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VARIATION IN, AND THE EFFECTS OF 
VITAMINS ON VERTICILLIUM ALBO -ATRUM 

Introduction 

Verticillium albo -atrum Reinke and Berthold is a filamentous 

fungus without any known sexual mechanism in its life cycle. It 

reproduces by producing conidia which may germinate and form new 

colonies. Certain strains produce multicellular, heavy- walled 

bodies called microsclerotia. 

Black pigment in Verticillium is commonly associated with 

microsclerotia, but the hyphae of certain isolates may contain 

black pigment also. Microscopic examinations of at least 30 

cultures of the isolates used in this study revealed black pigment 

only in microsclerotia or in the chains of spherical cells which 

precede microsclerotia. Thus, in this thesis a report of black pig- 

ment implies the presence of microsclerotia or their forerunners 

or both. Becker (1) stated that the pigment responsible for the 

black color was melanin in the one strain he analyzed. 

Microsclerotia may serve as resistant structures and thus 

enhance the survival of the fungus during adverse conditions. 

The fungus can survive long periods of time, (up to five years 

at least) in fallow soil (13 p. 167). It attacks a wide range of 

crop plants including mint, potatoes, and tomatoes and causes a 

severe wilt -type disease. No generally effective controls for this 

disease are known. Breeding for resistance is difficult due to 

lack of host specificity. Crop rotation and other cultural con- 

trol procedures are unsatisfactory because of the ability of 
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microsclerotia to survive in soil for many years. Effective 

chemicals are too expensive for general use at the rates required. 

A better understanding of the physiology of the organism 

particularly with regard to differentiation of microsclerotia, 

should aid in the development of suitable control programs. It 

was thought that differences in pigment and microsclerotia pro- 

duction between different strains of Verticillium albo -atrum 

were possibly due to effects of vitamins. Therefore, studies of 

the vitamin requirements of the organism were initiated. But in 

spite of strenuous efforts to prevent it, a high degree of variation 

in pigment production occurred during each experiment. 

Efforts were then directed to an investigation of variability 

in Verticillium albo- atrum. Effects of light and dark, various 

temperatures, and liquid and solid media were examined and cor- 

related with the age of the cultures. The possibility that het - 

erokaryosis and the parasexual cycle caused the observed varia- 

tion were investigated. 
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Literature Review 

Variation in Imperfect Fungi 

Mutation, sectoring, and saltation are terms often used to 

describe variation in imperfect fungi. Numerous workers have 

studied variation in Verticillium albo- atrum. They distinguished 

variant types on the basis of morphological characteristics such 

as conidia size, conidia number, pigmentation, and the presence or 

absence of aerial mycelium. Heritable variation should be dis- 

tinguished from the temporary variation due to environment. The 

variation discussed in this thesis is of the heritable type. 

Mechanisms of Variation 

Buxton (2) listed heterokaryosis, the parasexual cycle, and 

adaptation as mechanisms causing variation in imperfect fungi. 

Other possible mechanisms include mutation and chromosomal aberra- 

tions, and cytoplasmic inheritance. 

Heterokaryosis 

Hansen (8) accounted for the "dual phenomenon" in imperfect 

fungi by stating that many fungi exist in nature in a hetero- 

karyotic condition. When a heterokaryotic colony produces uninucleate 

spores, two distinct offspring types will result. Bi- or multi - 

nucleate spores containing two nucleus types will exhibit inter- 

mediate characteristics. Of 183 isolates of Verticillium albo -atrum 

tested by Hansen, 92 proved to be dual and therefore heterokaryotic. 
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Parasexual cycle 

The parasexual cycle (15) consists of the fusion of two unlike 

haploid nuclei in somatic mycelium, mitotic cross -over in the 

diploid nuclei and vegetative haploidization of the diploid nuclei 

resulting in new strains. The fusion of haploid heterokaryotic 

nuclei to form a diploid occurs approximately 1:1 million, the cross- 

over nuclei produced by diploid nuclei about 1:500, and the vege- 

tative haploidization of the diploid nuclei 1:1,000. Pontecorvo 

emphasized the idea that the preceding calculations are crude estimates. 

He had studied four species (Aspergillus Tiger; Pencillium chryso- 

genum; Fusarium oxysporum; Aspergillus nidulans) and found the para- 

sexual cycle in each one. He stated that "the amount of recombina- 

tion occuring through the parasexual cycle is about 500 times 

smaller than that through the sexual cycle ". (p. 125) This state- 

ment minimizes the importance of the parasexual cycle in fungi. Con- 

trarily, he said "it is easy to see that a small shift in the equilibrium 

in favour of diploids, and a small increase in the rate of mitotic 

recombination, can make the contribution of the parasexual cycle 

as important as that of the sexual cycle in terms of the amount of 

recombination it yields ". (p. 125 -126) 

Hastie (9), working with nutritionally deficient mutants of 

Verticillium albo -atrum found that after crosses were made all the 

original mutant phenotypes could be recovered indirectly from a 

single spore. He felt that there was a high probability of the spore 

being uninucleate and consequently that it was heterozygous. Hastie 

inferred that this was an example of the parasexual cycle in Verticillium. 
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Adaptation 

Buxton (2) classified adaptation as adjustments toward toler- 

ance of toxins, the acquiring of ability to use new materials, and 

the acquiring or losing of pathogenicity. The production of an 

enzyme in the presence of the needed substrate, random mutations, 

or specific mutations caused by substances may cause adaptation. 

It appears that adaptation is either the expression of an inherent 

character under favorable conditions or mutation followed by 

selection. Classification as a separate mechanism of variation may 

not be warrented. 

Mutation 

Mutation can be defined as a change in genes or chromosomes of 

an organism to produce new characteristics that are hereditary. 

i 

(18 p.226 -227) Mutation in imperfect fungi has not been shown 

cytologically, but Robinson, Larson and Walker (19) induced variation 

in Verticillium by irradiating spore suspensions with ultraviolet 

o 
light of 2750 A wave length. They used an irradiation time that 

allowed about 30% spore survival. Hastie (9) also induced variation 

in Verticillium with ultraviolet light. In both of these instances 

the workers referred to the variant types as mutants. 

Cytoplasmic Inheritance 

One other possible mechanism of variation is change in cytoplasmic 

factors. Ephrussi (6) discussed "cytoplasmic heredity" in several 

fungi. One example is given of Neurospora crassa in the mating of 
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"poky" and normal types. "If the protoperithecial (female) parent 

is 'poky', all ascospores give rise to 'poky' mycelia; if it is 

normal, all ascospores produce normal mycelia ". (p.96) There is 

little chance of demonstrating this type of cytoplasmic inheritance 

in Verticillium because no sexual state is known for Verticillium. 

Morphological Expressions of Variation 

In Verticillium albo-atrum 

Pegg (14) noted that normally pigmented colonies often become 

hyaline after frequent sub -culturing. He stated that it is difficult 

to induce a changed strain to again produce dark pigment, but that 

culturing on potato dextrose agar is sometimes successful. Isaac (10) 

stated that once the ability to produce dark pigment is lost, no 

medium that he used would induce further production. Robinson, 

Larson and Walker (19) said none of their white isolates ever produced 

any dark variants. 

On the other hand, not all workers reported the loss of ability 

to produce black pigment in their cultures. Presley (16) reported 

that his cultures retained their characteristics through many transfers 

except that new sectors occurred. 

Gauger (7) found that four distinct morphological colony types 

arose from his monosporic isolates. Microsclerotia production, 

r?mucoid" growth habit, conidia production, and the presence or absence 

of aerial mycelium distinguished these types. His results indicate 

that white types can produce black variants. 

Presley (17) stated that "new biotypes frequently arise in culture 

as sectors or patch variants ". He also mentioned four main culture 
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types based on the presence or absence of m-i.crosclerotia and 

aerial mycelium. The wild type produced all other types. 
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Methods and Materials 

Organism 

Two cultures of Verticillium albo -atrum Reinke and Berthhold 

were used: isolate 24 from sugar beet, received from J.D. Menzies, 

Prosser, Washington, and isolate 62 from peppermint, received from 

C.E. Horner, Oregon State University, Corvallis. 

Isolate 62 was used in the first vitamin experiment and 24 was 

used in all the other research. Two strains of isolate 24 used in 

the variation studies are designated throughout this paper as the 

parent black type and as the white type. The parent black type 

produces abundant black pigment and microsclerotia while the 

white type produces none. 

