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FOREWORD

Until very recently plant breeding was considered more an
art than a science. This has however changed and it is now
recognised that a successful plant breeder must have a sound
knowledge of the principles in such allied sciences like genetics,
cytology, taxonomy, statistics, etc. Except probably in U.S.8.R.
the chromosome basis of heredity is now universally accepted,
and a knowledge of this basis is considered essential to the plant
breeder. The value of plant breeding is assuming an over increas-
ing importance in the improvement of agriculture of every country,
and its importance to India whose main industry is agriculture
need not be emphasised. The importance of the application of
genetic principles to methods of plant breeding is now well under-
stood. Several of the universities in India have a good school
of cytology in their botany departments but it is the teaching
of genetics and the cytogenetic principles that are of great impor-
tance to plant breeding that has been practically neglected. It
is no exaggeration to say that until very recently a student can
take Honours degree in Botany in some of the universities without
any knowledge of the important agricultural crops of the country
and how they grow. While taxonomy is very well taught in most
universities its integration to the study of the wild and cultivated
species of agricultural crops is never attempted. The study of
important crops is however now included under economic botany
in the curriculum of studies for a degree in botany in every uni-
versity. But so far as genetics is concerned the students get
nothing beyond a few lectures on mendelism and that too with
the classical examples of peas, maize and Drosophila mentioned
in the standard text books published abroad. It can, however,
be said that the teaching of genetics and plant breeding is done
somewhat better in the several agricultural colleges of the country
which are all affiliated institutions to the universities in their
respective provinces. Genetics of crop plants forms part of the
curriculum of studies under agricultural botany in these institu-
tions. The advantages the agricultural colleges have over the
universities is that there are crop specialists dealing with genetical
and plant breeding problems of crops and there is always plenty
of live segregating material growing in the fields which the students
can observe for themselves. In some of these agrioultural insti-
tutions either the whole teaching of genetics is entrusted to a crop
specialist or the several crop specialists desling with ricy,
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sugar-cane, cotton, millets and pulses deliver a few special lectures
to the students on the genetics of their particular crops. 1 am
specially referring to the position in the agricultural college at
Coimbatore.

‘Even in the agricultural colleges, unless the teacher takes
special pains to gather examples from the published papers dealing
with local crops, the teaching cannot be considered any better
than in the universities. Although there are good text books
on genetics and plant breeding, particularly those published in
U.8.A. it can be said that there exist no suitable text book
on many of the agricul.ural sciences specially adapted to tropical
and sub-tropical plants and to tropical conditions which makes
the teaching of this particular scitnce to students a difficult under-
taking. It must, however be admitted that the preparation
of text books and teaching of any science should follow a period
of extensive and intensive investigations at several experimental
stations and special laboratories so that the results could be
compiled and taught to the students. So far as genetics and plant
breeding are concerned the work done in India during the last
thirty years can compare very favourably with similar work done
in auy of the more advanced countries of the west. But the
results have remained scattered and buried in several departmental
reports and scientific reports of experimental stations. Even the
information published in the scientific journals is piece-meal and
incomplete with the result that it has not attracted the attention
it probably deserves. The absence of a comprehensive and critical
account of the available results dealing with genetics and plant
breeding problems of the tropical crop plants, makes the work
of the teacher who has to teach these subjects to the students

extremely difficult.

The senior author of the book has been connected with teaching
botany at the agricultural college, Coimbatore, during the last
twenty five years, and the junior author for over four years after
some years experience in plant breeding research in rice and cotton.
The authors have, in the preparation of this text utilised not only
the data published in the Indian journals, but also some of the
unpublished data available with the crop specialists at the
Coimbatore research institute. The most important salient
feature of the book is that most of the examples included to
explain genetic segregation, special cytological phenomenon,
breeding for disease resistance, conduct of yield trials, etc., are all
from data relating to tropical crop plants collected in India itself.
The book can therpfore be said to meet a long felt need for a suitable
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text book on genetics and plant breeding for the students of the
agricultural colleges. There is no doubt that the book will also
prove suitable to students in the universities as a useful text book.
The attempt of the authors in the preparation of this book is the
first of its kind in the country and I am sure it would be welcomed
by all interested in these sciences.

CUTTACK,
K. RAMIAH
2nd December, 1947.



PREFACE

The science of Cytogenetics is a modern triumph over
Nature which has enabled Man to revolutionize crop production.
The old time plant breeder achieved great results through patient
observations of the workings of Nature. He had to stoop to
Nature’s commands to conquer her; but his mcdern counterpart
dictates what he wants and endeavours to mould the crop to
suit the ideal he has in view. Man has learnt some of the inner
secrets of Nature. He can now unerringly hope to combine
the desired genes from different organisms; he can effect
chromosomal aberrations and evolve new types of plants and
animals, some of great economic importance.

Cytogenetics has therefore a great part to play in shaping
a new world of balanced abundance. Messrs. S. N. Chandrasekara
Ayyar and 8. V. Parthasarathy, the authors of the book, deserve
warm congratulations in presenting a scientific treatise like a
romance that it is. The book has an added value to laymen,
students and research workers in India, as it is a complete

survey of the genetic work already done in respect of familiar
plants in the country.

I trust the book will stimulate the minds of enthusiastic
workers to make concerted efforts to improve the efficiency of
Indian Agriculture through scientific crop breeding.

Madras, M. S. SIVARAMAN
19-2-1948 Director of Agriculture



AUTHORS' PREFACE

Though genetics in its application to agriculture is less than
five decades old yet it is the most potent science in the
improvement of agriculture. This science is being intensely
developed by the universities in the west by their work on animais
and plants—such as Drosophila and Datura—which may ndt be
directly of great economic importance. In this country the univer-
sities have not paid much attention to the development of this
science. Ramiah (1941) in his Presidential address to the section
of agriculture of the Indian Science Congress and again in the
foreword to this book has emphasised the importance of teaching
this Science in the universities in this Country.

The research and teaching staffs of the department of
agriculture, are generally different the one having little to do with
the other. Therefore the researches in the various agricultural
research institutes have always lain buried in ‘the journals while
the students in the colleges are taught examples from foreign texts.
The authors therefore felt that there existed a great need for a text
in which the up-to-date researches and advances made in this
country could be presented in a form which would be useful. It is
with this object that an attempt was made to bring up this book
before the public. We are not unaware of the fact that there are
more competent men than ourselves in the field to deal with such a
problem. We cannot do better than to quote Huxley (1945)
who in his preface to the book Evolution—the modern synthesis,
states—*  The writing of it has 8o much clarified my own thinking,
and the discussion of the problem that arose with my colleagues
has resulted in so many ideas and points of view which were novel
both to them and to myself, that I am encouraged to believe it will be
of general service.’—and since others better equipped than I seem
reluctant to attempt the task, I have tried my hand at it.” Such
competent men in this country are the plant breeders and crop
botanists of the agricultural departments, but such men are always
busy with other urgent problems. As professors of one of the
premier agricultural collages of this country we felt that we owed
a duty to the students in providing a suitable text book to give
them up-to-date knowledge of the science. The importance of
the text books in colleges cannot be over emphasised. Burns
(1943) stated ““ No science rises above the level of its text books
or of its teachers in the more important universities.”
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If this text book contains anything useful to the student,
the credit is to the host of research workers—present and past who
struggled hard to develop this science in this country.

In the preparation of this book, we owe a great deal to Dr. N..
Parthasarathy who evinced keen interest in this work and but for
whose help, we could not have ventured in this direction. He read
through the manuscripts and proofs and suggested many valuable
points both in regard to presentation and subject matter. He has
been delivering special lectures in cytology to the students of the
agricultural college at Coimbatore. For the chapters on cytology
in this book, we have drawn liberally from his lectures, with his
kind permission and consent. We feel that our gratefulness to him
cannot be adequately expressed by words in these pages.

We are thankful to the Government of Madras and to the
Director of Agriculture, Madras, for granting us the necessary
permission for bringing out this publication. Our thanks are due
to Sri. R. Balasubramaniam and Sri S. M. Kalyanaraman for the
help rendered in the preparation of the chapters on statistics.
We are indebted to the various research officers and crop spegig-
lists at Coimbatore for helping us with photographs, charts, ete.,
which are reproduced in this book and duly acknowledged in the
pages of the text. Their researches have always been inspiring to-
us and to the students of this college.

We are indebted to the Government of India, and to the Indian
Council of Agricultural Research for permitting us to reproduce
scientific data and photographs published in their scientific journals
such as Agricultural Journal of India, Indian Journal of Agricultural
Science, Agriculture and Livestock in India and Indian Farming.
They were also very kind in lending to us some of the blocks avail-
able with them. We should in this connection mention the help
rendered by Sri N. L. Dutt in enabling us to liberally illustrate our
book with photographs on sugarcane. .

We are indebted to the Editors of Current Science, Proceedings
of the Indian Academy of Sciences, and the Indian Journal of
Genetics and Plant Breeding who permitted us to reproduce
photographs from these journals. They were also kind enough to
lend us the blocks mvherever possible. We are thankful to the
Editor of the Journal of Genetics for the kind permission granted
to us to reproduce illustrations from this journal.

Our thanks are due to the various authors from whose publica-
tions the tabular statements have been reproduced. We may
however mention the names of a few authors from whose publica-
tions we have drawn liberally. Iyengar R. L. N., for tables 23,
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24,25,26., Kesava Iyengar, N. for tables 39, 44, 45, 46, 56., Dr. Pal.
B. P. and his co-workers for tables 37, 40, 93, 101, 102, and 103.,
Ramanatha Iyer, V. and his co-workers for tables 21, 22, 32, b4,
82, 83, and 96., Dr. Ramanujam, S. for tables 35, 36, 38, 41,
42, 48, 49, and 62., Ramiah, K. and his co-workers for tables 6,
14, 27, b2, 61, 65, 66, 72, 81, 86 and 97, Rangaswamy Ayyangar,
G. N. and his co-workers for tables 3, 15, 18, 34, 73, 74, 75, and 76.
We have to mention here as a word of caution that the list of disease
resistant varieties in table 100 which is reproduced after Mathu-
suthan Rao, (1936) may not still be uptodate in the field especially
after nearly a decade of evolutionary struggle between the varieties
and the pathogens.

We are indebted to Professor R. A. Fisher and Dr. F. Yates, also
to Messrs. Oliver and Boyd Ltd., Edinborough for permission to
reprint tables Nos. III, IV, and V from their book Statistical
Tables for Biological, Medical and Agricultural workers.

Appendix IV is compiled from the gene symbols published by
Ramiah and Kadam (1943) on rice, Rangaswamy Iyengar et al
(1942) on cholam, and Hutchinson and Silow (1939) on cotton.

In the compilation of Appendix V, various publications have
been consulted. At the time when this went to press we came
across the publication Chromosome Atlas of Cultivated Plants by
Darlington and Janaki Ammal. As far as possible we checked
up the numbers reported here. This appendix is intended to
provide only a preliminary reference by the students and hence
authorities for this have not been furnished.

Since this book is mostly intended for beginners and students
of colleges we omitted direct references to literature in the body
of the text. Therefore a list of publications which were useful
to us directly or indirectly in the preparation of this text is provided
as Appendix VII. Some omissions in the preparation of this
appendix were kindly brought to our notice by Sri. K. Ramiah
and we have tried our best to rectify the same. It is hoped to
make this more perfect in the next edition.

We are thankful to Sri. K. Ramiah, Director, Central Rice
Research Institute, Cuttack for kindly consenting to write the
foreword for this text. We are also thankful to Sri. M. S. Sivaraman,
Director of Agriculture, Madras for writing up the preface.

We also acknowledge our thanks to Sri Daniel Sundararaj
and Sri. K. Meenakshisundaram and Sri. 8. R. Ganguly for help
rendered in the preparation of the appendices and index.
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Lastly we wish to thank the typist, the artist, the publishers
and the press for their kind co-operation in the various stages of
the preparation of this text. They have all strugglesd under war
time conditions when there was dearth for men and material in
the market but for which the quality of paper and print would
have been more attractive.

To all our readers our request is that they adopt the attitude
of the proverbial swan and take the useful part and reject the
useless part in text. We assure them that with their co-operation
we will endeavour our best to improve everything in the next
edition.

COIMBATORE, } S. N. CHANDRASEKARAN

itober, 1947, S. V. PARTHASARATHY
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CHAPTER 1

HISTORICAL RESUME
INTRODUCTION--PRE-MENDELIAN—MENDELIAN—RECENT ADVANCES

Introduction.—The rediscovery of Mendel's Laws in 1900
laid the foundation for the development of a new Biological Science,
viz., Genetics. Like every other art and science which distin-
guisttes the modern world from what it was in the dark ages, the
recently developed new branch of science is enlarging our knowledge
regarding the nature of life. When man gave up his nomadic life
and settled down in a place, he began to improve the various forms
of life to meet the demands of his food, clothing and other require-
ments. This art of breeding of plants and animals was therefore
very ancient and was practised without the knowledge of principlgs
underlying selection. All the cultivated plants and domestic
animals of the present -day are the products of such selection
practised by our ancestors on wild life. Based on sheer experience
they have achieved some success. From the Chinese records it is
known that many varieties of rice were under cultivation in China,
since 5,000 B.C. The excavations at Mohanja Daro showed that
cotton was cultivated in India long prior to 5,000 B.C. The
Egyptian mummies show that wheat was under cultivation there
since a long time.

Man selected those plants that were useful to him in his multi-
farious requirements and rejected the rest. He paid more and
more attention to those that were of importance to him. While
man artificially maintained plants and animals of economic impor-
tance and also improved them by successively selecting the best,
the uncared for wild life were also under selection by Nature.
While man selected plants and animals for the characters which
best suited his needs, irrespective of the value of the character
to the organism, the survival of wild life depended on their adap-
tation to natural condition. Thus, Natural selection and artificral
selection by man were not in the same direction and hence it is that
man has taken great care to preserve his own selections and guard
them against the opposing forces of Nature. Tt is as a result of
such care and attention that very valuable cultivated plants have
been evolved and these have come to differ in many respects from
their wild ancestors. In many cases the wild types have become
extinct. The vast survey of wild and cultivated plants made by
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Vavilov has disclosed some probabilities of the origin of cultivated
plants.

In outlining the history of Genetics and Plant Breeding, the

period may be divided into (1) Pre-Mendelian (2) Mendelian and
(3) Recent advances.

2. Pre-Mendelian.—In this period may be included all the
important discoveries prior to 1900.

Variation and Evolution of new species were first studied
by Lamarck (1744-1829). From plant to plant and from species
to species there are variations. Lamarck assumed that there are
three main causes for variations to arise () through conscious
effort (b) by changed environment (¢) use and disuse of various
organs. Variations acquired in the life-time of the organism are
transmitted to the progenies and thus in course of time new species
arise. But Lamarckism was disproved by Weismann (1834-19814)
and his conclusions are that the acquired characters are not inheri-
ted. His conclusion is of fundamental importance. The concept
underlying this theory is that all organisms are made up of soma-
toplasm and germplasm. The former builds up the body and the
latter is responsible for transmitting the characters to the progeny.
Germplasm is immortal and continuougly streams from generation
to generation while somatoplasm serves as a temporary shelter
for the former and by itself is incapable of transmitting the
characters. He definitely proved that acquired characters are not
inherited and recognised that nuclei of the gametes are the seats
of heredity. Thus in a plant some of the variations are hereditary
and some are acquired.

The most plausible explanation which caught the imagination
of all biologists came from Charles Darwin. Darwin was a keen
observer of Nature and he published the book “ Origin of species ”
in 1869. The controversies raised over his conclusions were
mainly based on speculations and not on careful experiments and
data. They did not clearly understand how the characters were
transmitted from parents to the progeny. Darwin himself put
forward a fantastic theory of pangenesis. He assumed that the
heredity bearing particles or pangenes collect together to form the
germ cells. He believed in the inheritance of some acquired
characters. According to him variation is a universal phenomenon
occurring in nature. In all organisms, over-production is observed
and this leads to competition, struggle for existence and survival of
the fittest through Natural selection. The unfit are eliminated in
the competition. The qualities which contributed to the success
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of the survivors in the competition are continued in the
progenies.

Recent researches indicate that a modified form of Darwinism
s the principle governing Evolution. This is sometimes referred
to as Neo-Darwinism.

The cell theory (1838-39) of Schleiden and Schwann is an
important pre-mendelian conception in biology. It is now more
than a century since cell is recognised as the unit of structure
and function. In 1665, Robert Hooke examined a thin slice of
cork under his microscope. He described it as made up of “ cell.’
The term cell is applied since then and it is a compartment filled
with protoplasm. Robert Brown (1831) described nucleus and
Hugo Von Mohl (1846) showed that cytoplasm is made up of
living substance termed ‘‘ protoplasm.” Gruber (1883) by his
work on Stentor showed that the nucleus is the most vital part
of the protoplasm. It is the control centre for all activities of
the cell. Between the first publication of Mendel’s laws in 1866
and its rediscovery in 1900 many important discoveries were made.
These were helpful not only in the application of Mendel’s laws
but also soon laid the foundation for cytogenetics. Hertwig (1875)
and Strasburger described the male nucleus and traced its course
in fertilisation. The constancy for chromosome number for
any species and their multiplication by longitudinal splitting were
explained by Flemming, Van Beneden and Strasburger. By
1885, Hertwig and Strasburger suspected that nucleus may be the
basis of heredity. It was not unttl 1902 when Sutton pointed out
the parallelism between Mendel’s laws and chromosome behaviour
during cell division that the actual seat of hereditary particles was
surmised. Immediately following this, the advances in the post
mendelian era were rather rapid.

Selection as an art has long been practised by man.
Conscious hybridisation could not be practised in the early days
because the role of the sexes in reproduction was not understood.
Sex in animals is a long known phenomenon but sex in plants
came to be recognised far later. In 700 B.C. in Egypt and Assyria,
artificial pollination of dates was known. Hybridisation in rice
is said to have been practised in ancient China. However, syste-
maitic attempts on hybridisation were made in the 18th century
only.

In 1676, Grew suggested that stamens are the males. In
1694, Camerarius showed with the aid of microscope that sex in
mulberry, castor and maize was similar to that in animals. It
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was not realised till then that the male contributes equally to the
hereditary characters in the progeny.

That like begets like is a long known phenomenon. Thus, for
example, a rice plant gives rise to a rice plant only. Since many
thousands of years some plants and animals are nearly the same
without any change. The phenomenon of like-begets-like
conserves the existing type; but yet there is a phenomenon of
variation which tries to alter the progeny. It may be said that
man took advantage of both the phenomena to domesticate plants
and animals to his advantage. Selecting fortuitous variants was
the only chance for improvement. When the existence of sex
in plants was known, attention was directed towards bringing
together parents which showed large differences between them.
In some cases, very widely differing parents were mated as in the
mating of horse and the ass to produce mule. In the case of plants
too, several such attempts were made to produce new types.

