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Investigation Based on cDNA-AFLP Approach for Differential Expressed
Genes Responding to Deficient-Pi in Wheat

GU Jun-Tao’, BAO Jin-Xiang', WANG Xiao-Ying', GUO Cheng-Jin', LI Xiao-Juan’, LU Wen-Jing®, and
XIAO Kai”*
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Abstract: To date, differential expression genes in response to deficient-Pi stress have been identified and well studied in Arabi-
dopsis thaliana, and totally 612 up-regulated and 254 down-regulated genes with various functions were reported. However, there
is no similar report in wheat (Triticum aestivum L.). In this study, seedlings of wheat cultivar Shixin 828 with high phosphorus use
efficiency were treated with 20 pmol L™ Pi for 1 to 144 h, and the differential expressed sequence tags (ESTs) with up-regulated
and down-regulated patterns were investigated based on cDNA-AFLP approach after deficient-Pi treatment for short term (1-6 h),
medium term (12—48 h), and long term (72—144 h). A total of 142 nonredundant ESTs with up-regulated pattern were identified, in
which 23, 53, and 66 ESTs expressed in treatments of short, medium, and long term, respectively. Simultaneously, 94 nonredun-
dant ESTs with down-regulated pattern were detected in treatments of short (17), medium (39), and long term (38). These ESTs
were classified into several functional groups with Blast in GenBank. Except for 44 function-unknown ESTs with the up-regulated
pattern, the remained up-regulated ESTs conferred functions of signal transduction, transcription regulation, metabolism, stress
response, development, transport, and lipid metabolism. Besides the above functions, protein synthesis and protein degradation
were also observed in the down-regulated ESTs. Some genes of transcription factors (such as the transcription factor genes with
high homologous to rice OSPTF1 and Arabidospsis ZAT10), mitogen activated protein kinase (MAPK1a), calcium-dependent pro-
tein kinase (CPK1A), and protein kinase (such as serine/threonine kinase), high-affinity phosphate transporter (PHT3 and PT2),
peroxidase (such as peroxidase 73) and glutathione (glutathione S-transferase) were specifically up-regulated under deficient-Pi
condition. This suggested that they might play important roles in promoting adaptation to deficient-Pi environment.
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[1]

(24 (1~6
h) (12~48 h) (72~144 h) )
612 254
[4]
[5]
cDNA-AFLP RT-PCR(
) AFLP( )
[6],
[7-9]
cDNA-AFLP ,
1 MEE5ERE
1.1
828 (o)
25
0.3 mm R
(2 mmol L™ Pi)
MS 3d ,
Pi 2mmol L™’ 20 pmol L™,
1 3 6 12 24 48 72 144 h
1.2 RNA cDNA

, TRIzol (Invitrogen)

RNA
RNA >
cDNA (TaKaRa ) cDNA
1.3 cDNA
/ / (25/24/1)
cDNA, , )
Aseo cDNA
Msel PstI
, 0.5uL T4
DNA , Mse 1 Pst 1 1 puL,
2.5 uL 10xT4 , ,
Mse 1 5'-GACGATGAGTCCTGAG-3'(

) 5'-TACTCAGGACTCAT-3'( ); Pst1
5'-CTCGTAGACTGCGTACATGCA-3'( )
5'-TGTACGCAGTCTAC-3' ( )
1.4 cDNA-AFLP
Bachem [® ,
10x ,
95 2 min, 30
s 95 30s, 56
30s 72 1 min 4
s MO0 (5'-GAT
GAGTCCTGAGTA-3") P00(5'-AGACTGCGTACA
TGCAG-3"), Mse I  Pst I
16 M 16 P
, 16 M Mse 1
,16 P Pst1
3'- 2~3
M P R 256

1 cDNA-AFLP
95 2 min 13 ;95
50s, 65 40, 72 60 s; 95 50,
56 40 s, 72 60 s, 31 ; 72
10 min
3
1.5 cDNA-AFLP