Media 

Three media were used (Table 1). In the vitamin experiments, 

the various vitamins were added to a glucose nitrate basal medium. 

The other media were used in variation experiments. 

Liquid sucrose -yeast extract medium was the same as sucrose - 

yeast extract agar, but had no agar. 

Solutions one and two of the sucrose -nitrate medium were 

autoclaved separately to prevent precipitate formation. After 

cooling they were combined. 

The glucose nitrate basal medium was boiled for five minutes 

with 12.5 grams of acid washed activated charcoal (Norit A) to 

eliminate impurities, filtered through Whatman #1 paper, and allowed 

to cool before the microelement solution was added. 
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Table 1. Media 

sucrose -yeast extract sucrose -nitrate minimal glucose - 
nitrate 

sucrose 20.0 g. 

yeast extract --3.0 

KH2PO4 

K2H PO4 

2.5 

2.5 

Bacto- agar - -- -20.0 

distilled 
H20- --1000 ml. 

Solution 1 
sucrose -- -20.0 g. 

KNO3 3.0 

MgSO47HOH -0.5 

*Microelement 
--2.0 ml. 

distilled HOH 
--500 ml. 

Solution 2 
K2HPO4 - --1.0 go 

distilled H2O 
-- 

glucose----10.0 g. 

KNO3 
3 

3.0 

MgSO4.7HOH--0.5 

KH2PO4 2.0 

*Microelement 

distilled H2O 
ml. ml . 

-` Fe(NO3)3.9H20, 723.5 mg.; ZnSO4.7H2O, 439.8 mg; 

MnSO4.4H20,203 mg. Dissolve in 6001T1 distilled 

water, clear with c.p. sulfuric acid and make to 

1 liter with distilled water. (12 p.421) 

2.0 ml. 

- - - -- 
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All chemicals excluding agar and C.P. H2SO4 were reagent 

grade. Agar used in the minimal medium was Difco "purified" and 

that used in other work was Difco "bacto- agar ". Agar media used 

in bottles were allowed to solidify while the bottles were lying 

flat to give a greater growing surface than in standing bottles. 

Bottles in which liquid medium was used were inoculated and then 

laid horizontally for incubation. 

Glassware 

2 oz., 6 oz., and 8 oz. prescription bottles (Owens ovals, 

Owens -Illinois Duraglas) with bakelite screw caps, wide mouth 4 oz. 

French square bottles (Owens -Illinois Duraglas), and 125 ml. pyrex 

Erlenmyer flasks were used. All glassware was rinsed in distilled H2O 

water by hand or by machine (2 minute). The 4 oz. square bottles 

and the 125 ml. flasks and other glassware used in the vitamin work 

were soaked in a H2SO4 dichromate cleaning solution and then rinsed 

six times in tap water, four times in distilled water, and two times 

in deionized water in the first experiment and washed for two 

minutes with tap water and 2 minute with distilled water by machine 

in the second experiment. 

Sterilization 

The media used in the variation studies and all the glassware 

were sterilized in an autoclave at 15 lb. pressure for 15 -20 minutes. 

Single Spore Technique 

A flattened nichrome wire was twisted to make a tiny "biscuit 
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cutter" and mounted on an X -acto knife handle. A spore suspension 

was poured onto a 3 mm. layer of 4% water agar in a petri plate. After 

the spores had settled, the water was decanted. Following 24 hours 

incubation, the plates were observed under a binocular scanning 

microscope, and individual germinated spores were cut from the 

water agar with the "biscuit cutter" and transferred to 2 oz. 

prescription bottles containing 10 ml. sucrose -yeast extract agar 

layered on the flat side. Incubation was in the dark at 23 -25 C. 
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Effects of Vitamins on Growth and Pigmentation 

Most organisms need small amounts of certain organic compounds 

for normal growth. If the organism does not use these substances 

as structural materials, the term "vitamin" may be applied to them. 

The organism that cannot synthesize its own supply of vitamins is 

said to have a vitamin requirement. Fungi may have complete or 

partial requirements for certain vitamins. A complete requirement 

indicates that no growth occurs in the absence of the vitamin, and 

a partial requirement indicates that the vitamin enhances growth. 

Cochrane (5 p. 345) states that "the vitamin most often required 

by fungi from nature is thiamine ". Biotin and pyridoxine require- 

ments are common among fungi also, with other vitamin requirements 

less common. 

The decision to study the vitamin requirements of Verticillium 

albo -atrum was reached because isolate 24 produced black pigment in 

the dark in sucrose -nitrate medium and isolate 62 didn't. It was 

surmised that a vitamin deficiency in isolate 62 might have been 

causing this since it produced abundant black pigment on sucrose - 

yeast extract agar. It was also apparent that little was known 

of vitamin effects on Verticillium. Strains of Verticillium that 

produced black pigment were chosen for use in the vitamin experi- 

ments because the production of the pigment is closely linked to 

microsclerotia development. 

Since it was already known that Verticillium is a highly 

variable fungus, precautions were taken to provide inoculum from a 

pure culture. Spore suspensions from isolates 62 and 24 were 



13 

diluted and mixed with melted agar which soon gelled. After 

incubating in darkness at 23 -25 C. until colony types were recog- 

nizable, mass transfers from single parent -type colonies were made 

to glucose- nitrate agar basal medium containing no added vitamins. 

At least 95% of these parent -type colonies grew from single spores. 

The sources of inoculum for the first vitamin experiments were these 

cultures grown on minimal medium. 

The media used in the first vitamin experiments were glucose - 

nitrate basal liquid (M), M plus 5 pg of biotin /liter of medium 

(B), M plus 100 pg of thiamine /liter of medium (T), M plus biotin 

and thiamine (BT), and M plus biotin, thiamine, 100 pg liter of 

medium of pyridoxine and 5 mg /liter of medium of inositol (C). 

The media were sterilized (before the vitamin solutions were added) 

by Seitz filtration and the vitamin solutions were sterilized with 

a Swinny hypodermic adapter using 13 mm. (type HA) millipore filter 

discs. Twenty ml. of medium was dispensed into each capped, sterile 

125 ml. Erlenmeyer flask, and each was inoculated and capped with 

sterile aluminum foil and placed in darkness at 23 -25 C. to incubate. 

Inoculum consisted on tiny bits of mycelium -spore mixture. 

The fungus was harvested at 4, 6, 8, 10, 12, 14, and 16 days 

from the time of inoculation. Four samples were harvested by 

filtering on previously weighed Whatman #1 filter paper in a 

Buchner filter apparatus. The mycelium was dried in a 100 C. oven 

for 24 hours, transferred to a calcium chloride dessicator for 15 

minutes till cool and weighed on a Mettler single pan analytical 

balance. 
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At about 10 days culture age in complete medium, there was much 

more black pigment in some cultures of isolate 24 than others. 

Therefore at 12 days of age dilutions were run on one densely 

pigmented colony and on one with little pigment. Variation in 

the progeny from the heavily pigmented colony was found to be 8% 

and that in the progeny from the lightly pigmented colony to be 

72 %. (Table 2) This great variation in such a short time showed 

the necessity for further precaution to prevent variation in this 

type of experiment. Therefore one mass transfer culture from 

isolate 24 grown on sucrose -yeast extract agar was chosen and one 

monosporic parent black type colony was isolated from it. This 

monosporic colony was later diluted (537 white colonies, 1 black 

colony). Four single spores were isolated from the parent black 

type colony. These four were all the parent black type. One of 

these four was chosen and three single spores were isolated from 

it on a glucose -nitrate agar minimal medium. A dilution of one of 

these three at 15 days of age revealed 11,925 parent black type to 

5 type A black variants, a variation of 0.041% (Table 10). 

The decision was made to use this purified monosporic parent 

black type culture as the source of inoculum for another vitamin 

experiment. The media used for this experiment were the glucose - 

nitrate liquid minimal (M), M plus biotin (B), M plus thiamine (T), 

M plus biotin and thiamine (BT), M plus pyridoxine (P), M plus 

inositol (I) and M plus biotin, thiamine, pyridoxine, and inositol 

(C). The vitamin concentrations were the same as in the first 
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Table 2 

Proportion of variants in progeny of black parent type cultures 
in selected individual flasks from the vitamin experiments. Samples 
are from complete medium. 

