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Analysis of native mitochondrial DNA in male-fertile

maize mutants resistant to Helminthosporium maydis
race T obtained by mutagenic treatments of seeds with
Texas cytoplasm.
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/.N.R.A., Station d’Amélioration des Plantes, Laboratoire de Mutagenèse, B.V. 1540, F 21034 Dijon Cedex.
(*) C.N.R.S., Laboratoire de Photosynthèse, F 91190 Gif sur-Yvette.
(**) Université de Louvain, Laboratoire d’Enzymologie, B Louvain-La-Neuve

RESUME Mutagenic treatment of seeds with Texas male-sterile cytoplasm, with gamma rays or ethyl methyl sulfonate,
allowed us to obtain male-fertile maize resistant to Helminthosporium maydis race T. These two traits were
transmitted through the maternal parent. The study of the native mitochondrial DNA of 5 resistant male-fertile

progenies showed that the 2.35 kb molecule of DNA which characterized the N, C and S cytoplasms was absent
from our mutants just as it was from the T cytoplasm.
Like the revertants obtained by in vitro culture, the malc-fertile resistant A types showed a native
mitochondrial Drvn which migrated in the same way as Texas type. The electrophoretic patterns of the
mitochondrial DNA digested by various restriction enzymes belonged to the Normal type ; however, the
material obtained by in vitro culture showed electrophoretic patterns of Texas or intermediary type according
to the enzymes used. Different hypotheses arc discussed to explain these phenomena.

Additional key words : Zea mays, extranuclear inheritance, plasmid-like molecule.

SUMMARY Analyse du DNA mitochondrial natif de mutants de mais mdle-fertiles resistants d Heiminthospo-
rium maydis race T, obtenus par traitements mutagenes de graines 4 cytoplasme Texas.

Le traitement mutag!ne par rayons gamma ou par methyl sulfonate d’dthyle, de grains de mais à cytoplasme
male stdrile Texas a permis d’obtenir des plantes mile fertiles rdsistantes à Helminthosporium maydis race T.
L’hdrdditd de ces deux caract!res est cytoplasmique. L’étude du DNA mitochondrial natif de 5 descendances
male fertiles résistantes montre qu’aucun de nos mutants, pas plus que Ic témoin à cytoplasme Texas, ne
possede la molecule de DNA de 2,35 kb qui caractérise les cytoplasmes N, C et S.
Done, comme les révcrtants obtenus par culture in vitro, les types A mSIe-fertiles ont un DNA natif
mitochondrial qui migre à la manière du type Texas.
Lcs diagrammes diectrophordtiques du Drrn mitochondrial digéré par diverses enzymes de restriction sont du
type Normal au contraire du matdriel obtenu par culture in vitro qui presente des diagrammes 6lectrophordti-
ques du type Texas ou de type intermediaire, selon les enzymes testées. Différentes hypotheses sont discut6es.

Mots clés additionnels : Zea mays, heredite extranucleaire, molecule de type plasmidial.

1. INTRODUCTION

Four cytoplasmic types have been described for maize.
Three of them are characterized by male sterility controlled
by one or two nuclear genes specific to the respective
cytoplasmic type (or group) ; they are the cytoplasms
belonging to the Texas or « T », the U.S.D.A. or « S » and
the Charrua or « C » groups. The fourth cytoplasmic type
corresponds to the cytoplasmic group which does not show
sterility, whatever nuclear genotype is combined with it ; it
is the Normal or « N » cytoplasmic group.

In 1970, the Helminthosporium maydis race T (HmT)
outbreak in the U.S.A. forced the maize breeders to give up
the use of Texas cytoplasmic male sterility and to proceed
again to manual detasseling for obtaining hybrid varieties.
Some research work was however undertaken in an attempt
to obtain Texas male-sterilc maize no longer susceptible to
HmT. Two different approaches were applied : in vitro
culture by GENGENBACH & GREEN (1975) and by BRET-
TELL et al. (1979, 1980) on the one hand, and mutagenesis
on the other (CASSINI et al., 1977 ; CORNU et al., 1977).
None of these methods gave Texas male-sterile plants with



heritable Hmt resistance although quite a lot of more or less
male-sterile or more or less susceptible plants were obtai-
ned. Both methods also allowed one to get malc-sterile

plants resistant to HmT quite similar to the phenotype of
the Normal cytoplasmic group. Both GENGENBACH and
BRE!rrELL called these plants « variants » ; we called them
« A type (CORNU et al., 1981). In both cases this Normal
phenotype (male-fertile, resistant) showed cytoplasmic
inheritance : both characters were exclusively inherited

through the maternal parent and of course the fertility was
completely independent of the presence in the nucleus of
restorer genes.
The most probable hereditary factor for male sterility and

HmT susceptibility in maize Texas cytoplasm has appeared
to be the mitochondrial DNA (mtDNA). GENGENBACH et al.

