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Nucleotide sequence of the human ornithine decarboxylase gene
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We have cloned and sequenced the human gene for ornithine decarboxylase
(ODC; EC 4.1.1.17). The entire ODC gene is located on a + 10 kb BamHI
fragment and comparison with the human ODC cDNA sequence (1) reveals that
it consists of 12 exons. Protein coding exons (III - XII) have a homology
ranging from 81% up to 91% when compared with the corresponding exons of
the rat ODC gene (2). The noncoding exons I and II show lower homologies of
74% and 68%, respectively. The length of the introns and their homology
with the rat ODC introns vary considerably, which is in part caused by the
presence of three Alu-repeats in the human gene (two in intron I and one in
intron VIII). Comparison of the 5' nontranscribed region of the human gene
with those of the rat (2) and mouse (3) reveals that several putative
promoter/enhancer elements are conserved in this region: TATA box
(pos.763); CAAT box (pos.712); GC box (pos.677). Interestingly the sequence
motif TGGTTTG (pos.723), which is thought to be involved in cell type-
specific expression (4), is also conserved between these three ODC genes.
As expected for a cAMP inducible gene, human ODC contains a consensus

sequence of a CRE (5). However, its position (nt 617) relative to the
capsite differs from the one observed in the rat and mouse ODC gene.
Finally, computer searches for AP-1 (6) and AP-2 (7) binding sites revealed
no conservation of such sites in the ODC genes of human, rat and mouse.

1 GGATCCGGGT CCCC TCACGCTCCTGGCCTGAGTCCCTGCGCT TCACAGGGGAAACT ACCTCCGCAGGCCAGGACCCATCT AGTTACAGGATACCTCGATGCT TACAAAGACGAGCCCT TCCAGCC
121 GCGGGGGCGCTGGCAGGCGGC TGCCAGCCCTGCCCGCCAGCGCTGCTGGCGACCCCCGGGACGCCCCCT TCCCTCCCGCCCCCTCTGCTCCCTAGCTGCGTGGGCAGCAGAGCGCACCGGGAT CACTT