The first artificial hybridisation in plants was by Kolreuter
in 1760. He hybridised two varieties of tobacco. The progeny
from this cross was intermediate between the parents in respect
of many characters. This was conclusive evidence to show that
the pollen parent also influences the characters of the progenies.
Kolreuter was followed by many workers in plant hybridisation.
Knight (1759—1838), a horticulturist, produced new varieties
by hybridisation. He was the first to make back-cross and he
noticed segregation. As a clever horticulturist he produced new
types by hybridisation. John Goss (1820) hybridised two types
of peas—one with bluish seeds and the other with yellowish white
seeds. In the first generation, the seeds were all yellowish white but
in the second generation he found both types appearing. Gartner
(1849) was a prize-winner for his work on the role of hybridisation
in plant improvement. He made a large number of species crosses
and noted that in the first generation the plants were all uniform
but in second generation there was variation. In 1854, Naudin
secured a prize from Paris academy for his work on plant hybridi-
sation. He showed that the characters did not blend and that
the parental types appeared in the second generation of a cross.
He also made reciprocal crosses and proved the identity of the F,s
He almost hit upon the laws of heredity but failed to enunciate
them because he did not count the progenies.

It may be said that researches on (1) variation and evolutior
(2) cell as a unit of structure and function and (3) hybridisatio:
were progressing side by side and the stage was set by 1900
reelise the importance of Mendel’s laws. Though these wer
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first published in 1866, the biologists of the day did not realise
the far-reaching importance of Mendel’s findings.

3. Mendelian Era.—Mendel (1822—1884), an Austrian
monk, worked on garden peas. He started experiments in 1857
and published his results in 1866. He made crosses between
different varieties of peas and studied the progenies. Instead of
taking the parents or the progenies as a unit for study, he studied
individual characters, thus introducing & new concept that an
organism in a composite of a large number of independently
behaving unit characters. In 1900, DeVries, Correns and
Tschermak independently discovered Mendel's work first published
in an obscure journal. Thus dawned the twentieth century with
the burth of a new branch of Biological Science. This rediscovery
of Mendel’s Laws of heredity gave guidance and stimulation to
hordes of other plant breeders. The new subject attracted many
workers and by 1934, it was computed that 10,155 publications
on genetics alone were published. Details of Mendel’s work are
discussed in a later chapter.

Immediately following the rediscovery of Mendel’s Laws,
many principles underlying the inheritance of characters were
investigated. In 1906, Bateson coined the term  Genetics’ to cover
all matters concerning the ““ Phystology of heredity and variation.”
This science ‘‘ seeks to account for the resemblances and differences
exhibited among organisms related by descent.”” * Heredity 1s genetic
continuity of germinal material between parents and offspring.
Variation ts difference whether in the expression of somatic characters
or in the elements of the germinal substance exhibited among groups
of organisms related by descent.”

In 1902, Sutton drew pointed attention to the fact that the
behaviour of mendelian factors in heredity and that of chromosomes
were parellel. This is the first step ih the unification of Cytology
and Genetics into Cyto-genetics. Therefore heredity was studied
not only by observations on the manifested characters but also
by observations on chromosomal changes. Thus, the chromosome
theory of heredity was established. Researches by Morgan and
his followers not only confirmed this theory but revealed many
other cytological and genetical phenomena. Bateson and Punnett
(1906) reported a case of linkage, ¢.e.,, in the F, of a cross the
parental types were predominant and the recombined types were
fewer. They assumed that the parental types of gametes multi-
plied more rapidly than the other. Morgan (1912) enunciated
his lunkage theory and showed that the genes located on the same
<hromosome are linked. Jannsens (1909) studied meiosis in
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detail and pointed out chiasmata which later formed the basis for
explaining crossing-over. These researches proved beyond doubt
that the chromosomes constitute the physical basis of heredity.
By extensive and complicated researches, the relative position of
various genetic factors on particular chromosomes were located
and diagrammatic chromosome maps were drawn up for the fruit
fly Drosophila.

Johannsen’s pure line theory is an important pronounce-
ment of this era. It established the conservative nature of
the genes and their stability. It also indicated a new breeding
technique for isolating and purifying desirable types from mixed
populations.

Mutation is another important genetic phenomenon which.
was first discovered by DeVries (1901). Till then, it was assumed
that variation is continuous but DeVries pointed out that large
and discontinuous jumps also arise occasionally and these play an
smportant role in the evolution of mew species.

Plant breeders hoped that by the application of Mendelism,
new selections with re-combined economic characters could be
selected by hybridisation. Soon, they found that many of the
characters of economic importance were not easy of analysis due
to complex nature of inheritance.

Thus, it may be pointed out that (1) the chromosome theory
(2) linkage and crossing-over, (3) details of meiosis (4) extended
researches on the inheritance of charactersin plants and animals,
especially in Drosophila (b) mutation and (6) pure line selection
are some of the important problems that attracted the attention
of the biologists immediately after 1900.

4. Recent Advances.—Mendel distinguished phenotype from
genotype. Therefore attempts were made to correlate genetical
behaviour with changes in the structure of chromosomes. Since
the chromosomes are generally small, detailed observations are not
possible. The discovery of salivary gland chromosomes by Hertz and
Bauer (1933) and the studies of Painter (1934) made it possible to-
study the structure of chromosomes in great detail. Pairing
between identical chromo-meres and structural changes like inver-
gion can now be visually observed on the salivary gland chromo-
somes.

The discovery by Muller & Stadler (1927) that X-rays could
Be used to increase considerably the very low spontaneous muta-
tion rate is of great significance. Thus many mutations were
produced and studied in the various laboratories.
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Sterility in wide crosses has been overcome by the discovery
Yy Blakeslee and Avery (1937) that Colchicine doubles the
chromosome numbers. This alkaloid has been found to be specific

in its action of doubling the number of chromosomes in plant
cells.

Muller and Dobzhansky have found that ‘scute’ genes when
translocated to new positions behaved differently. This is termed
position effect. In discussing the nature of the gene and its mode
of action, the position effect is an important phenomenon. The
gene not only reacts with the external environment but also with
its immediate neighbours in bringing about the phenotypic effect.
This has the support of Goldschmidt who hypothesises that the
whole chromosome or even the entire chromosome complement
behaves as a unit. He has even doubted the existence of individual

genes. The theory of genic balance may clear the issues in days to
come.

The gene is now believed to be a living protein molecule. It
is autocatalytic and enzyme-like in action. The discovery by
Stanley (1935) that the tobacco virus is a large living protein
molecule brings it nearer to a gene. We are yet far from knowing
the chemical nature cf the gene or its exact mode of action. But it
has been found that to a great extent the expression of character by
the gene is dependent on the chain of chemical reactions initiated
by the gene. The recent discovery that the hereditary character
“ antennaless ” in fly can be changed to ‘‘ antenna’ by feeding
the flies with vitamin B2 indicates that the gene for antenna

could synthesise vitamin B2 by itself for the expression of the
character.

In the field of plant breeding, the multiple factor hypothesis
showed that the economic characters are governed by a large
number of factors. Fisher, Haldane, and Wright have introduced
mathematical analysis of population trends. Evolutionary trends

have been discussed and valuable conclusions have been reached
by this process.

In the fields of plant breeding, there are a few who feel that
the capacity of a breeder to select new plants from unselected
bulk is an intuitive in-born ability to spot the progenitor of a
new superior race. With the introduction of new field plot
technique and appropriate methods of statistical analysis, it is
now increasingly realised that with the aid of statistical technique
valuable cultures can be selected even in the early stages of
selection.
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The older methods of genetical research have been joined
with chemistry and statistics as a powerful combination to unfold.
the new interpretation of life. With the rapid progress mow
made by this science, a new epoch in biology 1s arising.



CHAPTER II
_ REPRODUCTION

MULTIPLICATION IN PLANTS—THE FLOWER—SELF AND CROSS-
POLLINATION—DEVELOPMENT OF STAMENS—DEVELOPMENT OF
PISTIL—FERTILISATION—ASEXUAL REPRODUCTION—CELL DIVI-
SIONS IN REPRODUCTION.

1. Multiplication in plants.—Plants multiply by either of
two methods (1) by means of seeds that are produced by the sexual
process (2) by development of new individuals from vegetative
parts or the asexual process. For the formation of a seed, special
type of cells, the reproductive cells, which are termed gametes
are necessary. The gametes are of male or female sex and the
fusion of two gametes of opposite sex leads to the formation and
development of a seed. The gametes are unicellular and micros-
copic and these are developed in special structures found in the
flowers of plants. In the case of vegetative propagation a new
plant is developed from a separated branch of the plant. A
‘cutting’ or a bud may be used to propagate the plant vegetatively.
In this method of propagation the progenies form ‘‘ the chips
of the same block ”’ and they are not considered as new generations.
If, for example, a superior variety of sugarcane, such as Co. 419
is propagated by the planting of setts, the progenies behave
exactly like their parents in their growth, tillering, flowering and
other economic characters. In fact, the progenies may be con-
sidered as branches of their parents and they are identical with
their parents in respect of all the inherited characters. The
progenies which arise by the sowing of seeds behave differently.
The two gametes may come from the same plant or from different
plants. If they are from two different plants, they bring together
the characters of the two plants from which the gametes had
their respective origin. Consequently, the seeds may not truly
represent the parent plant from which they are harvested.

Plants which are multiplied sexually vary while those produced
asexually do not.

Though many plants are capable of multiplication by both
the methods, in agricultural practice one or the other method is
usually adopted : sugarcane, several fruit trees, potato, sweet
potato, betelvine, colocasia, yam, turmeric, pepper, ginger,
cardamomum, plantain, grapes, etc., are vegetatively propagated
while cereals, cotton and pulses are raised from seeds. Since

these two propagation methods lead to different consequences
la
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in the progenies in respect of inheritance of characters, they are
important in genetics.

2. The Flower.—Young plants grow and increase in size
for some time and later they put forth flowers and form
fruits and seeds. Growth and increase in size comnote vegétative
phase of the plant while flowering comnotes the onset of the sexual
phase. The length of vegetative phase may be short or long
depending upon the particular species or race. Annuals like
rice, ragi, etc., flower in the course of a few months after sowing.
Biennials flower in the second year of their growth. There are
others like the coconut, mango, orange, apple, etc., which flower
b to 7 years after their planting. The length of vegetative phase 1s
not only an vnherited character but it vs also largely influenced by the
environment.

Fig. 1. Essential parts of a flower. (P = pollen grain;
A=Anther sao; I=integuments; E.S.=Embryo-
sac). The anther sac in cross-section is shown on
the left side.

The male and female sexual organs which give rise to gametes
of corresponding sex are berne in flowers. A typical flower is
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ohiaracterised by four whorls, (1) the Calyx, (2) the Corolla, (3) the
Androecium, and (4) the Gynoecium, (Fig. 1). The calyx and
the corolle are the outer whorls and they are accessory organs.
The andreecium and the gyncecium constitute the inner whorls
and they are the essential sexual organs. The accessory organs
are mainly for the protection of the essential organs in the early
stages of flower formation and later, when the flower blooms,
they play a great part in the mechanical contrivances which go to
aid self or cross-pollination.

While all the four whorls are present in a typical flower, one
dr more of them may be absent in irregular and incomplete flowers.
The calyx and corrolla may be absent or considerably reduced or
modified. When androecium is absent and gyncecium only 1is
present, the flowers are termed pistillate ; when andreecium only
i8 present the flowers are termed staminate. In either case the
flowers are wunisexual. If staminate and pistillate flowers are
borne on the same plant, the plants are termed monacious and if
on different plants diecious. Generally when the flowers bloom
the stamens and pistils are mature and are ready to function
sexually. The pollen grains are shed on the stigma and this is
termed pollination. The relative time of flower opening, matura-
tion of stamens and pistil, and pollination may vary in different
crops. The act of flowering is termed anthesis.

In the case of higher plants, the pollen grains are not motile
by themselves. The pollen may be shed on the stigma of the
same flower—self-pollination or autogamy. This is an easy process
due to the nearness of the two organs concerned. There are many
plants such as maize, cumbu, etc., where the pollen is usually
transferred to the stigma of a different flower in another plant—
eross-pollination or allogamy. Cross-pollination in plants is generally
brought about through the agency of insects, water or wind.
When the pollen grains of a flower fall on the stigma of another
flower in the same plant, it is termed geitenogamy and genetically
it is equivalent to self-pollination.

3. Self and Cross-pollinations.—Pollination may take place
just at the time of flower opening or at varying periods before or
after flower opening. When the anther sacs burst prior to flower
opening, as in the case of beans, self-pollination is the rule. In
some cases such as in rice, the pollination may take place simul-
taneously with or a short while after flower opening and in these
plants self-pollination is most predominant.

In the case of dicecious plants cross-pollination is the rule.
In moncecious plants such as maize and coconut, the scope for
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cross-pollination is greater though self-pollination is not ruled out.
In the case of hermaphrodite or bi-sexual flowers there are various
contrivances by which cross-pollination may be aided. The
stamens and pistil may mature at different times (dichogamy) as
in Pennisetum typhoides, thus enforcing cross-pollination. In
this crop, the stigmatic branches emerge out first from the spike-
lets and the stamens emerge out and shed the pollen grains long
after the stigma has lost its receptivity. This is termed protogyny.
In most other cereals the stamens emerge out first from the
spikelets and shed the pollen grains before the emergence of stigma
and this is termed protandry. There are various other floral
devices which bring about cross pollination even in hermaphrodite
flowers. In addition to such mechanical devices, there are some
genetic and physiological causes that may prevent self-pollination
and aid cross-pollination. For example, the stigmatic secretions
may inhibit pollen tube growth down the style and thus prevent
fertilisation. When this happens in the case of pollen and stigma
of the same flower the latter is said to be self-sterile or self-incompa-
tible ; if it is between pollen and stigma from different plants the
latter are said to be cross-sterile or cross-incompatible.

In crop plants both self and cross-pollination may take place,
and the relative proportion between the two may vary. For
example, in rice, cholam and cotton, self-pollination is the prevai-
ling type though cross-pollination in nature may take place in
varying degrees. The two types of pollination lead to different
genetic consequences in the progenies and therefore detailed studies
on anthesis and pollination are important in genetical studies.

4. Development of Stamens.—The andreecium or stamens
represent microsporophylls or modified leaves bearing male spores
or microspores. Stamens develop from the hypodermal tissues
of the plant. A typical stamen consists of a filament bearing at
its tip the anther. Each anther consists of two lobes and each
lobe of two cavities (Fig. 2). These four cavities or sacs of a
stamen represent microsporangia inside which the microspores or
pollen grains are developed.

Anther development starts by the divisions in hypodermal
layer. The first division is periclinal being parallel to the surface.
The outer layer divides and forms the wall layers of anther, while
the inner layer forms the archesporial cells or Pollen mother cells
(P.M.C.) Of the outer wall layers of the anther the first layer
is the epidermis and the rest become thickened in their cell walls
arid are termed fibrous layer. The innermost layer is termed
tapetum and this layer is full of protoplasm with prominent nuclei.
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This functions as the feeding layer to the archesporial tissue.
Gradually tapetum disappears due to 1ts contents being absorbed
as food by the developing pollen grains.

Fig 2. Stages in the developmnut of anther sac, a and b initial stages.
c: P.M.C. diviling Note the tapetum with dense protoplasm.
V.B.=Vascula1 bundle; P=Pollen grains ; F=Fibrous laye:.

The pollen mother cells undergo meiotic cell division or
reduction division. The details of this cell division are discussed
in Chapter V but it may be pointed out here that as a result of
this division, each P.M.C. gives rise to four daughter cells and the
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chromosome number in each daughter cell is reduced to half the
number found in any somatic cell of that plant. The first
division of meiosis divides P.M.C. into two cells (dyads) and at
the end of second division of meiosis P.M.C. is divided into four
cells (tetrads). In dicotyledonous plants cell wall formation may
be delayed upto tetrad formation but in monocotyledonous
plants cell wall formation may begin at the dyad stage. Each
one of the four cells in the tetrad develops into a pollen grain. On
account of the reduction division in the P.M.C. the nucleusin the
pollen grain contains n chromosomes or haploid complement as
compared to 2n chromosomes or diploid complement in the
somatic cells.

When the pollen grains are fully developed in the anther
sacs, the two chambers of the anther lobe coalesce into one and
when the weather conditions are favourable, the cell wall of the
anther bursts and the pollen grains are shed.

Fig 3. Different types of pollen grains, Note the markings on exine that are
helpful in pollination and the emergence of pollen tube.

The pollen grain consists of thick cutinised outer covering
termed exsne and an inner thin cellulose layer termed intine. When
the pollen grain is transferred to the stigma it germinates. The
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structure of the pollen grain and the various markings on the
exine are adapted for pollination (Fig. 3).

There are various types of weak spots on exine through which
the pollen tube emerges out. The wall of the pollen tube is con-
tinuous with the intine. The pollen tube penetrates the stigmatic
tissues and grows down the style towards the ovules. When the
pollen grain germinates two nuclei can be seen, (1) the vegetative
nucleus (2) the antheridial nucleus which by a further division gives

rise to two generative nucles which constitute the microgametes
(Fig. 4).

Fig. 4. Pollen grain. A: parts of a pollen grain; e=exine, i=intine, a.n=
antheridial nucleus, g.n=generative nucleus. B: Pollen grain in
germination. C: Pollen tube with the two generative nuclei.

5. Development of Pistil.—Pistil represents the megasporo-
phyll and it develops from the hypodermal layers of the
plant. The relative size and development of ovary, style and
stigma vary in different plants. The ovary contains one or
more ovules each containing a megasporangium (Fig. 5). The
carpels bearing the ovules may be variously united. The ovules
are attached to fleshy margins of carpels (placenta) by means of
stalks (funicles). The funicle is attached to the ovule at chalaza
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from where one or two integuments arise and envelop a mass of
tissue termed nucellus (the megasporangium). The integuments
stop short of fusing at the top and leave a minute aperture, the
macropyle. Beneath this micropyle the megaspore or embryosac is

m

A

Fig 5. Ovules, A: Orthotropous, B: Anatropous, C: Campylotropus, m=
micropyle, ch=chalaza, n=nucellus, e==embryo-sac.

embedded in the nucellus (Fig. 6). The embryosac is developed
from one of the cells of nucellus. This single cell functions
as the archesporial cell or egg mother cell (E.M.C.). This cell
undergoes meiotic division or reduction division and forms a tetrad
of four megaspores all of which contain haploid number of chromo-
somes. Out of the tetrad, three cells disintegrate and the last
one develops into embryo-sac. The primary nucleus of embryo-
sac divides thrice and forms eight nuclei. When the ovule is
ready for fertilisation three of these are situated near the micro-
pyle, three at the opposite end of the embryo sac and two at the
centre.

