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Effects of cadmium or chromium on growth and NADPH oxidase and antioxidant enzyme system of foxtail
millet seedlings

TIAN Bao—hua, ZHANG Yan-jie, ZHANG Li-ping, MA Xiao-li, JIN Zhu—ping, LIU Zhi—qiang, LIU Dan-mei, PEI Yan-xi"

(School of Life Science, Shanxi University, Taiyuan 030006, China )

Abstract ; Different heavy metals can induce various stress tolerance mechanisms in plants. Here a solution culture was used to investigate
the effects of different concentrations of cadmium (Cd) or chromium (Cr) on growth, hydrogen peroxide (H,0,), chlorophyll, malondialde—
hyde (MDA ) concentration, NADPH oxidase and antioxidant enzyme activities of foxtail millet seedlings. Results showed that plant height,
root length and chlorophyll content were inhibited by Cd or Cr. Content of H,0, and MDA was increased under Cd or Cr stresses. Increasing
Cd or Cr concentrations increased NADPH oxidase activity in roots and leaves by inducing the expression of related genes, Sirboh D and
Sirboh F, and peroxidase (POD ), catalase (CAT) and ascorbate peroxidase (APX) activities at high concentrations. Superoxide dismutase
(SOD) activity increased at low Cd or Cr concentrations, whereas it decreased at high concentrations. These results indicate that heavy met—
al stresses in foxtail millet alter physiological parameters, and cause various plant damages, but may also increase antioxidant enzyme activi—
ties, thus protecting the plant from further damages.
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Table 1 Primers used for real-time quantitative PCR
H:N Gene FLH B Gene notation 5|4 Primer K JE Length/bp
Actin Millet_ GLEAN_10003390 F:GGTATGGAGTCGCCTGGAATCC  R:GCGGTCAGCAATACCAGGGAAC 110
rboh D Millet_ GLEAN_10016136 F:TCCTCTACCGCTCCCAGTTC  R:CCCAAAGAAACAACAAAACCC 134
rboh F Millet_ GLEAN_10029917 F:TGTATGTTGGGGAGAGGACG  R:TTGTAACGGAATGTGGGAGG 130
(Sangon )& il
L4 MRS

PR BAREIRAT 3 A A W2 d A )V YR, 22 5
PSR A SPSS 13.0(1BM, New York, USA ) #k
£ 14T Duncan £33, 4K J5 A SigmaPlot 10.0(Systat
Software Inc., London,, UK) BA4AEE .
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MDA # & T, (A 22 58 B35 i i b s AR
Cd.Cr b3 J5 MDA & it &, (0 A =k B Cr Ak
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3), MG E S EEEE E4SR Cd.Cr ik ENTHE T
R, B B 257 (P<0.05),
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Figure 1 Effects of Cd or Cr stresses on plant growth
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Table 2 Plant height, oot length, and H,0, concentration of foxtail millet seedlings with Cd or Cr treatments

AbFf Treatment/pmol - L' CK Cd 50 Cd 1000 Cr 50 Cr 1000
k7 Plant height/mm 67.65+3.36a 36.25+0.79b 17.20+0.75¢ 35.00+1.36b 13.30+0.59¢
4K Root length/mm 35.45+0.79a 30.90+1.15b 18.65+0.89d 26.70+0.76¢ 20.20+0.51d

1 4E A Hy0; concentration/pwmol - g FW

1.683 0+£0.016 2a  2.160 5+0.024 5h

3.453 0+0.054 8d  2.797 5£0.028 Oc 4.531 0+0.122 4e

T RPN RV NG RN A R 22 5 .35 (P<0.05) . FIA].

Note : Different letters indicate significant differences(P<0.05) between different treatments. The same below.
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Table 3 Chlorophyll and MDA concentrations of foxtail millet

seedlings with Cd or Cr treatments

N ¥ MDA concentration/

Qb3 JEUIE S o
Treatment/ Chlorophyll nmol - g™ FW
pmol * L' concentration/mg- g™ B leaf A root

CK 0.069 9+0.004 6a  6.930 9+0.453 9a 5.086 9+0.104 4a
Cd 50 0.056 6+0.002 8b  8.494 4+0.570 0a 5.337 9+0.164 9a
Cd 1000  0.024 6+0.000 3¢ 9.796 5+1.256 2a 10.172 5£1.409 1b
Cr 50 0.025 9+0.000 4c  8.556 4+0.266 8a 5.621 4+0.128 6a
Cr 1000 0.014 1+0.001 6d 13.042 4+0.620 Ob 16.264 7+0.580 5c
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Figure 2 Effects of Cd or Cr stresses on SOD activity
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Figure 4 Effects of Cd or Cr stresses on NADPH oxidase encoding genes
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Table 4 Activities of anti—oxidative enzymes in foxtail millet seedlings with Cd or Cr treatments(U+mg™' protein )
K3 Treatment/ POD {4 POD activities CAT 5% CAT activities APX 1t APX activities
pmol - L - Leaf #2 Root - Leaf #2 Root - H Leaf #2 Root
CK 693.01x£15.77a 1 612.4+83.39a 2.190 7+0.633 7a 1.764 3+0.091 2a  0.026 47+0.000 53a 0.021 63+0.000 56a
Cd 50 821.79+8.48h 3 037.32+103.97¢ 4.818 4+0.709b 4.461 2+£0.372 1ab  0.029 02+0.00 059ab 0.070 03+0.014 45¢
Cd 1000 919.42+41.64¢ 2 647.39£140.99bc  6.192 3+0.620 4b 9.815 7+1.580 7c  0.058 07+0.003 55¢ 0.050 67+0.004 06bc
Cr 50 882.57+19.87bc 2 329.56+348.09b 5.673 6+0.382 9b 2.679 4+0.499 7a  0.041 21+0.005 76b 0.038 14+0.007 14ab
Cr 1000 881.36+21.95b¢ 2 499.77+£207.41bc 10.743+1.243 9¢ 6.826 9+0.917 5b  0.065 59+0.005 69¢ 0.061 99+0.007 02bc

CrfAE SR BERT 5 APX 5 T+ (P<0.05),
3 g
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