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Complementary studies of mitochondrial DNA
of male fertile plants obtained by mutagenic
treatment of a cytoplasmic male sterile line of
maize
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LN.R.A., Station dAmL41ioration des Plantes, B.V. 1540, F21034 Dijon Cedex
(*! C.N.R.S., Laboratoire de Photosynthèse, F 91190 GiFsur- Yvette

SUMMARY Cytoplasmic male fertile mutants were obtained after mutagenic treatment of the Texas cytoplasmic male
sterile line of maize : F7 T. Analyses of mitochondrial DNA of these mutants showed : 1) all native and

digested mtDNA’s of these mutants migrated identically with the mtDNA of the line F7 with Normal

cytoplasm ; 2) all these mtDNA’s were different from the mtDNA of line F71 with Normal cytoplasm. This line
was the pollinator of the plants grown from the treated seeds of F7 T. The mutagenic treatment did not induce
cytoplasmic variability in A types. Mutants seemed to come from the same reversion from Texas to Normal
cytoplasm. The reversion could not be explained by pollen transmission of mitochondria to the zygote.

Additional key words : Zea mays, extra-nuclear heredity, Helminthosporium maydis race T.

RÉSUMÉ Etude complémentaire des DNA mitochondriaux des plantes mâle-fertiles obtenues après traitement
mutagène d’un maïs mâle-stérile cytoplasmique.

Des mutants mâle-fertiles cytoplasmiques de maïs ont été obtenus par traitement mutagène de la lignée mâle-
stérile cytoplasmique Texas : F7 T. L’étude des DNA mitochondriaux de ces mutants fait apparaître : 1) que
les mtDNA natifs et digérés par les enzymes de restriction de ces mutants sont identiques entre eux et au
mtDNA de la lignée F7 sur cytoplasme Normal ; 2) que ces mtDNA diffèrent du mtDNA de la lignée F71 sur
cytoplasme Normal. Cette lignée a servi à polliniser les plantes issues des graines traitées de F7 T. Le traitement
mutagène n’a pas permis d’induire de variabilité cytoplasmique dans les types A. Les mutants semblent tous
correspondre à la même réversion du cytoplasme Texas vers le cytoplasme Normal. Cette réversion ne peut
s’expliquer par la transmission au zygote de mitochondries du pollen.

Mots clefs additionnels : Zea mays, hérédité extra-nucléaire, Helminthosporium maydis race T.

1. INTRODUCTION

Mutants resistant to Helminthosporium maydis race
T (HmT) were obtained by mutagenic treatment of
the line F7 with Texas male sterile cytoplasm (F7 T)
which is susceptible to HmT. This resistance is ma-

ternally inherited and is always associated with
reversion to male fertility. These mutants were called A
type mutants (CASSINI et al., 1977 ; CORNU et al.,
1977 ; CoRNU et al., 1981).
Previous studies have shown that it is possible to

characterize cytoplasmic male sterilities in maize by
differences in their mitochondrial DNA (mtDNA)

(LEVINGS et al., 1979 ; KEMBLE & BEDBROOK, 1980 ;
KEMBLE et al., 1980). BERVILLE & PAILLARD (1982)
observed that mtDNA from A type mutants was ident-
ical to that from line F7 with Normal cytoplasm (F7 N)
when these mtDNA’s were digested by the restriction
enzymes Sal I and Hind III. VuILLAUME et al. (1984)
showed that native mtDNA migration of A types was
characterized by the absence of the 2.35 kb mtDNA
molecule as is usually the case for mtDNA of Texas
cytoplasm. Therefore the hypothesis of a simple
reversion from the T cytoplasm to the N cytoplasm
was questionable. However, two cases of N cytoplasm
with a native mtDNA lacking the 2.35 kb molecule
have already been described (KEMBLE et al., 1983 ;



NEWTON, 1983). As we do not know whether the
native mtDNA of the line F7 with N cytoplasm has
the 2.35 kb molecule we must verify it, even if it

implies a role of the nuclear genotype in the process
of reversion.
One of the hypotheses made in our laboratory to

explain reversion to the normal phenotype suggested
that mutagenic treatment allows transmission of

pollen organelles to the zygote during fertilization. To
check this hypothesis mtDNA of the male parent in
the first cross after mutagenic treatment must be

analysed. The pollinator was line F71 with N

cytoplasm, having the genes Rfl and Rf2 that restored
male fertility for T cytoplasm.

II. MATERIAL AND METHODS

A. Material

The genotypes analysed were lines F7 T, F7 N,
A632 N, and F71 N and the offsprings of the mutant
families of A type number 135, 473, 511, 552 and 1754
with the nucleus genotypes A632.

