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Abstract ; Variations in gene expression profiles in high yielding and nitrogen use efficiency wheat variety Kn
9204 and the control variety J411 in different developmental stages and different tissues were analyzed using Affy-
metrix wheat microarray. The results indicated that 2 955 differentially expressed genes were detected between the
two varieties in root at booting stage,including 1 201 and 1 754 of genes were up- and down-regulated comparing
Kn9204 to J411 ,respectively. 2 738 differentially expressed genes were detected between the two varieties in flag
leaf at booting stage ,including 1 323 and 1 415 of genes were up- and down-regulated comparing Kn9204 to J411,
respectively. Besides 2 294 differentially expressed genes were detected between the two varieties in flag leaf 10
days after anthesis,including 839 and 1 455 of genes were up- and down-regulated comparing Kn9204 to J411 ,re-
spectively. There were 220 and 303 of genes up- and down-regulated comparing Kn9204 to J411 in all the three
groups , including both root and flag leaf at booting stage, and flag leaf 10 days after anthesis, respectively. Semi
quantitative RT-PCR was further used to confirm the results of microarray,and all the four genes gained the same
results by the two methods,indicating that the microarray results were biologically reproducible. To further charac-

terize these differentially expressed genes,we used Gene Ontology( GO) for their annotation. The results showed that
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the most significant GO classification( According to the biological process classification) of differentially expressed

genes between Kn9204 and J411 in all the three groups( Root at booting stage , flag leaf at booting stage and flag leaf

10 days after anthesis) was cellular nitrogen compound metabolic process ,indicating that the difference of cellular

nitrogen compound metabolic process between Kn9204 and J411 was probably to be the molecular mechanism lead-

ing to yielding and nitrogen use efficiency difference between the two varieties.
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i RNA, LA 500 ng RNA Jy#iff , 4% it RNA PCR Kit
(AMV) Ver. 3.0 ( TaKaRa) {57 & 09 56 B 45 647 )%
%% DL L R sk W) i, LA TaActin 2N

% 2 x Tag PCR MasterMix ( KAR ) X 4 4~785 /-
Jﬁ%iﬂ’%#% LR AT 2 22 7 RT-PCR 204, A
bt 458, RT-PCR #2/% 4 :94 °C 5 min;94 C
30 s,Tm 30 5,72 C 29 ~ 104 s (KR 1 A B K/
% 1 min 734 1 kb 3150) ,30 MEH ;72 C 7 min;
55 20 °C, Z 5 1% 05 BEEE I R Tk A6 Tl
PCR %55, 519751 KR K EWE 1,

®1 FATEEE RT-PCR HSHHISI4
Tab.1 Primers used in semi-quantitative RT-PCR analysis
M Elk/2 ]l RAKREE/C
Gene Primer sequence (5' -3") Tm
TaPIPI  F.TCTCTCCCAAAGCCAAGAGC 58
R:CAGCGATAAGATTCCACCCG
TaUreG  F;CCTTCCACTTCCAAGTCTGG 58
R:CATACGTGAACACATGCCCG
TaNASI F.CTCCATCAGCCACTCTCCAC 60
R:GCAGGCGATCAAGCAGCTAG
TaWPK4 F.CCACCTCCACCTAATCCCCA 64
R:GTTCCTGTCAGTTGCACCCG
TaActin  F;GTTCCAATCTATGAGGGATACACGC 56

R:GAACTTCCACTGAGAACAACATTACC
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2 9554, Hirh BhAk 9204 rh SRk F AT 411 (3
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AT 32 4, G AB 2.66% . 1ERMK 9204 ik
LTI 411 R 2 R RIMMEBCN 2 ~3 A
1195 />, i 22 7 5L RSB 68.13% 33 ~5 5y 22
SEIENA 341 A4, BB 19. 44% ; 22 573 F AR
KF 30 BEEHA 18 4, i B 1.03% (K 1),
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FER R 1323 4, Bl 9204 ThRA LT AL 411 1
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ML, 22 F RIBEECRH 2 ~3 104 793 1>, i
SRR BB 59.94% ;3 ~ 5 {5 RN A 285
A BEY 21, 54% 3 22 7 R IBAEEORTF 30 193
A 39 4, 5B 2.95% . 1ERMK 9204 h ik
HART T 411 R 2R RIAMEECh 2 ~3 I
938 /™, i 2= S AL BB Y 66.29% 33 ~5 {2 R
FEA 263 4, 5 B 18, 59% ; 22 F R KRR
T30 M 23 4, A 1.63% (B 1)

