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Table 1 Real-time PCR primer sequence

H N2 B HRS

Gene name Locus identifier

Gk

Primer sequence (5'—3")

CATCATGCTCGCCTACATGCAGAA

NR1 LOC_0s08g36500
CGCGGTTGTCCTTGTAATGGTAGT
, TGAAATGGCTCAAGCGCATCATCG
NR2 LOC_0s02g53130
ATGTACTCCGGCTTGTACCACCAA
) i} TCGACGAACTTGGGATGGAGGTTT
NiRl  LOC_0s02g52730
AGTCCCTCCTCTGCCATTTCTTGT
) TAATTGCGGTGTTGGCATTGCAGG
NiR2  LOC_0s01g25484
AGTCCCTCCTCTGCCATTTCTTGT
. GCCGTGATGTGTCAACGTTGGATT
GS1;1 LOC_0s03g12290
ATGACACTCGGTGAACAGGACAGA
. i} GTGCGTTTGGGTGCTCTTGTGTAA
GS1;2  LOC_0s02g50240
TGTGGAAAGGAGGACGATGATCCA
. i} TGTTCTCTGACGCTGGTGCTGTTA
GS1;3  LOC_0s03g50490
TGCAGGTGATGGCCTCATGAGAAA
i} GGACAAATCGTTTGGCCGTGACAT
GS?2 LOC_0s04g56400
TGACCAGGCATGACCTCTCCATTT
ATGGTGCCAGTGCTATATGTCCGT
Fd-GOGAT 1.0OC_0s07g46460
GTTTCTTTGGGCCTGCTCAATGGT
NADH- . GCTGCTAAGCTTGCAAAGGAACCA
o LOC_0s01g48960
GOGATI ACGCTCATTTGGATCCCGGTAAGA
NADH- . i} CCTGTCGAAGGATGATGAAGGTGAAACC
o LOC_0s05g48200
GOGAT2 TGCATGGCCCTACTATCTTCGCATCA
TCCTGTCCAAGAAAGGCGTTCTCA
GDH1  LOC_0s03g58040 e o ot I
TGCACATCTCCTTCACATCCCTGA
TAATGTTGGTTCATGGGCTGCACG
GDH2  LOC_0s04g45970 CTIC CETGEAC
AAAGCACCACCCTCATTTCTGTGC
AGGGAGTCATTGTGCTGCCAGATA
GDH3  LOC 0s02g43470
TTTGGAGCTCCCTGTTCACCTTCT
. AACATCAAGGCTCAGCAAAGGAGC
GDH4  LOC_Os01g37760

GATGCACAAGGGAATGCAACGTCA

4)RT- PCR 43#7, K TransZol i3 #2 #
i RNA, 2 # 5 B SS Il (Superscript [l reverse
AT I % 5% RT-PCR £
T3 PR 5 S K F I £ ik i . RT-PCR W51 95 i1 &
BRI 2 R 2 Mg 550 05 3k 04T, 519 7 51 L
#1,

5) 7K R AU FR R4k AH O B % P DU 2 o ol VAR 4 BB
1.5 mL #9$2 B (50 mmol/L Tris-HCI, pH
7.5; 10 mmol/L MgCl,; 1 EDTA;
1 mmol/L & % — Z Bt —# D ZR;1 mmol/L#E
F ;1 mmol/L 3-Z 30 ;1 mmol/ L7 B B Bt
B (PMSF) ;10 pmol/L S Eg k) . vk 421, 5 h,
12 000 r/min 4 CE&.L> 12 min, % F¥ 1. 2 mL, 15
S B T 0 A2 A R 8 JE i (NRD | W Al 2 38 5 it
(NiR) (2% & Bt e & Wi (GS) L 7 & R A W (Fd-
GOGAT . NADH-GOGAT) . & & & it & M (NAD-
PH-GDH. NADH-GDH) ) % #. NR. Fd-
GOGAT .GS 3% ¥ & 2 B Gibon %%/ F1 Migge
SR v #E AT, NiR 15 140 % 2 IR Scheible 2554 )y
%k 47, NADH-GOGAT i ¥ 9] 5 2 i Hecht
SEUU gk AT A 2 TR B &l B (NADPH-GDH .,
NADH-GDH) i ¥ | %8 2 B4 Turano Z£'%) J7 2 it
7.

1.3 HIESH

JIT A 1k 50 B A 34 DA IE R R AR A S X R
K38 J7 22 43 B AT b 35 1 25 = 43 B RT-PCR 194K
¥4 B Kenneth 2807 B 34T 4047 .

