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H3% NRT2 EE Ry 5 g & RIFEN S
L8 BER. REMR, NAM, £ F

(B RN KAWL SRR A1E B R R A2, RS R M X 2 A SRR A s =,
5 210095)

# ZE. L3 (Brassica campestris ssp. chinensis Makino) fiff ‘3R MTF" AikAf, R RT-PCR
R, 35 | DMECEAR 2 AR (NRT2) 1) cDNA 741, 4K 1 593 bp, H#HEWrIH4wi 530 4
SEEM, W4k BeNRT2. JPHI4r TR B : BeNRT2 25 H 85 20 =% BnNRT2 JE IRl R I+ AtNRT2.1 2
RIRZ R e 50 B ARABUIEE 2350k 98% AT 90%, AR A1 I AH AR 23 731 99% A1 95%, X WIHEYIH NRT2
SRR . SEhS B PCR RIAHTEW, BeNRT2 1 (AR RIA B, Wi SHEL, &
WSE NO;™ (0.2 mmol - L™ KNOy) AbFE 0.5 h 5Lk B FTF, BeNRT2 Al ity NOy K2t . miik g
NO; (20 mmol - L' KNOy) AbFj5HRIARE R, ReaLit K, A hE L A2 SRR R R £ 18 5 1
NRT L1 (YA A2 1 i KM Y, o 5 AE IR (R B I 220 {7, BeNRT2 A A 40 i F-

K FISE; ERRER: NRT2; SZINER PCR; W40 ELL
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Cloning and Expression Pattern Analysis of NRT2 Gene in Non-heading
Chinese Cabbage

KONG Min, YANG Xue-dong, HOU Xi-lin", LIU Tong-kun, and REN Jun

(State Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Key Laboratory
of Biology and Germplasm Enhancement of Horticultural Crops in East China, Ministry of Agriculture, Nanjing 210095,
China)

Abstract: In this study, a full-length of cDNA sequence of a high-affinity nitrate transporter gene
BCNRT2 was cloned from non-heading Chinese cabbage (Brassica campestris ssp. chinensis Makino)
cultivar ‘Suzhouqing’ using reverse transcript PCR (RT-PCR) . Sequence analysis showed that the length
of nucleotide sequence of this gene is 1 593 bp, containing a complete open reading frame to encode 530
amino acids. Nucleotide and amino acid sequence comparison indicates that BCNRT2 has a certain high
similarity with the orthologous gene BNNRT2 in Brassica napus (98%, 99% ) and AtNRT2.1 in Arabidopsis
thaliana (90%, 95%) , respectively. Conclusion was made that NRT2 gene is highly conserved among
several plant species. Quantitative real-time PCR analysis showed that the expression of BCNRT2 has the
highest level in root cells, and expression pattern of this gene belongs to induced system. After 0.5 h
treatment of low concentrations of NO;™ (0.2 mmol - L KNO3) , the expression of BECNRT2 was up-
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regulated rapidly in root and shoot, suggested that BENRT2 may acts as a NO3 sensor or signal transducer.
After treatment of high concentrations of NO;” (20 mmol - L! KNO;) , the expression of BCNRT2 was
highly up-regulated and lasted longer in root and shoot, which may be resulted from a high-level response
of the regulation of a low-affinity nitrate transporter NRT1.1. BcNRT2 protein was located at the plasma
membrane supported by subcellular localization assays experiment.

Key words: non-heading Chinese cabbage; nitrate; NRT2; real-time RT-PCR; subcellular localization

F4% (Brassica campestris ssp. chinensis Makino) J5i ™= FR[E, S A [ [ 7 M X 3 3 Fiokg 1) 85 52
TEBR S AL P G 25 R I (B AR, 2003) . WFFTEL NOy™ W, #538 Jx RFIHLA
XT3 L NOSTRARI A%, BRARRE R NOs & i, X OR RS S e AR IR 8, HAT F B
FISERR = o

AR NO; W 5 ¥z & AN 2 4% 12 /& (Nitrate transporters, NRTs) SLIL[) (Chapman &
Miller, 2011). AHPIEBLAWFFCER I, MPIE T 3 A NO;y#18 RYK N AT 42 2 A8 1] NOy k4,
X 3 N NOy #1328 R G WA ) M - B2 h e NOsy M HeAERI AR W 194 (Crawford & Glass,
1998; Daniel-Vedele etal., 1998; Tsay etal., 2007). 437] FJ ] NOs W ELH (<1 mmol-L™),
FEWRSCIE I AN TR =0 AR S Chigh-affinity transport system, HATS) 58i%. 4R NO; ik
JE =T 1 mmol - LI, K2 F1 5 4k (low-affinity transport system, LATS ) SZ31% NO5 W Y ( Crawford
& Glass, 1998).

