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Summary. Cloned pearl millet [ Pennisetum glaucum (L.)
R. Br.] mitochondrial (mt) DNA fragments rearranged
by spontaneous reversion from cytoplasmic male sterility
(cms) to fertility were characterized by restriction map-
ping, hybridization with maize mt genes, and transcrip-
tion analyses. The clones characterized were a 4.7-kb
fragment found only in the male-sterile cytoplasm and
lost upon reversion to fertility, a 10.9-kb fragment found
in all cytoplasms and not changed by reversion, a 13.6-kb
fragment found in the male-sterile and -fertile normal
cytoplasms and lost in seven of the eight revertants stud-
ied, and a 9.7-kb fragment not found in the male-sterile
cytoplasm but produced by reversion from male sterility
to fertility. The restriction maps verified that the four
cloned pearl millet fragments contained two sets of re-
peated sequences, one on the 4.7-, 10.9-, and 13.6-kb
fragments, the other on the 13.6- and 9.7-kb fragments.
The rrni8, rrn5, and coxI genes were located in the re-
peated regions of the 4.7-, 10.9-, and 13.6-kb cloned frag-
ments. The correlation of reversion (eight independent
events) with the loss of fragments containing the rrn/8,
rrn5, and coxI genes suggests that those lost fragments
and their gene content could be responsible for the ex-
pression of cms. Transcriptional analyses using both
Northern blots and end-labeled mtRNA probes verified
that transcripts homologous to the rrn8 and coxI genes
were present in pearl millet total mtRNA. However, no
transcript differences were detected among cms, rever-
tant, and fertile normal cytoplasms, suggesting that the
reversion process involves mutational changes that may
not affect transcript size. Transcript analyses indicated
that the 10.9-kb clone contained an unidentified gene on
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the end opposite the rnf8 gene; however, since it was
present in all cytoplasms, it is not believed to be involved
in cms.
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Introduction

The cytoplasmic male sterility (cms) trait is important
commercially to provide pollination control for produc-
tion of F, seed that, in turn, produce superior-yielding
crops. Pearson (1981) reviewed the use of cms in crop
production, and Hanson and Conde (1985) reviewed the
molecular study of cmas. Basic molecular research on cms
is most advanced in the maize cms-T and petunia sys-
tems. However, variability in the expression of cms, rate
of mutation (reversion) to fertility, and interaction with
nuclear restorer genes of the various cms systems suggest
that basic molecular mechanisms differ in the different
systems (Hanson and Conde 1985; Pearson 1981). Stud-
ies of other cms systems may help determine whether or
not there are unifying determinants of molecular mecha-
nisms of cms.

In both the cms-T maize and petunia systems, rever-
sion to fertility is accompanied by mitochondrial genome
rearrangements, resulting in a loss or modification of a
DNA fragment, and in both systems the lost fragment
contains a chimeric gene. In maize, urf13-T, which en-
codes a 13-kDa mitochondrial membrane protein (Forde
and Leaver 1980; Dewey et al. 1987) associated with cms,
and susceptibility to the fungal pathogen, Bipolaris may-
dis (Dewey et al. 1988), is lost (Dewey et al. 1986) or
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modified (Wise et al. 1987). The petunia chimeric gene,
Pcf, which encodes a fusion peptide believed to be re-
sponsible for cms (Young and Hanson 1987), is lost upon
reversion to fertility. Even though genes believed to cause
cms in both maize and petunia have been identified, the
molecular mechanisms of cms remain undefined.

Pear]l millet [Penniserum glaucum (L.) R. Br.] is an
excellent species for the study of cms mechanisms be-
cause of the diversity of cms types. The availability of
spontaneous fertile revertants from those male-sterile cy-
toplasms (Smith and Chowdhury 1989) permits the study
of cosegregation of ¢cms and fertility with mitochondrial
genomic rearragements.