1.6 DNA PCR
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, EST

http://mips.gsf.de/proj/funcatDB/search_main 2 3
frame.html Misson [
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#1 BFIEEEFRBEHEBERLEH cDNA-AFLP 314
Table 1 Primers used in cDNA-AFLP for identification of differential expressed genes under deficient-Pi condition

M
M primer

P
P primer

M22:
M24:
M31:
M33:
M42:
M43:
M44:
M45:
M50:
M60:
M67:
MT76:
M78:
M83:
M&84:
M85:

GAT GAG TCC TGA GTA GT
GAT GAG TCC TGA GTA TC
GAT GAG TCC TGA GTA AAA
GAT GAG TCC TGA GTA AAG
GAT GAG TCC TGA GTA AGT
GAT GAG TCC TGA GTA ATA
GAT GAG TCC TGA GTA ATC
GAT GAG TCC TGA GTA ATG
GAT GAG TCC TGA GTACAT
GAT GAG TCC TGA GTACTC
GAT GAG TCC TGA GTAGCA
GAT GAG TCC TGA GTAGTC
GAT GAG TCC TGA GTAGTT
GAT GAG TCC TGA GTATCA
GAT GAG TCC TGA GTATCC
GAT GAG TCC TGA GTATCG

P19:
P25:
P31:
P33:
P34:
P39:
P43:
P47:
P11:
P44:

P49:
P50:
P52:
P54:

P59

P62:

AGA CTG CGT ACATGC AGG A
AGA CTG CGT ACATGC AGT G
AGA CTG CGT ACA TGC AGA AA
AGA CTG CGT ACA TGC AGA AG
AGA CTG CGT ACA TGC AGA AT
AGA CTG CGT ACA TGC AGA GA
AGA CTG CGT ACA TGC AGATA
AGA CTG CGT ACA TGC AGC AA
AGA CTG CGT ACA TGC AGAA
AGA CTG CGT ACA TGC AGATC
AGA CTG CGT ACA TGC AGCAG
AGA CTG CGT ACA TGC AGCAT
AGA CTG CGT ACA TGC AGCCC
AGA CTG CGT ACA TGC AGCCT

:AGA CTG CGT ACA TGC AGCTA

AGA CTG CGT ACA TGC AGCTT
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Fig. 1 Functional classification of up-regulated (A) and down-regulated genes (B) under different low-Pi regimes
20 pmol L' Pi 0~6 12~48 72~144h
Short-, mid-, and long-term denote roots treated with 20 pmol L™ Pi with 0-6 h, 12-48 h, and 72—144 h, respectively.
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Table 2 Putative biological functions of differentially expressed ESTs with up-regulated pattern in different Pi treatments of short
term (1-6 h), medium term (12-48 h) and long term (72-144 h)

EST . X . .
Gene Function Function classification
1~6 h Deficient-Pi treated for 1-6 h

USF1 mitogen-activated protein kinase MAPK1a ' protein amino acid phosphorylation signal transduction
USF2 protein kinase-like protein’ protein amino acid phosphorylation

USF3 calcium-dependent protein kinase CPK1A ' protein amino acid phosphorylation

USF4 PH85-16 PTF1 mRNA® transcription factor transcription
USF5 zinc finger (C2H2 type) family protein (ZAT10) ' transcription factor

USF6 pyruvate kinase enzyme metabolism
USF7 putative glutamate dehydrogenase enzyme

USF8 acetohydroxyacid synthase enzyme

USF9 dehydrin WZY2 mRNA response to biotic stress stress response
USF10 myosin heavy chain VIII A2 response to biotic stress

USF11-USF23 function unknown (13)
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(B&XR2)
EST . . . .
Gene Function Function classification