The three nuclei at the micropylar end form naked cells and
are termed the egg-apparatus. The two lateral cells here form the
syuergids and the middle one, the mega-gamete. The three nuclei
at the opposite end are termed antipodals. The two nuclei at the
centre of the embryo-sac constitute the primary endosperm nucleus.
The foregoing is a brief description of the development of megaspore
of normal type in angiosparms but 14 types of variations have
been recorded.

6. Fertilisation.—When the pollen grain falls on the stigma
at the time the latter is receptive, it is held on to it by means
of secretions on-the stigma. The pollen grain absorbs moisture
from the stigma and swells up. Through the weak spots on exine,
the inner protoplast enlarges and comes out in the form of a tube.
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This tube pehetrates the stigma and style and grows down towards
the ovules. The centre of the style may either be hollow or be
filled with thin walled cells. These cells constitute the feeding layer
for the growing pollen tube. The tube finally enters the ovary
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Fig. 6. Ovule in development. A: initial stage showing tetrad. B : later stage
showing orly one cell of the tetrad enlarging. C: TFinal stage
showing embryo-sac. e.s.=Embiyo sac, s=synergids, e=egg,
e.m=endosy erm nucleus, a=antipodals  The embryo-sac is embedded
in nucellus (n).

and reaches the ovule usually through the nacropyle. By now,
the generative nucleus has divided® mmto two microgametes.
When the tip of the pollen tube enters the micropyle, it bursts
and releases the two microgametes. One of the microgametes
fuses with the megagamete to form the Zygote and thus fusion is termed
syngamy or fertilisation. The other microgametes passes to the
centre and fuses with the endosperm nucleus which is already
a product of fusion of two nuclei. The zygote containg 2n
2
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chromosomes on account of the coming together of n chromosomes
from cach of the gametes, the male and the female. The endosperm
contains 3n chromosomes two of which are from the embryo-sae
and one from the microgamete. The remaining tissues of the
ovule, viz., the nucellus and integuments as well as cells of the
ovary contain 2n chromosomes of maternal origin. The act of
fertilisation has introduced one haploid paternal complement
in the formation of zygote and another similar paternal haploid
complement in the formation of endosperm.

RAn MATERMAL

21 MATERNAL
+ N PATERNAL

Fig. 7.

P

(313

n MATERNAL
+n PATERMNAL

n MATERNAL
+ n PATERNAL

Diagcam showing the chromosome number in
different tissues of a seed. P=Seed coats which
are maternal in origin with 2n chromosomes;
E=Endosperm which is both matsrnal and
paternal in origin with 2n maternal and n
paternal chromosomes: S=Cotyledon and P=
Primary axis which contain n maternal and n
paternal chromosomes, are developed from zygote.

After fertilisation, the ovary develops into fruit, the ovule
into seed, the integument into seed coats, the zygote finto
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cotyledons and primary axis, nucellus into perisperm and
endosperm nucleus into endosperm. When two different types of
plants are crossed, in the seed the embryo (cotyledons and primary
axis) and endosperm are of hybrid genetic constitution while the
remaining parts of the seed are maternal only in genotype (Fig 7).

The megaspore is deep seated within the pistil and is
surrounded by a mass of sterile maternal tissue. Therefore, if
the sexual reproduction in plants is to be successful, the following
steps must be successfully completed : formation of functional
gametes, successful pollination, germination of pollen grain,
proper growth of pollen tube through the stigma and style and
finally fertilisation and normal development of seeds. Failure
at any one step leads to the failure of sexual mechanism. Even
after fertilisation in the course of development of the zygote wto
functional seed, irregularities may occur which will result n
failure of sexual reproduction.

7. Asexual Reproduction.—Certain crop plants such as
sugarcane, sweet potato, plantain, potato, etc., are multiplied
vegetatively. The group of plants derived from a single parental
stock is termed clone. Vegetative propagation is resorted to
sometimes by the agriculturists because (1) the crop may not
produce seeds (2) when multiplied through seed, the crop may
show wide variation and may not breed true to the parental type as
it often happens in fruit trees such as mangoes and oranges,
and (3) cultural practices in vogue may not be favourable for
seed sowing.

Seed being the product of fusion of two sexual gametes, cross-
pollination gives scope for Mendelian variations in the future
generations. In vegetatively propagated plants, there is no scope
for such variations. Even after many years of cultivation and
vegetative propagation, the crop retains its original characters.
It is mainly due to this reason that many of the fruit trees evolved
many years ago and propagated vegetatively still retain the
desirable characters. The thousands of trees of any choice fruit
variety, such as for example ‘Alphonso’ in mango, are all vege-
tatively derived from a single selected tree. In fact these progenies
are as said before “ chips of the old block.”

The asexual propagation mentioned in the preceding para
may consist in the planting of cuttings or propagation by budding
and grafting. There are methods of vegetative propagation
found in Nature which for all superficial purposes resemble sexual
repraduction but lack in their essential steps such as reductiou
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divisiou and fertilisation. This asexual phenomenon is termed
apomizis. When the egg cell continues to grow without fertilisa-
tion it is termed parthenogenesis. There are two possibilities
here : (1) if fertilisation fails and the egg develops into a plant
the latter is haploid, (2) if meiosis fails in the formation of megas-
pore, the progeny will be diploid. In higher plants, the behaviour
of polar nuclei is variable ; in some cases they fuse with the pollen
nucleus even though fertilisation fails in the egg and in others
fertilisation in polar nuclei may also fail.

In rare cases, the synergids, the antipodals, cells of integument
or endosperm or more than one cell from the female tetrad may
develop to form supernumerary embryos. This is termed
polyembryony. This is very common in Citrus and less in mangoes.
It is also rarely met with in crops like rice, cholam, ragi, etc. Out
of many embryos formed, only one or none at all is the product of
sexual process. The rest represent vegetative buds arising from
the diploid tissues of the mother plant. For the development of
adventitious embryos stimulation by pollination may be necessary.
In some instances, even foreign pollen from a different species or
genera may function to stimulate the unreduced egg to develop
parthenogenetically and this false sexual step is termed pseudogamy.
If all the embryos in a case of polyembryony are of asexual origin,
the seeds may be used to propagate the plant and the progenies
are all true to the parent plant. This is found to be the case in
gome varieties of mango in which polyembryony is purely of
vegetative origin.

8. Cell Divisions in Reproduction.—By repeated division of
the zygote a new plant is developed. In the vegetatively
propagated plant, new ones arise by the division of cells in the
vegetative propagule. Therefore division of pre-ewisting cells is a
wvital process tn growth and development. There is one vital difference
between the sexul and asexual reproduction, viz., in the sexual
process at one stage, two cells each with half the normal chromosome
complement fuse and restore the chromosome complement to the
diploid level (Fig 8). Further divisons after the fusion of the haploid
cells are the same as the cell divisions taking place in asexual
propagation. Therefore there are two types of cell divisions (1)
cell division leading to the formation of gametes with haploid
chromosome complement and termed meiosis or reduction division
(2) cell division that is normally taking place in all other cells
and termed matosis.

Reduction division is only a contrivance to maintain the same
chromosome number of the species eveh after the fusion of two
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gametes. This reduction takes place once for every generation at
the time of formation of gametes.

In the case of self-fertilisation in homozygous plants, the
chromosome complements in the two gametes are identical in
every respect. WhenJtwo different varieties, races or species of

FERTILISATION

2
SEEDLING (zn)

(2m)

GAMETES
(n)

Fig. 8. Diogram to show the life cycle of a crop plant and the stage at which
reduction division and fertihsation take place.

plants are crossed, the two haploid chromosome complements are
not identical but they differ in their genic contents and arrange-
ments. The two complements remain together during the growth
of the plant but when gametes are formed, exchange of genic
materials between the paternal and maternal chromosomes takes
place. This sort of exchange of genic materials between the
chromosomes does not occur in mitosis. Since the genes are the
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carriers of hereditary characters from parents to progeny, meiosts
t8 the basic cause for the variations in the progenies from crosses.
In mitosis each chromosome divides longtitudinally and the
separation of the two halves results in the formation of two
daughter cells without any change in the genic constitution or
number of chromosomes. (vide Chapter V ).



CHAPTER III
SEGREGATION AND INDEPENDENT ASSORTMENT

SELECTION AS AN ART—CHARACTER PAIRS—MENDEL’S
TECHNIQUE —8: 1 RATIO — FACTORS IN GAMETES —
SYMBOLS — SEGREGATION — PHENOTYPE AND GENOTYPE —
RECIPROCAL CROSS BACK CROSS--DIHYBRIDS: 9:8:8: 1
RATIO—INDEPENDENT ASSORTMENT—BACK—CROSS (N A
DIHYBRID—PRACTICAL APPLICATION — MENDEL’S GENIUS
1. Selection as an art.—The art of selecting different types
of crop plants and garden plants remained a matter of individual
gkill of the gardener. Prior to 1900, various workers tried
hybridisation between different types of plants. The historical
facts outlined in Chapter I brought out the various observaticn
concerning the behaviour of hybrid progenies. Some of the
predecessors of Mendel, notably John Goss and Naudin realised
some orderliness behind the observed phenomena but they failed
to discover laws of inheritance. Diverse facts were accumulated
but the definite basis governing the same was not understood.

Many of the useful plants were brought under cultivation
since pre-historic times and these were chosen because they
possessed certain useful characters. Continued cultivation and
selection of better types have been responsible for the evolution
of cultivated plants and such plants showing useful characters,
were developed under careful nurture. Other plants not cultivated
by man underwent changes and continued to thrive under natural
circumstances due to their possessing certain advantageous
characters such as drought or disease resistance, hardiness, ete.
The characters found in cultivated plants or wild plants have
evolutionary back ground. Any character found in crop plants
has had similar origin with the corresponding character found
in other varieties or even in the wild ally.

2. Character pairs.—Characters are transmitted to the
progenies from the parents through the medivm of factors or genes
which are located in linear order on the thread like structures, the
chromosomes, in the nucleus. Heredjtary differences between indivi-
duals, varieties, races, species, etc., arise by small or large changes
in the genes. If we take for example, the blackish purple colour
in the glume of cholam, a factor designated ‘P’ is located on one
of the chromosomes at a particular fixed point termed locus, and
that ‘P’ is responsible for the development of blackish purple
glumes, For reasons which we shall not discuss now, the gene ‘P’
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changed with a corresponding change in the expression of the cha-
racter from ‘black’ to ‘brown’. The changed gene is now designat-
ed as ‘p’. The two characters v1z., blackish purple and brown, form
a contrasting patr of characters and the genes P and p are termed
allelomorphs. A cultivator identifies a particular variety of his
crop by a group of characters present in that variety but absent
or different in others. The greater the number of such contrasting
pairs of characters the greater is the difference between the two
varieties. It must be noted that every character may have a contrasting
character in another type. This character contrast is tmportant n the
study of inheritance because it can be traced in progenies of a cross.

3. Mendel’s technique.—Mendel studied the inheritance of
7 character pairs and laid the foundation for the new science of
Genetics by enunciating laws of inheritance. He differed from his
predecessors in the very conception of the problem. Till then two
parents were chosen and crossed and the progeny was studied with-
out reference to any particular character pair. All the characters
of the parents were considered together as one unit with the result
that the hybrid resembled the male parent in one set of characters
and the female parent in another set and in later generations the
phenomenon was more complex. Mendel’s success ts due to the
JSact that ke studied a single trait vn the ¥, and further generations.

Mendel was an Austrian monk of Brunswick. He was a
mathematician and interested himself in hybridisation work on
garden peas. He started his work in 1857. He obtained 34
varieties of garden peas which he raised for two years to see if the
progenies showed the same characters as the parents year after
year in which case the plants are considered to be true breeding. In
genetical studies thisis animportant step. A character mustbe
constant from generation to generation. Mendel chose garden
peas because there were a large number of cultivated types which
differed from each other in few character pairs only. From out of
34 varieties Mendel finally selected 22 varieties. He effected crosses
between types differing in some character or other. In the end,
he chose only 7 pairs of characters for his detailed study. In the
hybrids and further generations he concerned himself with only one
character pair at a time. He considered the plant as a composite
structure made up of a large number of unit characters. Thus the
hybrid (F,), the second (F,) and further generations (F;, F,, etc.)
were studied with reference to the particular character pair in
which the parents also differed. Thus, when he crossed a tall
planis with a dwarf plant he found the hybrid tall and in F, genera-
tion there appeared both tall and dwarf types. There were few
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other characters in which the parents and the progenies showed
contrast, but Mendel did not study them all conjointly with the
character pair tallness—dwarfness.

Mendel counted the number of tall and dwarf plants in F,. He
picked the seeds of the F, plants individually and sowed theyi and
again counted the tall and dwarf plants in F; of different Fy gnnts.
Thus he maintained pedigree records for every one of the plants
and counted the progenies falling into different character groups
such as tall—dwarf. The tntroduction of simple mathematics, viz.,
counting, was greatly responsible for rendering tnheritance in terms
of ratios. The stmplifications of the problem by studying the progenies
of a cross, character by character, maintenance of pedigree records
and counting different types in the second and third generations are
the chief points that enabled Mendel to understand and enunciate
clearly the laws of heredity. When Mendel .crossed a tall plant
with a dwarf one, the hybrid (F,) was tall. In F, generation,
both tall and dwarf plants appeared in a definite proportion. This
shows that the factor for dwarf character co-existed with that
for tallness in F, generation. Though the two factors, viz., factors
for tallness and dwarfness are present in the hybrid, only the factor
for tallness expresses itself while the factor for dwarfness does mot.
T'herefore tallness vs suid to be dominant over dwarfness and dwarfness
15 said to be recessive to tallness.

Mendel studied the following 7 pairs of characters and his
data are summarised below :

TaBLE I.
o g?;?}‘)’:ﬁ; In Fg Population. |Proportion of
“haracter pair. e Dominant :
dom}x;ant Recessive
character. Dominant.| Recessive. in Fa.
1. Smooth ws. wrinkled seed | Smooth 5,474 1,850 | 299 : 1.01
form '
2. Yellow :s. green cotyledon. Yellow 6,022 2,001 | 300 : 1.00
3. Coloured vs. white seed coat | (‘oloured 706 224 | 3-04 : 096
4. Hard vs. soft pod type .. Hard 882 299 | 299 : 101
5. Green vs. yellow pod| Green 428 152 | 295 : 1.05
colour.
6. Axial vs. terminal fower Axial 851 207 | 3-:03 : 097
position.
7. Tall vs. dwarf state .. Tall 787 277 | 296 : 104 °
Total .. . 14,949 5,010 | 3-00 : 100

2a
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The contrasting pairs of characters, tallness Vs. dwarfness,
etc.,. are termed  differentiating characters’ by Mendel. That
all the characters in animals and plants form such pairs has been
borne out by many later experiments.

? 3 : 1 Ratio.—Following the re-publication of Mendel’s
work in 1900, Mendel’s principles were tested on varied crops all
over the world. Bateson showed that the same principles apply
to animals as well as plants. The same phenomenon may
be explained by taking the glume colour of the spikelets in
Sorghum. The sessile spikelet in Sorghum shows the following
structure : two glumes which are infertile, lower lemma usually
epaleate and sterile, the upper lemma and its palea enclose 3 stamens,
a pistil and a pair of lodicules. When the grain matures it is still
enclosed between upper lemma and its palea. These two, in
common parlance, are also termed as glumes and the inheritance of
colour of the glumes is taken here as an example.

A cholam type with blackish purple glume was crossed with
another type with brown glume. The F, plant developed blackish
purple glume showing that to be dominant. The F, plants were
selfed and the seeds sown to raise F, generation.

Both the dominant and the recessive characters appeared in
the ratio of approximately 3 blackish purple glume to 1 brown
glume. All F, plants were uniform in appearance, while F, plants
showed variations. The glume types in F, resembled those of
grand parents. In F, generation the factors for the two types of
glume colour co-existed and in F, generation when the grand
palrental types appeared there were no signs of change in the glume
colour.

5. Factors in Gametes.—In all cases of sexual reproduction,
the progeny arises by the fusion of the two gametes ¢.e. the male
(}) and the female (Q). The gametes form the physical link
between the parents and the' progenies. So all characters of the
parents are transmitted to the progeny through the gametes only.
The gametes are microscopic and unicellular each carrying a pro-
minent nucleus. Mendel, in the examples worked out by him
assumed that there were ‘‘ somethings” in the gametes which
represented these characters and which were capable of visibly
expressing or developing the characters concerned at the appro-
priate time. Later experiments most decisively proved the
physical existence of this *something’ or ‘faclor’, termed the
‘gene’. Bince the first vegetative cell is formed by the fusion of
two unicellular gametes resulting in zygote it contains the factors
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in duplicate or diploid number, while the gametes contain the same
in single or haploid number. These factors or genes are now known
to be located on the threadlike bodies or chromosomes which are
the important constituents of nuclei. In all the species,
races or types, the chromosome number is fixed. In the
somatic cells there are two sets of chromosomes—one from
the male and the other from the female parent. When
the two complements are identical, which is the case in plants
self-fertilised over a number of generations, the plant is said to
be homozygous. When two complements differ in respect of any
factor pair, the plant is said to be heterozygous for that factor pair.
Naturally-cross-fertilised plants are generally heterozygous for
many factor pairs.

6. Symbols.—To trace the factors or genes from generation
to generation they are symbolised. In the allelomorphic pair
purple and brown glumes, purple is dominant over brown. Gene-
rally the first letter of the dominant character is taken to symbo-
lise the factor. The two members of the allelomorphic pair of
factors have similar evolutionary back-ground. Therefore one
of the pair is represented by capital letter and the other by the
corresponding small letter. The dominant character is always
represented by capital letter and the recessive by lower case
letter.

In the homozygous parents, the factors, are present in diploid
number, ¢.e. PP or pp. The gametes contain them in haploid
number, t.e. P or p. It follows therefore that all the gametes of
the homozygous purple glumed parent bear only P, and those of
brown parent bear only p. When these two types of parents are
crossed these two factors P and p are necessarily brought together
in the zygote through the respective gametes and therefore the
diploid constitution of the hybrid will be Pp and this type is termed
heterozygous.

7. Segregation.—In the example considered under section 4,
the parents are symbolised as follows:—

Blackish purple  PP.
Brownish. PP

(The dominant type is symbolised by capital letters and the recessive by
lower case letters.)
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In the generations following the cross, the factors fhay be traced
a8 shown below :—

’

Parents : Blackish X Brownish
purple
PP 194
N4
Hybrid (F,): Blackish
purple
Pp
Gametes from F, : P and p.

