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Summary. We have previously identified two large open 
reading frames, designated ORF13 and ORF25, in the 
Texas male-sterile cytoplasm (cms-T) of maize mito- 
chondrial DNA (mtDNA). ORF13 is a single copy gene 
of chimeric origin that is uniquely transcribed and 
translated in the mitochondria of cms-T maize, where 
it produces a polypeptide of approximately 13,000 Mr. 
The ORF13 reading frame does not occur in the maize 
N, C or S cytoplasms or Nicotiana tabacum. ORF25 
exists as a single copy and is transcribed in the four 
major maize cytoplasms (N, T, C and S) andN. tabacum. 
The predicted ORF25 polypeptide has a molecular 
weight of 24,374 in normal maize and 22,439 in tobac- 
co. Several nucleotide and predicted amino acid changes 
have occurred in the ORF25 gene among the four maize 
cytoplasms and N. tabacum. Properties such as tran- 
scription and conservation of the sequence between 
two diverse species suggests that ORF25 encodes a func- 
tional plant mitochondrial gene. The ORF25 sequence 
of maize contains a chloroplast DNA insert homologous 
to a tRNA-Arg gene; this chloroplast DNA insert is 
absent in the tobacco ORF25 sequence. Comparison 
of the ORF25 and ORF13 sequences in restored and 
non-restored cms-T indicates no differences in their 
nucleotide sequences. Thus fertility restoration does 
not alter the primary sequences of ORF13 or ORF25. 
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Introduction 

A mtDNA sequence associated with the T type of cyto- 
plasmic male sterility (cms-T) has been reported to con- 
tain two open reading frames, designated ORF13 and 
ORF25, which are separated by an intergenic region of 
77 base pairs (Dewey et al. 1986). ORF13 is a novel 
reading frame of chimeric origin that is associated with 
the T type of male sterility. The ORFI3 coding region 
contains sequences homologous to portions of the cod- 
ing and 3' flanking regions of the maize mitochondrial 
26S ribosomal gene. In addition, the ORF13 5' flanking 
region is homologous to a portion of the atp6 5' flank- 
ing region that presumably includes the atp6 promoter. 
It is thought that this atp6 promoter sequence is re- 
sponsible for the transcription of ORF13 and ORF25 
in the T cytoplasm. Recently, it has been shown that 
ORF13 encodes a 13,000 Mr polypeptide and the gene 
symbol, urf13-T, has been assigned (Dewey et al. 1987). 

Although ORF25-1ike sequences are not detected in 
animal or fungal mitochondria, sequences homologous 
to ORF25 are apparently common to higher plant 
mitochondria. Southern blot analyses have revealed that 
homologous sequences occur in bean, wheat, pea and 
rice. In maize, northern blot analysis has indicated that 
ORF25 is transcribed, but as yet a polypeptide gene 
product has not been identified. The ORF25 of cms-T 
maize is terminated by a sequence homologous to a 
chloroplast tRNA-Arg gene (Dewey et al. 1986). 

Since previous studies have suggested that the urf13-T 
sequence is only found in crns-T and that ORF25 is 
present in maize and other mitochondrial genomes, we 
have investigated the organization of the mtDNA region 
containing urf13-T and ORF25 in four maize cyto- 
plasms and in tobacco. In addition, we have compared 
the flanking and coding sequences of urf13-T and 
ORF25 in cms-T fertile and sterile lines to determine 
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Fig. 1. Differences in the flanking regions of ORF25 among the 
four maize cytoplasms. Boxed regions indicate open reading 
frames. Solid lines represent homologous sequences. Potential 
3' RNA stemqoop structures are illustrated by lollipops 

ORF 25 5' FLANKING REGION 

N -91 
C -96 
S -102 

TTCGAATGTT C'l'l'i'l'l'Fr ......... GGA AAAAACCAAC CACAAAAAAA -51 
TTCGAAri~TT CTI'J.'I'I'I'I~,~G TTGGGTTGGA AAAA~CCAAC CACAAA~ -47 
TTCGAATGTT C'i'i'i'i'i'i'l~CG TTGGGTTGG ...... CCAAC CACAAAAAAA -59 
********** ******** ** ***** ********** 