TESAZ B S — AN SO B NRT2 SRR 2 S M S i # (Aspergillus nidulans) (1) nrtA JE A
(Unkles etal., 1991). ZJ&, MMNHANMIERESEFACE T (Chlamydomonas reinharti) 43 25 21| 5>
nrtA 1) [E 535K CrNRT2.1 fil CrNRT2.2 (Quesada etal., 1993, 1994). H §i CL7E 2 k4 il 42 7y
HEJLTA NRT2 ZEF. CUA1, NRTL R0 NRT2 JEF G5 & T LATS 1 HATS. it (R AR
W], NAR2 JENF WG Z 5 T mop )iz R4t M A 7 4 NRT2 JE[K. Hvr, NRT2.1
{7 Tl (Chopin et al., 2007), & HATS MIEZA AR5 (Orsel et al., 2004). /eI ST
KPR FURIN, NRT2.1 fEHRR #h s i FEh AR A E ], I/ E S —/NEH NAR2 (fUlFg
FFH PR A AENRT3.1) (Tong et al., 2005; Okamoto et al., 2006; Orsel etal., 2006). It4h, NAR2
WHES 5 T NRT2.1 (FaE Mt (Wirth etal., 2007). IREFSTARHL, NAR2 55 NRT2.1 7E41 i -4
PEPESE S, 2L T VR BRI AINRT2.1 AT AINAR2.1 [ PUEEYIH) NOs #4124k (Yong et al., 2010). X}
/NFZ TaNRT2.1 (BFE R W H A 78 HATS tPORFED RE, HARES mRNA & (Yinetal., 2007). ¥F
ZARHEHEDN, AEMIARTE e AINRT2.1 52 NOs™ #7Ia fOfURE 32 1 (% (Chapman & Miller, 2011).

PEZ X 38 NRT2 FEDR HEAT ve B PRI A0 T, b 128 NOs™ IR e AR S ALHIER A 788
2%,

QY ZE SRS DARF

1.1 MR R HAEEE AR
MER AR CHMET AR, HEERN KA 222 B A SR 2 2L
PN 4 h JGHE 25 CE R, K EE R PR FR L F, Wil Eve L8
FIK, 7 d 5% Hoagland &R 40 eE 3 A e 2RI A bk E K Rir, KEWRE -S4
HHATAEE
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A E T 10 mmol - L7 BEFARR IR (pH 6.5) /EK 10 d, B:EH N 10 mmol - L™ 537
WA FRM (pH 5.5) TP FIE A 16 h, ARJEH BB 10 mmol - L BEHIRAL R IR (pH 5.5)
W3 he 25, AR NS AT 20 F1 0.2 mmol - L KNOs. pH 5.5 FI3EFRMT, LLEH 20
mmol - L KCI. pH 5.5 FIB IR AN . 7EALFE 0. 0.25. 0.5, 1. 2 Fl4 h I, RAERALFIAR. i)
AR IRI A L, $2H RNA BEATIER R854 (Ho etal., 2009).

1.2 RNA BJ3ZEXE cDNA BYE X

K H RNAsimple Total RNA Kit (Tiangen) M FSEHRFIH tHH2HUS RNA. FH PrimeScript RT
reagent Kit (TaKaRa) FFHEHUFE RNA S 5%l cDNA.