In the foregoing symbolisation the following points are to be
noted :

Parents are diploids and hence the somatic cells bear the
factors in duplicate. Since the parents are homozygous as shown
by breeding tests prior to crossing, the two factors in any cell are
of the same kind (PP or pp). The gametes are haploids and hence
they obviously contain only one member of the allelomorph (P or
p only). In respect of any factor pair, the gametes are always
pure. The F, appears blackish purple but contains both the
factors Pp. It is therefore heterozygous or in other words results
from the fusion of two dissimilar gametes. As purity of gametes
is the law, the gametes formed by F, are also pure in respect of
"any factor pair as in the case of the gametes of the parents, ..,
they carry P or p. The gametes of F, differ from those of the
parents in that there are two kinds—(1) those bearing P (2) those
bearing p, while the gametes of any one parent are all of one kind
only, v.e., either P or p. The two kinds of gametes in F; occur,ip
equal proportion in both the sexes and they unite at random.
During the formation of gametes, pollen mother cell or egg mother
cell undergoes reduction division and it will be shown in a later
section that out of every factor pair one member goes to one pole
and the other goes to the opposite pole and because of this pheno-
menon the two members of a factor pair get separated or segreggte
and also they occur in equal frequencies. The male and female
gametes of F, unite at random and as a Tesult the two types
of male gametes and the two types of female gametes give rise
to 4 possible gametic combinations as shown in the checker

hoard. (Fig9.)
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Fig. 9. Morohybrid; 3:1 Ratio.

(To tace page 29)
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Thus it is seen that the factors P, p, which were brought
together by hybridisation and which co-existed for the full vege-
tative life period of the plant separate out in the gametes when
the plants mature. This is termed segregalion of factors. That
the factors segregate in the different gametes can be demonstrated

[Wuth kind permission of JI. Gen 1.

Pig. 10. Todine reaction of starch in pollen grains. (1) Anther
of starchy type, pollen all dark (2) Anther of glutinous
type pollen all hght (3) Anther of F1 pollen mixture
of dark and hight (4) Part of F1 anther more highly
magnified (5) Free pollen of F1 showing two types.
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visibly in the case of pollen dimorphism in the F, of a cross between
starchy and glutinous rices. Iodine stains the endosperm of
starchy grains deep blue whereas the endosperm of glutinous

grains are stained reddish to dark brown depending upon the
strength of the solution. The F; plant bears a mixture of grains

BLACKISH PURPLE X BROWN

PARENTS

GAMETES J
y
E

BLACKISH PURPL

)

GAMETES. e P 8‘
ey, seppepef

HETEROZYGOUS ,
3 BLACKISH PURPLE : [BROWN

Diagram to explain segregation of factors as located on chromosomes.
Note that the somatic cells contain both the homologous chromo-
somes while the gamete contains only one member of the pair.

Ty, 11.

with starchy and glutinous endosperm in the ratio of 3 starchy
to 1 glutinous. The pollen grains of the F, plant were similarly
treated with iodine when it was found that the grains showed
starchy and glutinous types, the staining being similar to those
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of the grains. The two types of pollen grains occurred in equal
proportion in the F, plants. The starchy parent showed all
starchy pollen grains and the glutinous parent showed all glutinous
pollen grains whereas the F, plant showed the two types of pollen
grains in equal proportion (Fig 10). The pollen grains bear the
male gametes and this example visibly demonstrates the segrega-
tion of factors in the gametes.

The phenomenon of segregation of factors at the time of forma-
tion of gametes was concluded by Mendel from his observations
on the crosses in garden peas. The same was later verified
by observations on chromosome behaviour during the formation
of gametes. Since the factors are located at fixed positions on
chromosomes, the movement of chromosomes during cell division
indicates the behaviour of factors also. With reference to the
glume colour in Sorghum this may be diagrammatically represented

as ihjwn in Fig 11.

8. Phenotype and genotype.—An important point not clearly
brought out either by Mendel or his predecessors is to be noted
in the above checker board. The external appearance of the
character is termed phenotype and the internal or genetic consti-
tution "of "the cell the Genotype. The two different genotypes
PP and Pp have the same phenotypic expression viz., blackish
purple glume.® Therefore the external appearance of a character
is not always the index for its breeding behaviour and the latter
must only be judged by genotype,_ From the checker board it
will be seen that out of the three blackish purple, only one breeds
true (PP) and the other two (Pp) resemble the F, in their genotype
and segregate in the same manner as F; when carried forward
to F, generation. Thus, in F, generation both the parental
types have been recovered and the extracted types are similar
to the parents. In addition, hybrid types also appear in F,.
The 3: 1 ratio constitutes 1: 2: 1 ratio of 1 dominant type: 2
hybrid types : 1 recessive type.

9. Reciprocal cross.—In effecting cross between two types
differing in characters, any one type may be used as male or female
parent. Thus, if type A is crossed with type B, the cross B x A
is termed reciprocgl. Whiehever way the cross is made, the
character of F; and mode of segregation in F, will be the same. '
This is to be normally expected because, phenotype is the
resultant of interacticn between the genotype and environment,
“WhetherA—or B is the maternal parent, the genotype of the
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hybird between A and B is the same. Thus in the example con-
sidered in section 6, the reciprocal cross will be :

Parents : Brown X Blackish purple
PP PP
F, : Blackish purple
Pp

Segregation in F, is the same as before. From the consideration
of genotypes there are no differences in the reciprocal crosses
between homozygous parents. However, in the course of breeding
experiments between widely differing types, differences between
reciprocal crosses have been noted and this will be discussed
later.

10. Back-cross.—By selfing the F, plants, seeds are collected
for raising F, progenies. In the case of animals where this system
is not possible brother and sister are mated. If the F, is crossed
to any one of the parents it is termed back-crossing. Thus Pp x PP
or Pp X pp constitutes back-crossing. In the former type all
the back-cross progenies show the dominant chargcter while in
the latter, the dominant and the recessive appear in 1: 1 ratio.

F, ¢ Blackish purple ; Pp

Gametes of F, : P and p

Back-cross parent : Brownish, pp

Gametes of B. C. parent : P

Back-cross : Pp X

Back-cross progenies : Blackish purple: Brownish
Pp PP

Back-cross ratio : 1 : 1

When the back cross parent is of recessive type, the progenies
appear in equal numbers for the dominant and recessive character.
The recessive parent gives rise to only one type of gametes, viz.,
all with factor p only. Therefore, the segregation noted here,
as well as the proportion in which the two types of progenies occur
must arise from the F;, gametes. That the F, gives rise to two
types of gametes has been already shown and the back-cross shows
that they occur in equal numbers. Back crossing is therefore
‘useful in testing gametic proportion in F,.
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11. Dihybrids ( 9: 3 : 3 : 1 ratio).—After investigating the
principles underlying the inheritance of a single pair of characters,
Mendel considered a case of 2 pairs of characters, e.g., smooth Vs.
wrinkled seed form and yellow Vs. green cotyledon. The formenx
set pertains to the seed form and the latter to eolour of cotyledon.

The proportion of different classes of seeds observed in F, is given
below :

TaBLE 2.
Expected

Observed freqzc:wws

frequencies, 9:3:3:1
ratio.
Smooth yellow seeds .. .. 315 313
Smooth green sceds .. . 108 104
Wrinkled yellow seeds .. .. 101 104
Wrinkled green seeds .. .. 32 36

When any character pair is considered by itself such as smooth Vs.
wrinkled, it is seen that the proportion of dominant to recessive
is 3: 1 and within each group again, the other character pair,
viz., yellow Vs. green cotyledon. shows a proportion of 3 dominant :
1 recessive. The four classes of phenotypes  mentioned above

(Photo from Millets Specialist).

Fig. 12. Cholam grains. Top row: Umbo-
nate shape. Bottom row : Round

top; middle row : The shape of
F1, hybrid.
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theref6re occur in the proportion (3 : 1) X (3 : 1) and the expected
frequencies are also shown above. Therefore it is evident that
the mode of inheritance of two pairs of characters is similar to the
monohybrid ratio. The following is an example from cholam.
The two pairs of characters considered here are (1) Pink Vs.
;White colour of grain and (2) Umbonate Vs. Round shape of grain.
When grain shape alone was studied, umbonate shape of grain
was dominant over round shape and in F,, 328 umbonate: 121
round grains were observed. This is a close approximation to
3: 1 ratio. In the case of grain colour, pink was dominant over
white and in ¥,, 278 pink : 82 white grains were observed. This
18 also a close approximation to 3 : 1 ratio. When the four classes
of phenotypes were studied in a segregating F, family, the
following frequencies were observed.

TABLE 3.

Efpected
frequencies
Observed on
frequencies. [9: 3: 3: 1
ratio.

Umbonate shape pink colour .. 279 284
Umbonate shape white colour .. 79 94
Round ishipe pink colour . 118 04
Round shape white colour e 29 31

In the total population, both the pairs of characters, viz., shape
and colour of grain show the normal segregation. When two
pairs of characters are studied, there is no disturbance in the
segregation of any one pair. Whichever pair of characters is
considered, the other pair also shows normal segregation as

represented below :

ink colour 3
Umbonate shape 3 ..
White colour 1

ink colour 3

Round shape 1..
(White colour 1

In accordance with the expansion of the formula (3: 1) x(3:1),
representing the segregation of two pairs of factors, the F,
population of a- dihybrid shows 9/16 double dominant: 3/16
dominant—recpssive : 3/16 recessive—dominant: 1/16 double

recessive.
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Fig. 15, DIHYBRID. 9 : 3 : 3 ; 1 Ratio. Note
that the segregation for shape of grain is
independent of segregation for colour of
grain.

(To face page 35)
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12, Independent Assortment.—The F, plant on maturing
forms gametes and in the process the factors segregate as explained
under section 7 of this chapter. Two pairs of factors segregate to
form four types of gametes.

In the example considered above, the genotypic constitution
of the parents and F; may be symbolised as follows

Parents Kafir and  Milo

Phonotype Umbonate shape Round shape
white colour pink colour

Genotype UUww uwuWW

F, : phenotype = Umbonate Pink
F, : genotype UuWw
F, : gametes. UW, Uw, uW, uw

A gamete with factor U may also carry factor W or wand similar
is the case with the gamete carrying u. As a result of randem
union between the male and female gametes, there are 16 gametic
combinations as shown in the checker board (Fig. 13).

The results of the checker board may be summarised as shown
below :

TaBLE. 4.
Fre- Fre-
Phenotype. q ue;(‘cy. Genotype. qu er:cy' F3 behaviour.
Umbonate pink . 9 TTWW 1 Breeds pure.

UUWw 2 Segregates in 3: 1 ratio for
grain colour only.

TuWWwW 2 Segregates in 3: 1 ratio for
grain shape only. o

TuWw 4 Segregates for both the oharac-
ter pairs like F1.

Umbonate white ] UUww ) Breeds pure.

Uuww 2 |Segregates in 3: 1 ratio for
grain shape only.
Round Pink .. 3 wuWwW 1 Breeds pure.
uuWw 2 Segregates in 8: 1 ratio for

grain colour only.

Round white ..| 1 uuww 1 | Breeds pure.
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In F, segregation of a dihybrid there are four phenotypes but nine
genotypes. The different factors in a somatic cell assort themselves_
sndependent of each other when maturation division takes place to
Sform gametes but the members of an allelomorphic pair always segregate
tnto different gametes. This ts Mendel’s law of independent
assortment.

As in the case of monohybrid ratio mentioned under section 7,
the independent assortment of factors may be demonstrated by
observations on chromosomes during the formation of the gametes.
Suppose that the two pairs of allelomorphic factors are situated
on two pairs of chromosomes, the chromosomes and the factors
may be traced through F, and F, generations as represented in
Fig. 14.

The gametic combinations may be worked out by using the symbols
and chromosomes in the checker board.

13. Back-cross in a dihybrid.—The data obtained in F,
population require confirmation. F; population may be raised
and the breeding behaviour of the different ¥, families must
conform to expectation as shown under section 12. The F, plant
may be back-crossed to the double recessive parent in which case
the following results are to be expected. (Table 5.) v- ' sk (&

TABLE. 5.
. Umbonate | Umbonats | Round Round
Back-oross progenies. pink. ‘ white. i pink. l white.
Genotype . .. TuWw Uuww wuWw | uaww
Frequency .. A 1 1 1

The four possible phenotypes occur in equal proportions and
this results from the expansion of the formula (1: 1) x (1: 1),
a combination of two monohybrid back cross results. The double
recessive parent being homozygous, forms only one type of gametes,
viz., uw ; therefore the different genotypes appearing in the back
Cross 1ndlcate the differences in the gametes of the F; plant. As
already pointed out back-cross i a means to test the gametic
proportions in Fy,

14. Practical application.—The principles of segregation and
independent assortment are of great practical significance. A
review of the F, populations under section 12 reveals that im
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addition to the parental types, two more new types have appeared.
The latter constitute the recombination of parental characters
and in the above example, the recombined forms are ‘umbonate
pink’ and ‘round white’. Thus by hybridisation a breeder ts
enabled to produce new types which do not occur tn nature. This is
due to segregation and independent assortment of factors in F,
and later generations. It was this possibility of creating new
types that gave high hopes to plant breeders when first Mendel’s
laws were republished in 1900.

15. Mendel’s genius.—The basic principles expounded by
Mendel have been set forth in the preceding pages. Mendel
worked with the garden peas but different examples have been
cited above. Mendel’s work formed the very basis for the modern
genetics and plant breeding and it will be of interest to review
here the few factors responsible for the success of Mendel in a field
of work where great many other scientists had failed.

At the outset, the clarity of thought, simplification of the
problem and bold thinking must be mentioned. Instead of
considering the whole plant as a unit, Mendel considered character
by character thus introducing a new conception that the plant
is a composite of large number of independent and separable units
of characters. Mendel maintained pedigree records of individual
plants raised by him and counted the progenies in F, falling into
different groups. Thus, for the first time mathematics finds
introduction into plant breeding problems. It is of interest to
note that Mendel himself was a keen student of mathematics.
The choice of material, viz., the garden pea, is a happy one because
it is selffertilised and there were many distinct cultivated types
whith differed from one another in a few characters only.
Starting from the spade work done by his predecessors, Mendel
enunciated the fundamental pfinciples of inheritance of characters
which are applicable both to plants and animals.



CHAPTER IV
MODIFICATIONS OF F, RATIOS AND DOMINANCE

MOD]FICATION IN DOMINANCE-—INTERACTION BETWEEN DOMINANT
FACTORS—COMPLEMENTARY FACTORS—SUPPLEMENTARY FACTORS
—EPISTASIS—INHIBITORY FACTOR—DUPLICATE FACTORS—POLY-
MERISM—MODIFICATIONS DUE TO INCOMPLETE DOMINANCE—
LETHAL FACTORS—MOSAIC EXPRESSION—VARIABLE DOMINANCE—
CYTOPLASMIC EFFECT—ENDOSPERM CHARACTER—XENIA—HE’!‘E-
ROSIS—GENE SYMBOLS.

1. Modification in dominance.—In the seven pairs of
characters studied by Mendel dominance was complete. 1n the ¥,
generation, the homozygous dominant type and the heterozygous
type phenotypically resemble each other and hence they cannot
be distinguished and separated. In the preceding chapter under
section 7 it was pointed out that blackish purple is dominant over
brown in the case of glume colour in cholam. In the F, generation
these two glume colours appear in the proportion of 3 blackish
purple to 1 brown. The three blackish purple comprise of two
genotypes PP and Pp. This genotypic difference is recognisable
by carrying the plants to F; generation when it-will be seen that
the genotype PP breeds true to blackish purple glume while the
genotype Pp segregates into 3 blackish purple: 1 brown as in the
case of F1 plant. The hybrid plant closely resembles the dominant
parent in cases when dominance is complete.

There are instances where dominance is not complete. For
example, in rice there are varieties with short or long outer glumes.
T. 1083 with short outer glumes was crossed with E. B. 141 which
has long outer glumes. The F, was intermediate between the
parents in the size of the outer glumes,

The intermediate nature of the heterozygote is evidenced in
the F, plants also. In actual field counts in this cross the
following-data were obtained in F, population.

TaBLE 6.

Short outer

§ Intermediate Long outer
glume.

type. glume

436 I 808 l 412"
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The character is therefore monogenic with incomplete
dominance.

2. Interaction between dominant factors.—In the case of the
dihybrid considered under section 11 of the preceding chapter,
the two factor pairs U-u and W-w controlled shape and colour
of cholam grain respectively. The two pairs of factors pertain
to two different traits of the grain. There are instances where the
two pairs of factors may affect the same trait in different manner.
An instance of this type was explained by Bateson and Punnett
in the case of comb types in fowls.

There are four types of combs in fowls, (1) rose, (2) pea (3)
single and (4) walnut (Fig. 15.) The comb type ‘rose’ is

1 .
[ Rose Walnut

Fig. 15. Types of combs in fowls.

monogenic dominant to ¢single’ and the factor pair is symbolised
R-r. Similarly the comb type ¢ pea’ is monogenic dominant to
single and the factar pair is symbolished P-p. When *rose ’ and
¢ pea’ are crossed, the effect is that bhe two dominant factors R
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and P are brought together. Individually they have been found
to produce two different types of combs and therefore it is not
possible for the two factors to produce two different comb types in
the same fowl. The two dominant factors interact and produce
a new type of comb termed °walnut’. This phenomenon is
explained by the following factorial symbolisation.

Rose: ppRR '

Pea: PPrr

Single : pprr

Rose X SiNGLE—(ppRR x pprr). The parents differ in a
single pair of factors viz., R-r. Therefore F, segregation shows
3 rose: 1 single.

PEA X SiNGLE.—(PPrr X pprr). The parents differ in a
single pair of factors, viz., P-p. Therefore F, ‘segregation shows
3 pea : 1 single.

Rost X PEA.—(RRpp x PPrr). The parents differ in two
pairs of factors. The F, genotypeis Pp Rr and the dominant
factors P and R interact to produce a new character, viz., walnut.
In F,, both the pairs of factors segregate and the possible
gametic combinations are shown in the checker board, Fig. 16.

The F, data may be summarised as follows:

TaBLE. 7.
Fre- Fre. .
Phenotype. quel;fcy. Genotype. que!:cy. F3 behaviour,
Walnut . 9 PPRR 1 Breeds pure,
PPRr 2 Segregates into 3 walnut 1
Pea.
Pp RR 2 Segregates into 3 walnut:1
Rose.
PpRr 4 Segregates like F1.
Rose .. . 3 PpRR 1 Breeds pure.
ppRr 2 Segregates into 3 Rose: 1
single.
Pea .. . 3 PPrr 1 Breeds pure.
Pprr 2 Segregates into 3 Pea: 1 single
Single .. . 1 pprr 1 Breeds pure.
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Fig, 16. Diagram to bring out interaction between two factors. The factors P and
R interact to produce the phenotype walnut.

In the genetical analysis of the characters in crop
plants instances of interaction between factors are frequent. In
the grain colour of Panicum miliaceum, two factors L and O
interact and produce four types of colours as shown below.
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Fig. 17. Complementary Factors (9 : 7 Ratio).

