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SUBMARY

1, Change induced in the fungus Chaetomium by irradiation of the
spore with monochromatic ultra-violet has b2en investigated from a
quantitative viewpoint.

2. The methods used in irradiation and growth of the material and
the measurement of irradiation @ose are described. Samples of spores
were irradiated monochromatically at 265, 313 and 334 wmu. Colonies
of siagle spore origin were obtained by single-spore and dilation
plating and each grown in single petrie dishes.

3. Variation was induced by irradiation in the short, middle and
long ultra-violet, and included genetic effascts, lethal effects and
"orowth-damage". The nature of variation is discussed.

4. The relative quantities of the genetic effects and "growth-
damage" differed at each waveleagth, the short ultra-violet being
much more effective in inducing "growth-damage" than genetic effects,
and the long wavelengths less effective. Tne 1lsthal effects are
shown to involve genetic change. . :

5. ividence is presented associating tne geunetic effects with
qualitative gene change, wnich is considered %o involve reaction
by the protein component of nucledprotein.

b. "Growth-damage" is considered to involve an effect upon nucleic
acid whereby the normal functioning of the nucleus is prevented,
resulting in aberrant cell growth.

1. Nucledprotein is visuglised as providing the mechanism of
heredity, the protein component being concerned with qualitative
gene action and nucleic acid with the reproduction of the genetic
protein. Protein and nucleic acid react independently.



INTRODUCTION

These investigations into the association of gene change 2with
a photochemical-type reaction were begun by Professor iicAulay in
the Physice Department of the University of Tasmania, and in 194@,
when the author undertook the investigation, some work had already

been carried out on the induction of change in the ascomycetous

fungus Chaetoanium globosum Kunze with monochromatic ultra-violet.
Zvidence for a chemical(l)mechanism of gene action has Ddeen
accunulated from a wide variety of investigations. Few of then,
however, have been designed to determine whetaner photocnemical

change could be induced in the éystem. wvidence for this woula

not only provide additional proof of chemical mechanism, but

might, if thresholds of action could be shown, enable the mechanisu
to be analysed. Such ﬁnalysis would seek, firstly, to resolve

the functions of nucleic acid and gene protein, and finally, if
genetic change could be induced selectively, to study gene change
at specific loci. 1In this paper variation inauced in C. glovosum
by ultra-violet radiation will be considered in relation to the
genetic mechanism and, in particular, to the functions of nucleic
acid and gsne protein.

The literature on the genetic effects of ultra-violet raaiation
is not extensive, chiefly because of the technical difficulties
associated with its use, and until 1939 few quantitati&e results
had been published. Tﬁis literature often shows a lack of
appreciation of the funadamental aifferences in gction of ultra-
violet and the ionising radiations. A c?ntrolled and specific
photochemical reaction is induced by ultra-violet, while the

latter produce their efifects by ionisations which occur haphazardly

C — -

Footnote 1 : The word "chemical is used to exXxpnress reaction of
atomic or molecular dimension.
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in so far as the type of problem which can be solved by it is

concerned.

In the fungi Dickson (1932, 1933) investigated effects
induced in various species of Chaetomium by X-rays and
ultra-violet radiation. WNo essential difference:. was
noted between character change induced by X-raying
spores or mycelium, or between changes induced by X-rays
or ultra-violet. Any one variant character appeared to
be nroduced independently of any other; +the aifferent

variant characters, of which there were & larye auaber,
could occur singly or several could be associated in the
same variant. Variants induced in irradiation of other
variants differed from their parents in much the same
way as these parents differed from the oTiginal species.
In so far as some characters were concerned, a reverse
change was possible. lcAulay (1939), irradiating spores
of Chaetomium globosum with ultra-violet at wavelengtns
from 254 mu to 565 mu, found evidence for the selective
production of a variant st 2 by long waveleagins. The
order of magnitude of the dose required to produce Change
at 313 and 334 mu was 100 times and at 365 mu 1000 times
the effective dose in the 23%0-265 range. Emmons and
Hollaender (1939) reported on inutations induced in
aermatophyte fungil by irradiation of tne spores with
monochromatic ultra-violet over tne range 238 wu - 295H mu.
They foun& the rate of mutation to reacn a maximws and
then to decreass rapidly with increasing dose. iniost of
the mutants (which were classified oy inspection) showed
an increase in pigment production and a Gecreass in
growth rate. A few were indistinguishable from other
species or other varieties of dermatophytes. Reversions
were recorded. The percentags of mutaticn rongedietuveen
1.3 and 2.9. Lindegren and Lindegren (1941l) found in
Feurospora that diminished fertility, which was due to
chromosomal rearrangement, was induced by Xeray treat-
ment but not by ultra-violet irradiation at 254 mu. The
changes induced By the latter included single gene
mutations as well as "degenerate phenotypes", whose
numbers significantly exceeded those of the single gene
Toup. A
© In Drosphila Mackenzie and guller (1940) showed
that ultra-violet irradiation resulted in gene mutation
a8 distinct from gene rearrangement, but this finding
has since been contradicted by Slizynski (gquoted in
Cold Spring Habor Symposium, "Genes and Chromosomes").

In maize, Stadler (1%41) found tnat numerous endo-
sperm deficiencies and eabryo abortions resulted from
ultra-violet irradiation. Chromosome rearrangemsnts
were not proauced, whereas they were comnon in f-ray
material. Unlike tne X-ray resuits also, the fre-
quencies of tne endosperm deficiencies ana embryo
abortions induced by ultra-violet irradiation were
different. The ultra-violet dosage was the saue at
all wavelengtns and under these ‘conditions the ultra-
violet effect 4did not occur at wavelengths longer
than apout 31C mu,and 254 mu was the most effective
wavelength for the production of endosperm detficiencies,
"the effect diminishing with ooth shorter and longer
wavelengths and reaching a negligiole value at 302".

In the liverwort gpnaerocarpus, Knapp ana scnreiber
(1941) found that the frequency ol mutation inauced by
ultra-violet radiation was a maximum at 205 wmu, falliag off
on either side and reaching zero at 313 mu. Aqual
doses of raciation were apnlidd at all wavelengths.
Genetic effects and an effect on sporogonium attacnment
were found, the latter having a high frequency of
occurrence at short wavelengtns.
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In general, the literature pressats an incgmglete picture
of the mechanism of the changes inauced by ultra-violet raaiation.
The range of ultra-violet wpvelengtns nas been explorea incoampletely,
either bscause only a single wsvelengtn was investigated (Ligc-
kenzie and yuller, 1340), or because tne dose applied at long
Wavelengthé wss too small (dmmons and Hollsender, 1939} Knapp
and Schreiber, 1941}, or because method of test or cultural:
technique could not show up'differences in effect (&mwons and
Hollaender, 1939). Moréover because nucleic~a¢id was known to
be a universal constituent of nucleoprotein and to absorb strongly
in the short ultra-violet, it was concluded invariably that the
results obtained were to be interpreted'in terms of nucleic acia
absorption, and even that gene change aecenced upon initial
absorption by nucleic acid (lackenzie and jguller, 194C). In
many csses the similarity founa between the fregneucy of the
.induced eifect and the curve of nuéleic acid absorption is
fallacious. However, the data of Xnapp ana schreiver (1941);
Lindegren and Lindegren (1941), ana Stadler (194l) are indica-
tive rather of differential effects of ultra-violest raaiation,
associated on the one hand wath nucleic acid absorgtion and on
the other hand with absorption in the gene protein. ‘

gtudy of the effects of ultra-violet radiation upon

C.globosum has had to take into account a number of features of

its biology (Appendix 1).The colony is fundamentally a cell
population and considerable variation was obscrved in it. The

term "variation as used in this work on C. globosum denotes.

heritable change as distinct from environmental modification.
The nature of this heritable changé is concluded to be quali-
tative gene change at least in those variants used for the
assessment of radiation effect. However, variants-of a group
all resembling the parent type more or less closely, were not
used om these experiments as a measure of radiation effect bé-
cause they could either appear spontaneously or be induced by
the irradiation. Variants of this residual group are described

by the term "strain", which is used in the same sense as "variety",
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Wrace", "subspscies" and so on are used in other organisms; all
such terms describe forms more or less genetically similar to
the parent.

In elaborating an experimental procedure for this work the
composition of the colony and in particular the functional

individualism of its cell units, bad a profound effect. Factors

which had to be taken into account were:-—

(1) Character change was not distinct but showed great intergradation,
and there was lack of constancy in response to the irradiation

between successive experiments. Results were therefore
agsessed over a series of experiments rather than single ones,
which in turn made it necessary to select the characters in
which change was to be observed so that variation could be
determined by inspection rather than by detailed examination.

Because a large number of colonies had to be examined, the uss
of characters requiring detailed examination was not practicable.

(2) The occurrence of strains in both control and irradiated ssries

made it desirable to disregard them in assessing the effect of
the irradiation. (Even so, it was most difficult to set limits

in practice to their range, particularly in respect to those

involving characters of the mycelium and peritbhecium, which made

up a majority).

(3) 1rradiation had différent effects on different spores, intiuen-
cing early growth as well as causing variation. The spores had

therefore to be eonsidered individualiy and the colonies ob-
tained from them grown singly. Single spore and dilution
plating methods were therefore employed and the colonies
isolated in single petri dishes. 8Such methods were also re-
quired to obtain quantitative data.

(4) Spores were irradiated, not only because they were uninucleate
while the mycelium was multinucleate, but because any sample
of mycelium would consist of several cell units each of which
could be affected and then reproduce separately and independ-
ently.

(5) variation in response by the material necessitated the usse of
a biological dose indicator to measure the mean radiation
effect on the sample, the physical measure of dose only
providing information concerning the amount of radiant energy
Teaching the nucleus, in itsell subject to considerable error
because of technical difficulties and the lack of absorption

data for the biological material. The biological indicator was,

moreover, the only basis for comparison between wavelengths,

0f the range of ultra-violet wavelengths availabie in the
mercury vapour spectrum, (which was the source used), it wae de-
cided to work with three only in these experiments, namely 205,
31% and 334 mu. These three wavelengtns were selected not only
because data from a long series of wavelengtos might obscure a gen-
eral mechanism in a preliminary examination, the mechanism becoming
evident if data were compared from a few wavelengths covering the

ultra-violet range, that ie, short, middle and long ultra-violet;
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but also because they lie, respectively, within, on the
boundary of, and outside that region of tne ultra—violet for
which induced change has been renorted. Apadt from the work
of icAulay (1939), ultra-violet wavelengths longer than
about.Boo mu have bsen consicered zeneralily ineffective

in inducing heritable change.
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WETHODS |

(a) THE CGRO.1NG OF TH& COLCNY.

Colonies of single spore origin were obtained from the
srradiated and control spgore samples by dilution and single spore
miotieg; the colonies so obtained were then grown in separate
petri dishes. Usual aseptic methods were used at all stages.

Single spore platings were first made from zach samnle to
determine their perminaticn and early growfh charscteristics. A
hard clzared Axlt agar was poured into a petri dish in a thin
layer and allowed to solidify. Two intersecting lines were
drawn on the underside of the dish with a glass pencil and small
regularly spaced scratches made in the agar to cross them. {Text-
fig. 1A). A small dab of spores, as few as possible, was lifted
from the spore sample on a coverslip (see below) with a rounded
plsatinum needle tip and placed on the agar to prevent overgrowth 1
from it. Under a binocular microscope single spg;éé were picked
up with a pglatinum point and one placed at an ena of each small
scratch in the agar. Tne spores were spaced aoout 1 ca from each
other.

This method of single spore plating was found to be ieliabla
with C. gloobosum sporss and was develooed as a fairly quick routine
method. The spores, which measure about 9/w X sz, could be seen
and handled readily under the binocular microscope using the high
power objective and 10 X eyepiece (total wagnification about 60 X).
A fine point was ground on the needle which was about an inch
long and of fairly stout platinum wire so that it did not bend
rea&ily. Before using it each aay the needle was usually re-
grouna to a clean point of such a size that an individual spore
could be touched. MNuch of the success of tue method depended
upon getting a satisfactory needle point. The needle was umounted
firmly in a metal holder selecteda to valance comfortable in
the hand; in this way it could be held loosely enough to
minimise shaking and vipbration. sxcept for slignt movemenfs,
chiefly the vertical moveuwent of picking up ana Putting down the

spore, all manipulation was done by moviang the petri dish with
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A. Diagram-of typical plating of single spores {mee—p=fi). Cross lines
marked on bottom of dish. gScratches in surface agar. Spores trans- -
ferred singly from ocentral mass and plated close by ead of sach
scratch. : :

B. Holder for cover glassss spread with spore sample. Control and

- irradiation sampl2s mounted in constant relation to spectrum by
guide lines, screened from scattered short wavelength radiation with
cut~off filter, and constant environment maintained by air flow.
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with the other hand, It was founa that with practice tne
movements of needle and dish were co-ordinated ana smooth,
with a minimwa of shaking and irregular movswent in the micro-
scope field. The routine platings in this work were 100

srradiated and H0 control spores; they would take avout 4 nours to

nlate.

The sitigle spore plates wers examined frow time to tiuwe
and each spore recorded as naving either (a) failed to gerainate,
when there was no sign of any germination of the spore; or
(b) formed a visible colony or failed to qo so, when a germinated
spore did or did not reach such a size that it was clearly
visible to the naked eye (arbitrarily about 5 mm diameter; if
a colony reached this size it would continue to grow in nearly
every case).

Dilution plates were not prepared until an approximate
germination count had been determined from the singls spors
nlatings.Using these counts as a basis, dilutions were cal-
culated to give a plate in which the colomies would not be
crowded. Dilution plates wer2 then oprepared in the usual way.
The spores left on the coverslips were suspended in water; the
cover glass was aropped into a conical flask containinyg the
required volume of sterile water and snaxken thorougnly. 1 ml
of suspension was pipetted into each sterile petri dish.jelted
agar was then mixed well with the suspension ana allowzd to
solidify. The plates were incubated and all the colonies in

one or more of the dishes picked off as they aposeared and

nlated out each in a single petri dish.

The control and irradiated series were made up partly of
colonies appearing in the ailution plates and partly of colonies
of the single spore plates. Usually all the visibie colonies were
taken from the single spore plates in the irraciated series and a
total of up to 200 coloniss obtained with the addition of colonies
appearing in one or more of the ailution plates. The colonies

from the single spore plates comprissd about 36,y of all the

©Xperimental colonigs. 1In each experiment 50 control colobies
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were plated usually, cowprising colonizss frow single spore
and dilution plates. The colonies wsre incubated at constant
temparature until meture, when they were exawined and counted.
The incubation temperature was about 28°c. 1In the earlier
exneriments temperature coula not be controlled accurately
and differed sufficiently through tne incubator spacs to cause
apnrecipble effscts. Such environmental moditications couldy
however, bs discounted by maintaining the positions ot tue
nlates by stacking them in sequence in frames. In later
experiments on the other hana, incubator teuperature was con-
trolled witnin swell liaits and heat layering mininised by
mechanical stirring of the air. By this weans environuental

modification was so reduced as to be negligible.

By means described above, series of irradiated aud
control colonies were obtalned, eacq colony in its petri dish
peing of single snore origin. This was definite with those
colonics taken from the single spore vplates because each spore
had besen plated inaividually, and was probably tne case with

the dilution olate material also..

(b) SAMPLING OF SPOR4S FOR IRRADIATION.

Spores were gathered from a single spore colony with a
sterile brush and thoroughly mixed with a few drops of sterile
water on a microscope siide. This suspension was then smeared
over the slide and allowed to dry off. This sample of spores
wag aorawn upon for a series of experimeants.

(c) PREPARATION QOF THi 5P0R: SAnPLL FOR THAALTATION.

The wavelengtn bear focussed by the monocaromator was a
slightly curvea band about 25 mu long X k.5 mw wide within
which the spore sample had to be coniinea. A narrow banda of
spores was s)read on a microscowme cover glass in tne following
way. A good quality camel-hair brush was triummed to p long

point consisting of 2-3 nairs only, ana sterilised in the
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autoclave. A guide plate had already been prepared by cementing

to a glass plate a 2" x 1" microscope cover glass, marked on its
under surface in indian ink witb two lines spaced about 1 mm
apart, i.e. less widely than the wavelength beam, and with the
same curvature as the beam. The guide plate was sterilieed by
flaming and a sterile §" x§" microscope cover glass mounted on it
across the guide lines; a simple and effective way of fixing the
cover glass to the plate was to touch each of its corners with a
molten bead ot parafifin wax. Moistening a brusb in sterile

water, spores were picked up on its'tip from the spore sample and

transferred to the coverglass. As with single spore plating, the
‘mounted cover glass was obeerved with the high power binocular, the
brush being held in the tocus while the other hand moved the

guide plate. First, heavy dabes of spores were set within the guide
.1ines, then they were spread into a narrow dense line, and finally
the band was widened out and thinned within the boundaries of

the guide lines with a clean damp brush. The chief difficulty

was to thin the spore: band so that spores were not clumped togethsr

or over-iying one another; thie wae desirable so that spores were

not shielded from the irradiation. In thie and other techniques
gpores were in contact with water for minimum time as it appears

that growth begins within 2-3 hours (Appendix 1).

