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Table 1. Oligonucleotide primers for the nitrate reductase cDNA synsthesis

Primers

Oligonucleotide sequence

5’-primer
3’-internal primer
5’-internal primer
3’-primer

5’-GGGGACTAGTGAGCTATGGGCGGCGTCAGT-3’
5’-CCCCTCTCTTGGTGGTCCAA-3
5’-GACCACCAAGAGAGGGGAAG-3’
5’-CCGAGCTCCTTCCCAACGTAACAGTACTTT-3’

AAgE &, total RNA £l High Pure RNA Tissue Kit
(Roche)E ©]8-310th. NR cDNA E24E $13 5 -primer,
3 -primer ¥ internal primerE¢] F7IMEL olv] IRF AF
2] NR c¢DNA®] A (GenBank accesion number: M32600))&
o] &3] A Z3IATHTable 1). 5-primer$} 3'-primer?He: o] §-
3te] NR cDNAS Fdstd stglou disle Adgeda
4 cDNA9| =7)7} 28kbE & ¥l¢] PCRE 7)ol YR
M Al ool AR Wb 13kbe} 1.5kbe) F )
o dhor FPHEE Y] ArIME S o183l FHE=
= F 709 intemal primerE A|Z3}] RT-PCRS F33tdA
F 70l cDNA @& F=5% & Uk

Reverse TranscriptasePCR 2 ¢DNA A, Reverse
Transcriptase-PCRS- 918l TakaraAl2] Bca BEST™ RNA
PCR kitS °l83ld Algx] doM £ total RNAZFEH
484tk PCR W8 =7A& v Zth Tag DNA
polymerase(5 units/u) 0.5/ 10X PCR buffer 5.0, 25 mM
dANTP mixture (2.5mM each) 8.0 template ¢cDNA, primers
10pmold]] BHFTE FH7isld A sow= ket £
95°ColAT 147+ WHg-AIZ] 3, 94°C 13 (denaturation), 45°C 30
Z(annealing), 72°C 2% (polymerization)®] <@L 35
cycle WHESH & 4C7t HEE 3Tt FAE PCR =L
MEGA-based Agarose gel extraction kit(Intron)E ©]-&38le] 3
skt

Subcloning® F7IMEEY. FE3 PCR AHS F24 )
ElQl pGEM-TOl ligationdt & E coli IM1099] = QAHA
ampicillin 3} #WiA oA A@Edt}. o]E F 13kbet 1.5kb
©] NR cDNAE F3H A& 5431 I plasmide F&3)]
ABI 3700 AF5d714 ¥ £497](Applied Biosystems Inc)E ©}
Eolo] F71MES BAEIT
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43l RI-PCR WHOE cDNAS £, $Zslx WEd &
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1 gagctatgge ggegteagte gatcgtcaat atcatccgge gecgatgage ggtgtegttc

