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Abstract: Twenty-nine alumi induced genes were identified on the base of nylon filter arrays, which contained all
clones from a suppression subtractive hybridization (SSH) cDNA library constructed from roots of OK91G106 (the wheat
line with high ability of aluminum tolerance) . The induced genes included 20 known biological functions and 9 functions
unknown by BLAST, analysis in international biological website NCBI. We found that the induced genes under aluminum
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stress could be classified into different groups according to the , including signal transduction,
active oxygen scavenging, sustaining stability of membrane structure, secretion of malate, and protection of cellular
function. It suggested that the wheat plants involved the perception and transduction of the signal of aluminum stress, by
which to induce the expression of some genes response to aluminum stress in short time under aluminum stress condition.
The resulis from Northern blot analysis for five induced genes were all similar to those from the nylon filter arrays. There
was one malate transporter gene among the 29 aluminum-induced genes, indicating that the increase of malate secretion

under aluminum stress condition is possibly an important mechanism for the tested wheat line to response and withstand the

aluminum toxicity .
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EXNERREEEABARERLERBEERY,
R TS, AR /M ER SR F LSRR (68
U Century FI i 45 ¥ 38 OK91G106) 9 44 %+, 3R Fi SSH H1 /B
TR S BEA AR , 5 T 55 Century 4t OK91G106 4% 5
FAMTEMEER 25 N, B34, 5148 HE 8 E ¥
AR FM(CK) ML, 8818 5 9 0/ 2 5 Sl BT R 4 1728
LM AR AP HET T MEHAXERNEE T,

1 HEmmGE

1.1 RBRHRIESF

S A Atlas T3 2 B £ Century ¥E % 2 H & 0K91G106 F
F H3 38 B Oklahoma State University i) Carver f +-4#ft. ¥
BTEAEAMEBER L (1:1) BB &P, £ E 20C/
16C BN 16 h BERRIEFR B PR, WHE, SXEM
—K Hoagland B 3% . LA BRIR B35 10 cm B K AR ST 0
Xt BB (CK) ML FAPIA . X B34 K ¥ M Hoagland 3
FRW; Ab 74 W) 7E 6§ K Ye M Y Hoagland 3% 35 M 4, M A
0.3 mmol L™" AIK(SO, ), (pH 4.1), ZEALFE 6 h.24 h#1 48 h
Ja 4 B3 X B AR AL FRAR R AT PR, MAEKEF T
- 80°C T I-77, 7 Al T & RNA AR BUAISCHEM L 45
1.2 cDNA %) 28 7 3 (SSH) X FEH &

3 A Trizol %37 (GIBCO, USA)#H Xt FE AR AL FE 6 h.24
h 1 48 h /G AR RIBAFEA A B RNA, 3Rl mRNA 43 B350 &
(MessengerMaker kit, GIBCO, USA )4} B %t i fl4b B2 A mRNA,
Fi ¢cDNA 2 i 57 & (The PCR-select ¢cDNA Subtraction Kit,
Clontech, USA), #J & & A A [F 4t # & 6] ;X mRNA
0K91G106 45 i 381 &b 38 5 X R % 400 i 2= W %% 38 (SSH) X FE
CEEME R, B 5 A%k B 648 b IE W A K (CK) MR &R
cDNA, 25 ¥ 6% , 1 24 411 BR 48 40 3 46 [F] % 25 2 B A9 Driver,
S5EMEATE[0.3 mmol L' AIK(SO, ), (pH 4.1)4b 78 24 h]
WARBAHE R B G cDNA 2438, F R4 E 51 I 0t & SR 48 1
EABEBRAPHERFERBTHRT M. KE TA RER
R BIEREFEFFEEMMR cDNA ZBMAIEE,
1.3 Macroarray JB 2 B /& RO & 37

