Volume 17 Number 21 1989 Nucleic Acids Research

Nucleotide sequence of the human ornithine decarboxylase gene

Harry van Steeg, Conny Th.M.van Oostrom, John W.M.Martens, Coen F.van Kreyl, Jan Schepens!

and Bé Wieringa!

National Institute of Public Health and Environmental Protection, PO Box 1, 3720 BA Bilthoven and
Department of Human Genetics, University Hospital Nijmegen, PO Box 9101, 6500 HB Nijmegen,
The Netherlands

Submitted October 10, 1989 EMBL accession no. X16277

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 GGATCCGGGTCCCCTCACGCTCCTGGCTGAGTCCCTGGLTTC TACCTCCGCAGGCCAGGACCCATCTAGT TACAGGATACCTCGATGT TACAAAGACGAGGCT TCCAGC
121 GCGGGGGCGTGGAGGCGGLTGCCAGCCCTGCCCGCAGCGTGCTGGCGACCCCCGGGACGLCLLT TCCCTCCCGCGCCTCTGCTCCCTAGCTGGTGGGAGCAGAGCGCACCGGGATCACTT
241 CCAGGTCCCTTGCACC GGGCGGCAGC CACGTGGC TCGGTCCTCCGCTCGCGATTTCCCTTTTCCGCTCTCGGGCACGA
361 GGTACTGAACGC ACAGCTGTGCAGCTACAGGCTCTGCCGT TCAGCTGCCGCGGGCCGGGGCCGGGGCCTGCGGLGTCGT! T1CC:

481 AGACC GGGGCGCGAAGCCGGGGGE

601 CGGTGCTCGGCTCGGCTGACETCGRCCCGCCGEE CGGGT TGGCCACCGCCGGGTTTTTGLTLT ALTGATXGTG
721 GCTCGYTTGAGCTGGTGCGTCTCCATGGCGACCCGCCGGTGCYATARLTAGGGAGCGGCGTGCCGTGGGGCTTTGTCAGTCCCTCCTGTAGCCGECGCCGCCGECGECCGLCBLCECTCT
841 GCCAGCAGCTCCGGCGCCACCTCGGGCCGGCGTCTCCG TGACGGGC GGGCGGCCGAGCGCTCCTGCGGCTGCGACTCAGGLTC TCT
961 CTTCCCCAT! 1GGCCT ct 1 GAGGGCGGGAGC

1081 CACGTGTGCGGCGCGCCTCGCCGGCCTGC CTTGAGGCGCCGCTTCCTCC 1C TGGATAAGGGTGATCCGG
1201 GCGCCTCGTT GTCTTCACAGCTCGGGGC C CACCC CGCGCCGGCCTCTTTCCCAACCCT 166

1321 cc GCAG GGCTCGCCTTGGTACAGACGAGCGGCCCCGGCCTTGGCGCCTTCAGTTTCCTTCCAGTTT
1441 TTATTTTCGCTGTGTCTACAGAGCAGATGACACCAATT AGAGCTAAGATAGTCTTGCTGTAGTAGCTGTGATATTAGATGCTCGGCCATGACTTAGAGG
1561 TGTTTATTTAAGGACTGTGAATGACTCGGTGATTTC TTGGCTTAGA GGACATACAC TAAGGTTTGCi TGATTGTGCTGTTTGCGA
1681 AGTC! \} TGTAGA AAGA TTTGTTTAAACATAAAAT TTTAATTGATTTGT

1801 GAAATTTTTTTCAAAGTTTGTTTGAATTAGCCCCTATCTCTTCTAACATTATCCTCTTGTGCTAATTGATTGACCATTTTAAATAACTTAGCTGT TACAGAAAGACCGAAAGGTGTTCTT

