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Cytoplasmic male sterility (cms) in maize (Zea mays L.) is correlated
with alterations in the mitochondrial genome. Four genetically distinct
cytoplasms exist: N (normal) in which fertile pollen develops, and S, C and T
in which pollen fails to develop [4,5]. Cms-S is characterized (4] by two
free replicating elements, S-1 (6.4 kb) and S-2 (5.2 kb), which are not
present in N, C or T cytoplasms. Sequences homologous to S-1 and S-2 are
present in N mitochondrial DNA, but are essentially absent in T and C [5].
Reintegration of S-1 and S-2 DNA into mitochondrial DNA [1] or into nuclear
DNA [2] is correlated with the restoration of fertile pollen development,
suggesting that the S-1 and S-2 elements are derived from normal mitochondrial
genes which control fertility and that loss or rearrangement of these genes
gives rise to sterility. Our DNA sequence and Southern analysis show that the
structure of the integrated S-1 homologous sequence in normal mitochondrial
DNA shares 4.3 kb (bases 2588-6862) of homology with the free S-1 element
(bases 651-4935 of [6]), and that it lacks the repeated termini and the 1.4 kb
homology region (bases 4936-6397 of [6]) common to both the free S-1 and S-2
elements. Southern analysis of other normal maize strains [3] indicates that
this structure, present in Zea mays Mol7 vg cms mitochondria, is not an
aberration but is common to other N mitochondrial genomes. This DNA sequence
appears in the EMBL/GenBank/DDBJ nucleotide sequence databases under the
accession number X07041.

GGATCCAACAAAGAATCGATTCTATGCCTTCTCT TTCAGTGTTCGTAGGGCTGGAAATTATACACGCTGGTAACTAGTANGCTGGAATAGTCAGGTTAGG 100
AATGGAAAAGAAGGAAGGAGGAAGCGAGTTCTCTACTCTAGTGAAGCTAGTGCTAGTTCTGTACTCTAGTTCAGTCCCCAAGGCGCCGAGTGAAGCCCTT 200
CTCCATACCTTCGATAAACTACTTGCCTCATGGAAGTTCAAAGTTCTCTTTCATAGAATGACTGGCTTTACATATCTCCTTTATTCGTAGGAAATGAAGT 300
GGGCAGCAACTTAGAACCGAAACCGGAAGGCCAAGAACCGAGCTATTCAGAGAGATACCGGCACTACACAGATAACGAAGCAACTTGGAAAGCTAGTTCG 400
GAAAGTTCACCTATGAAAGCCCTACTCAATATTGCCTCGGGCCCAGGTCAATAGATGAACACATAGAAGTGAGTAGAAAAAGCAAACTTTAGTGAATGAA 500
TGCGATCTAGACCCTGCAACTAGACCGAGCAAGAGGAAAGGAATGCGATCCTCAAATAAAAGAATCTATCTAGCACTAGCAGCARGGAATGAGATAGARC 600
CTCGAGCAAGAGATATGAGCGTTGATCTGATCTTATGAGAATACTGCGGCACCTCTTTTGGTTCTTCTGATTTCTAGTCTAGTTTCCTTTCCTTAAGGGA 700
CAGGGCGGCGTAGAGCTGAGGAGAGAGACAGATGGATGGCAGATGTGAATGAATTGCAATATGCATGCTGCCTGCCACCGAGGAGTAGTAGTATTGATGC 800
CAGTGTGGAAGAGTTCGCTGGATCATTCTACCGGAGTCAATCAGTTTGATTCGTAACAAATGAGATTAGTTCACGTATAACGAGCATAAAGACGAATCTA 900
ACCGCTAGTTACTCTACTCATTGGCTCCATCCCGTTTTTGAGGCCTTCTCTTTTTCGTCGATCTGGGCCATAAATCAATGGTCCGCAGTCTATGAAGCAA 1000
GAATGGCCCATGACATACGC 'CCGTAAACCC AAGCGGAAGATTCTTCTGAAGAAGAACTGGAACTCTGACCCAAGGCAAGACTTG 1100
ACTTCTCTGATCATCCCTTCCCTGGCGCOGTGAGCCCGGCAATAACAATAGCAGACAGGTCAGTTGTTCAAGTCCGTCTGGTTGATAGGTCAGCTCAGTA 1200
TAGAATCTTGTATGGTAGTCCAGTAATGACCAGGCARGTGAACCGGCTTGAGAGACGTAAGAACCGGGAGAACACAGGACGCACGGARAACTTTCCTGCT 1300
CGAGTAACAGAGTCTTGGCTGGCGGAGTTGGAGAAGGGGCACCGACCAGAAGCTAGACAGAAGAATGACCTTATTTTCCTTTACTCTCCATTCCATTTGT 1400
CCTTCAACCGGATTAATGGTCAACGACATTTACAGCCTTTGCCTTCACACAAGGTTTTTAATCCATCTCCCCTGCTTAGGACAGTAAGGGGAAGTAGCGA 1500
TATTCCGATTCCTTCGTGGGGAATCAACGAAGGGTCCAGCTGCTTTGAGTACTTAAGTTAACGCCCCAGCCCTTATCCAGAAGGTAGATGCGGTAAGCCA 1600
ACTCCTATCCTTCTTGCGGAAAGGCATTCAATGCCATCTGAATTCCCTTGCCTTGCTTCGAGGAGCAGGTCGAATAGTCAAAGAAGGGGATGGCTAATTC 1700
CAGGAATAGAGTAGCATTCTCAGGCACTACCCTCAGTTGCAGCCTCAGTCCATATAAAACAGTCAATCTACCACGAGCAGAGCTGCAGATACATGTCCAC 1800
CACCTGTTTATCTACTACCATAAGCGGGACAGTTGCAGGTAAAGAGTGTTGTGAGGGCTTTCATTTGCGCGTTAAGGGCAGTTTCTGTTATAGCACTAGA 1900
AATCAGTGCCGTTAGTCCCTTCTCGAACAGCAGTTTTAGCAATTGAATCAGCTGTTTCCTAATAGACTAGGCTGTTAGCAGGATTTGCAGGCGAGACAGA 2000