Culture Age Number of colonies o 
Appearance Inoculum (days) of type +' 

cd 

Parent 
black 

A B 

black light white 

co 

Light gray mycelium 

spores 
12 98 0 0 246 72 

Black mycelium 

spores 
12 2237 0 0 197 8.1 

Light gray spores 28 1435 759 0 7 35 

vitamin experiment. Sterilization of the minimal medium was by 

means of a millipore filter apparatus, (Type HA filters) and the 

vitamins were sterilized with the Swinny millipore hypodermic 

adapter. Twenty ml. of medium was dispensed into each sterile 

4 oz. square bottle capped with aluminum foil, and they were in- 

oculated with 0.5 ml. spore suspension containing about 125 spores. 

Pi 
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The bottles were laid flat and incubated in the dark at 23 -25 C. 

The fungal growth was harvested at 4, 7, 10, 13, 16, 19, 22, 

and 28 days. Four samples of growth on each medium were harvested 

each time. The mycelium was chopped in a Servall omnimixer before 

filtering to give uniform filter coverage for pigment comparisons. 

The mycelium was filtered on Whatman GFA glass filters, and the 

dry weights taken in the same manner as in the first vitamin 

experiment. At about 20 days of age pigment variation again became 

noticeable in the complete medium and in the biotin medium. There- 

fore, at 28 days of age a dilution was made of one lightly pigmented 

colony grown in complete medium. Variation proved to be 35% 

(Table 2). 

After the described elaborate precautions to prevent variation 

had failed, it was decided that further work should be directed 

toward a possible understanding and control of the variation. 

However, a number of observations about the growth and pigmentation 

effects of vitamins were made despite the variation. 

Mycelial growth 

In both experiments the mycelial growth in complete medium 

reached a peak of 49 -52 mg. and then dropped off. Closer examina- 

tion of figures 1, 2, 3, and 4 reveals that the growth represented 

in figures 3 and 4 lags a few days behind that in figures 1 and 2, 
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and that the peak in the complete medium in figures 3 and 4 is 11 

days later than in figure 1. This may have been due to the inoculum 

used. In the first experiment (figures 1, 2) the inoculum was my- 

celial fragments, microsclerotia and spores; while in the second 

experiment about 125 spores /bottle were used as inoculum. The number 

of spores in the first experiment could have been very small so that 

growth was mainly from large numbers of mycelial fragments or 

microsclerotia or both. 

Another apparent difference between the first and second vitamin 

experiments was the acceleration of growth by the biotin -thiamine 

medium in the second experiment. Figure 3 illustrates the quick ini- 

tial growth incited by biotin -thiamine while the other vitamins in the 

second experiment and all vitamins in the first experiment promote a 

much slower initial growth. This growth in the second vitamin experi- 

ment was apparent-to the eye. All cultures on biotin -thiamine medium 

had heavy mycelial growth in four days, while the other cultures ex- 

hibited little visible growth. This may have been a synergistic effect 

of biotin and thiamine upon spore germination and subsequent growth. 

Of any single vitamin, biotin appeared to promote the best my- 

celial growth in both experiments. In the second experiment where 

pyridoxine, inositol, and pyridoxine and inositol were used in separ- 

ate media, it became apparent that inositol severely inhibited growth. 

Although Verticillium has no complete vitamin requirement, the con- 

clusion that vitamins are needed for optimim growth must be made. 

The greatly increased rapidity of growth in the complete medium in both 

experiments makes this clear, and one can speculate that if inositol 



had been excluded from the complete medium, growth may have been 

even more rapid. Also if a mixture of the first four vitamins 

tested stimulated growth of the organism, it is possible that 

other vitamins could have the same effect. 

Pigmentation 

As for growth, no complete vitamin requirement was found for 

black pigmentation production. Figure 5 illustrated the influence 

of the various vitamins upon pigment production in isolate 24. 

Variation in black pigment production in the first experiment was 

most apparent in isolate 24 in the complete medium with no noticeable 

variation in isolate 62. No other differences in pigment production 

between 24 and 62 were seen. Variation in the second experiment 

isolate 24 was most apparent in the biotin, thiamine and the complete 

media. A synergistic effect between pyridoxine and inositol was 

apparent in that much more pigment was produced when both are present 

in the medium. The pigment present in the complete medium cannot 

be accounted for by any one vitamin, but the amount of pigment 

produced is much greater than that from the minimal medium. 
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Figure 5. Black pigment synthesized by isolate 24 in the presence 
of various vitamins. Four samples of 28 day old 
cultures from experiment illustrated in figures 3 and 4. 
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Variation 

Data were collected on: Spontaneous variation in progeny of 

monosporic parent black type cultures; Spontaneous and induced 

variation in progeny of white monosporic cultures; Interactions of 

dual cultures (a monosporic white colony in contact with a mono- 

sporic black colony); Effects of fluorescent light on monosporic 

cultures; Spontaneous variations in progeny of monosporic parent 

black type cultures grown at diverse temperatures; Spontaneous 

variation in progeny of monosporic parent black type cultures grown 

in liquid media. 

The variation considered in the remainder of this work was in 

gross morphological characters that were heritable. Minute cyto- 

logical changes in mycelial character or differences in spore 

production as noticed by Hansen (8) were not considered. 

Three main types of morphological variants were encountered. 

These will be referred to as black type A, light type B, and 

white type. These types were recognized by the distinctive appearance 

of the underside of the colony viewed through the thin layer of 

medium used in the dilution technique (figure 61. Type A black 

exhibits abundant central dark pigment with a white marginal 

growth at the outer edges of the colony. Type B light shows only 

slight black pigmentation and the remainder of the colony looks 

white. The white type has no black pigment. Other variant types 

were described with one or two words denoting the major morphological 

difference such as brown or yellow (colony appearance), or dwarf 

(colony 2 or less as large as normal colony). Aerial mycelium was 
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A. Two colonies of black type A 

> 

lillpi" 

B. One colony of light type B C. One colony of type white 

Figure 6. Three main variant types surrounded by parent black 

type colonies. 
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not used as a distinguishing character because it was shown to be 

an inconsistent character in mass transfer or in single -spore cultures 

of such colonies. Care must be taken to assure that various types 

actually can be shown by dilution or single spore and mass transfers 

to be heritable variants because small environmental changes may 

cause morphological variation if strict control measures are not 

observed. Chaudhuri (4) stated that colony diameter of Verticillium 

varies with the thickness of the medium. This is not heritable 

variation and the expression of dwarf types could be confused with 

this phenomenon sometimes. 

Variation Study Methods 

Parent black type and white type colonies of isolate 

24 grown from single spores or mass transfers were analyzed for 

variation in progeny by means of a dilution technique. 

The decision to use dilution to study the variation in mono - 

sporic isolates was made because more cultures could be tested this 

way, and more spores from each culture could be analyzed. Other 

workers have used either single spore cultures exclusively or only 

mass transfers in their variation work. The tediousness of making 

monosporic cultures limits the worker in the number of spores he 

can observe from his cultures. If mass transfers are used, the 

great danger is that spores of different genotypes will be allowed 

to grow as one culture. Dilution of monosporic cultures is the 

best way to eliminate both of these problems. Microscopic obser- 

vations during spore counts revealed that most inoculum particles 
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were single spores. This is a good indication that most colonies 

observed in the dilution grew from a single spore. However, if 

two or three spores clumped together, they could grow as one uniform 

colony if they were the same morphological types. But if two spores 

of opposite types are clumped in close proximity, each will express 

its own morphological type. This indicates that even if several 

spores grew together, variant types could be seen. 

The inoculum for all experiments except those in liquid culture 

was a suspension of spores taken from a pie- shaped section cut from 

the colony to be tested. The inoculum for the liquid culture 

experiments was a suspension of spores taken from a clump of mycelium 

lifted out of the liquid medium. The spore suspension was strained 

through a sterile piece of 200 mesh silk bolting cloth to eliminate 

large mycelial fragments and other large particles. Spore counts 

were made with a hemacytometer and the spore suspension was diluted 

to approximately 20 -30 spores /cc. One cc. of this spore suspension 

was dispensed into a 6 or 8 oz. prescription bottle containing 

sterile sucrose -yeast extract agar which was held in a liquid state 

in'a 44 C. water bath. Following inoculation, the bottles were laid 

flat, and medium was allowed to solidify and the bottles were labeled. 

The bottles were incubated at 23 -25 C. in the dark for two weeks and 

then the data were collected. 

Spontaneous variation in progeny of black monosporic cultures: 

The objectives of these experiments were as follows: 

(1) to quantitatively estimate variation in parent black type 
cultures as age increases; 



 

(2) to see what variant types the parent black type can produce. 

