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Summary. In studying the process of mitochondrial tran- 
scription, mutants that show altered gene expression as 
evidenced from transcript pattern differences are a valu- 
able resource. However, such mutants are difficult to find 
since changes in mitochondrial gene expression will most 
likely be lethal. Several laboratories have been investigat- 
ing cytoplasmic male-sterile mutants in maize and have 
reported changes in transcription patterns due to nuclear 
background influences on the complex chimeric gene 
region TURF-2H3 in T-cms. There have been no reports 
of altered transcription patterns for N cytoplasm that 
can be attributed to nuclear background differences. 
Through a Northern hybridization analysis of ORF25 
transcription in a number of N lines, we reported invari- 
ant expression of this region. Subsequently, we have dis- 
covered a line B37N, which shows the presence of a single 
ORF25-specific transcript of 3,400 nucleotides, in con- 
trast to the transcript sizes of 3,400, 2,300 and 1,600 
displayed by most of the cytoplasms we have examined. 
Experiments presented in this communication demon- 
strate that the differences in the B37N, ORF25 transcript 
pattern map to the 5' flanking sequences of the reading 
frame. Using restriction enzyme mapping and Southern 
hybridization analysis, no detectable differences were 
found in the transcription unit structure for this reading 
frame in B37N and B73N, which shows the standard, 
three-transcript pattern. Analysis of nuclear background 
influences indicates that the transcript patterns for this 
open reading frame are dependent on nuclear back- 
ground. These data are presented in part 2 of  this study. 
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Introduction 

In contrast to animal and fungal systems, the higher 
plant mitochondrial gcnome is much larger and more 
variable in size. The genome can range from 200 kb in 
Brassica to 2,500 kb in cucurbits (Ward et al. 1981, Palmer 
and Shields 1984). In general, the principal mitochondri- 
al genome is arranged in a multipartite set of circular 
molecules, each arising through intra- as well as inter- 
molecular recombination of a master chromosome 
(Palmer and Shields 1984; Lonsdale et al. 1984; Quetier 
et al. 1985). As in the case of maize, these recombinations 
occur at direct and inverted repeat sequences dispersed 
around the master chromosome (Lonsdale et al. 1984). 

Although much larger than its animal or fungal coun- 
terparts, the plant mitochondrial genome essentially en- 
codes a similar set of proteins. Most of these are compo- 
nents of the inner mitochondrial membrane and include 
the cob (Dawson et al. 1984), coxL coxII, coxIII (Fox 
and Leaver 1981; Issac et al. 1985b; Heisel et al. 1987), 
atp6, atp8, atp9, atpA (Braun and Levings 1985; Dewey 
etal. 1985a, b; Heisel and Brennicke 1985; Issac et al., 
1985 a). There are also several putative genes which have 
been identified strictly on the basis of sequence informa- 
tion. These include, the possible complex I genes, nadl, 
had5 (Bland et al. 1986; Stern et al. 1986; Wissinger et al. 
1988), and possible ribosomal protein genes rsp4, rspl3, 
and rspl4 (Bland etal. 1986; Schuster and Brennicke 
1987; Wahleithner and Wolstenholme 1988). The genome 
also encodes the three major ribosomal RNAS, a number 
of transfer RNAs, and several unassigned reading 
frames. 

Considering the complex multipartite structure of the 
mitochondrial DNA (mtDNA) in higher plants, it is dif- 
ficult to imagine that genes are transcribed on large poly- 
genic transcripts, as seen in animal systems. Consistent 
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with this hypothesis are the observations that several 
genes have 5' cappable transcripts initiating at sites up- 
stream of these genes (Mulligan et al. 1988 a, b). Several 
investigators have reported upstream consensus se- 
quences (Isaac et al. 1985 b; Young et al. 1986) similar to 
the yeast nanonucleotide promoter sequence (Christian- 
son and Rabinowitz 1983), however, the actual function- 
al significance of these sites in transcription initiation has 
not been tested. 

The study of complex cellular processes such as tran- 
scription can be facilitated by the analysis of appropriate 
mutants. One would like to apply this strategy to the 
study of mitochondrial gene expression in higher plants, 
however, few mutants in the transcription process are 
available. During a survey of transcription of the ORF25 
reading frame in a number of N lines (Walker et al. 1987), 
we reported the invariant expression of this reading 
frame in diverse nuclear backgrounds. Similar results 
were noted by Kennell et al. (1987), however, they noted 
that various N cytoplasmic sources can show variation in 
the expression of this reading frame when there is a re- 
combinant form of the transcription unit present. Subse- 
quently, we have discovered one line B37N, which ex- 
hibits a variation in the expression of ORF25 when com- 
pared to B73N. However, in contrast to the variants 
described in Kennell et al. (1987), there do not appear to 
be any structural differences in the reading frame in these 
two lines. In this communication, we describe the variant 
expression of the ORF25 reading frame in the B37N line 
and discuss the importance of these observations to our 
understanding of mitochondrial gene expression. 