Two cover glasses were spread witbh spores for each experiment
one was irradiated and the other used as a control. The glasses
were mounted for irradiation in a holder (Text-fig. 1B) with a
uranium glass bgse. Guide lines with thjkame spacings as the
spectral lines were marked on thie base so that the control and
irradiati&n spore bands were always mounted in the same positions
relative to the spectrum projected by the monochromator, the control
being in the visible spectrum and the experimental spores in the
selected wavelengtnh beam. Fluorescence in the uranium glass
enabled the selected spectral lins to be focussed accurately on
the spore band; at short wavelengths where the cover glass acted
as a cut-off filter shielding the uranium glass, the line could

be focussed on the spore band by means of the guide lines and



TEXT FIGURE 2.

MONOCHROMATOR
Top left; side view of monocaromator, Top rignt: half

front view of monochromator,Bottom; enlarged view of

irradiationdasle.,
Explanation: A: adjustment for moving prisms, B: uranium glass
v sample holder (Text-fig. 1B) fits here, C: mounting
holding fused quartz prisms, D: tube holding tele-
scope lens of fused quartz, E: screw for adjusting
horizontal position of table and thermopile, F: ther-
mopile and slit, G: adjustment for rotating thermo-
pile, H: collimator slit, I: screw for adjusting
vertical position of table and thermopile,




by the bluish fluorescence of the snores theuselves.

During irraciation a stream ol ory air was passed over the
spores to remove any ozone Hormed and to maintain control ana
irradiation spores at tuc sawe teuperature. A constant ailr
{low was maintained from a filter pump - aspirator bottle setup,
the ail being aried by pessing through calciuu chloride,

The experiments were usually arrznged so that tnere was an
interval ot about two days betwsen spreacing the snore oznd and
its irraaiation, and anotner two Gays from the en@ of irraciation
to nlating.

(¢) IRRADIATION OF THx SPORsS

The monochromator used in the present work was that
uescribed by ncaulay (19%9), cetails of wpich are suown in Text-fin.2,
The irradiation table was Iixed to a vertical column wnich coula bs
soved by a rack and pinion to bring any part of tne spectrum into
focus. The table could also be woved horizontally so tnat aay
sa2ctral lines could be brought to a definite position on the table,

The ultra-violet source used in these experineats vas
a ";eré@" 125 watt mercury vapour lamp ( a commercial street-lisnting
unit witn the outer 2nvelope removed). In a few of tne earlier
experiments.the source was an "Hanovia" UVS 500 laup, but this
tyne was founo unsatisfactory. Eecause only ultra-violst entering
“the collimator siit was ysed, intensity per uni??%Zs of importance
rather than the total lamp output. In this rsspect the M"Hanovial
lamp compared unfavourably with the “Merq%". woreover, the "merq%"
would function continuously for several wesks at a time, while taoe
"Hanovia" type was unreliable, brzaking down continually during long
irraciations. 'Tue long life of the "Mergé" was another good
feature of this type of lamp. )

To shiecld the spores from scattered radiation, particularly
from the highly effective short wavelengths during long wavelength

irradiations, monochromator and lamp were enclosed ana the soores
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gcreened with cut-off filters. Tnese filters were selected so
that wavelengtns shorter than that being usec in the irradiation
were not transmitted. The filter was "Corex" glass in 265 mu
irraaiations, and various thicknesses of microscope slides in 313
and 334 mu irradiations. That these usthoas were very cifective
was shown by the absence of inauced effects in controls and short
wavelength effects in long wavelength irradiations even tnough the

duration of long wavelength irradiations was wuch greater; thus, at

134 mu epores were irradiated for about 4000 times as long As ot
265 mu. The filters used for 313 mu irraaiations were not effective
in screening off a2ll short wavelengths and transmitted a little
297-%02 mu light; this probably explains the greater variabpility
in results at this wavelength,

(e) :9aSURL.4NT OW RADIATION DOSs

The dose of incident radiation was determined from measure-
ments of the intensity of the spectral beam, using a caliorated
thermopile snd sensitive galvanometer. The apparatus consisted
essentially of a tnermopile-galvano@eter circuit, with a subsidiary
circuit tor routine checking of galvanometer sensitivity (Text-fig. 3).

o

Thermonile. Various thermopiles were used auring -the work, usually

either a Hilger FBQ or a locally made vacuum thermopile. The tneruo-
piles were mountea behind a slit; in all work tne slit wiatnh was
0.008 inch, adjusted to a feeler ggauge. Continual trouple was
experienced with the thermopiles, due mainly to variaoility in
response (sensitivity), creep and fluctuations caused by temperature
change. The thermopile and slit were mounted on the vertical

column carrying the irracdiation table in such a way that table and
thermovile could be interchanged (Text-fig. R). The spectral beam
whose intensity was being measured was focussed on the slit by its
fluorescence of uranium glass.

Galvanometer. A Cambridge "Broca" galvanometer was used throughout

the work. 1In spite of heavy shielding to minimise the effect of
varying magnetic fields and wall mounting to reduce mechanical

vibration, the instrument was subject to variability, particularly
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as regards sensitivity. Calvanoweter sensitiviiy wae aivays
cnecked before using against a stancard voltage, approx. 1 X 10-b

volt, before making routine intensity weasureients.

Calibration of Thermopile and Galvéémeter. Tne thermopile-galvano-
meter circuit was calibratea agpinst the emission of a stawcard
lamp, the type used being a Kipp ana Zonen Tungsten bana lamp.
Lamp and thermopile were mounted on an optical bench (Text-fig. 3)
and galvanometer deflection measured for staancara aistanoe-between
slit (thermopile) and lamp filament.

procedure. The forlowing general procecure was adopted. At frequent

esrems T e smems

intervals, usually before 2ach measurement, the thermopile-was
caliorated against the standard lamp, and the sensitivity of the
galvanometer aetermined by means of the Toltage applied tnrough the
potentiometer circuit. A figure was thus obtained for thermopile

sensitivity in terms of units of galvanoweter deflsction equivalent

to a known lamp output, and was the standard for thne series of
intenélty measurewents. In measuring spectral beam intensity,
slit and thermopile were adjusted sé that the beam was focussed
gharply on the slit and galvahometer geflection recorded; a mean
value was taken for at least six swings to and from rest. 1In all
work the thermopile was adjusted, to ultra-violet beam ana to
stancard lamp emission, for maximum galvanometer aeflection.

such adjustnent was most important, because (a) slignut skewness
to the plane of the beam would mean that the tnermocouple junctions
would be radiated incompletely, giving low values, and (b) the
narrowness of the slit necessitated accurate centering of the
thermocouple junctions behind the slit. Altogether, in any
measurement of a spectral line, gttention had to be paid to the
following adjustments:- (1) fne alignment of the spsctral band

to the slit, (2) its sharp focus (horizontal and vertical) on

the slit, (3) the centering of the thermopile below the slit,

and (4) the tiXt of the thermopils (skewness to bzawn). Aftef
these adjustments were made, the cut-ort filter suitable to

the chosen wavelength was’ placed above the slit, i.&. the

intznsity measursuent represented the incident ensryy falling on
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on the spore.

gome Calibration and Intensity Measurements

(a) Calibration of Thermépile:

Deflection of galvanometer for emission
of standard lamp 130 mm.

Intensity of lamp at elit (90 cm), from 4.06x103
tablas ergs/cm?/seo
Galvanometer sensitivity (potentiometer) 132 mm.

i.e. energy of lamp emission 4.06x103 ergs/cm?/ssc produces
a galvanometer deflection of 130 mm.
thermopile constant is;
| 4.06x107/130= 31.2

(b) Intensity Measurements:

All intensities were measured on filtered radiations &.e. the

measurements represented incident energies at the spore. Dosec was

calculated as; intensity x irradiation time.
Two measurements of 313 mu were:-

(1) Galvanometer deflection for spectral beam - 210 mm.
Galvanometer sensitivity 132 mm

Intensity 313 mu
= Thermopile constant x galvanometer detfiection x galvanometer
sensitivity correction x time (hour).

31.2 x 210 x 132/132 x 3600

2.36 x 107 ergs/cm?/hour

(2) Galvanometer deflection for spectral beam 162 mm
. Galvanometer sensitivity 108 mm

Intensity 313 mu
- 31.2 x 162 x 132/108 x 360
= 2.22 x 107 ergs/cm?/ hour

(c) Miscellansous Valiues:-

Wavelength intensity
334 mu | 4.0 x10° ergs/cm@/bour
do 4.4x10°  do do
313 mu 2.4x107 do  do
do 3.2xlo7 do . do
265 . 8. 7x100 do do

do 9.8x106 do do
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(f) Biological Dose Indicator
The biological effectiveness of the dose of irradiation wag

measured by the extent to which colony formation was inhibited.

The data for these measursments were obtained from the single spors
plates, counts being made of the numbsrs of germinating spores

which were successful in forming visible coloniecs. The ratio of

this quantity to the total quantity of germinating spores indicated the

mean effect of the radiation on the sample. These visible colony

counts, as they were called, were made as a routine in sach ex-
periment rather than physical measurements. On the basis of equal ?
biological effect at each wavslength, about 46% visible colonies(mean),

|

the following is a summary of the dosage data:- \
| 265 mu 313 mu_ 334 mu

Spectral intensity 1.01:107 2.5x107 4.5x106
(ergs/ome/sec) |

Irradiation time ' 3 mins 10 hours 9 days
Incident dose erge/om® 0.05x107 25x107 100x107
Wall transmission 28% 26% 429
Doss transmitted through wall 0.014x107 6.5x107  42x107
Contents transmission 20% 42? 39%
Doss incident to nucleus 0.0028x107 2.7z o7 16,4x107
Factor of 265 mu dose x1 x1000 X6000

The above figures should be taken as representing an order of ;
magnitude rather than the actual mean dose, eince no account could é
be taken of variables arising in the physical measurements, gnd in E
biological variation; while for the correction for absorption in |
the spore wall and cytoplasm Uberts (1939 and Appendix 3) figurss

for maize pollsn wers ussd.

Footnote 1: McAulay (1939) gives the order of magnitude of the
optimum_dose for production of change ig C.2lobosum as 2x107
ergs/cm?/ at 265 mu and 200x107 ergs/om® at both 313 and 334 mu,
while McAulay and Taylor (1939; fig. 3) give the dosge for 50%
germination °f20' globosum spores as 1.3x107 ergs/cu® at 265 mu,
15x107 erge/cm® at 313 mu and 150x107 ergs/cm€ at 334 mu.
Mcaulay's figures are based on a multispors plating technique.
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RIGULTS _

(a) VARIATION IN C. GLOBOSUL

—— e T . e e B

1. Characters selected for observation

The variants selected for observation in C. globosum were
those in which change had occurred in the character of mycelium,
neritheciun or some feature of growth in the colony; variation
was determinea by inspection. Distinctions between the variants
were not clesar-cut, intergradation being extreme. Variation in
one character was frequently associated with variation in saotuer.
or example, & mycelial variant would oftea have atypical peri-
thecia; and variation of growth form covered a wide variety of
inaividuals showing not only a consiaerabls variation in this -
character but diitering greatly in other respects, some having
perithecia othniars none, sowme piguwentation othners none, and so
on. Description of the varidnts would, in fact, involve CesCrin-
tion of indiviauals in most cases, wnicnh for the purpose of this
investigation of irradiation effect would be imeaningless. 4
brief sccount will therefore be given ot tue Way in whicn each
character was found to vary, descriptions being suppleamented by
photograshs in suitable instances (Figs. 1-43):

i.ycelial Variants (Figs. 34,3%). Variation in mycelial characters

could involve increase or reduction in the amount of aserial
mycelium. The hyphae could form a dGense mat over tne surface of
the colony or aerial mycelium could be almost lacking or the
surface mycelium coula form a tough layer. The colour of’tne
mycelium ranged from white to brown and reddish.

Variation involving mycelial cnaracters was ﬁsually associated
with variation involving a diminution in the nuuber of peritinecia,
or their absence. In fact with mauy forms it was the swaller
nunbers or lack of peritnecia ratner thaan tne cnaracter of the

myceliwn wnich was the distiaguisuning feature of the variant.

Peritnecial variants . Tne perithecia were supject to a great

deal of variation, invoiving their nuwaber and distribution as

well as their size and colour. Tae peritnscia could be larger

- than in the normal or ¥iny.-sparse or occur in zones, and couid be
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normal mycelium,

part of colony showing
"damage" .

empty space in agar
medium into which
mycelium has failed
to grow.

fringe of mycelium
showing "growth-damage".
It is devoid of perithecia.

normal mycelium. The rest
of the colony shows "growth-
damage" .

empty space into which
mycelium bas failed to grow.

damage mycelium, consisting
of an outer fringe devoid of
perithecia and with heavy brown
igment formed within the medium
?oroas hatching); and an inner
part D2 more or less free from
pigment and containing a few
scattered perithecia.

colony in which growth has
ceased early lsaving central
mass of "damage" mycelium,
densely matted and knotted; with
heavy pigmentation.

Secondary growth of normal
mycelium into space By
surrounding central mass.

Diagrammatic representation of thres colonies
showing "growth-damage" of various degrees.

X.. light "damage";

Y,%..heagy"damage".
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colourcd brown, vellow, black and so on. The variant Fld waich
vas useG as parent in many of thess experiaents and nac ween

ipduced originally by ultrz-violet irrsociation of C.globoswa,

« 0 e cw

rate (¥igs. 36, 37). Theee

——

(a) Variatioa iavolviny growth
variants were dietiﬂguisnable from the parent 6nly in their
growth rate. The élcw growinéAtypes usually occurred as ssctors,
the rest of the colony oeiny normal. This noramal aycsliwa would

eventun1ly enclose the slower ~rowing myceliwa. Usually the slow
Vi 5 &

’
’

L]

2Towing wyceliuw nao its origin at the ceutrs of tue colony, out Ry
a 1orin was fou.c in one experiment in wnich slow growing ssctors,
(wnich tred true in subculture) Geveloped arounc thne edge of the
colony (Fig..37).

(b) Variation involving growth form (Figs. 35-43). The

characteristic fsature of these variaants was that growtn of tne
myceliwa appeared to be airected along axes, like tne spokes cf
a wheel. Tihere were two wain tynes between whicn were wany inter-
gracations. The "geaweed" type superiicially resemolea onz ol

the Hed Algae such as Rhizoglossum; aerial hyphae were or were

not developed and tne subsurface myceliun could be so sparse
that the colony was nearly invisitle. 1In the "scollop" type
the mycelium apnnearea to have been lgid down in successive small

semicircular segments; 1t resembled Chaetomium elatum in this

respect.

(¢) "Growth-damage" (¥igs. 10-29, 33; Text-fig. 4). "Growth-

damage" wes an easily recoganisable and cpnarag¢teristic conaition.

It nad tne sawe features whnether it was founa in C. xlobosum , in

its variants or in other species of Chaetowiun 3 the condition

was siwilar in ¢. glopbosum; in its variant Fla, and in its

variant st 2 which clcsely resemples Chaetomium murorum; as well

as in Chaetomium elatum . The plate colony showed spaces

empty of wycelium, anc wnen the condition was not pronouncecd

(Figs. L6-20; Text-fiy. 4 X.) the rest of tne colony was normal
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anco the "damage" consistea of a fringe of myceliuu cevoic of
nerithecia, wnich ocoundec the eupty wmediuwn. Howevsr, when the
condition was mors marked (Figs. 21-29; Text-fig. 4. Y,2), all
the myceliuw ot thne colony or "damage" sector was mors or less
abnormal, neavy brown pigment being foruesa within the agal meclda
esnecialiy at the outer limits of growth; a few peritnecia
occurrea scattered hers and tnere over tue surface. Tne sur-
face wyceliuw in tue most extrewe conaition (Figs. 20-29; Text-
fig. 4 Z) consisted of a central wmass of heavily usatteu ana knotted
hypnae. i.yceliwa and .werithecia could eventualliy appear in the
empty spaces, as in the eoloay of Fig. 28 (Text-tig-4 Z.)p but
they probagbly originateo secontarily in normal w.ayceliuwa ane not
in "damagea" myceliwa. Only very incouplete inforumation is at
nrescat available concerning tne spores irom such perithecia
and trow those scattered in the wycelium ¢f arcas of "daumape";
those that grew nearly always developed into normal colonies,
g0 that it is oroveable that most of the peritnecia hed been
formed in "undamaged" normwal mycelium. wycelial subcultures froa
"deawage" areas either did not grow, or proouced colonies snowing
normal and "dausaze" sectors, or procuced norusal colonies.

