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Cytological Studies

Cytological comparisons of fertile sglections from gamma-irradiéted
T-type corn with male steriles, maintainers and restored steriles have not
shown consistent differences in cytoplasmic constituents. However, selec- |
tions of apical growing points from these lines are being reexaminéd for
the small circular mitochondria which were obserﬁed in the Tfsterile
cytoplasm (last year‘é progress report).

' Séveral different gterile cytoplasm corn lines and their fertility
.restored versions are being examined iﬁ thin sections for continuity of
and poassible paternal crénsmission of abncrmal mitochondria (elongated
and circular forms of mitochondriavdimaumpvlyin the 1972 and 73 progress

reports). Whether cytoplasmic steril.., :actors in 8=type corn are located

" in mitochoridria (Rhoades, 1950) is still to be determined. 1In this con-

nection receh; studies in Neurospora crassa are of interest. The abnormal-li
cytoplésmic mutant controlling slow my- ~'al growth in N. crassa has been |
assumed to reside in mitoqﬁondria (Diar arkos et al., 1965). Kuntzel,,
gg_gi,,,(i9753.haVe observed virus-lik articles in the mitochondria of

- abnormal~l and suggest these particles ppress normal growth and normal
respiration by infécting wild type mit ondria.

Cytological éomparisons of cytop] mic male sterile and maintainer

lines have been carried out on severa ipecies other than corn (petunia,

tobacco, éorgﬁum, Crota}aria mucronat sugar bcet, & lower, and Vicia
faba). With the exception of Vicia no éonsisFent differences in cytoplasmic
constituents have been observed wi;h either 1ight or elgctron wicroscepy.

In Vicia,léytoplasmic sterilé tissues contain spherical cytoplasmic
particles (previoqs progress :eporté) while the maintainers, if kept in

.1solation cages, do not contain such particles. The male sterility in

:
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' Vicia was assumed by .Bond et al. (1966) to be controlled by a seed trans-
mitted agent which they suggested might be a virus or defective virus. The
cytoplasnmic particles in Vicia faba resemble cytoplasmic pafticles in
Epilobium (Anton-lLamprecht, 1965, 1966, 1967), Tropoelum (Ie, 1971, 1972),
and Centaurea (Davey and Short, 1972). ‘Cytological studies and transmission
studies are continuing in Vicia faba in attempts to cotrelate‘the spherical

cytoplasmic particles with male sterility.

Fertilization

' Differences in the contribution of extranuclear nucleic acids by the
gametes and/or differences in their fate in the zygote form the basis
of non-Mendilian inheritance. Cytological studies of some gymnosperms
have shown that the embryo may contain only paternal mitochondria and plas-

tids (Biota orientalis, Chesnoy, 1969a,b), or ‘only maternal mitochondria

and plastids (Pinus laricio, Camefort, 196€), or a mixture of maternal

and paternal mitochondria and only paternal plastids (Larix decidua,

. Camefort, 1968a,b). In some angfosperms the embryc may also contain
¢

cytoplasmic components of different origins. On the basis of genetic

'

studies, biparental transmission of plastids has been demonstrated in

Hypericum perforatum, H. acutum, several Oenothera species, and in

Pelargonium zonale (Kirk and Tilney-Bassett, 1967). However, biparental
transmission of plastids is very rare in Epilobium species (Michaellg, 1954)
(Epilobium and Oenothera are members of the Onagraceae), and in many of the
Gramineae (Kirk and Tilney-Bassett, 1967).

Cytological and genetic atudiq? indicate that there is much to be learned
‘about the processes which pla;\ts use to maintain cytoplasmic organellzs at
optimal levels. They also indicate that different mechanisms have been

evolved for this maintenance.
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In Pelargonium zonale, in which biparental plastid transmission
occurs, Lombardo and Gerola (1968) observed many proplastids in the
generative cells. Lombardo and Gerola also report that tube cells contained
plastids, while generative cells of éevetal angiosperms contained mitochondria
but only in a few cases could proplastids be identified. We have encountered
a simiiar situation in generative cells of corn and Czotalaria mucronata.
Paternal plastids may not participate in zygote formation in some species
because they are somehow excluded from generative nuclel in the pollen.
Nilsson-Tillgren and von Wettstein-Knowles (1970) studies of ma;ernally
inherited white tobacco plastids, have shown through production of haploid.
plants from pollen, that paternal plastids are functional at the first pollen
mitosis. Most if not all the haploids were derived from the tube (vegetative)

cells of the pollen.