A6J5 10 d et b 2 A G Rl 25 R Rk I R
AT 2 204 A4 HrP R 9204 AR E T 411
FIFER A 839 4, B4 9204 HRik AR T 5 411 Y
LR 1455 4, FERMK 9204 hFAEE T Al 411
ML 22 5 RIBEHCRH 2 ~3 10 491 1, i %
SERED B 58.52% ;3 ~5 [ 2 R IEA 168
A, BB 20. 02% ; 22 5 R IBEEOR T 30 MY HE
I 42 A, 5 BB00 5. 01% . 7ERFR 9204 h3kik
AT 411 MR 2 R RO 2 ~3 I
923 A~ 5 22 LN BN 63.44% 33 ~5 {5 22 5
FERA 289 4N, (5 MBI 19. 86% ; 22 S F AR
T30 BYEERA 25 A, RSB 1. 72% (B 1)
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LAA. 4£J5 10 d M5 LBS. Ze et

RBS. 2RI, 2,4, 2 ~4 A,
LAA. Flag leaf 10 days after anthesis; LBS. Flag leaf at booting stage ;
RBS. Root at booting stage. The same as Fig.2,4 and Tab.2 -4.
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Fig.1 Distribution of differentially expressed genes with
different folds of expression levels in Kn9204 and J411

in different organs or developmental stages
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SRR E R RN R in different organs or developmental stages
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A. Gene ontology analysis of differentially expressed genes comparing Kn9204 to J411 in flag leaf at booting stage ; B. Gene ontology analysis of differential-
ly expressed genes comparing Kn9204 to J411 in root at booting stage; C. Gene ontology analysis of differentially expressed genes comparing Kn9204 to
J411 in flag leaf 10 days after anthesis. The darker showed more significant differences.

3 FARALFEMREMEARIK 9204 MR 411 ERRIZER GO SEMKE (RBEWIESX)
Fig.3 Gene ontology analysis ( biological process) of differentially expressed genes comparing
Kn9204 to J411 in different organs or developmental stages
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Tab.2 Functions of probes with more than five fold up-regulated comparing Kn9204 to J411