(Certain othzr forus wer2z tentatively classified as "growth-
aamage! types, although their true nature was far froum certain.
(Tapnles 1-3, Group 8). They were much less comnon than the
true "growth-aamage" form, their frequesncy being of the sauas
order as that of the other variaant %ypes. In them zgarly growth
of the colony was abnormal, patches of sparse and abnormal
mycelium occurring at the ceatre of tne colony. Surrounaian, tnis
abnormal tissue was mora or less tynical wyceliuw, Tone myceliwn
of the "da.age" areas was Lreguently brownisn).

2. wode of occurrence of tue variants

The variants wers found eitner as wnole colonizg or as
sectors in the colonies. It was most usual for thexn to occur
a8 sectors (see kigures geunsrally). .any of thne mixed colonies

wer2 known to have originated in single spores: all those from

the single soore plates did so and it was likely that coloniszs
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from the dilution plates had single spors origin in most cases.
All varient types, anc the "growth-damage" forms in particular,
could appear as ssctors. In size these sectors rangsa frowm very
small ones arising near the edge of the colony to those occupy-
ing almost the winole of the colony, their shape and tne area of
the colony occupied being aetermined by the relative growth
rates of variant and noruwal wycelium in the mature and first
formed colony (Pontecorvo and Gemmell, 1944; Plomley, Aopenaix 2).
Although it was usual for only one variant tyne to occur in a
colony (eithsr with or wifhout the normal tissue) colonieg were
found occasionally in which two or more variant szctors occurred
(Figs. 30-33). ifost of these mixed colonies were found in
dilution nlates, but sowme came from the single spore nlates so
that there was no doubt that they could have single spore origin.

A number of variants, particularly tnose in which
change had occurred in myoélium or perithecium, were found quite
coimmmonly in both control and experimsatal series. They
resemblea the typical form more or less closely and could be
traced through a series of gradations to it. In accordance witn
usval biological practice, the»term "strain" is used to aescribe
these variants clossly resembling the parent organism. The
strains most usually found were tuose in wnich size, colour,
numbers and distribution of the peritnecia, and colour, aeasity
and characters of the aerial mycelium were aiffectea (Figs. 1-1%).
Perithecia ranged in size from small +to large, in colour from
the wusual dark green to blue-green or to yellow-green and
white (sterile), wnils spores were extruded abundantly or not
at all. There were more »nerithecia than typically or few to
none, and they were distributed evenly over tne plate, or in
zones, or irrsgularly. fperial mycelium was .more s»Harse tnan in
the typical form or more dense; in extress cases there was
little development of aerial mycelium or it was so densely wattea
as to hioe the perithecia and form a tnick mass fiiling amuch ¢f
the space above the agar.surface. In colour the aerial myceliwm

ranged irow white to pinX and brown. - It was quite usual for
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for variants to appear in or to ve isolatea froa old oﬁlonies.
Only one or two types were found as a rule,'most ot which did
not produce fertile snores; in a comwon form thers were no
werithecia ana the asrial myceliuam was aense and fluffy, while ,
in another form perithecia were few or absent and the aerial
myceliuvm snarse.

In practice the stx?in was delimited from the weasarad
cnange inauced by irradiation by the regular aand normal appsar-

ance of the forwer in the controlL series; tne latter, of which

S ey S

Yseaweeds" aha "scollops' ana " rowtn-Gamage® are typical, were
tound rarely or not at all in controls. As the variant character
diverged from the norwal it vecame increasiagly aifficuit to
gecide whether %o classify the}form as inauced variant or strain;
the colony illustrated in Fig. 9 was just such a case, repres;ent_
ing in extfeme the reduction in number of the perithecia wnich
wae founo in wmany induced variants ( Figs. 34,35.).

(0) UaAwTITATIVZ AnALYSIS OF I.DUCSD VARIATION.

gpores of C.glovosun were irradiated monocuromatically at
2065, %14 ana 334 mu. Colonies growing frdm these spores ahd from
atfo

the control spores were groupsa oY inspectionx(a) induced
variants ana (o) the rest of tne colonies comprising normal
coloniss (including those sunowing environmental moaitication)
and the strains. In each experiument as many of the variants
as possible were subcultured; all types of inauced wvariant
(except "growth-damage") were found to breea true.

Tne inouced variants wers classified into elsven groups
accoraing to the oaominant character Cnange ¢xXnivited (Tavles L-%:-

diycelial variants

1. Aerial mycslium siongeTr and wore dense than in normal.
2. Aerial myceliuw sparse or lacking.
3. Aerial mycelium leathery.

Peritnecial variants

4. Perithecia same size as normal or larger but colour difiercu
5. Perithecia smaller than noruwal ana coirour difierent.
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"Srovth~daimags!
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(4

. Light 2and heavy "daaage'"; no foraztion of browa pigment.

. Light and peavy "damege", with crown pigwentetion,

. "Pamae" otner then Grouns o aad 7: Tacying ifrom lisht
"Camage" at colcny_centre to heavy "damaze" with Knots
of white mycelium.J

Variation involving_growth rate

9. Variant growth rais slowsr than normal rate.

Yariation iavolving xrowiin form

10. Wecaweea forus
11, Mgeolleo" forus.,

Other tnan "growin-cagage" {Grousns o-6), tne weXisiwi
frequency of occurreace of any variaat type ie only apout L.,
with a mean valus of about O.@w. Houwever, oscause tne variants
intergrace so much, the inaividual groupss are incziianite ana
any esoarate aualysis of tnew is weaningless.

The exosrimzsnts listea ia tae tavles covasr two stra.iné ot

C. plobosua, LJ and KXo, as well as one variant #la ol C. zloposus

——. B T T .

"he variznts prouuced Py irraaiation of tnese aiffercut uateriales
er2 of tne sarne type so tnat thsy amay os grouwszsce tceupetosr in a
pensTal way, sucn zesasral groups representing the type ot ziffect
nroauced hy tns irradiation. Table 2 for 31% mu irradiation
includes one exmeriment, C35, which is atypical of the series.
Tine nign percentage of "damage" in this esxperiument is quite unlike
its occurrence in ail other exgeriumesnts at 313 mu. Tne .
visicle colonies is 1low but, ageinst tals, neavier coses in
other experiments.have not resulted in the production of uore
"cewape'; the highest proauction ot 1l4.3w "dawage" in 4xat. 071
for nily viesiole colonies is wwacn less tnan the 40.5j "aaanae"
tor 29.45 visible colonies in #xpt. (¢3H. Tasre are grounas,
therefore, for rejectiang tnis 2Xperiusent as not oeiun, revrssantative
of Arraciation at 31% uwu. It ig poossivie tuat lzakagze of
suoTt wavelangtn Light (e.g. 297 or %0z mu) aifectsa tne sores
auring irradiation; tue resurt is tyvical ot snort wavelengtn
irraciation.

Two gTroups of variants may oe aistinguisned quantitativeliy

in Tables 1-%. The firet incluaes those in wanich there hags oeen<iA.2§
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in the character of myceiium, perithecium and colony aevelop-

.eat and in wonich genestic cnange wiil oe snown to have been
involved;in the second group "growth-cauwaps" nas occurreq,

whicn will be snown to be due to Treaction involving nucleic acid:-

\ —

waveleuptn of Irradiation

265 mu 313 mu 334 mu
Lethal effect ( % vieible colonies) 44.Lp 39. 25 45.9%
Cenetic etffacts (Grpupos 1-5,9-11) 3.5% 4.5 N
"Growth-camage" (Groups 6-8) 31.3% 3.0% 1.z,
Factor ot 265 mu dose x1 x1000 x6000

These resuits may be sunvaTised as flollows:-

1. Heritable variation is inouced by short, middle and long
ultra-violet irraciation.

2, The dose of irraciation producing equal total genstic effect
ditfers considerably at tue toree wavelsnnbtns testeq, at
313 mu being about 1000 times ana at 334 mu avout o000
tines the 265 mu aose.

3., TI.duction of genetic effects bears the same ratio to o
inhivition of colony formation at each wavelength, so
that similar reactions are involved in each.

4. "Growth-damage" is qQuantitatively Juite unlike the genetic
eftect. It occurs much more often at £bH wu, anc less
often at long wavelzngtns, bsing negligiole at 3%4 uu.
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RISOUSSICHN

Before exawining the results of the experiments reported nere
in relation to the mechanism of gene action and in particular to the
functions of nucleic acid and and pene protein, those aspects of

variation in C. globosum will be coansicered which concern, firstiy,

the high frequency ot variability observed aua, seconaly, the
nature of the change involved in variation.

(a) VARIATION IN C. GLOBOSU.

1. Fregquency and characteristics of variability
Although organisms show considerable diifersnces in the
frequency with which variants are found in their populations,
these differences are observed rather than real, and arise primarily
from differences in reproouctive rate. The funaamental identity
of mutation rates is snown by the cata of Gowen (1941) on the
induction of heritable variation by X-rays:-

Tobacco mosaic virus amutations per roentgen.per particle 1l.cxlo=!

Qobacco aucuba virus mutations b, 1X10~
rhytomonas stewertii uutations 3. 7xL0™
Lrosopnils wild type genes umutations L.0x10~
Prosophila mutant zenes mutations : l.2x1p~

To soae extent mutation frequencies are a feature of the

particular sopulation ana gene, but differences are swall anu all

values are of the same oraer. In Drosophila, for exauaple, not only

were aifferent strains founa to nave aifrerent mutation frequencies,
but different loci in the chrouwosomes also snhowed differecaces
(Plough, 1941).

reoroouctive rate has two effects upon the observed variability

heove

of a8 nopulation: as it increases mutetion appears to occug(often
and evolutionary processes in the popilation are speseded up, 80
that the observer of the bacterial or virus culture exa.inzs a
changing population as compared with the relatively stable oonu-
lations ooserved in the hiwher animals and plants. These conditions
have often led to doubt whether variation or znvironmental
moaifications is involved ia groups having high reproauctive rates,
so that such workers im bactariolopy as Topley and !ilson have

declarsa (193b) that "the significance of many of the observations



-2 -

that have o2en recorasd is at thne xowent aifficult to asscss";

o rzwark whicn may be appliea sgually to tne faangi., Hizh re wo-
guctive Tetes zssociatea with a mutation freguency of the usual

1oy oreer can lsac to a nigh observea variaoi.ity. ‘any variants
can splear noteatially auring cuttural iifes ana tne culture will
conangs if the variaant is wmore successiul ian tne enviroumwsat tnan

the original jarent, selection operating witnin the populatioan.
Tais variability will be enbanceq by tue Changes in the envirowaent

in woich tne population is living, tne systew being & clossa one.

Phus, in cultures of Pacteriuam lactis asTopenss the proportion of

snake~forms chenges with glucoss conceatration in tns wedium
(Hinshelwood and Lodgs, 1944); and it is well known that oid
b~cterial cultures show more variation than young cultures of
the sawme organism. In virus, high reproductive rate has similar
gtfects and variants are often found, particularly under experiuveunt-
al conditions where tne seslection factor is preveanted frow opsrating.
In its nigh variability C.gzloboswn ressabics the bacteria
and viruses. Cf funcawental signiticaace ia tune stuay of tuis
variability is tne couwsesition of the coloany, wnich has bza2n siown
{appencix 1) to function as trougn Cowposeq o1 isclated units
each prowing indspencdently. A regular pattera of ceils is built
a0 ;n tne colony by holain, tne ceils fixeada in space oy tus agar
meciwe. The occurrence of ssctors is furtuer cvidence of tuils cell
incividuality; in the scctoriay colony uorwal and variant ayceliuww
srow inuependently, and the susape of tns sector aepsinus upon their
relative growth rates. Tne C. ploooswu colony, consistiug of
a :mase ol functionally inaiviaual celie, tnerefore has tne yro-
nertize of a csli population anc in it variation will normally
ocuur trom time to tiwe. Lhether the veriaats will ne a ssarsat
cr waskere will depnznd on tasir nosition in the colony; if taey
arise at the outer . ro.ing 2032 a ssCtor of sows sort willi wavalow,
bat it they arise within the colony tacir pnresence will vs snown

only whan snores or maveeliuam from the site are subculiturea,
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Tness prooerties of the colony nave determined both the
exnerimental wethod ana tne way in which the raciation sffect had
to be assesssd:-

(a) Varients could be isolated oy soore or .ycslial sub-
culture from the colonies, especially frox old
cultures, as wight be expedvtea with cnaayging cuitural
anvironuaent.

(b) A wide range of straine were of uormal occurrence.

(c) It was lugpossible to obtain a geneticaily uaiiform
soore saisle even from a parent coioay of single
spore origin.

(d) It was impossiole to ootain & unitorw efiect in any oung
eXoeriazut or to repeat, exceot in a _ensral way, tue
results of any experiment in turtner experiumeats uaae
under apparently tne sawe conaitions.

(e) A considerable range of 2ifect (intergracation) was
observed in respect to any one type of variation, as
wignt be expected if tne spore sample tresatea ware uot
geneticaliy unitoru. :

All these conaitions have limited tne ussfulness of the

material for critical genetical work and have maae it nscessary
to adopt s2ny of the =xperimental orocsdures ewployed:-

(a) single spore plating wes necessary so that colonies
would orixginate in single soores (ana also to obviate
overgrowth frow aajaceant spores in multispore nlatiays,
tne sgores being afifectea aitfiersutly by tne irreaiation)

(©) Results had to be assesseéa over as .sany exoparinents as
D08sible gnd in & general way, tne charactars salectzd
for observation oeing tnose tnat coura oe recognisad
witoout detailed examination, ana types oi cinange oedny
noted ratner tnan specific variations rescorded

(c) Dose measurements were piven more accurately in terms
of the biological inaicator wnich recoraed the mean
effect of tne radiation on tne particular saumple, thaa
by physical ueasursmcat giving a figure for ths rsaiasnt
enerpy falling on tne spore. :

2. Tne nature of the Cnange iunvolved in variation

Inouced variation in G.zloovosuu cannot be shown zwvsoviutely

to invoive nuclear change bacause cytogenetic studies caunot oe
inade ana cross-breediang cannot be carriea out. All otner sources
of eviceace, howsver, show tne Cnange to be a auclsar one. Such
eviacnce rests, firstly in the fact that these inauced variauts

breed true in suoculture, and although it is always possiole that
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th2 change is a cytouiasuwic effect or environmzntsl woaitication
vhen aycelial sunculture is tne critsrion, the weintenance of the
- variant turough single ssore suoculture is inoicativs of senetic
change. Seconaly, tne occurrsace of variants as sectors shows
that eaviroamental woaiiication is not involved. Such colonies
“act virtually as tneir own controls with variaat ana normal myceliun
@Towing siue oy siae, s0 tnat tuers can e no aiffersntial efkect
oi ths enviroausnt. Tuairaly, a cytoplasamic etfect, unless it in-

volves some body with sisnilar properties to the plasmouyens, caanaot

be involved when the variant aoppsars as & ssctor of a coiony of
single spore origin, anu all variant tuoes can appear so. yyto-

s lasmic Hrocesses are unaer genetic control so toat tasir perjpetaa-—
tion ana segregation tarougn oane group ot cells is iwmpossiovle unlzss
tuere hps been genetic change 2lso.

Tie action of the irraaiation on tne nucleus nas tne character—
istics of an activation of tne nnotocnemical type. Tae veriaat way
comorise the whols colony, tue activation beiug stzclished iuiediste-
1y; or stebilisation usey e aslayed untili the oripinal soore
nuvcleus hes diviced a auzber of tiwes. In wost of tue latter cases
stebility is attzined guickly, the sectore originating at or uear
tue centre of tne colony, but it aay pe celayzd, or anever attaiaco
as in cyciic variation in tune so-caliea "eversaltating strainl,
These "eversaltating strains'are colonies in waich variation
occurs spontanzously in gach cultural life. Tne two cases cf
"eversaltation" racoroed in these ex)eriucnts were induced
by irracdiation of srores of (.zlooosuan Yld, variant ana . .lo-
boswn Fla narent occurtring as ssctors of tue colony. 1In one Iorm
the variant was of tne slow growing, .uayceliial tyle ana in toue otiaer
it wee of tae oveuss aerial aycellial oy»ne witn similer Srowta rate
to the pareuat. In the rirst toe Larcut ored true ia succurture
vl le tne variaant was unstable, supcustores Irow it tarowing
sactors or the szareant; 1in tne secoua cases tne verisut vas strole
ena tne carent unstanls, torowing sectors o1 tue varisat in suo-
catture. (Cyclie variation has also oeen Tredortea in os=cteria.