Materials and methods 

The maize lines B73N and B37N were obtained from M. Albert- 
sen (Pioneer Hi-Bred International). 

mtDNA extraction and labelling 

Mitochondrial DNA was isolated (Kemble et al. 1980) with fur- 
ther purification on a neutral CsC1 gradient, mtDNA samples 
were restricted with appropriate enzymes, electrophoresed on 
0.8% agarose gels, and blotted (Southern 1975). 32p nick-trans- 
lated probes were prepared by previously described methods 
(Maniatis et al. 1982; Rigby et al. 1977). DNA hybridizations 
were carried out according to Lonsdale et al. 1981. 

mtDNA cloning 

All mtDNA clones were isolated by shotgun cloning restriction 
enzyme digested mtDNA from each line into pUC8 and select- 
ing clones with the appropriate inserts by colony hybridization 
with the 32p-labelled probes (Maniatis et al. 1982). 

mtRNA isolation 

All mitochondrial RNA samples were isolated as described pre- 
viously in Abbott and Fauron (1986). All Northern hybridiza- 
tions were carried out as described in Maniatis et al. (1982). 

S1 nuclease analysis 

$1 nuclease protection analysis was performed with purified 
mtRNA samples as described in Maniatis et al. (1982), using the 
3.2-kb HindIII fragment of pH3.2 N as the protector. S1 nucle- 
ase products were run on a 0.8% agarose gel with appropriate 
size markers. The gel was subsequently Southern blotted and 
hybridized with the 3.2-HindIII fragment of pH3.2N. 

Results 

The ORF25 reading frame is an essential feature of the 
complex mtDNA rearrangement originally described by 
Dewey et al. (1986) in T-cms mitochondria. In T-cms, 
ORF25 is cotranscribed with another reading frame, 
urfi3, which encodes a 13-kilodalton protein that has 
subsequently been shown in prokaryotes to confer sensi- 
tivity to the toxin produced by Hehninthosporium maydis 
race T (Dewey et al. 1988). 

Toxin-resistant male-fertile revertants of the T cyto- 
plasm all display recombinations or sequence changes in 
this chimeric gene region, which alter the transcription 
unit or the translational reading frames (Abbott and 
Fauron 1986; Qin et al. 1987; Wise et al. 1987). This 
implies that this reading frame plays a possible role in 
male sterility, however, the translation of the ORF25 
reading frame has not been established. 

In order to characterize further the expression of this 
reading frame, Northern hybridization analysis was used 
to evaluate the integrity of the transcription unit for this 
gene in N cytoplasm with T-, S-, and C-restored nuclear 
backgrounds. In all cases initally reported, there was no 
variation in transcript sizes for this reading frame in N 
cytoplasm (Walker et al. 1987). In contrast, clear changes 
in the expression of this transcription unit are evident in 
restored T cytoplasm (Dewey et al. 1986). 

In subsequent experiments with various seed sources, 
we have discovered that the inbred B37N exhibits variant 
expression of the ORF25 reading frame manifested as a 
single transcript of 3,400 nucleotides, rather than the 
major 2,300-nucleotide transcript seen in all other lines 
examined and exemplified by B73N cytoplasm in Fig. 1. 
Two hypotheses can be proposed to explain this data. (1) 
During the generation of the B73N, a recombination or 
sequence change in the ORF25 transcription unit has 
occurred altering the appropriate transcription signals. 
(2) The expression of this reading frame is dependent on 
the nuclear background associated with the B37N or 
B73N cytoplasm. 

To test the first hypothesis, it was necessary to know 
on which side, 5' or 3', of the reading frame the tran- 
scripts differed between these cytoplasms. For this rea- 
son, a comparative analysis of the ORF25 transcript 
structure in B73N and B37N was performed using 
Northern hybridization and $1 nuclease digestion tech- 
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Fig. 1. Northern hybridization analysis of mtRNA samples 
from: lane i: B73N root tissue; lane 2: B73N coleoptile tissue; 
lane 3: B37N coleoptile tissue. The probe was the 3.2-kb HindIII 
fragment of pH3.2N (a pUC8 clone of B73N mtDNA). Note 
that B37N mtRNA lacks the 2.3 and 1.6 kb transcripts 
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Fig. 2. A restriction map of the 3.2-kb HindlII fragment of 
pH3.2N showing the reading frame position and the transcript 
homologies in this region 

niques. Data from these analysis should locate putative 
mtDNA structural differences, if they exist. 