N -50 GTCTCCCTTT CTCT ....... TC-GAGCAGA GCTTCATCAT AAAAG-TGGA -9 
C -46 GTCTCCCTTT CTCT ....... TGGAGCAGA GCTTCATCAT AAAAGGTTGA -4 
S -58 GTCTCCCTTT CTCrJ/l'l'l'l'l~1 ' TGGGAGCAGA GCTTCATCAT AAAAG-TTGA -9 

********** **** ******** ********** ***** * ** 

N -8 GAGTCACA A_~ 

C -3 GAG ..... A~ 
S -8 GAGTCACA ATG 

N -82 TCTTTTTFI~ GAAAAAACCA ACCACAAAAA AAGTCTCCCT TTCTC~ -33 
T -i00 CCGATAGCGT ACAAGTACCG ~_GGGACCA AAGTCTCCCT TTCTCTTTTG -51 

* * ** *** * * ********** ******* 

N -32 GCA ................. -GAGCTTCAT CATAAAAGTG GAGAGTCACA A~ 
T -50 GGGTGGGGGC GGAGCTGAAT AAATTGTATT TTATAAAGTT TAGAGTCACA A~ 

* * * * ***** ********* 

Fig, 2A, B. 5' flanking regions of ORF25 in maize. Homologous 
and absent nucleotides are indicated with asterisks and dashes, 
respectively. A Comparison of 5' flanking regions of N, C and 
S cytoplasms. B Comparison of N and T 5' flanking sequences. 
The ORF13 termination codon and the ORF25 putative initia- 
tion codon are underlined 

i f  restorer genes could act by  modifying the DNA se- 
quence. 

Materials and methods 

Nucleic acid isolations. Mitoehondrial DNA (mtDNA) and 
RNA (mtRNA) were isolated from 5 to 7 day old etiolated 
coleoptiles of Zea mays L., as previously described (Pring and 
Levings 1978; Schuster et al. 1983). Nucleic acids of male- 
fertile and male-sterile maize were obtained from: B73 (normal, 
male fertile), B73 (cms-T, rfl Rf2), Mo17 (cms-C), B73 (cms- 
Vg), B73 x Ky21 (ems-T, Rf l  Rf2, male fertile). Cms-Vg is a 
member of the S group of male-sterile cytoplasms (Beckett 
1971). mtDNA and mtRNA from Nicotiana tabacum L. cv. 
Coker 139, were prepared as previously described (Bland et 
al. 1985). 

RNA electrophoresis, transfer and hybridization. Maize and 
tobacco mtRNAs were heat denatttred and fractionated in 
1.2% agarose gels containing 6% formaldehyde (Maniatis et al. 
1982). Gels were transferred to nitrocellulose as described by 

Thomas (1980). DNA fragments specific to ORF25 were label- 
led by nick translation (Maniatis et al. 1982) using [32p]-dATP 
(New England Nuclear, 3,200 Ci/mmol) and hybridized to the 
nitrocellulose blots as described (Maniatis et al. 1982). 

Construction and screening o f  mtDNA libraries. DNA libraries 
were constructed from BamHI digests and EcoRI digests of 
total maize mtDNA and BamHI digests of tobacco mtDNA 
cloned into the plasmid vectors pUC8 or 9 (Vieira and Messing 
1982) and transformed into the E. coli hosts JM109 or JM83. 
Ampicillin resistant, lacZ- colonies were selected, transferred 
to nitrocellulose filters (Maniatis et al. 1982) and screened with 
a nick translated cms-T mtDNA fragment which extends from 
a BgllI site (position 1722) to a Sinai site (position 2272) 
(Dewey et al. 1986). DNA hybridization conditions were as 
described (Maniatis et al. 1982). 

DNA sequence analysis. DNA fragments were subcloned into 
M13 bacteriophage vectors mpl8 and mpl9 (Yanisch-Perron et 
al. 1985). DNA sequences were determined by the dideoxy- 
nucleotide chain-termination method (Sanger et al. 1977). Se- 
quence analyses, polypeptide molecular weight estimations and 
predicted RNA secondary structures were performed with com- 
puter programs furnished by BIONET. 

