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INTRODUCTION.

In a recent contribution (Subramaniam, Ranganathan and Krishna Murthy,
1948) the various types of sculpturing observed in the giant colonies of the two-
chromosome brewery yeast (Subramaniam, 1946) were classified into Smooth I,
Smooth 11, Smooth 111, Rough I and Rough II in an ascending grade of complexity.,
On the basis of observations on reverse mutations, these sculptural differences were
interpreted as caused by different allelic combinations, and that multiple alleles
occur at the locus determining the nature of sculpturing. If the above classification
into various sculptural types was a natural one, then, the highly sculptured Rough
II colony should, during its development, show the other stages. That this might
be 80, was indicated by the changes recorded in Photos 15 and 16 in Plate II1 of that
paper (Subramaniam, Ranganathan and Krishna Murthy, 1948). Some of the
sectors which initially had concentric marginal striations chavacteristic of the
Smooth 11 type developed radial ones also and thus had a lace-like texture (Swooth
I1I). Minute granules developing on the lace-like texture transformed the sector
to the Rough I category. The above colony was sectored and hence could not be
depended on for any definite conclusions.

There is a seasonal change in the population of the mutants in the cultures
(Mallya and Subramaniam, 1949) and at the time the above observations were made,
confirmation by extended experiments was not possible. The cultures were then
composed purely of the Smooth I and Smooth 11 types.

MATERIAL AND METHODS

Proof for the existence of multiple alleles was attempted by exposure of the
actively growing Rough I cells to ultraviolet irradiation. Transformation was
possible not only to the Smooth I (Subramaniam and Krishna Murthy, 1948) but
also to the Rough Il condition (Subramaniam and Ranganathan, 1949). Nine
strains were isolated after irradiation for four hours under a mercury arc at a distance
of 80 ecms. but early use of Ragi Malt instead of Barley Mali for giant colony media
resulted in some of the colonies showing types of sculpturing not observed before. The
composition of the media appeared to be a vital consideration in the classification
of the types and the problem arose whether the composition affected merely the
expression of the genes or whether Ragi Mnll formed a selective environnment (cf..
Braun, 1947) for particular mutants. The seasonal variation in the type of sculp-
turing shown by the same irradiated strain during different months of the year
(Subramaniam and Ranganathan, 1949) indicated that the composition of the medium
affected only the expression of the genes. Therefore, it necessitated an extensive
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series of investigations on the effect of the composjtion of the medium on the nature
of sculpturing (Subramaniam and Ranganathan—unpublished). The observations
on the time of expression of the different genes had to be kept in abeyance for
eighteen months for a clear evaluation of the factors governing the nature of sculp-
turing of giant colonies. .

Two of the strains obtained after ultraviolet irradiation, viz. BYU 4 and BYU 5
were used for these investigations. The method for the preparation of media is
given elsewhere (Subramaniam and Ranganathan, 1948). 7The colontes were grown
at room temperature.

OBSERVATIONS.

Immediately after isolation, BYU 4 gave a giant colony in Ragi Malt Agar as
illustrated in Photo 1. Three months later, it gave an entirely smooth colony
(Photo 2) in the same type of medium, Further tests were, therefore, carried out
in March 1948 using Barley Malt Agar, since at that time the colony which developed
was of the characteristic Rough I type.

The strain BYU 5 gave a smooth colony in December 1947 and January 1948
on Ragi Malt Agar (Photos 3 and 4). In March 1948 it resembled the strain BYU
4 in producing a Rough I colony in Barley Malt Agar. The growing colonies of
these strains were closely watched and photographed on identical dates during the
different stages of growth.

During the first six days of growth, the colonies of the two strains are almost
smooth. On the eighth day the colony of the strain BYU 4 had the sculpturing
shown in Photo 5. This appears to be intermediate between the Smooth 11 and
Smooth 111, The concentric and radial folds do not show the delicacy characteristic
of the pure Smooth II and Smooth I1I colonies. The accelerated rate at which the
various early types of sculpturing are passed through may be responsible for the
crude replicas of the Smooth II and Smooth 111 varieties. On the 11th day, the
colony had the characteristic appearance (Photo 6) of the Rough [ illustrated as
Photo 3 in PL. 1 of the earlier paper (Subramaniam, Ranganathan and Krishna
Murthy, 1948) on which the original description wag based.

