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INTRODUCTION. 

Gene mutation may arise through changes in 

the already existing gene, or through an error in the assemblage 

of the daughter gene. 

If the change in the existing gene affects 

the entire gene it would give rise to a wholly mutated clone of 

cells, as has been found to be the case for the great majority 

of mutations induced by radiation in Drosophila me lano?;aster in 

which the whloe body is involved. However, some of the induced 

mutants involving visible gene mutations were seen to be mosaic 

(Muller 1927, 1928a). These were shown to be due to changes in 

the already existing gene. To account for such cases of mosaicimm, 

Patterson (1933) postulated the presence of a proportion of 

already split chromosomes at the time of treatment. Muller (1940) 

assumed that a single stranded chromosome at the time of treat- 

ment subsequently gave rise to a mosaic at the time of replication 

when of two broken chromatids only one underwent restitution. 

This theory, however, could not explain mosaics which were 

apparently due to gene mutation and not to chromosome breakage 

4nd reunion. 

The demonstration of the double stranded 

nature of the genetic material (Watson and Crick 1953) has lead 

to the possibility of a mutation which affects one strand of a 

double stranded gene. A new pattern would thus be established, 

while the original gene still capable of forming replicas would 

remain, and so a mosaic would result. So mosaicism resulting 

from a change in the original gene could now be explained. 

However, the existence of a complete mutation now became more 

difficult to account for on this model since it was difficult to 

visualise how two strands could mutate at exactly corresponding 

points at such a high frequency. 

A system was evolved from Atwood t s method 

with the aim of determining the best conditions under which 
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mutations that result in a wholly mutated clone of cells and those 

that result in a mosaic could be distinguished operationally and 

compa rá tirvé.lyr s tùdì d . 

The system most adaptable to the detection of 

mosaicism is one in which a mutation affecting morphological, colour 

or fermentation characteristics occur, since they become visible 

on the appropriate media. So the use of a selective procedure to 

eliminate the normal component of a mixed colony is avoided. This 

is the case on Levene's eosin methylene blue media where a lactose 

fermenting strain of E. coli gives dark red colonies, and non - 

fermenting mutants are detected by the presence of white sectors. 

Similarly, in Schizosaccharomyces ombe of genetic constitution 

ade, adz , red pigment accumulates when it is grown on limiting 

adenine. Mutations at ad1, ad3, ado and ad5 loci will lead to 

the non -accumulation of red pigment, and so white sectors may be 

detected. 

A replica dating technique has also been used 
for the detection of mosaicism. Kaudewitz et al (1958) detected 

the presence of prototrophic sectors in the auxotrophs which arose 

during P32 decay in E. coli. The number of replicates necessary 

to detect infrequent mutation and the possibility of missing very 

small mutant sectors are the disadvantages of this method. 

The use of a selective procedure to obtain a 

mosaic recessive lethal in homozygous condition in Drosophila is 

used for the detection of mosaicism. In this case a treated male 

produces offspring -some of which are heterozygous for a lethal 

mutation. They are allowed to mate with each other in order to 

obtain progeny homozygous for the mutation which will allow it to 

be detected. This is the same principle used in Atwood's method 

for Neurospora crassa where recessive lethals are scored in the 

methionineless nucleus of a balanced heterokaryon between arginne- 

less and methionineless, by allowing the formation of the homokaryon 

on methionine supplemented medium (Atwood, Muaki and Pittenger 1953). 



The methionineless nucleus also caries the gene for amycelial 

which produces a strikingly abnormal growth habit. So a lethal 

in the methionineless nucleus can be detected by the absence 

of amycelial colonies. The advantage of this system is that it 

utilises a two component heterokaryon, thus it allows a mutation 

in one nucleus, which would normally be lethal, to be masked by 

the other when they exist as a heterokaryon. This lethal may be 

unmasked by the formation of the homokaryon, thus avoiding the 

complications of the sexual process necessary for the detection 

of a mutation in diploid organisms like Drosophila. 

Possible sources of error in Atwood's method 

were first investigated, in order that they may be estimated 

where possible and taken into account. The presence of more than 

one methionineless nucleus in a heterokaryotic conidium results 

in deviations of the relative frequency of complete lethals and 

mosaic lethals found from their true values. Hence nuclear counts 

on different media were done with the aim of determining the 

medium on which the greatest proportion of conidia contain two 

nuclei. Then the frequency of nuclear types was determined, 

which together with the nuclear count data was used to correct 

for the effect of heterokaryotic conidia with more than one 

methionineless nucleus. As the operative nuclear count,and thus 

the corrections made, depend on whether or not the mutagen used 

acts by nuclear killing, attempts were made to estimate the 

amount of nuclear killing after the treatments used. 

Tests for the best technique for the detection 

of mosaics were carried out, and an indication of the selection 

o?erating on mutant and non- mutant sectors of a mosaic obtained 

by means of reconstruction experiments. As amycelial is such a 

drastic morphological modification, it is.possible that it may 

be affected readily by a mutagen and therefore produce a lethal 

mutation easily. Therefore, an alternative strain was investigated 

With the aim of distinguishing the best conditions under which 

its markers are easily recognised. This strain was a balanced 



heterokaryon between adenineless and histidineless nicotinic acid - 

less, and crries the gene for the morphological type ragged in 

the histidineless nicotinic acidless component. 

Atwood's method was adapted for the purpose 

of making a comparison between the frequency of complete and 

mosaic lethals induced after treatment of conidia. with X -rays, 

Ultraviolet light and chemical mutagens. This was done because 

it seems probable that whereas sources of high energy like X -rays 

may affect all replicas of a particular sub -unit, only a proportion 

will be affected by weaker energy sources like ultraviolet light, 

and also for chemical mutagens which hFve long been known to 

produce mosaics (Auerbach 1946, 1947, 1949, 1958; Auerbach and 

Robson 1946). 

The two chemical mutagens, nitrous acid and 

2- chloroethyl methane su 1phonate, were chosen because they were 

known to be highly effective mutagens, had been shown to produce 

mosaics, and some work had been done on their mode of action. 

Nitrous acid has been shown to he an effective 

inactivating and mutagenic agent for infectious RNA of Tobacco 

mosaic virus when tre=ted in vitro (Schuster and Schramm 1958); 

for E. coli (Kúudewitz 1959) and in vitro treatment of 

Pneumococcal DNA has been shown to bring about modificfttions which 

are transformed into mutants when the treated DNA is introduced 

into another bacterium (Litman et Ephrussi- Taylor 1959). It 

has also been found to be effective in phage T2 and T4 (Vielmetter 

and Wieder 1959) and in Neurospora crassa (Auerbach unpublished). 

Tessman in phage T4 has demonstrated the presence 

of mottled plaques after treatment with nitrous acid, some of 

which contained 50% mutant and 50% non -mutant phage. 

This mutagen has been shown to act by oxidative 

deamination of the primary amines in the bases of the DNA, changing 

cytosine to uracil, adenine to hypoxsnthine and guanine to 

xa.nthine. In phage T2 it has been shown that deamination of the 
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bases adenine and cytosine shows the same response to changes 

in pH as mutation frequency, whereas fbr guanine the damination 

rate parallels inactiva.tion(Vielmetter and Schuster 1959). 

2- ch.loroethyl methane sul-oh.on <<te (CB1506) 

kindly synthesised_ by D. J.L. Everett (1956) at the Chester 

Beatty Research. Institute, was the other chemical mutagen 

investigated. 

This chemical has been found. to be an 

effective mutagen in Drosophila melanogaster (Fahmy and Fahmy 

1955, 1956; Auerbach 1957; Auerbach and Sonbati 1957; Purdom 

1957) , and Neurospora (Auerbach 1960, K$ mark unpublished). 

It has also produced mosaics in Drosophila melanogaster (Auerbach 

unpublished). It has a slow action in producing its mutagenic 

effect, as was shown by a study of its effect on the back- mutation 

of an adenineless strain (No. 38701) of Neurospora crassa where 

it was only fully effective after thirteen hours at a molar 

concentration of 0.1 at 25 °C (K$lmark in Westergaard). The bromo 

derivative was considerably faster in action being fully effective 

after two hours, while the iodo derivative was immediately 

effective (K/lmark unpublished). 

It is an alkylating agent, and is characterised 

by its ability to transfer alkyl groups under physiological 

conditions (Ross 1958). Brookes and Lawley (1961) determined the 

rates and extent of alkylation_ of RNA and DNA by a variety of 

alkyln.ting agents, which acid not, however, include this mutagen. 

Then found that alkylation occurs st the N -7 position of the 

guanine molecule, monofunctional agents yielding 7- s.lkylguanine, 

and difunctional agents in addition yield di(g,unin -7 -y1) 

derivatives. They suggested that a possible relationship may 

exist between the alkylation of DNA ar..d the biological properties 

of the alkylating agent. 

The investigation of this chemical forms the 

second part of this work. 
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MATERIALS AND METHODS. 

STRAINS: arg./ meth., amy. 

