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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 DM 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.

GGATC TGT TAGrGGTACAG CGAATAGTCAGGTTAGG 100
A TCnAAAMAA GGAGTTCT C GAGTGCTAGT TCTGTACTCTAGTTCAGTCCCCACGCCGAGTGAAGCCCTT 200
CTCCATACc _c_G c AGT rTAGT GGc'rSAcATATCccTTTATCTTGGAAATGAAGT 300
GGGCAGCAACTTAGAACCGAAACCACCGGCA CAACGAAGCAACSGAAGCTAGTTCG 400
GAAAGTTCACCTATGAAAGACCTACTCAATATTGCGC=C A 500
TGCGATCTAGACCCTGCAACTAGACCGACiCAA4L%GGAAAGGAATGCG CAAATAAAAGAATCTATCTAGCACTAGCAGCAAGGAATGAGATAGAAC 600
CTCGGAAG GTATCTGAGCiTAGATAAATACTTTCTT A 700
CAGGGCGG CGAGGAGTAGTAGTATTGATGC 800

CAGTGTGGAAGAGTTCGCTOGATCATTCT~~AC I A A T A TATCACGTATAACACATAAAGACGAATCTA 900O
ACCGCTAGTACTCTACTC'rGCCTCCAcTCCAcTCTTCTGATrGCCATAAATCA1T0GTCCGCAGTCTATGAAGCAA 1000
GAATOGCCCATGACAThCGCGATGAAGCCCGTAAACCCTOATGGAAGCGGAAGATTCTCTGAAGAAGAACTGGAACTCTGACCCCMGCAAGACTTG 1100
ACTTCTCTGATCATCCCTTCCCTGGCGCCGTACCCGGCAATAACAATAGCACGTCAGTCATGTCTCGATAGGTCAGCTCAGTA 1200
TAGAAT CGGGAGATCACAAGACGCACGGAACACTTTCCTGCT 1300
CGAGTAACAGAGTCFGGCTGGCGGATTGGAGAGGGGCACCGACCAGAAGCTACAGAACATGACCTTATTTTCCTrACTCTCCATTCCATTTGT 1400
CCTTCAACCGGATTAATGGTCAACGAC_TTTACAGcCCGCCTTCACACAAGGTTTTTAATCCATCTCCCCTGCTrAGGACAGTAAGGGAAGTAGCGA 1500
TATTCCGATTCCTTCGTGGGGAATCAACGAAGGGTCCAGCTGTGAGTACTTAAGTTAACGCCCCAGCCCTTATCCAGAAGGTAGATGCGGTAAGCCA 1600
ACTCCTATC CTTr TrCAATGCCATCTGACCCrGCCTPGCITCGAGGAGCAGGTCGAkTAGTCAAAG GATGCTAATrC 1700
CAGGAATAGAGTAGCACTGCA CTACCCTCAGTTGCAGCCTCAGTCCNTATAAAACAGTCAATCTACCACGAGCAGAGCTGCAGATACATGTCCAC 1800
CACCrTATCTACPTACATAGCGGGACAGTTGCAGGTAAAAGTGTTGTGAGGGCTTTCATTTGCGCGTrAAGGGCAGTTTcTGTTATAGCACTAGA 1900
AATCAGTGCCGTrAGTCCCTTCSCITTTTA;CAATTGAATCAGCTGmCCTAATAGACTAGGCTGTTAGCAGGATTTGCAGGCGAGACAGA 2000
z

CTCTTAGTCCTTTCGGCTCTGTTGCAAGAAGA
2100

AGGGCAAGCGATTAMG1TTAAGTATTACGTACGTCAACCAGTCATGACTCATTTA GTGTTGTGCGAAAAGGTACCC1rTTT3GAACTGCAACCA 2200
TCCATAGCAAGCATA2300T=TAI ACAGTAGGGCGCTAAGCA0G 2300
TGT c cCTCTATATGCTT 2400
_AGCTGAThCGCGCCGTNCcICTGTCTrCVrCCcGTAGT?CTITTTCCAGCGAGGMTTGTAAAAATAGTAGGCTAACTAAAAGAG 2500
AAAGAGTCTACTCAT C C CA CTAGTA TA 2600
ATTTAATCAAGCTCAATTCTA1A CCAA 2700
GATGGGT CAAAA CTAGAAACTCTT 2800
TATTAAAAGACGAGACA TGTC CGTG CC CATATTA 2900
CGTXTCrCACAGAGNNATFAATAGAATAGTAAAGGATGT 3000
TAAGATCTTThCT'TICCGAATCCTACATCT 3100