~ils it holus truz geucerasly tast nuclear casn.e is
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1i0VoLVes ia incucete varietion, taree classes ol etiect way we
aistinguisnsza:

(a) a genetic efiect (Groups l-5H, 9-1il) promably .ualitative
gene change,

(b) a lethal effect, ana
(c) "growtn-cemage" (Groups o-%).

Genetic effect:— It is not nos:ivle to determine wactuer tue

3N@tic etfect represents gualitative gene change or a wmscinanical

alteration such ug aeletiown, trauslocation, terainsl aeficiency or
grose or minute rearrangeument, but there is evideace agalast
wechpnical alteration(l): firstly, Lindegren and Lindegren {1941)
found in jeuros,ora that diminisned fertility, Whicn is cdue to

chromosomgl Tearrangewent, was not induced oy ultre-violet

irradiation at 244 mn; secondly, Stadler (1941) hes reportac toat
cenz rearraupgdaent is inauceo seloow if sver in-Zesa .ays oy ultra-
violet irradiation; and lastiy, tne odcurrence ol the cyelic cudnge
of unstable variant vack to nparent recorced aocove is contrary fo
any idea of gens celetion or agstruction and inoicat;ve of gualita-~
tive gene cunsngs.

petnal affects :- Irraciation of C.glcoosum spores Can prevent

their germination or so affect early growthh that tne ayceliuvs soon
d;es, the so—oa%led visivle colony.effect. The ratio of these

lethal effeots( )to genetic effect is the sawe at 205, 313 and %34 uu,
ano it is therefore coancluded that the lethal efiect nms involvea
qualitative gens cnange. Howsver, oveCause the letnal cifect

occurs much wore often tnan the g2nstic erfect, tane reaction uust
involve any one of a very larze number of zeues, and in fact ie so

comnon tnat some peneral reaction involvin, the sene Hrotzin is

-—— e ot — -

Footnote 1. Wesults are contracictory ian rrosnpila,

Footnote 2. The killw:ng of cells aud organisms by radiatioas,

QIL~S an0 otacr treatrents nas been widely stuaied in oviolowy. now-—
ar, Ifor tone interpretaticn of reesults tre c1fect studGico suoulu D2

aygroprlate to the »Hroplea ana azfined nrecisely. Tane word"kiil"

can covaer a wide raupe of sifect frow lauwediate ceati,to deatu sose~

tiwe in tne futurcaltsr tnere nave oveen a nusver of cell aivisioas.

Jot only is there a great adaifference ostween tne aoses reuyuired to

kill at tne extremes but tne treatusnt may act in aificreant ways, so

thet while tihe dominant eiffect in tne snort ultra-violet is a seunetic

ogeg, in tne long ultra-violet a physiological eiiect .way vecowme

annarznt or even zxcsed ==ewme tne penstic one, the very large doscs

aszliea at 334, 3ob uu and longer wavelengtns oelne sutficizmt go
aiigct other cell coaponents, such as an enzyme system.'
- b

wit, 1431y,

moTe reauily.
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incicatea ratusr tnan s-eciiic geﬁe reactioas. nis conclusion
that Lletnal action can involve g2uetic cneuze nas also beeil errivea
at by Ploupn (1941) who noted tnab tne reversivility of letnol renzs
to normal "iakes it wrobable trat a consioerable oHroportion of tihs
letnals are gene nmutations ratuer than chromosoums bfeaxs or
major deficiencies".
(c) "Growth-cauace".  Three features distinguish "gro.th-ca.sape”
frow the qualitative senetic eifects;-

'l. "growtn-aapage" is a conaition, not a quatitative cuenze
in some feature. All coloniess exnioiting the conuition nave
the same general aplesrance althougn "aamage" way differ
consiaeraonly in degree anu brown pigment way or wey not be
formea. It cannot ove saia that "growtn-camage'involves
change in any cneracter in the sense tuat variant cnarac-
ters aifter from tnose of tneir parent.

2. "growth-camage" may aifect tne mycelium of a variant
induceda oy the same irraciation (Figure %3), althougn it
is vsually fcunda in mycelium of the parcsat type.

3. The conoition itsclf canuot be transmitted, exceot werhaps
to a Limitec extent. It annears to involve sowe scri of

nuclear deranxewent wnicn ultimately prevents norumal growti,
ratper than qualitative ugne cnenge. _vcelial suoculiures
frou "camere" arcas usuaily feilecc to .Trow, or proauced
"dawagea" wyceliug; whea gormwal wyceliwn was formee it
coulo nave.ori:inated in normal wyceiiuu inciuczc in tue
inoculws. The sawe @y o2 sala oI growtn from sporaes froau
faaumagzd" colonies; wnen norwal colonies aeveiowesa, as
nearly alwvaye ha:d>sueQ wien tne s.ores were viable, it was
likely thet tne s»Hores ori:inated ian normal myceliwa.

Analogous forue awvnpsar to have been rzoorted in tne
literature in conanection with ultra-violet treatwents. Tne "dz-
senerats phenotynes" described by Lindegren and Lindegren (1941)
very closely. In fact, tne written aescriptions of tue "cepencrate

shenotyoe" could pe applied equarly to Chastowiuwn ana to ij.Crasss

e . o St

¢.u. po Crassa L.4 : "a tvoical aegensrate znenoty) e wita noorly

;rewine

= )

stragasly orowning wycelium, mostly osneatu th: suryace, auc
a, dark-brown supstrate colour". (eneraily speaking, amycelial sub-
culture (hychal tipn) »Hroouced cultures of tne uve:ensrate tyns or

w2re not viable; watin.s ol aegenerate to coatrol wyceliww yieldeo
asci muicn geve uwormal colconies or were iaviable, degensratss being
sroduced occasiounally and oniy irow ora asci. Tnes2 results are

in contoruity with the work so far carriec out on Gusctomiuw "dawa_2";

it rzusins to be seen wunetnsr tuese Cnactowiul  s)0Tes aut peurosHLTa

asCcos ores are cevelopea exclusively in norwal tissus, that is,
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whether gene transmission is iwpossidle, as seems to be inaicateo.
Tne frequencies of occurrence of wutants(4.95) and Ydegenarate
phenotynes" (2.7%) at 254 xu in j.crassa are guite unlike tnose of
L308hic effocts aue "growth-cauaye" ab €o0H wu in Ghastouluw; now-

[ )

ever, in the ySuresnora experimsnts the aose was Vvery aigh,less

J

then 1y ol soermatia surviving treatment, .latiag tecuniyue was
anfavouraole for couantings ano tne colonies were grown in tubes
which would .esk the appearance of the "degenerate phenotypes!.

In Chactomium when colonies were crowded in dishes "AQouage" wes

nasked to a great extent by overgrowth of normwal myceliws. In
the experiments of fmucns ana Hollaencer (1939) on ultra-violet
induced change in dermatophyte fungi, "dawmage" was not recorded,
presumaoly ovecause the cultures ware grown in tubes in these
eX¥periments also.

In their work on Sphserocarcus Knapp ana scareiper (1241)

founa genetic etfects as well as an effect on sporogonium gttacn-
ment in the sporoshyte generation aeveloning from tue irradiatea
snermatozgﬁd. The very nignh frequesncy of tne latter at saort
wavelanzths makes it unlixkely that tne effect on sporogonium
attacnoment re.resents action of a dowminant lethel, ana it is
temwsting to cousiacer it as ocing a "growtn cficct anaiogous to
Chagtowium "aamage", <siecierly in view of its wuch gTzater
freyueucy at 206hH ana o0 mu thau tnat of wutation. staolsr's (Llygl)
work on umaize is also incicative of a uon—génetic effect in ruicn
grewtn is-gberraut, the encosperm aeficiency. Tinesz aeficiencies
consist of vatcnes of endosserm in wnich cells have not uevelopea,
In experiments witn ultra-violet it was found tnat a nigh Qroportidn
of the ceficiencies wars fractionai, ouly portion of tane ecadosraru

showing the concition, ana it snould ke noted that "dawags" in

QﬁﬁetoﬂlEﬁmidFSO iractional, most coioniss nzvin, scue norusal
myceliuh. Tne ¢ndGospara aeiiciencies, woreover, nave a aiffercut
frejusncy distrioufion to tnat of eumbryo abvortion, wnicn is e
genetic effect.

(©) TH: ..sChanIS. CF 344 2CTION

«any Ltines of reszarcn have snown the genetic mecnenisu to o2
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cnemical one. gvicencs tor tnis nas cowe iroum studies ol
chromosome absorption spectra, irow cucwical analysis of virus nuc-
1co§rotein, from staian reactions; ana from sucn tindingzs
tnat spontancous gene wutation in Lrosononila aas a tewpsratare
céeriicisnt, as ml ht be sxnectsa in & cnsmical process (Plouéﬁ5
194L); end tuat flowsr colour is aue to tne proocuction or
snscific sigacsats unoer sanetic coatrol (Lawrence agno 2rica,
1940); ana so on.

The eviaence has led to tune furtner conciusion tnat tne
wecnauisw 01 nerewity is associated with nucxeogrgteiu aetavolisu.
Tne constituents oi auvcleoprotein are aucleic acic in its ceg-
oxyrivose or rivrose form, and prot:aia; frow their aat.s toe
nroteins wight bs 2xpectzo to ove concerned with the speciric
reactions controlled by tune zene while the non-specific auclsic
acid is concerned with the fuictioning of the protein cowvonent,
¢ither in ite reproduction or as a prdsthetic grous batwean
zene protein ana cell reactiond If this is so - ana the cycls
of attacanment ana aetacnmesat ol nucleic acia fron tue arotain
fiobre of tae conrowmosowe strougly inaicates such a role - it su0.:LO
ve yJossiple to woaiiy eacn comgonent sanarately by means of &
saecific ageut sucn as ultra-violet raciation. sucn a aifisre.ticl
etffect woula involve a opnredominately nucleic acia reaction in
the snort ultra-violet wanere tuis cowpouneut absoros strongiy,
and assoCialcu witn it out to a .uca smalleTr aegrse a group Ofrwnﬁ;-
reactions each naving tae saws geancral characteristics bput
Gitfering qualitatively among tunewseives. As wavelen th increascs
absorption by nuclieic acia ana oy protsin diminish .reat.y, nuclzic
acid awusorption reaching a n2gligiole value at aoout %1% mu and

opTotein absorption, tnough smalljexczeaing nusleic acia absorytion
at longer wavelengths thaa this. £uch greater aosss of irraaiation
shoula taerefore be nceaed to proauce tne same amount of each
reaction and at wavelengthe longer than 313 mu the reaction
associated with nucleic acid absorption snould bzcomz negligible.

In tne present cxperimesnts ultra-violet raciation has ianuucea



_29...

two diffesrential citects naviang the cnaracteristics to be
expectad if changes took place seoarately as a result of nucleic
acid and orotein absorption. yuantitatively ano gualitatively tne
genetic and lathal effects may oe assoclatea with absorption by%PdL
&ka protein, and "growbth-camage" with absorption by nuclsic acid.
The genetic effects are not oniy yualitative cnanges waich
can concern a number of differecnt characters ana can ve iaheritea,
but tne cose of irraaiation needed for tueir production is wunat
might be expected for abvsorntion by @rotein. Tne dose necoso to
produce equal zenetic effects is 6000 times greater at 3%4 wmu than
at 205 wu, a factor which is of tane same ordsr as tone range of
differeaces in absorption by prdtein over tunese wavelengins.

Cnange in the aosorption coeificieant of tue protein wurease,

for example, nas a factor of 5000 tiwzs over tne wavelengtn range
190-%00 (Kupbowitz ana Haas, quoted by Deloruék, 1540).

"Growth-damage" is guite unsike genetic cnaage. Tae con-
aition snows great uniformity and does not seem to be neritable.
At 265 mu it occurs much more oiten than genetic conange oput at
%13 wu "growth-dawage™ is founa 1ess'oIten thaa genstic change
ana at 3%4 wu is negligible.

Citterential effects similar to those founa in these
experimnents nave ozen founa by other workers, althouagn resulis
vere nearly always interpreted as a nucleic acia effect. This,
it nas been nointed out, was due chiefly to limitétions ianerent
in tnsir 2xoeriucents. Tne aata of Z.uwons and Hollaenoaer (1939)
and .jackenzie and juller (1540} avpear to refer to genetic sffects
only, the expariusental results merely expressing a general
decrease in absorption »ith increasing wavelength ratner than
specific nucleic acid absorptibn.' Rs-examination of the rssults
of Knapp and schreiber (1941), Linasgren ana pindsgren (1341)
ana Htadaler (1941) sihows, nowevar,that aifferential cffects were
inducea, growth and genetic eficcts being aistinguisneca qualifatiVeLy
and dJuantitatively. Tne aata of Knapp and Scnreiber aistinguish
an eftect on sporogonium attacnment from genetic effects, tnose

of Lindegren and Lindegren between "degenerate nhenotyoes" and



~%0~

ana single gene wutations ana tnose of Stadler between enao-
gperw odeficiencies and embryo abotion. 1In all tuese cases tne
cugntitative data coumplete the association between thne non-
specific growth effecté and nucleic acid absorption, and ve-
tween the genetic eifects ana absorption by oroteia.

A relationship has now been deduced bstween nuclesonrotein
and the aschanisan of heredity whereby the srotein component is

concerned with gualitative genetic chnanges and the nucleic acia

component with the functioning and resroduction of tne gene.
Gene protein and aucleic aciu fuaction indepenaeatly to the
extent that eacn can bz activatea separately; activation of
nucleic acid and transfer ot energy frow it to the gsene »nrotein
are not involvsd in gene mutation, as wackenzie and yuller (1940)
have suggestad,  Indepeucence is not visualised as meaning that
nucleic acia and protein aTe not sssociated intimately (of auciso-
srotein viruvs crystals), but only tnat taey nave inaepenacuce of
action. 1Ian tinis association tne oprotein is tus sgecitic reacteat
while the nucleic acid would scew O e conczsranad wita tne re ro-
avction of tnat. hrotein.

no one type of penetic cunadge nes Daea founc to pe associatea
narticutarly with any wavelength, anc it is ocoubtful whetner eitner
tne inducing agent or tne usaterial ere suitsole for an invsstipation
of gene mutation. C(ertainly 1t would seewm preferable eitnar to
use "pure" anucleinrotein, in tne iorw of virus, or to cowners
unaer airtrerent treatmeats snarply defined geaetic efizscts ot tne
typeé founda in tns hisner aniuwaus and plants. ioreover, wstnoo
anG material shoula be szlected in sucn a way tnat toe letnals cun
be aualysed, tnils class incrucin., unoer tne conaitions ol nost
tecnniques anc particularlj when sperm and pollen ary treatza
not only killse inaivicusls out tnose uot apls to comsete with wore
active ferms. Incuction of spyeciiic geactic er1tacts oy sasciiic
reaseants will be the ultimate orobiem of analysis of tig Man&nL&J

ol neredity.
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FIGURHS i- 15

: Flgures l 15’ btralns

gnaetomium globosum. Figs. 1-11

Ch. globbsum saltant Fld; Figs.V12—l5.

Figures 1-6 show‘typical’vaiiations of normal globosum which

‘has dehse, éVenly distribﬁte@'periﬁnecia (as Fig. 16 apart from
ssctor 1iwh{'damagé). .Tné Qéritnecid'of.tnese cblonies'are
dlstllouted in ZOnes or 1rregularly . Note tnat many of the
-colonles show a dénse ma331ng of the perlthe01a at the centre,‘
this founa commonly Flg 4 snows two stralns as aectors.

Flgures & 9 ‘show tne commonly oocurrlnp reauctlon in the number

of perltnecla. _Tnese stralns merge into wycelial saltants

showing sparse aeri'a.l,)nyc}-eiiwn (Figs. 44,45), the coloay shown

in Fig. 9 probgzbly belonging to“this class. DNote the sectoring.

Figures 10-11 show the character of dense aerial mycelium. Note
the sectoring.

Figures 12-15 show_similar typeslof Variation in C.globosum

saltant Fld. to those found in Q. globosum .






FIGURZIS 16-29

Figures 16-29: "Growth-casap2" - Grougs 7 end B.

Wnile these figures only show damage”in . plonosui,

ndamage" in C. slooosun salitant ¥ld. nas the same charscter-

istics.

The fizures illustrate the raunyge of "damage! founa.
Colonies way pe normali excent ior a swall ssctor of '"da.age!
(¥ig. lo) or show little or no normal wycelium (Figs. 23-23).