241 CCAGGTCCCTTGCACCGGAGGAATGGCGCGGCAGCACGGGTCCGGAGTCGCCCCGGCGGGGCCCCACGTGGCCAGCACATCGGT CCTCCGCTCGCGAT TTCCCT TTTCCGCTCTCGGGCACGA
361 CCGTACTGACGCCCAGGTGCGAAGCACAGCCTGCTGCAGCTACAGGCTCT GCCGTTCAGCTGCCCGCGGGCCGGGGCCGGGGCCTGCCCCCGTCGTGCGCGCTGCGCGCGACCAGT TCCAGGCGGCGC
481 AGACCGCCGCAGGGCGGGGCGGGGCGAGGCGCCGCCAGGGCGGGGCAGGGCGGGGAGAGCGCCGCCCAGGGCGGGGAGGGCGGGGCGCGAACCCGCCGGGCGGGGGCCACGCGTGGGGCAGG
601 CGGTGCTCGGCT CCGGACG T CCCCGCCGCGCGCCCCACCAGC TCCGCGCGGGCCCGGGT TGGCCACCGCCGG<CCG CCC,~ CCCCCGGCCCGTGCTCCCGCCGCCCCM TG
721 GCXGG TTtCTGGTGCGTCTCCATGGCGACCCCGCCGGTGCpTAGGGAGCGGCGTGCCGTGGGGCT TTGTCAGTCCCTCCTGTACCCGCCGCCGCCCGCCGCCCGCCGCCCCTCT
84 1 GCCAGCAGCTCCGGCGCCACCTCGGGCCGGCGTCTCCGGCGGGCGGGAGCCAGGCGCTGACGGCGCGGCGGGCGGCGGCCCGAGCGCTCCTGCGGCTGCGACTCAGGCTCCGGCGTCTGCG
961 CTTCCCCATGGGGCTGGCCTGCGGCGCCTGGGCGCTCTGAGGTGAGGGACTCCCCGGCCGCGGACGGAGGGAGGGAGCGAGGCGCGGAGCCGGGGCGGGCTGCGGGCCCCGGGCCCCGGG
1081 CACGTGTGCGGCGCGCCCTCGCCGGCCTGCAGAGACACGTGGTCGCCGACGCGGCCACGACCT TGAGGCGCCGCTTCCTCCCGGCCCCGGGT TCTCCCGCGGCTGGATAAGGGTGATCCGG
1201 GCGCCTCGTTCTGCCCCCGTCTTCACAGCTCGGGGCTGGAGGGGCCTAGGGGAGACCCACCCCGGAGACCCTGCGGCCCCGCGCCGGCCCTCT TTCCCAACCCTTCGGCGGCCGCGCCCCTGG
1321 CCGGGGAGCCGTTGGGGAGGCCCTGGCGGCCGCGCAGCAGGTGCAGGGGCGCAGAGCCTGGGCTCGCCTTGGTACAGACGAGCCGGCCCCGGCCT TGGCGCCTTCAGTTTCCTTCCAGTTT
1441 T TAT TTTCGCTGTGTCTACAGAGCAGATGACACCAATTTGGAAACCCGCGAGAGTGGGTAGAGCTAAGATAGTCT TGCTGCTAGTAGCTGTGATATTAGATGCTCGGCCATGCACTTAGAGG
1561 TGT TTATTTAAGGACTGTGMATGACTCGGTGATTTCGGAAAGCTTGGCT TAGATGAACGGACATACACAGGGGAGACAGCCCTAAGGT TTGCAGAAAGGCTGATTGTGCTGT TTGCGA
1681 AGTCGAAATAATTGGTGAAAGTGTAGAAGGCAGAACCTCTCAGGAATGTCTGGGGAGGACAAAGAATGTGTTGGCTGACT TTGTTTAAACATAAATTGGGCAGACTTTMATTGAT TTGT
1801 GAAMTTTTTTTCAAMCTTTGTTTGAATTAGCCCCTATCTCTTCTAACATTATCCTCTTGTGCTAT TGATTGACCATTTTAAATAACTTAGCTGTTACAGAAAGACCGAAAGGTGT TCT T

