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Table 1 RT-PCR Primer sequence of OsPIN family gene

M Gene 2|41 )F% %) Primer sequence(5' —3")
OsPINla F:TCATCTGGTCGCTCGTCTGC
R:CGAACGTCGCCACCTTGTTC
OsPIN1b F:TGCACCCTAGCATTCTCAGCA
R:CCCTCCTCCCAAATTCTACTT
OsPIN1c F:TCGCACGGGACGCAGTCA
R:CCCGTCCTTCTCGTTCTTGTTC
0sPIN2 F:CAACACCTACTCCAGCCTC
R:TGGACCAGTCAAGAACCTC
OsPIN5a F:TGGCGGATCTTCACGAGG
R:CCGACGACAAGCGAGTTG
OsPIN5b F:GGGCAGCAGGAGAGGGTGATAG
R:GAATCGGCAGAGAGATCAATGT
0sPIN9 F:GATACAAGATAGCGTCGTTCTC
R:ATGATGTCTGCGTGGACCT
OsActin F:CAACACCCCTGCTATGTACG

R:CATCACCAGAGTCCAACACAA

1.3 HiEaE
s R H SPSS10 #4457 ANVOA J7 2 43 #r
M2, SO P B 7R MM £ bR 2%

2 45 R

2.1 AERKRELETKE EHMREWEY

EFMRELL

M2 A, S P E 5 mmol L™ AR
% 0.2 mmol L™"F, /K A% My ¥ A4 ¥ ik O R Wk 3
I, YA A Mk BE K 2 0. 01 mmol L', 7K #% Hb
A i PR 5 2.5 mmol LT UL 3 (GE
LD A, 0. 01 mmol L™ & (&) &b B F 7k
Feith EAS AW PR IR 2 29% o TR R T i &
B 1 U 5 Y AR B R T AN T R MUIEL 1 58T
A B R R A A, K RS PR AR R L B
Z R 5 B AL B LG, I A B R K
e MR ek L B I T 24 28 % , 25 Sk B i 2 K
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Table 2 Dry weight of the shoot and root and the ratio of root /shoot in rice plant relative to different N concentrations

WRATE
Root dry weight (mg plant ~")

ML L
Root / Shoot ratio

AL Mo b AT
N concentration (mmol L") Shoot dry weight (mg plant ~')
0.01 170 +30b
0.2 230 +30a
1 231 +27a
2.5 236 +33a
5 220 +25a

44 +7a 0.262 +0. 003a
52 +7a 0.228 +0. 003b
51 +7a 0.221 +0. 006h
47 +4a 0.204 +0. 028b
44 +8a 0.198 +0.019b

T 6] — 3 PR R B R R AL BRIBIAE 5% /K 2 5 5% . F I Note: Different letters indicate significant difference at 5% level between treat-

ments. The same below
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Fig. 1  Total N concentration in the shoot and the root of rice relative

to different N concentrations
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Fig. 2 Seminal root length and lateral root density on seminal root of the rice plant relative to different N concentrations
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Fig. 3 TAA concentrations in the root, root-shoot junction and the 1st leaf next to the top in the rice plant under two N concentrations
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Fig. 4 Relative expression of OsPIN family gene in the auxin outflowing protein in rice root

2.5 HEMmAMEEKE NAA N4 K EREIEH I
#il 5 NPA XfKfE 1R R A9 &2 M

M5 BT F 5 AN A IR A= K NAA M
Fb, 7 AR U B it i AR A 4 R NAA AT LRI K
e 7 AR K 3, ) IRE AT LB b 7 AR B A AR
JiE 22 538 5K B 193 KT AR I H R AR T
INANEA K NAA J5 7K A5 19 Fp 7 AR AR AR 1
(O MU AR 5 18 O R 2 AR W B A AR Ak, 5 STt AR K
FIZH i EI 7 NPA A B, 7E IE 4 0L BT it n A=
K32 F A 750 NPA AT LA Ak R Al 7 4R K TR

