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TE. RSN, D4 kAR 7 (D2-8, %06, HoAK, §AA) MHERM R, BF5E TRV Cu®* e Xt 43 F4h
BRI T PERE | R . TN B (MDA) SR FIE R 20 DNA Z8ME52 . 45955 0] ) 45 50 ~ 400 mg-kg™' Cu®* AbBE 30 d
J&i 4 RO T HTE AR D9 T R A B 5 IR L R BSE BTSRRI, 1E 50 mg-ke T I IA B ORME. 2R E R 200
mg-kg "' LA 4 R4S T B AT A R AR I YT IR Y 32, 44% ~56. 5% . NERR M ZEE MR & 5 (<50 mg-kg ') A9
R HEFE B (=100 mg-kg ™) YIS0 , MDA & S B H 5% R 2ZE R W3 (P <0.05). Cu’" Ml FRFSEE AT
LI AR ZH DNA (% RAPD [EI3% & 25 B A8 Ak, R I 0 B 45 50 22 4% RAPD 353 A8 R i G sl 28 9 S0 2 1 el 2% | 4t i v SR 1R
ZHBIAR DNA MRS E M T I, DNA Z28H 0 5 Co® Wk Z BRSO S0 R AN R RV X Cu®* Jhaf i) A BE AT 33
e M N AFTE 25 5. AU RAPD R 3KAZ M9 DNA 25 AR AT VE N AR Cu® * 3B AE S M R0UN B A4 AR ic 4.

KBRS T Cu Wil A4 BERE; RAPD; DNA 244
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Effects of Cu’" Stress on DNA Polymorphism of Genome in Foxtail Millet of

Different Genotypes

ZHANG Yi-xian', FU Ya-ping' , XIAO Zhi-hua', ZHANG Xi-wen”, LI Ping’

(1. College of Life Science, Shanxi University, Taiyuan 030006, China; 2. Millet Research Institute of Shanxi Academy of Agricultural
Science, Changzhi 046011 ,China)

Abstract: Cu’* is an essential element for plant growth, and is one of the major elements in the environment. In order to investigate

the physiological characteristics and geno-toxicity effects of foxtail millet (Setaria italica( L) Beauv) under different Cu®*

stress, four
genotypes of foxtail millet (Zhaogu, Huangmi, An06, D2-8) from Shanxi, China were cultivated for 30 days in a pot filled with soil of
with different mass concentrations of Cu®>* (0, 50, 100, 200, 400 mg-kg™'). Effects of Cu’>* stress on DNA damage of genome in
foxtail millet were studied using random amplified polymorphic DNA (RAPD), and the contents of soluble sugar, proline and MDA
were tested. The result showed that the content of soluble sugar had a trend of initial increased followed by decline in all four foxtail
millet seedlings in response to the rising Cu®>* concentration, and the maximum value was 50 mg-kg™'. At Cu®>* concentrations of 200
mg-kg™" or more, the soluble sugar content in the four kinds of millet showed an average reduction of 32. 44% to 56.5% compared to
that of the control group. The result showed that proline synthesis was enhanced at low concentrations (less than 50 mg-kg™"), but
inhibited at high concentrations ( more than 100 mg-kg™'), and the contents of MDA in the four genotypes of foxtail millet were
significantly increased compared with the control group (P <0.05). The changes occurring in random amplified polymorphic DNA
profiles of the four genotypes of foxtail millet following Cu®* treatment included loss of normal bands, appearance of new bands and

2+

variation in band intensity compared to the plantlet without treatment, showing that Cu”" significantly affected the stability of the

genomic DNA in the cells of millet seedlings. Additionally, the effect of DNA polymorphism changes was dose-dependent with the Cu®*

+

concentration. The different genotypes of millet showed different response in the physiological and genetic damage under Cu®* stress.

The change of DNA polymorphism using RAPD technique could be used as the biomarkers to find genotoxic effects of Cu®* .
Key words : foxtail millet ( Setaria italica( L) Beauv) ; Cu stress; physiological characteristics; RAPD; DNA polymorphism
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FEXFEE [ BORT DNA S5 ) K503 i s , 7™ o
SEHRY AR I BFSE Cu 15 X R
()35t 1% 5 405 %0 o B AL 2L A o B 0 P 5 B S