AATTCCATTATGTGCTAAGGCTGCGGATAAGAGCTCTTAGTCCTTTCGGCGTAGAGAACGAATCCTCTGTTGCAAGAAGA 2100
AGGGCAATGCGATTGTANGGTTAAGTATTACGTACGTCAAAACCAGTCAGTGACTCATTT AAAGGTACCCTTT ACTGCAACCA 2200
TCCATAGCGAGCGACGGAAGATCAATAGGCTGTTTTTTCATAAGTTGATAAAAGGAGAGAGCAGCTTAA ’GCTAAGCAGG 2300
TGTCAGTTAATTGGTCTGAGAGCCCAAGCCCAGCTTTCAATTTCAGTAAGTAAAAAGCAGGCATTAAAGTAGGTGAGTAAGTCAAGTTCTCTATATGCTT 2400
GAAGCTGATACGCGCCTTTGTTGCCTTCTGTCTTCTTCCCTTTGGTAGTTCTGTTTCCAGCTGAGGAATTGGAATAAATAAGTAAGGCTAACTAAAAGAG 2500
AGAAGAGGGTCTACAGTCATTCTATCTCAACACTGANGAATAAGACGTCTATCCTTACTCTTGCATTAAATAGAATAATCAGAAAGGGAGGGTAGTATAG 2600
ATTTGAATCAAGCTTCAATTCCAACTAAAGATGAATCTTTGAACTATCTGAAGGGAGCACTTATTAAATACAGCGACATAAATAATTTAGAAATACCCAA 2700
GATGGGTCGACGTTCAAAAAGACGTATCAGTCATATACCCTGTACGATAAAACAGAAATGAAAACAAACTCTATTTTTTGTTGCTGATCTAGAAACTCTT 2800
TATTAAAAGACGAGACAGGATGTCGACAAAACTCACGTGCCCTACGCAGGGGGGTATATGATGGTTGATATGGAAAAGCGGGTTAACGCGGACCATATTA 2900
CGACGTTCTATGCACATGACTACTCAAANGTGTGCCAGGATTTTCACGATATGAGTGAAAAGATGCTCACAGAGATGATTAATAGAATAGTAAAGGATGT 3000
TCAAAGAAGAGGAAGTTCAATGGTTGTATACTTTCACAATTTATCTCAGTTCGACGGTATTATGATACTCTCTTTTTTAACTAAAAGTTATAAAAACTGT 3100
CATATAGAGCCCATCATGAGAAACGACTGTATTTATTCCATAAAACTGTATAAGGTATCCAAAA AA TTGTTTTAACGTTCATGGATT 3200
CGTACCTCCTGTTGAAAGTAAAGCTCGCTGATCTAGCCGATAGTTTTTCCCCAGAATTGGGGGGGARGGGATCTTTCGATCACCAGAATGTCACCGTTGA 3300
TAAACTACCT: TCTTTAACTTATCTTAAACAAGATATTCTAATAACAGCTGCTGTTATGCAACGCGCTAAAGCCATTATTTGGGAA 3400
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GAGTATGGGATTGATATCCTTAAAGTATTAACAATATCAGCATTGGCCCTAAAAATATT GTTTACTATA AATCGGATCT 3500
ACATTCCTGACGATAATGAGGCTCAATTTATTAGGGAAGGCTACTACGG ACACGGACGGTATAAGCCATAC TTGTATTAT 3600
GTAAATTCTCTATACCCTCATCTATGCTAGATGATATGCCTATAGCAAGACCCGCTGGTTAGTGATCTAGGATCAAAGAAATCAAAGATTGTGTTGAATG 3700