1.3 H3X NRT2 £FHEE

R GenBank " H WAL HISE BANRT2 (k5. AJ293028) #Eit 1 413514 (BcNRT2-F1 Al
BcNRT2-R1) (3% 1). LA cDNA 55 1 BN BMREATY Y, PCR RVSATH: 94 °C 5min; 94 C 30's,
54°C30s, 72°C60s, 330 MEH; 72 °C 10 min. V=L 1.2%E8 I B LIk I G, 42
pMDI8-T #44 Jf 444k E. coli DH5a, $2HUTURI 28 PCR % 5E o 240 g ot S s A W R b A B2 w0 12

1.4 F35ath

AR IF RAE5E NRT2 JE R % PR ST 412K H T NCBI %8 P2 A FH BLAST BEAT)P I LLXT,
ST 43 AT A ffPred Chttp: // bioinf. cs. ucl. ac. uk/), HEALH 734748 H MEGA version 5.05.

1.5 SBE=Z PCR KA

SERY 2 7 PCR (Relative quantitative real-time RT-PCR) ;&% H] ABI 7500 Real-time PCR System
F1 7500 System software version 1.2.3. H 2% actin JER/E NS R, 5 HARER —EY 1. HiE
SERPA 514, BeNRT2 (BcNRT2-F2 il BeNRT2-R2) #l actin (ACT-F Al ACT-R) [¥15[4) W3
1. SN2 5 PCR ] TaKaRa A ] () SYBR Premix Ex Taq il &, $& MR AE DI HET . AR i
SN ACr %, HERET 27, ACr=Crunuw ~ Cractine FUFIE HAZIE TR HRIN T2
], FbRIE A 2% 5L N [ RIA B LEAL (Pfaffl, 2001).

% 1 BcNRT2cDNAZEREFNIELR EEPCRIIH
Table1 Primer sequences for BENRT2cDNA cloning and relative quantitative real-time RT-PCR

5|4 Primers 731 (5'-3") Sequence

BcNRT2-F1 ATGGGTGATTCTACTGG

BcNRT2-R1 TCAAACATTGTTKGGTGT

BcNRT2-F2 GTGCCAACACCCTCGTTACTGC

BcNRT2-R2 GAGCCCTGACCCAAAGTTTCCT

ACT-F GTTGCTATCCAGGCTGTTCT

ACT-R AGCGTGAGGAAGAGCATAAC

BcNRT2-F3 GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGGGTGATTCTACTGGCGA
BcNRT2-R3 GGGGACCACTTTGTACAAGAAAGCTGGGTCAACATTGTTTGGTGTGTTCT

16 EAEWKGAEEH (YFP) BhEZHikeyiE

F T B AR AR FEAL (30K $%  Invitrogen Gateway system Ui B PO B . NS LIETH
BcNRT2 DNA 1§ 1] 514 BeNRT2-F3 #il BeNRT2-R3 (% 1) Ty #1435 44 pDONR vector [ & [i1] H
A7 55 attB1 Al attB2 [ BENRT2 42K. RT-PCR /#4404t J5 5 pDONRTM221 A4 1E4T BP WV,
RGN, $IgEE4k E. coli DHSo, ZPiPEifise, PRECHRwrE, W LIRFER 25 [ WiHEAT Wik
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PCR %5E . %@ i FHPE v %, FhIOTORE, HUE S BH M TR 5 H 19204 pEarleyGate104 % Gateway LR
reaction IR G FHEAT LR N, SRAFFIAE AR, HUFLAL E. coli DHSa, ZHUMEIfiE, PR
B, FRRHEEDR: 25| M)EAT 1RV PCR %55¢ (Earley etal., 2006).

17 BXREERESBENEEL

M3~ 4 BRI E EEFE 7o T fry DI 1 mm Z2 4 A0 4%, RABEA, HhELss
30 min, FWMERETE 6 ho F& MR IT IRV FUATR IR I3, R1S EIS JRUAR idk o J AR U Ak 1)
A PEG AL B I IR A FAR I 7732 (Yoo et al., 2007). #ALAIUZsid 24 h iR 775, H
WOCILERAE BB (Leica TCS SP2) WA (1586504 LA pEarleyGate104 “ B A4 Jy 6t L

2 HiIR5 0

2.1 H3 BcNRT2 EE £ 14KH) cDNA TTIEFFFI S H

MR B T AR £ 4 iz B RS DK BENRT2 JfIl/, GenBank 5% %5 : JN182862. J741 /34T
FW], BCNRT2H 1593 bp HIJFIXAEHE (open reading frame, ORF), #ufd 530 NN IEMR, T H:
HE TR 132.45kD (K 1), J&T MFS BER KK, 5H 114 “A-G-W/L-G-N-M-G” $£iH
AFA . MRS 2 IR 7 41 Ti0il ) BeNRT2 (3R 48 & (& 20 v LGt P8I 12 N ESTEE A5,
HATIRKNEK C iy, AT BEAP 170 41 f %