The appearance of the colony of BYU 5 on the eighth day was identical (Photo 7)
with that of BYU 4 photographed on the same day. This colony got contaminated
when opened for photography and hence further observations were made on the
duplicate. Its transformation to the characteristic Rough I condition, however,
was slower. The bold folds gradually gave rise to the Smooth 111 type of delicate
lace-like texture and it was in this condition on the 11th day (Photo 8) when the
BYU 4 colony had reached its final expression. It was only on the 15th day that
BYU 5 reached the Rough I type of sculpturing (Photo 9). The remarkable simi-
larity between Photos 6 and 9 is of immense significance. It has recently been
discovered (Subramaniam and Krishna Murthy—unpublished) that not only the
composition of the medium but also the quantity used, determines the nature
apd time of expression of the genes. The slightly slower appearance of the various
stages in BYU 5 is not because of its slower growth rate, but due to the lesser
quantity of nutriment available for growth.

DiscussioN

Recovery of Types—The recovery of the Rough I type 'in the ultravioles
irradiated strains almost during the same month as in the previous year emphasises
that different gene mutants get established during the different months of the
year. The predominance of the various mutants in the different strains of the two-
chromosome control cultured under identical condition do rot synchronise exactly
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but are parallel. The recovery of the Rough I cells in the strains BYU 4 and BYU 5
simultaneously at a period when the Rough I cells were predominating in one of the
control cultures (Krishna Murthy and Subramaniam-—unpublished) indicates that
parallel changes are occurring in cultures started with different gene mutants and
that mutations and reverse mutations occurring at the locus get established because
of their different viabilities and growth rate during the various seasons (Mallya and
Subramaniam, 1949).

Skovsted (1943) emphasised that a species could originate in yeast by a single
step mutation. Our irradiation experiments were initially planned to test the
above possibility. Not only could we not obtain any confirmation of his claims,
but on the other hand, the experiments offered proof for reverse mutations and the
possibility of the recovery of the original types. His failure to observe reverse
mutations and to recover the starting type should, therefore, be due to other
causes. Skovsted (1943) mentions that a fresh sample of gelatine used in later
stages of his experiments gave colonies of a differing appearance. The samples of
lager wort are also stated to have varied from time to time. The lack of a proper
realisation of the importance of these factors in giant colony expression may be
responsible for his inability to recover the original types.

Very delicate populational problems have to be taken into consideration in
evaluating the changes observed in giant colonies. To locate definitely the changes
induced by ultraviolet irradiation, the giant colony changes have to be investigated
immediately. Any delay would result in entirely missing the real picture. It is the
type predominating during a particular season that is exposed to irradiation.
Mutation is sporadic and if it results in a reversion to the original condition, this
would outgrow the others because of its superior viability and growth rate and
mask the picture altogether when cultured for a few days in liquid media.

Alleles and their Time of Expression.—Under standard conditions and after the
lapse of a definite interval, the presence of the different alleles in the homo- and
heterozygous condition produces an ascending grade of complexity in sculpturing.
Since before the typical Rough 11 condition is reached, the giant colony passes through
the Smooth I, Smooth 11, Smooth 11T and Rough I stages, the following interpretation
is possible. .

Nature of Probable genic
Sculpturing. constitution.
Rough IT : Rough/Rough

T
Rough I Rough/Smooth or
4 Rough/Lace
{
Smooth 111 LacefLace
1 t
Smooth I1 Smooth/Lace
) 1
Smooth 1 Smooth/Smooth.

. In cells homozygous for the Smooth gene, development stops at Smooth I, while
In combination with Lace it proceeds a step further (Smooth II). When cells are
pure for the Lace gene development proceeds to the Smooth III condition. A -
Rough I colony is produced when the cells are heterozygous for the Rough allele,
while the entire colony is Rough when the cells are homozygous for the above gene.
The above observation is graphically demonstrated in an idealised fashion in
Text-fig. 1. It would be seen that with increasing complexity of final expression,
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EXPRESSION —

TiME —
TEXT-FIG. 1.

the earlier types are not only pushed farther and farther back, but there is also a
corresponding shortening of the time of duration of each stage.

