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Cytological Studies 

Cytological comparisons of fertile selections from gamma-irradiated 

T-type corn with male steriles, maintained and restored steriles have not 

shown consistent differences in cytoplasmic constituents. However, selec-

tions of apical growing points from these lines are being reexamined for 

the small circular mitochondria which were observed in the T-sterile 

cytoplasm (last year's progress report). 

Several different sterile cytoplasm corn lines and their fertility 

restored versions are being examined in thin sections for continuity of 

and possible paternal transmission of abscrsal mitochondria (elongated 

and circular forms of mitochondria in the 1972 and 73 progress 

reports). Whether cytoplasmic sterile/ ^ctore in S-type corn are located 

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

nection recent studies in Neurospora crassa are of Interest. The abnormal-1 

cytoplasmic mutant controlling slow myr al growth in N. crassa has been 

assumed to reside in mitochondria (Diar arkos et al., 1965). Kuntzel^ 
/ 

et al., (1973) have observed virus-lik 'articles in the mitochondria of 

abnormal-1 and suggest these particles ippress normal growth and normal 

respiration by infecting wild type mit londria. 

Cytological comparisons of cytop3 mic male sterile and maintainer 

lines have been carried out on severs -.pedes other than corn (petunia, 

tobacco, sorghum, Crotalaria mucronat sugar beet, e Lower, and Vicia 

faba). With the exception of Vicia no consistent differences in cytoplasmic 

constituents have been observed with either light or electron microscopy. 

In Vicia9 cytoplasmic sterile tissues contain spherical cytoplasmic 

particles (previous progress reports) while the maintalners, if kept in 

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



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 

cytoplasmic particles in Vicia faba resemble cytoplasmic particles in 

Epiloblum (Anton-Lamprecht , 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 correlate the spherical 

cytoplasmic particles with male sterility. 

Fertilization 

Differences in the contribution of extranuclear nucleic acids by tfce 

gametes and/or differences in their fate in the zygote form the basis 

of non-Mendillan inheritance. Cytological studies of some gymnosperms 

have shown that the embryo may contain only paternal mitochondria and plas-

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

and plastids (Pinus larlcio. Camefort, 1966), or a mixture of maternal 

and paternal mitochondria and only paternal plastids (Larix decidua. 

Camefort, 1968a,b). In some angioaperme the embryo nay aleo contain r 

cytoplasmic components of different origins. On the basis of genetic 

studies, biparental transmission of plastids has been demonstrated in 

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

Pelargonium zonale (Kirk and Tllney-Bassett, 1967). However, biparental 

transmission of plastids is very rare in Epilobium species (Michaelis, 1954) 

(Epilobium and Oenothera are members of the Oaagraceae), and in many of the 

Gramineae (Kirk and Tilney-Bassett, 1967). 

Cytoioglcal and genetic studies indicate that there is much to be learned 

about the processes which plants use to maintain cytoplasmic organelles at 

optimal levels. They also Indicate that different mechanisms have been 

evolved for this maintenance. 



1(1 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 

plastlds, while generative cells of several anglosperms contained mitochondria 

but only in a few cases could proplaatlds be identified. We have encountered 

a similar situation in generative cells of com and Crotalaria mucronata. 

Paternal plastids may not participate in zygote formation in some species 

because they are somehow excluded from generative nuclei in the pollen. 

Nilsson-Tillgren and von Wettstein-Knowles (1970) studies of maternally 

inherited white tobacco plastids, have shown through production of haplold 

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. 
/ 

Genetic investigations and breeding studies in corn have shown that 

whatever the mechanisms controlling uniparental transmission of sterility 

factors Right be, they are stable and efficient* The "reversions" to 

fertility in ,aome plants of T-type sterile single crosses (Rogers, 195$) 

were probably Induced by restover genes in the pollen parent (TS&73D) of 

the single cross (previous progress reports). However, the appearance of 
* 

some fertile and partially fertile plants in S-type sterile lines (Janes, 

1956; Singh and Laughnan, 1972) may be the result of paternal transmission 

of normal cytoplasmic factors into egg cells containing sterility factors. 