This strain, obtained from Dr. K.C. Atwood, 

consists of a balanced heterokaryon between arginineless (29997A) 

and methionineless, and carries the gene for a.mT%celial in the 

methionineless component (4894- 422A). On minimal medium, growth 

is in the form of a heterokaryon. Homokaryotic methionineless 

amycelial.and srginineless colonies grow only on plates supplemented 

with methionine and arginine respectively, on which heterokaryotic 

colonies are also present. Plate 1 shows the morphology of the 

heterokaryon and of methionineless amycelial colonies on methion- 

ine supplemented media. 

rg.hist.nic. / ad. 

This strain, obtained from Dr. F. J. deSerres, 

consists of a balanced heterokaryon between adenineless , and 

histidineless nicotinic acidless, and carries the gene for the 

morphological type ragged in the histidineless nicotini acidless 

component. On minimal medium, growth is possible in the form 

of E heterokaryon. On histidine and nicotinic acid. supplemented 

medium, the heterokaryon and the ragged morpho lo y are shown. 

On medium supplemented with a limiting amount of adenine (0.5 mg/ 

litre), the heterokaryon and adeninineless colonies can be 

distinguished morphologically. When all three supplements are 

supplied, the heterokaryon, adenineless and ragged can be 

distinguished as in Plate 2. 

MEDIA. 

All stock cultures were maintained on slopes 

of minimal medium and stored at 25°C. 

Minimal medium contained 1.0 gins. sucrose, 

-1.0 ml. glycerol, 2 gins agar, 25 ml. Fries solution and 75 ml. 

distilled water. 



PLATE 1. 

X25 

Arginineless / Methionineless amycelial heterokaryon 
on minimal + methionine mddium. 

1 :- Heterokaryotic colony. 

2 :- Methionine am: :celia.l colony. 



X 200. 

PLATE 2. Ragged histidineless nicotinic acìdless / adenineless 

heterokar; =on on minimal + histidine + nicotinic acid 

+ adenine (Limiting amount) medium. 

1 :- Ragged histidineless nicotinic acidless colony. 

2 :- Heterokaryotic colony. 

3 :- Adeninineless colony. 
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The Fries solution used contained ammonium tartrate 

100 gms., ammonium nitrrte 20 ,ms., Potassium di- hydrogen phos- 

phate 20 gms., magnesium sulphate 10 gmr.., sodium chloride 2gms., 

Calcium chloride 2 gms., trace element solution 20 ml., biotin 

80 µgms made up to 5 litres with distilled water. 

The trace e: ement solution used in the Fries solution 

contained 88 mg sodium borate, 268 mg cu -cric chloride, 970 mg 

ferric chloride, 72 mg manganese chloride, 37 mg ammonium 

molybñ ̂te, 4.168 mg zinc chloride, 8.806 mg zinc sulphate made 

up to 1 litre with distilled water. The Fries solution was the 

mineral requirement source in all media, and. was used at a 

concentration of 25% . 

Complete medium consisted of yeastral 0.25 gms., 

casein hyd_rolysa.te 0.1 gms., malt extract 0.5 gms, agar 1.5 gfrs., 

glycerol 1.5 ml per 100 ml media. 

In some experiments, minimal medium was supplemented 

with adenine 40 mg., arginine 40 mg.. inositol 20 mg, nicotinic 

acid 10 mg., histidine 100 m7., methionine 25 mg per litre. 

The two types of plates used in Atwood's method were 

the 'Isole Lion' and.'Squirt' plates. Both contained 0.1 gm. 

sucrose and. 1.0 gm sorbose in order to secure a colonial growth 

habit of the conidia per 100 ml media. The 'Isolation' plates 

contained 2.0 gm agar, and the 'squirt' plates 2.5 `ms agar 

per 100 m in order that a firm medium would be secured for the 

'squi_.ting' techinique in which the plte is divided into sectors. 

Also, 'squirt' plates were supplemented with 25 mg/ litre 

methionine. 

MUTAGEN S . 

X -rays 

The source of X -rays was a Newton Victor GX10 Medium 

Therapy tube operated at 140 KV at a distance of 12.5 cm. for 

1 hour. The tube was calibrated using a Baldwin- Farmer X-ray 

dore meter, and the dose rote was 40,00 r per hour. The conidial 
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suspension contained in a Petri dish with a 1 mm. thick 

aluminium lid, was agitated throughout treatment with a magnetic 

stirrer. 

Ultraviolet light. 

Ultraviolet light of wave length 2537 A° 

from a Hanovia bactericidal lamp was used, at a distance of 

42.8 cm. from the conidi al suspension. The conidi a_ suspension 

contained in a Petri dish was agitated by a shaker during 

irradiation. 

Irradiation and subsequent handling of 

samples was done under low intensity yellow light to avid 
photoreactivation. 

Nitrous acid. 

Effective treatment with nitrous gcid was 

secured by using a pH of 4.4 at 25 °C. This pH was obtained by 

a buffer consisting of 6.7 ml. 0.1M acetic acid mixed with 

3.7 ml. 0.1M sodium acetate immediately before use. A control 

series of 2 ml. spore suspension and 4 ml. buffer, and a treated 

series of 2 ml. spore suspension, 2 ml. buffer and 2 ml. 0.05M 

sodiumr: itrite.were used. The mixture was agitated during 

treatment, and treatment was stopped by dilution. 

2- chloroethyl methane sulphonate. Cl CH2 CH2 0 SO2 CH 

Conidia were treated with 2- chloro ethyl 

methane sulphonr.te (CB 1506) for twelve hours at 25 °C at a molar 

concentration of 0.1.` Tkiis mutagen has a low solubility, and this 

solution is the highest molar concentration obtainable. These 

conditions were found to be effective in the treatment of an 

adeninineless strain of Neurosnora crassa for a study of the 

back mutation rate (K/lmark in Westergaard). 

At the end of the treatment, the mutagen was 
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removed by washing twice with distilled water, 

The conidial suspension used was at a suspension density of 

1.5 x 106/ ml. for the first three mutagens. In the case of 

2- chloroethyl methane sulphonate, in an experiment done in 

conjunction with Dr. K/lmark the suspension density was 3 x 106/m1. 

so that conditions in our separate treatments would be comparable. 

In all cases the syspension of conidia was prepared by filtration 

of the harvested conidia through cotton wool to remove fragments 

of mycelium, then washing was done twice to remove any traces 

of medium. Appropriate diTtitions were made for plating on medium. 

Experimental conditions which differ from the above will be 

indicated in the appropriate section. 

ATWOOD'S METHOD. 

This is a method which allows recessive 

lethals in Neurospora crassa to be scored (Atwood, Mukai and 

Pittenger 1953). The essence of the technique has already been 

mentioned on page 2 - 3, and is illustrated in Figure 1. 

As shown, the arginineless / methionineless 

amycelia.l strain is first grown on minimal medium (I) on which 

it produces three kinds of conidia - homokaryotic arginineless 

conidia, homokaryotic methionineless amycelial conidia and 

heterokaryotic conidia (II). These conidia are harvested and 

after treatment plated on 'isolation' plates with minimal sorbose 

medium (III). Only heterokaryotic colonies can grow on the 

'isolation' plates. The plating technique involves the use of 

tubes containing 2 ml. medium (1% agar) into which 1 ml. conidial 

suspension is pipetted; the contents are then emptied on top 

of previously poured 2% agar plates. Thus the colonies will 

grow discretely in a thin top layer, and can later be isolated. 
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These plates are incubated for 3 days at 30 °C. 

The sampling of large numbers of colonies 

from the 'isolation' plate is made possible by use of the 

'punching' technique. For this technique punch tubes, clay 

based plates with minimal medium and perforated boards are used. 

The 'punch tubes' are 6 cm. long sections of glass tubing with 

a 3mm. inside diameter. They are dry sterilised with one end 

thrust in a covered tray of sand. The clay based plates are 

prepared by fitting filter paper in the bottom of a 14 cm. 

diameter Petri dish, then molding permoplast modeling clay to a 

uniform thickness over the paper. The covered Petri dish is 

autoclaved and cooled, and sterile medium poured on to the clay. 

The perforated boards for holding the 'punch tubes' in an upright 

position for incubation are dry sterilised and wrapped in tinfoil. 

Each board holds 120 tubes. 'Punching' is done by first coring 

the colony out of the isolation plate with the 'punch tube', and 

then pushing the tube into clay based plates with the minimal 

medium. The tubes are withdrawn and placed upright in the 

perforated boards, covered with tinfoil and incubated at 25 °C 

to allow conidiation (IV). 

The conidia are transferred to methionine 

supplemented sorbose medium by the 'squirting' method: This 

method saves both time in plating conidial suspensions, and plates 

since 5 isolates are 'squirted' per plate. For 'squirting' plate 

dividers and a Cornwall syringe are used. The plate dividers 

consist of open cylinders of polythene, 8 cm, high, just fitting 

the inside of a 9 cm. petri dish and having ten radial partitions. 

The divider is sterilised bar dipping into boiling water for a 

few seconds.. It is then pressed firmly into the agar plate. 