1 ATGEGTGATTCTACTGOOGAGCOGGGAAGCTCCATGCATGGAGTGACCOGTAGAGAACAAACAT TTGCTTTCTCRGTGECTTCACCGATT
MGDSTGEPGSSMHGV[TGREQTFAFSVASEPI
91 GTCOCAACCGACAAGACAGCAAAGTTCGACCTGOCGGTGGACTCOGAGCATAAGGCAACGGTTTTCAAGCTCTTCTCCTTCGCCARACCT
VP[TDKTAKFDLPYDSEHNEKATVFEKLFSEFAEKEP
181 CACATGAGAACGTTCCATCTCTCGTGGATCTCTTTCTCCACATGTTTTGTCTCGACGTTORCGGCTGCACCACT TGTCCCCATCATCOGG
HMRTFHLSWWISFSTCFUVSTFAAAPLYPIIR
271 GAGAATCTCAACCTCACAAAACAAGACATCGGTAACGCTGGAGTTGCGTCCGTCTCGGGGAGTATCTTCTCTAGGCTGETGATGGGAGCA
ENLNLTEKOGDIGNAGYASYSGSITFSRLVYVMGA
361 GTGTGTGATCTTCTAGGTCCACGTTACGGCTGTGCCTTCCTTGTTATGCTTTCCGCACCAACGGTGTTCTCAATGAGCTTCGTGAGTGEA
VCDLLGPRYGCAFLVYMLSAPTVESMSEVSGE
451 GOCGGAGGGTTCATAACGGTGAGGTTCATGATTGGGTTCTGCCTAGCGACGTTTGTGTCTTGTCAATATTGGATGAGTACTATGTTCAAT
AGGPFITVRFEMIGFCLATFVSCQYWMSTMEFN
541 AGTCAGATCATCGGTCTGGTGAACGGTACAGCOGCCGGGTGGOGAMCATGGETEGTGGCATAACGCAGTTGCTCATGCCTATTGTGTAT
SQIIGLYNGTAAGWGNDMGGGITOQLLMEPIVY
631 GAAATCATTAGGCGTTGTGGTGCAACAGCGTTCACGGCCTGGAGGCTTGCCTTCTTCGTCCCTGETTGETTGCACATCATCATGRGAGTC
E1 1 RRCGATAFTAWRLAFEVPGWLHIILIMNGY
721 TIGGTGCTCAATCTAGGTCAAGATCTGCCAGATGGTAACCGAAGTGCCTTGGAGAAAAAGGGAGAAGTTGCCAAAGACAAATTCGGAAAG
LVLNLGQDLPDGNRSALEEKEKGSGEVYAEKDEKTFGEK
811 ATTATGTGGTACGCCGTCACAAACTACAGGACTTGGATCTTTGTTCTTCTCTATGGATACTCCATGGGAGTTGAGCTGAGCACTGACAAT
I MW YAVTNYRTWIFVLLYGYSWGVELSTDN
901  GTTATOGCOGAGTACTTCTTTGACAGGTTCCACTTGAAGCTTCACACAGCTGGAATCATAGCAGCATGTTTCGGAATGGCCAACTTCTTT
VIAEYFFDRFHLEKLHNTAGIIAACFGMANEFEF
991 GCTCGTCCAGCAGGAGGCTATGCATCTGACCTTGCAGCCAATACTTCGOGATGAGAGGGAGGTTATGGGCGTTGTGGATCATTCAGACA
ARPAGGYASDLAAERKTYTFGMRGRLWALWITIQT
1081 GCAGGTGGTCTCTTCTGOGTGTGGCTCGGCCGTGOCAACACCCTCRTTACTGCCGTTGTAGCTATGGTCCTCTTCTCTTTAGGAGCACAA
AGGLFCVYWLGRANTLVYVTAVYAMYLEFSLGARQ®Q
1171 GOOGCTTGTGGAGCCACCTTCGCAATCGTTCOCTTTGTTTCTCGGCGAGCCCTTGGTATCATCTCAGGTTTAACCGGTGCTGGAGGAAAC
AACGATFAIVPFVY[SREALGIISGLTGAGEG GN
1261 TTTGGGTCAGGGCTCACACAGCTCATCTTCTTCTCGACCTCAAGGTTCACAACCGAACAAGGGCTAACATGGATGGEAGTGATGATAGTT
FGSGLTGQLIFFS[TSRFTTEQGLTWMGVYMIV
1351 GOCTGCACGTTGCCTGTGACTTTAATCCACTTCCCTCAGTGGGGAAGCATGTTCTTGCCTCCTTCTACCGATCCAGTCAAAGGTACGGAG
ACTLPVITLIHFPQWGSMFLPPSTDPVEKGTE
1441 GAGCACTATTATGCTTCAGAGTGGAATGAGCAGGAGAAGGAGAAGAACATGCATCAGGGAAGCCTCAGGTTTGCTAAGAACGCCAAGTCT
EHYVYASEWNEQEEKEERKNMHEQG[S L RFAEKNAEKS
1531 GAGGGOGGTOGOCGTGTOCGTTCTGCTGCTACCCCGCCTGAGAACACACCAAACAATGTTTGA
EGGRRVERSAATPPENTPNNVY=