Thz characteristic orown ni.wentation of hzavy "cauaze”
is weil shown (Figs. 21—29);it torws at tue s0ge wusre rowth
stops. siter srowth stops tae frees spacs leit in Tne oiate
Ay DgcCoue occupizc by ayceliuum growiuﬁ out i ato it (see _er-

ticularly Fizs. 20-29).
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| | FIGURSS 30-43
Figures }O—ﬁ}:'ﬂixéd Colonies

Figure BOz'Wormal plus strains plus slow growing sector, Tne

slow growing sector showed in subculture as ai"sqollop".
Figure §14 -Normal plus gtrain plus lignt damage éluS‘“SCOllop".

Figure 3%2: Normal plus strains.,

Figure 33: Mycelial variant dense serial mycelium plus light

damage.

Fipures 34-35: iycelial variants.

Figures 3%4-35 show the variant type of-Group-E in}which'

perithecia are absent and tne mycelium appears sparse, lying

close on the surface of the agar plate. - The growth rate is normal..

gigures'Bbij: Variation involviﬂg prowth rate

Figﬁreufg shoﬁs fne typical characteristic of Group 9 with
the'siow mycelidm'growiﬁé from-the centre c¢f the dolony and soon
surrounded by the faster norma.l myoelium.‘

Figure §(£-Note.the sectoring into normal and slow growing
saltants arqundvthe,edgelof tne colohy'and=ﬁne surrounding of
thé sloﬁ mYéélium b& thé‘iéstér growing noTmal wycs Lium,

Figures 3%8-43: “geaweeds" and Wgcollops" .

Figures %8-41 show "geaweed types". On the one hand there are

the slow growing forms with dense mycelium of Figs. 38-40, ana
on the other hand the fine spér§e~my¢elidm_types of Fig. 41; the
'1atter,type gave the name to tﬁe group from theiriresemblance

to some of the Red Algae.' A

Figures 42-43 show "scollop" types.







TABLZ L

4UANTITATIV£ ANALYSIS'OF VARIATION—INLUCED 5Y 264 mu IRHADIATIOW

material irradiated: Chaetomium globosum strains LJ and KB,

C. globosum sdltant Fld.

Control and kxperiment Germinations: actual count shown in each
case is written as, say, 50/60 meaning 50 germinating of a total

of 60 plated, either control or irradiated spores.

% Visible Qoloniés: percentage of spores germinating that grow to
colony visibility. The‘pércehtagﬁsshown<refer to the irradiation
"series. When all controls do not'grow to visibility, the 4

visibility in the controls is the first percentage shown.

" No. of Colonies: tne number of colonies in the irrsaiation series.
nlated cut and forming colonies. They comprise colonies from tne
single spore ana dilution plates.

Variant Groups, Frequency:of Qccurreance: The variants are classified

into the groups described on'pagégfls, and_lq.‘ Note that in a
number of experiments souwe or all "damaged" colonies of Groups
7 and 8 were not aefinitely classified into one or other Efoup
but were merely descripbsd as Group 7-8: 1figures are shown be-

.tweén the two groups in the table.:

Total "Damaged"Colonies: total of groups 7,8 and 9. Total
"damaged" colonies found in the irradiatioy series is snown as
percentage of all colonies grown in irradiation series.

Potal Genetic uffects: total of all groups other than "damagead"

colonies.(Groups 7,8,9). Total of these found in irradiation
series is shown as percentage of all colonies grown in irradiation

series.



TABLE 1.
265 mu.

Control Experiment © % vis. No. of ,? Variants.  Frequency of Occurrence Total Toteal

Expt. Strain Germination. Germination. Colonies Colonies - in each Group. demaged genetic
, : ;_ ! i 1 2 3 4 5 ® 7 8 9 10. 11 Colon- effects .

RN e e S S S ~-ies.
Jontrols all 2 ‘ © About 50
. ! . controls . \ ) g .
\ : - in each ) ’ : : . - |
o Emte .2 . .0
029 | LI | 90/100 78/100 . 15.4 83 . 2 ; ’ 5" 28 1 -3 2 34

030 ' 1Ly 8/ 94 . 88/w00 . 682 168 1 . . .8 1 2 22 |
0. =~ KB | 88/100 | 77/100 C 2.6 0 126 L L3 17,5, 1T 1 . 3. 58
038 LI . 30/37 = T13/% 2.0 19 T TR f - 16
0% = L7 | 6o/6h | 103121  loo.0 | 8 | 1 |
oo LI 57/65 i 106/119 S5 o 78 ! [ T | | |
oz - LI  54/65 ; 9%/1u 6o w5 1 o120 . 1 12
on8 L3 50/63 . 109/164 . 4.9 - 50 ¢ .1 . 1 9 1 23
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TABLE 2.

AUANTITATIVE ANALYSIS OF VARTATTON INDUCEL BY 313_mu TRRADIATION .

fjaterial irradiated. . ggggtbmium”globosumA strzins LJ and KB,

C. globosum saltant'Fld..

Control and Eiparimenﬁ.Gdrminatiohs: ‘as for .Table 1.

% Visiple Colonies: as for Table 1.

No. of Colonies: as for Table 1.

variant Groups, Fredquency of_bccurrence:; as for Table 1. -

Total "Damaged" Colonies: as‘for,Table l.

Total Genetic daffects: . as for Table l.
4Xperiment 035: as pointed out'bn'pagé';9; there are grounas .
for rejecting this experiment as‘noﬁﬂéeipg typigalhof irradiation

at 313 mu.



313 mu. I
| control Experient | % vis. ! No. of ___ _ _ Veriants. _Frequency of Occurrence Totel | Total
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| TABLE 3.
JUANTITATIVE ANALYSTS OF VARIATION INDUGZD BY 334 mu IRRADIATION

Material irradiated: Chaetomium;globosum'strain-ggj C.Aglobosum

saltant Fld.,“

Control and Experiment Germinations: as for Table 1.

% Visible Colonies : as for Table 1.

No. oficolonieé; as for Table 1.

Variant Groups, Frequency of Occurrence: as for Table 1.

Total UDamagédﬂ Cblonies- as for Table 1;

Total,GéneticAEffects: as for Tabla l

Notes} (a) In many of the eXperlnents, the control series does
not show 100% visible colonies. Tnls 1s probably due to very
slloht short wavelength leakage (or reflectlon) affectlng,pgzg
irradiation and control series. The amount of leakage must be
negligible, even with the irradiation serics WDich is more‘
favourable plaoea in-the. mount to recelve it, for no-"damaged"
colonies were iound in tne control series and t he -occurrence

of these types 1n'the irradiation geries is @uch smaller tnan

production of other yatiants, The averagé time of an irradiation

‘at 334 mu is about éoo hours compared with about 3 minutes at 865 mu.

(b) &xperiment 0bl: . the three variants put in Group 7
(marked “a") areAtypically “damaged"; ‘They show the feature of
~ brown pigment oharacterlstlc of this group but belong to in no

otner respect.
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 APPEDIX L.

COLONY FORWATION In THS FUSGUS CHASTOLIUM GLOBOSUM KUHZd
N, J. B. PLOMLIY and J. i, FORD

SULLIARY

1. The increase in size oi the Colony of tne ascomycete

Chaetomium globosum #undze growing on agar gel has been

. investigated 1in detall Iacrease in colony diameter,

. change in colony density, growth within the .medium, %nd
“increase in total length and amount of myceliom, have,allA
. been studied, as well as growth of the hyphae tubaselves.
‘Growth has bsen compared on couwplste and incomplete media.
Observations on the morphology’of tne nyphae are reportea

2. Growth of the hyp nhae 1is 1ogar1tnmlc but in tnc for=ation ot

" the colony such a growth rate is maintained only wnils the

~environment remains constant. In tne young colony wnere

there is no restriCtion on growth by the enviroament growth
is logarithmic, but as tne colony ages an savircnusntal re-
striction operates. Egecausg tne cells are fixed in the en-
vironment, tne environmenngestrlotlon acts in two. ways

to ‘build up a colony pattern:

' (a) growth inside the colony falls off from logarltnulc
until a maxiwmum hyphal density eventually results,
rand,

(b) malglnal growti settles down to a oonstant rate.

3. The fungal coxoay is. found to be a cell. oopu¢at10n so that
- examination of its functions should be made irom thls point
of view. : :
INTRODUCTION

ifost workers have studied tne gréwth of fuhgi'inzrelation to the
effécgs upon it of some énvironméntal factor. - Growth has been
measured either as increase in colony diaméter or by weighing the
coiony. By the first method a single colony can ve observed con-
tinuously; but this may have.littlélmeaning because the relation-
shi? between colony diameter and the mass oflfissue‘in the colony
is unknown. It has often been noted, for example, that one treat-
meny will result in the growth of a aense aerial myce lium while in
another treatment the aerial mycelium is relatively‘sparse; here
comparisoh bf growth‘rétés—py measurement of colony diameters is
almostbmeaningless. Adair and Moore:(l94l)-attémpted to overcome
the deficiencies of tne method by determining from photo-electric
measuremehts all the growing matefial in the colony. Tueir method,
however, was unéatisfactory with smali coloaies.

weaknesses of the metnod of determianing growth by weighing
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are,firstly, thatAﬁhe colony oust be grown on iiquid media, and,
secondly, that as the determination involves destruction. of the
'oolony, the exoerlment must be dbSlgned on a statistical basis.
Apart from such growth‘measuremonts, unaertaken cniefly asi'
a basis for comparison of environments, there nas deen little de-
tailed consideration of the factors inyolved in the formation of»
the colony in fungi. 1In féct it has not been clearly established
whether a fungus i8 to be considered as an . 1nd1v1dua1 organism or
as some type of colony. In the present paper the growth of the

ascouwycete Chaetomlum globosum Kunze -has been analysed.

FATERIAL AND MsTHCDS

The material used in these experiments was a Dutch

strain of the fungus C. globosui Kunze; Piatings were mede on
1% malt agar, or on plain. agaTr when starvation,effeots were‘being
exémined, in petri dishes selected for uniformity of size and
flatness of oottom; The amouht of medium poured.wes always about
the same and with the 10 cm. diauweter plates used the egar Gepth
was o to 8 mm. In certain egperimenfs- esoe01ally tnose ‘where a
.colony was to oe stalned and mounted oOr onotograpnea tnu aepth
was less, although always greater ‘tnan ‘the max1mum coLony radius
being con81dered so" that tnere wouxo be no questlon of any asym-
metrlcal growth because the bottom of tho dish nud been reached.
| The'plates were 1ncubated at 2800. pll colonles grown from spores
wefe of sindle.soore.origin The age. of the colony was recxoned
from the, time of spore olatlng To obtaln the age from germlnetlon
about six hours should be deducted, thls being th perioa from soore
plating to snore germlnat;on.. All data on colony oevelopment given
in this paper are in terms of time from blating. |
The following methods were used;in meesuring.theAcolonyj-

Colony diameter — . From germination until colony’diametef reached

3-5 mm, measurements were made with- mlcroscope ana eye plSCv micro-
meters; .when larger, a mllllmeter rule was used measuroments were

made along two diameters marked out at ‘rignt angles'and a wean value
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taken., ‘When measurln» tﬂu very small colony just geralnated one
dlameter was taken along the most promlnant hyanae and tais, ana
a dlameter at. rignt anéles, were used as axes in all suosequent

measurements on the colony.

Depth of Mycelium: - Thin vertical sections were cut thfoogh the

agar culture. Depth of mycelium in the section was measured with
micrometer or mwillimeter rule.

Density of hyphae per unit area - The. surface of the colony was

photographed and from it an accurate sketch mace of tne hyohae.
The depth of fdcus of the optical system included all hyphee in
a surface layer 016 mm déep. ' The area of the sketch was divided
into concentric rings of'equal-diameter whose centre wes tne
colony centre (usually the spore site);' Theflength of mycelium
in each ring was steoped off with dividers and a denoity figure
calculated. hen the whole surface area could not be ieasured
satisfactorily, as was usu.all_b with large ColonieAsl, one or moie
sectors'wefé_méasured. Usually moasurements.wefe taken of a
single oolony_ffom time to timé so that change in density could
be oeﬁerhined; 1measuremenﬁ on différent colonieé gave a crude
picture of density change becéuse different colonies of the saue
age, particularly youné colonies, showéd aifferences in aevelop-
ment due to dliferences in the pre— germlnatlon period, 'iﬁ en-

1ronmenta1 conditions and so on.

Individual Hyphae -'Hypgae were.eitner moaéoied>witn microsoope
and eyépieoe micromefer _orkwere pnoﬁogfapneo”and sketches maoe.'
Small colonles w Te ume asureo 81m11arly.

ueasuromants Wcre usually made on tne llVlng oolouy but some
pxeparatlons were ilxed and stalnea._ Oolonles for the latter
weTe obtained by platlng single spores on mlorOSGOpe sllaes
coverad with a thin layer of agar.. When the oolonles had grown
to the required épage they were flxed in Flemmlng s wpax solution
and stained~With iron:alum haematoxylln or belafield's Haemotoxyling
erthrosin‘in clove oil or.safranih were somefimes used as

counter-gtains.
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WMORPHOLOGY

1; The Golonj. ) Thé thick wallad spore, an ovoid.with.average'
dimensions 9. %p X 7.0 germlnates four to six nourq after |
plating, the germ-tube belng orotruded from a pore at one
"end. The very young colony is maae up of one or}two nyphae.
' These remain unbranched for a time so that the young colony is
| usually much loager than broad. Affgr-éix tQ éigh£ hours |
side'brancnés aeveIOQAfiom the_originalhhyphae, grpwingvout
fnore or lass at right anglés to them;ﬁ (Plate' 14). . As the.
colony grows the hyphae increase in numbar and the colony -
rounds off, this form being reached about 30 nours aiter
plating (Plate 1B). At this stage asrial hypnae begin to
appear first at the centre of ihe cdlbny. As growth proceeds
aod the m&r 210 expands tney extend over moTe and MmoTe of.the
surfaoe. In the two-day old colony the aérlal m?cellum is
_quite dense,Aespe01ally at tne'centre. The chony is now
increasing in diémeter at 5 oonstanf rats and the mygeliﬁm
around the edge has taken on a combzd apéearance; a portion -
of the,growing edoe of a 46 hour colonﬁ ié shown in Platé 1D,
In the very young colony the dlamatbr of the hyphae

ranged from 2. 3 - 4.2p (Table l) }‘Asethe colony aged, the
nyphae formed in the peripneral growing fringe were of this
size, but those formed within the colony‘were;noré‘and mbr; :
tine, having a diameter of only 0. 8 - 2. a/u

YWnen the co}ony was starveu by BIOWlng it on plaln abar,
the mycelium was npt.only;@uCh wore sgarse_thap that in a
colony having»adequate food, but the hyphae were much finer;
tne original hyphae and.thosé of the growing fringe‘had a
diameter of 1.9 - %3.5u and branch_nyphae'only 0;32— 1.1 B
Although stafvation‘had a very.marked effectAon the size of tue
nyohae and density 6f the wmyceliuum, that is, on the amouﬁt of
grow1né substanoe the dlameters ot normal and starved colonies
of the Sa.mu . age were not very d.lfiexen’g( (ﬂgg‘el% der starved

colonles had 1rregular and.-indistinct outlines.
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The smallcr 81ze of orancn nyunae 1n aLL colonles and

"ot tne hy;nae éeneraily 1n tne starvea colony than tnose in the
no*mal colony, is due to stalvatlon. Tue nyoha° are fixea in tne
. agar medluml AV1th1n tna‘colony food becomes a°oleted (and wastc

producté accumulate) ' Growtn is tnprefore restrlctea and this

shows 1tse1f not only as a slow1n5 of vrowth in length but also

a dlmlnutlon of hyphal ulametcr wnloh permlts 5reatcr efficiency
in growth, |

'2. Structure oi "the ﬁycelium'— 'Tne mycelium’is Seota‘ca and

ﬁﬁltlnucleate.‘ Th@ flrst septum qeveloos 10 12 hours after
‘ piatiﬁgv(4;6 hours aiter germlnatlon),‘ana is laia down 46 B
Amore_tnan‘lcb'y behind the growingltip.

| Ta,ble 1l records da.ta. ooncern1n5 hyohal str.ucture. I‘t; ‘is
,=vident that there is nod const&ncy in length of cell and numbnr
oi nucl»i "to =acn csll howgver, the aunber of nuclex ana seota
1n colon14s oi the same age is auorox1mat ly tﬂu Bame .- Tne
apical. cellq are Longcr tnan tae otnels and possess more’ nucle1;
Aerlal uyphae ara oiten tingr than oraach nyohae,- they are
alfllcuit to examine for cell structure.