Dilutions of twenty -six monosporic cultures and one mass 

transfer (MT) culture of the parent black type were made. Culture 

age ranged from 13 -186 days. The results (Table 3) indicate that 

almost no variation is present in the monosporic cultures through 

51 days of age. The four cultures numbered 1, 2, 13, and 14 should 

be given special attention. These cultures were used in the study 

recorded on Table 9, and all the cultures used in this study varied 

earlier and more than was expected. Nevertheless, the data in 

Table 3 shows clearly that variation in monosporic cultures increases 

with culture age. Variation in progeny from cultures older than 150 

days ranged from 2.5 -99 %. 

Comparison of the 69 day old MT culture (92% variation) to 

the monosporic culture (no variation) of the same age (Table 10) 

gives an indication that monosporic cultures retain their stability 

better than mass transfers where mycelial fragments and many spores 

are allowed to grow as one colony. This is borne out in the results 

from dilutions of single spore isolates (Table 9) and dilutions of 

MT colonies from the vitamin experiments (Table 2). 

Spontaneous and induced variation in progeny of white monosporic 
cultures. 

Dilutions of single spore cultures of the white type were run 

at 16, 44, 55, 69, and 72 days. (Table 4) In three dilutions done at 

55 days and two dilutions run at 72 days the inoculum was irradiated 
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Table 3 

Percentage variation in progeny of monosporic parent black type 
cultures as determined by dilution. Cultures grown at 23 -25 C. 

(except -: at 21 -25 C.) in the dark on sucrose -yeast extract agar. 

For details, see table 10 in the appendix. 

Age 
(days) 

Colonies 
analyzed 
once 1 

Colonies analyzed more than once 

2 4 5 6 13 14 

13 0.6 0.2 

15 0.0 0.0 0.0 1.1 

20 0.05 

27 0.0 

33 0.0 0.0 

34 7.6 0.0 

42 0.0 0.0 0.04 

0.1 

51 0.0 

59 7.2 3.5 12.7 0.7 

69 0.0 

112 

118 21.4 0.1 6.9 

139 2.8* 

141 12.0 

146 19.1 0.1 4.2 

158 6.6* ; 

177 

183 99.8 

186 44.8* 

.. 

0.4-, 

24.8 4.3 2.5 

44 



30 

Table 4 

Variation in progeny from white type monosporic cultures as determined 
by dilution. Cultures grown at 23 -25 C. in the dark on sucrose -yeast 
extract agar. 

Culture 

1 

Inoculum 
Treatment 

Age Number of colonies of type 
(days) White Black Dwarf Other 

white Variation 

o 16 

2 

44 

0 
10 sec 

u.v. 

2717 

15414 

850 

1001 

.12 

20 sec 
u.v. 

40 sec 

1 

yellow .10 

3 

55 571 0 16 orange .2 

u.v. 1 0 0 22.7 

__3 0 1117 0 0 

0 72 1937 0 0 0 0 

4 10 sec 2 wrinkled 
u.v. 72 703 0 7 top 1.26 

20 sec 1 orange 

u.v. 72 390 0 9 1 yellow 2.99 
1 wrinkled 

to 

with a germicidal ultraviolet lamp (Hanovia type 50600) to induce 

additional variation. (10 seconds irradiation 7 inches from the light 

source killed about 77% of the spores and 20 seconds exposure 

% 

0 

0 0 0 0 

55 1 0 0 

55 0 0 

55 ___1___ 

0 69 0 

0 

0 0 o 
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killed about 90% as determined by dilution of part of the inoculum 

without exposure to the u.v.) The record of these dilutions indicates 

that natural variation occurs rarely in the white type in up to 

72 days. Only one black colony resulted from any dilution of the 

white type. Exposure to germicidal u.v. (wave length 2537Á) 

increased variation, but the variant types produced no black pigment. 

Dilutions were made up to 72 days culture age on the white type but, 

of nine single spores isolated from a 170 day old culture, all 

proved to be the white type. (Ten single spores isolated from a 

parent black type at 170 days culture age were all the white type). 

Interaction of dual cultures (a monosporic white colony in contact 
with a monosporic black colony). 

The interaction between the white and the parent black types 

(Table 5) was tested by planting one spore of the white type and 

one spore of the parent black type together in a 2 oz. bottle 

containing 10 ml. of sucrose -yeast extract agar. The colonies grew 

together at a center line with no apparent overlapping of mycelium. 

This could not be determined with certainty for the white type, 

but the pigmentation of the parent black type stopped at the point 

where the two colonies met. Initial dilutions from two bottles 

of these dual cultures at ages of 69 and 76 days, showed an abundance 

of the white type in the progeny from the parent black type, but 

no parent black type in the progeny from the white type. The production 

of two dwarf types from the white type colony and from the area where 

the colonies met was noted. Following these results two new dual 

cultures were examined to ascertain if the interaction of parent black 
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Table 5 

Interactions in dual cultures where a white type monosporic colony 
abuts a parent black type colony. Analysis by dilution of colony 
sections from the black colony, the white colony and the line of 
contact between them. Cultures grown in the dark at 23 -25 C. on 
sucrose -yeast extract agar. 

Culture Age 
(days) 

1 21 

1 44 

1 70 

2 44 

2 70 

3 69 

4 76 

Location of Number of Number of Number of 
section parent black white type variant 
analyzed t .e colonies colonies colonies 
black 
white 
contact 
line 

black 
white 
contact 
line 

black 

white 
black 
white 
contact 
line 

black 

white 

black 

white 

2021 0 0 

0 24 0 

12 7 8 
141 
light 

4165 2007 0 
0 4 8 

173 5892 0 

217 1396 

0 1690 
004 5456 

0 986 0 

235 202 0 

86 878 0 

0 2788 0 

9 20 0 

0 340 

89yellow 
dwarf 

11 white 
dwarf 

contact 
line 21 2187 307 yellow 

dwarf 

contact 
line 

31 yellow 
12 2253 dwarf 

and white types caused the production of dwarf types and to 

further study the effects of the white type on the parent black type. 

pig. 

0 

0 

0 

0 
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A dilution at 21 days of age showed no variation in progeny from 

either the white type or the parent black type, but some less 

heavily pigmented colonies were detected from the line of contact. 

Dilutions at 44 days of age revealed no variants from the white type, 

but in the parent black type a high percentage of the white type 

was present. Dilutions at 70 days of age again showed no variation 

in the white type, but the percentage of white type over parent 

black type in the parent black type had increased. No dwarf types 

were ever seen in this second set of dual cultures. 

It can be concluded from this data that "mixing" white and 

parent black types does not necessarily cause the production of 

new dwarf white types. However, in each case the white type was 

recovered in increasing abundance from the parent black type as the 

age increased. The colonies had reached full size at 21 days as 

far as could be determined visually. The fact that no white type 

was recovered from the parent black type at this time is one indication 

that the spread of both colonies stopped at the line of first contact. 

If this is true, interesting possibilities can be considered to 

explain the results. The anastomoses of mycelium of the two types 

at the contact line would allow the passage of nuclei and the 

intermingling of cytoplasm between the two strains. Khoo, et al 

(11) reported anastomoses occurring between germ tubes of different 

conidia in Verticillium albo- atrum. If this occurred here, then 

the nuclei of the white type could have migrated into the parent black 

type and eventually been expressed in conidia that were produced. 
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However, it would seem reasonable to expect some migration of parent 

black type nuclei into the white type if this were the mechanism. 

It may be also possible that some factor in the cytoplasm was 

producing the results obtained. The increased number of white type 

from the parent black type could be due to the action on the parent 

black type of some substance produced by the white type. 

Before any conclusions are made about what was happening in 

this situation, the possibility of the white colony growing into the 

black one must be eliminated. Cytological studies to prove or to 

disprove the operation of anastomoses should be made and if 

anastomoses is shown, the migration of nuclei should be checked 

cytologically. 

Effects of fluorescent light on monosporic cultures. 

Cochrane (5) states that visible light (4,000 -8,000Á) "exerts 

undoubted, but so far ill- defined, influences on mycelial growth, 

spore germination and other pheonomena" (p. 427). Previous work 

had shown that light inhibits the production of pigment and micro - 

sclerotia in Verticillium. 

These experiments were designed to determine whether or not 

visible light would cause heritable variation in Verticillium albo- 

atrum and to observe any other effects of light on the organism. 