1921 CAGTAAATATATTCAAGTAAGTTACTTAAGTAACGCCTTAAAAGATACAGAAAACAAAAAATAT TGGCGTATTMAAAGAAATCAAACTTTCCAAGTTTAGGCCTGAACATTGCCCT
2041 TAAAATATTTAATAAGGCCTCAAATGACCCAGTCCGAGACTGCATGAGCCTATTTATTATTAAATTGTAAATAT TCTTCATATAAACAAAATATATAACCATGTCTGTAACAAAATG
2161 GTTTTGCTAGCGTTGTTACTCTCTTCCCT TCTCCGAGGGGTGATTTAGGCAACTTCGGAGGTTGCAAMTGCCAAGCAGTCACAATAGATAGAGCTTTAAAGCAAATTCTATGCATGGGTT
2281 TGGATTTATGACAGGCCCGTCACCCTGGGCCTGTCATAGTACCCCATGCCAGAGCAAACTGTGTCCCCCGACCATTGCCTGGCCTCTGTGCCCGTAGGCTGCTGGCACTGAAGTGGGTTG
2401 CACAGTCGMGAAAGAAMGCTCTACCTGGCAGAAATTTTTAAAGGTTAAATAAATAATTTTMAAGAGCTGGTTCACAAGGTGCCACATTTGATGAAAGCAAATACAGTGGCTTTTA
2521 TTGTTACTAGAGTGATGT TCTTGCTTGTT TTTCTTTTTTGGTGAAGTTAGCCCCAAATTATTCTCATAGCTAAGCAAATACGAGAGTGACTGTAAGGACAGTTGGCATTCCCCGGATTGC
2641 TAAACTTGGTAGCAAMCGCTGGT TTAAGAATACTGAGT TCTAGCCGGGCGTGGTGGCTCACGCCTGTAATCCCAACACT TTGGGAGGCTGAGGCAGGCGGATCACCTGAGGTCGGGAGYTT
2761 GGAGACCAGCCTGACTAACATGGAGAAACGCCATCTCCACTAAAATATAAAATTAGCCAGGCCCCGGGTGTGGTGGCACATGCCGGTAATCCCAGCTACTCGGGAGACTGAGGCAGGAG
2881 AATCGCTTGAACCCAGGAGGCGGAGGT TGAGGTGAGCCGAGATCATGCCAT TGCACTCCAGCCTGGCMM AGTMMCTCTGTCTCTLkATACTG AATTCT
3001 GATCAGGTAACAGCAACTGTAATACAATGTGATAAGTTGACTTGAAGATTACAGTTTTTAAGAAGTATATACCCAGCTAATACATGAAATTAACTCGTAAATCTCAMATGCTCCAGAC
3121 ATTTCCATGATGCCTGTTGGTCAGTAAAATCATTCTAAGACTTAGTGGMAGTAGGAMATGTTTGTATGGCTGTGTATAAAGGCTATAATGTAATCCCAGCACTTTCGGAGACCGAGC
324 1 GGTGGATCACCTGGGGTCAGGAGTTTGAGACCCACCTGGACAACGTGGTGAAATCCTGTCTCTACTAAAACACAAAATTAGCCCGGGCATGGTGGCAGGCGCCTGTAATCCCAGCTGCT
3361 GGGGAGGCTGAGGCAGGAGAATCGCT TGAACCCGGAGGCAGAGGTTGCAGTGAGCCAAGAT TGCACCGCTGCACTCCAGCCTGGGTGACAGCGTGCAGACTCTGTCTCAAAAATAAA
3481 AAAGTCTATMATGCTATT TTAAGTTTCTAAGGMCTGAACTGCCTCTGAAATAAATCAGACCAT TATAAGACTTTTTTCCATATCAGTGAGCTAAGTGCAGATAAGCT TCTGAAACTTGCC
3601 ATGCTACATTTTTTTGGTACAAATATTTGAAAMTGCTTAGTGTGCTGCCTTGGAAMMCCTGGTATTTTTTGTTGTGTCCTTATACTGCCAAGGTTTAT GGATCATGTACCTTATGCCTA
3721 GTAATAATTAGGATGACCAGGCCAGTGAGTGGTTCATATCCGGGGCATGAT TAGCTCTGCGTGTGCTCAGCCAGTGCCCCATCT TCAACTCGATGCTGCTTCCTAAGGTAGACAGCAAATT C
3841 CCTAT TTTATTTCTCAGATTGT CACTGCTGTTCCAAGGGCACACGCAGAGGGATT TGGAATTCCTGGAGAGTTGCCTTTGTGAGAAGCTGGAAATAT TTCTTTCAAT TCCATCTCTTAGT
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3961 TT TCCATGTAAGTATT CAGT TTACATT TATGT TGCAGGTTAATCT TAAGAATTrGTAT TGCTAAGGCT TCTAAGTGMAT TTCT CCACTCTAT TTGCAT TT TGT TGCAT T TCAGAGGAACAT