Soma of the difficulty in "difficult to sterilize" cytoplasms in com and 

other species nay result from occassional paternal transmission of cytoplasmic 

factors. Th® control of such paternal transmissions of cytoplasmic factors 

would not necessarily reside In the pollinator*, but could reside in 

occasional breakdowns in the mechanisms excluding paternal cytoplasmic 

constituents in the egg or young zygotes* 
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We have developed, I think,adequate skills in the techniques of 

preparing germinating pollen and unfertilised ovules for electron microscopy. 

A large part of our cytological studies have involved comparisons of egg 

cells and ovules from sterile and maintainer lines o£ various species on 

tha 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 necessary for cytological studies of the fertilization process 

In relation to cytoplasmic inheritance. We have obtained several kinds 

of markers: Cytoplasmlcally inherited abnormal plastids in tobacco (Edwardson, 

1965), petunia (Edwardson, unpublished)t sorghum (Karper, 1934), corn (Rhoades, 

1943), abnormal mitochondria in corn, and spherical cytoplasmic inclusions 

in Vicia faba* The use of the inclusions in t'icla for studies of fertiliza-

tion is still Impeded by our inability to gat seed set in this species.* The 

major problem In utilizing the marker plaatlds for fertilisation studies has 

been the lack of or limited sectoring of the abnormal plastids In inflor-

escences. I think the production of larger populations will enable us to 

select inflorescences and large sectors of inflorescences containing offly 

abnormal plaatids for reciprocal crosses with normals. Also, we have plant lata 

developing from tobacco callus deri 4 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 since 

plastid have been Indicated as the sites of cytoplasmic aterllity factors 

'in Oenothera (Schwemmle et al*, 1938; Stlnson, 1960; Stubbe, 1964), and 

in Epilobium (Michaells, 1969). tf 
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The Datura Q-Virus 

The effects of Datura Q-virus infection (Blakeslee, 1921, s,b) for many 

years were regarded as mimlcing cases of cytoplasmic m*le sterility. Mimicry, 

was assumed because the causal agent of the disease was graft-transmitted 

(mechanical transmission trails had been unsuccessful, and no.vectors are 

known). However, reports of gene-cytoplasm 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-vlrus induced syndrome. Virus-like particles had not been observed in 

gene-cytoplasm sterility controlling systems or in Daitura Q-virus Infected 

material. This was no doubt due in part to the absence of cytologlcal 

studies on Datura Q-infected tissues * However, for an embarrassingly long 

period of time my electron microscope investigations of Datura Q-virus 

infected leaf tissues showed only the occassional occurrence of fibrous 

cytoplasmic inclusions which did not look like virus particles. We have 

been unable to extract these fibers from Infected tissues* 

D. E. Furcifull and I cooperated in transmitting the Datura Q-vlrus to 

Datura and other species by mechanical methods. Electron microscopy of 
4 

apical growing points.and young leaflets of Q-infected Datura stramonium 

and tobacco has revealed the presence of aggregated small spherical virus 

particles often associated with fibrous inclusions. In Datura the virus 

particles are confined to the cytoplasm, in tobacco they occu£ in eoth 

cytoplasm and nuclei. Properties of tobacco streak vims described by 

Fulton (1967, 1971) and Brunt (1968) suggested that the Datura Q-virus 

and tobacco streak virus might be related. Electron microscopy of tobacco 

streak virus infected tobacco and Datura stramonium apl«al growing points 



and young leaflets show aggregated virus particles and fibrous inclusions 

very.similar to those Induced by the Datura Q-vlrus. 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 sm#ll spherical 

virus. At present, small spherical viruses are not the most popular 

candidates for cytological studies. One aspect of the cytological investi-

gations of the Datura Q-virus la dismaying. The procedures of fixation, 

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 these leaves, and that they could be detected in young 

tiseties because they formed aggregates. This la not encouraging for cyto-

logical studies of some sterility factora which may reside in small spherical 

virus-like particles, particularly if the particle 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 factora re-

siding in unaggregated rickettslaa, mycoplasma, anlaometrlc virus particles, 

as well as Isometric virus particles if they are larger than 30 am in 

' dlaaater. Wc have detected unaggragatad pangola stunt virua particlas in 



the cytoplasm of Infected hosts, these partlclea have a diameter of about 

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

Mutants Controlling Resistance to Helmlnthosporlum maydls 

Miller and Koeppe (1971) reported that the H. mavdls pathotoxln Induced 

marked swelling and loss of phosphorylatlng ability in isolated T-oterile . 

