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Complete nucleotide sequence of the two homeologous tobacco nitrate

reductase genes

H. Vaucheret, J. Kronenberger, P. Rouzé and M. Caboche*
Laboratoire de Biologie Cellulaire, INRA, 78026 Versailles Cedex, France (*author for correspondence)

We have previously described the molecular
cloning and characterization of one of the two
tobacco nitrate reductase structural genes, nia-
2 [1]. In this report we compare the sequence of
nia-2 with that of nia-1, which has also been
cloned (Fig. 1). The size of exons and position of
introns are identical in both genes. The four exons
of 1012, 141, 233 and 1326 bp respectively encode
a 904 amino acid polypeptide of 101.7 kDa for the
Nicotiana tomentosiformis-derived nia-1 gene and
of 101.8 kDa for the Nicotiana sylvestris-derived
nia-2 gene. The homology between exons of the
two genes is very high at the nucleotide level
(97%,) and at the amino acid level (98¢%;). Introns
display a lower degree of homology. They are
always longer in the nia-2 gene than in the nia-1
gene (594 nt versus 275 nt for IVS1, 1298 nt ver-
sus 912 nt for IVS2, 788 nt versus 652 nt for
IVS3) with extra sequences localized in the vicini-
ty of their 5’ ends, and correlatively more con-
served 3’ ends (about 709, of homology in the
colinear part of the introns). An extensive homol-
ogy of the 5’ non-coding region sequences of the
two genes was detected up to 800 bp upstream
from the transcription initiation sites and should
include all the regulatory elements of the pro-
moter. A highly repeated (TA)n motif was found
in the 3’ non coding sequences. It lies 360 and

650 bp downstream the TAA stop codon in nia-1
and nia-2 respectively, TA being repetead 27
times in the structure of the nia-1 gene and 14
times in the structure of the nia-2 gene. Such a
sequence has recently been related to the rate of
degradation of the mRNA [2]. Significant homol-
ogy can be found a long distance away from the
transcribed region, 1150 bp and 850 bp down-
stream the TAA stop codon for the nia-1 and
nia-2 genes respectively (data not shown).
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Fig. 1. Nucleotides have been numbered from the transcription initiation sites on the two genes. Upper lane: nia-1, lower lane:
nia-2. Identical sequences for the two genes are represented by dots in the upper lane and deletions by dashes. Non-coding
sequences are printed in lower-case letters. Coding sequences, in capital letters, have been translated using the single letter
aminoacid code. For divergent amino acid sequences the first symbol refers to the nia-1 gene. CAAT and TATA boxes, the
transcription initiation and termination putative sites and translation start codon are indicated by asterisks.

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession numbers X14058 Nia 1 and X14059 Nia 2.
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Nia-1 .ctt.gagtaatgtat.catttaagagC.at.td..t..d8..c.eeueCuaCuiuvesaonnanssssdUCeereConsveeCasasnalCata,..
Nia-2 tacatacaaqqchcgaataaactttttttaaaqtaaatqtatatgaacttgcaatqaaaqaqqaccttaacttqtttqtctttqttqctttc
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I A o« - P T L (- DL L P - T o e P« O L L«
cttcc—cataaatagtcactaqctttctq-—attttttttcactttctatatcacgtaaataggtactcaaatttgatatttacaccaaacaaatgaaaa
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tagtcactaaacatitlacctagccattccteccgaaaagaaattgagaaggaaattagagttagtggageccataataatgtttaatgtgaccataactegg
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tqaaaaccacgqcaaqaataagaaacaqctqttaagqctaaccaacagctqcatatctttaaqccatttqctattaccccaacatcgcatcttcctctqa
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cqttcccaaacagaacaaqaaaatcaaatctcqqagagagagagagagaaatattttgagagagaaatacagaaaatctctcttccttctttcctttttt

_________________ . WRE e ea - P

tttcaatccccattcatattctttttttagaataatct ATG GCG GCA TCT GTC GAA AAC AGG CAG TTC AGT CAC CTA GAA GCC
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ces aee sas sew sas ses sae woT iue wed aae vena sen sae sas Turt tee see cas was

GGT TTA TCC CGG TCT TTC AAG CCC CGG TCT GAT TCC CCG GIT CGT GGC TGC AAC TTC CCT CCG CCC AAC AGT ACT
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tee ees was ese ses ses ema sea ses wee oTi il a.n tee eae wre ena cea ses aas

AAT TTC CAA AAG AAA CCA AAT TCC ACC ATT TAC CTT GAT TAC TCG TCG AGT GAA GAC GAC GAT GAT GAT GAC GAA
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cie ees sae eer wue ssa sss 22C uie eoi cue sis ses LA ces sea sss aes GC il e ea-

ARA AAT GAG TAC CTT CAA ATG ATT AAR AAA GGG AAT TCA GAG TTA GAG CCA TCT GIT CAT GAC ACT AGG GAC GAA
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cts see see ses sus saa ees sss ses ses vue sse Teu aes cee wa ces sas see aae was