ATATGTTTGGGTTCATTAGAGCTTTTATAATTTGTCCTAAGCATATTAAAAAGCCTCTCTCTACCTTATAAAAAGGATGATGGTACGATAATCTTCCCCA

3800

CGGGAGATTACTCGGTGTTTATTTTT CTTAAGTATGCAGTAAGTTTGGGCTACAAAGTATACCCGATCTGTGGATATATCTTTGATAGAAAG 3900

GAATCACCATACAAGCGTTTTGTGTACGACATCTACAGCAAAAGGCTTGTAGCTAAGGCTAAAGGGGAGAAAGCTCTGGATTTCATCTATAAAATCACCA

4000

TGAACAGTCTCTACGGGAGGTTCGGGATCAGCCCCGAAAGCACAACGACTCAAATTGTTTCTACAGAAGAAAGTAGAAAATTAGCTCTCTATAATGATGG 4100
GTTTGTTCAAAGTTATGAGCTTAGTTCAGACAAGTGCCTAGTAACATGCAAAAATGTCAGAAGTTTGGATTTACTGAAGCTTAGTTCAGACCGCCCTACT 4200
TATGCTGCTGTTCAAATATCAGCCGCTGTCACGGGTTATGCCCGCATAAGAATGCACCCATTCATTTCGAGGGATGACTGCTATTACACGGATACGGACT 4300

CAGTCGTTGT ACTTCCTGAAGAAGAGGTATCACCTACCGCTTTGGGTAAGTTTAAGCATGAGCACTTTGTCGAATATGGCATCTTTTTAGC 4400
ACCTAAGTCCTATATGCTTAAGGCATCTAGTGTGGACCAACCCATAATAAAGTTTAAAGGAGCGGGTAAAGATGAGGCTGATGAAGAATGGTTCATCAAC 4500
CAGCTAGCTGACCCTAGGGCTAAAAAAGTGATTTCATATGTCCGAAAGTTCAGTAGAAACTTCCGTGAACTGTTGGTTCAAGAGAAAATGTGTAAGTATA 4600