(1981) and KEMBLE et al. (1982) have studied the mtDNA of
variants obtained in vitro. According to the restriction

enzymes used (BamHl and Xhol) and according to the
variants, the digestion patterns belonged to Texas type or
differed both from Texas and Normal types ; in all cases yet
studied the migration of the native mtDNA belonged to

Texas type. Contrary to these variants derived from in vitro
cultures, the A type mutants resulting from the treatment
with gamma rays or ethyl methyl sulfonate (EMS) of seeds
with Texas cytoplasm showed patterns of digestion by
EcoRl (LEAVE,a, pers. comm., 1980) or by BamHl and
Sail (BERVILLE & PAILLARD, 1982) similar to those of
Normal type. These results may suggest that for A type the

phenotypic reversion of T to N would correspond to a true
reversion of mtDNA.

Before assuming that the reversion of both traits (sterility
and HmT susceptibility) results from a mtDNA reversion
from T to N type, it is necessary to make certain that the

migration of the native mtDNA also belongs to the Normal
type.

11. MATERIAL AND METHODS

A. Material

The genotype used for this mutagenesis experiment was
the F7 line on Texas cytoplasm. The plants coming from the
treated seeds were crossed with the F71 line, a fertility
restorer for Texas cytoplasm. According to plant fertility
and vigor, various kinds of cross were then carried out
(CASSItvI et al., 1977 ; CORNU et al., 1977). The A types
were progeny of plants 135, 473, 511 and 552 coming from
seed treated with 2.5 g/1 of EMS and progeny of plant 1754
coming from seed treated with gamma rays (150 Grays).

For a better comparison of the cytoplasmic resistances
obtained, offspring of the 135, 473, 511, 552 and 1754 plants
were backcrossed with the same male nuclear genotype for
several generations. However the material analysed here
did not always present the same nuclear genotype. 135, 473,
511 and 1754 were backcrossed over 5 successive genera-
tions with the A632 line ; 552 was backcrossed over 6

successive generations with the A619 line.

B. Method

The seeds wcre sterilized twice with 7 % calcium hypo-
chlorite, washed with sterile water and then grown on

pozzolana under sterile conditions in the dark.
The mtDNA was prepared from 0.5 g etiolated shoots

sampled 8 days after the start of germination. The method
for preparing mtDNA was KEntBLE’s method (1980) for

green leaves, slightly modified. After mitochondrial lysis,
the preparation was deproteinized by adding one volume of
chloroform and one volume of a phenol mixture (phenol
redistilled at 70 %, vacuum distilled m-cresol 20 % and 8-
hydroxy-quinoline 0.1 %). After homogenization and ccn-
trifugation (Eppendorf centrifuge), the supernatant was
collected and diluted with 100 f1l D buffer (Tttts 10 mM,
NaCi 100 mM, EDTA4 1 mM, pH 8). 2.5 volumes of cold
ethanol were added and the solution was stored at -20 °C

overnight. It was then centrifuged and dried and the pellet
collected in 40 !,1 of D buffer. Samples were prepared for
electrophoresis by adding 5 !1 of sucrose 50 % in EDTA4
0.1 M (pH 8) and 0.02 % of bromophenol blue.

Electrophoresis was carried out at room temperature on a
gel with 1.2 % agarose for 12 to 15 h and with an intensity of
30 mA. The electrophoresis buffer contained : Tttis 50 mM,
EDTA4 2 mM, NaAc 20 mM, NaCl 18 mM, pH 8.
Gels were stained with cthidium bromide for 30 mn

before U.v. exposure. Photographs were made with an
M.P.4 Polaroid.

Ill. RESULTS

In 1980, KEMBLE & BEDBROOK proved that the migra-
tion of native mtDNA gave a band with a very high intensity
for the main mtDNA and a variable number of DNA bands
with low molecular weight and low intensity. The four

cytoplasmic groups N, T, S and C had in common a DNA
with 1.94 kilobases (kb) which appeared on the gels under
three different forms ; these forms were, in increasing
migration rate order, open circle (Oc), linear (L) and
supercoiled (Ccc). All the cytoplasmic types, except T type,
possessed a linear DNA with about 2.35 kb. Each of the two

cytoplasmic types S and C was characterized by the pre-
scnce of « two unique DNA species » : for S, these two
molecules called Sl and S2 had estimated sizes of 6.2 kb and
5.2 kb ; for C, the two characteristic molecules were estima-
ted 1.55 kb and 1.4 kb. Each maize cytoplasmic type can
thus be defined by the migration of native mtDNA and this
technique is recommended by KEMBLE et al. (1980) to

determine to which of the different maize cytoplasmic
groups a particular type belongs (Table 1).