in different organs or developmental stages

BhE Kn9204/J411 HH Ratio Thiesk

Probe set ID LAA LBS RBS Description of function
Ta.28263.1. 51 _at 244.22 295.95 109.91 Histone H2B. 2
TaAffx. 113846.1. S1_s_at 232.01 164.20 96.73 Aquaporin protein
Ta. 10349.2. 51 _at 147.70 120.22 482.69 Universal stress protein domain containing protein
Ta.30908. 1. S1_at 137.62 25.57 21.60 EF hand family protein
Ta.1944.1.S1 _at 126.74 44.21 92.20 Superoxide dismutase , mitochondrial precursor
TaAffx. 104814.1. S1 _at 107.50 61.14 145. 68 NBS-LRR disease resistance protein
Ta.4092.2. 51 _at 97.59 50.32 180. 18 Af10-protein
Ta.1908.1. S1_at 90.18 62.48 18.34 GTP cyclohydrolase I 1
Ta. 10508.2.S1_a_at 69.09 29.38 41.80 Glyceraldehyde-3-phosphate dehydrogenase
Ta.28411.1. Al _at 67.44 54.20 109.07 Calmodulin-related calcium sensor protein
Ta.3830.1.S1_a_at 65.91 40.68 19.96 ATP-dependent DNA ligase
Ta.2895.1.S1_x_at 52.39 24.16 26.59 Aquaporin protein, PIP1D, PIP1 ;5
TaAffx. 58902. 1. S1_x_at 48.00 30.78 46.51 NADH-ubiquinone oxireductase
Ta.2895.1. 51 _at 46.21 24.43 14.52 Aquaporin protein
Ta.11279.1. Al _at 35.68 40.81 37.36 Transposon protein
Ta.20949.1. Al _at 35.10 13.17 10.22 Glyoxalase family protein
Ta. 14739.1. 51 _s_at 33.34 19.02 12.58 Flowering promoting factor-like 1
Ta.6210.1. S1_at 30.57 17.79 10.25 Serine/ arginine repetitive matrix protein 1
TaAffx. 16946.1. S1_at 27.85 17.23 32.32 Glycosyltransferase
Ta.30798.1. Al _at 27.67 8.50 5.65 Vacuolar-processing enzyme
Ta.7694.1. 51 _s_at 26.69 10.73 9.71 Histone H2B. 2
Ta.1763.3.S1 _at 22.12 28.91 64.95 Ras-related protein
TaAffx. 104444.1. S1 _at 22.07 14.74 18.80 LTPLI19
Ta.3830.2.SI_x_at 20.54 23.29 12.55 Glycosyltransferase
TaAffx. 92191.1. Al_at 18.66 6.31 7.65 NBS-LRR disease resistance protein
Ta. 14739.1.S1_x_at 14.15 5.93 5.78 PBS lyase HEAT-like repeat protein
TaAffx. 108612. 1. S1_at 11.93 5.76 16.73 Alanyl-tRNA synthetase
TaAffx. 128848. 1. S1_at 11.35 33.17 7.66 Transporter family protein
TaAffx. 37764.1. Al_at 10.60 21.33 7.54 Cysteine-rich receptor-like protein kinase 12 precursor
TaAffx. 18856. 1. SI_at 10.31 10.51 10.62 Part of small (Ribosomal) subunit (SSU) processosome
Ta.7318.1.51_a_at 10.28 11.20 7.28 Glutathione transport system permease protein gsiC
TaAffx. 97770. 1. Al _at 9.17 10.16 5.44 TadE family protein
Ta.5897.3. 51 _at 9.17 9.94 5.61 Thrombospondin, type I domain containing 3 isoform 2
Ta.3830.2. S1_at 8.29 14.03 6.38 Glycosyltransferase
Ta. 12045.1. S1_at 7.64 5.30 6.11 Late embryogenesis abundant group 1
Ta. 16053.1. 51 _at 7.29 5.63 6.41 Leucine zipper protein-like
Ta.5897.3.S1_x_at 7.23 7.12 6.40 Thrombospondin, type | domain containing 3 isoform 2
TaAffx. 54508.1. S1_at 6.15 10.51 8.11 Peptidyl-tRNA hydrolase
Ta. 17960. 1. S1 _at 5.86 13.13 11.53 O-methyltransferase

2.2 ERFRIEEFDEEEE

R T IR AKT o3 B B IR 3Rk 22 5 ) 3
BhA€ 9204 FIHT 411 2 Al ] 7= 2 FROR 22 5+
(853 FHL A0 22 R A i i A A S
10 d FEMRRA 9204 FIHT 411 5 Fl 6] 22 53 38 38 il i
AT GO 4328 (R IEAEYE 2 702%) . FDR <
0.05 () GO Jr AP REMHLIT T 0y 42 A4~ 13 5tk

MRBIMEU R - A0 & A A& P AR R 42 ( Cellu-
lar nitrogen compound metabolic process) , L-2 N 2 i{
iR 8458 ( L-phenylalanine catabolic process) , I#%
S8 8 42 ( Amine catabolic process ) , g PN 4 5
12 43 fift A% 8 3% 2 ( Cellular amino acid catabolic
process) , J5 77 ik 2 K 1R 43 i AR 1 15 42 ( Aromatic a-
mino acid family catabolic process) %%, FDR < 0. 05
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) GO 7 A2 REIAR v AT 2 A fe B R R
B/ - A0S B AL S P AR &R 42 ( Cellular ni-
trogen compound metabolic process ) X} TCHLY A9 M
W ( Response to inorganic substance) , FDR <0.05 ¥
GO Z2RAEAE)T 10 d JHI P R 1 A4S, BRI &
AAEW IS (Cellular nitrogen compound meta-
bolic process) , ¥V AR GO 73K T AW E
FEPZRAREI (18] 3) |, & BLAEARFUAS ) 75 i 400 £ ke

b 22 S E Y GO AR AN & BAL AW
R 5 42 ( Cellular nitrogen compound metabolic
process) , NIERI 7K 48 78 BHAR 9204 Fil o 411 4
& AL S YRR AR Y 22 AR AT REE B 2
Fof ] 7 P RUROCR 22 5 1 2 LT . b, LR
MR e NN SRR R A SR S ALY
AR A QI I AR A 2 R R I v Y 22 S T BE X 2
A b TR 7 R R 28 AT — E B BT