61 gtaccccatt tagcaaccac caccgticeg actctecggt tcggaacggt tatactttta
121 gtaacccgee ticttcaaat ggegttgtta aacccggtga aaaaatcaag ctegtagata
181 ataatagtaa tagtaataat ggtagcaata ataataataa tcgctatgat agcgatagtg
241 aagaagatga tgacgaasat gagatgaatg tctggaatga gatgatcaaa aaaggtaaca
301 gegaattgga gecgtettee gtegatagee gtgatgaagg aacggetgat caatggattg
361 agaggaatcc ttcaatgatc cgtctcacag ggaagcacce gttcaattcg gagectccat
421 tgacccgatt gatgcaccac gggtttctea ceccggttce gettcattac gttcggaace
481 acggtccagt ccccaacget aagigggagg aftggacegt tgaggtgace gggttagica
541 aaagaccaat ccggttcact atggaccaat tggtcaatga cttccaaagce cgtgagttte
601 cggtgacget tgtetgegee ggtaaccgga ggaaggaaca gaatatgacg aaacaatcga
661 tagggtttaa ctggggttcc gecgeegtgt caacttecgt gtggegeggt gttecactte
721" gcgacgtget taageggtet ggggteatga gttcgttaaa aggggctete aacgtttgtt
781 ttgagggoge tgaggatita ccaggaggty gegggtcgaa atatggtaca agtgttaaaa
841 gggagtttgc aatggatccg geocgtgaca ttattctage gtacatgcaa aatggggaga
901 agttgagece gg©cetcatggg tatccggtic ggatgatcat accegggttt attggtgesc
961 ggatggttaa gtggtigaag aggattattg tgactacaac agagtctgat aattattacc
1021 attacaagga taatagggtc cttccctcte atgttgatge tgaacttgec aattctgaag
1081 cttggtggta caaacaagag tacatcataa atgagctgaa cgttaactcg gtgataacat
1141 cgeegtgeca cgaagaaatc ttgectatca acgectggac tacccaacgt ccttacacaa
1201 tgaggggtta cgettatict gggegaggaa gaaaagtgac ccgagtggaa gtgacaatgg
1261 atggtggaga cacatgggac atatgtgaal tggaccacca agagagggga agcaaatatg
1321 gtaaattctg gtgttggtgt ttetggtett tagaggtcga agtactagac ttactcggag
1381 ccaaagagat tggggtcegt gettgggatg aaagectcaa cacccaacct gaaaagcetca
1441 wtggaatgt catgggtatg atgaacaact getggtitcg tgttaagacc aacgtgtgea
1501 agectcacaa gggagagatc ggtatcgtgt tcgaacacce gacccaacce ggtaacaagt
1561 cgggegggtg ga©ceggecegt gaacgecace tegagatcte cgattetgge ccaacattga
1621 agaggacagc atccacccca ttcatgaaca ccacctcaaa gatgtactca atgtcagagg
1681 tgaagaaaca caacactgct gactcagcett ggattgtagt ccatggaaat gtctacaacg
1741 cgacceggtt cctaaaggat cacccgggtg ggteagacag tatectcatc aatgcaggaa
1801 ccgactgeac cgaagagttc gatgcaatic actcagacaa ggecaagagg ctictagaag
1861 atttcaggat aggtgagttg atctcaacgg getacaccte tgactcgtee tegeceggta
1921 actcagtcca tggegggteg gtttactecg ggttagcegg gttageecca attacagaag
1981 cggttecatt acgtaatgtt getttaaace cacgggttaa gatcocatge aaacttattg
2041 agaaagtttc actttcccat gacgtaagaa ggttccgatt cgggttacce tetgaagace
2101 aggtgttggg titacctgta ggaaaacaca tcttcctitg tgctaatgtt gatgataage
2161 utgtatgag agcettatact ccatcaagta ccattgatgt ggttgggtac tttgatcttg
2221 tggttaaggt ttacttcaag gatgticacc ctaggticee taacggtggg gtgatgteac
2281 aacatctaga ctcactttct ttgggctcga ttgttgacgt gaaaggeeca ttgggccata
2341 ugagtattt aggaaagggg aatttcacag tccatggaaa geccaagttt gctaaaaage
2401 ttgctatgat atcaggtgge accgggatta cccegattta feaggtgatg caggeaatac
2461 tgaaagatcc tgaggataag actgagatgc atgttgtgta tgcaaatcgg acggaggagg
2521 atatcttget tagagaagag cttgataaat gggctgatga gtitagagat cgggttaaag
2581 tatggtacgt tgttgasaag gcggaggaag ggtggaaata tgataccggg titatatctg
2641 agaagatact tagagatcac gtgccggegg ttggggatga tgtgttggea ctcacgtgeg
2701 gtectectee tatgattcaa tttgeggtic aacctaactt ggataagatg ggttttgata
2761 ttaaggaaca gtigttgatt tittgaaagt actgttacgt tggga

Fig. 1. Nucleotide sequence of spinach nitrate reductase ¢cDNA. Sequences for the translation start (ATG), translation stop (TGA) and
internal primer for PCR are underlined. Circled nucleotide (©) is a different one comparing with another published ¢cDNA sequences
(GenBank accession number: M32600).
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Table 2. Comparison of spinach nitrate reductase cDNA sequences with genomic DNA sequences

Nucleotide and deduced amino acid sequences with numbers* Gene GenBank Accession Number
1013 t‘ig agsc clc)g ggt cIa:It g(g}g t;t 1034 - 1673 géc g(g}g t\%}g i}{g %A(:c cgt %aa 1694 <DNA M32600
2560 t}ig agsc clc)g g;t clz_nlt gcg}g t;t 2581 - 5757 géc gég t\%vg i}{g %:c (i%t %aa 5778 Genomic D86226
903 ttg agc ccg get cat ggg tat 924 - 1563 gge ggg tgg acg gee cgt gaa 1584 <DNA this work
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“Numbers are from the respective sequence numbers shown in the GenBank.
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Cloning and Sequence Analysis of Spinach (Spinacia oleracea L. cv Ace) Nitrate Reductase cDNA
Sanggyu Park*, Nu-Ri Park and Jong-Bae Chung (Department of Agricultural Chemistry, Daegu University,

Gyungsan 712-714, Korea)

Abstract: Suppression of nitrate accumulation in spinach and lettuce through foliar application of chitosan formula
containing micronutrients is related with the increase of the nitrate reductase (NR) activity. If NR in spinach were
highly expressed to increase the assifr]ilatory activity, nitrate content could be reduced. For this, NR cDNA was
cloned from the isolated mRNAs of spinach using reverse transcriptase-PCR. Nucleotide sequence of cloned spinach
NR cDNA showed highly deduced amino acid sequence identity (71~82%) with other known plant NR genes. Only
two nucleotide-base differences were observed in the cloned NR ¢cDNA compared with that of the published spinach

NR cDNA.
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