Earlier we reported identifying and cloning fragments
that were rearranged by reversion of the S-A1 male-ster-
ile cytoplasm to fertility (Smith et al. 1987). Four Pstl
fragments were cloned: a 4.7-kb fragment found only in
the male-sterile mitochondria, a 9.7-kb fragment found
only in the eight reverted cytoplasms, a 13.6-kb fragment
found in the sterile, one revertant and the maintainer
(normal) cytoplasms. The fourth clone contained at 10.9-
kb fragment found in all cytoplasms (not rearranged by
reversion). However, it contained sequences repeated in
the 4.7- and 13.6-kb clones fragments. The loss of the
4.7-kb and the gain of the 9.7-kb fragments in all eight
revertants suggest that genes located upon those frag-
ments may be involved in cms determination.

In this publication, we report characterization of the
four cloned pearl millet mtDNA fragments described
above that were rearranged during spontaneous rever-
sion from cms to fertility. The fragments were mapped
and gene content was determined by hybridization to
known maize mitochondrial gene probes. Results are
also reported of transcription studies of those cloned
mtDNA fragments, using end-labeled pear]l millet
mtRNA probes on Southern blots, and pearl millet and
maize gene probes on pearl millet mitochondrial North-
ern blots.

Materials and methods
Source and analysis of mtDNA

Pear] millet mtDNA was isolated from the S-Al male-sterile
cytoplasm of Tift 23DA (labeled A1 in the figures), eight fertile
spontaneous revertants of S-A1 (the two shown in the figures are
labeled R1 and R2), and normal fertile cytoplasm of the inbred
line Tift 23DB (labeled B1 in the figures). Tift 23DB is used as
pollinator to maintain the CMS line, Tift 23DA, so they have
identical nuclear backgrounds, but different cytoplasms. Refer
to Fig. 1 for the fragment content of the above pearl millet lines.
mtDNA isolation methods were published earlier (Smith et al.
1987). Plasmid DNA was isolated by the method of Holmes and
Quigley (1981) from the clones of S-A1 rearranged by reversion
to fertility. Restriction endonuclease digestions, electrophoresis,
ethidium bromide staining, and photography were conducted as
described by Chase and Pring (1986). HindIII-digested Lambda
DNA and Haelll-digested Phi X 174 DNA were used as molec-

ular size markers, and restriction fragment sizes were calculated
using the computer program of Schaffer and Sederoff (1981).
DNA was transferred (Blotted) to Nytran membrane (Schle-
icher and Schuell, Inc.) as described by Maniatis et al. (1982).

Maize gene probes and hybridization

The following cloned maize mitochondrial genes were used as
probes: cytoplasm ¢ oxidase subunit I (cox!) (Isaac et al. 1985)
and subunit II (coxII) (Fox and Leaver 1981), F,-F, ATPase
subunit alpha (azpA) (Braun and Levings 1985), subunit 6 (a1p6)
(Dewey et al. 1985a), and subunit 9 (azp9) (Dewey et al. 1985b);
and the 268 (rrn26) (Dale et al. 1984) and 18S-58 (rrni8-rrn5)
(Chao et al. 1983, 1984) ribosomal RNA genes. Additional
maize clones containing sequences of ORF13 and ORF25
(Dewey et al. 1986) were also used as probes. The maize clones
were supplied by C. S. Levings, I1I, North Carolina State Uni-
versity, Raleigh/NC, and D. R. Pring, University of Florida,
Gainesville/FL. Probes were made using the maize clones or
gene inserts of the clones cut from their vectors by restriction
with the appropriate endonucleases, fractionated by elec-
trophoresis, and then recovered from the gel using the NA45
membrane and the method of Schleicher and Schuell. Tnc. The
maize inserts were labeled with 3P by the random primer exten-
sion method of Feinberg and Vogelstein (1983), and DNA hy-
bridizations were conducted according to the methods described
by Chase and Pring (1986). Hybridized blots were washed twice
with 3 x SSC (1 x SSC=0.15 M NaCl, 0.015 M sodium citrate,
pH 7.5) for 15 min and once with 0.3 x SSC for 15 min, all at
65°C. Then the blots were autoradiographed.