Three small protruberances on the bottom of the divider prevents 

the divider cutting the agar all the way through, thus facilitating 

its removal. By means of the Cornwall syringe, set to deliver 0.75 ml 

water, the contents of each 'punch tube' are 'squirted into 
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alternate sections of the divider. When all five alternate sections 

have been 'squirted', the plate and divider are inverted on a 

coarse screen and allowed to drain. The divider is then removed 

and the plate covered. Contamination from neighbouring sections 

is reduced by using alternate sections of the divider. A team 

of two, one using the dividers and the other the syringe, is best 

for the efficient performance of the technique. 

The plates are scored for the presence or 

absence of amycelial colonies under a low power dissecting 

microscope after two days incubation at 30 °C. A lethal in the 

methionineless nucleus will be detected by the absence of meth- 

ionineless amycelial colonies (V). 

MOSAIC L ETU.ALS. 

Only isolates in which the mutation affects all 

the existing methionineless amycelial nuclei will give rise to 

immediately detectable mutants. Conidis with a lethal mutation 

induced in the methionineless amycelial nucleus will not be 

detected if the lethal exists in a fraction of the genetic material 

of the methionineless nucleus, or if a non -mutant methionineless 

amycelial nucleus is present in the conidium. This is so because 

in both cases, the non -mutant amycelial units will give rise to 

viable amycelial colonies on methionine supplemented sorbose plates 

andvill be indistinguishable from non- mutant isolates. 

Isolates vfi ich are mosaic for a lethal may be 

detected by repeating the test on individual heterokaryotic colonies 

originating from a single treated conidium. The various techniques 

tried will be presented in the section on Experimental results, 

DETERMINATION OF NUCLEAR NUMBER. 

Nuclear counts on conidia were done using 

Huebsch.man's Azur A method with some modifications. The azur A -S02 

complex specifically stains the aldehyde groups of the DNA released 

by acid hydrolysis in the same manner as the Feulgen_ reagent (Atwood 



-14- 

and Orinstein 1949, cited by DeLamater). The hydrolysis conditions 

are thus the critic 1 factor influencing the staining result. 

Huebschman recommended hydrolysis in 1N hydrochloric acid at 

55 -60° for 9 -14 minutes. 

Thionyl chloride was found to be a more 

convenient source of sulphur dioxide than solid hydrogen sulphite 

recommended by Huebschman (1952). 

The final staining procedure used was:- 

1. Smear cover slip with glycerine albumen. 

(a) Dry conidia are patted on to the surface of the cover slip, 

using a pl2tinum loop. 

(b) Wet conidia are placed on to the cover s-'ip, spread evenly 

by rocking, then dried. Best results are obta_ire¡° if they 

are now dehydrated slowly in alcohol. 

2. Fix in Carnoy's fluid (3 parts absolute alcohol: 1 part glacial 

acetic acid) for 25 minutes. 

3. Hydrolyse at 55 °C 
± 

0.5 °C for 12 ± 3 minutes, depending on age, 

in iN hydrochloric acid, previously standardised. (Younger 

conidia are hydrolysed longer). 

4. Stain in a mixture of 0.25% Azur A plus 2 drops thionyl chloride 

per 15 ml.. If an excess of thionyl chloride is added a 

precipitate is formed. Stain for at least 1 hour. 

5. Blot dry or dehydrate, then mount in Canada balsam. 

6. Exmine under oil immersion. 
Throughout the staining procedure the cover 

slips are held in glass rcks. This faci. ita.tes handling of the 

fragile cover slips, and minimises the possibility of washing off 

the conidia on the slip through rough handling. 

RECONSTIL-ZUCTION EXPERIMENT. 

In a number of experiments conidia were sampled 

from cultures grown from a mixture of lethal and non -lethal coni dial 

suspensions, in order to estimate any possible selection against the 

lethal. 

These conidia were then sub jecte: to A tzr;ood's 

test fc,r rec.ssive lethals. 
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RESULTS. 

PART I. DETERMINATION AND CONTROL OF NUCLEAR NUMBER 

A lethal in a methionineless nucleus can only 

be detected by Atwood's method if no other non -lethal methionineless 

nuclei are presnt in the conidium. Therefore the loss of scoreable 

lethals will increase directly withthe proportion of heterokaryotic 

conidia which contain more than one methionineless nucleus. It 

is therefore important to determine the frequencies of conidia with 

various numbers of nuclei and the variation which exists in these 

frequencies as well as the factors which affect them. 

(a) NUCL1LAR COUNTS 

Conidia were groan under conditions which 

might be expected to reduce nuclear number, and then examined 

cytologically to determine the nuclear number. These determinations 

were done with the aim of finding the conditions under which the 

highest proportion of heterokaryotic conidia would contain only one 

methionineless nucleus. 

Huebschman (1952) found that whereas some 

dicn.rboxylic amino acids raised the average nuclear number, L lysine 

and glycine lowered it. Thus L lysine and glycine and the closely 

simil -ter alanine were added to the medium to determine their effect 

on this strr.in in this laboratory. 

Table 1 gives the cytologically determined 

numbers of conidia found to contain various numbers of nuclei 

under varying conditions of age and medium at 25 °C. 

There is no significant difference between 

nuclear counts done on conidia grown on minimal medium for 5, 6 

or 8 days (x:' = 30.6 for 24 degrees of freedom, P is spproximately 

20 %). Similarly, there are no significant differences between 

18 and 20 day old cultures grown on minimal medium. This is also 

the case for the two counts done on leucine and glycine respectively. 

However, the difference between counts done on 5 -8 day old cultures 

on minimal, 18 -20 dr y old cultures on minimal, 1% alanine, 0.9% 
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leucine, 1% glycine and complete medium is highly significant (P 

being < .01% in all cases). 

From this Table it is seen that 5 -8 day old 

cultures on minimal medium have the highest proportion_ of conidia 

with two nuclei. Thus conidia grown under these conditions were 

used in the experiments to be described and the % conidia with 

different numbers of nuclei are :- 

NUMBER OF NUCLEI PER CO IDIUM. 

1 2 3 4 5 >5 

31.14 42.07 17.43 6.29 1.78 1.29 

(b )FREn TJENCY OF NUCLEAR TYPES 

The frequency of the two nuclear types will 

affect the relative frequency of homokaryotic methionineless and 

arginineless, and of heterokaryotic conidia in the culture. It is 

possible to determine the frequencies of the various types of conidia 

by placing on minimal and supplemented media. heterokaryotic 

colonies will be present on all plates, but homokaryotic methion- 

ineless anda rginineless colonies will be present on plates 

supplemented with methionine and arginine respectively. By counting 

the colonies which appear when the same amount of conidial 

suspension is spread on minimal and on supplemented medium, the 

proportion of heterokaryotic and homokaryotic.conidia in the 

sample can be determined. Since the methionineless amycelial 

colonies are morphologically distinct, they were scored separately 

where methionine was supplied. The results are given in Table 2. 

It can be seen from Table 2 that the number of 

normal colonies on methionine medium is less than the number of 

colonies which grow on minimal medium, although the same number 

of normal colonies are expected on both. It was also noticed that 

on methionine medium the colony size varied considerably ranging 

to the limit of visibility, and it seems probable that methionine 
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inhibits colony formation. This was also found to be the case by 

Atwood and Mukai (1955). Colony counts cannot determine whether 

the homokaryotic methionine amycelial colonies are similarly 

inhibited, but their similar variation_ in colony size leads one to 

assume that they are. This assumption was also made by Atwood and 

Mukai. Thus the amycelial count is adjusted by setting the count 

of normal colonies on methionine medium equal to that on minimal 

and making a similar adjustment for the amycelial colonies. 

The_adjusted plating data then reads: - 

Heterokaryon Arginineless Methionineless Total 
homokaryon homokaryon 

Number 149 

32.36 

216 

46.90 

95.5 

20.74 

460.5 

100 

These figures show a deficit in the % hetero- 

karyon observed . This was also found by Atwood and Mukai for the 

same strain. 

Prout et al have'shown that there is a tendency 

for like nuclei to occur together as a result of incomplete nuclear 

mixing especially in the terminal branches of aerial hyphae, which 

is the site of conidial formation. This deviation from random 

distribution could account for the deficit of heterokaryotic conidia. 

In view of this deficit of heterokaryotic conidia 

Atwood and Mukai suggested a method. for the estimation of the 

proportion, p , of one nuclear type. This uses the equations: - 

p = r (1 -r) + a (ñ - 2r) = 0.64 

ñ (1 -r) 

1 -p = r (1 -r) + b (r_ -2r) = 0.36 
ñ (1 -r) 

where a is the proportion of homokaryotic arginineless conidia, 

b is the proportion of homokaryotic methionineless conidia, r is 

the proportion of heterokaryotic conidia and ñ is the average 

number of nuclei per conidium. Howevr, Klein (1958) found that 

the distribution of nuclei was random in heterokaryons constituted 

from pantothenicless, nicotinicless - 2 albino - 1, lysine less -3 
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and p- a.minobenzoicless homokaryons. However, whether p is 

calculated assuming random distribution or by Atwood t s formulae 

given Previously, similar values are obtained (Atwood and Mukai) . 

This particular form of nonrandom distribution 

should not interfere with-the relative proportions of heterokar: otic 

conidia which contain various numbers of methionineless nuclei. 