cc

TAGAAAGTAAAA TCGACAAAAATGGAGTATGGGTTGATACTAAGCCCTGCCATATAGGTGACTTTGATGTGAAAAG 4700

TATCAATCCGACCCTATCGGATAATTATGAATTTGTTAGAGGAGAATGAAGATCTCCGAAATGAATTTTCTAATTCGGAAATCATGATTGCTAATCGGGA 4800
GATTAAAGCTGATGCTGCTAAAAAGAGGAAAGCCTCTAAGCTAAGAGGAAAGCCTCTAAGAGGGGGAGACACCCCTTCTCATATTGAAGAATAGGCATGG 4900
AATGCATTCCCGAGCTCTATAGTATAGACCATTGCTGAAACAAGATATGAATGAACAATTACAACCGCTTCTCAAGCTAATACCAAACAGAGCCCGAAAC 5000
CACTCAAGTAAAGCAGAAGCTGAAACCAACGAACCTGTGCAGCTAGGCCACCTTTACTAGTCAGCTACAAAACAGAGGAATAGCGAGGCACCTTCCCGGA 5100
AACCAGATATGATCCAACCTTTCACTTACAAGAGTCAAGCCAAGGAGAAGGCTAAACCCATTTCTGTATATGATCCGCCAGGTCATGTCATGTCTTGTGT 5200
CAAACAGATCATTAGTTGTGATCTTTGGTAATTGTCTTGTACAGCACAGTACAGACGAAGATCAATACATCGGATTCCTTCTTGTCTGATTGGAAGGGAT 5300
GGATTGTGCTTTGGCTCATGTACTCTATAAGGGTTAGTAAACCAGGGAATGCCTTTGATTATCTTTTTTACTTTCTATAAGGGTCTTGTTATGTCCTTTG 5400
TCTCTCTCTCTGCTCTATAAGGGTCTTGTTTAGTGGTATACTCTTTGATCCTTACTCTATTTACTACGCAAATAAATTGTTCGTGGCAGGGAAACCGGTG 5500
AAAAATGAAGAATCTGGGTTCGCCATTCGGTCAAGAGGAAGAGT CAAGTAGTAGGTGTGGCTGCTCACGGCACCCCCGGGCACGGTTCTTTAGGTCGATG 5600
AATCGAATCTTCCATCCAATACGCTAGGCTATTTCTTTCCCACAACTCTCGTTCTTTACACGACTGATTGGCTGCTTGGCCTGTAGTAGGGATCTGGATC 5700
ACTGCTTTAGGTATTAGTACTATGGCATTCAACCTAAATGGTTTCAATTTCAACCAATCTGTAGTTGATAGCCAAGGTCGCGTTATTAATACTTGGGCTG 5800
ATATCATCAACCGTGCTAATCTTGGTATGGAGGTAATGCACGAACGTAATGCTCACAACTTCCCTCTAGACCTAGCAGCTCTTGAAGTTCCATCTCTTAA 5900
TGGATAAGGTTTTTCTCCTAAACATATAGGAAGGAAAGCCGGGTTCTTTTATGAGGAAGAAGCATGACGATTGTGCACCAATGCGCCATAAGAGCTAGCT 6000
TTGCAAAAGGAATTCTATTTCCACTTCAAGGACAAAAAGGTTATCCCTTTACGGCCAAGTATGAACTGAAACTCTTATTTCTGGTTTTCACAATAAATAT 6100
AGAATTACCTAGAACAATACCAGACGTATAATAACACACCTACAAGGACAACCACACCGAATGCCAGGTATCTAGGATTGTCACTATCGTCACTATCTTC 6200
TTCACTCCCACTACCTTGCTTCTTCACAGCCACCACCTTCTTCTTTACAGCTACTATCCACCCCCTCTTTACAGGCACTACCTTCTTTACTGCTAGCATA 6300
TTCTATAGTGGCATTCTCCTCTACAGAATCTATGGTATGATCACCATCAGAGCATTTCCCCCAGAATTCGAATTTATCCGACAATTCCTCTTCTCTCAAC 6400
TTTCTATCCAAGCAATCCGTTAAAGCCGTCCTTTCCACAACCGCATCATAAGCTTCTAAGATTGATGTACTAATCACTTCCTCGTATGGAATCCATACGA 6500
ATAATTTACGAACTTTGAATAAATCAATAATCAATTCTATATCAAGATAGTGCGGGTCCACAGATATGAAATCTGGTGCGCTCTCAGTATAACAGTACCA 6600
CACTGTTACATAAGTACCTAATCTAACTAGTGCAAAGATGTTCCCATAGACATACCTAACACTGTTGGTCTGATTGTGATGTCACCACGTGTACTAAACA 6700

TTGCAATACTTTATGTTTTGCAGAAACACCGAAGTTTTCATACTTTTCTAATGCCCTT 'AAATTATCTGTAGCCCTGTTATAGAGA 6800
GACCGCAACCCCTTATATTCACTGAAATCTGCACGATAAATCTTTCTTTTCAATTTTAAACGGAGCAACGAGCGCATATAAAGATAGTCATACGCATGAT 6900
AGGATCCGGATCC 7000
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