AR AR b B AR R 22 R R B R OK R,
TP A B it i A= 2K A i 0 7 R NPA i K A
BT AR A e A B R AR A T AR AR LAY )
R AT B R R

3 1 ®
BRI 3 4 ) R, R SR

RAFESE b o AN P e R or B RE T IR
WA T AP AR NS A A2 L, R EUE A AR

http : //pedologica. issas. ac. cn



1100 EE 51 %
s, . a E 18 . .
= 4
52} M b b T ~} g 2 15t a
<= A \:
w5 | R .
®E = = ¢
AnR g2:g 9
E2 10} RR=
= w3 6r
£ E =
g 5F =] 3+
3 &z
0 L L g 0 L
N © N e} sz
NP A z & Y S
\X ‘)X \X (’)X — \X 6X \X 6X
D v v D v v
AbFE Treatment AP Treatment

S PIAS M B AL T AN NAA FI NPA X 7K R b4 8 1 5~ A 00 R 85 1) 52

Fig. 5 Effects of application of NAA and NPA on growth of seminal root and lateral root of rice under two N concentrations (mmol L")
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FORMATION OF RICE ROOT REGULATED BY NITROGEN DEFICIENCY

Sun Huwei' Wang Wenliang® Liu Shangjun' Hou Mengmeng' Xie Tianning'
Liang Zhihao' Fan Yanan' Zhang Yali'’

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

(2 College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou 450002, China)

Abstract The ability of plants to sense available nutrients in the soil and to respond accordingly is of fundamental
importance for their adaptation to the environment. The plasticity of root in development in response to nitrogen (N) defi-
ciency is vital, as N is a major nutrient essential for plant growth and development. Changes in root morphology under the
stress of N deficiency are complex and vary with experimental conditions and plant species. Little attention has been paid
to root growth under the stress of N deficiency, possibly because of the inconsistent response of primary root in length to N
deprivation depending on plant age and N concentration supplied. Thus root morphology in rice under the stress of N defi-
ciency has not yet been characterized in detail. Root formation is regulated by both environmental conditions and intrinsic
factors. Auxins play a key role in rice plants establishing and developing root morphology. Few studies have evaluated the
role of auxins in regulating root growth under low N conditions. To what extent, if any, auxin transport in rice roots is reg-
ulated by N deficiency remains unclear. In this paper, a hydroponic media experiment was carried out on N concentration
regulating auxin transport and relationship between root formation and transport and distribution of auxins in rice.

In this study, biomass, N concentration, seminal root length and lateral root density ( LR density) of rice plants and
auxin concentration in the plant and relative expression of OsPIN family genes of auxin outflowing protein were investigated
relative to N concentration (0.01, 0.2, 1, 2.5 and 5 mmol L") in hydroponic media. Comparison of the plants under
two N concentrations (0. 01 and 2.5 mmol L™") reveals that the ratio of root to shoot increased significantly with decrea-
sing N concentration, partly resulting from decline of the plant root in biomass relative to shoot. However, compared with
the plants under normal N concentration (2.5 mmol L"), the plants under low N concentration (0. 01 mmol L") were
33% lower in root N concentration, 25% longer in length of seminal root and 26% lower in lateral roots density. Besides,
the latter were 140% higher in auxin concentration in the 1st leaf from the top but 22% and 60% lower, respectively, in
the root-shoot junction and the root, indicating that N deficiency probably resulted in inhibition of auxin polar transport
from the shoot to root. RT-PCR analysis shows that the relative expression of OsPINla-b, OsPIN2, OsPIN5a-b and Os-
PIN9 markedly decreased in rice root of the plants under the stress of low N concentration as compared with their respec-
tive one in the plants under normal N concentration. Application of exogenous 1-Naphthaleneacetic acid ( NAA) ,to plants
under the stress of low N concentration inhibited growth of their seminal root in length, but stimulated growth of their later-
al roots on seminal root in density to form a root system structure similar to that of the plants under normal N concentra-
tion, while application of N-1-naphthylphthalamic acid (NPA) , a kind of auxin transport inhibitor to plants under normal
N concentration stimulated growth of their seminal in length, but inhibited growth of their lateral root density on seminal
root to form a root system structure similar to that of the plants under the stress of low N concentration. It could, therefore,
be concluded that the inhibition of polar transport of auxin from the first leaf next to the top down to root in the plant by N
deficiency was one of the physiological mechanisms of the response of rice roots to the stress of N deficiency.
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