Five day old etiolated shoots were used for bio-
chemical assays.

B. Methods

Preparation of native mtDNA followed the tech-

niques described by VutLLauME et al. (1984).
Isolation of mitochondria, mtDNA purification,
digestion by restriction enzymes and electrophoretic
migrations were described by VEDEL et al. (1980).
The restriction enzymes used were BamH I, Eco RI,

Sal I, Bgl I, Hind 111, Xho I, Kpn I and Hpa II
(Boehringer). 0.7 070 agarose gels were used to separate
the mtDNA fragments for all the enzymes except
Hpa II and Hind III which required 1.2 07o agarose

gels.

III. RESULTS

A. Native mtDNA

The 2.35 kb molecule was found in lines A632 and
F71 with N cytoplasm but not in lines F7 with T or N
cytoplasm nor in the A types (fig. 1).

B. Digested mtDNA

mtDNA’s of F7 N, F7 T, F71 and mutants 135,
473, 511, 552 and 1754 were digested by Eco RI
(fig. 2A), Sal I (fig. 2B), BamH I (fig. 3).
mtDNA’s of F7 N, F71, 135, 473, 511 and 1754

were also restricted by Xho I, kpn I, Bgll, Hind Ill and
Hpa II (fig. 4A, B, C, D). The digestion by Hpa II was
incomplete, so the results are not shown.

In every case digested mtDNA’s of A types
comigrated with digested mtDNA of F7 N. Migration
patterns of A types were always different from both
F7 T and F71 which themselves differed from each
other in their migration patterns.

IV. CONCLUSION

A types appeared as reversion of T cytoplasm to N
cytoplasm, in the F7 nuclear background which is
associated with a particular native mtDNA. However



this native mtDNA does not seem to play any role in
the appearance of A types. If the absence of the
2.35 kb molecule plays any role in the appearance of
A types, we must have had them with the treatment of
A188 T, as KElvtsLE et al. (1983) have shown that
A188 with N cytoplasm has no 2.35 kb mtDNA
molecule. This was not the case in our study.

Because the native and digested mtDNA of line F71
are different from that of A types, we can exclude the
hypothesis of pollen transmission of organelles to the
zygote due to mutagenic treatment.

The hypothesis of a stabilized mixture of T and N
mitochondria in the T cytoplasm, which mutagenic
treatment destabilized, is as likely as the hypothesis of a
« chromosomic rearrangement » of mtDNA. However
we do not presently have the means of distinguishing
between these two hypotheses. To clarify these

hypotheses, we would like to know the rate of

propagation of this mitochondrial genotype in cell lines
and how it is stabilized after a few generations of
mitosis. First we believe the process takes a long time
because we have observed in A types, segregation of



susceptibility and resistance for five generations of

plants after mutagenic treatment. However, we were
unable to follow segregation of sterility and fertility as
the first cross by F71 after mutagenic treatment restored
male fertility. The M2 was fully fertile and after selfing
M2, the M3 theoretically had one fourth male sterile
plants. Each male sterile plant was crossed by a main-
tainer and each male fertile plant was selfed. For A
types in the M3 we found that family 1754 had fully
male fertile progeny and the others had types of male
sterilities which were quite different from Texas male
sterility (no tassel, tassel with incomplete flowers or
flowers with no anthesis but with fertile pollen). Test
crosses showed that these sterilities originated from
nuclear factors. So it seems that the behaviour of the
two linked characters, male fertility and resistance, is
not identical but this may be due to the reliability of the
tests for resistance. So the question of the speed of
propagation of new mitochondrial genotype remains
unsolved.
From in vitro callus cultures of Texas maize,

GENGENBACH et al. (1975) and BRETTELL et al. (1980)
were able to regenerate plants as resistant to Hmt and
fully male fertile as one A types. If these phenotypes
seem similar, the mitochondrial genotypes observed by
electrophoretic patterns of digested mtDNA are

different. There is variability for mtDNA of plants
issued from in vitro culture (GENGENBACH et al., 1981 ;
KEMBLE et al., 1982 ; WISE et al., 1985). This

variability does not seem to be the variability already
described for N cytoplasm by LEVINGS & PRING (1977)
and by PRING & SMITH (1985). Comparison of the
mtDNA’s of A types and of different kinds of mtDNA’s
from N cytoplasms with the variants obtained by in
vitro culture and with T cytoplasm would certainly help
us to understand the genetic supports of cytoplasmic
Texas male sterility.
The role of nuclear background on the expression

and the possibility of modification and amplification of
mtDNA during sporogenesis and gametogenesis should
be analysed.
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