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Abstract: In order to explore the influence of exogenous copper( Cu) on roots of wheat,the solution cul-
ture experiment was carried out to study the growth index, transcriptomics and proteomics differential ex-
pression of wheat root. The results indicated that the growth of wheat was inhibited significantly, the influ-
ence were closely related to Cu dose and time of treatment. The transcriptomics were analyzed ,and 2 283
differential expression genes( DEGs) were detected, of which 826 DEGs up-regulated and 1 457 DEGs
down-regulated significantly. All the DEGs were annotated by KEGG pathway to 31 metabolic pathways.
About 2 049 differential expression proteins were detected by two-dimensional gel electrophoresis. After
exposed to 30 mg/L Cu for 96 h,130 protein spots showed significant changes,among which 56 spots up-
regulated and 74 spots down-regulated. The mass spectrometry analysis of part differential expression pro-
teins showed that the resistant proteins were up-regulated in wheat roots,such as GSTs and 27K protein,
but the expression of physiological metabolism related proteins down-regulated trend after being exposed to
30 mg/L Cu.

Key words: wheat root; copper stress; transcriptomics; proteomics; differential expression

WMEMYWERRKEHLTHILR, B 22 5M iﬁi&ﬁﬁf&%iﬁﬂ%’ﬁﬁﬁ[mo SR A A AR K
AR A m R B 2 AU, o e R R AL RO S R AR AR O A B 2 B AR ) B9 O A

5 B #A:2014 - 11 - 19

ESTH: EHE“+ - H"FHE £ R E T (2013BAD07B07,2012BAD04B07 ) ;i B 45 B} 3 B0 34 T 4 0 H (142102110056)
EZ Bk EE (1974 - ) &, WEH 2 A, @88, 1, FEANF/NEZREAEHTR . E - mail:2djdai@ 163. com

* WIAEE BHE (1964 - ) B W E EA 88 B, TENF/PNEFHEE LB . E - mail: 13703731637 @ sina. com



32 Ty R A

44 %

W SRR A AR AR R A 32 B, A K R, A AR
W e AR A BRI R K AR
FOET AR STE A A A AU B S KF B
KAz — F AN, LUE I BRI S A A R A
MR TR ;T A A TR A TR 3 e
DA B s 3 1 4~ SR O 5 7 ek O TR B, O AR
Prpe e AL O ST PR AL T B A o

NERBEOREMENZ — EFR, RTE
G/ AR AT A IRE B2
G e AR LA A RSP o HOES S LI BT T AR
FH K P Al R DR 3R 3K A2 A R DG M AT A T R B
BEOT 0 ST, BRI TS ) B A v B R B a L
AZUEER AT R R (F R dl o) MEA R
BOEARAY) WER  FRRILIMMES R HEN
oy TR DU R W bt 4 D 30 A B IF 5T A
U R /N2 4 e i R AL B A A

1 pRA T %

1.1 RI&ig it

it/ N ST 58, HEH 1.0 ¢/L 1) HeCl,
ZULIHEE 6 min, ] ZE WK wh vk T, R RIS R
SRJE PRIBORFRLIL G /N &) — B A 7, 8 TR
THUEARA B FR L (P =12 em) 1, B SR L 24
100 7, K 55 U HE % 192 b, fE/hEZ K W5 2 4t
Ja B 4y B 223 A Hoagland 5 57 WA B8 4 vh i 47
e m b,

K H CuSO, - SH,O Fe i i i W, L e F3F, %
T AR R, 4 W 0 (X RE) (10,20 ,30,40 .50,
60 mg/L, BAEE 3 AFHEE, TOLM 12 h JBEH
12h &P fT4h b B, HESHEE. BE
75% JEJE 18 C G HE TR E 250 p,mol/(m2 - s),JF
AR BB T EFRW P AR 48 h 96 h,
144 h 192 h B} BORE QN 5 582 ZR AR A7 T - 80 CEAIX
T VKA A 0