Results 

To study the organization around the ORF25 sequence 
of  the various maize cytoplasms and tobacco,  we pre- 
pared mtDNA libraries. Using an ORF25-specific hy- 
bridization probe (cms-T), BamHI clones containing 
homologous sequences were obtained from mtDNA 
libraries o f  maize C and T-restored cytoplasms, and 
N. tabacum (8.0, 9.0, and 1.1 kilobases (kb),  respec- 
tively). EcoRI clones from N (fertile) and S maize 
cytoplasms (3.7 kb and 4.1 kb,  respectively) were simi- 

larly derived. The ORF25 reading frames and immediate 
flanking regions were isolated from each of  these clones 
and the DNA nucleotide sequences determined. Se- 
quence comparisons were performed using normal 
maize as the standard. Based on the putative init iation 
and termination sites, ORF25 has a predicted amino 
acid length of  219 in N, 221 in T, C and S, and 198 
in tobacco (Fig. 3). The putative polypept ides  have 
molecular weights of  24,374 in normal maize and 
22,439 in tobacco.  

Urf13-T is absent  in the maize N, C and S cyto- 
plasms (Fig. 1). Comparison of  the 5' flanking regions 
o f  ORF25 from the N, C and S cytoplasms reveals 
several short deletions/insertions as well as a single 
poin t  mutat ion at posit ion - 1 1  (Fig. 2A). No other 
nucleotide changes are found between positions - 7 4  
and - 5 1 1  in these three cytoplasms (data not  shown). 
In-frame termination codons occur 18 bp,  6 bp and 
138 bp upstream from the ORF25 ATG putative init iator 
codons in N, C and S, respectively. No other ATG 
codons occur between the putative init iator codon at 
posit ion 1 and the upstream termination codons in any 
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ORP 25 

1 N MET ARG PHE SER GLY MET ASP MET LYS GLY ILE ASN MET LEU PHE ALA ALA ILE PRO SER ILE CYS ALA SER SER PRO 26 
T LYS ARG LYS 

C,S 
TBC LEU SER THR ASN GLN ALA ARG LYS LEU SER 

27 N 
T 

C,S 
TBC 

LYS LYS ILE SER ILE TYR ASN GLU GLU MET ILE VAL ALA ARG CYS PHE ILE GLY PIIE LEU ILE LEU SER TRP LYS SER 

LEU ZLE PHE 

52 

53 N 
T 

C,S 
TBC 

LEU GLY LYS TRR PIIE LYS GLU THR LEU ASP GLY ARG ILE GLU SER ILl] GLN GLU SER I~U GLN GLN PIIE P~ ASN PRO 
CYS 

VAL GLN ALA GLU SER PRO 

78 

79 N 
T 

C,S 
TBC 

ASN GLU VAL ILE LEU GLU GLU SER ASN GLU GLN GLN ARG LEU LEU ASN LEU TRP ILE SER LEU ARG ILE CYS SER THR 
GLN 

VAL PRO PRO ...... ARG GLY 

104 

105 N VAL LYS VAL VAL GLU SER LEU PRO ALA ALA ARG CYS ALA PRO LYS CYS GLU LYS THR VAL GLN ALA LEU LEU CYS ARG 
T 

C,S 
TBC ...... 