Northern hybridization analysis of mtRNA from 
these lines was done using probes specific for portions of 
the 5' adjacent sequences and the ORF25 reading frame. 
The probes were derived from clone pH3.2N (Walker 
et al. 1987), which contains a 3.2-kb HindIII fragment of 
B73N mtDNA carrying the 5' half of ORF25 and 2,700 
nucleotides of 5' flanking sequence (Fig. 2). These probes 
detected a precursor transcript 3,400 nucleotides in 
length (Fig. 3), with a putative processing or alternate 
initiation site within 1,200 nucleotides of the 5' end of the 
ORF25 reading frame. This is deduced from the fact that 
a 1.7-kb XhoI fragment of pH3.2N hybridizes with the 
3,400 and 2,300 nucleotide transcripts in B73N, but the 
remaining 1.5 kb, 5' to the XhoI site, has homology only 

Fig. 3. A and B. Northern blot hybridization of mtRNA from: 
lane 1: B73N coleoptile tissue; lane 2: B37N coleoptile tissue. 
The probe was the 1.7-kb JrhoI fragment ofpH3.2N. B Identical 
blot to that of panel A, however the hybridization probe in this 
case was the 1.5-kb XhoI fragment of pH3.2N. Note that the 
1.7-kb XhoI fragment contains homology to all transcripts, 
however the 1.5-kb XhoI fragment is homologous only to the 
3.4-kb transcript 

to the 3,400 base transcript. The single 3,400 base tran- 
script in B37N appears to be identical in size to the 
putative precursor transcript in B73N. 

To determine the degree of similarity of the 3,400 base 
transcripts in both lines, an $I nuclease protection anal- 
ysis was done using mtRNA of both lines and the 3.2-kb 
HindIII fragment of pH3.2N as the protector. $1 nucle- 
ase products were electrophoresed on a 1% agarose gel, 
Southern blotted, and hybridized with a 32p-labelled 3.2- 
kb HindIII fragment (Fig. 4). In both lines there is a 
fragment of 2,200 bases protected. In the B73 mtRNA 
there is also a fragment of 1,100 bases representing the 5' 
protected region of the 2,300 base transcript. From this 
analysis, the 5' end of the 2,300 base transcript of B73N 
and the 5' end of the 3,400 base transcript seen in both 
cytoplasms are positioned 1,100 and 2,200 nucleotides, 
respectively, from the internal HindIII site in ORF25. 
The difference in the number of bases between the 3,400 
and the 2,300 base transcript is equal to the difference in 
bases for the protected fragments in the $1 analysis. This 
suggests that structural differences in the ORF25 tran- 
scription units, if they exist in these two lines, must be in 
those sequences that flank the gene on the 5' side. 

To examine the organization of the 5' flanking re- 
gions for the ORF25 reading frame, a Southern hy- 
bridization analysis was done on AvaI restriction-digest- 
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Fig. 4. Southern blot hybridization of an $1 nuclease protection 
analysis of those transcripts homologous to the 3.2-kb HindIII 
fragment of pH3.2N in mtRNA samples from: lane 1: B73N 
coleoptiles; lane 2: B37N coleoptiles. The $1 products were run 
on a 0.8% agarose gel, blotted, and hybridized with the 3.2 kb 
HindlII fragment of pH3.2N 

Fig. 6. A and B. A 0.8% agarose gel of restriction enzyme 
digestions of the two BamHI clones, pB10N(B73N) and 
pB10NR(B37N). Lanes 1 and 16: HindIII fragments of lambda 
phage DNA; lanes 2, 4, 6, 8, 10, 12, and 14: pB10N; lanes 3, 5, 
7, 9, 11, 13, and 15: pB10NR; lanes 2 and 3: AvaI and BamHI; 
lanes 4 and 5: HindlII and BamHI; lanes 6 and 7: PstI and 
BamHI; lanes 8 and 9: XhoI and BamHI; lanes 10 and 11: 
BamHI; lanes 12 and 13: EcoRI and BarnHI; lanes 14 and 15: 
SalI and BamHI. B A Southern blot hybridization of the gel 
depicted in panel A. The probe was the 3.2-kb HindlII insert of 
pH3.2N. The position of the 3.2-kb HindlII fragment in each of 
these clones is denoted by the arrow 

Fig. 5. A and B. 0.8% agarose gel of AvaI restriction-digested 
mtDNAs from: lane 1: B37N root tissue; lane 2: B37N coleoptile 
tissue; lane 3: a different isolate of B37N root tissue; lane 4: 
B37N coleoptile tissue from isolate used in lane 3; lane 5: B73N 
coleoptile tissue. B Southern blot hybridization of the gel in 
panel A using the 3.2-kb HindIII fragment of pH3.2N as a 
probe. Note that there are no detectable fragment differences in 
this region, regardless of the source of DNA 

ed m t D N A  from B37N and B73N, using the 3.2-kb 
HindIII  fragment of  pH3.2N as a probe (Fig. 5). F r o m  
the lack of  detectable restriction fragment differences 
between these lines, it is evident that  no major  rearrange- 
ments in this area have occurred. 