In figure 1 we can clearly see the DNA molecule of 2.35 kb
for the controls with N and C cytoplasms (lanes a and c), the
absence of which is typical for T cytoplasm as well as for our
five mutant families (lanes b, d, e, f, g, h). For the T control
as for the mutants, the Oc form of the 1.94 kb DNA is easy
to see whereas this is not the case for N and C controls. For
all the mtDNA studied, the L form of this same molecule can
be made out. The two typical DNA of C cytoplasm do not
appear on figure 1, lane c.

In 1981, a first test on native mtDNA migration was
carried out for family 135 and for controls with N cytoplasm.
We observed differences between N and the mutant similar
to those we reported above, but we could not come to a
definite conclusion because the T control was absent. The
work was done with mtDNA prepared from 50 g of etiolated
shoots and from 10 g of green leaves. The nuclear genotypes
were F 186, F 101, W 325 A for the N control and for family
135 (it was the fourth backcross for 135).
These two series of experiments prove that the A types

arc not N revertants, as their mtDNA does not include the
2.35 kb DNA molecule. It must also be stressed that this
conclusion could be drawn if this 2.35 kb DNA did appear
and if pattern variations took place after digestion by
restriction enzymes. As a matter of fact, a certain heteroge-



neity of the restriction patterns could be observed for the N
(LEmrrGS & PRING, 1977) and C (PRING et al., 1979)
cytoplasmic groups, although the group affinities of the

cytoplasm showing the differences could not be questioned.

IV. DISCUSSION

The studied mutants as well as the variants obtained in
vitro had a native mtDNA of Texas type but not the same

electrophoretic patterns after digestion by the restriction

enzymes.
To explain that some Texas male-sterile plants susceptible

to HmT revert to male fertile plants resistant to HmT after
the mutagenic treatments, two hypotheses are advanced : i)
transmission of Normal mitochondria by pollen ; ii) initial
association of mtDNA of Texas and Normal types. In both
hypotheses Normal mtDNA would have been promoted
instead of Texas mtDNA (CASSINI et al., 1977 ; CORNU et al.,
1977 ; BERVILLE & PAILLARD, 1982). The hypothesis of a
point mutation is not sufficient to explain the fact that the
restriction patterns obtained after digestion by EcoRl,
BamHl and Sail enzymes belong to the N type.
However, as the mtDNA electrophoretic patterns after

digestion by the restriction enzymes are neither of Normal
nor of Texas type, the phenotypic reversion of Texas to
Normal type after in vitro culture could be explained as
follows : mtDNA heterogeneity and « chromosomal rearran-
gements » (GENCEtvBACH et al., 1981 ; KEMBLE et al.,
1982). This hypothesis is based on the work of various
authors : QUETIER & VEDEL (1977) proved that in plants no
agreement existed between the molecular weight (Mw)
estimated from the size of the mtDNA molecules and the
Mw estimated from restriction patterns. LEVINGS & PRING

(1979) revealed that there were several sizes of mtDNA
molecules in maize and that the size frequencies varied
according to the cytoplasmic group. Protoplast fusions in
Nicotiana (BELLIaRD et al., 1979) and in Brassica (PELLE-
TIER et al., 1983) have made it possible to observe recombi- i-

nations between mtDNA. This work leads thus to assume
that there are several types of mtDNA molecules in plant
mitochondria and that intra- and/or intermolecular changes
could take place to explain the cytoplasmic variants obtai-
ned on in vitro culture.
The mutants belonging to A type present plasmid-like

molecules of Texas type. The two hypotheses on mutagenic
treatment then seem little adapted to describe the appea-
rance of A type. As in the case of in vitro culture,
mechanisms of intra- and/or interchromosomal recombina-
tions could be responsible for the A type. However KEMBLE
et al. (1983) and NEWTON (1983) obtained, for the A188 and
KY21 lines on Normal cytoplasm, a Texas type migration of



the native mtDNA. The hypothesis of an initial association
of Texas and Normal mtDNA will be difficult to maintain if
the F7 line on Normal cytoplasm has a native mtDNA of the
Normal type. To check the hypothesis of mitochondrial
transmission by pollen, further studies will be made on F71,

the male line of the first cross made after mutagenic
treatment.
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