130 

131 N 
T 

C,S 
TBC 

ASN LEUASNVAL LYS SERALATHR LEU LEU ASNALATHR SER SERARG ARG ILE ARG LEU GLNASP ASP ILE VAt, THR 

PRO ALA ILE 

156 

157 N 
T 

C,S 
TBC 

GLY PHE HIS PHE SER VAL SER GLU ARG LEU VAL SER GLY SER THR THR LEU VAL GLU ALA SER THR VAL GLU GLN ILE 
PHE 

LYS MET VAL LEU GLY LYS PIIE CYS PRO TRP CYS SER SER LYS ALA ARG ...... PIIE 

182 

183 N 
T 

C,S 
TBC 

ARG GLU ALA PHE LEU LEU GLU PRO ARG ASP LEU ILE ARG GLU GLY PIIE ILE VAL LEU ARG LYS VAL ARG VAL GLY GLY 

.................................... SER LEU VAL MET TRP ASP 

208 

209 N 
T 

C,S 
TBC 

ILE PRO GLY ...... THR CYS GLY ASP GLY VAL GLY LEU TER 
LYS ARG SER TER 
LYS ARG SER TER 

SER LEO LYS ...... ASN LYS GLU LEU GLU ......... TER 

219 

Fig. 3. ORF25 predicted amino acid sequences of the four maize cytoplasms (N, T, C and S) and tobacco (TBC). Amino acid sub- 
stitutions relative to N in T, C, S, and TBC are indicated. Amino acid deletions are represented by ( -  - -).  TER indicates termina- 
tion sites. The higher plant mitochondfial code (Fox and Leaver 1981) was used for translation 

of these cytoplasms. The 5' flanking regions of ORF25 
in N and T cytoplasms differ because of a recombina- 
tional event at position - 1 6  (Fig. 2B). There is no 
significant sequence homology in the 5' flanking regions 
of  N and T upstream from the recombination point 
except for an 18 bp sequence with perfect identity at 
positions - 3 6  to - 5 3  of N cytoplasm (Fig. 2B). Fauron 
et al. (1987) have determined, based on hybridization 
analyses, that two recombinational events in the maize 
cms-T male-fertile revertant (V3) mitochondrial genome 
result in a sequence arrangement identical to tile region 
upstream of ORF25 in the male-fertile (N) mitochon- 
drial genome. Importantly, one of these recombina- 
tions has occurred in the region between urf13-T and 

ORF25, eliminating urf13-T from the crns-T revertant 
genome. 

Nucleotide and predicted amino acid sequence 
comparisons among the ORF25 coding regions of the 
four maize cytoplasms reveal several variations (Fig. 3). 
A six base pair (bp) deletion/insertion at nucleotide 
positions 635-640 (Fig. 4) (amino acid positions 
212-214) results in the addition of two amino acids 
(lys and arg) in T, C and S that are absent in N, along 
with the conversion of a threonine residue in N to a 
serine residue in T, C and S (Fig. 3). Aside from the 
insertion/deletion, ORF25 sequences of the N, C and 
S cytoplasms differ only in a single silent nucleotide 
substitution in S at position 603 (Table 1). ORF25 in 
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ORE' 25 

N i ATG AGA TTT AGT GGA ATG GAT ATG AAG GGT ATA AAT ATG CTA TTT GCT GCT ATT CCA TCT ATT TGT C¢3 TCA AG~ CCG 78 
TBC ~ G TCC C A C C G G T T 

N 79 AAG AAG ATC TCA ATC TAT AAT GAA GAA ATG ATA GTA GCT CGT TGT TTT ATA GGC TTT CTC ATA TTA AGT CGG AAG AGT 156 
TBC T TA A C 

N 157 TTA GGT AAG ACT TTC AAA GAA ACT CTC GAC GGG AGA ATC GAG TCT ATT CAG GAA TCA TTG CAG CAA TTC TTC AAT CCT 234 
TI3C TG C G GA C CC 

N 235 AAC GAA GTC ATT CTG GAG GAA TCC AAT GAA CAA CAA CGA TTA CTT AAT CTA CGG ATC AGC TTG CGA ATT TGC AGC ACC 312 
TBC A G CT CC ...... A T G 

N 313 GTA AAA GTA GTA GAA TCA TTA CCA GCG GCA CGC TGT GCG CCT AAG TGC GAA AAG ACA GTG CAA GCT TTG TTA TGC CGA 390 
TI3C ...... AT 

N 391 AAC CTA AAT GTC AAG TCA GCA ACA CTT CTA AAT GCC ACT TCT TCC CGT CGC ATC CGT CTT CAG GAC GAT ATA GTC ACA 468 
TBC T C C T 

N 469 GGT TTT CAC TTT TCA GTG AGT GAA AGA TTA GTA TCC GGG TCT ACA ACT TTG GTA GAA GCT TCT ACC GTA GAA CAA ATT 546 
TBC AAG A G G C T G G A T TGC C C G GC T G AAA C AGA ...... TTC 