Fo r  more  extensive restriction analysis of  this region 
in the two lines, B a m H I  clones carrying the ORF25 gene 
were obtained from pUC8 shotgun libraries, using the 
insert of  pH3.2N as a probe. In  both lines the ORF25 
sequences are carried on a BarnHI fragment of  approxi-  
mately 10 kb. Clones carrying this fragment were ob- 
tained for each line (denoted pB10N for B73N and 
pBIONR for B37N), and these were used in a compara-  
tive restriction enzyme analysis using seven different re- 
striction enzymes (Fig. 6). To examine those specific frag- 
ments carrying the 5' f lanking sequences of  the ORF25 
reading frame in each case, a Southern blot  of  the gel in 



Fig. 7. A t.2% agarose gel of Sau3A-digested inserts of the M13 
subcloned 3.2-kb HindIII fragments from the BamHI clones 
pBION(B73N) and pB10NR(B37N). Note that no differences in 
fragment pattern are detectable 

Fig. 6A was hybridized with 32p-labelled insert of 
pH3.2N (Fig. 6 B). In all but one case the fragment pat- 
terns were identical. In the exceptional case, lane 13, the 
2-kb unique EcoRI/BamHI fragment was found to be a 
partial digestion product and did not represent an actual 
difference. No major mtDNA organizational differences 
appear to exist between B37N and B73N for the region 
surrounding and including the ORF25 reading frame. 
This analysis does not rule out the possible existence of 
small sequence differences in the 5' flanking regions. To 
examine this possibility, the 3.2-kb HindIII fragment 
from each BamH1 clone was subcloned in M13 and the 
inserts were isolated, digested with Sau3A, and the prod- 
ucts were compared by agarose gel electrophoresis. As 
before, there appear to be no detectable differences in the 
5' flanking sequences of the ORF25 region in these two 
lines (Fig. 7). 

Discussion 

Expression of the complex chimeric TURF 2H3 region of 
T-cms varies with nuclear background. There is no evi- 
dence to suggest that nuclear background can influence 
expression of the individual sequence components of this 
region in N cytoplasm. Variation in the expression of the 
ORF25 region has been noted in several N cytoplasms, 
however, in these cases the variation was due to changes 
in the transcription unit structure (Kennel et al. 1987). In 
this communiction, a comparative analysis of ORF25 
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expression in the two lines B37N and B73N is presented. 
Expression of this reading frame differs in these two 
lines, as illustrated by Northern hybridization analysis of 
mtRNA samples using probes specific for the reading 
frame and 5' flanking sequences. In B37N mtRNA there 
is a single transcript of 3,400 nucleotides, in contrast to 
three transcripts of 3,400, 2,300, and 1,600 nucleotides 
found in B73N. $1 nuclease analysis of the 5' half of the 
ORF25 homologous transcripts reveals that in both lines 
a fragment of 2,200 bases is protected and in B73N a 
unique fragment of 1,100 bases is protected. The differ- 
ence in the size of the protected fragements in B73N is 
equal to the difference in size of the 3,400 and 2,300 base 
transcripts, suggesting that these transcripts have differ- 
ent 5' ends but that the 3' ends are similar. This latter 
needs verification. 

We have compared the structural organization of the 
5' flanking regions of ORF25 in these two lines using 
restriction enzyme digestions and Southern hybridiza- 
tions. In no case could we detect any major differences in 
the mtDNA structure in the 5' flanking sequences of 
ORF25 in these lines. I f  differences exist, then they must 
involve a few bases. 

It is possible that the differences in nuclear genetics 
could be responsible for this mitochondrial transcrip- 
tional variation. Nuclear background has not been 
demonstrated to affect transcription of this mtDNA re- 
gion in N cytoplasm, however, in T cytoplasm the pres- 
ence of restorer genes does alter transcript patterns for 
the TURF 2H3 region of which ORF25 is a component. 
To examine possible influences of  nuclear backgrounds 
on ORF25 transcription in B37N and B73N, reciprocal 
crosses have been done and transcription analysis of the 
resultant progeny are presented part 2 of this study. 
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