These proportions are shown in T ble 3. From these proportions, 

and the various rronorticns of conidia which contain various numbers 

of nuclei it is possible to calculate the overall proportions of - 

h.eterokaryotic conidia which contain 1, 2, 3etc methionineless 

nuclei. These are shown in Table 4. 

Since complete lethals will only be detected in 

conidia with one methionineless nucleus, the proportion of complete 

lethals found, L , has been produced by lethal mutation in hetero- 

karyotic conidia containing one methionineless nucleus, Al. Thus 

the proba_oility, P , of a lethal arising in a methionineless nucleus 

= L /A.,. 

From P, one may calculate the amount of mosaics 

which are due to complete lethal mutations in conidia containing 

more than one methionineless nucleus. In conidia containing two 

methionineless nuclei (A2), there. is a proba_bi_lity, P , of a lethal 

being induced in each nucleus. This gives a total probability 

2P of a lethal being induced in the conidium. However, P2 proportion 

of the time a lethal will have been introduced in both nuclei and 

since Atwood.'s method. will only indicate the presence or absence 

of mutation, P2 / 2 mutations will not be separately detected. 

Thus the proportion of mosaics which will be formed by complete 

lethal mutation in conidia with two methionineless nuclei 

= A_, (2P - P` --/2). Similar calculations may be done for conidia 

containing 3, 4 etc methionineless nuclei. Mosaics produced in 

this manner may now he subtracted from the mosaics found; this 

leaveo the mosaics produced b-,r mosaic mutation (Table 7). 

These true mosaics repreoen_t mosaic mutations 

which occur in conidia with number of methionineless nuclei. 
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The probability, n? , of a mosaic mutation occuri?ìf7 in a methion- 

ineless nucleus, the proportions of beter. okaryoti c conidia 

containing 1, 2, 3 etc methiònineless nuclei(A1, A2, A, etc) , 

and the proportion of true mosaics found, M , are related by 

the following equation : - 

True Mosaics = Aim + A2(2m-m2) + A 
3 
m(5m2 - 9m + 18) 

2 6 

+ Aa m ( -13m3 + 4m2 -36m + á8) = M 
12 
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INDUCED i Tf_LTT r':T i O N 

(a) Nitrous Acid. 

1. DETER?TIYATiO 0 TIM TYPE OF ,T_?.LING. 

The type of killing is important from the 

standpoint of the corrections made. for complete and mosaic lethals. 

If nuclear ki lli n, occurs, there would be a decrease in the fraction 

of conidia which contained more than one methionineless nucleus and 

the corrections applied would be overcorrections. Also, it is 

important to determine whether conidia with different numbers of 

nuclei were preferentially killed. if killing favoured the survival 

of cxonidia with grea ter numbers of nuclei, the fraction of conidia 

with more than one methionineless nucleus would increase, and the 

determination of the conditions under which the greatest number of 

heterokaryotic conidia contain 1 methionineless nucleus would be 

of no consequence. 

Killing by X -rays has been sho:hn to be nuclear 

in this strain (Atwood 1954). The killing due to ultraviolet light 

has been shown to be due to nuclear killing at low doses of irradia- 

tion and at higher doses, c-toplcsmic inactivation is added to the 

process of nuclear i nactiva ticn (Goodman 1958).. In view of this, the 

determination of the type of killing was done only for the mutagen 

nitrous acid. 

If the killing of conidin takes place through 

the inactivation of nuclei, then at some stage before a hetero- 

karyotic conidium is killed, it will become monokarT:otic and as a 

consequence be a homokaryon. So with decreasing survival, there 

would be a decrease in the proportion of heterokaryotic c nidia 

and an increase in the proportion of homokarÿ-otic conidia. 

Therefore, the frequency of colonies on minimal should decrease 

more qlickJy than that on supplemented medium. This was tested 

by treating a conidial suspension with nitrous acid as described 

on page 10, removing samples t appropriate intervals, and 

immediatly diluting for subsequent plating at different survival 

levels. By plating treated conidia on minim!,l medium, methionine 
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supplemented medium and arginine supplemented medium the relative 

proportion of each conidial type can be determined. at the 

different survival levels. 

Concurrently with this experiment, the freouency 

of recessive lethals was determined at fur different survival 
levels in. order to check any possible relationship to nuclear 

killing. The results are given in Table 5 and Graph 1. 

Table 5 shows that with decreasing survival 

there is no decrease in the proportion of heterokaryotic conidia 

found. A correction factor to compensate for the influence of 

methionine in the medium was made in the case of the methionine- 

less si rcelial colonies as escribed in Part I. This table also 

shows that the % recessive lethals increased :.pith decreasing survival. 

Graph 1 is a plot of loge percentage survival 

against dur.,tion of treatment for the three conidial types. 

The shape of these curves is similar to that 

obtained by Goodman (1958) for a micro-conidial strain of Neurospora 

crassa treated with ultraviolet irradiation. His interpretation 

was that at low doses conidia are killed by inactivation of nuclei, 

and at higher doses cytoplasmic inactivation is added to the 

process of nuclear inactivation. It is possible that a similar 

interpretation m.. -`r be applied to Graph 1. The plating data which 

apparently gives no indication of nuclear killing would then have 

to be explained on the basis of a hypothesis put forward by 

Atwood (1954). He found that after treating conidia of the same 

strain used here with ultraviolet light, the estimate of the 

proportion of heterokaryotic conidia obtained from counts on 

minimal me(7-17 differed from that obtained by isolating colonies 

from supplemented media .-nd testing them for their ability to grow 

on minimal media. There was only a slight decrease in the 

proportion of heterokaryotic conidia found using the first method, 

while a rapid decrease, indicating nuclear killing, was obtained 

by the second. met- od. He explained this on the basis of a 'recovery' 

hypothesis which suggested that on minimal medium, one nuclear type 
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0- Hctcrokaryotic conidia 

X - Mtthionine amycelial conidia 

-- Argmintless conidia 

10 20 30 40 50 60 t. 

TIME IN MINUTES 

GRAPH 1. The effect of nitrous acid on the survival of the 
three..types of conidia. 



has to await the recovery of the other nuclear type before growth 

is possible. However, on supplementer'_ medium, growth is immediate - 

ly possible in the form of a homokaryon. Therefore, by plating 

first on supplemented medium, the deficit of heterokaryotic 

conidia can be shown. However, there is a constancy in the relative 

proportions of heterokaryotic and homokaryotic conidia that would 

make it very difficult to apply a similar 'recovery' interpretation 

to the results of this experiment unless recovery is unrelated 

to dose or survival. 

For that matter, even if the 'recovery' hypo- 

thesis were applicable, nuclear killing would only become a reality 

when plating on supplementeé medium which is not the case here. 

2. DETECTION OF COMPLETE AND MOSAIC LETf:ALS. 

Complete lethals were detected by Atwood's 

method as described on page 11. Mosaic lethals which contain 

mutant and non -mutant methionineless amycelial nuclei, are not 

detectable by this method as the viable methionineless amycelial 

nuclei give rise to colonies with the amycelial morphology. If 

mosaics are to be detected the mutant and non- mutant nuclei must 

be given the opportunity to segregate so that only mutant nuclei 

occur in a culture, thus making it Possible for the lethal to be 

detected. Therefore, any method for the detection of these mosaic 

lethals utilises the technique of multiple sampling with the hope 

of achieving this segregation of the lethal fróm the non- lethal 

nuclei. 

With this aim in view, macroconidia of Atwood's 

strain were treated with nitrous acid and various methods were 

tried in an attempt to detect mosaic lethals. 

MET OD 1:- Eight sectors were sampled from the edge of a hetero- 

karyotic colony growing on the 'isolation' plate. 

Sampling was done by means of a platinum spade, and the samples 

were placed in 'punch tubes' containing minimal glycerol medium. 

After conidiation, the samples were submitted to Atwood's test 

for recessive lethals an the eight sectors were scored 



separately for lethals. This method is illustrated in Figure 1, 

Section C. ; For simplicity, the illustration shown only two 

sectors taken from a colony on the isolation plate. It was 

applied_ to 27 colonies, and none were found to be mosaics. This, 

however, may have been due to the growth habit of the colony 

making it .unlikely that discrete lethal and non -lethal portions 

would develop and be sampled separately. A different method was 

therefore tried. 

METHOD 2:- Discrete heterokaryotic isolates were sampled from 

methionine sorbose plates on- which amyceliol colonies 

also grew. This ensures that only non-lethals are submitted - 

to the test for mosaicism, and thus has the advantage over Method 1. 

Two techniques were used for picking isolates. (a) heterokaryotic 

colonies were sampled by picking colonies with a platinum spade 

under the microscope, and trans erii to 'punch tubes'. 

(b) Heterokalyotic colonies were cored out using a 'punch tube' 

with the aid of a magnifying glass. T:_is increases the speed of 

sampling. For this method a sparse growth of colonies is necessary 

in order to obtain discrete isolates. Therefore the conidia from 

one punch tube were squirted on a'.singlé 're i -Sola ti6n' plate 

and then the plate was washed with 9 ml. water, in portions of 

3 ml. each tor7eMove excess conidia. For. poorly conidiating cultures 

less water was used for washing. The 'punching' was done three 

days later when all the viable conidia have germinated. 