(To face page 43)
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Interacting factors,

Light olive grey .. .. . LO
Dark olive grey .. .. .. 10
Light buff yellow. . . . Lo
Buff yellow . .. .. lo

3. Complementary factors (9: 7 ratio)—Bateson and
Punnett came across an instance in sweet pea where two different
varieties having white flowers, when crossed gave hybrid plants
with coloured flowers and in F,, 9 coloured : 7 white flowered types
appeared. Similar instances were met with in many other plants.
For example, in rice two grey grained varieties resulted in F, plants
with red grains. In the segregating family 949 red grained and
753 grey grained plants appeared which is an approximation to
9:7 proportion. This is explained on the hypothesis that two
pairs of factors are involved in the interaction as indicated below :

Parents : Grey grained type x  Grey grained type
Pr, Pr, pr, pr, l pry pry Pr, Pr,

F,: Red grained
Pr, pry Pr, pr,
Grametes of F, P, Pr,, Pr, pry, pr; Pr,, pr, pro

The F, gametic combinations are shown in the checker board,
(Fig 17).

It will be seen from the checker board that the two factors,
Pr, and Pr,, have individually the same effect, viz., they produce
grey coloured . grains. Whenever these dominant factors are
brought together, they interact and produce red grains. In the
checker board (Fig. 17) it will be seen that in 9/16 cases the
dominant factors interact and produgg red grains. The double
recessive also is grey grained. Therefore, the last three classes of
phenotypes in the normal 9: 8: 3: 1 ratio are indistinguishable
from one another, with the result that the dihybrid ratio iy
modified to 9: 7 ratio.
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The F, data may be summarised as shown below ¢

TaBLE 8.

Fre- Fre-
Phenotype.| quency.| Genotype. |quency. F, behaviour.

Red e/ 9 |PryPryPrgPry] 1 |Breeds pure.

Pr, Pr, Pryprgy] 2 |Segregatesinto 3 brown :
1 white.
Pr, pry Pry, Pryl 2 " "
Pr, pr, Pr, pry|] 4 |Segregateslike F,.
Grey. .. 7 |PryPryprypry 1 Breeds pure.

Pr, pr, pry pry| 2 |Segregates for factor
Pr,-pr, but is all
phenotypically white.

pry pry Pry Pry| 1 Breeds pure.

pr, pry Pr, pryl 2 |Segregates for factor
Pr,-pr, but is pheno-
typically all white.

.

pr, pry prp pr,| 1 | Breeds pure.

The seven grey types fall into five genotypes. Their genotypic
differences can be distinguished by crossing tests. For example, the
grey with genotype pr, pr, pr, pr, when crossed with the grey
parent of the gemotype Pr, Pr; pr, pr, or pr; pr, Pry Pr,
results in grey grained F,. In contrast to this, the grey with
genotype pr, pr, Pry pr, when crossed with Pr; Pr, pr, pr, results
in 3 Red to 1 grey in the first generation of the cross; the same
grey when crossed with pr, pr, Pr, Pr, results in grey grained
types only. The five genotypes can be distinguished by such crossing
tests,
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The complementary ratio results by the modification of 9: 3 :
3:1 ratio, where the three latter classes of phenotypes merge
into one and are externally indistinguishable., The two parents,
which are similar in respect of a character give rise to a new charac-
ter when they are crossed and in F, segregation 9 new types and
7 parental types appear.* This type of interaction is termed com-
plementary.

The type of interaction between the two factors Pr, and Pr,
is comparable to that between two colourless chemicals which
when mixed produce colour. For example, phenolphthalein
when added to KOH produces pink colour though both the re-
agents are colourless. However this does not mean that com-
plementary ratios can be expected in cases of colour production
only.

4. Supplementary Factors (9 : 3 : 4 ratio).—In the genetic
analysis of glume colour in cholam it was found that two factors
P and Q interact. Under Section 4 of the preceding chapter it was
pointed out that blackish-purple is governed by the factor-pair
P-p. When Q is present along with P, the glume colour is modified
to reddish purple. The factor Q has no effect by itself in the
absence of the dominant factor P. The factorial scheme of such a
cross between blackish purple and brown glumed variety is shown
below :

Parents : Blackish X Brown

purple
PPqq prQQ
F, Reddish purple
Pp Qq
@Qametes of F, : PG , Pq , pPQ , pq

The F, gametic combinations are shown in the following checker
board. (Fig 18.)

The brown glumed parent has the dominant factor Q and this
factor is without any effect on glume colour in the absence of P.
Therefore the two genotypes ppqq and ppQQ are both phenotypi-
cally brown glumed.
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The F, data may be summarised as shown below :

TABLE 9.
Phenot; Fre- | Genot Fre- Fs3 behaviour.
YPe: | quency. | “eROWP® | quency. | * :
Reddish purple. . 9 PPQQ 1 Breeds pure.
PPQq 2 Segregates into 3 reddish pur-
ple: 1 blackish purple.
PpQQ 2 Segregates into 3 reddish
purple : 1 brown.
PpQq 4 Segregates like 1,
Blackish purple . 3 PPqq 1 Breeds pure.
Ppqq 2  |Segregates into 3 blackish pur-
ple: 1 brown.
Brown .. 4 prQ 1 Breeds pure.
PpQq 2 Begregates for factor Q-q but
is phenotypically brown.
Ppaq 1 Breeds pure.

Of the pure breeding brown glumed types, ppQQ carries the
interacting factor Q while ppgq does not. When crossed
with the blackish purple the former results in reddish purple
glumed F; and the latter in blackish purple glumed one.

The modification of 9:3:3:1 into 9:3 : 4 arises due to the
fact that the last two genotypes of the former are phenotypically
alike and are indistinguishable. The two pairs of factors involved
in this modification affect the same character, one of the factors
‘having visible effect by itself while the other has none by itself
but when the two factors are brought together they interact and
produce new effect.

6. Epistasis (12: 3 : 1 ratio).—This modification of F,
ratio may be explained by taking an example from cholam. The
grains in this crop may be pearly or chalky in appearance. Many
of the cultivated types show pearly grains which are shining and
transluscent. They are lustrous and oily white. In contrast to
this, chalky grains bear no lustre and are opaque and salt white.
These are characterized by a large deposit of starch in mesocarp
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layer. The deposit is uneven giving banded appearance to the
gramn. Pearly is monogenic dominant over ‘chalky’ (Z-z). In
regard to colour of graimn it may be red or white. Red is mono-
genic dominant over white (W-w). When a red grained type is
crossed with white pearly, F, is red grained but whether it is pearly
or chalky cannot be distinguished due to the presence of colour
in seed coat. The character, colour of grain, masks the character
of appearance of grain. The factorial representation of this cross
i8 shown below :

Parents : Red X White pearly
WWzz wwZZ
N4
F, : Red
WwZz
Gametes of F, : WZ, Wz, wZ, wz.

Gametic combinations of F, are shown in the checker board
(Fig. 19.)

The character, chalkiness or pearliness of grain is masked by
the colour of grain. The F, data may be summarised as follows :

TasBLE 10.
P} enotype Fre- | Genot Fre. F3 behaviour
ype. quency. ype: quency. *
Red .. o012 WW2zZ 1 Breeds pure.
WwZZ 2 Segregates mto 3 red: 1 white
pearly.
WWZz 2 Se%regates for the factor pair
-z but is all phenotypically
red.
WwZz 4 Segregates hike F1.
WWzz 1 Breeds pure.
Wwzz 2 Segregates into 3 red: 1 white
chalky.
White pearly .. 3 wwZZ 1 Breeds pure
wwiz 2  |Segregates into 3 white pearly:
1 white chalky. .
White chalky . 1 wWzz 1 Breeds pure.
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The 12 red types really fall into two classes w2, 9 red pearly
and 3 red chalky, but this grouping is rendered difficult and the
oolour masks the différence between pearly and chalky. The two
dominant factors affect the same character or organ with the result
that one of them expresses itself while the expression of the other
is masked. The Eg‘ngglepon of masking is termed epstagis. The
‘masking factor 18 epistatic to the masked factor and conversely the
masked factor is hypostatic to the masking factor. In the above
example W is epistatic to Z and conversely Z 1s hypostatic to W_

CHECKER BOARD

2 Wy w wy
wwzz wWWZy wwil WwZy
wz RED RED RED RED
WWZy Wiz Wwly Wwyy
Wy RED RED RED RED

Ww2Z Wwiy ::pw wwzy - /

wi RED RED WHITE PEARLY;WHITE PEARLY.

Wwy Wwyy

w3 RED RED

The phenomenon of epistasis is different from dominance.
Dominance relates to allelomorphic pair of factors. The two
pairs of factors involved in epistasis are not allelomorphic and they
may be situated on different chromosomes.






Lr~ i
Pig. 20 INHIBITORY FACTOR When I is present,
colour is inhibited. By itself I does not
show any phenotypic effect in the absence of

Lp. Note the possible genotyres for green ;
Ilp, I Lp, i 1lp.

(To fece page 49)
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6. Inhibitory Factor 13 : 3 ratio.—Two pairs of factors
are involved here and one of the dominants suppresses or inhibits
the expression of the other dominant. This may be explained by
taking pigmentation in ice plants. In a cross between a purple
pigmented and a green rice plant it was found that the F, was
green and in F, there appeared 13 green and 3 purple pigmented
types. This is explained on the following hypothesis :

Parents : Green X Purple
Illplp ii Lp Lp
F, : Green
L Lp Ip
Gametes
of F, ILp, Ilp, iLp, ilp.

The F, gametic combinations and phenotypes are shown in the
checker board. (Fig. 20.)

The factor Lp is capable of producing purple colour in leaves
and is present in one of the parents. The parent with green leaves
possesses a factor ‘I’ which has no visible effect by itself but it
inhibits the colour production by ‘Lip’. The presence of the inhibit-
ing factor can be judged only by its action on the factor Lp and

not by any phenotypic effect of its own. The F, results of the
cross are summarised below :

TaBLE 11.
P 0
Phenotype. qI}el:c-y. Genotype. ql}e‘:c-y. ¥3 behaviour,
Green .. . 13 1T LpLp 1 Breeds pure.

1I Lplp 2 Segregates for factor Lp but
phenotypically breeds pure for
green.

11 lplp 1 Breeds pure.

I Lplp 4 Segregates like F1.

1i Iplp 2 Segregates for factor I, but
phenotypically breeds pure
for green.

Ii LpLp 2 Segregates into 3 green: 1
purple.

ii lplp 1 Preeds pure.
Purple . 3 ii LpLp 1 Sreeds pure.

ii Lplp 2 Segregates into 3 purple: 1

green.
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Genotypes IT LpLp, II Lplp, II 1plp, Ii 1plp and iilplp though
phenotypically breed pure for green, possess different potentialities
to produce purple colour when crossed with suitable genotypes.
In this type of modification, the visible effects of the segregation
of the factor Lp-lp is obliterated by the inhibiting effects}of
factor L.

The first instance of inhibiting factor was met with in the
case of plume colour in fowls. White Wyandotte and White
Leghorn are two breeds of fowls with white plumes. The white
plumes in Wyandottes proved simple monogenic recessive to
coloured plumes. When the Leghorn was crossed with fowls
with coloured plumes, the F; was white and in F,, 13 white: 3
coloured types appeared. Therefore, two pairs of factors are
involved here. The factor for inhibiting colour in plumes is present
in white Leghorn. If the inhibiting factor is symbolised as I-i
and the colour factor C-c, the genotype of the two white breeds of
fowls may be symbolised as shown below :

White Wyandotte  iice
White Leghorn 1ICC
Such inhibiting factors have been frequently met with in plants.

7. Duplicate Factors (15 : 1 ratio).—As an example for
this type of modification, the character pair ‘awned-awnless’
in rice may be taken. In a cross between ‘awned’ and ‘awnless’
types, F, was awned and in F,, 15 awned and 1 awnless types
appeared. This shows that two pairs of factors are involved in
the cross. If the factors are designated A;, and A,, the following
factorial constitution will represent a cross between awned and
awnless types.

Parents Awned X Awnless
AAAA, a,2,2,8,
4
¥, Awned
AaAa,

Gametes of ¥, AA, A, a)A,, a3,
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The F, genotypes and phenotypes are shown in the following
checker board. (Fig. 21).

CHECKER BOARD.

AA, AA; AA Aa, Aa, AA; Aa,A,a,

:
=
<
L=

AA Aa, AA aza; Aa, A a;
|
Aa,
bl @
Aa, AA, Aa, A a, a,q, A A, a,a, Aa,
a,A, 6 é 6 .
3

A,q, Aa, A, a,a, 6,0, Aj 0, a,a, a,4,

iK' )

Fig. 21, Duplicate Factors (16: 1). Note that the presence of any one factor
Alor Az causes awn. Absence of both the factors causes awnless
grain.

16 : 1 ratio arises when two factors affecting the same character
produce similar effects when both are present or only one is present.
Absence of both the factors causes the development of the
recessive character ‘awnless’.

That two pairs of factors can act identically is a point of
importance to a plant breeder. This condition arises by the
duplication of genes which originally existed singly. This is
generally the case with polyploids. The first three classes of
phenotypes in the normal 9: 3: 3: I ratio merge into one class.
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The F, data may be summarised as shown below :

TaBLE 12.
Fre- Fre- .
Phenotype. quency. Genotype. quency. F, behaviour.

Awned ..| 16 |A; A, A, A, 1 | Breeds pure.

A A A a, 2 | Segregates for factors A,-a,
but phenotypically hreeds
pure for awned.

Aja, A A, 2 | Segregates for factors A -a,
but phenotypically breeds
pure for awned.

Aja A, a, 4 | Segregates like F,.

Ay A, a,a, 1 | Breeds pure.

a, a; A, A, 1

2 »

a 8, A;a, 2 | Segregates into 3 awned : 1
awnless.
Al 2y 8y 84 1 ”» ”
Awnless .. 1 [aja,a,a, 1 | Breeds pure.

The double recessive ‘awnless’ appears in 1/16 of the F,
population. In the case of duplicate factors there are two
phenotypes only and the recessive one appears in one-sixteenth
of the F, population, a proportion which is less than in any
other modification of dihybird. The reduction of the recessive
character to this low level is advantageous in cases where the
recessive character is not economically desirable. For example,
albinism in ragi is governed by duplicate factors and from
heterozygous plants albinos are thrown out in the ratio 15 green
to 1 albino. Albinism is an undesirable character and the danger
of its appearance even from natural crosses is reduced to low
e vel by the duplicate factors.

8. Polymerism (9: 6 : 1 ratio).—The pericarp colour in
wheat may be decp red, light red or colourless. When two types
with deep red and colourless pericarp are crossed, F, is deep red.






Ce, 8,
Clcl Czcz clcl Czcz clcl Cz cz

C, c, Czcz q ¢ cge, ce, Czcz ¢c ce,
Fig. 22. POLYMERISM. 9 :6 : 1 Ratio. When both

C1 and C2 are present the colour is deep red,
When any one factor is present the colour is
light Red. When both are absent the grainis
colourless. The two factors Cland C2 show

cumulative effect.

(To face page 53)
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In F,, 9 deep red, 6'light red and 1 colourless types appear. This
genetic behaviour may be explained on the hypothesis that there
are two pairs of factors C; and C, involved in the cross.

Parents Deep red X . White
C,C.C.C, \Iy €1 €, C; C;
F: Deep red

Gametes of F; : C,C,, Cic,, ¢,C,, ¢,C,.

The F, Gametic Combinations are shown in Fig 22, and the
F, data are summarised below in table 13.

TasLr 13.
Phenotype. qlf;f(;y. Genotype. qtirri;y. F, behaviour.
Deep red .. 9 /C,C,C,0C, 1 | Breeds pure.
C;C;Cyey 2 | Segregates into 3 deep red:
1 light red.
C,c; C,C, 2 ” »
C,c;Cycy 4 | Segregates like F,.
Light red .. 6 [C,Cycycy 1 | Breeds pure.
Crcycycy 2 | Segregates into 3 light red:
1 colourless.
c;0,C, Cy 1 | Breeds pure.
¢, ¢, Cycy 2 | Segregates into 3 light red:
1 colourless.
Colourless.. . 1 | eycqcycy 1 | Breeds pure.

In this type of modification two dominant factors affecting
the same trait have similar effect when present individually but
when both are present they produce double the effect. The
middle two classes of phenotypes in 9: 3: 3: 1 become indistin-
guishable. They show additive effect. This is the simplest case
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where the factors show additive effect. If the principle 1s
extended to a large number of factors, a graded effect can be seen
in the phenotype. With gradual increase in the number of
dominant factors, the character expression also proportionately
increases. Such characters are termed quantitative characters.

9. Modifications due to incomplete dominance (3:6:3:
1:2:1).—In cases of monogenic difference, 3: 1 ratio is
modified into 1: 2: 1. In the case of a dihybrid, if dominance
is incomplete in one of the pairs of characters, 9: 3: 3: 1 is
modified to (3: 1) (1: 2: 1) or 3: 6: 3: 1:2:1. An instance
of this type was noted in rice in regard to the character
pairs ‘dense-lax’ panicles and ‘clustered-nonclustered’ spikelets.
(Fig 23)

Fig. 23. The central six types show Fg2 recombinations in a cross.

T298 is a type with dense panicle and nonclustered spikelets and
E. B. 331 is another type with lax panicle and clustered spikelets.
Lax panicle is dominant to dense panicle and clustered spikelet
is partially dominant over non-clustered spikelets. In F, segrega-

tion 6 classes of phenotypes appear as shown in Figures 23
and 24.
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Fig 24. Parents and F; to show clustering of grain and panicle shape.

TaBLE 14.
F, segregation in the cross T. 298 x EB. 331.

Inter-

Tyvpical x;:dt?;;e No Cluster | mediate chll\izer
cluster cluster cluster and cluster but
lax lax dense and dense

s lax . .
panicle. panicle. paniole. | panicle. pgfxrilcsﬁa. pauicle.

SSCC | SSCe | SSce ss CC ss Ce 83 ¢
or or or
Ss CC | SsCo Ss cc

Observed . .. 1173 2435 1183 298 706 520

Expected on 3: 6: 3:| 1183 2370 1185 395 790 395
1: 2: 1 ratio.

10. Lethal Factor.——All genetic factors are not useful to
the plant. There are some factors which develop harmful
characters which may cause death to the progeny. Even if the
plant possesses scores of other desirable factors, one harmful
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factor may cause life impossible. For example, in the case of
plants, presence of chlorophyll is essential for normal development
and in its absence the plant dies by starvation. This important
character is very often governed by a single factor.

In the case of pearl millet it was found that factor ‘C’ is
responsible for chlorophylland count in segregating families showed
10,101 green to 3,390 albino seedlings which is an approximation
to 3: 1 ratio. The albino seedings die a few days after
germination.

(With the kind permassion of Pr. Ind. Acad. Sr.)

Fig. 26. Albino seedlir gsin rice. The white seedlings lack chlorophyll and
hence they die out.