4081 CAAGAAATCATG^AACAACTTTGGTAATGAAGAGT TTGACTGCCACTTCCTCGATGAAGGTTrTITACTGCCAAGGACATTCTGGACCAGAAAATTAATGAAGrrTTTCTTCTTCTGTAAGT ATA
4201 TGAGGCCCcATGCTGGCAGTGCAGCT GAGAGTGCCAGGCAAGTGGAMAACrTTTGGCAAGGTCTAAGGAAGAGCAT GAGGCTTACAT GTCT TGT TATGGAAT GTAGAAATTATTCAC TGG

4321 TGGTruATTMATAGT GATAATGGT GATACTCATATCAGTGGCTAGACTCMMAGAGCAGGArTTCAT TGTGACTGATGGGAATGAAGGTCGCTGGCTAT TGGTGTGGT GT GTGGT GAGGCT

4441 GCTAGTGAGT CACCT GTGACCACTCTTrGTTTCAGGATGArAAGGATGCCTTCTATGTGGCAGACCTGGGAGACATTCTAAAGMAAACATTGAGGTGGT TAAAAGCTCT CCCT CGT GT cAc
4561 CCCCT T TTATGCAGTCAAATGTAAT GATAGCAAAGCCAT CGT GAAGACCCT TGCT GCT ACCGGGACAGGAT TTGACTGrTGCTAGCAAGGTAAGCGATAGCAGCAGGCCTCMAAAGCGTT G

4681 TATMAAT GGGCCTrGGTATTCCCCcACGAGGCAGATACAAGT TGTGTTTTTTrrGGGCAATAAATGCTCACTMAAGGCAAATGGGGCGGGGGGGTACAT GACAACT TCCCATGCT TT TcrTGT T

4801 TAT TCCACGTGTTAAGCCACATATGGATAGCATGACACCACT CTTCTT TTTCAGACTGAMATACAGT TGGTGCAGAGTCTGGGGGT GCCT CCAGAGAGGAT TAT CTATGCAAAT CCT TGT
4921 tAAcACAGTATCTCAAATTAAGTATGCTGCTAATAATGGAGTCCAGATGATGACTTTT GATAGTGAAGTTrGAGTTrGATGAAAGTTrGCCAGAGCACATCCAAAGCAAAGTGAGTTATTrCCC
5041 CCATCTGAGGGCAAGAT CGGGAGCATMAGATATGrTGGATTrcrTTAT CAAMCAAMCTTMMrATTrTCT ATTAT TATATTrTrCTATACTTrTAGTAGAAAGTAGT TGAAACCCCCAT TGAGTCAT G

5161 MAGCCTGGGACTCAAACTACAGAATATATCAGCGACAGTAT TTAGAACAGGAT TGTTTTTATTTATMTTGTGGCTATMAGTGAACATCTATCATGAGACAT TTGCTGCACT T TCCTTGC T

5281 rTGTAGGT TGGT TTTGCGGATTGCCACT GATGAT TCCAAAGCAGTCT GTCGTCTCAGT GTGAAAT TCGGT GCCACGCTCAGAACCAGCAGGCT CCTT TTGGAACGGGCGAAAGAGCT AAAT

5401 ATCGATGTTGT TGGTGT CAGGTGAGATT TTGGTGGGATAGCTAGAGGTCMAGACAT TGAACAGT TTGAGTTT T ACAGGCrTTTTCCTccAGTGTTTGrCTAT TATTrTTAGAAATACTAAGAC
5521 ACAGT GTCTCGTCT CTTTATT TTACCCCAGCT TCCATGTAGGAAGCGGCTGTACCGAT CCTGAGACCT TCGTGCAGGCAAT CTCTGAT GCCCGCTGT GTTT TTGACAT GGGGGrTGAGrTAT
5641 ACGTGACCCTGTTrAGGGAAGGGCGGGACACAACTGACAATACTAGTCTTAT TCTAGAGTTrACTTT TTATGGCAGTTGGTTCTGTATTACATGGGcrTTTCAGCCTATCTGCCTGCATACA
5 761 TT TTTGTTATTAGCTGTGGATCTGGCTGACTTATTTTCTTGATTCTAGGCTGAGGTTGGTTTCAGCAT GTATCTGCTTGATATT GGCGGTGGCTTTCCTGGATCTGAGGATGTGAAACT T