Cell dimehsiohs-and~dumber cflnucléip in _thé_stArved colony

afc given in Téble‘l. T.ne hypﬁac7aré fiﬁnrtnan'fhoec of.'normal~

colonies.

* GROXTH ow THZ COLONY

The iungal hyoha usually gxows by eloﬁgéfioh of its tip'(Smith,

'31924) '1t 5rows in tnls way 1n C- globosum . .In a series of

measurements oi oortlons of hyphae between successive 31ae brancnes,
no evidasnce was obtalnea o;vanyjelonéatlon, Crinkling of the
»hyphaéAwas not noticad in_fne cclcnieé and th;s would be expected
if elodﬁatioh tcok_place denind the hyéhél tip,becauce~side

branches would act'és ancuors préveut;ﬁg‘é tip bcing-puehed
forwafd._ : |

(a) GRO'Tﬂ OF & SINGLZ ' HYPHA

Tone growtn of tne 1na1v1dual hyona4was_oeterm1ned IToMm
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measurements made from time to time of the length of a{se}ééted‘
hypha and its sice wrancnes (Tablere). Lehgth was meésﬁréd froﬁ
~the tip of.tne'hypha.baék to sowe arbitrary fixea point; ﬁsually:
ifétjuncﬁion with angtherlhypha; 'side'orandnes.were, orﬂgdu:se,{.'
measured from tip t&_jgndtion witn‘parent.hypha, N .

The data aTe plotﬁea in Graph 1, 165arithm of Lengtn
against period ol growta, fbr fne seiected hypna ana sidé prancues;
growth of one of the branch hyphae ;s SNOowWIL sepa;ately also. Hach
of ‘these graphs may be considered in thre¢ parts, firstly, the
part AB when growth is proceeding very rapialy in an unbranched
hypha; secondly, the part AC showing the growth of thne nypha
olus its branches; and tbhAidly, tne-par#AD Shoﬁihg the growth
of the original hypha élpne, witnout its braucnes. In the
graph tor the branch hypha the COrresponaing regions are A'B!,
A'Cv, and A'D'; growth in this system has'the same characteristics
as that in the systeum A B C D.

For conﬁenience the part AC of tnergrapn'will be consiqered
first, 1ﬁ'includes all measuremeﬁts on nypha plus branches except
the first two (AB). Tne_r;gréssion equation of §eriod'of‘growtn] |
X againsf logarithm of hyshal length Y fér these five pointe is:-
;L Y = 0.1023 X #1.7792.

Correlation is highly significaat at toe 1% level, that is, growtn
is logaritnmic. ExPonenfial-growtn is funcawental to the nypnae,
either as a whole (AC) or xu&axé (A;d'). Tae aeparture from the.
exponegntial shownhin AB and AD is not real; in AB.a.conﬁributioh‘
tOIgIOWth‘is coming_frqm myéelium.outSiaé fhé‘nypha554while in
AD the apparent‘faklihg off in logafithmig growth shown by the
original hypha ' when obranch hyphae'appear_is the résglt of the
increase in the number‘of growingﬁnints;~

In AB a pért of the gr0wthfbeing meas@fed ié a, contribuﬁion
of growing suostance frow béyond.ﬁhe»point of junctioﬁ_of tne
branch with the main stem; and tne same éffect.is é#ident when
some arvitrary point on the hyona is chosen from which to take
measurements. The curve AD, on tne otner hand, is a complex

function'relatéd to the number of growing points; that is, to tue
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number of ovranch hyphae presenf in the system( ‘The'gIOWiné point
is, as it were, supplied by a "catchuient arsa" of mycelium; when
the amount.of_gr0wthfexceeds the capacity of the growing point
other groWing'points appear, and when msasuremsnts are taken from
some arbitrary point oh the hyohs, growﬁh rate appears to 2xceed
the normal I&te of logarithmic increase until the ‘whole area
concerned in 5rowth of the hyohal tip is oceing measuréd. It fbllows,
. that the unbranchea growing nypha.. nas a iunct;onal cell 1aﬂ5th:,’
.tnis oceing tne lenytn at whicn division occurs by the putting out
of a biancn hyohajit is the point of ihflsdtioh A,A'-in Graph 1.
| Growth of a hypha is therefore funcamentally growtu of
inaividual cell units. Growth of tnese units is logarithaic and
this charaoter ig shown by the hyphae themsélves,so long as only
ajpingle growing point is’béing considered, or the fotal lengﬁh of
mycellum movnnb wltnout rostrlctlon in the systvm, when the |
hyoha has oranomes, growth oiitn byona alone does not anoear

to be 1ogaritﬁmic bedause in the,;engtn'of hypha measurediare
varts, having constant value, of éther cell unité. As will pe

. <

snown later, when the systew becCoues stabilisea so that the humbar
~of growing points in the area 1is constanu, as in the growln%
fringe, the rate of éIOhtn of any hyoha apaeals to oe constant

and the rate oi ‘Xpan810n of tine irinmge is lincar not exponential.

(b) GRCLTH OF A HYPHAL TIP AFT.R SﬁOTION FROM TH& PA’*NT-CCLONY

Difficulty was experienced in 510w1n hyphal tlos cut
fromw an actively arow1ng colony , Altnougn tlps as smal;j as
about 34 p coula be cut oii,‘taey ooﬁ}d‘ﬂot be grown. Thoe
smallest piece of mYceliuﬁ'tn&t we.ndve béen able to grow after
ssction was a hyphal tip about 300 y long. jThis is mgch longer
than the apical cell (Taolu 1).

Growtn data for a nypha after séotion from an actively
grdming cblony aré sunnarised in Table<3,andAGraph 2 and the
form of the c\plony is sihown ia Figure 1. The mycéLium is
consicered aIbltrarlly in two nieces to Tight and 1=tt of a

point ta' (Figure 1), which cawe to be tne apurox1mat centre

of the new coloay. guch division was also necessgly becauss
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the mycelium in.tne laft haﬁa pisce next to tné p§int_of”‘
sedtibn 0id not Trecover norimal growth ior some tilﬂ8;~

Growth in the right ha.na“ »iece shows the same charaoter—
isticsvas‘growtn of‘tne ininidu&l hyphée (Graph’l), that is,
in the part AB of the growtn curve a contribution to‘growth‘is
coming from mycelium in tne left hanc biece,uand‘in the part
AC growth of the myceslium is 105aritnmié. dventualiy growtn
rate starts to ascline from 1ogaritnmic at D. hile the
coxrebpondlng part of Graph 1 shows  the éffect on the:aata
of the 1nclu31on of. mycellum in the length measuzed ‘wiich 15
not contributing to the growth of the tip, the section A'D
hers represenis the effect of réstriction of growth rate
within the oélony. Due to Change in the environMenﬁ within -
tné colony tne amount of new myceiigmzfofmed there is not
the same as in areas in which the original environmental
conditions chtinue tc hola. There is not only tnis félxing
~off in gfowth rate; wnich is shown particulariy by “the
density meésurements, but lurther almlnutlon in actual growtn
fo.lows the decrease in diameter of fiyphae formod wru%trm

colony.

(c) IMCRIASS Ia SIZs OF Tud COLONY

1. Mean Dimension C{ gffﬁ'wg‘3¢~ ;i@.,;.; - -

| Typical.measuremanté of meén 6olony diamaterlforfgrowth
on 1% malt agar and plain abar are plotted in Clapn 4, the
linear and logaritnmic forms belné-snown.'

Mean diameter of tus 05;ony=inorsases inlfne followiny.
way:—
(1) Rate of increase in amean ciageter is logarithmic at first.
(2) After'a colony aiameter of about 0.8 wan (about a 50 hour
colony) has been Trescned tnis logaritnmic rate diminisnes until

the rate becomes uniform ano tne colony 8preaas over tne sari

of tne medium at a constant rate, which; in §. Elobosum can
continue incefinitely.
A few ovservations have bzen maue on growth just atter

germination of the spore (Graph H).. Growth Guring this nariod
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. aiso is,lcgarituhic., Ii tne %raph 1s drewn bq0¢ to the
equlvalent 1en~tn of the spore oontents (ooout & \;,, , .the. tlme v
scale 1is cut at 2-% hours. Tnls 001nt will represent thv tiue

atter plating'at waich growth began in the spore.

2. Growth in Depth - hhenvthe-cOLony was grown in a jétri
dish, the rate of growth downWards into toe madivm was the  same
a;s the 'raite of growth’ over, ‘tncv surface o£ tne me diwn (Gra.ph o)
Growth was three dlmen51onal from the tlme oi germlnatlon of “the
snore, hyphae grow1ng 1nto the agar as well as over the surface°
and the rateS-of growth into ana;over pne surtace<oi thne medlum
‘were'the same:so-that the»ColOny;was’hemiépheriéal.

In the petri dish growth contlnued in this way untll the
bottom of tne aisn wae reacnud after wnlch the coiony had the

ghape of_a_truncated hemlspnere.. urowtn proceeaud reJularly on
"the éﬁrface‘and tnrouvﬁ.tﬁe mbdlum., burface 5TOWth did not |
appeaTl 1o be altered wnen the bottom was raacned 1o such éffect
should occur unless there were stallng (vide Brown (1923, lyab)
who investigated the growth of stallng funél on deep and sndllow
~plates). HOWever wnen the aéar was desper or its _surface llm1t80

growtn Qownwaros flnally stoaovu. When 0010nles we Te 5rown in

tubes, Gowaward érowtn siowed.or ' ased whnen tne surfacs nycuxlum
'reacnea the gides of tne rubes (Grapn 7)(1?_ The abrupt cnange in
rate of downward srowﬁh snowéd~tnat the effect folldwed occlusion'
‘of the surfacu, ‘i.e. tnat no gaseous ‘or otner excnanbe toox place

through thne mycallum 1tspli

Y

Footnote 1: Colonies were grown in tuwes of agar and after a time
depth of ¢rowth neasured by cutting sections. guch measurewments
however, were subject not only to an error as to the deepest point
of 5rowth which was difiicult to determineq but also to that of con-
traction of the agar during tnhe experiment, which was as much as

o-7 mun. The appearance oi these tube colonles suggests that most of
the shrinkage was in the surface agar;there was a surface layer of
very cense and matted hyphas, then a zone in waich the hyphae ran
narallel to tne surface and were very densely packed, while bslow
tnis tne hyphae radiated mnormally. sucn:packlné was not found in
the normal colony and the parallel lLayers of hywonae couia only.
have resulted. from snrinkage in the surface ot the colony. Arbi-
trarily o0 per cent of the contr .ction has peen considersd as being
in the surface, and has been acoed to tae crude aextn neasurement.
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3. Lensity: .tﬁe distribution bf tne‘hyphae in the célony
Final‘efidence concerning the growth of nyphae within

the colony -and thé'method of oblony-fbrmationgwas proviced by data
showing the way in whici the hyuphae were diétributea in tne colony.
Beca.use growti within ana on tne surface of the eaiun were the
sais , measuremeﬁt'oI»tneraistrioution of hypnae over tne surface of
the colony woula describé tneir distrioution in the woose Qolqny.
"heésurements ware fnerefore»made Qf the aeﬁsity of hypnée in a
surface-léyer, figures being'pbtaihed for areas at equai»increments
of distance'from the centre of the,éoldny.. Although measursuents -
were actual.y madé in respect to a volume, the hyphae includsd
in the measurement extendingtbelow the surface to a depth of 0.16 mm,
tné deptn of focus of the optjoal‘syétem, the distribution of |
hyphas radiaily across thé'space rathar than haphagzardly through
it.gave a ﬁeasurement‘in respect to,surface density féﬁher than'b
volume density.

" Density over the surface area of the colony was calculated
from measuremsnts of the length of mycelium in each conceatric

ring dividing the surface from the formula:-

o ﬂ'.(rl“_ ro).-

'wheie di - density over the ring; 1 = total lengchOf myceliun;
r] = outer radius of the ring; Iy = inner radius of the fing.

Densities measured over a aumbsr of dolonieé'aré show in Graph 3.
The graphé show tﬁe cblbny‘to'coﬁéist of én‘outef zone -100 - 200 B
wide, in which dens;ty MBcféases very'rapidly and an inner zone
which is the main masslof tﬁe colony. Thé oﬁter zone comprises
a few hyphae whiéh have grown out hére~and thefe in advance of
the general colony margin. . -

Density within'the.colony.increases with timse until it reaches

a maxXimum value. 'Dénsity change is rapid at first but bescomes
more and more slow as the maximum. value is approached. Thé.iorm
of the curve_isvuot homogeneous. ﬁhen density change was‘plotted

for a oparticular site (Graphs 9 and 10) a "sigmoid" curve was
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obtained,' This "sigmoidﬁ qomprisesﬂthree'fegions,'gfowth at

the site going through three general phases; at first-logarithmiq,
then constant, and finally falling off td zero_ﬁhen-tﬁe-maximum
value is reached. 'fhese Curves haﬁe the same form as tnose
for‘growth of the hypha itselfj(Graph41), though they are un-
doubtedly complicated by the presence of the sécon@ary_hyphae
when.they.appear and by the final phase -as the saturation
density is approached.

Density'ih.the VeTy young colony (vide 13 hours 30 minutes
colény; Graph 8) deﬁarts somewhat from ;ts fdrm in the older
colony and is'logarithmic to th2 . centre. 1In the young colony
more frée gpace 1is évailable fof;colonisation by the hyphae,
whereas once fhe colony haé rounded off all hyphée compete‘
equally for the space aéailable.and in fhe':nVironment geﬁerally.

~ When thé colony is starved, the density_curves-have‘theA
‘same'forﬁ aé those of the normal co}ohyl Rate of'cnange of
density 1is slower thaﬁ in the normal colbny, and thevsaturation

density less.

‘ 4. Colony éize —,Bécause growth within and.over.thé'SurfaCe
of* the colony is the saume, tpé'amount of myceiium in the whole
colony can bevdetermined'irom the measurements of sﬁrface_
déqsify by c%a.lob.latingf the lengtis oi.'xnjéelium in sa¢n hemi-
spherdcal sheli.projecped from ﬁhe concentric rihgs_dividing
the colony surface, using the'equat1oﬂ;;Q

. Length of ‘mycelium in the_sﬁell,-Ls

- ( T1 - Tq )3 dy, where dy ig'the densit§ of
mycelium in unit volume 6fgthe shell.. |
. ‘dy may be aetermined airectly from the figure fof
density per unit- arsa at the surface of the

colony; it is'("d1)3;

L. - '%ﬂ(rl _ 1,0)3'. ( /‘(;1)? ’ 3
- g LD
? o (r1 - o)1
= §1r(r1 - ro)%"- 1y ,-J_E;
T(ry - 10)7 | T
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0 376 11l 1y auprox.‘,f

Summatlon gave the total quant1ty oi mycellum in toe colony.

Volume change has the same characterlstlcs as the other features
of colony iormatlon (Graphb ;l—l}), that is:-
(a) The hyehal mass grows logarithmically at first but:
' eventually the rate- decllnes, presuﬁably to a con-
~stant value.

(b) Growth in the sterved'eolony~differs from that in the
’ normal colony by occurring at}a-slqwer rate. -

DISCUSSION

In biology mﬁch attention has been given to two functions
of living fhings, the growfh of indiﬁiuﬁal organisﬁs ahd the in-
.crease of.pouulations.e Both are 5ffected by the environmeht'and
both are closed systems in thatthey have limits of ex1stence.‘.
»The,lndlyldual will grow to a 'size whlcn w1ll allow 1t to carry
on its functions most efficiently. Because cell 81ze lS oeter- .
‘mined by surface-volume iel&tioue,,th\ oréanlsm can overcome
ﬁhmsé limitations only byeobligatetaeSOC}atlon (and s;e01allsat10n)
of cells. The gfowfh ef an individual erganism is therefore a
stuay of tne changes occurrlng in the organlsm in time, from
wnatever cause. Om the other nana ‘1norease in nwabers ot a ;
population is essentlally a study of the effects of the env1ron-
ment, phys;cal_and_blologlcal, upon the reproauctlon-of the |
orgdnism,, ' _‘; .' | |

Because'of their tubula: forﬁ,'fungai”hyphae‘canigrow un-
restricted by surface—volﬁme'reletions (Bewer, 1930). Growth
of the hypha therefore, can follow the_logeiith@ic law in-
deflnltely, rate of browth belng prooortlonal to the mass of
growing tlssue. Logarlthmlc growtn of a tubular cell form nas
been found in certain rod- form bgCtGTl& (schmalhausen and
Bord21lowskaaa, 1930) and has been reported for tne hyphae of
Potrytls (Smith, 1924) - on the other hana the sporanblophore

~of Pnycomyces grows at a constant rate, be1ng wnollyiaependent
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for materiél for growtin upon other hyphae (Oastle,xla4o).