»

s
Genetic investigations and breeding studies in corn have shown that

vhatever the mechanisns conttollingiuntparental transmisgion of sterility
factors aight be, they ave stable and efficient. The "reversions" to

' fercility in some plants of T-type sterile single crosses (Rogers, 195%)
werevprnbabiy induced by restover genes in the pollen parvent (Tx173D) of
the single cross (previous progress reports). However, the appearance of
some fertile and pertially fertile plants in S-type sterile lines (Jones,
1956; Singh and Laughnan, 1972) may be the result of paternal transmission
of normul cytoplasmic factors into egg cells containing sterflity factors.
Some of the difficulty in “difficult to sterilize" cytoplasms in corn and
other species may result from occassional paternal transmission of cytoplasmic
factors. The control of such paternal tranamiseions of cytoplasmic factors
would not necessarily reside in the pollinators, but could reside in
.occasional breakdowns in the mechanisms excluding paternal cytoplaaﬁie

constituents in the egg or young zygotes.
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We have developed, I think,adequate skills in the techniques of
prepqring germinating pollen and unfertilized ovules for electron microscopy.
_ A large part of our cytological studiés have involved compariscns of egg
cells and ovules from sterile and maintainer lines of various species on
the assumption that whatever the loci and distribution of sterility factors
in the plant might be, the sterility factors will be in the egg cell.
Markers are ne:zessary for cytological studies of the fertilization process
in relation to cytoplasmic inheritance. We have obtained several kinds
of markers: Cytoplasmically inherited abnormal plastids in tobacco (Edwardson,
1965), petunia (Edwardson, unpubliished), sorghum (Karper, 1934), corn (Rhoadea;
1943), abnormal mitochondrie in corn, and spherical cytoplasmic inciusions
in Vicia faba., The use of the inclusions in ¥Vicla for studies of fertiliza-
tion is still impeded by cur inability to gzt seed set in this species.” The
major problem in utilizing the marker plastide for fertilization studies has
been the lack of or limired sectoring of the abnormal piastids in inflor-
escences. I think the production of larger populations will enable us to
select inflorescences and large sectors of infloreacences containing offly
abnormal plastids for reciprocal crosses with normals. Alsc, we have plantlets
developing from tobacco callus deri: d from variegated portions of stems and
petioles, Selecting yellow-green pla: :lest for grafts onto normals should
allow us to obtain yellow-green inflorescences for reciprocal crosses with
normals. We have requested, but not yet received, seed of a maternally
inherited mutant in tobacco which contains both cytologically abnormal
plastids and mitochondria. |

The modes of plastid transmission are of particular interest aince
plaaﬁidm have been indicated as the sites of cytoplasmic stérility factors
'dn Oenothera (Schwemmle et al., 1938; Stinson, 1960; Stubbe, 1964), and
in Epilobium (Michaelis, 1969). i
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The Datura Q-Virus

The effects of Datura Q-virus infection (Blakeslee, 1921, 2,b) for many
years were regarded as mimicing cases of cytoplasmid mele sterility. ﬁmmicry.
was assumed because the causal agent of the diseaze was graft-transmitted
(mechanical transmission trgils had been unsuccessful, and no vectors are
known). However, reports of gene-cytcplasm interaction controlled sterility
being graft-transmitted (Bianchi, 1967; Frankel, 1956, 1962; Curtis, 1967;
Edwardson and Corbett, 1961; Kinoshita, 1971) suggested that cytoplasmic
inheritance rather than virus infection might be involved in the Datura
Q-virus induced syndrome. Virus-like particles had not been observed in
gene-cytoplasm sterility controlling systems or in Datura Q-virus infected
- material. This was no doubt due in part to the absence of cytological
studies on Datura Q-infected tissuee. However, for an embarrassingly long
period of time my electron microscope investigations of Datura Q-virus
infected leaf tissues showed only the occaszional occurrence of fibrous
cytoplasmic inclusions which did not look like virus particles. We h32¥
been unable t; extract these fibers from infected tissues.