EMREZEMRICEFIEBD 693 MM, AN AR
HBERBTA TR TR . 28 Xiao M T EEL R
BUARED, URRRESA M M3 ERS Y, T M RES
RIHEA B, 3L 1 W 20 BE =) 655 1. V=Y R Z B
il ULVESE , AR B AR VB K i VR BE VI8l 0.3 pg pl™',
% 384 FLA P . 100°C FAE#E 10 min, F 2K £ A 384-pin
H #28(V & P scientific, San Diego, USA) ¥ EPZE /B B |
TEM BTN , 53 5 K ED Actin 2 PCR =4 7125 #4% DNA, /£
o B 4 0 BA 3 R o
1.4 HEREEANEE

FA 25 Wi 3 JE i 2% 1% 70 & (Subtracted Library Screen Kit,
Clontech, USA) ,#% MM &L BB EFEFHER,
S8 Xiao %" {8 7 ¥ 3R A Trizol reagent (GIBCO, USA)4% %
REE W4 K (CK) MR8 A B 4 B AR R 69 & RNA, B H
¥ M & (TaKaRa) ¥ & RNA # ) mRNA R¥EFH

eDNA. #AJ5 3R FI 3C HE 0 25 550 & % cDNA 347 4k 2 % Yo b
it. MEHATRIAMESKW , 8 1) 8RR B 655
A FERERE B 7E CK 4R 6 Ab 38 b i X 12 BE , % 58 48 o8
RAEFER. S/ HTAEYER 3 K. HEGALHE
FREWT CKPRIE 1.5 LR, HERNBEIR
RREEH.
1.5 F5INEM BLAST 447

X 48 Jip 38 7% 5 2k B 2 4T P 5 W 5E (¥ Sangon) . i3
NCBI F¥ BLAST, A5 B¥ T H R REIAEESREH K
LN CERE i)
1.6 Northern EP i 4} #7

W29 NMEBNETE S REAEE B,k H B Rk
B2 [ ( Superoxide dismutase-Fe ) 4% 4 % [ 2 B ( Zinc finger
protein) /N waliS F A ( Triticum asetivum wali5 ) 2% Bt H Bk S
% B8 2 B ( Glwathion- S-transferase Clad7 ) MR M2 E A
2 ( Malate transporter ) , i 3 Northern E ik 43 #7 b & 2 A 76
IR AR E 6 ho24 h A 48 h AL FAR R PO B R A . H it
AR R B (8] SR A0 FE A MR R BEAC B RNA S5 B A¥, PRk
BRIk E B E R BB L, 2 R Xiao % 8 1T
Northern P43 471 o FLef, Al M13 58 FI 514 , WA % 25
FERE Y OB R 4 3 PCR =4, R ™ P-dCTP 4748 K9 BEAL S| 4
FRIE ¥ (Invitrogen) , #K48 Northern EJ i75 43 H7 A ¥R 41

2 BR55W

2.1 cDNA ¥ 2 8 3T EE R #

B SCEIEH 693 N IEME. JREUITA TTRE R FURL,
FMBERS WX #ETRW, R 655 M ESHEAN
B, H o BH0H BE AR AL 7E 200 ~ 600 bp Z (], 5 B4 R —
., #TEHEER PCR R ME 1 xR

1 DNAZBAZXEFPSTEEN L BRE PCR I HER
Fig.1  The PCR results of inserted fragments of random
selected clones in constructed cDNA SSH library

2.2 BEHEFSREEIH

CK FI4BHEARIEHET 5 cDNA J& b B A B Y % 38 45 31
WE 2 FiR. WERKRAEEFES K =WES, 83
R Actin #3235 7K ¥ 347 3 — 4k (normalized) J5 34 , -4 Bt
7 70 2 R 7 68 iy 360 A T b ) RO U 5 #E CK ) Rk
BUEA L, KBLERATE 3, 70,7 cuoff {0 1.5 K95
BT, Z8OOCHE b i 7 e 2 B 7E X RN SE B 38 (24 h) R4k