Mitochondrial RNA isolation

Total mitochondrial RNA (mtRNA) was isolated from mito-
chondria obtained from 6-day-old seedlings as described above.
The mitochondria were lysed with 6 M guanidine isothio-
cyanate, extracted first with equal volumes of phenol, then chlo-
roform, and finally purified by CsCl, centrifugation as de-
scribed by Wise et al. (1987). The mtRNA was resuspended in
water, made 1.6 M in ammonium acetate, and precipitated with
2 vol ethanol. The RNA was stored in the ethanol until needed,
then recovered by centrifugation.

RNA electrophoresis, blotting, and hybridization

mtRNA was electrophoresed and Northern blots were hy-
bridized as described by Wise et al. (1987). mtRNA was end-la-
beled by first hydrolyzing in a buffer containing 5 mM glycine,
100 pM spermidine, and 10 uM ethylene diamine tetraacetate
(EDTA), pH 9.5, at 90°C for 10 min to generate 5-OH ends.
The 32P-label was then added by the T4 polynucleotide kinase
reaction in 50 mM TRIS-HC! (pH 9.5), 10 mM MgCl,, and
5uM dithiothreitol (DTT). The reaction was conduced for
30 min at 37°C using 1 unit of enzyme, 1 pg of mtRNA, and
30 pCi of gamma 3?P-labeled ATP in a reaction volume of 16—
18 pl. Unicorporated nucleotides were removed by Sephadex
chromatography. An RNA ladder ranging in size from 9.5 to
0.3 kb (Bethesda Research Laboratories, Inc.) was used to esti-
mate the size of the transcripts.

Results
mtDNA hybridization analyses

The maize probes were used to hybridize Southern trans-
fers of Pstl-digested cms, fertile revertant, and normal
mtDNAs to determine whether pearl millet gene se-



quences similar to those of the maize gene probes were
located on the fragments rearranged by reversion. Of the
nine probes used, seven gave uniform hybridization pat-
terns across the pearl millet cytoplasms, and only the
rrnl8-rrn5 and coxI probes gave differential hybridiza-
tion patterns across the cytoplasms. The rrni8-rrnd
probe (Fig. 1 A) hybridized to the 4.7-, 10.9-, and 13.6-kb
fragments. In addition, that probe hybridized to a 10.0-
kb fragment (found only in the normal cytoplasm).
The coxI probe (Table 1 B) hybridized to the same
four fragments as the rrni8-rrn5 probe, i.e., the 4.7-,
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Fig. 1A and B. Autoradiograph of Southern blots of Pstl-di-
gested mtDNA from cms Tift 23DA (A1), fertile revertant (R1
and R2), and the fertile normal Tift 23DB (B1) lines hybridized
to maize mitochondrial genes rrni8-rrn5 (A) and coxI (B),
showing rearranged fragments containing those genes. Frag-
ment sizes are given in kilobases (kb)
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10.9-, 10.0-, and 13.6-kb fragments. In addition, the 3.8-
kb fragment found in all cytoplasms hybridized to the
coxI probe but not to the rrni8-rrn5 probe. Of the frag-
ments mentioned, the 10.0-kb fragment in the normal
cytoplasm and the 3.8-kb fragment found in all cyto-
plasms are not cloned. The 4.7-, 9.7-, 10.9-, and 13.6-kb
fragments are cloned.

Clone mapping and hybridization

The restriction maps of the 13.6-, 10.9-, 9.7-, and 4.7-kb
cloned pearl millet fragments are shown in Fig. 2. The
restriction patterns on the right of the restriction maps of
the 4.7-, 10.9-, and 13.6-kb fragments are identical, and
left restriction patterns of the 13.6- and the 9.7-kb frag-
ments are also identical.