1921 CAGTAAAATATATTCAAGTAAGTTACTTAAGTAACGCCTTAAAAGATACAGAAAAGCAAAAAAGTAT TGGCGTATTAAAAAGAAATCAAAACTTTCCAAGT TTAGGCCTGAACATTGECT
2041 TTT TGACCCAGTCCGAGAC TGAGCCTATTTATTATTAAATTGTAAATAT TCTTCATATAAACAAAAATATATAACCATGTCTGTAACAAAAATG
2161 GTTTTGCTAGCGTTGTTACTCTCTTCCCTTC TTAGGCAACT TGACAATGCCAAGCAGTCACAATAGATAGAGCTTTAAAGCAAATTCTATGCATGGGTT
2281 TGGATTTATGACAGGCCCGTCACCCTGGGCCT TAGTACCCCA AAC TTGCCTGGCCTCTGTGCCCGTAGGCTGCTGGCAC 16
2401 CAC TCTACC AATTTTTAAAGGTTAAAATAAATAATTTT, TGGT TTTGATGAAAGCAAN TITTA
2521 T1GT TCTTGCTTGITTTTICTTITIT TTATTCTC TGGCATTCCCGGAATTGC
2641 TAAACTTGGTAGGCAACGCTGGTTTAAGAATACTGAGTTC CTGTAATCCCAACACTTTGGGAGGCT T T
2761 AC CATCTCCACTAAAAATATAAAAT T, TGCCGGTAATCCCAGCTAC
2881 AATCGCT AAGAGTAAAACTCTGTC TACTGAATTCT
3001 GATCAGGTAACAGCAACTGTAATACAATGTGATAAGTTGACTTGAAGATTACAGT TTTTAAGAAGTATATACCCAGCTAATACATGAAAAT TAACTCGTAAAATCTCAAATGCTCCAGAC
3121 ATTTCCATGATGCCTGT ATTCTAAGACT T A TGTAA 7
3261 T T
3361 TGAGGC TCGCTT TTGCACCGCTGCACTCCAGCCTGGGTGAC TCTGTCTC TAM
3481 AAAGTCTATAATGCTATTTTAAGTTTCTAAGGAACTGAAACTGCTCTGAAATAAATCAGACCATTATAAGACTTTTTTCCATATCAGTGAGCTAAGTGCAGATAAGCTTCTGAAACTTGC
3601 ATGCTAGATTTTTTTGGTACAAATATTTGAA T TGCCT CCTGGTATTTTTTGTTGTGTCCTTAT, TTATGGAATC, TTATGCCTA
3721 GTAATAATTAGGA TCATA TGATTAGCTCTGCGTGTGC' TCTTCAACTCGATGTGTTCCTAAGGTAGACAGCAAATTC
3841 CCTATTTTATTTCTCAGATTGTCACTGCTGTTCCAAGGGCACACGCAGAGGGATTTGGAATTCCTGGAGAGTTGCCTTTGTGAGAAGCTGGAAATATTTCTTTCAATTCCATCTCTTAGT
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TTTCCATGTAAGTATTCAGTTTACATTTATGT TGCAGGTTAATCTTAAGAATTGTATTGCTAAGGCTTCTAAGTGAATTTCTCCACTCTATTTGCATTTTGTTGCATTTCAGAGGAACAT
CAAGAAATCATGAACAACTTTGGTAATGAAGAGT TTGACTGLCACT TCCTCGATGAAGGT TTTACTGCCAAGGACATTCTGGACCAGAAMATTAATGAAGTTTCTTCTICTGTAAGTATA
TGAGGCCCATGCTGGCAGTGCAGCTGAGAGTGCCAGGCAAGT GGAAAACT TTGGCAAGGTCTAAGGAAGAGCAATGAGGCTTACATGTCTTGTTATGGAATGTAGAAATTAATTCACTGG
TGGTAAATTAATAGTGATAATGGTGATACTCATATCAGTGGCTAGACTCAAAAGAGCAGGATTCATTGTGACTGATGGGAATGAAGGTCGCTGGCTATTGGTGTGGTGTGTGGTGAGGCT
GCTAGTGAGTCACCTGTGACCACTCTTGTTTCAGGATGATAAGGATGCCTTCTATGTGGCAGACCTGGGAGACATTCTAMGARACAT CTGAGGT GGTTAARAGETCTCCCTCGTGTCAC
ceeerr YTATGCAGTCAAATGTMTGAYAGCMAGCCAYCQIEMMCECTTGCTGCTACCGGGAC!GGA‘YTGACTGTGC‘AGCAAGGTMGCGAYAGCAGCAGGCCTCAMAGCGY 16
TATAAAATGGGCCTGGTATTCCCCACGAGGCAGATACAAGTTGTGTTTTTTGGGCAATAAATGCTCACTAAAGGCAAATGGGGCGGGGGGGTACATGACAACTTCCCATGCTTTTCTIGTT