2 HRESMW

2.1

transcriptase, Inv1trogen)

mmol/L

RES NH,” #1 NO,” A E
R NH, © \NO, ~ 19 & &t B 2 Bk 20 8 [|] /9 4
0T AR B A aa 7 d i S R B IR T
A7.85% 1 79. 80% (& 1), *Effskffcjafuﬂd}i@_ 7d 5
RE A ALK 2 h /), NH; M b T, 29 %
BB 5 % (& 1-A) L 1 NO, éf T e KSR A
ALK 1 dmf,NO, - E’\Jﬁgaﬁxﬂﬁ% 43. 26 %
(K 1-B).
22 RERUBEXBHERRZEE

B 1 hoAf, e BB NR2 £k R A BG4
ot OBy 143 f%, AR # GS1; 3, NADH-
GOGAT1,NADH-GOGAT?2 Fi# I # Fd-GOGAT
TR R R MR A T ARB(E 2), 6t
AUE 1 d B HL F R NR1,NiR2 .GS2 . Fd-GOGAT



18

e g K ¥ ¥

5 6 7

FALHE N treatment

2

3

4 5 6 7

HALHE N treatment

1~7 FREAEMA 0 ho1 h1d.3d.7d A REAEME7dJE MEHEEAEK 2 h F1 1 d 1-7 indicate the time with N-absent stress for

0 h,1 h,1d,3d,7 d and re-supply N to plants for 2 h,1 d after N-absent stress for 7 d; * | * *

P<C0.001 KF BRI BEMERST, R, The *, x x,

tively. The same as follows.
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RN AR A GS & k4 5 A R B 83, 4200 I
79.10%, Fd-GOGAT 43 Jil A X} J& i) 83. 48% Al
61.05% . NADPH-GDH 4351 by X} B9 146. 96 % il
74.77% ., W # NADH-GOGAT #l NADH-GDH
B3 43 5] A o BB Y 58, 61 %0 F1 75, 63% ., ZERE
WY M ARG AE A 7 d EIRE AR 1 d i, BiR
RACHHAE OGBS PE X TR E B .
25 HEGuFl Asp &S E

BREUN R A AR R B Glu & AR AR
P TEB AU A 1 h B, B AR, WA AR Glu &
W T RS B AN 3 d S A B R
S T3 B R K, M B Asp i T B I AR #B
Asp FEMA LI 2R RS TR, SAbe 7 d
BF, Ml b AR EB Glu & 543 51 o X HR Y 29. 83 %
1 29. 60% . Asp % 1 43 5l A XF BB 21, 8594
22.23% MHRTEBL A A 7 d FE R E A A K,
Asp.Glu #8355 i m 7+ (E 4,
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Table 2 Effects of different nitrogen treatments on enzyme activity of GS,GOGAT and GDH

BeaEa 7 diE, BrEa T d)E.
BeEMbA o b BrEME 1 h o BEME 1d BEMEsd  BEMETd REME 2L AR 1 d

95 1 / (nmol/ (min « g))

. N-absent N-absent N-absent N-absent N-absent Reply N for 2 h Reply N for 1 d
Enzyme activity
stress for 0 h  stress for 1 h stress for 1 d stress for 3 d stress for 7 d after N-absent after N-absent
stress for 7 d stress for 7 d

R GS & 7517+ 618.82+ 495,63+ 264,31+ 408. 48+ 410,63+ 594,61+
GS activity in roots 40. 26 15.56 "7 19.72* 0,93 "~ 48,34 7 17,08 =~ 52,02
b GS 1 618.82+ 994, 5+ 1032.15+ 940. 16+ 914,34+ 855.7+ 1039.15+
GS activity in shoots 15.56 " " 34.16" " 9.86" 5.19" " 11,45 31.75" 26.09
R Fd-GOGAT {1 448,34+ 100. 22+ 316. 08+ 181. 81+ 119. 86+ 218,69+ 273,73+
Fd-GOGAT activity in roots 32.75 52.88 19.97** 20,747 7" 25,19 "~ 17.56* 23.35" "
Mo 1% Fd-GOGAT i 2 251,47+ 197112+ 1894.47+ 1658, 49+ 1 442,68+ 1058.02+ 1879.49+
Fd-GOGAT activity in shoots 145. 41 91.46 138.12 93.81" " 220,09 " 81.09" 98.71
3 NADH-GOGAT i ¥ 315,25+ 313.42% 174,95+ 36.13+ 29.96+ 46, 88+ 184,78+
NADH-GOGAT activity in roots 2.28 4. 88 3.78% 7" 7.127 7 3.387 77 34477 1.627 7~
1 NADH-GOGAT i # 16,58+ 29,16+ 12.12+ 0.8+ —0.23+ —9.38+ 10,52+
NADH-GOGAT activity in shoots 1. 89 3.57 3.27 3.76 6.23 7.21" " 3. 96
¥ NADPH-GDH 35 1 240. 26+ 279,09+ 255, 1+ 191. 64+ 155. 02+ 133.55+ 179. 64+
NADPH-GDH activity in roots 12.03 8,957 0.95 11,527~ 4,37 7" 5.68" "7 3.947 7
b NADPH-GDH i # 50. 83+ 85,31+ 54,81+ 67.63% 78.23% 78.68% 74,7+
NADPH-GDH activity in shoots 2.03 2.03" "7 6.89 0,777 6.67" " 0,777 5.52" "
MR NADH-GDH 3% 1 1023.25= 1147. 8% 983.23% 692.52+ 515.79+ 478,01+ 773.84+
NADH-GDH activity in roots 91.25 55,13 35.16 8.39" " 34,777 13,11~ 45,64

b b NADH-GDH 35 1 384.2+ 381. 91+ 348.52+ 335,72+ 367. 96+ 356. 72+ 375. 66+
NADH-GDH activity in shoots 30. 42 27.41 12.35 12.36 11. 34 40.52 19. 65