Southern blots of the four cloned pearl millet frag-
ments restricted with Pstl plus BamHI, Smal, or Xhol
endonucleases (Fig. 3B) were hybridized to the rrnf§-
rru5 and coxI maize gene probes. Those probes hy-
bridized to sequences on the 4.7-, 10.9-, and 13.6-kb pearl
millet clones, but not to the 9.7-kb clone. In the 4.7-kb
clone, the rrni8-rrn5 probe, consisting of the insert only
(Fig. 3A), hybridized to 1.0- and 3.7-kb PstI-Xhol frag-
ments, a 0.5-kb Smal fragment (PS lane), and 2.0- and
2.2-kb PstI-Smal fragments. In the 10.9-kb clone, the
rrnl8-rrn5 probe hybridized to a 1.0-kb PstI-Xhol frag-
ment, a 4.9-kb Xhol fragment (PX lane), 0.5- and 8.0-kb
Smal fragments (PS lane), a 2.2-kb PstI-Smal fragment,
and a 4.8-kb PstI-BamHI fragment. In the 13.6-kb clone,
the rrni8-rrn5 probe hybridized to a 1.0-kb PstI-Xhol
fragment, a 7.4-kb Xhol fragment (PX lane), 0.5- and
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Fig. 2. Restriction maps of cloned pearl millet fragments rearranged by reversion, i.e., 4.7-kb fragment found only in the male-sterile
cytoplasm and lost upon reversion, 13.6-kb fragment found in the male-sterile cytoplasm and normal line but lost in seven of eight
revertants, and 9.7-kb fragment found only in the revertants. The 10.9-kb fragment found in all lines and not rearranged by reversion
was included because it contained repeated sequences found on the 4.7- and 13.6-kb fragments. The restriction map of the maize rrnf8
gene shows similarity to the pearl millet rrn?8 sequence. The locations of the pearl millet cox!, rrn6, and rrni8 genes are noted on
the three clones; however, their sizes are only approximate. The region labeled Z contains an unidentified gene. B=BamHI,
E=EcoRYV, P=Pstl, S=Smal, Ss=Sstll, Xb=Xbal, and Xh=Xhol
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Fig. 3A-C. Hybridization of doubly digested mitochondrial clones with maize rrnf8-rrn3 gene insert probe (A) and the maize cox/
clone probe containing pUC (C) shows the location of those genes on the pear] millet clones. Center panel (B) shows the ethidium-bro-
mide-stained gel. Sizes of hybridized fragments are given on the Jeft and right of the hybridized blots in kilobases; location of pUC18
is designated with pUC. Numbers at the rop identify the clones. P=Pstl, B=BamHI, S=Smal, X=Xhol

9.5-kb Smal fragments (PS lane), a 2.2-kb PstI-Smal
fragment, and a 6.0-kb PstI-BamHI fragment. The hy-
bridization data indicated that the pearl millet rrn18-rrn53
genes were located on the repeated sequences of the 13.6-,
10.9-, and 4.7-kb clones shown on the right side of the
restriction maps (Fig. 2) and extending left and beyond
the 0.5-kb Smal fragment. The restriction map of the
maize rrnl8 gene, generated by computer analysis of the
published sequence data of Chao etal. (1983, 1984)
(Fig. 2, bottom), compared to the pearl millet map shows
the similarity of the peart millet and maize genes.

The coxI maize probe was hybridized to restriction
digests of the four clones (Fig. 3 C). The pUC vector was
not removed from the blotted DNA or the probe, so the
probe hybridized to pUC in each lane and is labeled
pUC. The hybridization data below concerns only the
fragments of the cloned inserts. In the 4.7-kb clone, the
coxI probe hybridized to a 3.7-kb PstI-Xhol fragment
and a 2.0-kb PstI-Smal fragment. In the 10.9-kb clone,
the coxI probe hybridized to a 4.9-kb Xhol fragment (PX
lane), a 8.0-kb Smal fragment (PS lane), and a 4.8-kb
Pstl-BamHI fragment. In the 13.6-kb clone, the cox/
probe hybridized to 9.5-kb Smal (PS lane), 7.4-kb Xhol
(PX lane), and 6.0-kb PstI-BamHI fragments. The above
fragments all overlap coxl, as indicated on the restriction
map of Fig. 2. As with the rrni8-rruS probe, the coxI
probe did not hybridize to the 9.7-kb clone.