D. E. Purcifull and I cooperated in transmitting the Datura Q-virus to
Datura and other species by mechanical methods. Electron microscopy of
apical growing points.and young leaflets of Q-infected Datura stramonium
and tobacco has revealed the presence of aggregated small spherical vtt&n
particles often associated with fibrous inclusions. In Datura the virvs
particles are confined to the cytoplasm, in tobacco they occur in coth
cytoplasm and nuclei. Properties of tobacco streak virus described by
Fulton (1967, 1971) end Brunt (1968) suggested that the Datura Q-virus
and tobacco streak virus might be related. Electron microecopy of tobacco

streak virus infected tobacco and Datura stramoniuwas apical growing points
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and young leaflets show aggregated virus particles and f£ibrous inclusions
very,similar to those ianduced by the Datura Q-virus. Immunodiffusion
tests (in cooperation with D. £. Purcifull) show that antigens of the two

viruses give reactions of identity. The Datura Q-virus is a strain of

tobacco streak virus,

This work has been very satisfying. The Datura Q-virus has been rescued
from obscurity, it is not mentioned in recent textbooks on virology, some
puzzling aspects of the Q-virus syndrome have been clarified. We have
improved our eye and our technique in searching for this smsll spherical
virus. At present, small spherical viruses are not the most popular
candidates for cytological studies. One aspect of the cytological investi-
gat;ons of the Datura Q-virue is dismaying. The procedures of fixafion,
dehydration, embedding, sectioning, and staining which rendered the aggre-~
gated virus particles visible in growing points and young leaflets, did not
make the particles visible in leaf tissues exhibiting Q-virus symptoms.
Infective virus was present in these more mature leaves since such leaves
provided the source of inoculum in successful mechanical transmission «
trials. I assume that virus particles could not be distinguished from
ribosomes in theeg leaves, and that they could be detected in young
' tiaaﬁesﬁbecause they formed aggregates. This is not encouraging for cyto~
logical studies of some sterility factora which may reside in small spherical
virus-like particles, particularly if the particizs do not aggregate.

As a result of our experiences in studying various pathogens with the
electron microscope I am confident that we can detect sterility factorq re-
siding in unaggregated rickettsiss, mycoplasms, anisometric virus particles,
as w@ll.as isometric virus particles if they are larger thaﬁ 30 nm in

‘diameter. We have detected unaggregated pangola stunt virus particlas n
i )

.
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the cytoplasm of infected hosts, these particles have a diameter of about

70 nm (Schank and Edwardson, 1968; Schank et al. 1972).

Mutzanf:s Controlling Resistance to Helminthosporium maydis

Miller and Koeppe (1971) reported that the H. maydis pathotoxin induced
marked swelling and loss of phqsphorylat::lﬁg ability in isolatad T-aterile .
corn mitochondria. They suggested the toxin might adversely affect
mitochondria in living t:l.ésue. However, Arntzen et al. (1973) have con~
cluded that mitochondria in living tissue are not the primary site of the
pathotoxin's action. We are attempting to obtain from T-type corn lines
mutants controlling resistance to race-T of H. maydis. Irradiation, and
chemical mutagens are being applied to T-sterile corn to induce mutations

in cytoplasizic factors controlling suaceptibility to H. maydis; June |
| varieties (from which the orig:'l.nal.'r-cytoplasq: was selected) are being
examined for resistance to H. maydis, !

In previous progress reports selectiona from gamma irradiated T-
sterile corn have been described which are as resistant to H. m_iﬁtec;
tion as are corn lines in normal cytoplasm and as fertile as normal corn
lines. The fertile-resia;ant selections have been outcrossed on T-stér:l.lé
lires. The completely male sterile-susceptible progeneis obtained from
these crosses attimgl.y indicate that cytoplasmic rutation(s) have been
induced rather than puclear mutations involving genes controlling H.
maydis reaiatancc‘. or fertility restoration., Whether it ias possible to
alter cytoplasmic susceptibility to H. maydis without altering cytoplasmic
T-sterility is unknown but we hope to obtain such alterations from mta.gen

treatuents and from selections in T-cytoplasm populations. The induction

of cytoplasmic male sterility 'by X-irradietion has been reported in tomato



'Mf"(Lindstrom, 1933), and by gamma irradiation in sugar beet (Kinoshita

.C and Takahashi,’1966; Kino;hita and Nagao, 1968; Kinoshita, 1971). The loci

'5of the mutated cytoplﬁsmic factors are not krown in any of these cases. The
inducfion of maternally inherited plastid abnormalities, has been reported

~fr0m'XP1rrat1atioﬁ tteatmentﬁ of‘Arabidogsia thaliana (1962).
Ancther épproach to obtéining~cytop1asmic male sterility and resistance
to H. maydis is the application of mutagens to corn lines containing normal

.- cytoplasm. The different type; of‘cytoplasmig'male sterility in corn presuma-
bly originated in normal cytoplasm through ini%ections9 or more likely

' through mutations in cytoplasmic nﬁcleic acids. Various chemical mutagens
have been reported to induce mutations in nucleic acids of cytoplasmic .