N 547 CGA GAG GCC TTC TTA TTA GAA CCC ~A GAC CTA ATT CGA Gi~ GGC TTT ATA GTC CTC AGA AAG GTG AGG GTG GC~ GGT 624 
TBC .................................... A GGG TA T TC A 

N 625 ATC CCC GGG ...... ACC TGT GGA GAC GGG GTG GGC CTG TAG 657 
TBC TCT TT AA ...... AT AAA A TTA AA ......... TAG 

Fig. 4. Nueleotide sequence of ORF25 in normal (N) maize and tobacco (TBC). Nucleotide substitutions in tobacco are indicated. 
Codon deletions are indicated by ( -  - - ) .  Putative initiation and termination codons are underlined 

Table 1. ORF25 coding region. Nucleotide and amino acid substitutions among the four maize cytoplasms (N, T, C, S) 

Nueleotide # N/C S T Amino acid # N/C/S T Substitution a 

28 G G A / 
29 G G A 10 / GLY LYS NON 
30 T T A 
32 T T G 11 ILE ARG NON 
36 T T A 12 ASN LYS NON 

227 T T G 76 PHE CYS NON 
287 G G A 96 TRP GLN NON 
348 T T C 116 CYS CYS SIL 
498 A A T 166 LEU PHE CON 
513 A A T 171 THR THR SIL 
603 C A A 201 LEU LEU SIL 

a Substitutions are conserved (CON), nonconserved (NON) or silent (SIL) 

the T cytoplasm, however, contains eleven base pair 
substitutions; three exchanges are silent, one results in 
a conserved amino acid change, and the remaining nu- 
cleotide substitutions involve the exchange of  polar 
with nonpolar  residues, and ionic with nonionic residues, 
resulting in five nonconserved amino acid changes 
(Table 1). Three of  these nonconserved changes are 
positively-charged residues clustered near tile N terminus 
o f  the putative polypept ide (Fig. 3). 

Recombinat ion accounts for differences in the 3' 
flanking regions o f  ORF25 among the maize cytoplasms 
(Fig. 1). All four cytoplasms are homologous from the 
TAG termination codon until a recombination point  in 
N at nucleotide posit ion 723, except for a five bp dele- 
t ion and two bp substitutions in N (Figs. 1 ,5) .  The 
deletion in N is a five bp direct repeat  (AGCTC) present 
in T, C and S that  is a component  o f  the chloroplast- 
derived pseudo tRNA-Arg gene (Dewey et al. 1986). T, 
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ORF 25 3' FLANKING REGION 

N 651 [GGGCCTGTAG CTC TG AC~ATTAGAG CACGTGGCTA CGAACCACGG 712 
T,C,S 657 T~ AGCTCA 714 

N 713 TGTCGGGGGT TCGAATCC}AC TTCTGAG~GG GCTGGCGGCT CCACCGGGAG 763 
T,C,S 715 T AA AA TATTGG T TGCACCC 765 

N 764 CGAGCCTACT 755 
T,C,S 766 TTC TGA 757 

Fig. 5. ORF25 Y flanking regions of maize. Nucleotide sub- 
stitutions are shown. The ORF25 termination codon is under- 
lined. Chloroplast pseudo tRNA-Arg sequences are bordered 
by brackets. Arrow indicates the point of possible recombi- 
nation in N 

C and S are identical from the TAG stop codon to a 
recombination site in C at position 1164 (see Fig. 1) 
except for: a nucleotide substitution in T at position 
802, a five bp insertion in T between positions 954 and 
960, and a four bp deletion in T at position 1065 (data 
not shown). Schuster et al. (1986) have characterized 
a potential stem-loop structure which can be formed 
immediately 5' of this recombination point. This se- 
quence occurs 426 bp downstream from ORF25 in T, 
C and S (data not shown). The recombination in C 
occurs six nucleotides 3' from this structure. A similar 
stem-loop structure can be formed 60 bp downstream 
from maize atp9 (data not shown). Interestingly, homol- 
ogy occurs between the 3' flanking regions of ORF25 
in C and atp9 in N beginning six nucleotides down- 
stream from this potential stem-loop structure (data 
not shown). Similar structures occur in the 3' flanking 
regions of N. tabacum atp9 (Bland et al. 1986), ORF1 
of the $2 plasmid (data not shown), Oenothera atpA, 
Oenothera coxlI, and Zea mays coxI and may function 
as transcriptional processing or termination sites (Schu- 
ster et al. 1986). 