| 1 BCNRT2 BZHBRF It S SRR F 5
BCNRT2 R AAEAD T ATG. L 1L 157 TGA Al 12 MEEIRIS] R RILRbR Y, J7HE Py A PR<1 O 82 1 0 C AUz i
(SIT-X-R/K) , BI85l NNP FIKMFFHE TG -
Fig. 1 Nucleotide acid and deduced amino acid sequences of BCRNT2
The translation start conrdon ATG, termination cordon TGA and 12 putative transmembrane domains labeled by underlines, conserved protein

kinase C recognition motifs (S/T-X-R/K) were boxed. Signature motif for NNP (nitrate/nitrite porter) was shaded.
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Hash

E\lrau.l]u]ar

370 376 44?
129 281 351 400 471 \Icmbrnnc-

N- C-2iit
N-term C-term
0 LI
Cytoplasm

2 BCNRT2 BTN
Fig. 2 Prediction of transmembrane structure of BCNRT2

¥ BcNRT2 5 GenBank H1 6 5% (AL & A 04> NRT2 KK R IR 7 413047 LLX, #a) 4
MR (B 3). 45 B RFEI NRT2 S AR LA A 3 3 XCFIHEd 1), spmay) (1.
P22 (D, @IERFEFIEX # B, BeNRT2 55 040 NRT2 EAT R s RIS e, 2 L —
ko 5 H AL SE 99%, LR TT 95%, KT 80%, MHE 78%, KF 73%, /NEE 13%, /KFE 72%,
FoK 71%.

100 BnNRT2 AJ293028
BeNRT2
AtNRT2.1 NM_10068 | I
GmNRT2 AF047718
NpNRT2.1 Y08210 )
ZmNRT2.1 AY129953 7
OsNRT2.1 AK109733
HvNRT2.1 U34198
100- TaNRT2.1 AF288688 _
CrNRT2.1 Z25438 )

—————— NrtA M61125 I
00— NrtB AF453778

-

0.1
#ALIEE Evolutionary distance

B 3 #HoUhel NRT2 SRS R R
WRAEIGIAIN R . At fURET: Be, E3E: Bn, HWANMSE: Cr, HPAKE: Gm, K&; Hv, K
Np, A%, Os, /KH; Ta, /NFE; Zm, K. NrtA. NrtB ok [ H 5.
Fig. 3 Phylogenetic tree of amino acid sequences of the NRT2 from several plant species
Species abbreviations are: At, Arabidopsis thaliana; Bc, Brassica campestris; Bn, Brassica napus;
Cr, Chlamydomonas reinhardtii; Gm, Glycine max; Hv, Hordeum vulgare;
Np, Nicotiana plumbaginifolia; Os, Oryza sativa: Ta, Triticum aestivum;
Zm, Zeamays. NrtA and NrtB are
from Aspergillus nidulans.