TATTCCACGTGTTAAGCCACATATGGATAGCATGACACCACTCTTCTTTTTCAGACTGAAATACAGT TGGTGCAGAGTCTGGGGGTGCCTCCAGAGAGGAT TATCTATGCAAATCCTTGT
AAACMQTATCTCMATVMG\'A"QQTGC1MYMYGQ§T;QGATGATGACTTTYGATIGTGMGTTGAG‘TBATGMAGYTGCCAGAGQACATCCCMAQQMAG?GAGYTAYYCCC
CCATCTGAGGGCAAGATCGGGAGCATAAGATATGTGGATTCTTATCAAACAAACTTAAATTTCTGATTATTATATTTCTATACT TTAGTAGAAAGTAGT TGAAACCCCCATTGAGTCATG
AAGCCTGGGACTCAAACTACAGAATATATCAGCGACAGTATTTAGAACAGGATTGTTTTTATTTTAATTGTGGCTATAAGTGAACATCTATCATGAGACATTTGCTGCACTTTCCTTGCT
YGTAGGT1§§77YTQCGGATTGCCACTGATGATYCCAAAGCAGYQYQ'CQYC'CAGTGYGAAATTCGGTGCCACGCYCAGAACCAGCAGGCTCCTYVYGGAACGGGCQAAAGAGCYAAAT
ATCGATGTTGTTGGTGTCAGGTGAGATTTTGGTGGGATAGCTAGAGGTCAAGACATTGAACAGTTTGAGT TTTACAGGCTTTCTCCTAGTGTTTGCTATTATTTTAAGAAATACTAAGAC
ACAGTGTCTCGTCTCTTTATTTTACCCCAGCT TCCATGTAGGAAGCGGCTGTACCGATCCTGAGACCTTCGTGCAGGCAATCTCTGATGCCCGCTGTGTTTTTGACATGGGGGTGAGTAT
ACGTGACCCTGTTAGGGAAGGGCGGGACACAACTGACAATAACTAGTCTTAATTCTAGAGTTAACTTTTTATGGCAGTTGGTTCTGTATTACATGGGTTTCAGCCTATCTGCTGCATACA
TTTTTGTTATTAGCTGTGGATCTGGCTGACTTATTTTCTTGATTCTAGGCTGAGGTTGGTTTCAGCATGTATCTGCTTGATATTGGCGGTGGCTTTCCTGGATCTGAGGATGTGAAACTT
AAATTTGAAGAGGTAATTTAGAACAAAACTGTAATACTCAGTAGCCGTTCTAATAAATTCCTTTTTGGAATATTTCAAAATTTAAGTGTCTTAACTAATACCACAATGGGCTGAAGTGTC
TTGGTGTGATATTTTGAGTGATTTCTTTGTGCTGTCTGACATTACACTTGATACCATTTGGTTTTCTAAAGTGTGAATCAGCTTTCCCAGAAGTCTTGGATAATTGGT TACAT TGGAAAT
CATGGCTCACACCTGTAATCCAGCACTTGGGGAGGCCAAGGTGGTAGGATCACTTGAGCCCAGGAGTTTGAGACCAGCCTGGGCAACACAGTGAGACCCCATCTCTACAAAAAAAATTTT
AAAATTAGCCTGGTGTGGTGGCGGGCACCTGTAATCCCAGCTACTTGGAAGGCTGAGGTGGGAGGATCACT TGAGCCCAGGAGGT TGAGGCTGCAGTGAGCCATGATCATGCCACTGCAC
TCAGCCTGGGCTACAGAGTGAGACCCTGTCTCAAAAAAAAAAAAGAAAAAGCATGTTGCTGTGGGCTTCCTAGAGAATATGCTGACTGTAGCACATCATCACCCCAAATGTGCTTTGCTA
GACCTATGCTTCCTCTCCTTAAAATACTTGAAATGTTTAGTCACTTAGGAAGT TAAGCCATTATATTGGTGCTTGAATTTATAAAATACATCCACATGGTTTGTTAAAATCATGACGTAG
GCAGAATAGGATTTTTATCCTGTTGGCATGTATTTGTTAAAATGTTTTGACATCTTGATGCCTTCCTAGGTAGTAGTTAGTTGCGTACTGTTCTTTGATAAAAATCATACCCATAACATC
CTAAAGGAGATAGGGTGCCT ATGAAAACGAGCCACCTGGGATATGTAGCCTGGTTTTCAGGGAGATGTTGATGTTTTTTTGCTTTTGTTACTTTAATGATAAACCTGTCTGT
TGATGCCTGGTCTCATGATGTCATGTCACAAGGCCCTGTGATGTTACTCCCCCATGTGAATTTCCCACAATGAAGGCTGCTCTTTCTTTTCTGTTTCACTCTCTTAGATCACCGGCGTAA
AACCCAGCGTT AAATACTTTCCGTCAGACTCTGGAGTGAGAATCATAGCTGAGCCCGGCAGATACTATGTTGCATCAGCTTTCACGCTTGCAGT TAATATCATTGCCAAGAAAA
TTGTATTAAAGGAACAGACGGGCTCTGATGGTATGTATAAAGGACGAATCACTTCATGTATAACTGAAAGC TGATGCAAAAAGTCATTAAGATTGTTGATCTGCCTTTCTAGACGAAGAT