20 142 90 4ECLLSE, LA PCR $ AR Jy Bl &
() RAPD 4> Fhric s R I PebE | R, Fr57 ok
SRR BT N H A ) R aT ., EhE L R
2 LIRS NAEYIARIE R A DNA #5455 A i 5
AT . 384 224 E R RAPD HiA
W TESE Cd, Cr 25X kES | ®mE | Lk
FFUVIEI AL DNA A5 R0, 1 A RAPD $ R
Rl Cu A XA T-FE R 4 DNA 28 M2 B AIF 5T
W LR TE . AR 5T SR ZE Ak Rk, DAL v AR Ak
Bl 4 LA g MR, SR RAPD 431
FRICEEAR, 08T T Cu 38X 45 740 i S5 [ 41 DNA
(3 B0, I L3 A 7 AS [V B Cu A 3 S 4 F
YR FTEPERE | 2R A MDA & =281k, B
FEREEVT Cu Bt X VE Y B FE ML LR Ry 2R 58 W
W Cu 75 YL T2 5 PPN 42 IR AR 4.

1 MRS

1.1 K5k

PR F Ay D2-8 | % 06, oK, HIAY, H
WP A Bl B T oT g4t 056 or FH 4 38
St A LG A Aol B 2 B ik e T 2R = 4 (0 ~
20em JB). I pHEN 7.2, AU & 20 8.3
g kg™ BB 3,35 mg-kg . R I8 AT ARG
A CuCl, -2H,0 (4r#r4t).
1.2 kit

Cu’ " Jeig vk i S MR FR [ A H 4 38 91 5% o 2 A
HECD I B AR bR G L, BB S0, 100, 200, 400
mg-kg ' iX 4 PMACBRA KT IRA AN INE 4R, L
KA )5t 2 mm i, 25 A 20 em x22 em F& a2, &

W6 kg WFECEAY Cu IEB A BIIMALS Z, i {1
I e R B IR IR AR T
535 d & . AT Fh T4 5% NaClO {H % 30 min
JE Uk BT 26°C R FRAR RO & 2E. R AFE &
ZE—EFP T 20 BL, EE NS T30 d, B/
MEESR 27°C/20°C, MR BEH 35% ~50% , B K E B
HFEKSY B AR 3 A
1.3 WEFEbR Sk
1.3.1 AFahf s, Mammm & &
HOMIUpAE

TP e B I 5 R P A L k' By
(VAEEEETE) cmgeg ™" 5 FAZ0RR 1% 2t A 0 >R FH it it
IKAGERIE ) B (LABE ) s pgg ™'y TN RS
SR AE SR FH AR AC L B 2 BRI AR a3k B
(LLEEFTT) s umol - g .
1.3.2 A T401H DNA f3EEUR RAPD 237

SKH CTAB 351 $2 &l 2% N 41 DNA, DNA
FLEEBORH RNaseA 37°C 1L 60 min, 2Pk RNA 5
e AT DNA R S5 RN 2005 2R 1A% TR 7 ) 7 Y
( Eppendorf Biophotometer plus ) £l

RAPD 7M1 BT I 8 45 10 bp FEHLS I (£ 1)
J RNaseA . Tag DNA polymerase Fl1 dNTP 4l H K
HEFAEY TREARABRA . A5 6 R
G, R BT RACE BN VE A 7% I, 25 pL PCR
SR W 25 185353 5 R 22 wL 20 wmol - L™ B
ML514,2.5 pL 200 wmol-L~" dNTPs,2.5 uL 10 x
ZZ,3 U Tag DNA polymerases, 100 ng 3 [K 41 &
DNA. PCR " 727 4 :94°C i AZPE 5 min, 94°C 2%
£ 1 min,38°CiE X 1 min,72°C ZEf#1 1min,35 G
WG TE 72°C 3R 10min. RAPD $" 847 ¥/ 1%
BER AL I B ik 20 B EB YL (0 )5, 2R BE 1% o0
Z 5 (TMW- 20 Transilluminator, 38 [ ) i#F 77 W 2%
TRAF.

F1 XWHATARS K3IMFEFI(5-3")

Table 1  Sequences of the 8 primers used in the experiment (5'-3")

G 2= 5144 Fx S 2] 514 4 5% G 2= El 2]
1 S30 GTGATCGCAG S1050 5 GTTACCGCGA
2 45 TGAGCGGACA S1426 6 CCAGAACGGA
3 S1042 TCGCACAGTC S1471 7 AAGACCGGGA
4 S1048 GTGCTCCCTC S1485 8 CCCGATCAGA
1.3.3  FERFRAEBERENE(GTS) iitAE WL