In many systems, site-specific recombinational 
events are involved in the regulation of gene expression. 
A sequence inversion regulates the phase state of the 
H2 gene in Salmonella (Zieg et al. 1978) whereas trans- 
position of cassettes determines the mating type in 
Saccharomyces (Klar et al. 1981). The urf13-T and 
ORF25 coding and flanking regions in T nonrestored 
(sterile) and T restored (fertile) cytoplasms were com- 
pared to determine if the primary DNA sequence was 
affected by the nuclear restorer genes. T restored (Rfl 
Rf2) urf13-T and ORF25 sequences, including 1,124 bp 
of 5' flanking region and 1,106 bp of 3' flanking region, 
were identical to their counterparts in the sterile T 
(rfl Rf2) cytoplasm (data not shown). These results 
indicate that fertility restoration is not associated with 
a change in the primary DNA sequences of these ORFs. 

Substantial nucleotide and predicted amino acid 
variations were observed between the ORF25 sequences 
of maize and tobacco. These differences are distributed 
asymmetrically, primarily located near the carboxy 

terminus (Figs. 3, 4). 91.4% nucleotide sequence con- 
servation is observed between nucleotides 1 and 468. 
The majority of the substitutions are either silent or 
result in conserved amino acid changes. Interestingly, 
some of the altered residues in T more closely resemble 
the analogous residues in tobacco. In the T cytoplasm, 
the arginine and lysine residues at positions 11 and 12 
and the phenylalanine at position 166 are homologous 
with their counterparts at these positions in tobacco 
(Fig. 3). Other residues altered in T are also non-con- 
served replacements in the tobacco ORF25. Although 
homology rapidly degenerates after position 468, the 
tobacco reading frame is maintained for another 138 bp. 
The entire tobacco ORF25 coding region is 594 nuc- 
leotides : 63 nucleotides shorter than the N maize se- 
quence. Part of the heterogeneity at the 3' end of 
ORF25 in tobacco is due to the absence of a chloroplast 
derived tRNA-Arg pseudogene that terminates ORF25 
in maize (Dewey et al. 1986). This insert in maize is 
103 bp in length and contains extensive homology with 
a tobacco chloroplast tRNA-Arg gene, including 37 bp 
of 5' flanking sequence (Dewey et al. 1986). ORF25 
initiates at the same position in maize and tobacco and 
both utilize a TAG termination codon. No significant 
homology is detected in the flanking regions of ORF25 
between maize and tobacco (data not shown), which 
includes the absence of ORF13 in tobacco. 

The preference for a thymine or adenine residue at 
the third codon position is common to higher plant 
mitochondrial genes (Dawson et al. 1984). For example, 
the atpA gene shows a third position bias for adenine 
(Braun et al. 1985). ORF25, like the atpA gene, displays 
a third position preference for adenine. In the maize 
cytoplasms and tobacco, ORF25 contains 34% and 32% 
adenine, respectively, as third position residues. 

The hydrophobicity patterns of ORF25 in maize 
and tobacco are strikingly similar despite the extensive 
amino acid variation at the carboxy termini of the 
predicted polypeptides. Computer generated hydro- 
phobicity plots (data not shown) of the maize and 
tobacco ORF25s reveal that the predicted polypeptide 
is mostly hydrophilic and, therefore, may be a soluble 
matrix protein. 