R3 FAREALAREMRZERBRRK 9204 RIZEHETR 411 5 B EHEE TR

Tab.3 Functions of probes with more than five fold down-regulated comparing

Kn9204 to J411 in different organs or developmental stages

BhE Kn9204/J411 H{H Ratio Thiesk

Probe set ID LAA LBS RBS Description of function
Ta.27111.1. 51 _at -84.22 -81.31 -9.18 Dihydroneopterin aldolase
Ta.28489.1. Al _at -67.72 -30.06 -22.69 Heat shock protein Dna)]
Ta.13859.1. Al _at -59.28 -42.04 -22.10 Calmodulin-related calcium sensor protein
Ta.24948.1. 51 _at -54.54 -53.84 -35.20 Anaphase-promoting complex subunit 1
Ta.23397.1.S1 _x_at -51.95 -17.83 -11.27 Glycine-rich cell wall structural protein precursor
TaAffx. 106304. 1. S1_at -36.14 -151.70 -32.12 Thaumatin, putative
Ta.5257.2.S1_x_at -31.84 -15.44 -24.01 OsRCI2-11-Hydrophobic protein OSR8
Ta.23373.1. 51 _at -24.08 -19.79 -9.33 Glyoxalase family protein
Ta.24747.1. Al _x_at -23.13 -37.98 -8.47 Sucrase-related
Ta.20909.2.S1_s_at -23.11 -26.92 -7.18 SCP-like extracellular protein
Ta.24947.1. 51 _at -20.95 -45.28 -45.06 0sRCI2-6-Hydrophobic protein LTI6B
Ta.5278.1.S1_x_at -20.13 -20.23 -25.36 Phospholipase
Ta.5559.1. 51 _at -20.07 -13.46 -22.64 Pre-rRNA-processing protein TSR2
Ta.28688. 1. Al _at -18.86 -9.53 -10.12 Transcription elongation factor 1
Ta.24150. 1. S1_at -17.33 -18.19 -20.64 Glutathione S-transferase
Ta.7124.1. Al _at -15.93 -18.02 -15.07 Conserved hypothetical protein
Ta.25383.1. Al _at -15.30 -25.68 -12.57 Transferase family protein
Ta.7545.1. Al_a_at -15.02 -9.23 -5.18 Kinesin motor domain containing protein
Ta.4943.1. 51 _at -14.03 -7.93 -6.71 REX1 DNA Repair family protein
Ta.1422.2.S1 _at -13.78 -17.85 -49.73 DNA-directed RNA polymerase subunit
Ta.20895.1. 51 _at -13.23 -19.61 -12.97 Late embryogenesis abundant protein
Ta.30123.2. Al _at -12.90 -8.60 -11.30 Haloacid dehalogenase-like hydrolase family protein
Ta.5278.1. 51 _at -11.39 -12.01 -9.54 Phospholipase
Ta.20895.1. S1_x_at -11.33 -11.56 -11.87 Late embryogenesis abundant protein
Ta.7968.1. 51 _at -10.04 -5.19 -5.31 Thioesterase family protein
Ta.30793.3.S1_x_at -9.02 -11.37 -17.15 Transcription elongation factor 1
Ta.18681.1.S1_x_at -8.94 -8.86 -5.29 Cyclic phosphodiesterase
Ta.3768.1. Al_at -8.22 -10.66 -14.28 Mitochondrial ATP synthase precursor
Ta.7326.2.S1 _at -7.97 -7.63 -10.25 Transmembrane protein 93
Ta.23322.2.S1 _at -7.80 -19.90 -12.86 Thaumatin
Ta.28366.1.S1_a_at -7.40 -12.43 -6.006 60S ribosomal protein 1.22-2
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Tab.4 Summary of candidate genes
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Fig.4 Confirmation of the microarray data by
semi-quantitative RT-PCR
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