2.2 FHERELALTREXT BCNRT2 FRikHIE0N

I3 SFREURE L ) RNA BT SEIN 9¢ 6 72 B RT-PCR 20471, 23047 BeNRT2 715 (20 mmol - L),

fi& (0.2 mmol - L") PHFHKSE NOy AbER G A A4 #RIA R . & 4 A%, 7 0.2 mmol - L F1 20
mmol - L™ AR NOy A B 5, BeNRT2 iR H R A 23 (B0 AN [7) I Ty 380 s Tl JL 1435
F WA A S R 0E . AEIRIR T NO AL PR )5, BONRT2 26 M A (R A X R IA M E 0.5 h I 3k
Lﬂ ZJE TR (E 4, RUMEASE NOs /] LLLEAR A I ] Py 75 3 R IA 08, BeNRT2 W% e
B PN SR NOy A 5, BeNRT2 7ERG A (I8 S ZY7E 0.5 h Ja vl L7, milEdy
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i 2h, ZRIEBITIE TR (B 4). s MK E NOS AL BEALE, ik NOs b Bl )5 354 1 5 iy,

o A KRR AR I ] B G

#E Root

[10.2 mmol - L KNO,

§20 mmol - L*KNO,
70 - M %}HE Control

BeNRT2AEAMMFRILR
Relative gene expression of BeNRT2

At l/h Time

B4 NO; AEf5ERMMAH BcNRT2 ZEAM RIXE

BcNRT2EEHMXFik &

Relative gene expression of BeNRT2

0.80

- I Young shoot
0.70
0.60
0.50
0.40
0.30
0.20 +
0.10

At l/h Time

Fig. 4 After treatment of NO3’, relative expression of BENRT2 in root and shoot in
non-heading Chinese cabbage plant

2.3 BcNRT2 EH RH RS BRI 4 B E 5L

J T HFSE BeNRT2 ZE3G 40 L 19 R AE THREIRRAL, AR T 1 AN CaMV 35S Ji 8 I BN 1B &
BeNRT2 filify YFP A, kAR A s rh g iy ek . anl&l 5 o, WAL YFP S 48Uk
JE A AR A0 ) B €0 08 6 A BAE BN Al b . AL 2R, BhA T BeNRT2 ) YFP #04%, H YFP 15

SOCHBLEAN LR E (& 5D

X 45 R W] BeNRT2 & A7 i b, Re B AFFIINK) BENRT2 &5 1 A7 40 B _E i il 43

PASRHIE .

% ) Fluorescence

B L5 Bright

10 pm

-’
’ &3»"«\

V

10 pm

YFP-BeNRT2

YFP

5 BCcNRT2 EHERSERAE R R4 E L

Fig. 5 The subcellular localization of the BENRT2 protein in non-heading Chinese cabbage protoplasts
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ARGl I RT-PCR M 128 e B 1) NRT2 JE[F . BENRT2 475 NRT2 KIEM M ARFIE, &6
— A “A-G-W/L-G-N-M-G” FL U5 221, n] Gei J& )00 7 41 1 4E H ( Trueman et al., 1996). BcNRT2
HARSF 22 IR IR FEAT A, Jorh— AN T35 11 MBS A RSk 2 /T o X 8 22 G IRV FE 2 VB AE I 2R
W C BRI 05, BAEYCAAEY) CHFEERACHE C. reinhardtii) ) NRT2 25 4 1 2B H & 5 114
“FPE (Quesadaetal., 1994). #FFUKIL, NRT H2f 2 FIEE 8 /NESRIR MG 2R AL, X TIRFF ok
FIRFE BA EEAE N R B s R AR, st VS IR Eh X e 01 ol o A A
MARSEFT (Unkles et al., 2004). AHTSTH, BeNRT2 7055 2. 8 AN I v & 5 415w S AT 75 1)
MR k3L (R115 Al R332), ME5Hy B3R BecNRT2 J& T msBG AEFAE ) NRT. &M 41 LLxf i
7N, BeNRT2 #E SR LR T 55 SR ILA AR NRT2 HAT 31% ~ 99%[1— 214 . BeNRT2 5 H
A% BnNRT2 (99%), #LE5 S+ AINRT2.1 (95%) HAG w0 — 200 s 53 A EE CrNRT2.1 (50%),
NrtA (34%), NrtB (31%) HABARHK —B0bE, XS FIJR 2 v] BE S i X 6B ) 5 (52 2 TR AE
IR PR EE 25 X S HE 3R 4 ot — 3.