After conidiation, the 're- isolates' in the 

'punch tubes' were submitted to Atwood's test for recessive 

lethals. 

This method is illustrated in Figure 1, 

Section B. 

Mosaics were detected by this method. Using 

Method 2 a, and sampling ten isolates from each non -lethal colony, 

9 colonies out of a total of 48 tented were found to be mosaic 

lethals. Using Method 2 b and sampling twenty isolates from 

each non -lethal colony on a mothi nine supplemented plate, 50 
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colonies out of a total of 75 were found to be mosaic lethals. 

The results of an experiment using the sampling 

method described under Method 2 b are given in Table 6, Experiment I. 

This table shows the frequency of complete and mosaic lethals 

observed, and also after the correction due to conidia containing- 

more than one methionineless nucleus was made. The method of 

doing; this correction has been described in Part 1, and details 

of mosaics formed as a result of 2, 3, 4 methio:,_ineless nuclei 

being present in a conidium are given in Table 7. 

These results show that 9.3% lethals and 69.8% - 

mosoic lethals were observed among survivors after treatment 

with nitrous acid for 30 minutes. After correction was made 

for conidia containing more than one methionineless nuclei, the 

frequency of mosaic lethals was 65.8% Thus 4% of the mosaic 

lethals were due to complete lethal mutations in conidia with 

more than one methionineless nucleus. If this figure is added 

to the 9.3% lethals observed it will give the proportion of 

conidia in which complete lethal mutation is induced for a 

particular nuclear distribution. Thus a change in nuclear 

distribution would. hinder comparisons and it was decided to 

calculate mutation per nucleus instead. These values are given 

in Table 7. 

3. COMPARISON OF THE FREQUENCIES OF COMPLETE AND MOSAIC LETHALS 

AFTER TREATMENT WITH X -RAYS, ULTRAVIOLET LIGHT ATD NITROUS ACID. 
X -rays, which as a source of high energy are 

presumed to act on all the DNA strands, are expected to give 

few or no mosaics. Thus the frequency of mosaics ih X -ray 

experiments witha a high survival may be used as an independent 

check on the proportion of mosaics that are due to the presence 

of more than one methionineless nucleus in a coni'ium. Ultraviolet 
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light and nitrous acid being weaker sources of energy might 

possibly affect only a proportion of the replicas of a particular 

sub -unit and give a significant proportion of mosaic lethals. 

These three mutagens were used to treat the 

same conidial suspension by the methods described on pages 9 -11. 

A conidial count to determine the frequency distribution of conidia 

containing various numbers of nuclei was also done. 

The results are given in Tables 6 and 7, Experi- 

ment II. Sampling for mosaic lethals was done as in Experiment 1, 

the results of which area.lso included in these Toles. 

From Table 6, a comparison of the observed 

mosaic lethals after nitrous acid treatment in Experiments I andll 

shows that the results differ widely, the fii:res being 69.8 and 

26.4% respectively. One possible explanation is that the distri- 

bution of coni ia.. with various numbers of nuclei might have been 

different in the two experiments. The nuclear court done in 

Experiment II showed that among conidj:7 containing more than one 

nucleus the majority had two nuclei. However, nuclear counts were 

not done in Experiment I and the nuclear number msy have been higher. 

Another possible explanation lies in the method of multiple sampl- 

ing used. Samples were taken from colonies graving on methionine 

supplemented medium, where homoka ryoti c methi onineless amyceli a.l 

colonies as well as heterokaryotic colonies grow. It is possible 

that these two types of colonies may form a heterokaryon if they 

lie in close proximity. Heterokaryon formation between colonies, 

one of which carries a lethal and the other a non -lethal methion- 

ineless nucleus, would result in a heterokaryotic colony with an 

undetectable lethal. Thus there would be a reduction in the number 

of mosaic lethals detected. It is possible thst sampling in the 

second experiment was done from plates which were more densely 

plated than in Experiment 1, and which would favour heterokaryon 

formation between lethal and non-lethal colonies. This m7y account 

for the different proportions of mosaic lethals found. 
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A direct comparison of the effect of the three 

mutagens used in Experiment II may be misleading since the survival 

levels are so di f_-'erent. However, the relative f reouencies within 

a mutagen of complete lethals, mosaic lethals and non -lethals may be 

compared bet7reen mutagens. 

in Table 7 the figures for complete and mosaic 

lethals are shown. The mosaic lethals are corrected for the error 

caused by conidia containing more than one methionineless nucleus. 

The results are then expressed as the probability of mutation occur - 

ing in a methionineless nucleus for both complete and mosaic lethals. 

In this form the results are comparable regardless of the nuclear 

distribution of the conidial sample used. Since the probability of 

mosaic mutation e::prLssed as a percentage of the probability of 

all mutation is comparable between mutagens, the results are 

expressed in this form. These values are 83.7 %, 66.6%, 17.1% and 

0; for Experiment I nitrous acid, Experiment II nitrous acid, 

ultraviolet light and X-rays respectively. 

This is the trend expected from the considerations 

on page 31. However, as explained in Part 1, the corrections applied 

would be overcorrections for a mutagen which acted. by nuclear 

killing. Therefore for X -rays the figure given is lower than the 

true value, whereas those for ultraviolet light and nitrous acid 

will be nearer the true values. 

4. SECTOR SIZE 

If one assumes the double stranded nature of the 

genetic material to be correct, than the two main types of mutation 

mentioned on page 1 will give predictable results. In_ the first 

case where gene mutation arises through a change in the already 

existing gene, the mosaic produced will consist 'of a half mutant 

and a half non- mutant portion. In the second case where mutation 

arises through an error in the assemblage of the daughter gene, 

replication will produce four strands, one of which will be mutant 

thus leading to a mutant sector of one Quarter. 
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These two expectations assume that the mutagen 

has an immediate action. If, however, there is a delay in the 

action of the mutagen it will have the effect of reducing the 

size of the mutant sector in both cases. However the differ 7_ce 

in the original proportions on which these reductions will operate, 

may make it possible to decide between the two mechanisms from data 

on the relative frequencies of mos ics with various mutant sector 

sizes. 

The results for the size of mutant sectors in 

the mosaics detected in Experiments I and II are given in Table 8. 

This shows that the proportion of lethals in 70 -800 of the mosaics 

produced by all mutagens was in the 0-20% size class. 

However, before speculating on the merits of 

the two mechanisms mentioned above, the possibility of selection 

against the lethal being the factor responsible for the low mutant 

sectors detected in the mosaics was tested. 

5. RECONSTRUCTION EXPERI ?:TENT. 

The possibility that selection operating 

against the leth,nl sectors cf a mosaic ;;as responsible for the 

small size of mutant s =ctors detected in the mosaics, w.ns tested 

by means of a reconstruction experiment. In this experiment 

heterokaryons were formed from equal. proportions of conidia from 

lethal and non -lethal cultures. They were then .submitted to 

Atwood's test to determine the relative proportions 6f lethal 

and non -lethal methion.ineless nucli. 

The'lethals to be used were first tested to 

ensure that complete lethals and not mos is lethals were used in 

the test. This was done by growing the lethals on complete medium 

where conditions favour conidia with the maximum number of nuclei. 

Under these c nc7;.itions there is the greatest chance that conidia 

will form new combinations of nuclei with two or more lethals 

present, and viable homokaryotic amycelial conidia will be formed 
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as a result of complementation (Atwood 1954). Such conidia were not 

detected, so it was consluded that the lethals used contained only 

one lethal mutation. 

Conidial suspensions of eight different lethals 

and one non -lethal were made and adjusted to the same suspension 

density. Then 2 ml. of each lethal were mixed separately with 2 ml. 

non- lethal suspension, Pnd the mixture centrifuged and the supernatant 

dec-nted. A portion of the pela et was then transfered to s orbose agar 

plates. The plates were incubated to allow the conidia to coalesce, 

and 12 hours later an inoculum from the pellet was transfered to 

glycerol agar slants and allowed to conidiate. This is a modification 

of the method used by Pittenger et al 1955. The conidia ,::ere then 

submitted to Atwood's test for recessive lethals. 

The results are given in Table __9 and show that 

in 6 out of 8 cases the % lethals recovered were less than 7.5 %. In 

two cases no lethals were recovered.. The incubation of the pellet 

of mixed conidia for twelve hours should give an opportunity for the 

hyphae of germinating conidia to coalesce and so form a heterokaryon 

between lethal and non-lethal nuclei. In the 2 cr ses in which no 

lethals were detected, it is probable that the inoculum did not 

contain a portion of any heterokaryon that was formed. However, in 

those cases where lethals ere recovered, it is assumed that 

heterokar--on formation took place and the low proportion of lethals 

recovered was due to selection operating against the lethal fraction 

of the reconstructed mosaic. 