The alleles could be arranged in the following order from their effect on sculp-
turing: Smooth——»Lace——>Rough. Can we consider that the relation between
these is just like that between typical hypo- and hypermorphs? Judged from
the complexity of sculpturing they produce, such a conclusion is justifiable. On
the basis of observations on reverse mutations, it was suggested (Subramaniam,
Ranganathan and Krishna Murthy, 1948) that these genes are allelomorphic and
just as in the case of some series of allelomorphs in Drosophila (Stern, 1930;
Waddington, 1939) these also show different efficiencies and could be considered to
be related to one another as hypo- and hypermorphs. As in Drosophila, this rela-
tion is limited only to the effect on sculpturing, and the identical genes have entirely
different effects on viability and rate of growth during the different seasons. It
has to be remembered that when cultured at room temperature, the Rough types
predominate during the hot months and the Smooth varieties during the colder ones.

From transplantation experiments on Drosophila (Beadle and Ephrussi, 1937),
it has been suggested that the development of the wild type of pigmentation in the
eye is the result of a chain of reactions and the inter-relationships between the eye
colour genes have been evaluated on the basis of the observed end results. Wadding-
ton (1939) comments: ‘In all the cases so far mentioned, the gene-controlled sub-
stances are only observed after a long series of developmental processes has occurred,
and it is not by any means clear that these end-products are directly produced by
the genes concerned; it is therefore not safe to assume that the nature of the observed
substances gives any clue to the nature of the genes’ (p. 179). In the case of
the multiple allelomorphs in our control yeast strain are we on much surer
grounds ? The giant colony of yeast is a mere aggregation of cells and the mode of
sculpturing is determined by the size, shape and mode of budding of the cells. The
mutant genes determine the above characters whether cultured in solid or liquid
media, and when giant colony inoculations are carried out, the slowly changing
environment during the growth of the colonies and the reaction of the cells homo-
and heterozygous for the different genes determines the final type of sculpturing.

It appears probable, therefore, that the allelomorphic genes in yeasts differ
only in their relative efficiencies. There is no reason whatever to consider yeast
as unique either cytologically or genetically.
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SUMMARY.

1. The various types of sculpturing observed in giant colonies of the two-chromosome
brewery yeast could be classified into distinct types in an ascending grade of complexity. This
classification is shown to be a natural one on the basis of observations on types exhibiting finally
a complex sculpturing.

2. The simpler types appear as orderly stages during development of the complex ones.
Photographs illustrating such stages are given from two strains isolated after ultraviolet
irradiation and having different early histories,

3. The same types could be recovered year after year and the failure of the early workers
in this direction may be due to a lack of realisation of the effect of the environment on genic
oxpression in giant colonies,

4. The multiple alleles occurring at the locus governing the nature of sculpturing appear
to be related to one another as hypo- and hypermorphs. It is indicated diagrammatically how
with increasing complexity of final expression, the earlier types are not only pushed farther and
farther back, but that there is also a corresponding shortening of the time of duration of each
stage.
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DESCRIPTION OF PHOTOGRAPHS.

Prare No. XTI,
Photo 1. BYU 4. 14-day growth on Regi Malt Agar. 3-3 cms. 10-10-47.
Photo 2. BYU 4. 22-day growth on Ragi Malt Agar. 2-9 cms. 22.1-48.
Photo 3. BYU 5. 25-day growth on Ragi Malt Agar. 2-3 ems. 10-12.47.
Photo 4. BYU 5. 20-day growth on Ragi Malt Agar. 2-4 cms. 26-1-48.
Photo 5. BYU 4. 8.day growth on Barley Malt Agar. 2-3 cms. 5-3-48.
Photo 6. BYU 4. Same colony after 11 days growth. 2-6 cms. 8-3-48.

PrateE No. X11.

Photo 7. BYU 5. 8-day growth on Barley Malt Agar.  2-5 ems. 5.3-48.
Photo 8. BYU 5. 11.day growth on Barloy Malt Agar. 3-0 cros. 13-3-48.
Photo 8. Same colony after 15 days of growth on Barley Malt Agar. 33 cms. 16-3.48.