T GAGCA! TTTATGTATTATGT TGAT TCTAT TCATTTAATTGCATACTCTATGACCACGCACATGTAAAGCCCCTTCTGCAAAAGGTAATTTCTGAGCAT
ACTGTATAAAACAATTAAGAGGACTGGTCACAACACGTGTAATTAAGTAGTACTTCCTCTCTCCGTCTCTTTATATAGAGACCTAAACCAGATGAGAAGTATTATTCATCCAGCATATGG
GGACCAACATGTGATGGCCTCGATCGGATTGTTGAGCGCTGTGACCTGCCTGAAATGCATGTGGGTGATTGGATGCTCTTTGAAAACATGGGCGCTTACACTGTTGCTGCTGCCTCTACG
TTCAATGGCTTCCAGAGGCCGACGATCTACTATGTGATGTCAGGGCCTGCGTGGTAAGTAAGCCATGCATGTTGATGGTGCTGCCAAGAATAGGCACCTTCTTGGATGTGTGCTICTYIGT
CTAGACGAATAAGAAATTGTCTTGCCTAAGATTAAATATATATGGATATTTTTCCTAAGAAAAGT TTTAGAAAAGACTGATGAGTGTATTTCTATGTAATTGGAATATATTTAAGTTCAT
GCCATGTGTCTTGTGGTTTCCTTATTACCAAAACGGTGACTGAAGAAACGCTTGCTTTAGAAATACATTGAATTGGCCAGGTGTGCTGGCTCACACCTGAAATCACAACACATTGGGAGE
CCAAGGCAGAAGGATCACTTGAGCCCAGGAGTTCGAGCCTGGGCAACATAGTGAGACCCTGTCTCTACAAAAAAT TAAAAAAT TAGTTGGCCATGGTAGTGGGCGCCTGTAGTCCCAGCT
GCTTGGCTAAGGTGAGAGGTTTGCTTGAGCCTGGGAGGT TGAGGCTGCGGTGAGCTATGATAGCACCATTGTATTCCAGCCTGAGTAACAGAGAAAGACCCTGTCTCAGAAAAAAAAAAA
ATACATTGAATTGTTTCCTGATGGGAAGTAAATACTCTCATGCCCAGT TAGGAGTGAGTCAGGGTTTTTAATATGCCACTTTTTCTTTCTCAGGCAACTCATGCAGCAATTCCAGAACCC
CGACTTCCCACCCGAAGTAGAGGAACAGGATGCCAGCACCCTGCCTGTGTCTTGTGCCTGGGAGAGTGGGATGAAACGCCACAGAGCAGCCTGTGCTTCGGCTAGTATTAATGTGTAGAT
AGCACTCTGGTAGCTGTTAACTGCAAGY TTAGCTTGAAT TAAGGGAT T TGGGGGGACCATGTAACT TAATTACTGCTAGTTTTGAAATGTCTTTGTAAGAGTAGGGTCGCCATGATGCAG
CCATATGGAAGACTAGGATATGGGTCACACTTATCTGTGTTCCTATGGAAACTATTTGAATATTTGTTTTATATGGATTTTTATTCACTCTTCAGACACGCTACTCAAGAGTGCCCCTCA
GCTGCTGAACAAGCATTTGTAGCTTGTACAATGGCAGAATGGGCCAAAAGCTTAGTGTTGTGACCTGTTTTTAAAATAAAGTATCT TGAAATAATTAGGCATTGGGACGTTTTTATGGTG
TGTTCATTCCAGACAGTYCACGAATCCCGTATAGCTCGCTCTGATTCTCAGAGAACAATGAGTGGGTCCACCCACACACAGGTAGGAGGACAGGTGAGACGGAAGCCCCATCCTCCCATG
TGGACGGTGCACATCTGCTCAGCCCACCCCACATGTCCAGAGT TGGCTGCAAACTCCTTGTCCAGAGCCTCTGGTGGTGGGACCTACT TAAGTCTGACGGACCTGTCCTGTCCAGGCCAG
TGCCCAGGGAAGGTGTGGGAGGCCCTTTGAGCCTGGCCTGCAG

Figure 1. Genomic sequence of the human gene for ornithine decarboxylase.
Exons are underlined. The translation initiation codon (ATG) and
termination codon (TAG) are at positions 4090 and 8396, respectively.
Conserved putative promoter/enhancer elements are indicated by boxes.
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