GGT ACC GCT GAT AAT TGG ATT GAA CGC AAC TIT TCC ATG ATT CGT CTC ACC GGA AAG CAT CCA TTT AAC TCC GAA
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CCA CCG TTG AAC CGG CIC ATG CAC CAC GGC TTT ATC ACA CCG GTC CCA CTT CAT TAC GTT CGT AAC CAT GGA CCG
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cev eee vee ses weB tie tee sen ces see wes swe wes ser sas ses wee seB il it i see wne wew ese

GTT CCC AAG GGC ACG TGG GAT GAC TGG ACC GTG GAA GTC ACG GGA CTA GTG AAG CGT CCT ATG AAA TTIC ACA ATG

fee wen wee eve ses sew eee see oCC til ter iih ee vl ses sas ses see 200 «oC ten vue e e

GAC CAG TTG GTT AAC GAA TTC CCT TGT AGA GAA TTG CCC GTT ACG CTT é%i TGT GCT GGC AAT CGA AGG AAA GAA
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ces eee ars ewe ves wma saee == euns cnn ese wew o2T vt cus are san ses sae ol Gui win vee eee ea-

CAG AAC ATG GTT AAA CAA ACC ATT GGT TTC AAC TGG GGC GCC GCT GCC GTT TCA ACA ACG ATA TGG CGC GGG GTA

eae woB aee see see Tae tee tee WAr tee ase aie sEs ses ams sss ses eas eve wes sms wwe sev sas eww

CCC CTC CGC GCT TTG CTA AAA CGG TGC GGT GTT TTT AGC AAG AAT AAA GGG GCG CTT AAT GTT TGC TTC GAA GGA
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ces wus ass was ses 2aC e ses wwe ass sea sae euw was ass mes 4ve wee ses aer was sve sas ene
GCT GAT GTG TTG CCC GGA GGT GGT GGT TCA AAG TAT GGA ACC AGC ATT AAG AAG GAA TTT GCA ATG GAT CCA GCA
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wee ame ene «=B Al L. cii e ves mes ess sas mes ses =ee eav mes ese see ean cee ess aau e
CGA GAT ATC ATC GTA GCC TAC ATG CAG AAC GGA GAA AAA TTG GCA CCC GAC CAC GGG TTT CCA GTA CGA ATG ATA
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ATT CCA GGA TTC ATT GGA GGA AGA ATG GTG AAA TGG ATA AAG AGG ATT ATA GIC ACC ACC CAA GAA TCA GAC AGC
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TAT TAT CAT TTC ARG GAC AAT AGA GTT CTT CCT CCC CAT GTT GAT GCT GAA CTT GCA AAT ACC GAA G gtacgtaccg
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taactatttcaatttattactccatttgttccaatttatgtgaacctatttcctttttggtcecgttcaaaaaagaatgaaccctttetaaatttggtaac

aatttagcttaaacttacaacttcacccttaatgagaaacttttataaccacacaaataccctggggeccatttggacttgtttaggtcgacaaatteca
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qqactttqqaaacataqaattqtcaqctttataqttatqqaqtactatattaqttaqctqtttqcatctattcataattqqtctatctqtqtqcaq CA
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wew ®se eee ses wes ees swa sve ses sas sas seC ces srs cew aus se ees eee ewe sew ssa e meu sen
TGG TGG TAC AAG CCA GAG TAT ATC ATC AAT GAG CTT AAT ATT AAC TCT GTC ATT ACG ACG CCG TGT CAT GAA GAA
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eee sae wea mes ese aes sae 4. ssa sea wes suee sse ses ses ses mee sas sas sss wse s assennesssssbe

ATT TTG CCT ATT AAC GCC TGG ACG ACT CAG CGA CCT TAC ACG TTG AGG GGC TAT TCT TAT TCT G gttagtatttttat
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acccacttacgtccttactttctcagacagtttattqatqaaaactacttactattttcgacccqataqcctcachtccttaattaaatqtqatqcttt

gaaagagatattctcteecgtctattttaattaatttttggetgtttttatacgtgggaatctatttttaacattaattaatatagaaatgaaccatatt

aatattattaatttcttcattgaaaatacaacaaatactctteggetettactacaatgacaattttgaagaaaaataattaattcecttectaatatcetg

aaaaatcaaatattqtqqaccataaaaaaaqqtcaaaaaattaattaaaatqaactqqagaqaqtaaattaqaaaatataattataqcaccaqtaatta;

P - o B o P - S - sevesasCoranccasennnssaniassC,
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aes een ses ars san cee aea see sas ses mes sex Tero wue ewa one

GGA GGG ARA AAA GTA ACG CGA GTA GAA GTG ACG TTG GAT GGA GGA GAA ACA TGG CAA GIT AGC ACA CTA GAT CAG
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CCA GAG ARG CCC ACC AAA TAT GGC BAG TAC TGG TGT TGG TGC TTT TGE TCA CTC GAG GTT GAG GTG TTA GAC TTG
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\Y M

[ .
tatqtaactatttatactacgagtgatgaqggcaagaaggqqtttaagtatttgacaataaatqtaaaccctqcaattttgttcctaattttttatcctt
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gttcag GGA ATG ATG AAT AAT TGC TGG TTC CGA GTA AAG ATG AAT GTG TGC AAG CCT CAC AAG GGA GAG ATT GGA
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e aee sse aws sas wes sas sees mae ses ses sse sse 2se esB cie vee o8 i fee wee een