1.2 MELBREFTE
12,1 #FaF 54 NEGRE RNA JECRH
RIEFAEWATBR A W) RNAiso Plus 30 & ¥5 , IF 4T
RNA 58 P KM, 4R J5 2 %% 5% 2 mRNA, mRNA &
BUER 1 4% cDNA FIER 2 55 ¢DNA, JfH WEGO #hff
F 7 Unigene fif GO ( gene ontology) I g /3 2K 4
L U AU R D RE A A R AE T L SRR MR B
KEGG % 47 JE #F — 2 13 %] Unigene 1 1 3 i& &
PEER I
1.2.2 ZamAFa# 2-DE fik/EHRE R 6,
1 0TS0 SR P 5 U B OO S W P AT ] R
B B 3% 1Y ( MALDI — TOF/TOP MS) 43 #7, #] | Ma-
trixscience 2 &) ¥ Mascot K {38 R A i 50 32 %2, 3
FRVCFC /Y9 AH OC 2 11 BT, NCBInr 408 J2 v 4 i) 82 A
e,
1.3 #HFEIE

X F Excel 2003 f SPSS 11.5 &t 44 3k 4740
KA 57

2 HR G AT

2.1 fAMEBETMNEHEHTK

BB 48 b, X AS 7] [T o v B Ah BT 9 /2 %)
W TR A R RS, A K 48 h, £ Ab B[] /N 2
FSAFEAHH [F] AR K 25 J K, X BEAR A B dg KT
fli b3, 96 h, Xf BT 10 mg/L 4 4b 3T (/N A2 K
PP ARECK o 144 h, £ 4h PR ] R R 22 BE 1 OK, XF IR
F1 10 .20 mg/L i Ab BEF 19 &)y 1 Bk w8 384 o, i BN 2
HEFR A 4G 0, 30 me/T DA F 0 4 B3 &) B A G A5
Ik, MRS, A R b B TJE A K S H 4R 4 0
192 h, 4b B 8] &) 15 A5 4 25 SRR AR i O, X BE o 4 AR
AR BT A BT 2 AR TC A K A AR R 4 0
K40 ~ 60 mg/L 4 4b BR A 40 R 4 K #E, 60
mg/L 4 Ab BT A Gtk g (RS MR B o L, 4
B EEA R KAL)

[ 22 1 A7 B 35 7 R v 0,10 .20 .30 .40 .50 .60 mg/L
E1 SApEXNNEDEREE(Z) RN () EKNZN



%4 3

KEHE AME T DR RAFREG RAFEHR 33

Z5 1,30 me/L i B 5 o vk R Ol /N 2 4R 32
) A8 i a5, DR K 30 mg/ T ) 5 Jo vk
N Ry B Sy A 2 RN B 1 28 2 A AT TR B
2.2 SEABMETINEHRERKFENETK
2.2.1 HFMAHFEMEBLFIME KN LDRXT
HEZH AN AL ST Y RNA FEARSEATI0 T, I 1 445 2R 43 1)
PR3 JF LRI 7 5 51 34 909 414 .3 155 367 4%, %4k Gl it

60000

40000

R AL/A

20000 -

200 400 600 800 1000 1200 1400 1600 1800 >2000
HFAKERBE/op

KT 12 G, 3 3E# Dirty Reads , /N2 IR ol BE R4 &b 3
W e SC RE HR 435 4 45 32 682 715 .29 085 249 %% Clean
Reads, (7 S 119 93.62% F192. 17% , I F 5 54 D42 .
K- 0 77 3 50 P 1 s AL, AVE S 5% T 9, B A 3
PR v B A B SRR A Sy B — R B TR, AR B 115 742
NM(E2),

40000 |
30000 |

20000

B — PR e R /A

10000 |

200 400 600 800 1000 1200 1400 1600 1800 >2000
H— P 51| 2 P BE [T/ bp

B2 BEERAKERHZERS Unigene KESH

2,22 E2RAFARANBRRARES SRR
RN FEREM LR T (E 3) , k2] 2 283 4~
DEGs, H.i 23k i 3 1 826 4>, W25 T 1 457 4~
(P<0.05),

CREPECul
' )