Effects on white type- -Five monosporic cultures of the white type 

were grown in the dark and five monosporic cultures of the white 

type were grown under fluorescent lights (Sylvania 40W cool white). 

Observations on pigment production, colony growth, and sporulation 

were made. 
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There were no differences in colony diameter between mono- 

sporic cultures of the white type grown in the light and those 

grown in the dark. Both reached approximately 65 mm. in diameter 

at four weeks of age in 2 oz. bottles. However, the cultures of 

the white type grown under fluorescent lights produced lightly 

pigmented pink colonies while those grown in the dark were white. 

Spore counts of the white type at 20 days of age (5 mycelial plugs 

approximately 5 mm. in diameter /l0 cc. sterile distilled water) 

showed 740,000 and 1 million spores /cc. from colonies grown under 

lights and 530,000 and 720,000 spores /cc. from colonies grown in 

the dark. 

Effects on black type - -Twelve monosporic cultures of the parent 

black type were grown under fluorescent lights. In addition to 

observations on pigment production, colony growth, and sporulation, 

three colonies of the parent black type grown in the light and 

three colonies grown in the dark were analyzed by dilution to 

estimate variation. The age of these colonies was 20 days. 

Monosporic cultures of the parent black type grown under 

fluorescent lights grew to approximately 65 mm. diameter in four 

weeks while those grown in the dark reached only 55 mm in the same 

amount of time. The cultures grown under fluorescent lights 

produced little or no black pigment but the medium became yellow. 

(Figure 7) Surface mycelial growth was white and aerial mycelium 

was abundant. The cultures grown in the dark produced the normal 

parent black type, being covered with black pigment and showing 

sparse aerial growth. Spore counts made from the parent black 
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Figure 7. Monosporic parent black type cultures grown in the 
dark (1) and under fluorescent light (2). 
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type grown in the light showed 6.9 million and 7.45 million spores /cc. 

while counts of cultures grown in the dark showed 150,000 and 

160,000 spores /cc. Dilutions of three monosporic cultures of the 

parent black type grown under fluorescent lights and three grown 

in the dark showed no differences in variation (Table 6). 

The results obtained from the exposure of monosporic cultures 

of the white and the parent black types to continous fluorescent 

light show that the greatest effects are on sporulation and 

pigmentation with some, probably indirect, effect upon the rate 

of growth. There was a slight (less than twofold) increase in 

sporulation of the white type in continuous light, but sporulation 

of the parent black type grown under continuous light was approximately 

46 times greater than that of cultures grown in the dark. The 

loss of black pigment in the parent black type grown in the light 

may be connected with the increase in spore production since there 

was little light effect upon spore production of the white isolate. 

Whatever factor is responsible for black pigment production in the 

parent black type may affect growth also as it was noted that 

colony growth of the parent black type is slower in the dark. 

Table 6 shows that even though the parent black type produces 

little or no dark pigment in continuous light, the ability to 

produce the pigment is not lost in colonies grown from spores 

produced in the light. And variation is not increased in 20 days 

under fluorescent light. Apparently, some substance or complex 

of substances produced or not produced in the dark causes black 

black pigment production and may partly inhibit colony growth. 
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Table 6 

Effect of fluorescent light on variation in progeny from monosporic 
parent black type cultures grown at 23 C. on sucrose yeast 
extract agar. 

Culture Where 
grown 

Age 
(days) 

Number of colonies of type 
Parent 
black 

A 

black 
B 

light white Variation 

1 

under 
light 

20 

2322 0 0 0 o 

2 2226 0 0 0 0 

3 2563 0 0 0 0 

4 

in 
dark 

20 

1665 0 0 0 0 

5 1897 1 0 0 .05 

6 1450 0 o 0 0 

Isolation and analysis of this substance should be possible. 

Spontaneous variation in progeny of monosporic black cultures 
grown at diverse temperatures. 

No work on the effect of temperature on heritable variation 

in Verticillium albo -atrum had been done to this time. 

% 
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Caroselli (3) determined that best growth of Verticillium occurs 

from 23 -25 C. with no growth at 5 C. and death of the fungus at 35 C. 

He stated that there is a "rapid decline" above 25 C. He also noted 

that above and below 20 -25 C. strain differences become less pro- 

nounced. Isaac (10) stated that at 35 C. no isolates "showed any 

growth ". Wilhelm (20) found that in one strain a temperature of 

10 -22 C. caused a black microsclerotia- covered colony while at 

25 -31 C. the appearance was creamy white with few microsclerotia. 

He stated that stable white mycelial variants were unaffected morpho- 

logically by temperature. His conclusion was that in a growing range 

of 10 -31 C., temperature variations of 3 -6 C. may cause obvious 

differences in morphological appearance of cultures. Therefore, 

the decision was made to study the effects of temperature on the 

black parent type to determine if heritable variation is affected, 

and to observe any other effects on the organism. 

Four monosporic colonies of the parent black type were 

incubated at each of six different temperature ranges (5 -6 C., 

10 -12 C., 14 -17 C., 19 -20 C., 21 -25 C., 29 -32 C.). Growth, pigment 

production, spore production, and morphological variation were 

noted. Dilutions of one culture from each temperature range were 

made at ages 112 days, 139 days, 158 days, and 186 days. Dilutions 

from two cultures grown at 14 -17 C. and two cultures grown at 

29 -32 C. were made at 70 days (Table 7). 
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Table 7 

Effect of temperature on percentage variation in progeny of parent 
black type cultures as determined by dilution. Cultures grown in 
the dark on sucrose -yeast extract agar. Identical superscript 
letters indicate that the results are from the same culture at 
different ages. For details see Table 11 in the appendix. 

Age 
(days) 

5 -6C. 10 -12C. 14 -17C. 19 -20C. 21 -25C. 29 -32C. 

70 

0.6 
0.0c 

4.0 
7.0 

112 0. 0.0a 0.0 0.0 0.4 1.3f 

139 0.0 0.0 0.0 0.0d 2.8 0.4 

158 0.0 7.8 0.1b 0.0 6.6 3.9e 

186 0.0 0.0a 0.0c 0.0d 44.8 7. 

. . , 

. 
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Measurements of colony diameter of cultures of the parent 

black type grown at different temperatures indicate best growth 

up to 26 days at 19 -20 C. with slightly slower growth at 14 -17 C. 

and 21 -25 C.,about one -half as much growth at 29 -32 C. and 10 -12 C. 

and less than one -tenth as much growth at 5 -6 C. (Figure 8). 

These results on the parent black type agree generally with results 

reported by Caroselli (3) for his isolates of Verticillium albo- atrum. 

Spore counts taken at a colony age of 238 days (5 mycelial 

plugs approximately 5 mm. in diameter in 10 cc. sterile distilled 

water) showed 5,000 spores /cc. from a colony grown at 5 -6 C., 

25,000 spores /cc. from a colony grown at 10 -12 C., 55,000 spores /cc. 

from a colony grown at 14 -17 C,, 110,000 spores /cc. from a colony 

grown at 19 -20 C., 90,000 spores /cc. from a colony grown at 21 -25 C., 

and 20,000 spores /cc. from a colony grown at 29 -32 C. This data 

agrees with the date on colony growth, the optimum for both being 

at 19 -20 C. in the parent black type grown in the dark. Even though 

there was a wide range of temperatures used, no differences in 

pigment production were observed. These data do not conform to 

those reported by Wilhelm (20). The dilutions show that the 

greatest morphological variation occurred at 21 -25 C and 29 -32 C. 

with appreciable variation occurring infrequently in colonies 

grown at lower temperatures through 186 days of age (Table 7). 

As a further study on temperature effects, six monosporic 

cultures of the parent black type were grown for 14 days at 

23 -25 C. and at that time three of the cultures were placed in a 

5 -6 C. chamber. Dilutions of these six cultures were run at ages 
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of 15, 42, 70, 118, 146, and 177 days. Little variation occurred in 

the cultures stored at 5 -6 C. but substantial variation was present 

in all cultures left at 23 -25 C. (Table 8). 

Cultural variation can be reduced to a minimum in monosporic 

cultures by reducing to 5 -20 C. the temperature at which the colonies 

are grown or stored. 

Spontaneous variation in progeny en of monosporic black cultures in 
liquid medium. 