S € # RT-PCR 45 2R3 H], BeNRT2 FRIA B S HAE 11/ 22 (Yin et al., 2007). LT (Zhuo
et al, 1999) [¥) NRT2.1 JEF{EL, NOy %S BONRT2 S0 THEES, H gk BERUIEIR B NOs #5 AT LAS
So AEEAR PRI FE I NOs i R AR 21K BENRT2 B B KR TA B, R W% IE D B A XGE
R RIBRFAE . A I FEF G5 8 125 R NOs [ T ALK et — D80T o V2 aEds e, 7o AR
T AINRT2.1 &> NO; #FEZ K IR 32 1 (4, (Crawford & Glass, 1998; Forde, 2000; Little et al.,
2005; Wirth etal., 2007). AtNRT2.1 RAE4A linl MBS R W], AtNRT2.1 Hf5 NOy &2 w455
fEIRES I IhAE (Little et al., 2005). AWFFTH, ££ 0.2 mmol - L' NOs4b# 30 min J5, BCNRT2 [
IR BT, RV R R NOs IR 4%, (M2 AR NOsH I/E R FFUES: . AINRTL.L (1)
TR, FEEARIREE NOs b )5, 2 BMISE RN R Sh 2 B 1 ANRTL.1 145, AINRT2.1 & 7=/E
B AN (Ho et al., 2009). £F 20 mmol - L™ NO; 4bF 5, BCNRT2 [#éik EHr4: 1T} 2
h, FEREEFFENAEK, TR ER ST NOy, A28 NRT1.1 R 72 A ) v K P i

1 Ji AR A I I 02 W7k, BeNRT2 JEA7 T4 B, SHLRG I NRT2.1 A7 TR ¢ 25 136 Bz 41 i
F TR B R 45 SR —380 (Krapp et al., 1998; Chopin et al., 2007), #F—2 il BcNRT2 KA ThfE
PIFRAL AN fBE. #IFETT (Orsel et al., 2006) F1KZ (Tong et al., 2005) HIWFFTKRI, NOs#iz
IIRET  NAR2.1 FEAMERL, 7EFUK 5 NRT2.1 ¥A4E 4. A, BcNRT2 12 NOs T
RE/E AT 2 NAR2.1, 70Ul P inf] REE IS TRE, BT EH— D05,

References

Chapman N, Miller T. 2011. Nitrate transporters and root architecture // Geisler M, Venema K. Transporters and pumps in plant signaling. Berlin:
Springer: 165 - 190.

Chopin F, Wirth J, Dorbe M F, Lejay L, Krapp A, Gojon A, Daniel-Vedele F. 2007. The Arabidopsis nitrate transporter AtNRT2.1 is targeted to
the root plasma membrane. Plant Physiology and Biochemistry, 45: 630 - 635.

Crawford N M, Glass A D M. 1998. Molecular and physiological aspects of nitrate uptake in plants. Trends in Plant Science, 3: 389 - 395.

Daniel-Vedele F, Filleur S, Caboche M. 1998. Nitrate transport: A key step in nitrate assimilation. Current Opinion in Plant Biology, 1: 235 - 239.

Earley K W, Haag JR, Pontes O, Opper K, Juehne T, Song K, Pikaard C S. 2006. Gateway-compatible vectors for plant functional genomics and
proteomics. The Plant Journal, 45: 616 - 629.

Forde B G. 2000. Nitrate transporters in plants: Structure, function and regulation. Biochimca et Biophysica Acta, 1465: 219 - 235.



2316 W 2 % 38 4

HoCH, LinSH, HuHC, Tsay Y F.2009. CHL1 functions as a nitrate sensor in plants. Cell, 138: 1184 - 1194.

Hou Xi-lin. 2003. Advances in breeding of non-heading Chinese cabbage. Journal of Nanjing Agricultural University, 26: 111 - 115. (in Chinese)
BEREAK. 2003 ANEERASCE MITFCH LR, B sURML R 254, 260 111 - 115.