5881 AAAT T TGAAGAGGTAAT TTAGAACAAACT GTuAATACTAGTAGCCGT TCTAATAAA TCCT T T T TCGGATAT TTCAAMT TTAAGTGTCT TAACTAATACCACAAT GGGCT MGAAG GT C

6001 TTGGTGTGATATTTTGAGTGATTTCTTTrGTGCTGTCTGACATTACACTTGATACCAT TTGGTTTTCTAAAGTGTGAATCAGCTTTCCCAGAAGTCT TGGATAATTGGTTACATTGGAAAT
6121 CATGCCCTCACACCTGCTATCCAGCACT TGGGGAGGCCAAGGTGGTAGGATCACTT GAGCCCAGGAGrTTrTGAGACCAGCCTGGGCAACACAGT GAGACCCCAT CTCTACAAAAAAMTTT T

6241 AAAAT TAGCCTGGT GT GGT GGCGGGCACCTGTXA TCCCAGCTACT T CGGMGGCT GAGGTGGGAGGATCACT TGAGCCCAGGAGGT TGAGGCT GCAGT GAGCCAT GAT CAT GCCACT GCAC
6361 TCAGCCTGGGCTACAGAGTGAGACCCTGT CTCAAAAAAAAGAAACATGTTGCCTGCTGGGCTTCCTAGAGATATGCTGACTGTAGCACAT CATCACCCCAAATGTGCT TTGCTA

6481 GACCTATGCTTrCCT CTCCTTAAATACrTTGAAArTGTTTAGTCACT TAGGMAGTTAAGCCATTrATArTTGGrTGCTTGAATTTATMAAAATACACCACAT GGrT TTGTTAAATCAT GACGTAG
6601 GCAGAATAGGATTTrTrTATCCTGTTGGCATGTATTTrGrTMTAAAGTT TTGACAT CTTGATGCCTTCCTAGGTAGTAGT TAGT TGCGTACTGCTTCT TTGATAAAAT CATACCCATAACAT c

6721 CTMAAGGAGATAGGGTGCCT GGAGGGGAAT GAAAACGAGCCACCT GGGATATGTAGCCT GGT T T T CAGGGAGAT GTTGAT GTTT T T T T GCT T T T GT TACT T TAAT GATMMACCT GT CT GT

6841 T GATGCCTGGTCTCATGATGTCATGTCACAAGGCCCTGTGAT GTTACTCCCCCAT GTGAAT T TCCCACAAT GAAGGCTGCCT CT T T CT T TT CTGT TTCACT CT CT TAGAT CACCGGCGT AA
6961 TCAACCCAGCGT TGGACAAATACT TTCCGTCAGACT CTGGAGTGAGAAT CATAGCT GAGCCCGGCAGATACTATGT TGCATCAGCT TTCACGCT TGCAGTTAATAT CATTGCCAAGAAAA
7081 TTGTATTAAAGGAACAGACGGGCTCTGATGGTAT GTATAAAGGACGAATCACT TCAT GTATMACTGAAAGCTGATGCAAAAGT CATTAAGAT TGT TGAT CTGCCT T TCTAGACGAAGA T

7201 GAGTCGAGT GAGCAGACCT TTATGTAT TAT GTGAATGATGGCGTCTATGGATCAT T T AAT TGCATACT CTAT GACCACGCACAT GTAAAGCCCCT TCT GCAAAAGGTAAT T T CT GAGCAT
7321 ACT GTATAAAACAATTAAGAGGACT GGTCACAACACGTGTAATTAAGTAGTACT TCCTCTCTCCGTCTCTTTATATAGAGACCTAAACCAGAT GAGAAGTATTAT TCATCCAGCAT AT GG
7441 GGACCAACATGTGATGGCCTCGATCGGAT TGT TGAGCGCTGTGACCTGCCT GAAATGCAT GTGGGTGAT TGGATGCT CT TTGAAAACATGGGCGCT TACACT GT TGCT GCTGCC TCT ACG