200~

4 11 4
A
H A B AR L R ZE CK AL 3 by 38 3K A5 1 28 fh s P Ak AR AR R L 5k
WAL G B R b A MR LR LA SRR Rk L
A, 36 826 A5 Ze MM E 2R DL 1 Y i R Rk R AL, Sk 1 457 4>
B3 ARLEEBEEEZESRESH

GO JEEPrir b T e/ Kk R, 2 H
GO BN A H 4 DEGs, [F U5 4 45 5 WKk,
DEGs S 73 7E 55 4~ GO 4 H s

KEGG pathway B8 3B R Bx H 08—
FEH P H,9 696 4w vE B T KEGG ¥4 , 15 3|
257 4~ DEGs, iX & DEGs 9 i B 2] 31 MR ik 2

o, Hob B4 DEGs B2 Rl &8 - kAR
P A R R G R DG AT 2 B R A A
O W T fi OB OB A SRR B AR (26 £%) DL A A
ML FAE R AE o X SRR 2 1 5 A A T 3h % VT A
KN, 55 A A M (5 2 A IR BT P450 A G
DEGs >y 43475 76 20 Il P9 J53 I i1 4 b 14 P g b i) — F
K A B, HAEH 2= 5 NIEMEY A A RS
Wy 25 IR 5 AR S S R R

2.3 ERPBET/INEHREGRASW

2.3.1 HFMHFEHELFIIME BN HL KRG
SRR TEXT A 30 mg/L F AL FE R, /NAE g AR Ak
D2 049 MR A (K 4) . 5XTIAE L, 30 mg/L
il Jpir 3B 96 h 5,130 A~ [ 5T 0N B i 2 2
5 (P <0.05, HOCH B ™4 2 5 D) BAEfk) , Hor
EEBFE R I A 56 4, B E R FEE AN A
74 4~

2.3.2 BFOAREZAD RSN XE 4 L%
S 4 B i — 22 MALD TOF/TOF MS 434t F1 2 g
W, SRRV EEBEHEME T, NEYRER R
B 7 6 K A A Bt R SR A O i, R
—SEEH IR AR A b hitE B AR W a T R
PR AN, A G H KR R BT ((GSTs, Group
ID:1629) , i W] GSTs 7 5 4 J& 10 45 i i 5 %L B 1)
YEH ;27K & H (Group ID:1783) , £ 5% H ) fE & /)N
10— T2 B G SR A e s L T g A



34 T iy Rk A

44 %

AR AR ¢ 2. 1, B dn 2R OB BB ( FRK, Group 1D
1313 ) (Hf 000 1 % 2 TN 1) 2 — 384 1§ ( PPDK, Group 1D ;
171) (21 2 B % 1R 2k 5% % B ( HPAT, Group 1D

1476) 45, Bl & i W 30 iF 18] 69 5% 0, 8 F PR G
TR,

1 A .

Cu96h

4 EMEBETNEHIR2-DE HEER

3 k5t

AR 63 3 5 S 4L 2E AR A 2E B R A
AU AR L, a5 R BoR TR 7 4 R b v
B OO BB 1 — Btk - K22 e R AR AR
WA W A S A A T S A AR
3.1 AN INEEERSFE LRI

