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Effect of different forms of nitrogen on the activity of nitrate reductase

and expression of the relative genes in Citrus sinensis xPoncirus trifoliate

SUN Minhong'?, LU Xiaopeng', CAO Xiongjun', LI Jing', XIONG Jiang', XIE Shenxi'"
('Horticulture and Landscape College, Hunan Agricultural University, Changsha 410128, Hunan, China; ’Forestry College, Central South
University of Forestry & Technology, Changsha 410004, Hunan, China)

Abstract: [ Objective ] Citrus is one of the main fruit trees in the world, and China is the biggest country in
its production. There are a number of factors affectting growth and fruitting of Citrus. The nutrition defi-
ciency can cause physiological disorder. Nitrogen is the most important element for Citrus. At present,
seedling rootstocks are used for citrus production in China. The ability of absorption and transportation of
inorganic nutrients varies with the species of rootstocks. Thus, it is necessary to investigate the ability of
nitrogen absorption of the main rootstock. Citrus sinensis (L.) Osbeck X Poncirus trifoliate (L.) Raf. is a hy-
brid of trifoliate and sweet orange being widely used due to its anti—aging disease characteristic. NO;™ and
NH," are the two main forms of inorganic nitrogen used. The influence of the forms of nitrogen and the ra-
tio of NOs;™ and NH," on C. sinensis (L.) OsbeckXP. irifoliate (L.) Raf. and the nitrogen metabolism mecha-
nism remains unknown at present. Nitrate reductase (NR) plays an important role in the metabolism pro-
cess of nitrogen. Therefore, this research aims to study the nitrate absorption ability and mechanism in
C. sinensis (L.) Osbeck X P. trifoliate (L.) Raf. to provide a scientific basis for improving efficiency of nitro-
gen usage in citrus production. [Methods]C. sinensis (L.) Osbeck X P. trifoliate (L.) Raf., were planted by hy-

droponic method with Hoagland nutrient solution. Five treatments were made as follows: No.1(NO; : NH,'=
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10:0), No.2(NO; : NH,'=7:3), No.3(NO; :NH,'=5:5), No.4(NO; : NH,=3:7)and No.5(NO; : NH,"=0:
10). The seedlings were planted in environmental chamber, and the culture medium for each treatment
was added 7 wmol - L' C;H,N,in the nutrient solution to inhibit nitrate. The pH value of media was 6 or so,
ventilation time was 15 min every 3 h. The seedlings were cultured for different times (0, 20, 40, 60, 80 d)
with the solution adjustments, the effect of different ratio of nitrogen forms on the NR activity of the seed-
lings and the expression of the relative genes were studied. [Results] The NR activity of the leaves and the
roots of the seedlings increased with the increase of cultivation time. The NR activity of the leaves was
higher than that of the roots. The NR activity of the leaves under the treatments of No.2 and No.3 were
higher than that under other treatments. While the NR activity of the roots under the treatments No.1 and
No.2 were significantly higher than that under the other treatments; The NR activity of the leaves and the
roots under the treatments of No.4 and No.5 increased firstly and then decreased. The highest value of the
NR activities was found in the seedlings cultured for 60 d. The lowest value was found in the seedlings cul-
tured for 80 d under No.5 treatment. The related NR genes were cloned in many plants besides orange.
The Nia gens analysis showed that CitNial, CitNia2, CitNia OA were all found in the seedlings under all
treatments. The expression of CitNial of the roots in the seedlings under all treatments were higher than
that of the other two genes, inferring that it was might be the main NR gene in the roots. The expression of
CitNia2 of the leaves in the seedlings was higher than the other genes, and might be the major NR genes
in the leaves. CitNial and CitNia2 were all induced by the different ratios of NO;™ and NH,", and the high-
est expression of CitNial and CitNia2 was found when the ratio was 5:5 (treatment No.3). It indicated that
the treatment 3 was suitable for nitrate absorption and metabolism in Citrus. [ Conclusion] The main organ
of nitrate metabolism in the seedlings of C. sinensis (L.) Osbeck X P. trifoliate (L.) Raf. was the leaf. Cit-
Nia2 was the major gene in the leaves, its expression was affected by the regulation of the ratio of NO5
and NH,".
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Table 1 Real-time quantitative PCR

specific primer sequences

ERAR Gk EhE

Gene name Accession number Primer sequence

Actin—F CCAATTCTCTCTTGAACCTGTCCTT
Actin—R TGACTGATGAGAACTGCCAGAAG
CitNial-F Cs3g19060.1 GCTCAACATAAACTCAGTCATA
CitNial-R GGAATATGCGTAGCCTCT

CitNIA 2-F  orangel.1:100436.1 CACAACAAGGCAGAAGATT
CitNIA 2-R CTATAAACGCATCGGTAACAT
CitNIA OA-F  Cs7g16410.2 AACCCAAATGACAAGACAA
CitNIAOA-R GGCTGATTCAACACATAGTA