7561 TTCAAT GGCTTCCAGAGGCCGACGAT CTACTATGTGATGTCAGGGCCTGCGTGGT AAGTAAGCCATGCA TGT TGAT GGT GCT GCCAAGAAT AGGCACCT TC T TGGAT GT GTGCT TCT TGT

7681 CTAGACGAATAAGAAATTGTCTTGCCTAAGAT TAAATATATATGGATAT TTT TCCTAAGAAAAGT T TTAG^AAAAGACT GAT GAGT GT AT TTCT ATGT AAT TGGAAT ATAT T TAAGT TCA T

7801 GCCAT GT GT CT TGT GGTT TCCTTAT TACCAAAACGGTGACT GAAGAAACGCT TGCT T T AGAAAT ACAT T GAAT TGGCCAGGTGTGCT GGCT CACACCT GAAAT CACAACACATT* GGGAGG

7921 CCAAGGCAGAAGGATCACT TGAGCCCAGGAGT TCGAGCCTGGGCAACATAGTGAGACCCT GT CTCTACAAAAAAT TAAAAA^TTAGT TGGCCAT GGTAGT GGGCGCCT GT AGT CCCAGC T

8041 GCTTGGCTAAGGT GAGAGGT TTrGCT TGAGCCTGGGAGGTTrGAGGCTGCGGTGAGCTATGATAGCACCATTrGTATTrCCAGCCTGAGT SACAGAGAAAGACCCT GTCTCAGAAxAAAAAAAA
8161 ATACATTGAATTGT TTCCTGATGGGAGTAATACT CTCATGCCCAGT TAGGAGTGAGTCAGGGTTTTTrruAATAGCCACTTTTTrcrTTTCTCAGGCAACT CATGCAGCAAT TCCAGAAC cc
8281 CGACTTCCCcACCCGAAGTAGAGGAACAGGAT GCCAGCACCCT GCCT GT GT CT TGTGCC TGGGAGAGTGGGATGAACGCCACAGAGCAGCCTGT GCTTCGGCTAGTAT TAATGTGrTAGA T

8401 AGCACT CTGGTAGCT GTTAACT GCAAGTTrrAGCTTGAATTAAGGGAT TTGGGGGGACCATGTAACrTTAAT TACTGCTAGrrrTTTGAAATGT CT TTGTAGAGT AGGGTCGCCATGAT GCAG
85 21 CCATAT GGAAGACTAGGATAT GGGTCACACT TATCTrGTGTTCCTATGGAAACTAT TTGAATATTTGT TTTATATGGATT rTTTAT TCACT CTTCAGACACGCTACT CAAGAGT GCCCC TCA
8641 GCTGCTGAACAAGCATT TGTAGCTTGTACAATGGCAGAATGGGCCAAAGCT TAGT GTTGTGACCTGTTTTTAAATMAAGTAT CTTGAAATAAT TAGGCAT TGGGACGT TT rTTATGGT G
8761 TGT TCATTCCAGACAGT TCACGAATCCCGTATAGCTCGCTCTGAT TCTCAGAGAACAMTGAGT GGGTCCACCCACACACAGGTAGGAGGACAGGTGAGACGGAAGCCCcATccrTCCCAT G
8a881 TGGACGGTGCACAT CTGCTCAGCCCACCCCACATGTCCAGAGTTGGCTGCAMACT CCTTGTCCAGAGCCTCT GGTGGTGGGACCTACT TAAGTCTGACGGACCTGTCTcrGTCCAGGCCAG
9001 TGCCCAGGGAAGGTGTGGGAGGCCCTTTGAGCCTGGCCTGCAG

Fi-aure 1 . Genomic sequence of the human gene for orni thine decarboxylase
Exons are underlined. The translation initiation codon (ATG) and
termination codon (TAG) are at positions 4090 and 8396, respectively.
Conserved putative promoterlenhancer elements are indicated by boxes.
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