 S B — 5 A T R A 34 Bk 1.5 pmol -
L' 24 h AbFRLHA) , £ A FRAH (10~200 pumol - L) 4324
AN AE R S X IR AT L, B BB G2 7
(P<0.05,P<0.01) ;[ 24 .48 .72 h AbFRA [A] ALK |

&S5 CdBMEXKFERCMBRBEBEE(%) BN
Table 5 Effects of Cd on the frequencies of chromosomal

aberration of root tip cells in rice seedling( % )

Cd #eJE/ AT/% Fil]/% Jrit% H /% e/ - Kb B H] Treatment time/h
pmol- L7 [b%  WRiE MR MRIE LR KR R R pmol - L 24 48 72
0 5.31 1.91 1.72 0.98 0 10 0.40+0.21 0.45+0.25 0.47+0.24
1 4.99 6.03 1.88 1.57 1.59 7.56 0.79 19.39 1 10 1.29+0.58 2.09+0.79 2.77+0.87
5 3.97% 2524 1.85 3.14  1.29%*% 2500 0.48*+ 51.02 5 10 3.11+0.88 5.07+1.01%* 6.55+1.17*
10 3.18%*% 40.11 1.77 7.33  0.93% 4593 0.34*%* 65.31 10 10 7.23+1.45%  10.99+1.88** 18.58+2.56%*
25 1.77*%* 66.67 1.58*% 17.28 0.31** 81.98 0.13** 86.73 25 10 20.29+4.43%%  40.16x£4.37** 62.04+5.33%*
75 0.68%* 87.19 0.97**% 4921 0.09%*% 94.77 0.04** 9592 75 10 45.79+£5.36%*  67.28+6.22%% 82.11+7.20%*
200 0.19%* 9642 0.39** 79,58 0.02** 98.84 0.01** 98.98 200 10 66.22+6.22%*%  80.99£7.11%* 99,04+9.09%**
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Table 6 Analysis of correlation among cytogenetic damage

in rice root tip cells after Cd treatments
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