ATA GTG TTT GAG CAT CCG ACT CAA CCT GGA AAC CAA TCA GGT GGA TGG ATG GCG ARG GAG AGA CAT TTG GAG ATA
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cee ase ces ene 2Cu tai cad tes ees 4ea sae 4w sme ses waes sss wee ves wea sas see vre eae sam

TCA GCA éAG GCA CCT CAA ACA CTA AAG AAG AGT ATC TCA ACT CCA TTC ATG AAC ACA GCT TCC AAG ATG TAC TCC
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are 906 weu aeG cue dse aie ses wae sas eas sse was sas ses asc sea wea ses 2as Ees ssa see w .o

ATG TCC GAG GTC AGG AAA CAC AGC TCT GCT GAC TCT GCT TGG ATC ATA GTC CAT GGT CAT ATC TAT GAC GCC ACG
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eer 24C tee 0o T Tew avn aue oos aee cev mue S4s sas ses ses eus ese ass

CGT TTC TTG AAA GAT CAC COT GGT GGG ACT GAC AGC ATT GTC ATC AAT GCT GGG ACT GAT TGC ACT GAG GAA TTT
D I F

ass ass was ses ses sen ser ses srs eev seB wee sen oA e L. ee ase 20 Cou e swe aas wae

GAT GCA ATT CAT TCT GAT AAG GCT AAG AAG CTC TTG GAG GAT TIC AGG ATT GGT GAA CTC ATA ACT ACT GGT TAC
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oo sss aae sen sos sae ass ova o8 voT 4t 44 aee ase e ces sas was was ses aes avs

ACC TCT GAC TCT CCT GGC AAC TCC GIG CAC GGA TCT TCT TCC TTC AGC AGE TTT CTA GCA CCT ATT AAG GAA CTT
s s

cre ass ses sas eses see wsas sas osC s ces saw ma- mes sas ses wes ses ser wes seB ten cee e

GIT CCA GCG CAG AGG AGT GTG GCC CTA ATT éé& AGA GAG AAA ATC CCA TGC AAA CTC ATC GAC AAG CAA TCC ATC
C I

ces 2Ce cus tae aue ses wes aee ses sas sma sas ene waa wes wes ses ese Eas sne ses wes awe ans wes

TCC CAT GAT GTT AGG AAA TTT CGA TTT GCA TTG CCC TCT GAG GAT CAA GTC TTG GGC TTG CCT GTT GGA AAA CAT
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s wss ees was ses wes sex wea ssa ese ses ewa sxe sze »aC oo Pae cew ave sav ses eme eww

ATC TTC CTC TGT GCC GIT ATT GAC GAT AAG CTC TGC ATG CGC GCT TAC ACG CCT ACT AGC ACG ATC GAT GAG GTG
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ces aes meu sss wes sme wwe wme ses ses wav eme ses 28 cea cen was

GGG TAC TTC GAG TTG GIT GTC AAG ATA TAC TTC AAA GGA ATT CAC CCT AAA TTC CCC AAT GGA GGG CAA ATG TCA
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C.C .AA ... ... «ns che ess was e eee ems sea sen ses sae ses 4ws ews ses

CAG TAT CTT GAT TCT ATG CCG TTA GGG TCA TTT CTC GAC GTG AAA GGT CCA TTA GGT CAC ATT GAA TAC CAA GGA
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e eme aeB 4ie tin sen mes sea ves ses cve wwe s awe awa nes +oG oow

AAG GGA AAT TTC TTA GIT CAT GGC AAA CAG AAG TTT GCC AAG AAG TTG GCC ATG ATA GCA GGT GGA ACA GGA ATA
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eve ser o2l sus was ses wme ses ves ses mes ses sas sev was won sas ses axs sus see ses +0C wue e

ACT CCA GTG TAT CAA GTC ATG CAG GCA ATT CTG AAA GAT CCA GAA GAT GAC ACA GAA ATG TAT GTG GTG TAT GCT

el tee it hie hes aee e sae aae see sas eas e sre ese ase oA L,

ARC AGA ACA GAG GAT GAT ATT TTA CTT AAG GAA GAG CTT GAT TCA TGG GCT GAG AAR ATT CCA GAG AGG GIT AAA
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vea ess sve sse sss sB cee see ses see ses eve sve sew ses Car vt ver wse Tow cnr cin ses wes

GIT TGG TAT GTG GTT CAG GAT TCT ATT AAA GAA GGA TGG AAG TAC AGC ATT GGT TTT ATT ACA GAA GCC ATT TTG
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AGA GAA CAT ATC CCT GAG CCA TCT CAC ACA ACA CTG GCT TTG GCT TGT GGA CCA CCT CCT ATG ATT CAA TTT GCT
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GTT AAT CCA AAC TTG GAG AAG ATG GGC TAT GAC ATT AAG GAT TCC TTA TTG GTG TTC TAA ttttaaaaacaaaacaatat
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