CATATAGAGCCCATCATr,AGAAACGACTGTATrrATTCCATAAAACTGTATAACGGTATccAAAAATGGGGATAAAAGGCTTGTTTTAAcGTTCATGGATT 3200
CGTACCTCCTGTTAAGTAACTCGCTGATCTAGCCGATAGTTTTTccccAGAATTGGGGGGGANCGGATCTCGATCACCAGAATGTCACCGTTGA 3300
TAAACACCTATAATAGGGAAGACTTAACTT TTAA ATAACGCGTAAAGCA ATTATTTGGGAA 3400
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GAGTATC 3A500TATCCTTAAAGTATTAACAATATCAGCATTGGCCCTAAAAATATAGACGTGT ACTATA GATAATCGGATCT 3500
ACATTCCTGACGATAATGAGGCTCAAT30ATTAGGGAAGGCTAC0GGTGGTCACACGGACGGTATAAGCCATACGGGGAAATA3600
GT37ATTCTCTATACCCTCATCTATGCTAGATGATATGCCTATAGCAAGACCCGCTGGTTAGTGATCTAGGATCAAATCAAAGATTGTGTTGAATG 3700
ATATGTTTGGGTTCATTAGAGCTTTTATAATTTGTCCTAAGCATATTAAAAAGCCTCTCTCTACCTTATAGGATGATGGTACGATAATCTTCCCCA 3800
CGGGAGATTACTCGGTGTTTATTTTTCTGAGGAGCTTAAGTATGCAGTAAGTITGGGCTACAAAGTATACCCGATCTGTGGATATATC TATAGAAAG 3900
GAATCACCATACAAGCGTGTGTACGACATCTACAGCAAAAGGCTTGTAGCTAAGGCTAAAGGGGAAAGCTCTGGATTTCATCTATAAAATCACCA 4000
TGAACAGTCTCTACGGGAGGTTCGGGATCAGCCCCGAAAGCACA&CGACTCAAATTGCTACAGAAGAAAGTAGAAmTTAGCTCTCTATAATGATGG 4100
GTTTGTTCAAAGTTATGAGCrTAGTTCAGACAAGTGCCTAGTAACATGCAAMATGTCAGAcGTATGGATTMACTGAAGCTATTCA GACCGCCCTACT 4200
TATGCTGCTGTTCAAATATCAGCCGCTGTCACGGGTTATGCCCGCATAAGAATGCACCCATTCATTTCGAGGATGA- GCTATTACACGG ATACGGACT 4300
CAGTCGTTGTTGAGAGGGAACTTCCTGAAGAAGAGGTATCACCTACCGCTTTGGGTAAGTITAAGCATGAGCACTTTGTCGAATATGGCATCTTTTTAGC 44400
ACCTAAGTCCTATATGCTTAAGGCATCTAGTGTGGAccAACCCATAATAAAGTAMGGAGcGGGTAAAGATGAGGcTGATGCAATGGTTCATCAAC 4500
CAGCTAGCTGACCCTAGGGCTAAAAAGTGATTTCATATGTCCGAAAGTTCAGTAGAAACTTCCGTGACTGTTGGTTCAAGAGAAATGTGTAAGTATA 4600
cCATGGGGTTAGAAAGTAAAAAGAGGGAGTATGTGTTCGACAAAAATGGAGTATGGGTTGATACTAAGCCCTGCCATATAGGTGACTTTGATGTGAAAAG 4700
TATCAATCCGACCCTAT4G_ATAAATGAATTTTCTAAT TCGGAAATCATGATTGCTAkTCGGGA 4800
GATTAAGcTGATGCTcTAAAAGAGGAAAoCCTcTAAGcTAAGAGGAAAGCCTcTAATGAGGGGGAGACACCCCTTCCATATTGAAGAATAGGcATGG 4900
AATGCATTCCCGAGCTCTATAGTATAGACCATTGCGAACAAGATAAATGAACAATTACAACCGCTTCTCAAGCTAATACCAAACAGAGCCCGAAAC 5000