As mentioned in the vitamin experiments section, three dilutions 

of Verticillium parent black type grown on the complete liquid 

vitamin medium were made. From the first vitamin experiment dilutions 

were made at 12 days of culture age from one culture exhibiting 

little pigment production and from one exhibiting normal pigment 

production. In the second vitamin experiment dilution was made at 

29 days of age from a culture exhibiting little pigment production 

on complete medium. Since variation was high in each of these 

dilutions (Table 2), possible effects of liquid medium on variation 

were studied. 

The parent black type was used to initiate monosporic colonies 

in 2 oz. bottles containing 10 cc. of medium. Four colonies were 

grown on sucrose -yeast extract agar, five colonies on liquid sucrose - 

yeast extract, and five colonies on liquid sucrose -nitrate. Dilutions 

of colonies grown on solid medium were made at 13, 33, 34, and 59 days 

of age. Dilutions of colonies grown on liquid sucrose -yeast extract 
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Table 8 

Percentage variation in progeny of monosporic parent black cultures as 
determined by dilution. Grown in the dark on sucrose yeast extract 
agar. For detail see tables 12 and 13 in appendix. 

Age 

(days) 

Incubation temperature 
2 wks 23 -25 C. 2 wks 23 -25 C. 

then 23 -25 C. then 5 -6 C. 

1 2 3 4 5 6 

15 0.0 0.0 1.1 0.1 0 0 

2 0.0 0.0 0.04 0.02 0.13 

70 0.05 0.2 

118 21.1 0.1 6.9 0.05 

146 19.1 0.1 4.2 o 0 0 

24.9 4. 2.5 0.84 

0 

177 0 0 

0 0 
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were made at 13, 33, 34, and 59 days of age. Dilutions of colonies 

grown on liquid sucrose -nitrate were made at 9, 29, 30, and 55 days. 

Observations (Table 9) indicate that variation in progeny of 

cultures grown in the liquid media was not more prevalent than on 

the solid medium. However, in none of these monosporic cultures 

did the variation approach the high percentage produced by the 

cultures in the vitamin experiments where the inoculum was not 

monosporic. A comparison between types of inoculum used in the 

liquid cultures indicates clearly the importance of using mono- 

sporic cultures to minimize variation in progeny. In the sucrose - 

yeast extract medium, the variants in most dilutions were mainly of 

black type A with less light type B or white type. In the sucrose - 

nitrate medium, all three variant types appeared with about equal 

frequency. Possibly some substance in the yeast extract reduces the 

number of light type B and white type variants. 



Table 9 

Effects of media on percentage variation in progeny of monosporic 
parent black cultures as determined by dilution. Cultures grown 
in the dark at 23 -25 C. For detail see tables 14, 15, and 16 in 
appendix. 

Culture Medium 9 -13 

Age days) 

29 -34 55 -59 

1 

sucrose - 
yeast 
extract 
agar 

0.6 7.2 

2 0.2 3.5 

3 7.6 12.7 

0.7 

5 0.6 0.3 0.9 

6 sucrose- 0.9 0.1 16.0 

7 
yeast 
extract 2.8 

8 

liquid 
0.9 

1.1 

10 0.2 0.1 1.2 

11 sucrose- 0.2 1.1 4.1 

12 
nitrate 
liquid 6.2 6.3 

13 3.6 2.7 

14 1.2 6.4 

46 

0 

0 

4 0 

0 

0 

3.2 

f 
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Cytology 

The nuclear condition of Verticillium is important in any study 

of variation because any spores having more than one nucleus could 

have nuclei of different genetic composition (Heterokaryosis) if 

from a heterozygous culture. Although the isolates used in this 

study probably were homozygous, the ability to produce heterokaryons 

could be detected cytologically. As the percentage of binucleate 

or multinucleate spores increases, the chances that heterokaryosis 

and the parasexual cycle are significant factors in variation 

increases. With the exception of Caroselli (3) who reported almost 

3% of the spores of Verticillium to be bi- or multinucleate other 

workers report less than 1% variation from the uninucleate condition 

in spores of Verticillium (7, 11, 19). 

Even though most workers who have made studies of the nuclear 

condition of Verticillium albo -atrum have reported very low per- 

centages (less than 1 %) of binucleate or multinucleate spores, 

the mechanisms of heterokaryosis and parasexuality have been reported 

in Verticillium (8, 9). Study of the nuclear condition of Verticillium 

was prompted by the importance of the nuclear condition in mechanisms 

of variation. 

Spores and mycelium were fixed on #0 cover glasses with Haupt's 

adhesive, killed and fixed with Carnoy's fluid (absolute alcohol 

6 parts, chloroform 3 parts, glacial acetic acid 1 part) for 5 

minutes, hydrolyzed at 60 C. in 1N HC1 for 14 -16 minutes, stained 

in Schiff's reagent 1 -3 hours, rinsed in SO2 water (100 ml. distilled 

HOH, .5g sodium metabisulfite, 5 ml. 1N HC1), dehydrated and mounted 
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in diaphane. Observations and photographs were made with the aid 

of a 90X Leitz oil immersion apochromatic (NA 1.4) objective, a 

15X compensating Leitz ocular, and an aplanatic NA 1.3 condenser 

illuminated according to the Kohler system. A neutral density 

filter to reduce light intensity and a # 56 Wratten filter to 

increase contrast were used. Photographs were made on a 35 mm. 

high contrast copy film and enlarged with a Leitz Valoy II using 

a Focotar F -5 cm. 1 :4.5 lens on F4 kodabromide paper. 

If should be emphasized that the Feulgen stain schedule used 

is generally considered to be the most specific histochemical 

test for desoxyribose nucleic acid. The positive reaction with 

the particles observed in the spores and hyphae identifies them 

as nuclear material. 

Counts of particles of nuclear material were made. In the 

white type, of 1150 spores counted, 894 were uniparticulate, 61 

possibly bi- particulate, and 110 possibly multi -particulate. 

Nuclear particles in mycelial fragments varied from one to six. Of 

68 portions of mycelium bearing nuclear material, two contained 

round single nuclear particles and 58 had single elongate particles; 

three were biparticulate, two were triparticulate, two had four 

closely associated particles and one had six closely associated 

particles (Figure 8). 

The cytological study of spores of Verticillium albo -atrum 

(white type) recorded in this thesis indicates that about 

15% of the spores are not uniparticulate. Up to four nuclear 

particles have been observed in one spore, but they should not be 
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A. Spores showing particulate nuclear condition. 
Spore walls faintly visible. X1500 

B. Elongate nuclear condition in hyphae. X1500 

C. Hypha with Three 
nuclear bodies 

X1500 

D. Hypha with six 
nuclear bodies 

X1500 

Figure 9. Nuclear condition in Verticillium albo- atrum. 
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called individual nuclei without further investigation. It is 

possible that they are chromosomes and that mitotic figures were 

observed (Figure 9). A counterstain to bring out possible spindle 

formation and a method to increase the distance between the particles 

should give the answer to this question. Single nuclei in the 

mycelium were commonly observed in an elongate condition with differen- 

ces in density in the structure. In mycelium single nuclei have 

been seen which appeared to be pulling apart (Figure 9B). Closely 

associated nuclear particles have also been observed in the mycelium 

in groups of three (Figure 9C), four and six (Figure 9D). 

If the particles observed in the spores are individual nuclei 

then the origin of the nuclei must be considered. Gauger (7) 

stated that single nuclei enter the spores and if this is true then 

the plural condition must be due to divisions of the one original 

nucleus. This would eliminate heterokaryosis if the divisions were 

mitotic. If more than one nucleus enters the spore from the sterigma 

or if amitotic divisions occur inside the spore, the heterokaryotic 

condition could be a means of variation in monosporic isolates. If 

amitotic divisions in spores caused variation, this variation should 

have been evident in the early dilutions of monosporic colonies 

in this work. Since very little variation was found in young 

cultures this possibility can be eliminated. Possibly more than 

one nucleus enters the spore. Variation would not have been observed 

from this condition in the monosporic cultures used (unless cross- 

over or chromosomal aberrations 

probably homozygous. 

were present) because they were 
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Proof that heterokaryosis and the parasexual cycle occur in 

Verticillium lies in a correct interpretation of the nuclear 

particles observed in the spores. Perfection of new techniques 

for spindle staining and separation of particles and parallel 

studies under the electron microscope should prove the actual 

nature of these nuclear particles and the various nuclear con- 

figurations observed. 
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Discussion 

The work recorded in this thesis and the results obtained and 

techniques developed will be useful as aids for further work. It 

should be pointed out that no published data on vitamin effects on 

Verticillium are available at this time and that these data represent 

a pioneer effort in this branch of the physiology of the fungus. 