Krapp A, Fraisier V, Scheible W R, Quesada A, Gojon A, Stitt M, Caboche M, Daniel Vedele F. 1998. Expression studies of Nrt2: 1Np, a putative
high affinity nitrate transporter: Evidence for its role in nitrate uptake. The Plant Journal, 14: 723 - 731.

Little DY, Rao H, Oliva S, Daniel-Vedele F, Krapp A, Malamy J E. 2005. The putative high-affinity nitrate transporter NRT2.1 represses lateral
root initiation in response to nutritional cues. Proceedings of the National Academy of Sciences of United States of America, 102: 13693 -
13698.

Okamoto M, Kumar A, Li W, Wang Y, Siddiqi M Y, Crawford N M, Glass A D. 2006. High-affinity nitrate transport in roots of Arabidopsis depends
on expression of the NAR2-like gene AtNRT3.1. Plant Physiology, 140: 1036 - 1046.

Orsel M, Chopin F, Leleu O, Smith SJ, Krapp A, Daniel-Vedele F, Miller A J. 2006. Characterization of a two-component high-affinity nitrate
uptake system in Arabidopsis. Physiology and protein-protein interaction. Plant Physiology, 142: 1304 - 1317.

Orsel M, Eulenburg K, Krapp A, Daniel-Vedele F. 2004. Disruption of the nitrate transporter genes AtNRT2.1 and AtNRT2.2 restricts growth at low
external nitrate concentration. Planta, 219: 714 - 721.

Pfaffl M W. 2001. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Research, 29: e45.

Quesada A, Galvan A, Fernandez E. 1994. Identification of nitrate transporter genes in Chlamydomonas reinhardtii. The Plant Journal, 5: 407 -
419.

Quesada A, Galvan A, Schnell R A, Lefebvre P A, Fernandez E. 1993. Five nitrate assimilation-related loci are clustered in Chlamydomonas
reinhardtii. Molecular and General Genetics MGG, 240: 387 - 394.

Tong Y, ZhoulJ, LiZ, Miller AJ.2005. A two-component high-affinity nitrate uptake system in barley. The Plant Journal, 41: 442 - 450.

Trueman L J, Richardson A, Forde B G. 1996. Molecular cloning of higher plant homologues of the high-affinity nitrate transporters of
Chlamydomonas reinhardtii and Aspergillus nidulans. Gene, 175: 223 -231.

Tsay Y F, ChiuCC, Tsai CB, Ho CH, Hsu P K. 2007. Nitrate transporters and peptide transporters. FEBS Letters, 581: 2290 - 2300.

Unkles S E, Hawker KL, Grieve C, Campbell EI, Montague P, KinghornJ R. 1991. crnA encodes a nitrate transporter in Aspergillus nidulans.
Proceedings of the National Academy of Sciences of United States of America, 88: 204 - 208.

Unkles S E, Rouch D A, Wang Y, Siddiqi M Y, Glass A D, Kinghorn J R. 2004. Two perfectly conserved arginine residues are required for substrate
binding in a high-affinity nitrate transporter. Proceedings of the National Academy of Sciences of United States of America, 101: 17549 -
17554.

Wirth J, Chopin F, Santoni V, Viennois G, Tillard P, Krapp A, Lejay L, Daniel-Vedele F, Gojon A. 2007. Regulation of root nitrate uptake at
the NRT2.1 protein level in Arabidopsis thaliana. The Journal of Biological Chemistry, 282: 23541 - 23552.

YinLP, LiP, WenB, Taylor D, BerryJ O.2007. Characterization and expression of a high-affinity nitrate system transporter gene (TaNRT2.1)
from wheat roots, and its evolutionary relationship to other NRT2 genes. Plant Science, 172: 621 - 631.

Yong Z, Kotur Z, Glass A D. 2010. Characterization of an intact two-component high-affinity nitrate transporter from Arabidopsis roots. The Plant
Journal, 63: 739 - 748.

Yoo S D, Cho Y H, Sheen J. 2007. Arabidopsis mesophyll protoplasts: A versatile cell system for transient gene expression analysis. Nature
Protocols, 2: 1565 - 1572.

Zhuo D, Okamoto M, VidmarJJ, Glass A D. 1999. Regulation of a putative high-affinity nitrate transporter (Nrt2; 1At) in roots of Arabidopsis
thaliana. The Plant Journal, 17: 563 - 568.