12~48 h  Deficient-Pi treated for 12-48 h

UMF1
UMF1
UMF2
UMF3
UMF4
UMF5
UMF6
UMF7
UMF8
UMF9
UMF10
UMF10
UMF12
UMF13
UMF14
UMF15
UMF16
UMF17
UMF18

UMF19

UMF20
UMF21-UMF53

phospholipase D

protein kinase family protein *

zinc finger (C3HC4-type RING finger) family protein *

AP2 domain-containing transcription factor
myb family transcription factor *

expansin-related protein *

proline-rich family protein contains proline-rich region

expansin family protein (EXPR3)
hexose transporter

amino acid transporter

heavy-metal-associated domain-containing protein

sulfate transporter

peroxidase *

glutathione S-transferase*
pathogenesis-related protein
senescence-associated protein-related
short-chain dehydrogenase/reductase (SDR)
cytochrome P450

dihydroflavonol 4-reductase

AAA-type ATPase family protein similar to zinc

dependent protease
NADPH oxidase-like

function unknown (33)

72~144h Deficient-Pi treated for 72—-144 h

ULF1
ULF2
ULF3
ULF4
ULF5
ULF6
ULF7
ULF8
ULF9
ULF10
ULF10
ULF12
ULF13
ULF14
ULF15
ULF16
ULF17
ULF22
ULF18
ULF19
ULF20
ULF21
ULF23-ULF66

protein kinase-like protein

protein kinase family protein

inorganic pyrophosphatase

galactinol synthase

tropine dehydrogenase
bisphosphoglycerate mutase family protein
PEP carboxylase

glutamate decarboxylase

acireductone dioxygenase

quinone oxidoreductase - like
S-adenosyl-L-methionine

lipase class 3 family protein
phosphoinositide-specific phospholipase C
inorganic phosphate transporter (PHT3)
phosphate transporter (PT2)

lipid transfer protein

cation exchanger, putative (CAX7)
putative protein 21K protein precursor
MtN3-like protein
ethylene-forming-enzyme-like dioxygenase
protein phosphatase 2C ABI1

peroxidase 73

function unkown (44)

intracellular signaling cascade

protein amino acid phosphorylation

transcription factor
transcription factor
transcription factor
morphegensis

root morphegensis
DNA methylation
transport

transport

transport

transport

enzyme response to oxidative stress

enzyme response to oxidative stress

response to biotic stress
aging related

enzyme

electron transport

anthocyanin biosynthesis
enzyme

enzyme

protein amino acid phosphorylation

protein amino acid phosphorylation

phosphatase

carbohydrate biosynthesis
aging

glycolysis

tricarboxylic acid cycle
amino acid metabolism

enzyme

NADP-dependent oxidoreductase
carboxyl methyltransferase

lipid synthesis

DNA methylation

Pi transport

Pi transport

lipid transport

ion transport

invertase
endomembrane system
oxidoreductase

response to abscisic acid stimulus
response to oxidative stress

signal transduction

transcription

development

trafficking

stress response

metabolism

signal transduction

metabolism

lipid metabolism

trafficking

development

stress response

i

EST

EST

T ESTs up-regulated in short term treatments were further up-regulated in medium term treatments. * ESTs up-regulated in mid-term
treatments were further up-regulated in long term treatments.
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Table 3 Putative biological functions of differentially expressed ESTs with down-regulated pattern in deficient-Pi treatments of short

term (1-6 h), medium term (12-48 h), and long term (72-144 h)

EST

Gene

Function

Function classification

1~6 h  Deficient-Pi treated for 1-6 h

DSF1
DSF2
DSF3
DSF4
DSF5
DSF6
DSF7
DSF8
DSF9
DSF10-DSF17

guanine nucleotide-binding family protein *

basic helix-loop-helix (bHLH) family protein '

PSII D1 protein processing enzyme
endo-1,4-beta-glucanase *

RuBPcase large subunit '
acyl-[acyl-carrier-protein] desaturase
lipid transfer protein (LTP)
high-affinity nitrate transporter
stress-responsive protein '

function unknown (8)

12~48 h  Deficient-Pi treated for 12-48 h

DMF1
DMF2
DMF3
DMF4
DMF5
DMF6
DMF7
DMEF8
DMF9
DMF10
DMF11
DMF12
DMF13
DMF14-DMF39

two-component responsive regulator
thioredoxin family protein*
homeobox-leucine zipper protein®
G-box binding factor 1