Notice should also be taken that other studies on variation in 

Verticillium have been mainly observations of the variant types 

but have not been efforts to control the variation. This angle of 

attack gives practical value to the results as well as recording 

the types of variants observed. It should now be possible to 

complete experiments with the black parent type without encountering 

excessive variation. This would entail the use of young monosporic 

cultures growing at temperatures between 5 C. and 20 C. 

It should be reemphasized that wherever black pigment is 

mentioned, the presence of microsclerotia or their forerunners or 

both is implied. 

This work has shown that vitamins affect the growth and pigmen- 

tation of Verticillium albo- atrum. The effects of vitamins upon 

pigmentation may tie in closely with the mechanisms of the variation 

studied. The mechanisms of heterokaryosis and the parasexual cycle, 

which some workers believe operate in Verticillium, probably did not 

cause the variation seen in this work. The only feasible way that 

they could have caused the three morphological variant types 

(Figure 6) would have been for a mutant spore possessing the 

character potential of a variant type to have germinated in the 
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monosporic culture and to have crossed with parent type mycelium 

to form the heterokaryotic condition. The chances that this mutation 

would follow a set pattern of three types correlated with time and 

temperature factors are not good. 

Table 3 clearly shows that variation in progeny of the parent 

black type grown at 23 -25 C. in the dark increases with the age of 

the culture. However, variation in progeny from cultures older 

than 150 days ranged from 2.5 - 99 %. This emphasizes that although 

variation generally increases with culture age, the amount of 

variation cannot be predicted and may vary greatly from culture 

to culture. 

Notice should be taken that a white isolate from the same 

original source as the black type exhibited variation only rarely 

unless exposed to ultraviolet light. Since ultraviolet light is 

a mutagenic agent, it is probable that the variants growing after 

u.v. treatment were mutants. If the production of white progeny 

by black parent type cultures was due to mutation, it could be 

expected that the ultraviolet light would cause a reversion back 

to the black type in progeny of white cultures. Instead, rarely 

occurring variant types (dwarf, yellow, orange) were produced. 

This, as well as the fact that the variant types produced by the 

parent black type were much more frequent than the highest reported 

mutation rates for any living organisms, appears to discount 

mutation as the mechanism causing the variation observed in the 

parent black type. 

The obvious differences between the black and the white 
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strains are that one produced black pigment and microsclerotia, 

and that the other did not. It was shown in that the parent black 

type grown under fluorescent lights produced little or no pigment 

(Table 6), exhibited greatly increased spore production, and grew 

generally better than when grown in the dark. No variation in 

progeny was present at 20 days of age. There is a strong possibility 

that whatever is causing the black pigmentation is also a principal 

factor in the variation that is so prevalent. Further study should 

be conducted to determine if the parent black type when grown under 

fluorescent lights varies as much as when grown in the dark. 

Attempts to isolate the substance (s) responsible for pigment 

production or those responsible for the suppression of pigment 

production may help clarify this mechanism of variation in Ver!:inillium 

albo- atrum. 

It was evident that when a white type colony was grown in contact 

with a parent black type colony, the frequency of the white type 

increased greatly in dilution analyses of the parent black type 

colony. This increase was much quicker and greater than would be 

expected for a single monosporic black parent type colony. The 

increase began some time between 21 and 44 days in the culture 

tested. No black type colonies grew from the white colonies (grown 

in contact with parent black type colonies) at any time. 

It is possible that the white type or substances from it 

may have exerted a direct effect upon the production of pigment in 

the offspring of the parent black type. If a substance could be 

isolated that would prevent the formation of black pigment in 
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Verticillium, it is conceivable that the formation of microsclerotia 

would also be prevented. If these resistant structures were not 

formed in the soil by Verticillium, crop rotation and other cultural 

control methods could be used to suppress the growth of the organism. 

There is thefurther complicating factor of temperature to 

consider. At certain temperatures the percentage of variation is 

very small while black pigment is produced normally. How the 

factors causing pigment synthesis could also be causing variation 

cannot be explained from these data. 

The operation of a complex of factors is almost certainly 

present in this variation observed in the parent black type. The 

pattern of variation does not follow any of the known mechanisms 

except possible non -chromosomal variation. I believe that the 

variation observed in the parent black types may be caused by some 

unknown or undescribed phenomenon. 

Further work on the biochemical and physical aspects of this 

variation may reveal a new facet in the understanding of biological 

systems. 
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SUMMARY 

Effects of vitamins on Verticillium albo -atrum 

1. The strains tested do not have a complete vitamin requirement, 

but certain vitamins are needed for optimum mycelial growth 

and optimum black pigment production. 

2. Inositol severely inhibited mycelial growth. 

3. Pyridoxine alone and inositol alone did not enhance black 

pigment production. 

4. Inositol and pyridoxine synergistically increased black 

pigment production. 

5. Biotin and thiamine may have synergistically increased the 

speed of spore germination and early mycelial growth. 

6. Biotin alone and thiamine alone enhanced black pigment 

synthesis. 

7. A mixture of biotin, thiamine, inositol and pyridoxine 

incited more growth than any of the four did singly. 

Variation in Verticillium albo -atrum 

1. Variant progeny of the parent black type were mainly of 

three types: a black type having less black pigment than 

the parent black type; a light type having a small amount 

of black pigment; a white type which produced no black 

pigment. 

2. The number of variants in 92,461 progeny of 26 monosporic 

parent black type cultures (grown at near optimum tempera- 

ture in the dark) became greater with increased culture age. 
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3. Only one culture of 14 generated more than 1.1% variant 

progeny before 51 days of age at 23-25 C. in darkness. 

4. The percentage of variation in progeny of parent black type 

cultures older than 150 days (grown at 23 C.) ranged 

from 2.5- 99.8 %. 

5. Ultraviolet irradiation (2537) caused the white type to 

produce dwarf , yellow, and orange variant progeny, but 

induced no black variants. 

6. In dual cultures consisting of a monosporic white type colony 

and a monosporic parent black type colony which had grown 

together at one side, no changes caused by this association 

were observed in progeny of the white type. No white colonies 

were present in progeny from the parent black type culture 

at 21 days of age, but over 33% of the progeny were white 

at 44 days and over 86% of the progeny were white at 70 days. 

7. Fluorescent light suppressed the production of black pigment 

and stimulated spore production and mycelial growth, but 

did not increase variation in the progeny of the parent 

black type at 20 days culture age. Little change in spore 

production or mycelial growth was seen in the white type 

grown under fluorescent light. 

8. Variation in progeny of the parent black type was commonly 

present in cultures grown at 21 -25 C. and 29 -32 C., but little 

variation was seen in progeny of cultures grown at various 

temperatures ranging from 5 -20 C. 
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9. Liquid media had no apparent effect upon total variation 

rate; but black type predominated among the variants in both 

solid and liquid sucrose -yeast extract media whereas roughly 

equal numbers of black type, light type and white variants 

occurred in liquid sucrose -nitrate medium. 

Nuclear conditions in Verticillium albo -atrum 

1. In about 15% of the spores of the white type the nuclear 

material was bi- or multiparticulate. 

2. Up to six closely associated nuclear particles were seen in 

the mycelium. 

3. These particles could have been chromosomes or nuclei. 

General conclusions 

1. The variation observed in progeny of the parent black type 

appeared not to be due to heterokaryosis, parasexuality or 

mutation. 

2. The mechanism of variation may have been non -chromosomal 

or some undescribed phenomenon. 
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Table 10. 
Details of variation in progeny of monosporic parent black type 
cultures as determined by dilution (culture 20 mass transfer). Cultures 
grown at 23 -25 C. (except * at 21 -25 C.) in the dark on sucrose - 
yeast extract agar. 

