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Preface

In the last few years, powerful new DNA, RNA, and protein technologies
have been introduced. Combined with a refined genetic analysis, these
technologies have promoted rapid developments in the investigation of
the mitochondrial genome in a variety of organisms and have placed this
system at the forefront of modern biological research. The Mitochondrial
Genes meeting held at Cold Spring Harbor Laboratory in May 1981 tes-
tified to the extraordinary progress made in the understanding of the
mitochondrial genetic system since the discovery, about 30 years ago, of
the yeast ‘‘petite’’ mutation by Boris Ephrussi, to whom this book is
dedicated, and his collaborators.

The 47 papers included in this volume cover a wide range of topics,
including the mitochondrial genetic code, mitochondrial DNA replication,
gene organization and expression, nuclear-mitochondrial interactions, and
evolution of mitochondrial DNA. It thus provides a comprehensive ac-
count of the current knowledge concerning mitochondrial genes and a
perspective of future directions of research in the field.

We wish to thank the National Institutes of Health and the National
Science Foundation for financial support of the meeting and to acknowl-
edge the invaluable help of Gladys Kist and her staff in organizing the
meeting. We also thank Nancy Ford, Director of Publications, Chris No-
lan, Dorothy Brown, and Annette Kirk for their expert and patient col-
laboration in the editing of this book. Finally, we gratefully acknowledge
the interest and enthusiastic support of James Watson.

P. Slonimski
P. Borst
G. Attardi
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Boris Ephrussi and the Early Days of
Cytoplasmic Inheritance in
Saccharomyces

Herschel Roman
Department of Genetics, SK-50
University of Washington
Seattle, Washington 98195

This volume on mitochondrial genes is dedicated to the memory of Boris
Ephrussi,' whose pioneering investigations of cytoplasmic inheritance in
yeast set the stage for what is now a rapidly expanding area of molecular
biology. 1 was fortunate to spend 1952-1953 in his laboratory, when he
and his students were preoccupied with understanding the petite mutation,
so called because its small-colony phenotype was expressed when mutant
cells were grown on solid medium. The small size was due to a respiratory
deficiency of the mutant cells. One of the students, Piotr Slonimski, con-
cerned himself with the biochemistry of the petite mutation while Ephrussi
was working out the genetics and physiological aspects of petiteness—the
same Piotr Slonimski who is an editor of this volume. He and his collab-
orators have been the principal contributors to the theory of the structure
and function of yeast mitochondrial DNA (mtDNA) and of its relation to
petiteness.

INHERITANCE OF THE PETITE PHENOTYPE

The first evidence that the original petite mutation was cytoplasmic in its
inheritance was reported in 1949 (Ephrussi et al. 1949b). Mutant cells,
when mated with normal cells, gave a normal diploid; upon sporulation,
this diploid produced asci in which all four spores were generally normal.
Repeated backcrosses to the mutant gave the same result. Thus, since a
2:2 segregation would be expected if the mutation were nuclear in origin,
it was concluded that the mutation was in fact cytoplasmic.

The petite story is an example of the unexpected discovery and the
logical analysis of its meaning. When he began working with yeast,
Ephrussi chose the bactericidal agent acriflavine as a possible specific
mutagen because of its known interaction with nucleic acid. His expec-
tation was realized when the preliminary experiment revealed that acri-
flavine induced in growing cultures a massive transformation to the petite

'Ephrussi made significant contributions in three quite separate areas of research. For a
summary of his principal achievements, see Roman (1980).
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state; i.e., most of the cells, when plated on solid medium, exhibited the
small-colony phenotype. The high rate of mutation was surprising, as was
the stability of the mutant: It did not revert to the normal phenotype.
These were unusual characteristics for a gene mutation; so too was the
fact that the small-colony phenotype occurred spontaneously with an
unusually high frequency compared with those of known gene mutations
in other organisms. It was fortunate that the yeast was capable of growing
on either fermentable or nonfermentable substrates. Otherwise, of course,
the petite mutations would have been lethal. Thus, the first impression
was either that acriflavine was an unusual mutagen or that the petite
mutation was exceptional (Ephrussi et al. 1949a). The petite mutation was
thought to result from a loss of autoreproducing cytoplasmic particles
(Ephrussi et al. 1949b). It was further hypothesized that these particles
may be identical with the large cytoplasmic granules carrying cytochrome
oxidase and corresponding to mitochondria (Slonimski and Ephrussi
1949).