Smith's detailed study of fhé.grthh'of tﬁa liyphae in
Botrytis Shdwed'(a)’that gnowth iate of a hypha was for a
time propbrtiohal to itsltotalvlength, that ié logarithaic,
but that this rate declined later; |

| (ﬁ) that growth of a brancn hypha Tesembled
that of its parent;

| (c) that the grbwth of the hypha plus its orancues
continued logarithmically for mach longer ﬁhan eacn of tuem alone.
He,explainedvthe‘eventual falling_éif in growth rate as veing
due to incomplete tiansfer of ngtrienﬁ from the older parts of

the hyphae to the tip, that is he assumed absoiption to be con-

stnat. In C. globosum , however, the decline in growth rate

is considered as beinyg due to local starvation of the units of
which the colony is composea because tney are fixed in the en-

vironment.

In C. globosum we have seen that growtn of tne colony is for
a time logarithmic, tne amount of growing material bsiﬁg pro;
portional to material already formed, but that eventually growth
falls off from the logarithuwic and marginal growth proceeds‘at
constant rate (Graph 3). This change in.growth of the colony
occurs in spite of pbtential‘logarithmic gsrowth of the iddividual
hyphae, which is seen not only in tné mycélium'of the germinating
" spore (Graph 5) and in the hyph@e (Grapn 1) but may be»aeduced
from the faét that grbwth'rate.ré@ains uncnanged wﬁgn m&célium is
subcultured, from whatever péft of tne colony it may be taken.
The apparent .anomaly is resolved by the Gensity measurements
which show tﬁat within'fhexcolbny:(a)'growth proceeds until a |
maximum density is reacned, and (D) growth ét a particular
site is at first logarithmic but later falls off (until tne
maXximum vélue is reached). .Growth within the colony, therefore,
nroceeds logarithmicéily until prevented from doing go. Since
growth of the colony is essentially growth of the hyshal tios
ana not cell enlargement subsequant to ceil aivision, ana since

all hyphal tips can'grow logarithmicaily, the restraint must come
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from the environmeat, in which the tip is growing. BDhed—sw. -

wirannait

That environment

can influence the rate of growth iSJShown'by‘the slower rate
on an incomplete'médium (Graons 5, l& 13) A paraliel
example 1s the effect of env1lonment on the rat° of pOpu-

latlon 1ncrease ;n Scenedesmus,‘the rate dliierlng accordlng

to fhe envirohmantal odnditioné (Roacn, 1923).. -ﬁorohological
ovidénceAis invagreeﬁent'- as a 3art of the colony apes, the_
.mycellum formna con51sts of ilner ana flner nypnae uoreove;,
it is cnaracterlstlc of starveo growth tnat the ulameters
of the nyphae are less than tﬂOSv oi tne coLony grown on the"
QOxnoleﬁe medlum (T@olé .1). Formation of the finer -hyphae is

i ,conomu vy Wthh maximun exoloratlon oi tne env1ronment is
possible for the least exPenalture oi growth ana 1s'comparaDLe.

with the flnolng of . Gould Pearl dearas and mlner (1934)

~ that translocatlon oi reserve 004 m&terlal from tn= cotylndons

of canteloup seedllngs to the grow1n¢ olant Was more eff1¢1=nt
in seedllnﬂs in Wthh ootyleaonary tlssue had becn removed

than in the normal unOp rat=d seedllng

The cnanee from lo arltnmlo 1nurease to a coanstant rate is
Amost clearly snown by the margln (Graph %), but it can oe_
seen in the measureuws nts of total nypnal 1eogth (Graans 11, 12)
‘uarélnal aenslty 1ncreas°s steaally as tnau812° oi the colony
increases (Grapn %) and in the 31 hour oolony has reached
a steady state,’ by this tlmo malglnal growth rate is also L
'.constant (Graoh 3). The nyphae‘ln the marwln are gvenly
olstrlouted and of the same size and dppearaace (ﬁiate«lb)

In eaamlnlns the den51ty ilgures it nas been not=d that
'some hyphae grow out in advance ot the main mass of toe colony
Because they are thereby- freeu from the restriction 01 |
nelghoouring hyohae they Wlll o8 able to Srow in all d11ect10ns.
~In =fiect each such hypha w111 act as did the- 1soldted nyoha
after section from the colony, that 1s, 1t w1ll tPnd $0 iorm

a rounded colony -and there wi11 e apparent slowing of the
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foiwaro‘growth rate. In thié way the colony edyge will‘kéep;'
_a,iegularlline'of aavance. Any hypha wnicnﬁ'fIOm so.qe ad-
vanfage haS-giowﬁ:beyono the colony edge w1ll dlgSloate>
its energy in ths formatlon of Sldd brancnv Thus it will
be overtaken by the hyohae of- the raln colony mass wnlcn
restllcteo in thelr browth to mlnlmum lateral DT&nChlﬂé, now
have tue greater IOTW&IQ growtn rate. A dynamlc- baianc= is’
»tncreiore ‘set up 1n the - margln wnlcn Iunctlons to Keeo the

- hypnae in line. - |

"The;uaIéln is that ¥eg10n of tne.colony contrloutlnb to.
Aconst@nt fOTWdIQ orovtn._ It is; tnereforc, a reg;on,ln wnlcg
.g?owtn 1s,11near;5 its wioth way be’uqtérmined-fromvtne'den% '

gity figures:

e

Age of Oolony Geloay -:Total Widtn" : Reblon of Lluear Growtn -

-Hours  -iins. Radius  of yargin °  (less outer zone 100 P)
18 .- 30 0.22 mn - jhole colony 1ogar1thm10
26 . 66 9.50 . 0. 384" mm. 0.284 mm.
26 .15 ~0.48 . 360 . 260
31 30 - 0.84 W30 .260 -
34 00 - 1.08 330; B . ..230.
240 0 00 - 2039 eg0. . . - :190
42 10 2.63. 190, .. .090

»While,tnese‘fi“ﬁree afe only.aoproxiMate'and moreover for
young colohies tnej do show that the maroln 18 a iunctlonal unit
ratner than a ﬂorphologloal unlt 1ts w1atn decreasxng as ‘the
colony ages. Thlssls ;p accoraanqelw1th otheér data. In.the.
bery.young colohy ollkgrowth'is logarithmic onu no ﬁrue mérgiﬁ‘
has been establlshed » Jlth 1“cr3881ng colony size (e.g. 20 hour
colony) marblnal orowth becomes llnear ) tre margln is ‘wide at.
first but is reouced as the smount of latoral space gvallaole
for colonlsatlon oocomeb smaller. This is the phase of rouna;ng
off theAcolony, which is cOmp;ete.when coiony,raqius is about
0.4 mn. (0;8 ma, dia@eter.: Grapn 4. - At the same time loearltnm1c
incresse .in colony olamﬁter is QeCllnlﬂé to constant rate. The
margln is flnally réduced to & wioth of about 100 F ( 42 hour

colony), by Wthh tlme tna steaoy Su&te nas bﬂen set. up. Tnls'
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.stable.wioth of margin,oorraspoooé to iooctional'oéil lingtn,
that is, the 1ength of a hygha Whiéh-mill 5rowrlogarithmiéally{
Such a nyjha will zTow 1o tnis oay'to a leagtn of 100 —’2°Y'
(Grapn 1; compars also length of spical cell, Tanle 1).
Two'principal factors o:e involved tnerefore_in the
development of a wargin growing at constant rate, first;y
logarithmic growth of hyohae whose functional length is limited,

and secondly,restriction of branchlng to a mlnlnuﬁ “Absorntion

of nutrient controls the value of tnis constant rate vy it
eftfect an nhyohal den31ty-and'on tneurato of logarithinic growto.
Competition fof the space available for growﬁh is closely
assooiated with autrient absorption. moreover, in the rouhaed‘
colony'the new space availaole for.colOnisation.by.eacn nypoa
ig & sector of the expanding circuaterencé. This area, how-
"ever, will remain virt ua'llvy vunoha:nged wit.'n change :in colony
radius because growfh is dependent(only ;on'marginal width;

'Thé independent'growth'of the hyphae is further shown oy
the data on growfn in oeptﬁ. such giowth (a) takes place at
the same rate as surface growtn, (Db) is.aifected.by occlusgion
of the surfoc'e and (c) doss .not seem to influence surface
giowth. The mycelium within- the medlum 1s not acting as a
root system for the colony but is merely a oart of tne colo-,
Anlsatlon of all'tnv meolum wn;ch mycollum,can 1nhab1t. |

It has been shown in the-forogoing diécussibn~that the

colony in C. glovosum has been built up as a result of growth

of its constituent hyphae, each hypha growing independently of
tﬁe otners of tre colony, yet forming_a regula} nattern becauce
~each element of the population is fixed‘in space in its en-
viroament. .Growth of cach hypna is logaritnmio but sucn a 5rowto
rate is eifective;oﬁly'woile tnere is uniimited freedom of

srowth in. the environment. 4 colony -is thefefore formed in
Which (a) grthh within the colony declines- frowm logaritomic to
Zero, 8O that'maximpm'ﬁyphal density is reached eventually and,

(b) growth at tne wargin settles Gown to a coastant rate.. Tuis
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fungal oolony is é cell population and in any cohsiaerétion of
its fﬁnctions should ©te treated as such. On thé one nand, -
measuremaents of environmental effects should be bagsed on
measurements of the total populatibn of cells, or, at any
rate, on the cell pattefn'ofAthe_colony; Oon the other hana,
the onysiology of the colony‘is to oe considered in terms of

a ‘cell population fixed spatially in ite ¢uviroament.
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Hyphal structure in colonleq grown on (a) 1 per cent malt'aoar ano
(o) plaln agar. '

Length Length  Diameter  No.
of cells Apical  hyphae Juclei

Hypha,e p’_ Gellp > _t.o'Cel‘l‘s..

(a) 1 per cent Malt agar - normal colony

liain Hyphae 12.8-48.0 46-120 2.8-4.2 3713'
Branch Hyphael9.0-28.0 48-100 0.8-2.2 3-5

(b) Plain agar — Starved Colony

uain Hyphae 11-32 66—130 1.9-3.5 .3-7
Branch Hyphae - -  0.32-1.1 -

Spore dimensions were 9.2 A X 7.0 (8.8- lo 1lx 6.2 - 7 7)(3115ntly
.less than Chivers (1915) measurements of 10.5 u x 8. b/u

9.5 - 13.0 x 6.3 - 9.5).

All reasuruments are irom apgrox1n&te mlnlmum to au;xox1mate
maximum dimensions. “easuroments on the starved colony are
for one or two examples only
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‘growtn of a 81héle hypha: increase in lengtn of a seiectea
hypha, 1nolud1ng the brancnus arising from it. |

Time - wain 1st Branch | Other Branch| Total brancthotal

Hours iins. Hypha Hyeha . |.. Hyphae - . Hyphae Hyohal
’ B : ' Length
o | & | 43z | o= L= s - 43
-1 |15 - 67 - - - Y
2 | %0 115 . S 115-
4 |30 168 4 oy = 14 182
6 |30 240 | 34 - - 34 274
9 15 - | 341 [ o s | 245 D86
12 | 40 422 | 22%%] 519 1 79T 0 1219

!

All measurements in p.

The measurements are ‘wade on a selectea hypda in a. hyphal tlp
¢poculation (see Table 1l1l). . This hyoha is that marked 'ot
in Fléure 1. ' /
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Growth of a hypha after section from an actively growing colony
increase in total length of the (surface) mycelium. The myceliun
has been cdnsidered arbitrarily in two -pieces, to-léft and right

-

of 'a! (Figure 1).

Times - peft - Right -  Total

Hours Mins. Hand Piece Hand piece length iycelium
2 30 . 240" - 163 403

3 45 240 _ 336 - 576

5 20 240 - H1B - 758
R A A

%2 20 %43 o 2293. '3%Zé

15

10 2563 4022 6585

211 measurements in P
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FIGURE I

Explanation

gketches (1-7) showing growth of a hypha after section from an
actively growing colony. The hypha was cut off frow the parent

colony at 'c! when it was growing in the general direction shown
by the arrow. It continued to grow in this direction for a time,
but later the point ta' became thé growth centre, the colony
radiating about it. The proximal end 'c!' - 'Ci' of the left
hand piece, close to the point of section, gave some appearance

of injury and after 9 hours it was partly cut away. The hypha

(and its branches) marked ‘b', is that refsrred to in Table 1l.
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A-ianDIX 2..

pectoring in tue ascouycetous

Tuazus Caaetoqrdy ;loooswn
nuize
oY

fod Ea0abuY
The mwechanism ol ssctor iormation ia Tunyl nas recently
bzen describzd by Pontecorvo and Gemmell (1944). These

authors describe tne sectors\inauced (and occurring snon-

tansously) in colonies of Penicillium notatun. <Growth in

the colony was seen as growtn ot competing inaividual nyphae

(see also Plomley and Fora, appendix 1l). The geowmetrical

~

fora of tne ssctors aencndse on waetner srowtn rate in toe
sector was tne same as, isreater or lsss tnah that of the
parsnt myceliuwwm; compiexX tor.us coula e built up frow thase
vasic forms (Text-tig. 1). If toe variant growth rats iwes
the nigner, a sector of type ta' was formed, "the bounaariés
of wihich arz parts of equiangular spirals, with cnaracteristics
depending on tha ratio of tne two growth rates". .nen tne
growtn rate in the scctor was tune sauwe as tnat in the pareant,
tne ssctor nac straignt siass (type 'o'), ana wanea tne

variant rate was slo.er tue parsut cawe to s2aclose tns variaut
(tywe tc'). 10 tnis latter case tue variaut sector could

oanly be formea unaer special conaitions; norwally the variant
hyphae would soon oe surrounaed oy ﬁeignbouring nynhae and
evidegee of its presesnce found only by inoculatiany from the
siteg ) Tuese special conditions wust give the slow-growing
variant sowe initial aavantage in tue coloany. Pontzeorwvo and

Gemnell shoveo that tne ssctor types coula ve imitatea when

— e e

¥ootuote i: Tnls wmay o0¢ cowdared with wasxksu saltation ia pusariw.
U (prown, 1920), ana witn the very cowson tinoiay of saltants = 77
wnen subcultures, botu spore and wmyceliul are wace irow fungal
colonizs, the cuange occurring s-.ontancousrty, or induced oy

ape or sows other factor ol tne environumeat.



shore mixtures were clatea. .nen tne growtn rates of tne two
score types in the wixture were toe saws, tyoe 'O' ssctors

were torusa, the areas of sector gua uworwal peing proportional
t0 the awavels of svores of cacu tyne in tus wixture., wosu tue
spore types ngd ailferent growtu ratcs sectors of type 'a' or
type 'c! resultea. aany ol tue types 'pt ana 'c! sectors in
irradiated waterial had blunt apices. Tue type '0! sector

witn bluat gpex coula be imitated vy platian, two coloniecs

closz togethar: "the results are piven oy the ianterssction of
two systems of conceantric circles...; the intarsacti5ns are
nyperoolae =and the angie bstwsea tue asyumptotes depesnas only

on tne ratio of the two diaweters when tane systews first wecat".
1t was assumed tnet tne varisut hyphes in the irradiated coloay
hed some nositional advaatage 0vVSI asiguvouring normal hyphae
to procuce tnis sftect.