.organelles: Plastid mutations have been induced in Euglena with N-methyl=-

| N—nitro-N-nitrSsOguaniding {McCalla, 1965), and witﬁ nalidixic acid (Ebringer,
‘1970), and in Chlamydomonas with ethidium bromide (Flechtnex and Sager, 1973);
Eﬁhidium bromidg ﬁas also been reported to induce mutations in yeast
mitochondria (Goldring et al., 1970). In angiosperms maternally inherited

" plastid mutatfions have been induced in tobacco (Dulieu, 1967) and petufia
(Cornu, 1570) with ethyl mcthane sulfonate, and in Oenothera (Kutzelnigg,
1972) with N-methyl-N-nitro-N-nitrosoguanidine.

We have been treating seed of T-sterile inbreds (Fla F6T, Fla F44T)
and their normal counterparta‘tFla F6, Fla F44) with.N-methyIQN—nitro—N;

" nitrosoguanidine, nalidixic acid, ethidium bromide, and ethyl methane
gsulfonate. Since Fla F44 restores fertility to most of the sterile cytoplasm
accessions we assume that induced steriles would probably by T-type. Progeny
of partially male sterile and tasselless Fla F44 plants treated with efhyl
methane sulfonace produced normal offspring. The progeny of Fla F&44 s;erile

(ethidium bromide treated) X Fla F44 control will be studied for transmission
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of sterility. Progeny of all treated lines are being observed for alterations
in fertility (Fla F6, Fla F44) and susceptibility to H, maydis (Fla F6T,

Fla F44T) in the treated, Sl, and Bgl generations. We plnn to increese

‘the numbers of treated seed,.and the size of the S1 and BC1 progenies

in order to increase our chances' of detecting cytoplasmic factor mutations.‘

Other Studies

Studies of the inheritance of dominant nuclear male sterility genes
and their suppressors in S-cytoplasm corn‘are continuing. The effect of
dominant sterility genes in EX (Eerly King) and PS (Pride of Saline)
cytoplasms will be studied since those types of cytoplasm appear to be similar
to the S-type.. hsexval transmission of cytoplasmic male steriiity factors

is being attempted in sterile-maintainer graf:¢s in sunflower.

Present Stete of Knowledge

Cytoplasmic male sterility is beilng used, or has the potential for being
used to exploit heterosis in a large number of plant species. The inheritance
of fertility restoration is well understood in a majority of these species.
However, location of the cytoplasmic sterility factors,'their transmission,
and the mechanisms under their control are not at all well understood. N

In T-cytoplasm corn there exist cytoplasmic factors which govern suscepti-

bility to race-T of Helminthosporium maydis, but whether these factors are
the sterility factors or different factors is unknown. The existance of
cytoplasmic factors controlling susceptibility to infection is a very

important problem for plant breeders. pathologists, and geneticists.



The very basis of cytoplasmic inheritance are the mechanisms controlling
uniparental transmission of cytoplasmic organelles. These mechanisms are
not known or not well understood in the great majority of angiosperms.

There is evidence that cytoplasmic sterility factors in some species

{petunia, sugar béet, sunflower, Vicia faba) are not lccated iﬁlorganelles,
’however; little is known about the nature of these factors, théir location
in the cytoplasm or the mechanisms which exclude them from being pollen trans-
mitted.

There is a great need for additional information which could lead to
better understanding of what we are working with in breeding programs, and
of what cytoplasmic inhéritanéé inQolves at the cellular level as well as

f

in the developing plant.

The present division of federal support for my overall research program

$§7,540 from the Atomic Energy Commission under contract
#AT~ (40-1)-2583 for the period February 1973 to February
1974, '

; and <
$12,000 . from USDA-CSRS grant 177-15-02, Breeding for resistance
to southern corn leaf blight. (Investigators - E. S. Horner and
J. R. Edwardson) June 1973 to June 1974.
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