corn mitochondria» They suggested the toxin might adversely affect 

mitochondria in living tissue. However, Arntzen et al. (1973) have con" 

eluded that mitochondria in living tissue are not the primary site of the 

pathotoxln1 s action*. We are attempting to obtain from T-type corn lines 

mutant8 controlling resistance to race-T of H. maydis. Irradiation, /and 

chemical mutagens are being applied to T-sterile corn to induce mutations 

in cytoplasmic factors controlling susceptibility to H. maydis; June 

varieties (from, which the original T-cytoplasm was selected) are being 

examined for resistance to H. maydis. 

In previous progress reports selections from gamma irradiated T-

sterlle corn Jiave been described which are aa resistant to H. maydis infec-

tion as are corn line8 in normal cytoplasm and as fertile as normal corn 

lines. The fertile-resistant selections have been outcroaaed on T-sterile 

lines. The completely male sterile-susceptible progenels obtained from 

these crosses strongly Indicate that cytoplasmic mutation(s) have been 

induced rather than fiuclear mutations involving genes controlling H. 
* 

maydis resistance or fertility restoration. Whether it la possible to 

alter cytoplasmic susceptibility to H. maydis without altering cytoplasmic 

T-sterility la unknown but wa hope to obtain such alterations from mutagen 

treatments and from selections in T-cytoplasm populations. The Induction 

of cytoplasmic mala sterility by X-lrradletlon has ba«n reported in tomato 



(Lindstrom, 1933), and by gamma Irradiation in sugar beet (Klnoshita 

and Takahashi, 1966$ Kinoshita and Nagao, 1968; Kinoshlta, 1971). The loci 

of the mutated cytoplasmic factors are not known in any of these cases. The 

Induction of maternally inherited plastld abnormalities, has been reported 

fromX-irratiatioii treatments of Arabidopala thaliana (1962). 

Another approach to obtaining cytoplasmic male sterility and resistance 

to H. maydis is the application of mutagens to corn lines containing normal 

cytoplasm. The different types of cytoplasmic male sterility in corn presume-
i 

bly originated in normal cytoplasm through infections„ or more likely 

through mutations in cytoplasmic nucleic 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-nitrosoguanidine (McCalla, 1965), and with nalidixic acid (Ebrlnger, 

1970), and in Chlamydomonas with ethidium bromide (Flechtner and Sager, 1973); 

Ethldium bromide has also been reported to Induce mutations in yeast 

mitochondria (Goldring et. al.» 1970). In anglosperms maternally inherited 

plastld mutations have been Induced in tobacco (Dulieu, 1967) and petuftla 

(Cornu, 1970) with ethyl methane sulfonate, and in Oenothera (Kutzelnigg, 

1972) with N-methyl-N-nitro-N-nitrosoguanidine. 

We have been treating seed of T-sterile lnbreds (Fla F6T, Fla F44T) 

and their normal counterparts (Fla F6, Fla F44) with N-methyl-N-nitro-N-

nitrosoguanidine, nalidixic acid, ethidium bromide, and ethyl methane 

sulfonate. 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 ethyl 

methane sulfonate produced normal offspring. The progeny of Fla F44 sterile 

(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, S^, and B ^ generations. We plan to Increase 

the numbers of treated seed, and the size of the S^ and BC^ 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 EK (Early King) and FS (Pride of Saline) 

cytoplasms will be studied since those types of cytoplasm appear to be similar 

to the S-type. Asexual transmission of cytoplasmic male sterility factors 

is being attempted in sterile-maintainer grafts in sunflower. 
i 

Present State of Knowledge 

Cytoplasmic male sterility is being used, or has the potential for b&ing 'C 

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.. 

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. 
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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 beet, sunflower, Vicia faba) are not located in organelles, 

however, little is known about the nature of these factors, their 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 inheritance involves at the cellular level as well as 
i 

in the developing plant. 

The present division of federal support for my overall research program 

is: 

$7,540 from the Atomic Energy Commission under contract 
#AT-(40-1)-2583 for the period February 1973 to February 
1974, and c 
. <f 
$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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