CACTCAAGTAAAGCAGAAGCTGAAACCAACGAACCTGTGCAGCTAGGCCACCTTTACTAGTCAGCTACAAAACAGAGGAATAGCGAGGCACCTTCCCGGA 5100
AACCAGATATGATCCAACCTTTCACTTACAAGAGTCAAGCCAAGGAGAAGGCTAAACCCATTTCTGTATATGATCCGCCAGGTCATGTCATGTCTTGTGT 5200
CAAACAGAT TGCACAGATCAATACATCGGATTC CTT 5300
GGATTGTGCTTT5GCTCATGTACTCTATAAGGGTTAGTAAACCAGGGAATGCCTTTGATTATc0TATAAGGGTCTTGTTATGTCCTTTG5400
TCTCTCTCTCTGCTCTATAAGGGTCTTTAGTGGTATACTCTTTGATCCTTACTCTATACTACGCAAATAAATTGTTCGTGGCAGGGAACCGGTG 5500
AAAAATGAAGAATCTGGGTTCGCCATTCGGTCAAGAGGAAGAGTCAAGTAGTAGGTGTGGGCTCCGTAGGCACCCCCGGGCACGGTTCTTTAGGTCGATG 5600
AATCGAATCTTCCATCCAATACGCTAGGCTATCTTTCCCACAACTCTCGTwTcTACACGACTGAITGGCTGCTTGGCCTGTAGTAGGGATCTGGATC 5700
ACTGCTTTAGGTATTAGTACTATGGCATTCAACCTAAATGGTTTCAATTTCAACCAATCTGTAGTTGATAGCCAAGGTCGCGTTATTAATACTTGGGCTG 5800
ATATCATCAACCGTGCTAATCTTGGTATGGAGGTAATGCACGAACGTAATGCTCACAACTTCCCTCTAGACCTAGCAGCTCTTGAAGTTCCATCTCTTAA 5900
TGGATAAGGTTTTTCTCCTAAACATATAGGAAGGCCGGGTT rATGAGGAGAGCATGACGATTGTGCACCAATGCGCCATAAGAGCTAGCT 6000
TTGcAAAAAAATTCTATTTCcACTTCAAGGAcAAAMGGTTATCCcTTrACGGCcAAGTATGAACTGAAAcTcTrATTrCTGGTTrrcAcAATAAATAT 6100
AGAATTACCTAGAACACCAGACGTATMTAACACACTACAAGGACAACCACACCGAATGCCAGGTATCTAGGATTGTCACTATCGTCACTATCTTC 6200
TTCACTCCCACTACCTTGCrCTT CACAGCCACCACCTTCTTCTTTACAGCTACTATCCACCCCCTCTTTACAGGCACTACCTTCTT'TACTGCTAGCATA 6300
TTCTATAGTGGCATTCTccTCTACAGAATcTATGGTATGATcAccATcAGAGcATTcccccAGAATTcGAATATccGAcAATTCCTCTCTcAAC 6400
TTCTATCCAAGCAATCCGTTAAAGCCGTCCTTTCCACAACCGr.ATCATAAGCTTCTAAGATTATTCTCACTTCCTCGTATG iGAATCCATACGA 6500
ATAATAGAC= GATATCAATAATCAATTCTATATCAAGATAGTGCGGGTCCACAGTTAACTGGTGCGCTCTCAGTATAACAGTACCA 6600

CACTGTTACATAATCCATCTAACTAGTGCAAAGATGTTCCCATG CATAC^CTAAcACGTGTTG:GTGA TGCACCACGTGTACTAAACA 6700
1TGCAATACTTTATGTTTGCAGAACACCGAAGT71TCATACTTTCTAATGCCCTTTGTAGGTGGCTATATAAMTTATCTGTAGCCCTGTrATAGAGA 6800
GACCGCAACCCCTTATATTCACTGAAATCTGCACGATAATCTTCITTTCAATTTTAAACGGAGCAACGAGCGCATATAAAGATAGTCATACGCATGAT 6900
AGGATCCGGATCC 7000
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