Transcriptional analyses

Transcription of the pearl millet clones was investigated
in three ways: (1) by hybridizing Southern transfers of
the cloned mtDNA fragments to end-labeled total
mtRNA probes; (2) by using the pearl millet clones as
probes to hybridize Northern blots of total mtRNA from
cms, revertant, and normal cytoplasms; and (3) by hy-
bridizing Northern blots with the maize coxI gene probe.

The end-labeled mtRNAs hybridized strongly to the
same fragments of the 4.7-, 10.9-, and 13.6-kb clones that
hybridized to the rrni8-rrn5 maize gene probe. Those
labeled mtRNAs also hybridized weakly to the fragments
that hybridized to the coxI gene. Figure 4 shows the
hybridization patterns of end-labeled mtRNA hy-
bridized to the clones that were restricted with Smal and
Xhol (left), and the restriction patterns of the ethidium-
bromide-stained gel (right). In the 4.7-kb clone, the RNA
probe hybridized strongly to 1.2- and 3.7-kb (pUC plus
a 1.0-kb fragment) fragments, weakly to a 2.0-kb frag-
ment, and very weakly to a 0.5-kb fragment. In the 10.9-
kb clone, the RNA probe hybridized strongly to a 1.2-kb
fragment, moderately to the 1.0- and 2.3-kb fragments,
weakly to a 3.3-kb fragment, and very weakly to a 0.5-kb
fragment. In the 13.6-kb clone, the RNA probe hy-
bridized strongly to 1.2- and 3.7-kb (pUC plus a 1.0-kb
fragment) fragments and very weakly to 0.5-, 1.5-, and
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Fig. 4. Pearl millet clones digested with Smal and Xhol hy-
bridized to an end-labeled pearl millet total mtRNA probe (lef?)
and the ethidium-bromide-stained gel (right). Sizes of hybridized
fragments are given in kilobases on the left
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Fig. 5A and B. Northern blots of total pearl millet mtRNA hy-
bridized with the 4.7-kb clone (A) and the maize coxI gene (B),
showing transcripts with homology to those probes. Sizes are
given in kilobase (kb)
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5.8-kb fragments. The three clones showed sirong hy-
bridization of the RNA probe to the fragments to the
right of the 0.5-kb Smal fragment (the rrn!8 region), and
weak hybridization to the 0.5-kb Smal fragment and
fragments to the left of it (the coxI region) on the restric-
tion maps (Fig. 2). The RNA probe also hybridized very
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weakly to a 4.2-kb fragment in the 9.7-kb clone, indicat-
ing that a portion of that fragment may be transcribed.

Northern blots of total mtRNA from the S-A1, rever-
tant (R1 and R2), and normal fertile lines hybridized
with the 4.7-, 10.9-, and 13.6-kb pearl millet probes. Each
probe showed only a single transcript of 1.8 kb expressed
uniformly across the cytoplasms. The hybridization pat-
tern of the 4.7-kb clone used as the probe is shown in
Fig. 5A. The 9.7-kb clone probe did not hybridize to the
Northern blots. To better compare the cox/ transcripts
across the cms, revertant, and normal cytoplasms,
Northern blots were hybridized to the maize coxI gene
probe (Fig. 5B). That probe hybridized to transcripts of
about 2.3, 2.2, and 1.7 kb, which were uniformly ex-
pressed across cytoplasms.