Auerbach (1959) using the same strain has shown' 

that during the initial stage of growth in a growth tube, 80% or 

more of the lethals accumulated over a period of 23 weeks at 30 °C 

were lost. Therefore, it appears that during the initial stages of 

growth the division of mutant and non -mutant nuclei are not 

synchronous End conditions operate against the growth of nuclei 

with a lethal mutation. From this it appears that any improvements 

in the method used must centre a oued iat happens when a cOlonir 
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starts growth. One possibility is that limiter' food which results 

in early conidiation might reduce the time of the growth phase, End 

possibly eliminate selection. Another possibility is that unlimited 

food might improve growth conditions and minimise competition 

between lethal and non -lethal nuclei, and bring about the same 

effect. 

Finally it has been found that the relative 

proportions of nuclear types in a heterokaryon bear only a very 

loose relationship to the proportion in the original inoculum 

(Pittener and Brawner 1961, Brown unpublished). 

Unless this selection can be estimated, data 

on sector sizes, and even the detection of mosaics may never be 

very reliable. 
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(b) 2- chioroethyl methane sulphonate (CB1506) 

Previous experiments by Auerbach (1960) using 

this chemical on Atwood's strain_ have shown it to be highly 

effective as -a mutagen when it was mixed with the growth medium 

but ineffective when used in overnight treatment of a suspension of 

conidia. However, when applied by K /lmark to a suspensi on of 

aderinelesr conidia it was highly effective in Producing adenine 

reversions (K/lmark in Westergaard). 

One possible explanation of the ineff i cti veness 

of the mutagen could be that a change in nuclear number occured 

during the 12 hours of treatment necessary for the effective action 

of this chemical. The effect of a change in nuclear number brought 

abnut by division of the nuclei during treatment, would be to increase 

the number of nuclei per onni_d.ium. Suce. an increase would result in 

more Cori dia-. con's tining >1 methionin.eless nucleus, and thus lead 

to a higher proportion of negative results in the detection of 

recessive lethals as explained in Part 1. 

Therefore a preliminary investigation of possible 

changes in nuclear number during prolonged treatment was made. 

This was det _ermined by the use of ultraviolet light and uebscb_man's 

technique previously described. Before the ultraviolet experiment 

could be carried out, the effective dose range had to be determined. 

1. ULTRAVIOLET DOSE- EFFECT CURVE FOR KILLING AND MUT_TION. 

Previous workers (Auerbach, Atwood) had found 

that a high mutation frequency is obtained at approximately 1% 

survival. So an experiment was done to determine the conditions 

under w'oich a conidial suspension irradiated with the ultraviolet 

light source to be used, gave this survival 

Conidia were irradiated as described on page 10. 

Samples were removed at appropriate intervals and immediately 

diluted for subsequent plating to determine survival levels. This 

method requires interruption of the irradiation for the time 
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necessary to remove smples. 

The results are given. in Table 10. Those for 

Experiment I indicate that after 6 minutes treatment ith ultraviolet 

light, a survival of 1.5% is obtained. It was considered probable 

that conidia shielding each other at the suspension density of 

3 x 106 per ml. used, could lower the level of mutation induced 

to an undesirable level. Therefore the experiment was repented 

at the lower suspension density of 1.115 x 105 per ml _ d the results 

are given in Experiment II, Table 10. The mutE- tion_ frequency 

was determined simu.lta.neously with this experiment for conidia treated 
for 5 minutes tt,; th ultraviolet light. After subtracting the lethels 

found in the controls, 28% recessive letha is were obtained st a 

survival of 2.9%. It was decided that 6 minutes treatment at the 

lower suspension density would be used. 

Graph II is a plot of the results obtained in 

Experiment I. The graph secured is similar to that obtained by 
Goodm,n f r a micro- conidial strain of Neurospara crassa treated 

with ultraviolet light. He interprets the graph obtained. as due 

to both cytoplasmic and nuclear inactivation. At low doses of 

irradiatic:n, conidia are inactivated by inactivation of nuclei, or 

by induction of recessive lethal mutations. At higher doses, 

cytoplasmic inactivation isa added to the process of nuclear 

inactivation. 

2. TO DETERMINE IF THE NUCLEI DIVIDE DURING PROLONGED 91AKING IN WATER. 

If the nuclei divide during prolonged shaking in 

water, the increase in the number of nuclei per con_idium should be 

detected by sampling at appropriate intervals and dete minin the 

frequency distribution of nuclei in the conidia. Also, if the 

samples removed are treated with ultraviolet light and the induced 

recessive lethals determined by Atwood.'s method, it would be 

expected that nuclear division would result in a fall in the lethels 

detected. This is due to the fact that with an increa: se in nuclear 
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number fewer lethals are detectable because of the consequent 

increase in conidia with more than one methionineless nucleus. 

Therefore conidi:7.1 suspensions were shaken in 

separate flasks for 0, 3, 6, 9, 12 and 15 hours. At the end of 

each of these intervals samples were taken for treatment with 

ultraviolet light as described on page 10. Nuclear counts were 

done at 0 and 15 hours in Experiment T. The result's for two experi- 

ments are given in Table 11. 

This table shows that the % survival tended 

to drop with time, especially in Experiment 2. This is probably 

due to sampling error. 

The heterogeneity x2 for the combined frequencies 

after different times of shaking is 6.55 for 5 degrees of freedom. 

This gives a 20 -30jß chance that the figures do not represent true 

heterogeneity. 

Since in these two experiments, the induced 

frequency of recessive lethals did not decrease significantly with 

prolonged shaking in water, there cannot have been any marked 

increase in nuclear number. This agrees with the cytological data 

where the frequency distribution of conidia with various numbers of 

nuclei is the same at 0 and 15 hours of shaking, allowing for 

sampling error. 

These findings show that the ineffectiveness 

of CB 1506 on conidial suspensions cannot he attributed to the 

division of nuclei during the prolonged treatment necessary. 

Therefore, an alternative explanation to account 

for this ineffectiveness on conidial suspensions was investigated. 

It is possible that mosaics are formed with this mutagen, which 

would not be scored in a test for recessive lethals. However, in 

the case of adenine reversions, mosaics will be scored as mutants 

regardless of sector size since only mutants grow on the minimal 
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medium used. Therefore, experiments were done with the aim of 

tr;ring to detect the presence of mosaics. 

Before this , however, Auerbach's ep riments 
on conidial suspensions treated with the chemical, were repeated 

to see if similar results were obtained. 

3. EFFECT OF 2- CFLOROET YL METHANE SULPHONATE ON AT' OOD' S STRAIN. 

This experiment was done in conjunction with 

Dr. KgSlmark who applied the same treatment simultaneously to a 

suspension of adenineless conidia as described on page 10. This 

w-s to ensure that the chemical which had been stored for some time 

in this laboratory was still effective in the treatment of the 

adenineless strain. 

Conditions of treatment were similar for the 

two strains and the survival was 59,2% for the adenineless conidia 

and 12.5% for the arginine/ methionine amycelial strain. 

The frequency of reverse mutations to adenine 

independence was 247. per 106 conidia. No recessive lethals were 

detected in the 253 colonies tested in the arginine / methionine 

amycelial strain. 

Thus the mutagen produces a very high frequency 

of reverse mutations at the adenine locus. A much higher frequency 

is expected for Atwood's strain in which forward mutations are 

being scored at all loci and not at one specifie.locus. 

4. TEST FOR MOSAiCISM AF`s . R TREATMENT WITH 2- CHLOROETHYL METHANE 

SULPHONATE. 

This experiment was done with two important 

modifications. 

(a) Conidia were given the opportunity to replicate during treatment 

This was done to determine whether replication was necessary to 

produce mutations ince,thig mutagen is highly effective when applied 

to the growth medium but not in resting spores. The con^itions 
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for replication were determined by shaking a conidial suspension 

in liquid minimal medium, and withdrawing samples at intervals 

and staining by Huebs@m:n's method as described previously. Two 

hours was found to be the time required to ensure that cell 

replication had occured. Therefore 0.4 ml. of liquid minimal 

medium containing 10% sucrose was added to 3,6 ml. conidial suspen- 

sion after 10 hours treatment, and also to the control. Both were 

then allowed to complete the 12 hours specifie ". on page 10. 

(b) Improve,'. sampling methods were used for the detection of mosaic 

lethals. 82 were tested by the- method used for nitrous acid under 

Method 2 b on page 29. However, as isolates for the mosaicism test 

were taken from methionine supplemented plates on which hetero- 

karyotic and homokaryotic methionineless amycelial conidia are 

viable, the possibilitty exists that .these two types of conidia 

could form a heterokaryon. This would result in a heterokaryon 

with a lethal mutation remaining undetected by Atwood's method, 

Therefore, an improvement of the technique by 

which replicate samples for mosaicism tests were taken from 

minimal sorbose plates was used. The possibility of homokaryotic 

methionineless conidia surviving for some time on minimal sorbose 

medium after plating was tested. This was done to ensure that such 

conidia r o not remain viable long enough to form a heterokaryon 

with germinating heterokaryotic conidia, as this would result in 

the same error as in Method 2b. 2m1.. liquid minimal medium 

supplemented with 50 mg/ litre methionine was poured on to 

minimal sorbose plates previously inoculated with conidia from a 

non-lethal culture. This was done in triplicate, and the plates 

incubated at 30 °C wire examined daily for the presence of amycelial 

colonies. Amycelisl colonies appeared on plates which haa been 

over. rla t _ r?. on the first and second days. However, ,none appeared 

on plates which hac. been overplatéd on the 3r(l day onwards. Since 

sampling for mosaics is done on the 3rd day when there are no 
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viable amycelial colonies, this indicates that viable amycelial 

colonies do not constitute a source of Possible loss of mosaics. 

