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Does an organism
Develop?

?

• Development of living organisms, including humans, has
always fascinated mankind
• Consequently, many beliefs, scientific theories and
explanations have been put forward
• It is fascinating to look at the historical events that saw
emergence and demolition of a variety of beliefs and
theories that culminated in establishment of
Developmental Biology as we understand and practice
today

A very old question: How is an entirely new human
being generated following intercourse?

?

• Hippocrates (460–370 years BCE): man and woman each contributed semen that mixed in the
uterus to form the embryo
• Aristotle (384–322 years BCE) : woman merely provided fertile ground for the male seed to
grow
• William Harvey, Jan van Horne, Jan Swammerdam, Neils Stensen, Regner de Graaf and
Francesco Redi : all female organisms, including humans, produced eggs
• Harvey declared ‘ex ovo omnia’, which means ‘everything from the egg’
• Antoni van Leeuwenhoek built a microscope in 1677: discovered sperms in human semen

The egg and sperm were thus known by the late 17th century. However, their relative
contributions to the embryo remained unclear for almost 2 centuries
• Karl Ernst von Baer saw the mammalian egg under microscope in early 19th century
• M J Schleiden and T Schwann postulated that egg and sperm are cells and thus equivalent

Around this time, it became apparent that the widely observed phenomenon of
heredity may involve factors that are contained within egg and sperm
• Oscar Hertwig discovered fusion of sperm and egg nuclei during fertilization in sea urchins in
1876, providing a conceptual basis for genetic inheritance and settled the long-standing debate
on the role of the egg and sperm in generation of new life
• Johannes Sobotta accurately drew pronuclear fusion in mouse in1895

Many Myths About Development
Historically, concept of “development” ranged from
“spontaneous creation” to “preformation” to
“epigenesis”
Concept of “Spontaneous Creation” did not require any
development
“Preformation” requires “growth” of the miniature
“homonculus” present in the sperm with egg providing
only the ground
Concept of “Epigenesis” requires “Development” of a
“formless” structure into the organism

Concept of “Preformation” does not
need “heredity” as we think today
Leeuwenhoek in 1679 stated that the astonishing
activity of the spermatozoa testified that they not only
had souls, but that they had complex anatomic
structures, there may be as many parts in the sperm as
in the human body itself.
Leeuwenhoek's presumption of the preformed man or
animal within the spermatozoon was more explicitly
articulated in 1685, the same year as his commitment to
the spermatozoon's living and persisting soul.
(E. G. Ruestow 1983 J. History of Biology 16: 185-224)

Homonculus

Discovery and
understanding of
Mitosis by Fleming in
1982 was a great step
forward towards
understanding growth
and development

Johannes Sobotta's 1895 drawings of
pronuclear fusion in the mouse

spk = sperm pronucleus
ok = oocyte pronucleus

Eggs of a Species
Develop into a
Characteristic &
very different
Adult Forms.

‘Ontogeny Recapitulates Phylogeny’
Ernst Haeckel (1834-1919)

Yet, Ontogeny
Recapitulates
Phylogeny.
Why?

Romanes' 1892 copy of Ernst Haeckel’s allegedly
fraudulent embryo drawings (this version of the
figure is often incorrectly attributed to Haeckel)

“Directing Substance” in Egg

W.K.BROOKS

William Keith Brooks, an evolutionary morphologist,
argued that some directing substance or substances
had to exist to cause the egg of one species to
develop differently from that of another species even
though the eggs look identical and are in the same
environment (Brooks, 1983, The Law of Heredity).
This observation linked heredity to development.
Identification and localization of such determinants
became the central problem in embryology.
Books was thesis advisor to EB Wilson and TH
Morgan, both of whom made seminal contributions
T.H.MORGAN
in developing experimental Biology
E.B.WILSON

T. H. Morgan in 1901 on
preformation vs epigenesis
We should be careful to distinguish between the idea of pre-

determination and that of preformation. …. Every egg of the sea-urchin is
predetermined to give rise to a sea-urchin so long as the conditions remain same as
we find them at present, but it by no means follows that the hypothesis of
preformation is a necessary consequence of this view. It is true that since each egg
passes through the same stages to reach the same goal we must regard the series of
changes as predetermined in the structure or composition of the egg, and in the
external conditions surrounding the egg, but the way in which the development
takes place may be in no way connected with the presence of a preformed germ of
the embryo or with the presence of preformed germs of any sort in the nucleus. In
fact, a process of pure epigenetic development, as generally understood nowadays,
may also be predetermined in the egg. It is well, I think, to be clear on this point,
since otherwise we grant too readily the necessity of assuming some sort of
preformation hypothesis.