GTS(%) = (1 - P/n)
P, P oAb HEZH RAPD A VERE: | B AL FH4H
Ko FEZE 5 HH B0 RIS 2% A3 17 | n Sl R IR 2 1) B

1.4 Btk
RIBE K Excel #AEFEATAC TR, 22 7 W&
AT R FH SPSS 16. 0 % 444TF Duncan #5.
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2.1 Cu®* JH3E AN [ ik PR B 45 1~ &y o m] v M

EgiopAl|

a2 nHL 4 s T s S S
Xof R b 52 R S T I A R ) {EUAS [ o e [ A7 7
£5. 7£50 ~100 mg-kg WAL FEIA , % 06 il D2-
8 1Y W] ¥ M BE S B 4 i He X R 22.83% AN
13.59% , MMl K FHAUAE 50 mg-kg ™ W R 43 5]
it 1.64% F117. 8% . B Cu® " AbBRVRE I,
4 ATl A R S RESE R, 7E 400 mg-kg
b ik B AR, HASAbBRAL 34 S %) R4 22 3 i 35 (P
<0.05). BVAKFE 4 Fp4F(D2-8, %06, HK,
WA ) AT VR S BT M ) e R BRI T
56.5% . 32.44% . 36.76% . 43.84% , 3¢ W45 Fl
D2-8 HY R PERE & X Cu® W e A SRR,
2.2 Cu®" Wl X AS [F) 3 PR AU 2% 1 S0 1 i e o o
iop=Al|

ANFEREE Cu®* A T, 4 FhEL RS T4 i R
DI IR o AR AL LA L 36 2, B %5 Cu® " b Bk

BERTH BRI Se Tt R E T R s, H & ab
ISR 22 R B E (P <0.05). TERHE (50
mg-kg ™' )AL 4 FPE T ER SRS
X BEAH LU Y5 A Y8, 38 0 e K AR 22 06 (25. 88% )
FIRAA (46. 58% ) , FBAMRIR FE 1) Cu®* X I 202 1)
A SR IR . 24 Cu® T HEBE 100 mg-kg ™' LA
B 4 PR T ) IR B i 8 L R AT
TR BRI 8K (57.28% ) > D2-8(46.33) >
% 06(36.06% ) >4 (35.16% ).
2.3 Co’" ha xR S H R A T 4h i MDA % &
ip=A10|

Cu®" 4b¥E 30 d J5 ,4 S FA T %11 MDA &
S X i Ak P B R T AN W (3R 2) , 7E 400
mg-kg " AP IR BB, SXT AL 22 R B (P
<0.05). FEAHRMEBEE AT, AN [R] 3E H B 25 - 4
B MDA Xf Cu®* WHEAEE B 25, D2-8, % 06,
WK B4R 0 SF 4 MDA & & ) R xR 4 R
1.94,2.67,1.94 2. 11 5. W% 06 FIHIATE
Z Cu®* i i BN 3k A K ST 8, 22 S A i A
FHE 3.

®2 QO HAREEBAFHEFRMENE, MDA fii SR E2HMHM"

Table 2 Effects of Cu®* stress on the content of soluble suger, malondialdehyde and proline in different genotypes of foxtail millet seedlings

o Wz LIRS sownd MDA % & PR
ft /mg-kg ™! /mg-g ! /pmol-g ! /pgeg!
CK 51.74 +3.41° 5.62 0. 11° 2.41 £0. 024
50 69.40 +2. 169 6.63 £0. 98" 2.89 £0. 03
D2-8 100 57.70 +3. 33 7.07 £1. 024 1.53 £0. 06"
200 22.49 +1.09* 14.11 £1. 119 1.34 0. 04"
400 22.52 +1.11%¢ 16.72 +0.97<% 1.01 £0. 022
CK 54.36 +4.78° 4.07 +0.77° 2.32 0. 03¢
50 64.34 +3.99<0 5.01 £0. 89" 3.13 £0. 098
%06 100 59.16 2. 56 10.22 +1.02<® 1.99 0. 05<
200 30. 80 +4. 03¢ 13. 11 2. 11% 1.29 +0. 06"
400 20.22 2. 11 15.17 £1. 09 1.17 0. 05
CK 60.73 +3.07¢ 4.77 +0.99* 2.77 +0. 06
50 61.73 +2.89<C 5.99 1. 02" 3.11 £0.01°®
HOK 100 45.78 +2. 118 12.13 +0. 784¢ 1.27 £0.22¢
200 36.54 +1.97" 11.21 0. 114 1.17 £0. 11*®
400 32.89 £1.67 17. 14 £2.07°¢ 1.11 £0.01*®
CK 50.34 +2.359 4,12 +0.77° 2.19 +0.31°
50 59.30 +2. 11°% 5.78 +0. 96"C 3.21 +0.03%
LI 100 39.21 2. 12 10.27 +1.02<® 1.99 +0. 16"
200 28.06 +3.09"8 13.42 +1.044¢ 1. 15 £0. 09
400 17.55 2,13 19.23 +1. 120 1.12 £0.01%®