Discussion
mtDNA hybridization analyses

Maize mitochondrial gene probes hybridized readily to
pearl millet mtDNA sequences under the relatively high
stringency of this study, i.e., 0.3xSSC at 65°C for
15 min. At this stringency, it is presumed that these maize
gene probes are hybridized to the pearl millet counterpart
genes. That presumption is further supported by prelim-
inary sequencing data of the pearl millet clones (unpub-
lished results), showing that the pearl millet coxI and rru5
genes have a high degree of sequence homology with the
maize genes. Probes containing the maize coxl, rrni8,
and 7rn5 genes hybridized differentially to the Southern
blots of the cms and fertile revertant mtDNAs (Fig. 1).
The perfect correlation of fragment rearrangement (the
loss of the 4.7-kb fragment and the gain of the 9.7-kb
fragment) with reversion from cms to fertility in eight
independent spontaneous revertants suggests that a gene
or altered gene responsible for the expression of cms may
be located on those rearranged fragments.

In Fig. 1, the hybridization of the rrnf8-rrn5 probe to
the 13.6-kb fragment of the S-A1 (A1) and normal (B1)
mtDNA appears to be relatively weaker than that of the
10.9- and 4.7-kb fragments of the S-A1, and the 10.9- and
10.0-kb fragments of the normal lines. That trend of
weaker hybridization of the 13.6-kb fragment is not obvi-
ous in the hybridization patterns of the coxI probe
(Fig. 1B), which argues against a reduced copy number
of the 13.6-kb fragment being an explanation of the
weaker hybridization. The cause and significance of that
observation are unknown.

Clone mapping and hybridization

The identical patterns on the restriction maps shown in
Fig. 2 verify that the cloned fragments contained re-
peated segments, i.e., the PstI-Xhol, Xhol-SstIlI, SstII-
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SstIl, SstII-Smal, Smal-Smal, and Smal-EcoRV frag-
ments on the right of the 4.7-, 10.9-, and 13.6-kb clones
and the left ends of the 13.6- and 9.7-kb clones. Since the
maize rrni8-rrn5 probe contained both ribosomal genes,
the hybridization data did not answer the question of
whether or not both pearl millet ribosomal genes were
present. The similarity of the pearl millet restriction map
to that of the maize rrn18 gene is good evidence that the
pearl millet rrn8 gene is present. Preliminary sequencing
data (unpublished results) indicated that the pearl millet
rrn3 gene is present and is closely linked to the rrn78 gene
as in maize.

Although the maize coxI probe contained flanking
sequences, preliminary sequencing data (unpublished re-
sults) verified that the pearl millet coding sequences of
coxI and rru5 are present on the hybridized pearl millet
fragments, as indicated on the map in Fig. 2. The
hybridization and preliminary sequencing data have also
verified that the pearl millet cox/ is closely linked to rrn3
and that rrn3 is closely linked to rrri8 on each of the 4.7-,
10.9-, and 13.6-kb clones. At least three copies of the
rrul8 and rrn5 genes were present in the male-sterile
cytoplasm, S-Al. Upon reversion to fertility, two of the
three rrnf8 and rrn5 copies were lost (those on the 4.7-
and 13.6-kb fragments), with the exception that one of
eight revertants retained the 13.6-kb fragment. The male-
sterile cytoplasm contained four copies of cox/, while two
copies located on the 4.7- and 13.6-kb fragments were
lost upon reversion. As with the ribosomal genes, one
revertant retained the 13.6-kb fragment. The above data
could fit the model presented by Fauron et al. (1990),
where the cms-T genomic structure was found to contain
four products of recombination due to an active repeat,
and only two of those four products were found in the
revertant. According to their model, reversion to fertility
involved complicated intramolecular and intermolecular
recombination events of two active repeats and some
unknown mechanism that selectively eliminated or am-
plified recombination intermediates, resulting in a master
chromosome with some sequences deleted and other se-
quences duplicated. In their case, the urf73 gene was
deleted; in our case, the coxl, rrn5, and rrnl8 genes lo-
cated on the 4.7- and 13.6-kb fragments were deleted.