FeM

BRGE: EPE KT NERFNRRBER QI

1027

HTWREKFEREN. EFARET, EEH 314

FESRI AT REB CK M 1.5 FU LB FER,

1234

1234

H2
Fig.2

4321
.o

4321
CK

R B R BERT cDNA #) ) 2 8 3 B B A RoX Kk Fpy s
Identification of the expression levels for genes from

1234 4321
*s e

4321
Al treatment

the SSH library based on macroarray blotting analysis
1,2: IR B 3,4: FREEX .
1, 2: negative control; 3, 4: positive control.

2.3 EBEFSMNRIREEEANFIINEMIIES A
W R TER R BE ARG 1) 31 MR ERE RS R E

Treatment

B3

Fig.3

¢DNA library b

0000 " L 5
0.0000 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000

CK

cDNA &l 2 3 3 B o & B R ZE X AR 4L 12

TRIE KT bL

Ratios of the expression levels for every gene in SSH

control and

HITFFIMERY, K FH 4 M FIIFEM LA, Bk, 3k
HEREBEFEEGSE S 29 1. il NCBI M35 /9 BLAST,
AT R LR, 22 29 8% 2 H 5,20 1ME GenBank 118
R RER EWETNRE, 73 5h 9 AR M AERERE . X 20
FEETIR 5 R AR S5 B R E T E R R R
G AR E AR T RS SRR AN (R 1), %
B /I 22 HEL B X 8 38 B W B 9 B B AR 4 F A AR
K FRMPEEAREENF7ERY R840k i 5 hn
T R P/ e 1L O HEARD 4 o S O B AL 2 — .

£1 RREZMAKEE OKIGIN REENRBESEEARI S %
Table 1  Induced genes under aluminum stress and their classifications identified in OK91G106 based on nylon filter arrays
BRWE R T A gas XE 4 A
Gene function  Clone No. Putative gene Accession No. (% )(y E-value Organism
HeHS ESTI00  Serine/ threonine protein phosphatase (M0J9.27)  AY042854.1 87 3e22  MIFF Arabidopsis thaliana
Signal ESTI01  Protein kinase family NM-121855.2 94 7e21  $UURIIF Arabidopsis thaliana
transduction EST102  Puwative calcium-dependent protein kinase NM-192859.1 90 2e-38 K8 Oryza sativa
ESTI03  ABA-regulated gene cluster AF085279 % 1e-67 MARIIF Arabidopsis thaliana
HRAETF ESTI04  Puative transcription factor AF113521 85 5e-42  EXK Zea mays
2;‘:’;?""""" ESTI0S  Zinc finger protein VVII8471 84  Te-d7 it Vitis vinifera
17 Y 3 BR ESTI06  Superoxide dismutase-Fe AB014056. 1 9% 5e-64  JKH§ Oryza sativa
ROS scavenging ESTI07  Manganese superoxide dismutase ( SOD-3) M33119.1 94 le-72  A@FT Arabidopsis thaliana
ESTI08  Glutathion-S-transferase Clad7 AY064480. 1 9 0 /N Triticum aestivum
Bl Eng ) ESTI109  Puative proline-rich and glycine protein AJ24280.1 88 3e-15 WUBRIR Sporobolus stapfinanus
Cell membrane  ESTI10  Seven transmembrane protein Mio8 AY029319.1 § 295 Ek Zea mays
4 a2 fig EST111  ZIL/ PNH homologous protein AB081950. 1 90 6e-84  EXK Zea mays
::'::l‘::; EST112  Putative selenium binding protein ( SBP) NM-189943. 1 86 1e-35 K% Onza sativa
EST113  Tubulin-folding cofactor HSU61232 9 le-17 A Homo sapiens
ESTI14  Ribosomal protein S4 (rps4) AF015522 91 9¢-40 A Homo sapiens
EST115  Putative magnesium transporter ATH297817 81 7e21  EXK Zea mays
EST116  Putative high-affinity potassium transporter AF025292 95 1e-94  HLAHGFF Arabidopsis thaliana
EST117 WHTTEFIX TEFI alpha subunit M90077.1 9 1e-93 K% Hordeum vulgare
EST118  Triticum asetivum protein (wali5) L11882.1 100 le-53  /N# Triticum aestivum
EST119  Malate transporter AB243164 96 1693  /NFE Triticum aestivum
e ESTI120~
Unknown ESTI128
2.4 WMHEFSEER Northern FP ¥ E Triticum wali5 | Glwathion-S-transferase Cla47 1 Malate