Various types of chlorophyll deficiencies have been recorded
in different crops like maize, rice, cholam, etc. The deficient
types may die a few days after germination or they may recover
from the deficiency and become normally green. For example,
in rice it was found that (1) lethal yellow (yy) scedlings die after
about 8—10 days’ growth in the nursery (2) lutescent seedlings
(1) which are normal green to start with turn yellow and die off
(3) yellow and white striped seedlings are weak and slow growing
at first but they turn green a fortnight after germination (4) green
and yellow striped seedlings (ggyy) turn green 8—10 days after
germination (5) albinos (ww) die a few days after germination.
(Fig 25.)
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Even though the seedlings may be green and normal, the lethal
effect may be caused by a lethal factor. In Sorghum caudatum
it was noticed that one month old seedlings were dying due to
atrophy of roots and shoots. Lethal green seedlings were recessive
to normal green (CL-cl) (Fig. 26).

(Wath the kind permassion of Curr. Sc.)

Fig. 26. Lethal green seedlings of cholam., Note the
small seedlings which die out. The lethal
effect 18 cansed by the recessive genetic
faotor cl.

__The lethal effect may be brought about at any stage during
the development of the zygote. The zvgote itself may perish or
“the death may take place before the embryo is fully formed.
When death takes place before the embryo is formed the F, ratios
are altered due to the non-appearance of the lethal class. For
example, in mice yellow coat _colour is_a heterozygous character
(Yy) and it always segtegates aiid never breeds trie. When two
yellows are mated, in the progenies, for every two yellow types

4a
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one coloured type appears. When the yellows are mated to non-
yellows half the progenies are yellow and the other half are
non-yellow. This latter cross is equivalnt to back-cross of the
heterozygous type with the recessive parent. '[Therefore the
results of the matings between the two yellows may be represented
a8 shown below :

ellow X yellow
‘( Yy ‘Yy
L yellow ellow Black
YY Yy 5y vy

The homozygous dominant YY is lethal and the F, ratio is
modified to 2: 1 (Fig. 27.)

YELLOW
Yy

Fig. 27. Lethal factor in rats. Note that the homozygous YY die out.

A consideration of lethal factors is important in plant breeding.
The lethal factors cause death when they are in homozygous
condition. The death may occur at any stage of development. of
the plant. In plant breeding it is the experience that naturally
cross-fertilised plants when artificially self fertalised throw out
abnormal types. The abnormal types arise due to the fact that
selfing renders many genetic factors homozygous and the latter
bring about deleterious effects of different grades.

11, Mosaic Expression.—In some instances it is found that
the F, phenotype is a resultant of mosaic expression of both
dominant and recessive phenotypes, The Andalusian fowls are
blue in colour and this is a heterozygous character. In the breed
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when black feathered type is crossed with white-splashed-with-blue
type, the hybrid is blue feathered. The two parental types are
pure breeding when crossed infer se. The black feathered type
i8 due to homozygous factor developing that character. In these
feathers the pigment is black in colour and the rod shaped black
granules are evenly distributed in the cells of the feather. In
the blue feathers of the other parent, the pigment bodies are blue
round and clumped and the barbules of feathers are not pigmented.
When the pigmentation of the hybrid is studied, it is found that
all feathers are pigmented as in the black parent but in the distri-
bution of pigment it resembles the other parent. Thus the mosaic
expression of the two parental characters in the matter of details
of pigmentation causes the blue hybrid. Andalusian blue never
breeds true when mated ¢n/er se and it gives rise to 1 black: 2
blue : 1 white splashed with blue and hence the character cannot
be fixed as pure breeding. It is always heterozygous.

As another example for mosaic expression of the parental
characters in the hybrid may be mentioned the cross between
red and white type of short horn breed in cattle. The hybrid is
roan in colour which is an intermediate type between the parental
characters. The roan colour is caused by a fine mixture of hairs
of red and white in a mosaic fashion.

12. Variable dominance.—Even though the inheritance of a
character is governed by a single pair of allelomorphs in a cross
the separation of phenotypes into distinct parental groups may
be difficult. Thus in the case of seed coat colour in red-gram,
type b was silver white with faint grey markings and type 80 was
fawn with brown markings. In F,, separation of phenotypes
was difficult due to variability between the parental forms. In
the case of Drosophila, when ebony and sooty coloured types are
crossed, the F, colour is variable from ebony to sooty. Again
the F, classification is difficult without further breeding tests.

13. Cytoplasmic effect.—The cytoplasmic effect is wide and
the general principles will be discussed later. In an earlier section
it was pointed out that genotypically the reciprocal crosses are
identical. However, in many cases the reciprocal crosses show
phenotypical differences and these are due to cytoplasmic
differences. The female gamete in higher plants is surrounded by
a large section of sterile tissues and the ovum grows to maturity,
both before and after fertilisation, attached to the female parent.
The cytoplasm surrounding the male gamete v2z., the pollen is
comparatively negligible.
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Reciprocal cross differences have been reported in a large
number of instances. For example, 38 races of Epilobium hirsu~
tum were crossed reciprocally with the race jena. All hybrids with
jena as male parent showed normal vigour but in the reciprocal
cross a continuous series of abnormalities were observed in F,,
depending upon the race of male parent. It was evident that the
ena plasma reacted with inhibiting effects on the genotypes of
the different male parents. In the course of hybridisation werk
in cambodia cotton, reciprocal cross differences have been met
with at Coimbatore.

14. Endosperm character.—In maize there are two types of
endosperm : floury and flinty. In reciprocal erosses between the
two, the F, endosperm was after the mother. Endosperm develops
from secondary nucleus resulting from the fusion of two maternal
and one paternal nuclei each one containing haploid set of chromo-
somes. Therefore, endosperm in all cases is triploid (3n). If F
represent:, flinty endosperm and f floury, F is dominant over
f in diploid heterozygous tissues (Ff). The genotype of the endo-
sperm of pure flinty type is FFF and that of floury type is fff. In
a cross between flinty and floury, the hybrid endosperm is FFf
and in the reciprocal cross it is ffF. When ¢ floury ’ type is crossed
to flinty, the hybrid endosperm is floury because there are two
recessive factors and one dominant factor in the genotype ffF.
In this instance, two doses of recessive factors express themselves
phenotypically against a single dose of a dominant factor. This
is termed dosage effect.

The dosage effect is not evidenced in all cases of the endosperm
characters. For example, sugary x starchy gives starchy hybrid
and the reciprocal hybrid also shows starchy endosperm. In this
character dominance is not altered by dosage of the concerned
genes.

15. Xenia.—Normally when two parents are crossed, the
seeds that develop from crossed flowers represent the F, genera-
tion. When sown they germinate and give rise to the hybrid
plant which on maturing bears seeds representing the second gene-
ration of the cross. The crossed seed in general is not different
from the other seeds borne on the same mother plant ; similarly,
seeds of F, plant are all alike, but when sown exhibit genetic
difference in the seedling or seed characters. But in the case of
some plants, in reference to endospermous seeds and in respect of
certain seed characters, the genetic differences are realised one
year sooner. The seed itself exhibits genetic differences in the



MODIFICATIONS OF F, RATIOS 61

embryo within. Thus, in the maize plant the crossed seeds deve-
loping on the parent plant after crossing may exhibit change in
form or colour, when dominant factors are introduced through
the pollen parent, e.g., when sweet corn with wrinkled translucent
kernels is pollinated by field corn with smooth opaque seeds, the
seeds of crossed ears are smooth opaque. The F; plants when
selfed show ears with 3 smooth opaque: 1 wrinkled translucent
seeds. The segregation is-evidenced one ycar earlier than in ather
cases. This phenomenon is termed Xenia.

——

(Wath the kind permassion of Pr. Ind. Acad. Sc).

Fig. 28. The starch granules of dimpled (left) and non-dimpled (right) cholam
grains.

A case of Xenia has been noted in cholam. The variety
*“ Sakkara gulige jonna ” of Bellary district (Madras) shows dimp-
led grains. These plants are not vigorous. Non-dimpled grains
are dominant over dimpled giving 3 : 1 ratio in F,.  When A. S. 219
(dimpled grain) was crossed with A. 8. 158 (non-dimpled grain),
the ears of F, plant showed both dimpled and non-dimpled
grains and the counts from 49 plants are presented in table
15. The starch granules in these two types, of grains differ as
shown in figure 28.
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TaBLE 15.
COUNTS OF NON-DIMPLED AND DIMPLED GRAINS IN HYBRID
EAR-HEADS.

Serial| Non- . % Serial | Non- . %
No. | dimpled. | PmPled: | pinpied. | No. |dimpled. | PimPled: | pympleq.
L 2,159 716 209 | 26. | 2,833 732 20-2
2. o11 2844 2¢0 | 27, | 1617 415 20-4
3. 1,268 401 240 | 28 | 1910 487 20-3
4. 3,037 916 232 | 20, | 21903 553 201
5. 1,087 318 230 | 30. | 1464 378 200
8. 1,708 510 230 |31 | nom 489 19-9
7. 1,934 569 227 | 32, | 2340 573 197
8 | 2110 613 225 | 33 | 2081 509 107
9. | 2029 582 223 | 34, | Lao7 366 197
0. | 2683 770 223 | %5, | 1.804 366 19-6.
11. 2,019 578 222 | 36. | 2,240 542 195
12, 1,468 418 221 | 37. | 2190 532 195
13. 1,423 460 221 | 38 | 2353 572 195
4. 1,995 337 220 | 39, | 1332 322 19-5
15. 1648 424 220 | 40, | 2410 789 10-4
6. | 2,08 590 220 | 41. | 1,466 351 19-3
17, 2,933 322 219 | 42, | 1638 385 19-0
18, | 2285 636 218 | 43 | 1944 487 190
19. L716 471 215 | 44 | 2093 488 189
20. 2,211 507 213 | 45. | 2,031 682 189
2. | 2,73 733 911 | 48. | 2,620 606 187
22. | 2307 635 209 | 47. | 2,609 597 186
23, 1738 488 209 | 48 | 2,956 675 186
o, | 2302 628 208 | 49, | 1579 425 210,
2. | 20530 685 20-6

99,710 | 26,250 20-8

In rice, glutinous flowers when pollinated by pollen from
starchy type, develop starchy grains. F, plants when selfed,
bear a mixture of starchy and glutinous grains (Fig 29). For 9 F,
plants, counts of grains in ears are shown below :

.

Starchy glutinous.
Total for 9 F, plants 5292 1587
Expected on 3 : 1 ratio 5159 1720
There is slight excess of starchy types and this has been later

explained as probably due to the glutinous pollen being weaker
in its action.
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EARHEAD OF F,

Fig. 29. Diagram to explain Xenia in the cross glutinous X starchy
rice. Note that the crossed seeds are starchy and the
segregation in 3: 1 1atio is evident even in the earhead
of the F1 plant.
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The term Xenia was first used by Focke in 1881. This was
applied to the effect of foreign pollen on the form or colour in any
part of the plant. This may fall into three groups (1) where the
zygote is affected (2) where the endosperm characters are affected
{3) where the effect is on maternal tissues. In the first two groups,
the genotype of the pollen has direct influence but in the third
group it has none. The effect of foreign pollen on maternal tissues
was suggested to be due to secretion of hormones by endosperm
and embryo (Swingle 1928) and the secretions have specific
influence on maternal tissues depending upon the pollen parent.
In dates, the time of maturity can be made to vary according
to the pollen parent. In certain varieties of cotton, length of
lint differs in different pollinations (Harrison 1931). Differences
in time of maturity, size, form, colour, etc., of fruits of various
plants are also reported. In some instances. number and condi-
tion of developing seed within the fruits are also directly affected
by different pollinations.

The term metarenia was introduced by Swingle (1926) to
denote ‘‘influence of male parent on the tissues of the mother
plant outside the embryo and endosperm especially as exemplified
in the date palm.” In oranges, shape, colour and flavour of
fruits have been reported to be affected by pollen. In apple the
variety golden spire, on self pollination, develops parthenocarpic
fruit which are different in form from cross-pollinated true fruits.
Differences in acidity are also reported due to pollen parents.

16. Heterosis.—In respect of certain characters such as
height, size, weight and vigour, the hybrid exceeds the dominant
parent. This is termed hybrid vigour or heterosis. Ashby attributes
this hybrid vigour to the initial advantage gained by the hybrid
embryo, by being bigger than the parental embryos. East 1936
has shown that heterosis is a gene controlled process. Heterosis is
greater when the disparity between the parents is large. In type
and extent heterosis differs in different genera. In practical
breeding problems heterosis is an important phenomenon. It
concerns the whole plant. In the case of cross fertilised plants
like maize, self-fertilisation leads to reduction in vigour and
unmasking of deleterious recessive genes. When the plants are
rendered homozygous, they are inferior to the commercial parental
types. When these homozygous types are crossed, heterosis
is great and the hybrids in some cases excel the parents and the
commercial forms. (Vide Chapter XIX also). 3 €1

17. Gene symbols.—Extensive work has been done in genetic
analysis of crop plants such as maize, rice, cholam, cotton, etc.,
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It is necessary that gene symbols should be standardised to avoid
confusion. When standard symbols are used, it is easy to identify
the genes distributed in different varieties or geographical races.
When such lists are completed in respect of a crop, the plant
breeder can know, the source of availability of any one gen¢ and
also about its mode of inheritance, etc. = Attempts have heen
made in this direction and gene symbols for some crops have been
published in various research publications. The following are
some of the main principles underlying gene symbolisation :

(1) Genetic analysis on an extensive séiale i iecessary
to understand the inter-relationship of genes within
the species as well as to bring out the similarity
of genes affecting the same type of character in
different species. The symbolisation in maizé May
be taken as working model as it is the only cxop
plant where the genetic analysis is very extensive
and symbolisation has been done on some plan.

(2) The adoption of the same basic letter for a-particular
character in different crops is logical, as it is found
that the genic effects may be similar when they
concern homologous parts in different species.

(3) Multiple alleles are distinguished by gene symbols
with superscript letters: e.g., R, Ri, Rec. Rs, Ry,
re for multiple allelomorphic peries in Asiatic cotton
anthocyan pigments.

(4) Complementary genes have the samg! common gene
symbol with alphabetic subscripts, e.g., Cpa, Cpv
for crumpled leaf in cotton.

(6) Duplicate genes have the same common symbol with
numerical sui)scripts, e.g., Chl;, Chl,, for chlorophyll
deficiency in new world cottons.

Symbolisation on these lines will ultimately enable a breeder
to identify the character from gene symbol, e.g., Chl stands for
chlorophyll. From these symbols one can know the type of
interaction involved in inheritance. This may be taken as
parallel instance to symbolisation of elements in chemistry sucg
as O for oxygen, N for nitrogen and these symbols indicate the
elements even in compounds. Gene symbelisation is on similar
lines. Gene symbols for rice, cholam and cotton are given here
for reference. (Vife Appendix..).



CHAPTER V

CELL DIVISION

THE CELL—OCELL DIVISION—MITOSIS—MEIOSIS—DIFFERENCES
BETWEEN MITOSIS AND MEIOSIS—CROSSING-OVER.

1. The Cell.—That living organisms are composed of cells
was first digcovered by Robert Hooke (1660) who, by examining
a thin piece of bottle cork under the newly constructed microscope
described the honey-comb like structure as cell. In 1838-39
Schleiden and Schwann in Germany enunciated the cell theory.
Theirs is one of the great generalisations of experimental biology.
Both in plants and animals, the cell is not only the unit of structure
but also of function. In 1831 Robert Brown discovered nucleus
in the cell.

In 1861-62, Schultz and De Bary established the essential
unity of protoplasm in all living beings. In 1875, Strasburger
described the chromosomes and Hertwig proved that fertilisation
eonsists in the union of two nuclei from the gametes. The dis-
covery of Hertwig was useful in dispelling the doubts prevailing
in those days regarding the role of the two sexes in sexual repro-
duction. These two authors in 1884-85, simultaneously identified
that the nucleus plays an important role in heredity. In
1885-87 Weismann detailed the behaviour of chromosomes during
cell division and predicted two types of divisions and in 1887-88
Boveri demonstrated reduction division in Ascaris. As a result
of these two discoveries the importance of cell both in the structural
and functional aspects of the organism became established. The
single cell, the gamete, transmits all the hereditary characters
from parent to the progeny. Before going into the details of
cell division, the structure of a plant cell is outlined below.

The plant cell is surrounded by cellulose wall. The protop-
tasm ingide the cell is differentiated into cytoplasm, nucleus and
;ohm'ds. Nucleus is a dense body situated inside the cytoplasm.
‘In the cytoplasm of plants are found discoid or spherical bodies
termed plastids which bear pigments such as chlorophyll, xantho-
phyll and carotin. The plastids are responsible for transmission
of plastid pigmentation from parent to progeny and thus cause
extra nuclear tnheritance of plant pigmentation in some cases,
6é.g., maternal tnheritance of chlorophyll deficiencies.
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The nucleus is dense and large when the cell is young and
dividing. When the nucleus 18 not dividing 1t 1s termed the resting
nucleus, a misnomer because, the nucleus is functionally always
active whether dividing or not. The nucleus appears to be sur-
rounded by nuclear membrane. There are one or more refractive
bodies inside the nucleus and these are called nucleoli. During
resting stage of the nucleus, the chromosomes are not visible due
to their being in a hydrated state and having the same refractive
index as that of nuclear sap.

&
)
o

Fug 30. A typical plant cell.

.

At the 1mtial stages of cell division the chromosomes begin
to™ appear as distinct thread-like structures. Generally the
number of chromosomes 1, constant in a species. However,
different species may also have the same chromosome number,
e.q., Gossyprum arboreum, G. herbaceum (the cultivated Asiatic
cottons) and G. Stocksis (the wild Asiatic cotton) show somatic
number 2n—28. I. . few cases the same species may show
varymg chromosome numbers e.g., Saccharum spontaneum.

2. Cell Division—In sexual reproduction the organism
develops by the repeated division of the zygote. The latter divides
repeatedly and in a human body there are about 104 cells. There
are intervals between the divisions and the interval may be short
or long. In the course of repeated divisions all the hereditary
materials remain constant without change and every somatic
division results in equal distribution of the chromosomes between
the two cells 1n such a way that the two daughter cells are identical
with each other and also with the mother cell. This is made possi-
ble by the fact that each chromo.ome 1s longitudinally split into
two chromatids and the split halves separate out. This type of
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fell division which takes place in the vegetative tissues is termed
Karyokinesis or mitosis or somatic division.

Since the zygote results from the fusion of two gametes, there
is doubling of chromosomes at the time of fertilisation. If each
one of the gametes contains n chromosomes, the zygote contains
2n chromosomes. The zygote develops into a mature organism
and again forms gametes for sexual reproduction. Weismann
predicted and this was later confirmed that there must be a
compensating division as otherwise at every fertilisation the
chromdsome number will be doubled. Mejosis o ion_division
constitutes this compensating mechanism. The chromosome number
in_the gametes is half that in the plant body. It was already
pointed out that sexual réproduction leads to great variations
in the progenies while asexual reproduction causes no variation
in the progenies. T'herefore meiosis ts a contrivance by which the
chromosomes show qualitative varation and are reduced to half the
number during the formation of gametes: In the flowering plants
reduction divisien takes place when the pollen grains and ovules
are formed. The pollen mother cells (PMC) and the egg mother
cells (EMC) undergo/reduction division.