Transcriptional analyses

Transcripts that hybridized to the cloned pearl millet
mtDNA and the maize genes were present in the isolated
pearl millet mtRNA. End-labeled mtRNA probes hy-
bridized to the same sequences of Southern blots of the
three pear! millet clones, as did the maize rrn/8-rrn5 and
coxI maize probes. In the Southern blots of Fig. 4, the
1.0-kb Xhol-PstI fragment of the 4.7- and 13.6-kb clones
(right of Fig. 2 map) was attached to the pUC vector,
giving a 3.7-kb fragment, while in the 10.9-kb clone that

1.0-kb fragment was cut free from pUC by the Smal site
of the pUC multiple cloning site. The fragments spanning
the rrn18 region (1.0- and 1.2-kb fragments) hybridized
strongly, while those fragments spanning the cox/ region
(2.0 kb in the 4.7-kb clone, 3.3 kb in the 10.9-kb clone,
and 5.8 kb in the 13.6-kb clone) hybridized weakly to the
mtRNA probe. This could be explained by the fact that
the ribosomal transcripts were much more abundant in
the total RNA end-labeled probe than the cox! tran-
scripts. The very weak hybridization of the 0.5-kb Smal-
Smal fragment may be explained by its small size.

The end-labeled mtRNA probe also hybridized to the
2.3-kb Smal-Xhol fragment of the 10.9-kb clone (labeled
Z on Fig. 2), suggesting that an unidentified gene resides
in region Z. Since the 10.9-kb fragment is in all ¢yto-
plasms, that undefined transcribed region is probably not
important in cms. Very light hybridization occurred on
the 1.5-kb fragment of the 13.6-kb clone and on a 4.2-kb
fragment (pUC plus the 1.5-kb fragment) of the 9.7-kb
clone, suggesting that an unidentified gene may extend
onto those PstI-Smal (left end) fragments.

Northern blots, hybridized with probes of each pearl]
millet clone, showed only one 1.8-kb transcript, although
transcripts were expected for each of the rrni8, rrn5, and
cox] genes. In addition, hybridization was uniform
across the cms, revertant, and normal cytoplasms
(Fig. 5A). As with the end-labeled mtRNA probes, we
believe that the abundance of ribosomal mtRNA tran-
scripts in the Northern blots obscured the signals of the
coxI transcripts. Increased hybridization intensities (not
shown) did not show the cox/ transcripts.

To avoid interference of the ribosomal transcripts,
the maize coxI gene was used to hybridize the Northern
blots (Fig. 5B). Preliminary sequencing data verified that
the pearl millet cox/ coding sequences had a high degree
of homology to maize coxI and that it would be suitable
to use the maize gene as a probe instead of subcloning the
pearl millet gene. Three transcripts of 2.3, 2.2, and 1.7 kb
were noted on the Nothern blots and were expressed
uniformly across the cms, revertant, and normal cyto-
plasms (Fig. 5B). The maize coxI gene was reported to
consist of a continuous, open reading frame of 1,584
nucleotides, and two major transcripts of 2.4 and 2.3 kb
were detected (Isaac et al. 1985).

In both maize and petunia, reversion from cms to
fertility was characterized by the loss of a mtDNA frag-
ment. In our pearl millet S-A1 system, reversion is always
accompanied by the loss of the 4.7-kb Pstl fragment.
However, we were not able to detect differential tran-
scription patterns among the cms and fertile revertants,
as was done with both maize (Dewey et al. 1987) and
petunia (Young and Hanson 1987). The lack of detect-
able transcript differences between cms and revertant
cytoplasms neither supports nor refutes involvement of
genes on the cloned segments in cms, but might indicate



that a mechanism may be operating in pearl millet that
does not alter transcript length sufficiently to be detected
by blot hybridization.

The 4.7-kb fragment is the site of the cox/, rrni8, and
rrn3 genes. Aberration in one or more of those genes may
disturb the mitochondrial function sufficiently to pro-
duce the cms phenotype. Sequencing of the pearl millet
coxI genes is underway to explore whether or not alter-
ations occur in those genes that may have a role in cms
determination.
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