This new method of sampling from minimal 

sorbose plates necessitated simultaneous plating on methionine 

supplemented plates to ensure ti-át only non- lethals were submitted 

to the test for mosaicism. 33 colonies were tested by this method, 

15 - 40 replicates being sampled frém each. Two colonies were found 

to be mosaics the size of the mutant sector being 1 /19th and 1 t2.Oth . 

of the sample tested. 

The possibility that competition in the 'punch 

tubes' might contribute to the small size of mutant sectors was 

tested. 45 colonies were grown in large test tubes, and the conidia 

harvested, filtered through glass wool and the suspension density 

determined. The conidia were then plated thinly on minimal sorbose 

plates from which isolates were taken for mosaicism tests, and on 

methionine sorbose plates for scoring the presence of amycelial 

colonies to ensure that only non -lethals were sub. ,li tted to the 

test. 50 replicate samples were taken from the minimal sorbose plf-tes, 

and submitted to a test for recessive lethals. Of 45 colonies 

grown in large test tubes, one was four to be ammosaic. The size 

of the mutant sector was 1/ 50th of the tested sample. 

The results of this experiment are given_ in 

Tables 12 a and 12 b. Table 12 a shows the frequency of complete 

and mosaic lethals. As is shown, no mosaics were found among the 

82 tested for mosaicism while sampling was done on methionine sorbose 

plates. Three mosaics were found among the 78 tested for mosaicism 

when sampling was done on minimal sorbose plates. This is 3.9% when 

expressed as a % of the number of colonies tested for mosaicism. 

However, when expressed as a % of the number of sectors sampled 

from each original colony, the value obtained does not exceed that 

expected on the basis of spontaneous mutation. 
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Table 12b gives the result for the nuclear counts determined during 

the experiment. These show that shaking in w ter does not affect 

the distribution. of nuclei, whereas shaking in sucrose solution 

incre se,e the ^vera; :e nuclear number. 

The results obtained show that even with 

impróved sampling methods the recovery of the lethal fraction of 

e mosaic gyres very low. Therefore it is possible that the fre ÿue -cy 

of mosaic lethals found is an un ereHtimate, since the majority may 

remain undetected. This mutagen has also been found to give very 

small mutant sectors in Drosophila (Auerbach unpublished). If 

this is also the case in Neurosnora, then the probability of 

detecting mosaics in a system in which selection operates against 

the mutant fraction of a mosaic is very low. 

These results lead to the investigation of 

an alternative strain. 
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PART III. A TERJ ATIVE STRAIN FOR AT OOD' S MET =OD 

In the ragged histidineless nicotinic acidless/ 

adenineless heterokaryon, it is possible to distinguish the ragged 

and adenineless morphology by the use of the appropriate media. 

The best conditions for doing this was determined with the aim 

of using this as an alternative strain for Atwood's method. 

The heterokaryon was grown on sorbose medium 

containing 0.1 gm sucrose, 0.2 gms fructose or 0.1 gm glucose per 

100 ml medium to determine on which medium the ragged morpholory 

was best manifested. The medium was supplemented with 100 mg /litre 

histidine, 10 mg/ litre nicotinic acid and various concentrations 

of adenine - 100, 5, 2, 1, 0.75, 0.5 and. 0.25 all in mg /litre. 

The autoclaving time wss carefully regulated at 15 lbs pressure for 

15 minutes as this affects the growth characteristics(deSerres, 

persona]. comr'unicrtion). 

The best results were obtained on the following 

medium:- 0.1 gm sucrose, 1.0 gm sorbose, 2.0 gm agr per 100 ml 

media, supplemented with 100 mg/ litre histidine, 10 mg/ litre 

nicotinic acid and. 0.5 m/ litre adenine. 
The components of the heterokaryon were rest 

recognised when plating was done thinly, and were detected after 

2 days incubation at 30 °C (See Plate 2). 



DiSCTjSSIOnT. 

The use of Atwood's method f cr the detection 

of complete lethals and its adaptation for the detection of mosaic 

lethals has revealed some limitations in technique and strain which 

must be considered. 

The selection of conditions for growth under 

which the maximum number of heterokaryotic conidia contain one 

amyceliel nucleus minimises the loss of scoreable lethals. Also, 

by means of the corrections made for the presence of more than 

one methionineless nucleus per conidium, an estimate of this loss 

of lethals has been made and taken into account. Such lethals 

would be scored as mosaics, since the existence of a lethal in 

more than one methionineless amyceliel nucleus is most likely to 

result in complementation, and amycelial colonies will be formed. 

The ease of detection of a mosaic varies direct - 

ly with the size of the mutant sector. If a mutant sector is large, 

fewer replicate samples will be neede for its detection than when 

it is small. Therefore, a mosaic with a very small mutant sector 

may be erroneously classified as a non- lethal if the sampling 

is inadequate. 

However, even with adequate sampling- the system 

is still subject to limitations. In the reconstruction e._periments 

selection against the nuclei carrying a lethal mutation was shown 

to be a -possible cause cf small mutant sectors. This results in an 

underestimate of mutant sector size in a mosaic. 

Thus it would be advantageous if selection 

aga=inst nuclei carrying a lethal mutation could be reduced or 

eliminated by use of the alternative strain ragged histidineless 

nicotinic acidless / a.deninelesn heterokaryon. Themarker,ragged, 

is not as drastic a modi.fic. tion as amyceliel, thus might not be 

so prone to selection when asso i-atad with a lethal in the same 

nucleus. Thus sector size data might be secure; which could be 

interpreted in terms of mutrgen action, and the great advantages 

of Atwood' a method with. regard to rapid samplings by the 'punching' 

technique and rapid plating by the 'squirting' technique could 

usefully be applied to detection of mosaics after treatment with 

different muta gens. 



An alternative strain is narticul r1 y important 

in the case of the mutagen 2- chloroethyl methane s?,_lphonc te. A 

heterokaryon in which both components carry a reversible adenine 

mutant, would allow the same conid.ia to be used in tests for 

recessive lethals and for adenine -reversions ^t the same time. This 

would be useful in clarifying the action of this mutagen which is 

known to give adenine reversions but no detectable recessive lethals 

or mosaics when conidial suspensions are treated. 

The results obtained, although subject to errors 

resulting from possible undetected mosaics and underestimates of 

mut -nt sector sizes, do show certain trends. The proportion of 

mosaics among mutations decreased from nitrous acid to ultraviolet 

light to X- rays. The correction factor applied to obtain the true 

value for mosaic frequency results in overcorrections when a 

mutagen acts by nuclear killing. This would' increase the estimate 

of mosaic frequency for X-rays and possibly for ultraviolet light, 

but would probably,- not reverse the trend shown. This trend is 

consistent with that found in Drosophila and maize in which the 

number of mosaic mutations is smaller for X -rays than for chemic l 

mut¡gens and ultr ?violet light. Mosaics form 50% or more of all 

visible mutations it the F1 of adult males treTte with mustard gas 

(Auerbach 1945b) as compared with 10 -15 of X -ray mutants (Auerbach 

1949). Also the amount of fractional to whole body mutation found 

among the visible mutations of treated males was 75, a0!, 52% and 

67% for X-rays, 2,5 bis ethyleneiminohydroquinone, phenyl_lanine 

mustard and dimethyl myleran respectively (Browning and Altenberg 

1961). In maize pollen, the proportion of frctionals found is 

much larger after ultraviolet treatment than for X -r,-ys among 

phenotypically identified chromosomal derangements in the endosperm 

( tadler 194.1). 

However, the reconstruction experiments show 

t-y-t there is selection against the mutant, thus the sector sizes 

found cannot be used for drawing conclusions about mechanism of 

mutation. However, since both complete and mosaic lethals were 
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detected, some consideration of the possible mechanisms will be 

attempted. 

Two types of mechanisms for the formation of 

complete lethal mutation in double stranded genetic material will 

be considered. Firstly, mechanisms which cause non -complementing 

changes in both strands, and secondly mechanisms which reduce the 

operative genetic material to one strand. 

Within the first type of mechanism there is the 

case of non- complementing mutations occuring independently in the 

same cistron of both strands of the DNA double helix. The probabili- 

ty of this occuring is equal tho the square of the probability of 

the occurence of a mutation in that cistron. Since thé whole 

genome is being tested here, such double mutations may be assumed to 

make a negligible contribution. For the purposes of Atwood's 

method, this mechanism may be regarded as operationally identical 

to that suggested by Muller et al 1961 when considering X -ray 

induced mut .tions. He proposed a mechanism which he called 

'rotational' substitution' where the purine -pyrimidine base pair 

has both its bonds to the sugars in the main helical backbones 

broken by the muto.gen. The hydrogen bonds remain intact and 

keep the pair in their correct position relative to each other. 