3. Mitosis.—Mitotic cell division may be described under
four distinct stages with regard to chromosome behaviour—(i)
Prophase (ii) Metaphase (iii) Anaphase (iv) Telophase.

Prophase.—1t is indicated by coiled and contorted threads
appearing in the nucleus. These threads which are chromosomes
become increasingly  fixable”” during prophase, e.:., when the
cells are killed and stained by certain chemicals and stains, the
appearance of fixed chromosomes approximates to that in hving
cell. The fixability of chromosomes is found to depend upon the
colloidal hydration of the chromosomes. Belar showed that the
chromosomes during the resting stage of the nucleus are highly
hydrated and hence are not fixable ; whereas, during prophase,
the chromosomes gradually get dehydrated and become increasingly
fixable. The individuality of the chromosomes is maintained
throughout the resting stage of the nucleus glso. During the rest-
ing stage of the nucleus the chromosomes have split longitudinally
and the two chromatids lie close to each other throughout their
length and they are attached at the centromere. e

H
+ 'Three changes are evident during prophase; (i) theee is in-~
crease in the chromatin material of which the chromosomes are
made (ii) the chromosomes become shorter but thicker due to
spiralisation of the chromosqme thread (iii) the chromosomes
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undergo dehydration. As the prophase advances, the chromosomes
can be made out individually and they move to the periphery of
the nucleus. The nucleolus slowly gets reduced in size and gene-
rally disappears at late prophase. It is found that a pair of chro-
mosomes are attached to the nucleolus. These chromosomes are
called nucleolar chromosomes and these are recognised at meta-
phase as satellités or secondarily constricted chromosomes., The
function of nucleolus during cell division is not still clearly under-
stood. It is believed that it contributes chemical material for
the growth of the chromosomes. But it is now definitely established
that the nucleolus is organised at telophase by the nucleolar chro-
mosomes.

/ Metaphase.—At the end of prophase the chromosomes are
found uniformly distributed in the nucleus. When metaphase
follows; the nuclear membrane breaks down or the distinction of
demarcation between cytoplasm and nucleus disappears and this
stage is characterised by the appearance of spindle. From thae
two poles thread like bodies are seen to diverge towards the centye
and these appear to be attached to the chromosomes at centromere.
1t should be remembered that there are no actual threads or organic
attachment to the chromosomes. The spindle structure is explained
to be a result of certain molecular rearrangement in the material
of cytoplasm. At metaphase the centromeres of all the chro-
mosomes arrange themselves in one plane at the equator forming
metaphase plate. In this arrangement the distal ehds of chromo-
somes may lie outside the spindle. The arrangement of the
chromosomes at metaphase plate depends upon the number of
chromosomes and their sizes. Generally the large chromosomes
lie on the periphery while the smaller ones lie to the centre.

It was mentioned that the chromosomes appear as double
threads at prophase. At metaphase the two chromatids lie very
close to each other and each of these chromatids are closely spira-
lised and therefore, by normal staining, the chromosomes appear
like rods which are shorter and thicker than the early prophase
chromosomes. Metaphase is the shortest stage in cell division.
At late metaphase the centromere divides and the divided halves
begin to repel each other. The chromatids separate out at the
region of spindle attachment. The separation at this region is
due to repelling force between the divided halves of the centromere
and is not due to the action of spindle.

Anaphase.—The chromatids begin to move apart and ‘now:
they constitute daughter chromosomes (Fig. 31.) In the initial stagdg
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of the separation of the daughter chromosomes thereare no changes
in the spindle but soon the region between the two groups of cen-
tromeres begins to elongate and form the stem body. This separates
the two groups of daughter chromosomes which are now pushed
to the respective poles. In this stage of cell division, each chromo-

Fig. 31. HarlyAnaphase in mitosis. Note the attachment of ohromosomes_to the-
spindle at the region of the centromere,

gome which was longitudinally divided but whose two halves were
held close to each other, separates out the two halves to the oppo-
gite poles. As a consequence the daughter nuclei which are cons-
tituted by the two groups of chromosomes are 1dentical.

Telophase.—When the two sets of daughter chromosomes- ~
which by now assume the status of chromosomes—have sufficiently
moved apart, the two poles disappear and a nuclear membrane
begins to be formed round each group of chromosomes. A cell
wall is formed between the two nuclei. Within the newly recons-
tituted nuclei, complex changes take place which in brief may be
described as the reverse of changes taking place during prophase,
viz., the unwinding of the spirals, hydration and consequent un-
fixability.

Ip the telophase nucleus, the chromosomes arein single threads
ag they begin to change to resting stage while in early prophase of
the succeeding division they appear as double thread. Naturally it
ig inferred that the chromosomes split in the intervening resting
stage.

., Mitpsis may be summed wp as the division and separation
sdentica} halves of chramosomes into two identical groups
which the two daughter nucles are reconstituted (Fig, 32.p
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The nucleus has divided into two without changes in the chromo-
some number or structure. A division in the chromosome is follow-
ed by a division in the cell.

PROPRASE

METAPMASE.

lNAPHASE
RESTING
TELOPHISE

Fig. 32. Diagrammaitic representation of the different stages in mitosis.

4. Moeiosis.—Briefly, meiosis may be defined as ‘‘ the occur~
rence of two successive divisions of a nucleus accompanied by one divi-
ston of its chromosomes”’. This reduces chromosome number to
balf the somatic number (n). This is an essential step in all orga-
nisms where fertilisation occurs in one stage of reproduction.
The prophase of the first division is very much prolonged and
consists of definite substages termed leptotene, 2ygotene, pachytene,
dzplotene and diakinesis. After a short resting stage, the second
divislon takes place and this is like & normal mitotic division.

First Division.—The following is a brief-description of meiosis
in adiploid plant.
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Leptotene.—After mitotic division the daughter cells which are
to constitute the mother cell and undergo meiotic division start
next division with very short resting stage. The chromosomes
have not yet longitudinally divided and hence eﬁf@ﬁs\&me
consists of a single thread. In plants with especially long chromo-
somes the thread consists of a series of darkly staining minute
granules ‘ the chromomeres.” These granules or chromomeres are
suggested to be the genes. These granules are of unequal sizes
and lie at unequal distances in the thread which takes the stain
faintly.

Zygotene.—The homologous chromosomes come to lie side
by side. Throughout their length the two chromosomes lie close
to each other—they are said to pair. This pairing is strictly bet-
ween homologous regions of the two chromosomes.

Pachylene.—Since the chromosomes are in twos, they are
termed bivalents. In a cell with 2n chromosomes in leptotene
stage there will appear n bivalents in pachytene. The two chromo-
semes coil round each other and this is termed relational coiling.
The coiling is supposed to be due to internal torsion forces in the
chromosome threads.

During this stage, the chromosomes divide longitudinally
into two chromatids. The bivalents which appear in two strands
at the beginning of prophase now appear in four strands. At the
four strand stage exchange of segments between the two members
of & bivalent takes place. The exchange is between two chroma-
tids only (one from each homologue) by breakage and re-union. This
is termed crossing-over. If the two original homologous chromo-
somes are designated as ABCDEFGH and abcdefgh respectively,
at four strand stage each gene occurs in double. If the segment
FGH of one chromatid breaks, the corresponding segment fgh in
the homologue also breaks and the broken ends rejoin to give rise
to ABCDEfgh and abcdeFGH. As a result of crossing over, the
four strands will be of the following constitution: ABCDEFGH,
ABCDEfgh, abedeFGH, abedefgh. The first and the fourth re-
present the two parental types and the middle two represent new
reéombinations. When such exchanges have taken place the
bivalents fall apart except at specific regions where they ha.va5
broken and exchanged segments. These points of exchange,’
present a cross shaped appearance and are termed ‘chiasmata’. 1

Diplotene.—When the two chromosomes have split into four
strands' and when the exchange of segments has taken place by
Crossing over, the chromosomes begin to fall apart. This marks
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Fig, 33, Diagrammatic representation of crossmg over between homologous chromosomes during
formed, two of which are parental and two recombined.
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the beginning of diplotene stage. The separation of the chromo-
somes at diplotene is characterised by the appearance of chiasmata.
The chromatids now begin to contract by spiralisation. The
loops formed by chiasmata twist in such a way that alternate
ones are in the same plane—just as the loops of a well stretched
out chain. In some cases as the opening up of the loops of the
chromosomes progresses, the chiasmata move from their original
position towards the distal ends and away from the centromere
and this movement of chiasmata is termed terminalisation. (Fig 33).

Late diplotene stage is termed diakinesis. At this stage
there is the greatest contraction of the chromosomes. The chro-
mosomes are shorter and thicker than at the metaphase of somatic
mitosis and especially in organisms with long chromosomes it is
found that this is achieved by the formation of major spirals.

Metaphase.—The nuclear membrane disappears. Spindle is
formed. The bivalents arrange themselves at the ;ﬂﬁator with
the centromeres of each orientated along the axis of the spindle.
It must be remembered that of the two members of the bivalent
one is of paternal origin and the other of maternal origin. At the
equatorial plane which of these be toward one pole or other
is a matter of chance. The centromeres do not divide now. They
hold the two chromatids together.

Anaphase I—At the anaphase I, the two centromeres of each
bivalent repel each other. Each centromere moves along with it
the sister chromatids fhto which the chromosome had already
divided at pachytene. As already pointed out the separation of
parental chromosomes in one bivalent is independent of the separa-
tion in any other bivalent. For example if AA’, BB’ are two
chromosomes of paternal origin, and aa’ bb’ of maternal origin, at
anaphase I AA’, aa’ necessarily pass to opposite poles; so also
BB’, bb’ pass to opposite poles: but AA’, BB’ or AA’, bb’ may
go to one pole. The assortment of the two chromosomes of each
bivalent and their movements to one or the other pole is
random. Further, the chromosomes of the bivalents are not the
same as they were at zygotene stage as they have interchanged
segments.

Telophase I.—The separated chromosomes are reconstituted
into two nuclei which pass into snterphase, interkinesis, or short
resting stage. Two daughter cells or dyads are formed. This
resting stage may be very short or may be even altogether absent.
Each cell hag haploid number of chromosomes.

Second Division.—The second division generally starts with a
short resting stage after the first division. Prophase IT when
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present is always very short. The chromosomes at telophase I
have not undergone any visible change during this resting stage.
The second division is a normal mitosis. At metaphase II the
nuclear membrane disappears, spindle is developed and the chromo-
somes lie with their centromeres in the equatorial plate. The
sister chromatids lie loose along their length and are held at the
centromere. There are only haploid number of chromosomes in

Mother Cell

g i m W v o oviooovil i

)
Fig. 34. The formation of 8 types of gametes from a mother cell with'three
g pairs of chromosomes. Note the independent assortment of the thr‘ee

pair of chromosomes.

each cell. The chromatids show minor spirals only. At anap-
hase II the centromere divides and the two sister chromatids move
to opposite poles. The movement and the separation of the
obromatids are similar to the processes in hormal mitosis. AS
telophase II, the daughter nuclei are reconstituted with haploid
pumber of chromosomes in each.

Daughter Cells
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Fig. 35. Disgrammatic comparison between mitosis and meiosis. Note the
prolonged prophase, crossing-over and the formation of tetrad with
reduped and qualitatively ohanged chromosomes that oharacterise
wijoiia, The chromosomes at loptotene are not yet longitudinally splis
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At the end of meiosis, each mother cell has resulted in four
daughter cells termed tetrad. Meiosis in & mother cell with three
pairs of chromosomes is illustrated in fig. 34.

5. Differences between Meiosis and Mitosis.—In essential
features meiosis and mitosis are alike and the former may be
considered to be a modification of the latter. The two types of
divisions have been described in detail and the differences between
the same will be pointed out here. (Fig 35).

Mirosis.
(43) Ralvﬁw stage preceding mitosis is
ong.

(2) Prophase is short without sub-
stages,

(3) The chromosomes are longitudin-
ally sphit into two sister chroma.-
tids during the preceding rest.
ing stages. From early pro.
phase they appear as double
threads

(4) The sphit homologous chromo-
somes are not attracted towards
each other.

(5) At metaphase the centromere of
each chromosome divides and
the sister chromatids move
towards opposite poles. The
somatic number is mantained.

(6) Each chromosvme of paternal and
maternal origin 18 longitudin.
ally divided and the separa-

tion to ite poles results in
identical‘ daughter cells at the
end of mitosis.

Mgiosis.

(1) Resting stage preceding melosis
is very short.

(2) Prophase is prolonged with lepto-
tene, zygotene, pachytene, dip-
lotene and diakinesis su
stages,

(3) The chromosomes are not longi-

tudinally sphit but appear as
single thre:Pds.

(4) At zygotene and the succeedling
stages in pro of first
division, homologous chromo-
somes are attracted towards
each other ang they form biva-
lents. The chromosomes split
li.‘nto simbe(xi chromatids and at
our strand stage, orossing over
takes place. Exchange of seg-
ments of chromatide between
the maternal and patemal
chromosomes takes place. The
chromosomes then fall apart
with characteristic appearan-
ces depending upon the number
and type of chiasmata.

(5) At metaphase T the centromere
does not divide but the homo.
logous chromosomes move to-
wards opposite poles. The

number of chromosomes movi
towards any one pole is reduc
to half the somatic number,

s.e. reduction in the number of
chromosomes has taken place.

(6) At metaphase I the orieptation
of chromosmoes at the equato-
rial plate is such that either
paternal or maternal chromo-
some mﬂi goes to ome

The orien t:oninonepm

independent of the orientation
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(7) The initial movement of the chro.
mosomes at late metaphase is
due to repulsion between the
parts of divided centromere.

«8) At anaphase further separation of
chromosomes is due to the for-
mation of stem body.

A9) At telophase two daughter nuclei
each with 2n chromosomes are
reconstituted.

{10) There is no second division in
mitosis. The daughter cells
aftef varying petiods of resting
stage may undergo repeate
mitotic divisions.

OYTOGENETICS AND PLANT BREEDING

in any other pair. The two
d&ugl?{et cells l::uthe end of
first division are thus nob
identical.

(7) The initial movement of chromo-
somes at late metaphase I is
due to repulsion between the
centromeres of homologous chro-

mosomes.

(8) At anaphase I the changes in
spi are the same as ih
mitosis.

(9) At telophase 1 two daughter
nuclei each with n» chromo-
somes are reconstituted.

(10) There are two cell divisions for
each meiotic division. The
second division follows after a
short resting stage. The second
division is a normal mitotic
division but with » chromo-
somes. At metaphase II, the
centromeres divide and the
sister chromatids are separated.
This corresponds to metaphase
of mitosis.

(11)2At the end of mitosis neither the (11) At the end of meiosis each cell of
chromosome

number nor the
quality has changed.

the tetrad contains n chromo-
somes and the quality of the
same is changed.

In the resting stage between two mitotic divisions the chromo-
some is longitudinally divided. Meiosis starts after a very short
resting stage and therefore the chromosmes have not yet longitu-
dinally split by the time the prophase of first division starts
Acoording to the Precocity theory of Darlington meiosis has evolved

by precocious onset of prophase.

Fig. 38. Crossing over,

6. Crossing over.—The phenomenon of crossipg over as it
takes place during the pachytene or early diplotene is a very import-
ant one. It has been pointed out that the independent assortment,
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of characters according to the second law of Mendel is due to the
independent assortment of chromosomes at Metaphase I of meiosis.
This assortment of chromosemes does net help in giving rise to a
new combination of genes located on the homologous chromosomes.
Crossing over is a physical step*by which genes are exchanged
between homologous chromosomes. It will be shown later that
the number of oross-overs or chiasmata ia not always the same in
the mother cells and neither do they ocour at the same points
of the chromosomes. The frequency and location ark variable.
(vide Chapter VII),



CHAPTER VI

CHROMOSOME THEORY

THE IMPORTANCE OF NUCLEUS—CHROMOSOMES AND CHARAC-
TERS—PARALLELISM WITH MENDELISM—LINKAGE GROUPS—
CROSSING OVER—CYTOGENETICS CHROMOSOME STRUCTURE—
CHROMOSOMES—BEHAVIOUR IN CELL DIVISION—GENES—SEX
CHROMOSOMES—CHROMOSOME NUMBER IN PLANTS.

1. The importance of nucleus.—One of the primary
characteristics of a living being is that it does not arise de novo
i.e., 8 hvmg being arises from a pre-exisitng living being and it does
not arise from the non-living. In the case of plants this reproduc-
tion may be sexual or asexual. In the case of asexual reproduc-
tion a part of the parent body gives rise to the new progeny. The
role of male and female gametes in sexual reproduction of plants
was recognised in the eighteenth century only. In either types of
reproduction there is physical continuity between the parent and
the progeny.

In the case of asexual reproductlon such as in the planting of
cuttings the physical continuity is evident, but in the case of sexual
reproduction the physical link between the parents and the pro-
geny is not easily discernible due to the microscopic size of the
gametes, and hence people of the nineteenth century believed in
spontaneous creation. The  Cell-theory’ of Schleiden and Schwann
(1838) and the principle of ‘ cell from cell’ enunciated by Virchow
(1858) gave a blow to the theory of spontaneous creation. From
thence, the cell became important from structural, physiological
and hereditary points of view. Therefore the cell was studied
in great detail between the years 1860 and 1900. It is now known

ha.t. ucleus, the most important of the living constituents of the
has contmulty from Zeneration te- gemeration.

The cells multiply in number by division. Normally, a celk
divides into two and form two daughter cells. Detailed observa-
tions have been made on dividing cellsin recent times. During
cell division, the nucleus is observed to undergo various changes
and it plays a prominent part throughout the division. The nuc-
leus appears granular during the resting stage. When it prepares
to divide, during prophase, thread-like bodies begin to appear.
Hofmeister (1848) detected these thread like bodies but he did not
attach any significance to them. It was in 1888 that Waldeyer
coined the term ‘Chromosomes’ for these thread like bodies.
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These chromosomes constitute the prominent content of the nucleus.
The importance of nucleus was slowly realised and as early as 1884
Strasburger, Hertwig and Weisman simultaneously detected that
nucleus plays a role in heredity. Greater interest centered round
the nucleus and particularly the chromosomes were studied in detail
during cell division. In structure and function the chromosomes
are definite and precise and point to the possibility of their being
the mechanism for heredity. The theory relating to the function
of chromosomes as the physical basis of heredity is known as
“ chromosome theory of heredity .