KA IE B, HE 4 30 45 5 AR A AR, X
BAEH VF AR OB, B T A R L O SR
I AERN GEi KEGG pathway 7 454
Br kB, 22 R 3K 11 2 283 A~ DEGs ¥ R A= K &
BRI o /INFE 2 AR A0 I v 3% e S I A DG B
M AR B 1 R DR R A £, 3R AR M ) T P450 32
B 30 35 S 2 A R RN T 4 B RE R R A AR
IR A RIR BT Mo AR R UK S 1), A% B 44 J2: AR
VAR A P AR A 32 B BT AR R RNA B
DAL 1) 28 3K 25 32 PR 8 1) Bl AR T R AR AR L 2 3 B
AT AN T R S B M 30 2 7 T
RERFEPEEAE Y o ARBETE R B, X B /N 22 S AR 4
JiL P AZ AR R 71 8 DEGs Sy 15 A4, 4 Jih 38 b B R
20 L P9 AR R B 1 R R A 115 A, HAERE A 5
SN 5 R B 0 T RNA A A G 3E R 2638 F R,
ot B A 5 RS 40 L A B IR R R Rk
X5 Kawasaki 25" F 58 2K 5 55 W 360 400 390 4% M s 2
FES LIRS R — 3. AR LN, 45
LB, ZHOZERE URR S T IR R WAEE o 1%
PR 1 BT RE B,

3.2 EARE T/ E SR N

Ko 20, & 48 Wra FAED PR .

PL GSTs g3l , A< BiF 5% 2% B, 4l Jilh 381 GSTs 45 it

F AL TE X5 Smith 4587 BF 584 W ia F 4l
FIJFFIF GSTs £ mRNA FIEE [ J5 7K - #9 m Ji LA %
Roth 25" BF 5% 58 W 360 F #8095 % 4 AR vh GSTFs2 A
GSTFs6 -9 Fik I M 45iE—8, WFo £ M, GSTs 4k
Ky AeGSTUI7 F1 LbGSTI L) 2 GSH - Px (4 BEH
ki A AL W ) FE D v BnGPXT B3R5 FEBUYE T TH
RAEHETEREM . AR LB, e TR 13
A GSTs T RES 5 F ik i, 2 T R IB N B F
i, BB ER GSTs e /N BB E SR B E T L
TR ER . 58 UL BT, H i a0 32 = TN 4
FRPUPE B 096 1, 34 5 AL AAS R A8 330 5% 19 58 1, AT
KREMRPRIVEH .
3.3 EARKEAEERREN -G

JINGE A T A R AR 0 R, S (E I 1 DR Y A
A Al AR AR A P 4 T 1A S T ELTE 2R
EAE I O S e B L VAR ) LA N 1 e s E R g
il R, PPDK  FRK  HPAT %5 2 1 %35 F % F 4.
WFF4R3E , PPDK & C4 A6 A 42 8w KX
BEEGE S FRK 76 AR W 3t A% 355 ob 4 1k S0 0 i
A, DT 58 M 0 T A 4 it P20, FRK 38 AT LA g A
Y 1) O B AU 5 20 1, 8 1 % i A 4 2 3 A
ke A R AR K & T HPAT 16 41 & R 2k 4
B A AR HP A Ak K e D I Tl TR Ak Sy 4 A T
W UL 4 Jm A /N 2 4O A ARSI R
i 28 HE R A A T 7 AR AN [ R B Y S )
CESd ¢
(1] VRT3 B R A T2 [ M) b b 50 v %

B R A ,1995.

[2] Ouzounidou G, Lamporova M, Moustaksa M, et al. Re-

sponses of maize ( Zea mays L. ) plants to copper stress-



%4 3

KEHE AME T DR RAFREG RAFEHR 35

[3]

[4]

[10]

[11]

[12]

[13]