AT RREYFEINMER 20 MEB SRR REREEF
5 R IS Superoxide dismutase-Fe | Zinc finger protein

transporter , 3£ 47 X & (CK) 1 48 &b 38 7K [7] 8 8] £ #9 Northern EP
BT, HREY, ERERYRAEPENFESFE. B
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V3 24 h i) 2K TR BE 5 2 R k58 BE A b B 55 JB R B
FEIRAS R 45 RARGL (B 4) o BEBAABTIE A , 3 1 I8 A B 4

EREAESREEERATFEN.
Time after Al treatment
0 6h 24h 48h
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18S RNA

B4 BIRFSEER Northern B iE 5 #t
Fig.4  Northern blot analysis of some induced genes identified in
macroarray analysis
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SRFACFEMBEHARMESR BRBEARMEL, cDNA 0 #l
EWHLHAR (SSH)REZEHAKF WU R TEER RS
EEMARTEDY ., EHRFEFSERREEHSH
EFEBG BN 4.43%, EHEELXMOHALTR S,
0K91G106 AR HURITH2E R Century J9 41, B L Nylon
B P 2 2 B AR, 7E B AT 48 M S 2E R A9 oDNA #1075 25 R 3
JE (Century 4 $11BR OK91G106 3% 9 4H [F] 2 B Y Driver) # , %
ET 25 A TEHXER, SHEEHAR 4.07%™ . R
SSH H AR R MM AN THYHRREEROA M %

MAZERRMHHFH R P  ELET 20 RMBIFEFH
REHS HAPENEFERENH waliS ubiquitin Fe-SOD #8
BB ACRE R E M gluwathione S-transferase ionl | AR
BREXBAMACEENNERBEFERS, BLEE HIIME L
SRR FRARGESHS HREFAE BHEEAWRRL.
BRPENBE ERMBEENARAT L HOER, X
A7 68 38 T, AR bR P 7 S IR 1 R A TSR 4 o i
945 5 3 72 40 1 o3 3 A0 40 0 (8] 5% 5 L 00 VA4 F e 2 R Rk
B 57 B T VR 4R 47 o A 2 B O 3R , 1 R X 468 il 36 330 85 i
B FE BB REH o

ERMERGT REASWERR ITRREAIMRA
YRMS REDRENEENRZ -, X ERRS
MHEYREER, EERHSEE T %S E RS
B FWRBE AR BB o XF/NEE S Adas OB R B, 26
BHHEAGT ERREANREY RS WROME, ZRH
R A B A F LA 2 — 2, Ma %X 48 HE BR
1 /N TG A O BF 98 3R O, 7E 48 8 R RO B AR B R Y,
S 3E R BR ARG 4 M Rk B B A, L 5 SE R R
37 1 B Ol S V)AL, T 5 R B0 & R SRR
HXRBAP , WARETFRED LE HA 20 R MW B
FEFMHEXERE P, A RIAA VLR A WA B A2
B, #HRLETHERREZEAZERERN , EH8BE &G

AL T4 BR b SE R B A% R B 2 B A R OR , TR R
R I8 ZR A T AR AR RS SR B 4 0 MO W 2 T 4 R ) 4 3R
WA REREZ —.
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