Primarily the chromosomes arise by the division of pre-ewisting'
ones. The permanence of chromosomes 13 not only in regard fo the
number in a cell but also in their structure. Based on this, Welsmann
enunciated that ‘ the permanence of physiological properties of
organisms which is manifested in heredily is determined by the
permanence in structure of their chromosomes”. Thus the
chromosomes in nucleus were suspected to be of importance in
the inheritance of characters. In 1902, Sutton poivnted out the
parallelism between Mendelism and the cytological behaviour of the
chromosomes. Further extensive studies of the chromosomes in
relation to heredity showed beyond reasonable doubt that the
chromosomes constitute the physical basis of heredity. The
various facts which led to the acceptance of the ‘ Chromosome
theory of heredity ’ are outlined in this chapter.

2. Chromosomes and characters.—If the chromosomes
are carriers of genes which are responsible for the development of
characters in living organisms, then there must be similarity bet-
ween the behaviours of chromosomes and characters in heredity.
To a large extent, the progenies resemble their parents. This
happens generation after generaion. Therefore large groups of
individuals of common descent bear very close resemblance to
each other. For example, if we consider the characteristics of
the cultivated rice plants of the world, they all bear certain common
characteristic features; they resemble grasses in their general appear-
‘ance, they exhibit tillering habit internodes are covered by shea-
thing leaf bases, inflorescence is a panicle, the spikelets consist of
two outer sterile glumes, the third one is fertile with hermaphro-
~dite florets, six stamens, an ovary with plumose stigma and the
fruit is a caryopsis enclosed in the persistent lemma and palet.
Because the rice plants exhibit the characteristics of grasses, they
are placed under Gramineae, and because all the cultivated rice
plants resemble each other to a large extent they all come undes
one genus and species—Oryza sativa. But yet, the varieties of

6
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rice, cultivated in different parts of the world are distinct and
differ from each other in a few minor characters. Similarly each
plant within a variety is distinct from the other. This is a pheno-
menon common to all other organisms : viz., groups of individuals
(say species) exhibit certain constant and common characteristics and
transmat the same to their pogenies but yet the individuals differ among
themselves. Therefore there are two tendencies vn nature—one which
preserves certain character groups and the other which permits varia-
tion.

Observations on chromosomes have shown that the above
phenomena are true in their cases also. Normally the chromosome
number within a species is constant; this constancy is true in
respect of their size and structure. The chromosomes are directly
derived from parents to progenies and therefore the chromosomes
of an individual are but derivatives from those of their remote
ancestors. Chromosome mechanics shows the possibility of small
variations in chromosomes and this aspect is dealt with later in
detail.

In addition to the gross resemblance between the character
and chromosomal behaviour in evolution, certain direct observa-
tions on the individuals strongly suggest the same: eg.,
the sex chromosomes. In organisms such as Drosophila, one pair
of homologues shows unequal members. They are termed zy
chromosomes and they are correlated with sex in the flies. The
male flies show xy chromosomes in somatic cells and the female
flies show zz chromosomes only. When gametes are formed,
the male produces two kinds of gametes in equal numbers—those
with  chromosomes and others with y chromosomes. The female
produces only one type of eggs. On random mating, it is found
that all zygotes with xy chromosomes develop into males and
those with xx chromosomes develop into females. There are
other types of sex inheritance which are dealt with later and in
all the cases it is possible to correlate sex with particular chromo-
somes.

In the simplest form of inheritance, each character is represen-
ted by a factor in the gamete. On hybridisation, such characters
do not blend with each other but behave as independent units.
This is termed particulate type of inheritance. Chromosomes exhibit
the same characteristics, viz., they are also particulate in structure.
Chromosomes gre not homogeneous mass of chromatin with chang-
ing structure. / Observations on well stretched out chromosomes
show that they are constituted of discrete particles which are
permanent in form and occupy relative position on a particular



CHROMOSOME THEORY 83

chromosome. The first convincing evidence for this was from
Wenrich (1916). In the grass-hopper which he studied, certain chro-
mosomes were recognisable by size form and behaviour. He
studied the chromosomes carefully and found that the chromomeres

Fig. 37. Inheritance of sex in Drosophila. XX develop into females while XY
develop into males.

of each chromosome were definite in number size and position.
He traced one of the chro nosomes 1n thirteen different grass-hoppers
and found that the chromosomes from the different individuals
were remarkably identical. Fig. 38 shows the morphology of
chromosomes which characterise the three species of cotton.

Salivary gland chromosomes of Drosophila are found to be
ideal for studying the structure of the chromosomes. In every cell
the bands are of the same type and of the same sequence.
Various experiments have shown the possibility of each band
being correlated with the development of a character. Each
band isin fact visual form of aggregates of similar genes or
factors.
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Taking the case of plants, it is found that in all cases inclusive
of the hybrids, -the offsprings derived by vegetative propagation are
all identical, while the offsprings derived through seeds (except in-
perfectly homozygous types) are variable. The vegetative propa-
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Fig 38. The chromosomes of three species of cotton. Top row :—
G. Stocksis.—middle row :— Q. arboreum Var neglectum forma indica
Bottom row G. hzrbaceum Var frutescens.
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Fig 39, Diagrammatio representation of salivary glandchromosome.

gation may be by cuttings, layering, budding, etc., from any part
of the plant, e.g., from a single Mulgoa mango tree, thousands of
grafts may be prepared and all the graft plants will be identical
with one another while seedlings from seeds differ widely. This
points to the fact that vegetative buds on any part of the plant
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body are all alike but the seeds differ genetically from one another.
If it is assumed that the parent tree is a product of sexual repro-
duction, it has developed from a single celled zygote by a series of
mitotic divisions. The identity of all the millions of somatic cells
points to the necessity that mitosis results in identical daughter
cells. In the case of seeds, which are the products of sexual
reproduction genetical differences are evident because the gametes
are all not identical. It is to be inferred therefore that matura-
tion division or meiosis permits such differences to arise. Then
it follows that the chromosome behaviour in mitosis is parallel to
character behaviour tn vegetative propagation, and the chromosome
behaviour in metosts is parallel to character behaviour vn sexual
reproduction.

In mitosis, the chromosomes at prophase are longitudinally
divided. The centromere divides at metaphase and the sister
chromatids are separated to the opposite poles. Since one
half of each chromosome enters in the constitution of each daughter
cell, the two daughter cells are indentical with each other. Both
paternal and maternal chromosomes behave alike and enter in the
constitution of daughter cells.

Meiosis differs from mitosis as pointed out in the preceding
chapter. At zygotene, the homologous chromosomes come together
and begin to pair. The identical chromomeres come together. At
the four strand stage of the pachytene the chromatids of paternal
and maternal origin break and cross-over. It was also pointed
out previously that the cross-overs do not occur at the same point.
As a result of crossing over, random exchanges between maternal
and paternal chromatids take place. On account of this, the
millions of gametes from a hybrid are all different from one another.
Random mating between the gametes vastly increases the possible
number of variations that can arise by sexual reproduction as
gshown in table 16.

By theoretical calculations it is surmised that there may be
about 5,000 gene pairs in Drosaphila. It is much greater in complex
organisms like man. Therefore, the type of gametes and the
possible gametic combinations run to astronomical figures. Actual
counts of the cross bands in the salivary gland chromosomes is a
pointer to the same possibility.

Genetical studies have shown the role of the two parents in
their contribution to the characteristics of the progeny to be equal.
‘Observation under microscopes show that this relationship holds
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TABLE. 16.
Number | Types of Permissible
of gene | gametes combinations
pairs in zygotes
n 2n 4n
1 2 4
2 4 16
3 8 64
4 16 256
5 32 1,024
] 64 4,096
7 128 16,334
8 2568 65,536
9 512 262,144
10 1,024 1,048,576
11 2,048 4,104,304
12 4,096 16,777,218
13 8,192 67,108,864
14 16,384 268,435,456
15 32,768 1,073,741,824
16 65,636 4,294,967,296
17 131,072 17,179,869,184
18 262,144 68,719,476,736
20 524,288 | 274,877.906,944

good in respect of chromosome contribution by either of the parents.
The zygote contains one haploid complement of chromosomes
from each parent. The male and female gametes show equality
in respect of chromosome content only and they differ in respect
of their contribution of cytoplasm in the formation of zygote.
Generally, the egg contains large bulk of cytoplasm and the sperm
carries very little of the same. In spite of this, it is found that,
only the nucleus has a major role in heredity.

3. Parallelism with Mendelism.—The chromosome and
character behaviours resemble each other closely not only in respect
of general features as outlined above but also in respect of Mende-
lian phenomena of segregation and independent assortment. Men-
del assumed that the factors are present in somatic cells in dupli-
cate while they are single in gametes. Parallel to this, the chromo-
some number in somatic cells is double that in the gametes.
According to Mendel the reduction takes place at the time of
formation of gametes and meiotic cell division takes place only
when gametes are formed. Mendel further pointed out that even
though the factors are co-existent in heterozygous state, their
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character expression in later generations is not altered, 7.e., the
individuality of the factors is maintained. Parellel to this, at
fertilisation, the fusion of the nuclei results in the coming
together of the two chromosome complements in the zygote and
their individuality is never lost either at the time of fertilisation
or later in the course of further growth and development of the
zygote into an adult organism.

In Chapter III, the mono and dihybrid ratios were explained
by locating the factors on chromosomes. The independent assort-
ment of chromosomes at anaphase I of meiosis is a physical
phenomenon observable under micioscope. Carotlers (1913)
actually demonstrated this for the first time in the gresshopper
Braclystola. The x-chromosomwe did not divide at the first division
of meiosis but moved to one of the two poles. The two cells of
the dyad are recognisable in this case by their size diffcrence.
The association of the x-chromosome with the smaller or larger
component was found to be a matter of chance. Later observa-
tions on the assortment of recognisable membcrs of homologous
chromosome pairs confirmed the hvpothesis that the paternal and
raaternal chromosomes assort themselves on random basis at the
first meiotic division. Tlie parallelism between Mendelism and
chromosome behaviourin cell division was first noted by Sutton
(1902) and this may be summarised in the following table 17.

TAaBLE 17,

Mendelian Factors, Chromosomes.

(1) The factors in somatic cel's are (1) The chromosome number in soma-

double in number as compared tic cells is double in number as
to the gametes. compared to the gametes.

(2) The two members of an allelomor- (2) The two parental chromosomes
phic factor pair remain together remain together in the F3 but
in F1 but segregate when game- sepatate and pass to the diffe-
tes are formed. rent gametes.

(3) When two pairs of factors are in- (3) When two pairs of homologous
volved in a cross, they segre- chromosomes are considered
gate independent of each other. during cell division, the separa-

tion of the two members of any
one pair is independent of
separation in the other pair.

(4) The individuality of the factor is  (4) The chromosom¢s of an individual
maintained generation after are directly derived from its
generation, parents and the individuality of

the chromosomes is maintained
at all stages of development of
the new generation.

4. Linkage groups.—The independent assortment of factors
is not found true in all cases, but very often particular groups of
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factors are found to go together. These factors are then said to
be linked and this phenomenon of linkage is discussed in greater
detail in the next chapter. Morgan assumed that the linked factors
are all situated on the same chromosome.

Ao o

-

If it is assumed that all factors are located on chromosomes
only and that the factors on any one chromosome are linked, it
follows that the number of linkage groups should not exceed the
haploid number of chromosomes. This is termed the * limitation
of linkage groups”. By genetical studies the number of linkage
groups has been estimated in a number of organisms and in all
these cases the haploid number of chromosomes corresponds to it.
For example, more than 350 genes of Drosophila melanogaster have
been studied and they all fall into four linkage groups, and there ore
only four pairs of chromosomes; in D.viriles there are six pairs
of chromosomes and six linkage groups; in D.willistor: there are
three large chromosomes and three linkage groups. In plants
such as maize, peas and snapdragon, the number of independently
assorting character pairs is the same as the number of chromosome
pairs. The linear arrangement of chromomeres has been already
referred to. If a linkage group comprises of a large number of
characters, the corresponding chromosome must bear large number
of chromomeres. Such a chromosome must be longer than the
one with few chromomeres representing a smaller linkage group.
This is actually observed to be the case. Large chromosomes
represent large linkage groups.

5. Crossing over.—Linkage may not be so complete as to
prevent even a few recombinations to appear in F,. As a conse-
quence recombinations in F, are not according to expectations
in that the parental forms are in excess. Recombinations in such
cascs is explained by the crossing over that takes place at the
pachytene. A definite proof for the relationship between crossing
over at meiosis and the recombination of factors in F, was furnished
by Plough’s (1917) experiments on Drohopsila. This phenomenon
is further discussed in the next chapter.

6. Cyto-genetics.—The fact that the chromosomes are
carriers of heredity has led to the study of chromosomes to find
out explanations for complex breeding behaviour of the individuals.
There are many instances where breeding behaviour has been
explained on the basis of cytological observations made at meiosis.
For example, sterility in the interspecific hybrids Gossypium,
)anomalum X G. arboreum, Brassica migra X B. campestris,ete.,
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has been explained on the basis of non-homology and consequent
non-pairing between the two chromosome complements; semi-
sterility in rice was explained on the basis of segmental inter-
change. When the somatic chromosome complement is doubled
artificially. the plant exhibits corresponding changes in phenotype
and breeding behaviour.

The two parallel studies, viz., cytology and genetics, which
progressed on parallel lines were unified into cyto-genetics in the
first decade of this century. Cyto-genetics gives complete picture
of the mechanism of heredity. The principles of heredity, as well
as behaviour of chromosomes are fundamentally the same in both
plants and animals. Any change in the chromosome, either in
number or strutcure, means a change in the genotype ; the change
in the genotype is mostly reflected in the phenotype. The geno-
typic change may concern morphological or physiological charac-
teristics with small or large visible effects.

In plant breeding, hybridisation between closely or distantly
related plants has been largely attempted and many difficult
situations have been met with. The solution to these by further
genetical analyses may involve time and endrgy ; in these instances
cytological observgtions quickly vielded the required informations.
The structure and behaviour of chromosomes in the cultivated

crops and their wild allies are now found to be very important to
plant breeders.

7. Chromosome structure.—Chromosomes are thread like
bodies showing beaded appearance. The beads represent the
genes and are termed chromomeres. These beads are arranged in
a linear fashion and the arrangement is constant from generation
to generation. Any change in the arrangement may lead to
change in the phenotype and genetic behaviour of the organism.
In a resting nucleus, the chromosomes do not appear as distinct
bodies but when the cell prepares to divide, the chromosomes
become distinct., On this score it was once contended that the
genes arc set ffee in a resting nucleus and that they re-assemble
before the nucleus begins to divide. There are various difficulties
if this hypothesis is accepted. It has been pointed out that the
genes located on the same chromosome are linked and the linkage
intensity between the characters is constant from generation to
generation indicating that the same set of genes are located in a
given order on any chromosome. If genes are let loose in a resting
nucleus. they must be presumed to possess extraordinary capacity

6-a
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to re-assemble to form the constant grouping of the species and also
come together in a particular order. Observations do not justify
the assumption of such specific attraction between different genes
on a chromosome. There is another cytological evidence against
this hypothesis. The chromosome at the preceding telophase
and the early prophase of the following division are exactly like
each other in respect of their appearances and spirals. Kuwada
showed that by exposing the nucleus of a dividing cell, the nucleus
can be transformed to simulate a resting nucleus. This emphasises
the fact that the difference between the resting and dividing nuclei
is only a matter of their physical state. In mitosis the threads
are re-duplicated while in meiosis they are not. The chromosome
structure is therefore constant in a normally breeding population
and any change in chromosome structure has its repercussions on
phenotype or breeding behaviour.

The chromosomes in many cases are very small and except
in the salivary gland chromosomes of Drosophila, no observations
regarding chromosomes can be made. Since the chromosome
structure is recognised as important, morphological observations
such as size, shape, constructions, etc., of chromosomes have been
recorded. However, the morphology of the chromosomes 1egarding
size, length, the position of the centromere and satellited or secon-
dary constricted chromosomes could be studieds in relation to the
changes that may occur in different species.

According to the position of the centromere the chromosomes
are morphologically classified as median, terminal or subterminal.
Combined with the description regarding the length of the chromo-
some, such as long, medium and short the chromosomes are
described as follows :—

Sub-median, medium long : e.g., second and third chromo-
some of Drosophila

Submedian, short chromosome : e,g,. Commelina bengalensis,

Chromosome with long secondary constriction e.g., Rhoeo
discolor.

The constrictions are always intercalary and never terminal.

8. Genes.—The organism as a whole, the cell as a whole,
the nucleus, the chromosome, the genes and centromere can arise
only from the pre-existing ones and cannot arise de novo. While the
protoplasm shows properties of living as opposed to inert matter
like protein molecule, the gene which ¢s also suspected to be a complex
protein molecule not only appears to be a living matter but shows a
high capacity to organise complex physiological and developmental
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changes which are specific properties of these. Mendel supposed
that there is ‘ something’ in the germ plasm which represents the
character of the adult and this was later variously termed as factor
or gene. Cytologically, the banding which is observed in the
salivary chromosome of Drosophila is taken to represent the factor
or gene and such banding is supposed to be present in all chromo-
somes. Genes are situated on chromosomes and one seems to be

separated from the other by non-genic material. The genes are
of the rotein molecule. Calculations show that in a

simple fly like Drosophila, where the haploid number of chromo-
somes is four, there are as many as 5,000 to 6,000 genes but the
estimates arrived at by different calculations widely vary, and it
is suspected that there may be even as many as 10,000 genes in
that simple organism.

Regarding the chemical nature of a gene, it is believed that
it is of the nature and similar to ““ polypeptide links . The chro-
mosomes are not homogeneous in structure and this is to be expec-
ted from the banded structure of the salivary gland chromosome.
Bridges computed that there are about 2650 bands in the salivary
gland chromosome of Drosophila. 11 is further computed that the
diameter of a gene may be about 20 m.p and the volume about
4190 c. m.* The banded region is darkly stained and the interve-
ning space is not so much stained. The behaviour of centromere
at the time of cell division shows that it is differently constituted
from the rest of the chromosome.

Gene exhibits two important characteristics :

(1) it is autocatalytic, it reproduces a gene exactly like
itself. Probably this is performed not by a split in the
existing gene but by actual reconstruction of a new
gene by its side.

(2) By its complex activities the gene sets up reactions outside
the nucleus. These reactions may be resem!ling those
of enzymes or hormones. These ultimately cause
certain specific qualities to be developed by the
organism. The exact nature of the reactions is not
yet understood.

Stanley (1935) showed that the tobacco virus is a large pro-
tein molecule with certain properties of protoplasm also. This is
an important link between the living and the non-living and the
protein molecule of the virus shows the power for autocatalysis.
The progenitor of the gene is probably similar in its origin. Hurst
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(1932) even sugz:sted that the gene might be thc original living
substance.

Genes, in their action, may control the quantity of substance
produced or the pattern of development. They arc accordingly
arbitrarily termed substance genes and pattern genes. The
various steps by which a gene goes into action for developing a
characte