The-- are thus left free to rotate within the chain and have an 

even chance of rejoining to the wrong sugars, the purine where 

the Pyrimidine was originally joined, and the pyrimidine where 

the purine was. In this mechanism a double mutation is brought 

about by a single event, the single ionizing electron breaking 

both bonds. This mechanism is supported by the linear relation- 

ship between mutation and ionizations, and its independence of 

time and wavelength (Timofeeff- Ress.nvsky 1930). Also the fact 

th -t minute rearrangements in Drosophila caused by X -rays follow 

a linear dose- effect curve (Muller 1940, Frye 1957) shows that it 

is possibl for a single ionizing electron to affect two portions 

of a chromosome which are in close proximity. 



-57- 

This mechanism may also be used to explain complete 

mutations induced by ultraviolet light. It is possible that ultra- 

violet excitation may affect both strands in the same region of the 

chromosome creating similar functional effects in the same cistron 

of both strands, although the actual chanes in the enetic 

material may hot be identical. 

However, this mechanism would have to be greatly 

modified to .cover complete lethals induced by nitrous a cid. Vielmetter 

and Schuster (1960) have shown in phage T2 th7t the deamination of 

guanine is responsible for inactiv tion alone, whereas the deamina- 

tion of adenine and cytosine causes mutation as-:ell. These deamina- 

tions change the hydrogen bonding structure in at_enine and cytosine, 

2nd it is possible thattthis disarrangement of the hydrogen bonding 

pattern may create instability which may then be rectified if 

either base is replaced by a base with a hydrogen bonding pattern 

complementary to the remaining base. if the normal base is the one 

replaced, the remaininL deamina.ted base will induce the incorporation 

of a new base with a hydrogen bonding pattern complementary to its 

own, namely the mut: ted form of the remLi nine: base. C nseauently, 

a complementary mutatinn will have occured. The other possibility 

constitutes a recovery. This mechanism will also give a linear 

dose effect curve, since it re-._uires a single initiating event. 

In the second type of mechanism in which the 

operative genetic materi; l is reduced to a single copy, Tessmrn 

(1959) for phage T4suggests that parts of the chromosomes contain 

only a single strand, and it is these regions which produce complete 

mutations. Such a mechanism would give a linear dose effect curve, 

which has been found to be the case for phage Ta (Vielmetter, 

Schuster and Wieder 1959) . Alternatively, mutation may occur in 

one strand and the other strand may fail to transmit the genetic 

informs tion. This was also proposed by Tessman. Complete lethals 

induce;_ by X -rays and ultravi olbt light may be explained by this 

mechanism, by proposing that a single ionition or e::y_ci ta.ti: n 

produces a recessive lethal in one strand and an effect in the 
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other which arrests replication. This mechanism may only be used 

to explain complete lethals induced by nitrous acid if either an 

exponerti -1 dose effect curve is found, or one aasuaes that the 

processes which cause inactivation and mutation are sufficiently 

different that only one is limiting throunott,- the-dose .ral-ìge. 

The acceptance of the double nature of the 

genetic material helps considerably in explaining the existence of 

mosaics. However, it poses further problems of determining which of 

the mechanisms now possible are responsible far their formation. Here 

again there are two main types of mechanisms which may produce mosaics. 

Firstly, a mutation in one strand of a double stranded Gene, and 

secondly an error in replicc tion. The relative size of the mutant 

fraction may enable one to decide between them, if selection against 

nuclei carr ;ain a lethal could be eliminated. 

In the first mechanism, one strand will be affected 

and the other remain unchanged.. Thus since each chromosome strand 

guides the assembla:e of its own complementary daugreter str nd. 

(Taylor, Woods and Hughes 1958) there should be a half mutant and 

a half non- mutant. In the second mechanism, except in the unlikely 

event of non- complementing mutations taking place in each strand, 

only one quarter would be mutant. These t'.-:o values for the mutant 

sectors are the maximum values, and assume in the first mechanism 

that the effect was immediate, and in the second i^echsnism that the 

error occured at the first replication. 

However, if there is a. delay. in either the 

realisation of what in fact was a potential mutation, or a delay 

in terms of replications before the error occure(7, smaller mutant 

sectors would be expected and the size of the mutant sector would 

vary inversly with the length of the delay. Also, the mutation may 

be induced after the withdrawal of the mu_tagen. This would result 

if either residual mutagen, or a mutagenic derivative produced 

during treatment remains in the cytoplasm. 

A tendency for a delayed effect has mainly been 
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observed sfter treatment with chemical mutagens and ultraviolet 

light, as opposed to X- rays. One source of evidence for a delayed 

effect comes from mosaicism arising much later than the time of 

treatment. 

The best evidence for the delayed occurence of a 

mosaic mutation comes from Drosophila. . Gonadic mosaics along the 

progeny of mustard las treated males have given progeny which 

exhibit gonadial mosaicism for the same mutation that occured in 

the parents (Auerbach 1949) . In this cs se a whole generation, 

representing s bout 30 divisions, has elapsed between treatment and 

mutation. Here it is assumed that the chemical reacts with the 

genetic material producing an effect which is not an immedis te 

mutation, but results in increasing the Probability ty of an error 

in replic' ti_on. Such a ch'-n`;e would give rise to a mosaic. 

Therefore the consequences of a delayed effect 

must be taken into sccoun_t,particularly for tI -e mutigens ultra- 

violet light and nitrous acid. If the rate of nucle?r division for 

lethal and non -lethal nuclei are the same, then 50% recovery of 

each is expected. However, if any delay or retardation occurs in 

the division of the mutant nucleus, distortion of the expected ratio 

wool result (Pittenger and Brawner 1961). In the case of the 

delayed_ error in replication, the likelihood of a.neerror is expected 

to increase with the number of replications. Also as the number of 

replics tions between the start of _replie tion aud the occurence of 

the error increases, the proportion of thé mutant sectors gets 

smaller and thus become more difficult to detect. In the case of a 

mutation occurine in one strand only, there will only be one 

potential mutation regardless of how many replic7.1tions may take 

place. Thus the probability of realisation of the mutation is 

a' ways the same regardless of ho-7 many divisioBs take place. 



Thus there should be equal numbers of mosaics with any given 

sector size. This last result ha.sbeen obtained in phage Tc by 

Greens and Krieg (1961) for the mutigen ethyl methane sulphonate. 

Besides delayed mutation, moceicism can also be 

attributed to the segregation of mutated_ and non-mutated strands 

in a multistrandec chromosome. These cannot be distinguished 

experimentally. 

The distinction between potential and actual 

mutation is important in all mutation work. Often the metabolic 

state of the cells .after treatment decides whether this 'potential' 

mutation shall become an actual mutation or undergo restitution. 

This has been shown in bacteria by Witkin (1959). Here one group 

comprising mutations from auxotronhy to prototrophy is expressed 

on! y when protein synthesis takes place in the treated cells 

during the first hour after ultraviolet irradiation. If protein 

synthesis is inhibited the mutations are not expressed. Another 

group of mutations from streptomycin sensitivity to streptomycin 

resistance is expressed irrespective of whether protein synthesis 

takes place after irradiation or not. It is possible that the 

inconclusive results obtained with the mutagen 2- chloro ethyl 

methane sulphonate, amy be due to the conditions for realisation 

of a potential mutation not bein: met. 

One must bear in mind, however, the highly complicated 

biological systems being dealt with. Thus fundamental genetic 

mechanisms are Quite likely to differ with lthe organism, and 

interpretations of the mutation process must essentially remain 

somewhat obscure. 
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SUMMARY. 

Atwood's method for the detection of recessive 

lethal mutation in Neurospora crasse and its adaptation for the 

detection of mosaic lethal mutation, was investigated with the 

aim of determining the best conditions under which these two types 

of mutations could be detected. 

The strain used was a balanced heterokaryon 

between a.rginineless and methionineless amycelial nuclei. . Mutations 

are scored only in the methionineless amycelial nuclei, where the 

presence of the gene amycelial,which gives a morphological modifi- 

cation r;re tly facilitates scoring. 

The presence of more than one methionineless 

amycelial nucleus per heterokaryotic conidium results in the 

observed values for lethal and mosaic lethal mutations being not 

the true values. This effect was minimised by selecting conditions 

under which the majority of conidia contained two nuclei, and the 

observed results were corrected for the effect of conidia with 

more than one methionineless amycelial nucleus. As the corrections 

made depend on whether or not the mutagen acts by nucle?r killing, 

this was also taken into account. 

The proportion of mosaics amòng mutations was 

found to decreFse from nitrous acid, to ultraviolet light, to 

X- rays. ±n all cases the lethal sector of a mosaic was much 

smaller than one half, the majority comprising 20% or less. As 

the reconstruction experiments showed, this was due to selection 

against the lethal sectors. This would lead to an underestimate 

of mutant sector size, and also to the non -detection of mosaics 

with very small mutant sectors. This might possibly be the cause 

for the inconclusive results obtained with 2- chloroethyl methane 

sulphonate. 

The advantages of an alternative strain in 

which this selection might not occur is discussed. 

Possible mechanisms for the origin_ of complete 

and mosaic lethal mutations are proposed. 