60S ribosomal protein L14 *

40S ribosomal protein S10

peptide chain release factor*
ribosomal protein S6

glycosyl hydrolase family 3 protein
endo-1,4-beta-glucanase *
RuBPcase large subunit

heat shock protein

auxin response factor 7b

function unknown (26)

12~48 h  Deficient-Pi treated for 12-48 h

DLF1
DLF2
DLF3
DLF4
DLF5
DLF6
DLF7
DLF8
DLF9
DLF10
DLF11
DLF12
DLF13
DLF14
DLF15
DLF16-DLF38

serine/threonine kinase
phosphate-responsive 1 family protein

myb family transcription factor

RNA methyltransferase

RNA polymerase sigma subunit SigF
protein transcription termination factor nusB
aspartyl protease family protein

40S ribosomal protein S17

glycosyl hydrolase family

aldose 1-epimerase

phosphoethanolamine N-methyltransferase 3
glutaredoxin family protein

high-affinity nitrate transporter NRT2
trigger factor type chaperone family protein
plant defensin protein

function unknown (23)

signalling

regulation of transcription
proteolysis and peptidolysis
carbohydrate metabolism
carbohydrate metabolism
fatty acid metabolism

lipid transport

nutrient transport

response to abscisic acid stimulus

two-component signal transduction
phosphatase

regulation of transcription
regulation of transcription

protein synthesis

protein synthesis

chloroplast organization and biogenesis
protein synthesis

carbohydrate metabolism
carbohydrate metabolism
carbohydrate metabolism

protein folding

regulation of abiotic stress responding

protein amino acid phosphorylation
protein amino acid phosphorylation
regulation of transcription

RNA processing

transcription initiation

regulation of transcription, DNA-dependent
protein degradation

protein synthesis

carbohydrate metabolism

galactose metabolism
phosphoethanolamine N-methyltransferase
transport

nitrogen transport

protein transport

response to insect

signal transduction
transcription

metabolism

lipid metabolism

trafficking

stress response

signal transduction

transcription

protein synthesis

metabolism

stress response

signal transduction

transcription

protein degradation
protein synthesis

metabolism

lipid metabolism

trafficking

stress response

¥

" ESTs down-regulated in short term treatments were further down-regulated in medium term treatments. * ESTs down-regulated in me-

EST

.1

5

EST

dium term treatments were further down-regulated in long term treatments.
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EST ,
EST ,
[17-20]
EST (21221 OsPT1
3 Wit ’ ’
[21]
[4] , AtPT1,
, (1~6 h)
(12~48 h) (72~144 h) (22] , PHT3  PT2
, 142 EST 94 (ULF14  ULF15)
EST ) ,
, (CDPK) (MAPK)
, , CPK1~CPK20
H202
, , (ABA) (GA)
[11-12] [23]
CDPK1
(24 CDPK
[1]
,o 1 , MAP
proline- rich family protein containing proline-
rich region(UMF6), R
[25-28]
MAPK 1a(USF1)
bZIP Phi-2["3! Myb CPK1A(USF3) (USF2
PHR1! bHLH OsPTF1!"! UMF1 UMF2 ULF1  ULF2)
WRKY WRKY75!¢), ,
, MAPK CDPK
, EST ,
OsPTF1 ZAT10 , ,
(USF4  USF5), 291 ,
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[30]

E i

USF9-USF10 UMFI12-UMF15

ULF20-ULF21 , 2 (UMF12
ULF21) 1 -S- (UMF13)
60S
L14(DMF5) 40S S10(DMF6)
(DMF7) S6(DMEF8)
408 S17(DLF8) ,
(DLF7)
) EST
51 (142) 35.92%,
EST 37 , (94) 39.36% ,
EST GenBank
DNA
mRNA
4 HEig
142 94 EST
EST
R EST 5
(
OsPTF1 ZAT10
) MAPK1a
CPK1A ( serine/threonine
kinase) (PHT3  PT2)
( peroxidase 73) -S-

(glutathione S-transferase),

B
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