(2) B RNAPHEEL, HOprfi () 100 mg 42
A1, G AT R R A7) 1.5 mLIJCRNAase 5
OV IAGE S K R AR, SR
H Takara RNAiso plus i858 & HE B AZ I - AR B4
i el RNA D72 BRI R 45 o K 2 Bty
(1 5 RNA SR 120 V, 10 min, 1% (o ) B BHEE I R,
VK WLEE 257, 100 bp ) plus DNA Ladder /£ X 18,
6XxLoading buffer A%, &b H 3 Y H A . $RIUY
S RNA PR T-80 CrkA -

(3) cDNA W & 1o H 42 B &L RNA #547 &
DNA b3R5, FH cDNA 30 5% 5% 1257 £ iScript cDNA
Synthesis Kit (Takara N ED) A % cDNAL i A Bio-
RAD & & PCRAGHA TR 5404, )OWAR Z R 20 L,
£3, 4% : Supermix (10.0 pl) + ¢cDNA & 47 (1.0 plL) +
ddH,0 (7.5 pL)+_E3E5 1497 (10 wmol - L', 0.75 pl) +
THES 14 (10 wmol - L', 0.75 wL) 3 BT H iy 3 A 5
YWIF s R 1, DL Actin 5IVE R NS5 . 5OEE
T PCRY M S04 :95 °C,30 s—(95 °C, 5 s—58 C,
30 s)X38—65 °C,5 s—95 C,5 s>k, [Fl—
RN FAME TR 3R E A
124 XBHIES A fHH Excel 2007, Bio-Rad
CFX-Manager (admin) .SPSS16.0 481143 #7 4% 45 , H
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Table 2 The nitrate reductase activity of the roots of C.
sinensis (L.) Osb.xPoncirus trifoliate (L.) Raf.

(pg-g'+h™)
b M 18] Time/d
Treatment 0 20 40 60 80
15 No. 1 5.64+  6.14+ 9.60+  12.15+ 1381+
NO; :NH,/'=10:0  0.18 0.59b 059b 0.71a 0.59a
25 No. 2 5.64+ 861+ 9.16x 1129+ 13.61=
NO, :NH,'=7:3 0.18 0.59a 0.59bc 1.06b  1.07ab
35 No.3 5.64+  6.65+ 10.66+ 12.15+ 1278+
NO; :NH.=5:5 0.18 0.83b 1.13a 0.12a  1.06b
45 No. 4 5.64+ 645+ 8.65+  9.12+  2.79+
NOy:NH.=3:7 0.18 0.36b 0.08c 0.59c¢ 048c
5% No. 5 5.64+ 456+ 652+ 830+  2.10%

NO; :NH,'=0:10 0.18 023d 048d 023d 024c¢

TE B 3 WEE MMEhREZ AR F/NE FEERIRTE 0.05
AP E 225 W2 (LSD ZHLED . T,

Note: The data are the average £SD of three repeats after treating. The
different small letters indicate significant difference at 0.05 level using

LSD’s multiple comparisons test. The same below.
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Table 3 The nitrate reductase activity of the leaves of C.
sinensis (L.) Osb.x Poncirus trifoliate (L.) Raf.

R 4 B A ER I SR BRI

(pgeg'+h™)
b fit i) Time/d
Treatment 0 20 40 60 80
15 No. 1 5.70+ 4.56+ 6.37+ 10.66+ 20.77+
NO; :NH,'=10:0 0.21 0.24 ¢ 035¢ 0.59¢ 0.25b
25 No. 2 570+ 8.18+ 1896+ 20.22+ 29.89+
NO; :NH,=7:3 0.21 035a 0.59 a 0.95a 0.24 a
345 No. 3 5.70+ 8.22+ 10.19+ 17.35+ 29.81%
NO; :NH,'=5:5 0.21 0.24 a 0.47 b 1.06b  0.59a
45 No. 4 570+ 5.66+ 9.75+ 19.23+ 9.28+
NO; :NH,=3:7 0.21 0.23b 0.59b 047 a 0.59 ¢
55 No. 5 570+ 5.03+ 9.88+ 16.83+ 6.11+

NO; :NH,=0:10 021 0.24c¢ 047b  059b 0.24d
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Fig. 1 Effect of different nitrogen forms on the relative

expression of CitNial, CitNia 2, CitNia OA in roots of C.
sinensis (L.) Osb. xPoncirus trifoliate (L.) Raf.
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Fig. 2 Effect of different nitrogen forms on the relative
expression of CitNial, CitNia 2, CitNia OA in leaves of C.
sinensis (L.) Osb. x Poncirus trifoliate (L.) Raf.
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