I . Growth, mineral content and ultrastructure of roots
[J]. Environmental and Experimental Botany, 1995, 35
(2):167-176.
Sheldon A R, Menzies N W. The effect of copper toxicity
on the growth and root morphology of Rhodesgrass( Chlo-
risgayana Knuth. ) in resin buffered solution culture[ J].
Plant and Soil ,2005,278 ;341-349.
Tong Y P,Kneer R,Zhu Y G. Vacuolar compartmentaliza-
tion: A second-generation approach to engineering plants
for phytoremediation[ J ]. Trends in Plant Science,2004,
9:79.
Gerald K. Cell and molecular biology[ M ]. Hoboken of A-
merica:John Wiley & Sons Ltd. Publication,2011.
Mounolou J C, Jakob H, Slonimski P P. Mitochondrial
DNA from yeast “petite” mutants: Specific changes in
buoyant density corresponding to different cytoplasmic
mutations[ J ]. Biochem Biophys Res Commun, 1966 ,24
(2):218-224.
Ye J,Fang L,Zheng H,et al. WEGO:A web tool for plotting
GO annotations[ J ]. Nucleic Acids Res,2006,34:293-297.
Kanehisa M, Araki M, Goto S,et al. KEGG for linking ge-
nomes to life and the environment [ J ]. Nucleic Acids
Res,2008,36:480-484.
Johansson I, Lngelman-Sundberg M. Genetic polymorphism
and toxicology-with emphasis on cytochrome P450 [ J].
Toxicological Sciences,2011,120(1) :1-13.
Runarsdottir A, Mannervik B. A novel quasi-species of
glutathione transferase with high activity towards natural-
ly occurring isothiocyanates evolves from promiscuous
low-activity variants [ J |. Journal of Molecular Biology,
2010,401(3) :451-464.
Masumi K, Makiko S,Nobuko K, et al. Isolation and mo-
lecular cloning of amajor wheat allergen, Tria Bd 27K
[J]. Biosci Biotechnol Biochem,2009,73.:85-92.
JEUK, F M, TR T Y R R AR LR
BUIRLT]. PEBA ARl K 2% 24 4z ,2006,37 (4) :551-555.
K4S EBRIE. mRNA 22 55 7R 3R 56 B b [ 7 4
JR T AR AR OBE M RNA BRI [J]. W6 b A 9 % IR,

[14]

[16]

[18]

[19]

[20]

[24]

2005,25(11) :2163-2167.

McIntosh K B, Bonham-Smith P C. The two ribosomal
protein L23 A genes are differentialy transcribed in Ara-
bidopsis thaliana genome [ J]. NRC Research Press,
2005,48 :443-454.

Kawasaki S, Borchert C,Deyholos M, et al. Gene expres-
sion profiles during the initial phase of salt stress in rice
[J]. Plant Cel,2001,13:889-905.

Bevort M, Leffers H. Down regulation of ribosomal pro-
tein mRNAs during neuronal differentiation of human
NTERA2 cells[ J]. Differentiation ,2000,66 :81-92.
Smith A P, DeRidder B P, Guo W J, et al. Proteomic
analysis of Arabidopsis glutathione S-transferases from
benoxacor- and copper-treated seedlings [ J]. The Jour-
nal of Biological Chemistry,2004,279 :26098-26104.
Roth U,Von R L E,Clemens S. Proteome changes in Ar-
abidopsis thaliana roots upon exposure to Cd** [ J].
Journal of Experimental Botany,2006,57 :4003-4013.
Crsiszar J, Vary Z, Horvath E, et al. Role of glutathione
transferases in the improved acclimation to salt stress in
salicylic acid-hardened tomato[ J]. Acta Biologica Sze-
gediensis,2011,55(1) :67-68.

AT, Je A e A, S RIONE A i A e H ik
ALY EEIE A v BE RN AR A A T SRk [T ],
HCRHE Y 24 41,2011 ,22(4) :331-337.

BEZA REE . MY ROCBCER TREMLT]. hE
AW TR 2% ,2005,25(9) :19-23.

Granot D. Role of tomato hexose kinase[ J]. Funct Plant
Biol,2007,34 :564-570.

Rolland F, Baena-Gonzalez E, Sheen J. Sugar sensing
and signaling in plants; Conserved and novel mechanis-
ma [ J]. Annual Review of Plant Biology, 2006, 57 :
675-709.

Mizuguchi H, Hayashi H, Hirotsu I M K, et al. Charac-
terization of histidinol phosphate aminotransferase from
Escherichia coli[ J]. Biochim Biophys Acta,2003,1674
(1/2) :321-324.