The fact that the petite phenotype disappeared in the diploid in matings
with normals and did not reappear in the haploid progeny was itself quite
fortuitious. Ephrussi et al. (1955) found another type of petite, indistin-
guishable in ordinary tests from the first, that in matings with normals
gave diploids in which the frequency of petites, although more or less
specific for a given parentage, varied over a wide range and sometimes
approached 100%. This type of petite was called suppressive, since the
normal phenotype was suppressed when the two were mated. The results
obtained in crosses with a suppressive petite were quite different from
those obtained with a neutral petite, as the first type came to be called.
Thus, the interpretation of the results of crosses would not have been as
straightforward if a suppressive petite had been encountered at the start.

The paper citing genetic evidence in favor of the cytoplasmic nature of
the petite (Ephrussi et al. 1949b) was met with a certain reserve. There
were several reasons for this lack of appreciation. First, yeast was un-
familiar to geneticists, and its rules of inheritance were suspect. Gene
conversion was a controversial issue that added to the idea that yeast was
not a reliable genetic organism. Second, cytoplasmic inheritance itself
was regarded as an oddity, being confined to such examples as plastids
in plants and the killer factor in Paramecium (see Ephrussi 1951). Third,
it was thought by many that the cytoplasm was under the control of the
nucleus and that all phenomena attributed to cytoplasmic inheritance
could be explained if the actions of nuclear genes were fully understood.

The next important finding in yeast that bore on the nucleus/cytoplasm
argument was again made in Ephrussi’s laboratory (Chen et al. 1950) with
the discovery of a spontaneously occurring petite that proved to be the
result of a nuclear gene mutation. A mating between this petite and a
normal cell gave a normal diploid which, upon sporulation, gave the two
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phenotypes in the 2:2 ratio expected of Mendelian segregation. Moreover,
when the segregational petite was mated with the neutral petite, the en-
suing diploid was normal in phenotype and the asci again exhibited the
2:2 segregation. This was interpreted to mean that the neutral petite bore
a wild-type nuclear gene and was defective in its cytoplasm, whereas the
segregational petite was mutant for the wild-type gene but carried the
normal cytoplasmic factor. The diploid from the mating was therefore
heterozygous for the mutant gene and had a normal cytoplasm.

THE SUPPRESSIVE PETITE

The third and last petite phenotype that was found in Ephrussi’s laboratory
was the suppressive petite (Ephrussi et al. 1955) referred to earlier. When
matings were made between the suppressive petite and a normal and the
diploid cells were sporulated immediately, asci of two types were ob-
tained: those for which the four spores gave rise to cultures that were all
normal and those which produced cultures that were all petite. When the
diploids were grown for several generations, only asci of the first type
were obtained.

It was first considered that the suppressive petite consisted of two types
of cells, those which were like the neutral petite and those which were
100% suppressive, i.e., totally efficient in replacing the normal cyto-
plasmic factor. This hypothesis could account for the sporulation results
if it were assumed that the suppressive factor took some time in replacing
the normal factor. Thus, some diploid cells still had the capacity for
sporulation (petite diploids do not sporulate) but produced only petite
spore cultures. A simple test showed that this hypothesis was wrong. On
plating a petite that was 50% suppressive, one would expect to obtain
50% neutrals and 50% total suppressives. This proved not to be the case.
Instead, subcloning a suppressive petite gave again the same average
amount of suppressiveness but, in addition, gave an array of subclones
with different degrees of suppressiveness (Ephrussi and Grandchamp
1965; Ephrussi et al. 1966). It became obvious that, although there were
three general classes of petites—the nuclear, the neutral, and the sup-
pressive—all with identical phenotypes as determined by the methods
then available, there was in fact a much larger number, if the different
degrees of suppressiveness are evidence of different molecular (DNA)
explanations. One such explanation is given for a highly suppressive strain
by Blanc and Dujon (1980). (It also became clear that a large number of
nuclear genes can mutate to produce a respiratory-deficient phenotype
and that several of these mimic the cytoplasmic petite.)

Itis a curious fact that even in the later papers (cited above) by Ephrussi
and his collaborators, no mention is made of mtDNA as a possible site
of the petite mutation. Although he could not have been oblivious of the