D x %, % x x 3HI5F;R P<<0. 05, P<C0. 01, P<0. 001 /KF F B EMEER, The *, * x, x % x indicate significant
differences at P<<0. 05, P<C0. 01, P<C0. 001 respectively.

W Asp-Hi R i Asp activity in roots AR S NR GG VA2 B & 1 b1 d B 5 0 4R
O Asp-Hb |- Asp activity in shoots 69.58 % F1 81.42% . NO, ~ FSfLVE I Be e . S & W
8 Glu-# R Glu activity in roots A .

B Glu-H I Glu activity in shoots 87 d 5, Mk VJ{EL\ R 2 h B, NH, R

N
o0
(=4

(& 1-A) . NO, wR MRS T B (E 1-B), &
A A PR B S A XS NHﬁk%%ﬁzﬂﬁ'@m% NO, -
At AL A HLA , SRR I NH, &, 1 it

W
D
=

Free Glu,Asp contents
o
=
S

WE B A spFIGluty Ht/(nmol/g)

120 i CRERE A T LUK A R e e NTHL, R A 2%
0 2 M 157 368 A A R DLIRCAR 25
FULIE Nreatmen Fe 90 Sk 300 3 3R I A 1 2
B4 AERAEXHEE GluFn Asp EEHI M FIREA NS BT IR B (E , Y B & a7 d B,
Fig.4 Effects of different nitrogen treatments ZEERF RS RIETFREE 2), ZXHAZS 2
on Glu and Asp contents 5 R K P 1 23 I FLGH 8 43 38 1R K
3 i i SR A — AR B R B R . SRR A S

A B B0 5 AR () T B B, B0 5

KRR P A FH B SUUE R b s B EL R S gy D e 90 0T 14 9 T 2 B DR
NHUANO, - 2%, SBEUINE 7 d W ORBRPE k5 30 5% 525 K2 B 5. HLBRWE B Glu Rl Asp
AR NO, S TR IR R T NHL B D 4 55 75 22 1t i 152 0 K A< S I e A L A 0 4 IR Y
J5LDA T B SR T AR AL N IS e R A BER 3 d R B R K R
GS.GOGAT i HE 5% F W, NH, FIALAE S FWes (B 40, MR R AR 5 46 20 KU 306 4 2 PR 6 3 Ik
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7N BRENE R, 3 NADPH-GDH i 1 45 22 438
Jn, AR 3 NADPH-GDH #il NADH-GDH i 4 12
FEERE M 1 h B, 28 54 & 16, 1606 Fil 12, 17%
(£ 2), 5t A AT AR 2 Bk 28 42 i GDH 4L Glu %
iR NH, 3G PERG i . r 1 B it A
S B GS.GOGAT 7 P e KT B B 2 /N T
HRFE . AT AT B AE 7 X ik 2038 B2 B, GDH A5 25 il e
HEMIMEM.
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PR 3 8 B HC TG 1 A A R 1 350 R AR 3 22 B A A
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Effects of nitrogen deficiency on nitrogen metabolism and expression
of genes related during vegetative growth stage of rice

LUO Feng LU Yong-en YANG Meng LIAN Xing-ming

National Key Laboratory of Crop Genetic Im provement and National Center of

Plant Gene Research  Huazhong Agricultural University ,Wuhan 430070,China

Abstract Nitrogen is one of essential nutrients for plant growth, Under the N deficiency at different
time points,the dynamic changes of the expression of genes and activity of enzymes related to nitrogen
assimilation in rice were investigated. The results showed that the concentrations of ammonium and ni-
trate significantly reduced under the N deficiency. Under the N deficiency for a short time, the expression
level of genes including NR1, NR2, NiR2,GS2, Fd-GOGAT ,GDH2,GDH3 in the shoots as well as
NR1,NR2,GDH4 in the roots were up-regulated,and then their expression level decreased after a long
time under the N deficiency. Along with the extension of time under the N deficiency, the GS, Fd-
GOGAT activities in whole plants,NR activity in shoots and NADH-GOGAT activity in roots decreased
while the NADPH-GDH activity in shoots increased. In roots the activities of NR,GDH increased at first
and then decreased, while in shoots the NiR activity was just the opposite. Re-supplied N after 7 days of
N deficiency,the transcriptional expression level and enzyme activities of NR, NiR,GS, GOGAT,GDH
restored,and expression level of some genes increased as well.

Key words rice; nitrogen stress; gene expression; nitrogen metabolism; vegetative growth stage
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