Number of colonies of type 
Culture Age Parent Black Light White Other % 

da s black A B C Variation 
0.6 

0.2 

1 1 180 
2 1 49 

0 

1 

5 1. 1192 

0 

0 

0 

0 0 
0 0 0.04 

6 1 1 
20 

20 
10 27 
1 - 33 

2 

13 34 
14 34 
4 42 

2 

6 2 

18 

166 o 0 0 o 

1450 0 0 0 0 
26 0 0 0 0 

3264- 0 0 0 0 

1608 0 0 0 0 

1362 112 0 0 0 
1698 0 0 0 0 

3299 0 0 0 0 
672 0 0 0 0 

20 1 0 0 o 

44 806 0 0 

19 51 3158 0 0 0 0 0 
1 59 2523 173 15 7 0 7.2 
2 5 2198 72 7 1 0 3.5 

13 59 942 138 0 0 0 12.7 
14 59 2098 3 2 10 o, 0.7 
20 6 1 6 0 0 1910 0 92.9 

0 

0 
0 
0 

0 

7.6 
O 

0 
0 

0.04 
0.08 

21 69 289 0 0 0 0 

*22 
4 118 268 

118 4416 2 0 

112 80 2 0 

2 

6 118 4192 310 

0 1 sector 0.4 
0 21.4 15 

1 
0 

23 139 2796 74 1 6 0 2.8 
2 141 242 1 0 2 0 12.0 

146 2820 658 8 
5 146 2 6 

1 0 19.1 
2 0 0.08 

6 146 e 3565 151 4 1 4.2 
- 25 158 2343 14 14 8 136 8 brown 6.6 e4 . 177 316 98 0 6 0 2 .8 

___j___ 177 688 _31 o 0 0 k.3 
6 177 26 0 0 0 2 

26 183 1 0 o 7 0 99.8 
6 0 4 .8 186 366 278 

3 

4 
____5 

7 

8 

9 

15 2096 
W15 274 

20 l8c- 

0 

0 

0 

1 

0 0 

0 0 

0 0 

o 0 

0 

0 Ó 
6- o_ 

2 1.1 
Ò 

0 0.05 

3 

5 

3 

. 

0 
4 70 1451 0 

668 
___f_ 0 0.06 

4 0 6.9 

_ 

.-._t 
o 

158 

7 

__21 
*27 . 14 

1 

1 0 0 0.05 
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Table 11. 

Details of effect of temperature on variation in progeny from parent 
black type cultures as determined by dilution. Cultures grown in 
the dark on sucrose -yeast extract agar. 

Temp. Culture Age 

(days) 
112 

5-6 C. 

Number of colonies of type 
Parent A B 

black black light White Other Variation 

1 9 

4 

10- 
12 C. _1_158 

1 186 

1 

158 
186 
112 

2 1 9 

14- 
17 C. 

19- 
20 C. 

1 70 
2 70 
3 112 

4 
1 158 

186 3 186 

2 
4 
2 
1 

112 

139 
158 
186 
112 

181 0 0 0 1 sector 0 
245 0 0 0 0 0 

1040 0 0 o 0 0 
1 10 0 0 0 0 0 
1512 0 0 

2292 0 0 
1045 89 0 0 o 7.8 
4.2 0 0 o 0 0 

718 0 2 0 2 sectors 0.6 
897 0 o 0 0 0 

2108 o o 0 o 0 

1808 o 0 0 0 0 

180 0 0 0 1 brown 0.055 
10 1 0 0 0 0 0 

0 o 

911 
805 

21- 2 139 2796 
25 C. 3 153 2343 

4 186 66 

29- 
32 C. 

1 
4 

70 

70 
112 

139 

216 
37 
2076 
1620 

1 158 1289 

0 

0 0 0 0 0 

0 0 o 0 0 

2 0 0 1 sector O. 7 
74 1 6 n 2.8 
14 8 136 8 brown 6.6 

278 14 6 o 44.8 
4 0 1 4 ctbrs 4.0 

28 0 o 0 7.0 

18 5 4 0 1.3 

4 0 2 o 0.36 

7 6 40 0 3.9 
181 35 20 0 37.5 

1 

2 

3 

0 
0 

1 2278 0 

2182 0 

1972 

0 
0 

3 

2 

3 186 323 

0 0 0 

o 

0 0 

4 
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Table 12 

Variation in progeny of monosporic parent black cultures as deter- 
mined by dilution. Grown in the dark at 23 -25 C. on sucrose -yeast 
extract agar. 

Culture 
Number of colonies of type 

Age Parent A B 

(days) black black light White Other Variation 

2096 

274 0 0 

3 175 
1 sector 
1 pink 1.1 

42 299 

2 42 5672 0 

2033 1 0 0 0 0.04 

1451 1 0 0 0 0.05 

1 118 2689 668 2 1 0 21.1 

118 4416 2 0 1 0 0.06 

3 118 4192 310 4 0 0 6.9 

1 146 2820 658 8 1 0 19.1 

2 146 7 7432 6 0 2 0 0 .08 

3 146 6 151 4 4.2 

16 98 6 24.9 

17 688 1 

267 2.5 

1 i 15 0 O 0 0 0 

2 15 0 

0 

0 

0 

0 0 0 

15 

1 

0 

3 42 

1 70 

2 

1 0 

1 177 0 

2 0 0 0 4.3 

3 177 7 0 0 o 

0 0 

0 

0 

0 0 0 

- 0 
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Table 13 

Variation in progeny of parent black monosporic cultures grown on 
sucrose- -yeast extract agar at 23 -25 C. for 14 days and stored at 5-6 C. 

Culture Age 
(days) 

Parent 
black 

Number of colonies of type 
A B 

black light White Other Variation 

758 sector 0.1 

5 15 579 0 0 

6 15 2 0 0 0 0 0 

4 42 3795 1 0 0 0.02 

42 2154 sector 0.13 

2 18 

70 1948 4 0.2 

118 902 

118 5112 

118 5425 0.05 

4 146 18 1 0 0 0 0 0 

5 146 3919 0 0 0 0 o 

6 146 1384 g 0 0 0 0 

4 177 484 0 0 0 0 0 

17 61 0 0 0 

177 0.84 

4 15 0 0 0 1 

0 0 O 

0 

IL 2 0 0 1 

6 0 0 0 0 0 

4 O 0 0 

4 0 0 0 0 0 

5 0 0 0 0 0 

6 0 2 1 0 

5 0 0 

6 483 3 0 1 0 
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Table 14 

Variation in progeny of monosporic parent black cultures as determined 

by dilution. Cultures grown in the dark at 23 -24 C. on sucrose -yeast 

extract agar. 

Culture Age 
da s 

Parent 
black 

Number of colonies of type 
A B 
black light White Other Variation 

180 0.6 

0.2 

1 3264 0 0 

2 33 1608 0 0 

3 34 1362 112 o 7.6 

4 34 1698 

59 2523 15 7.2 

2 59 2198 72 7 1 0 3.5 

3 59 942 138 0 0 0 12.7 

4 59 2098 10 0.7 

1 13 0 0 

2 13 495 0 0 

33 

0 0 0 

0 0 

0 o 0 o 0 

1 173 o 

Y 

. 2 0 

% 

1 0 

1 0 

o 0 o 

3 

- 
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Table 15. 

Variation in progeny of monosporic parent black cultures as determined 
by dilution. Cultures grown in the dark at 23 -25 C. on sucrose -yeast 
extract liquid. 

Culture Age 

(days) 

Parent 
black 

Number of colonies of type 
A B 

black light L ite Other Variation 

5 13 665 4 o o 0 0.6 

6 13 420 ,3 o o o 0.9 

5 33 692 1 0 0 1 dwarf 0.3 

6 33 880 1 0 0 0 0.1 

7 34 377 11 o o o 2.8 

8 34 854 o o 

9 34 360 11 0 1 0 3.2 

5 59 223 2 0 o o 0.9 

6 59 510 11 1 85 16 

7 59 80 0 0 

8 59 431 3 1 0 0 0.9 

9 59 460 3 2 0 0 1.1 

0 0 o 

o 

0 0 0 

' 

% 
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Table 16. 

Variation in progeny of monosporic parent black cultures as 
determined by dilution. Cultures grown in the dark at 23 -25 C. 

on sucrose- nitrate liquid. 

Culture Age 

(days) 
Parent 
black 

Number of colonies of type 
A B 

black light White Other Variation 

10 9 1011 20 0 1 0 0.2 

11 9 1182 0.2 

10 29 1 06 0.1 

11 29 1861 5 7 9 0 1.1 

12 30 913 9 30 8 0 6.2 

13 30 163 4 1 1 0 3.6 

14 30 2242 21 1.2 

10 1500 12 1.2 

11 55 1233 20 31 0 4.1 

12 55 960 22 32 11 0 6.3 

55 390 3 3 2.7 

14 117 6.4 

2 0 0 0 

1 0 0 0 

2 _ 

55 1 5 0 

13 5 o 

55 5 1 0 

% 

0 

2 