1) [ ] 5 BRI BUAN ) /NG 7B 2R 225 W38 (P < 0. 05) 5 AR [RI R JEE AN [F] 5 BRI LA [ R 5 1) 2 m 22 53 W 35 (P < 0. 05)

2.4 Cuo’ 38 AR B B T4 i RAPD 513
A fk

i 8 2% 10 bp SERTIRIFHISI1 Y A 3

SREY RS FAE M PCR P2, 43 &8P
HaJ5 ,D2-8 . %06, THOK | RHATIX 4 P T4l xR
LK 4 DNA ) RAPD &35 Hr by 18 i 27 4 33
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4. 32 RN 34 S5ial, HArFRETE 220 ~2 340 bp
Z[8], 3 H 2% G T, RWITE L PCR 25 T RO Y1
AR FHAR.

mE 1, 23 0] F, 5% B E, 50 ~ 400
mg-kg ' Cu’t AL FR S, B F 4B S 4 DNA 1Y
RAPD &l & A= 1 i 84k, RN B4R 5 2 4% RAPD
TET B | SN G0 R B . B
Cu®* Rh3EVER BE A3, 7 A i 2 8k B (P (ED)
AL TS R (C{E) ¥l 2, 30 0 ik B2 -5
AN, Cu®* Kb rh Z A Mkl A8 i b AR fk
(R B B A R O R T B RS 4 T ik
RIS T (D2-8 . %06, BUK, W) 43 K599
B 5 7 AR B TS 4 R 19 4% 22 5% (28 S5 Al

41 45, W Cu®t MRl X BEK A A4S 1 3K K 40 DNA
FIFAH RN KT D2-8 | % 06.

M1 23 456 789 1011121314 151617181920

— - — —_—

2 B | b i

M:DL2 000 marker; 1 ~5;D2-8 0 ~400 mg-kg™';
6 ~10:%206 0 ~400 mg-kg™'; 11 ~15: %K 0 ~400 mg-kg ' ;
16 ~20: 8145 0 ~400 mg-kg ™"
B1 FRERE Co®* BHETAF4EERE DNA K
RAPD Bl (514 1 K1)
Fig. 1 RAPD profiles of genome DNA from foxtail millet

seedlings under Cu®* stress

®3 C’INETAFHEERA RAPD EiZmE(Y

Table 3 RAPD profile changes in foxtail millet seedlings under Cu®* stress

A D2-8 %06 [LP/S AT

W CK 50 100 200 400 CK 50 100 200 400 CK 50 100 200 400 CK 50 100 200 400

G178 + 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1
- 0 0 1 2 0 1 0 2 0 1 0 2 0 1 2 4
I 11 1 0 1 10 0 0 2 0o 11 2 2 1 0 11 0 1 1 0
D 0 0 1 0 1 1 0 5 0 0 2 4 3 4 4 3
P 0 0 1 2 0 1 1 2 1 1 1 2 0 1 2 5
C 1 1 2 3 1 2 3 7 3 3 4 6 3 6 7 8
T 7 13 16 24

5192 + 0 0 1 2 0 1 0 0 1 0 0 0 0 0 0 0
- 0 1 0 1 0 0 2 1 0 0 2 3 0 0 2 3
I 10 0 0 0 0o 11 1 0 0 0 10 1 1 0 2 110 0 1 2
D 1 2 4 2 0 0 0 3 1 2 5 0 1 3 3 2
p 0 1 1 3 0 1 2 1 1 0 2 3 0 0 2 3
C 2 3 5 5 1 1 2 4 3 3 7 5 1 3 6 7
T 15 8 18 17

5145 + 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1
- 0 0 1 3 0 0 1 3 1 2 4 4 0 1 2 3
I 6 0 2 1 0 12 1 3 1 0 11 0 0 0 0 12 1 0 0 3
D 2 2 2 3 1 0 2 3 0 0 3 3 0 2 4 0
p 0 0 2 3 0 0 1 3 1 2 4 4 0 1 2 4
C 2 4 4 6 2 3 4 8 1 27 7 1 3 6 7
T 16 17 17 17
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