Ia Chaetomiwn zlobosuu the sawe tnree pasic types of

sector nave vesen founa in botu irradiated and control colonigs.
Tuese sectorin. colonies originatea in siangle spores. Tue type
ta' gector is sesn in Fig. 8, type to!' sector ia Fig. 9, and
type ‘ct sector in Fig. %o. Tals occurreuce of tues type ‘o
szctor in a colony ol siuglic spore 0rigln, HoweVer, reguires souwe
moaitication of Poutecorvo and Gemmell's coucept of Ypositional
~auvantage'. Thess aatnors pointed out that in tne scctors
aeveloping after irraciation the slow growlng wyceliua (type
et sector)_naa to nave sowme initial advantvagze over tus faster
growing normal awycelium for a sector to be forumsa. [Sscause
tyne 'o! sectors could heve blunt apices, wnich were siaulated
by sectors forwzd when spore wixturss were nlatea in such a

way that tnz s.wores were faw in nwnoer and widely scattered,
anG also by olating colonies sowe aistance apart, it was con-
ciuded tnat tnis initisl aavautage was vositional. Tnis could
be tue case in the irraqiatea coloay, out it is aifficust to
concéiv: how it couid have besa 80 in spore wixturss. Irra-
Oiatioq ot myceliwan inhibits its growtn, so tnat it tune variant

hyoha starts groving ovefore tne noramal mycelium a positional



-2¢¢ ¢ cTr;/th *eIngeN *gorgeua’ uorg@Tucc'

10 49018 2Ug IOT STEDVOW 8B SOTNOW IFULC DUB ~ UM 4RL0U

o om m m e

TOT{TIOUSd JO sSetuoten < (WWET) *H°W ‘Trevme) vwue *f ‘0AICO94UCT

/¢22 € +Ch ‘rgeq suuV *SUOTARITRS IO 9OULITNODO
oU7 UO AT ‘umiIReng snua® cuq ut seronas *(c2fT) - ‘umoxg

U TTO04AM
FUTMOIT 98eI U A0 DESOTOUE 0 01 BWOD TTTIA DUB 2BRIUEGNOEITP
Te2I AUB 9B 20 TTUL "™aTTeoAr Svtmor? mcTs STuq 4BUG 98I QUBIS
-u0o 4e BuinvuRdxe ST AUOTO0OD auq ueum ATvo ST 91  *AU0TOOD 2U%
10 X040908 eTasIooxlCe ue ATTerireaod wmIOI 09 B®OJIE AUOTOTTINS
N0 ¥00TA TTT29 UrO L2yg TvT»0I7? MOTS 21k o»rUCAU dua JO &mos
IT uvaas qBU] 08 ‘lUOTOD €Uq IO WIOJ TROTISNCS €ug SeulmIelen
ugnox® Avxes stul (T xtoueddy ‘nrod prw Aerrord) seuydAu
VEMIOT 1SITI O#1] IO #1UO0 WOII 9T O1UT uiucI? Texeaer Ao ATICTUD
fORGZ TUTAOX® TUTACNOOO arxe 9BUCAY omTy stua 42  fvorysenh
orq seaT0Sex ‘zeasmoy fAUCTOO TUNOA U4 IC UOTJBUIWEXF
$1030988 0, oufq eyq ‘eswo AIRIUEWATLWOO g U PTejUrANE
TBUOTATSOC TRIATUT ue extnhox £2va 284 ‘ernaxtr oy wt ochg
MOTS 2U] TO S2I0C8 10 xeawnu 1221wt ® 09 oun “ureqg 8® ‘AUofo0
2UTa0xT MOTS UT SINNO0 104099 FUIMOIT 482I UOTMM UT ‘8103008
12y adhq 10 UTRTIO FUq UTRTCOXS TaMmad) PUR OAIOORUOA ‘ InerviW
*21BISGO OTNODO 208IJ2 TBUOTATSOL AU®R MOU 888 01 3TaOTIITP ST
1T (BeT2 2DIM ® ISA0 PROICE aIoim SoICLS ILUM 2820 TRTOSCS 2Uj
URUY ISUL0) S&IMQXTW SI0CS BYY WOII 89TuUO0T00 eug ul
*0eUIRICO fa Awy eFequeaDe T2UO0TETSOd eT0RISNTSUOD sueew STULr A
*RuoToo engq ovug Anurmacy ‘ATTENIOU MCIT €3 gIeys ewydAy Ieyjqo
IC QUTIOL 3Bwos qe usuq nue ,AUuoToo, HurT<Fexas ‘Rvor e ciurt
ArwoT8 8015 few eylhu Futgeutmre? ewq (7 *Riy-qxel) Auotoo
TRWIOU eUl UT 3BUY OVITUN £4InD &g A®N S0J0C8 peyeToerIt IC
uanoId ATIee AIea 2yq 9®BUY 9181 080U oq Aew 9] cestIe TTIA
103088 QUY UOTUM WOXF UTTTe0Lw FO §8ew ® Burrioy snyy ‘SAemacis
HCIS TITA 3T ewUCAU FUTINOQULTEU WOXJ JTOS1T VeIl TUTABRU

1eUq3 Jna ‘e%pe AUOTOO TBILUST 2U3 DUOASQ DIBAIOF SHA0IF eBUYCAU

U9 9BUY 30U ST 2PBAUBADR STUJ, ‘*DOUTEQGO &0 JTT1" o9eqUBALR



A-D:

Basic sector types. Colonies were irradiated and variant sectors
became apparent as growth continued in the colony. Blue area
represents colony at time of irradiation; rec sectors are
variant sectors. A: type 'a' sector, variant hyphae having high-
er growth than normal. B: type '0' sector, variant hyphae

having same growth rate as normal; sectors may have acute (a) or
blunted (b) origins. C: type ‘¢! sector, variant having slower
growth rate than normal. D: complex sectorial form. After
Pontecorvo and Gemmell (1944).

Imitation of sectorial form when coloniss of a Chaetomium saltant
developed from eporeé inoculated at equal spacing.

Apaayg.l growth in a young Chaetomiwu colony grown from an
irradiated spore. Note thecstraggling form which could lead

to positiongl advantage iu later growtn.
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(Accepted for publication 1st November, 1944.)

‘Spores of Chaetomium globosum have been subjected to monochromatic
ultra-violet irradiation and colonies have been grown from single spores which
were irradiated diy. Speecial attention has been given to experiments in which
the mercury lines at 265 mp, 313 myu and 334 mp were used. In all these cases
many saltants were produced as the result of the treatment of the spores. The
primary objeet of the investigation was to observe any selective appearance of
saltants at different wavelengths. Evidence for such a selective effect has heen
given by one of us, MéAulay (1938) and the present experiments were made with
more refined methods to obtain further information on this question.

A very marked selective effect was found in which a certain easily recognized
type of change was produced in large numbers of colonies grown from spores
irradiated by short wavelengths, but in a very few irradiated by long wavelengths.
This change is more in the nature of a growth rcodification than of a saltant. A
part of the colony is normal but a sector appears whose vertex usually is not at
the centre of the circular growing colony. The sector is nearly clear of aerial
mycelium and is frequently edged with dense brown in the substratum. The
aerial myecelium is often dense at the edge of the sector and may form white
knots. The modification has been designated by the letter ‘‘K.”’

There is a particular feature of interest about the K type. The colony, grown
from a single spore, comprises distinet parts each with quite different character-
istics. Tt would appear that the mycelium growing from the single spores is un-
stable in the sense that a colony derived from it may have two quite distinet forms.

.On several occasions the same single spore gave rise to three or more types,
normal, K and a saltant (Fig. 2, No. 6).

A very large number of saltant types is produced in Chaetomium globosum by
irradiation with wavelengths over the range 230 mu to 334 mu. The percentage
of colonies saltating is roughly constant over this range provided the energy per
sq. em. applied to the spore is a constant proportion of the lethal dose, in strik-
ing contrast to the ‘‘K’’ growth modification which appears selectively at. short
wavelengths.

EXPERIMENTAL METHOD.

The monochromator used in these experiments was constructed in the laboratory, and has .
been deseribed by McAulay and Taylor (1939). A 125 watt mercury discharge lamp, a com-
mercial unit with outer envelope removed, was used as a source of ultra-volet light.

Spores were carefully spread on a coverslip in a narrow arc within the limits of the wave-
lengths and separated from one another so that all would have an equal opportunity of being
irradiated. The spectrum was focussed on the spores by fluorescence of an underlying uranium

1 The funds required for this work came “from the Commonwealth Research Grant to the
University.
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glass mount; the control spores on another coverslip were placed near, but in the visible end of
the spectrum. When the spores were treated at long wavelengths, short wavelengths -were screened
by means of glass microscope slides in order to eliminate the small amount of short wave radiation
which was found to be present over the whole spectrum. One microscope slide was used for
313 myu and three for 334 mu. Even when these precautions were taken a certain amount of leakage
occurred, and this is the possible explanation of a few K type appearing at the longer wavelengths.

.. An airstream was passed over the spores during irradiation to prevent the occurrence of
secondary effects due to ozone accumulation, lack of aeration, high temperature and so on.

. The spores were irradiated for varying lengths of time, for a few minutes at 265 mu; a few
- hours at 313 mu; and a few days at 334mu. Intensity measurements were made by means of a
- sensitive galvanometer and a vacuum -thermopile. The average doses to-give equivalent biological
- effects, exclusive of the K modification, were: . ’

P . " 265mp. - 313 my. " 334 my.
Average dose in joules/em2 0-1 25 150
Irradiated and control-spores were plated singly in separate Petrie dishes so that the numbers
of saltant colonies could be ‘determined and each saltant obtained unassociated with mycelium
‘from other spores.
.~ Two techniques were used, the first a strictly controlled single spore method, and the second
. a dilution plate method.. In the first dabs of spores were taken from the irradiated and:control .
-gpore lines and placed in the centre of Petrie dishes on 1 p.c. clear malt agar. Single spores
were picked up with a pointed platinum needle and placed at marked intervals on the agar.
This plating was carried out under the high power of a dissecting microscope so that the spores,
in their plated position, were easily visible and there was no possibility of more than one spore-
giving.rise.to the adult colony. All the leading features of mixed growth, ete., which are later
to be deseribed, were observed when this technique was used. .

" Spores remaining after the above plating ‘were made into dilution plates, the amount of
dilution depending on the percentage germination and visible colonies obtained from the plated
single spores. When the colonies were visible to the naked eye they were eut out and placed in
fresh dishes of malt agar, a single colony to a Petrie dish. :

"Irradiation Dosage. . o

In the earlier experiments 100 irradiated and 100 control spores were plated singly on 1 p.c.
malt agar in Petri dishes, while in later experiments only 50 control spores were used, the larger
number being considered unnécessary. The number of spores germinating was counted in this way,
and’ also the number germinating ‘and continuing to grow to form adult colonies. Percentage.
germination did not-give a good indication of -the effect of irradiation beecause in some experi-

ments the control germination was very low. The percentage adult colonies from germinating.
spores gave a much better measure.of the biological effectiveness of the dose. .

ANALYSIS OF SAﬁTANTS.

Two strains of-Chaetomium globosum, one, Lj, from Holland and-the other, KB, from Sydney,
and a globosum saltant, Fid, obtained in previous work, were used in these experiments. Fig. 1,
No. 1, shows a normal colony of C. globosum ¥ld. A few additional experiments were performed
with another saltant of Chactomium globosum and with a strain of Chaetomium elatum, but owing
to the difficulty of analysing the saltants of these two types they have not been included in the
quantitative analysis (Table 1).

The changes which resulted from irradiating spores at 265 mu, 313 mp and 334 mu were
many and varied, but can be grouped into three rather broad classes, growth modifications,
mycelial changes and perithecial changes. The first class contains those saltants or changes in
which rate of growth or form is markedly different from that of the normal colony. Division
of the growth types can be made into four sub-classes: photographs of typical examples of
three of these are shown in Fig. 1, Nos. 2-4. The second class contains saltants in which the
mycelium is very different from the normal. Here again division may be made into a number
of sub-classes, and an example is shown in Fig 1, No. 5. Colonies in which the perithecia
show a change in distribution, colour or size, make up the third elass of saltants. An example is
shown in Fig. 1, No. 6.

The mycelial and perithecial changes frequently appear together, and colonies are commonly
found with marked growth modifications as well as perithecial and mycelial changes.

A point of interest is that saltants from irradiated spores often approach in appearance
other species of Chaetomium (MecAulay, 1938). Such resemblances may, however, be superficial
only, no critical examination of material having been made. .

Single irradiated spores would sometimes yield colonies in which a part was normal and a part
saltant (Fig. 1, No. 6) ; less frequently, mixed saltants were obtained ‘(Fig. 1, No. 7).
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Fig. 1.

No. 1. Chaetomium globosum strain Fld: a normal colony grown from a single spore.

No.2 Growth modification saltant resembling a succession of small seallops.

No. 3. Growth modification saltant with flares of mycelium growing from several central points,
and with smaller flares further out giving the appearance of a red seaweed.

No. 4. Saltant colony which is small and button-like in form.

No.5. Mycelial saltant with the central mycelium white and flat at first soon changing to fluffy;
no perithecia. Saltant region surrounded by normal.

No. 6. Perithecial saltant sectors where mycelium is normal but perithecia are lacking: remainder
normal. Colony grown from a single spore.

No.7. A mixed colony grown from a single spore with two saltant types: scallop and perithecial
saltant sectors.

All illustrations except No. 1 in Fig. 1 represent colonies of Chaetomium globosum grown from
spores irradiated with monochromatic ultra-violet light. No. 1 has not been irradiated.
Colonies are approximately three-quarters natural size.
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K-TYPE MODIFICATION.

Colonies from single spores showing the K type modification have characteristic areas, fre-
quently sectors, in which growth is abnormal. Perithecia and aerial mycelium are not formed
over most of the area, although they may be present at the edges. When the K-area is large the
mycelium at its edge is compact and knotted, and the substratum is dense brown. A series of
K-type colonies is shown in Fig. 2. Results obtained so far have shown that spore cultures
from these colonies produce normal colonies while myeelium cultures produce either normal or
K-type colonies. The fact that pure line spore cultures of K type cannot be made has pre-
vented us from classing this modification as a saltant.

In Fig. 2 it will be noted that both normal and abnormal parts are present to a varying
degree, indicating the instability of colonies from irradiated single spores. In Nos. 1 to 4 the
normal and abnormal regions appear as sectors, the abnormal sectors arising very close to the
centre of the colony and the normal originating at the centre.

It is seen from Table 1 that the K-type modification is produced commonly
at 265 my, a short wavelength, but rarely at long wavelengths. When production
of the K-type is compared on the basis of equal lethal effect of the irradiation,

Fig. 2.

Nos. 1-6. Series of colonies of Chaetomium globosum showing the K-type modification
characteristic of short wavelengths, ranging from a slight effect (No. 1) with little brown pig-
ment, to a total effect (No. 5) with dense brown pigment round edge of affected area, an area
devoid of aerial mycelium and perithecia. Growth normal only near limits of colony. No. 6
shows a mixture of 3 distinct types, normal, ‘‘K’’ and slow-growing saltant. Colonies repre-
sented in Nos. 4 and 6 are of single spore origin.
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about 30 p.c. of the colonies growing from spores irradiated at 265 mpu show
the modification, but less than 5 p.c. of the colonies when spores are irradiated at
313 mp and 334 mp (Table 1). The effect of irradiation is therefore selective in
the production of K-type modification. .

TABLE 1.

Table of occurrence of saltanis and a special growth effect, the K type, in colonies grown from
irradiated and control single spores of Chaetomium globosum Lj, Kb and Fld (total of 41

experiments).
Wavelength : 265 mp. ’ 313 mu. : 334 myu.
Lj. KB. Fld. Total. Lj. KB. Fld. Total. Lj. KB. Fld. Total.
Total experimental 527 121 617 1,265 409 288 669 1,366 — 197 1,069 1,266
colonies (293)* . (1,250)*
Total control colonies 700 700 650
Sexptl. 126 58 212 396 61 3 20 84  — o 17 17
K type (14)* 37)*
( eontrot 0 0 0 0 6o o 0 o0 — o0 0 0
Growth exptl. 12 4 5 21 10 6 12 28 — 11 13. 24
modification { . (5)* (23)* ’ ’
saltants eontrol 0 0 0" 0 0 -0 0 0 — o 0 .0.
. exptl, 6 0 12 18 8 6 15 2 — 5 19 24
caltants { ' © et
satlants. control 0o 0 0 o o 1. 0 1 — o0 o0 0
o1 (exptl. 2 3 5 10 5- 0 1 6 ~— 0.8 8
el o @ T .,
control 1 0 . 2 0 0 3 3 — ] o .0
percentage K type 31-30 6-15 1-34
S - , (2-96)* .
xptl . . )
percentage true saltants i 3-87 4-61 : 4-42-
. . . - (4-08)* .
Average dose in joules/em2 0-1 25 150

* The figures in brackets omit an early 313 mu cxperiment in which a large number of
© 4¢K’’ type modifications appeared in contrast to all other 313 mu and 334 mu experiments. - It is-
possible that contamination by 265 mu oceurred in this case.

SUMMARY.

Further results are reported of eﬁectq produced by monochromatlc ultra-
violet irradiation of Chaetomium spores. '

.'A refined technique is used enabling the effect of the irradiation on individual
spores to be studied.

Saltations involving modifications of growth .rate and form, mycelium and
perithecia are produced, as well as a growth modification, the K-type. .

. Mycelium from: the irradiated spore frequently shows instability, having the

capacity for development into more than one type of colony. This property is
particularly. marked in the K type.

.. Por equal lethal. effects of the irradiation, production of K-type amounts to
31-3 p.c. at 265 mp, but less than 5 p:c. at 313 myp and 334 mp, while production
of saltants is independent of wavelength.

A selective effect with wavelength has been established for ultra- v1olet irradia-
tion of hiological material.
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