Northern blot analyses, using a maize ORF25-speciflc 
fragment as a hybridization probe (positions 83 to 633), 
indicate that ORF25 is transcribed in all four maize 
cytoplasms and N. tabaeum (Fig. 6). The ORF25 steady 
state transcriptional patterns of C and S are similar, 
each having transcripts of approximately 3.2, 2.1 and 
1.35 kb (Fig. 6A). ORF25 in N displays an altered 
pattern; it contains transcripts of approximately 3.4, 
2.3 and 1.6 kb (Fig. 6A). The transcriptional pattern 
in N may be due to the recombination in the 3' flanking 
region which eliminates or translocates the stem-loop 
structure. T exhibits a complex transcriptional pattern. 
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Fig. 6A, B. Northern blot analysis of ORF25 in the four cyto- 
plasms of maize (A) and Nicotiana tabaeum (B). Approximate 
RNA sizes, determined from ribosomal RNA size markers, are 
expressed in kilobases 

The analysis detects many RNA species ranging in size 
from 3.9 to 1.1 kb (Fig. 6A; Dewey et al. 1986). The 
unique T pattern is due to the novel chimeric nature of  
this sequence (Dewey et al. 1986). ORF25 hybridizes 
to two RNA species in N. tabacum: a minor band 
approximately 2.4 kb in length and an abundant tran- 
script of 1.5 kb, possibly representing the mature mes- 
sage (Fig. 6B). 

Discussion 

The ORF25 region of maize cms-T mitochondria is 
closely linked to urf13-T: a gene of chimeric origin that 
is associated with cytoplasmic male sterility and sus- 
ceptibility to the T toxin of Helminthosporium maydis 
(Dewey et al. 1986). Sequence analyses suggest that 
urf13-T has arisen by recombinations among the coding 
and/or flanking regions of the maize mitochondrial 
26S ribosomal gene and atp6 gene. The open reading 
frame of this chimeric gene is unique to the T cyto- 
plasm of maize and is actively transcribed. A 13 kD 
protein product has been identified which corresponds 
to urf13-T (Dewey et al. 1987). Urf13-T is absent in 
the maize N, C and S cytoplasms (Fig. 1) and tobacco. 
The transcription of urf13-T and ORF25 in the T 
cytoplasm is presumably under the control of the atp6 

promoter. The absence of urf13-T and its 5' flanking 
region in N, C and S suggests that the transcription of 
ORF25 in these cytoplasms is under the control of a 
different promoter. Moreover, the tobacco ORF25 
5' flanking region contains no homology with this 
region in maize and, therefore, a different promoter 
must be utilized. Homology between T and the other 
maize cytoplasms ends in the intergenic region of 
urf13-T and O R F 2 5 : 1 6  bp, 12 bp and 17 bp from 
the ORF25 ATG initiator codon in N, C and S, re- 
spectively. Further upstream, T displays 18 bp of 
perfect homology with the other maize cytoplasms, 
suggesting that more than one recombination has oc- 
curred (Fig. 2B). The ORF25 coding sequences of N, 
C and S cytoplasms of maize are nearly identical. In 
contrast, the ORF25 in T contains several substitutions, 
most of which could result in nonconserved amino 
acid substitutions (Fig. 3). 

The ORF25 of tobacco shows substantial variation 
compared with maize at both the nucleotide and pre- 
dicted amino acid levels. Sequence homology begins 
in the proximity of the putative initiation codon and 
ends abruptly near the 3' terminus. This sequence 
heterogeneity in tobacco involves the absence of a 
chloroplast-derived pseudo tRNA-Arg sequence. The 
chloroplast sequence insertion may have occurred in 
maize after the two species diverged or may have been 
present in a common ancestor and subsequently lost 
from the tobacco  genome. This sequence is identical 
in the four maize cytoplasms except for the absence 
of a five bp repeat in N. 

Computer searches indicate that sequences similar 
to ORF25 do not occur in animal or fungal mitochon- 
drial genomes. Conversely, the presence of sequences 
homologous with ORF25 in diverse plant species has 
lead to speculation that ORF25 may be a gene common 
to higher plant mitochondria. Although a protein 
product has not yet been isolated, our results suggest 
that ORF25 encodes a functional plant mitochondfial 
gene because: 1) Homologous sequences are present in 
maize, tobacco, bean, wheat, pea and rice. 2) This gene 
is transcribed in four maize cytoplasms and tobacco 
(transcription studies of bean, wheat, pea and rice have 
not been performed). 3) The open reading frame is con- 
served among the four major maize cytoplasms and 
tobacco. 
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