Which of the two major compartments of the fertilized
egg, the nucleus or the cytoplasm, controls heredity and
development (epigenesis)?
It was precisely in this area of early development that the central
problem of developmental mechanics was framed. This problem
emerged as the extension of the cell-lineage question being discussed by
embryologists. Wilson's 1893 lecture at Woods Hole characterized the
new studies as being motivated by recent insights into the fertilized egg
which might enable researchers to account for such observations as the
"so-called pre-morphological relations of the segmenting ovum" and the
differential partition of egg substances by cleavage.
The first conflict between those favoring the nuclear hypothesis EB
Wilson) and proponents of the cytoplasmic hypothesis (TH Morgan) for
controlling the epigenesis concerned the localization of preformed
hereditary and morphological determinants

Morgan initially refused to accept the Sutton-Boveri
synthesis of Mendelism and Cytology
Morgan’s arguments against this view arise from
his previous embryological experiences, which
convinced him that chemical reactions in the
cytoplasm were responsible for development,
rather than morphological changes within the
nucleus. This view contrasts with other analyses,
which relate Morgan's refusal to his "empirical"
attitude, his dislike for theorizing, or to his
"romantic" temperament
S. F. Gilbert (1978) The Embryological Origins of the Gene
Theory. Jour History Biology

During the first 3-4 decades of 20th century,
Genetics and Embryology remained
disconnected
Frank Lillie

H. Spemann

R. Harrison
E. E. Just

Celebrated
embryologists in
1930s did not
think that genes
have anything to
do with early
embryonic
development

In 1930s, Embryologists claimed that Geneticists had no
mechanism to explain how the same nuclear genes could
create different cell types during development
1. How identical chromosomes in different cells of the
organism could produce different and changing types of cell
cytoplasms?
2. Evidence that genes control the early stages of
embryogenesis needed. All the mutants known in
Drosophila at that time had adult phenotypes. Embryologists
like Just and Harrison argued that embryologists were
interested in how a fly forms its back, not in the number of
bristles on its back.
3. Explain phenomena such as sex determination in certain
invertebrates (and vertebrates such as reptiles), in which the
environment determines sexual phenotype.

Harrison (1937) warned:
Now that the necessity of relating the data of genetics to
embryology is generally recognized and the Wanderlust of
geneticists is beginning to urge them in our direction, it may
not be inappropriate to point out a danger of this threatened
invasion. The prestige of success enjoyed by the gene theory
might easily become a hindrance to the understanding of
development by directing our attention solely to the genome,
whereas cell movements, differentiation, and in fact all of
developmental processes are actually effected by cytoplasm.
Already we have theories that refer the processes of
development to gene action and regard the whole
performance as no more than the realization of the potencies
of genes. Such theories are altogether too one-sided.

Waddington: Developmental Genetics
In Waddington’s view, the relationship between
inducer and competent tissues paralleled that of
the genes and the cytoplasm. The genes and the
cytoplasm were in continual dialogue. Waddington
(1956) claimed , "Neither cytoplasm nor nucleus can
be disregarded: in fact the most important subject
to discuss is how they affect each other." Moreover,
just as Waddington saw the competent tissue as
having primacy over the inducer, so he appears to
give the primacy of the "interacting system of
nucleus and cytoplasm" to the cytoplasm. (Gilbert,
1981)

Ephrussi & Beadle: Combining Genetics with
Embryology

A.H.STURTEVANT

B.EPHRUSSI

G.W.BEADLE

Encouraged by Sturtevant, Ephrussi and Beadle traced the
pathway through which the vermilion and related genes affected
or determined eye color. Transplantation of mutant imaginal
disks fated to become eyes into wild-type larvae led to
demonstration of distinct diffusible substances manufactured or
controlled by wild-type alleles at the vermilion and cinnabar loci,
which controlled distinct steps in the formation of the brown
component of normal Drosophila eye.
The techniques and issues involved in this work are not those of
classical Mendelian genetics. Experiments required genetically
defined stocks while the techniques employed were those of
experimental embryology. Analysis of alterations in development
by explanting and implanting imaginal disks did not affect the
distribution or the mode of transmission of the relevant genes,
but affected the ways in which those genes acted during
development

Inductive Interactions between Genetics &
Embryology
“... the outsider sees most of the game”
- CH Waddington (1968)

“If ever a history of ideas in developmental genetics
were to be written ... it would no doubt include as one
of its most important chapters an account of the
intellectual role that "inductive interaction" between
the fields of genetics and embryology has played in
the analysis of developmental mechanisms and their
genetic control in higher organisms” - Salome
Gluecksohn-Waelsch (1981)

Embryonic Development of Drosophila

22-24 h

Unusual cleavage divisions in Drosophila egg:
14 rounds of nuclear divisions in first 2.5-3.0 hrs of
development producing a syncitial blastoderm

Drosophila development appeared very different from that of standard models
and thus did not “attract” early embryologists, including Morgan.
Interestingly, however, better understanding and technical developments have
converted these “unusual” features into advantages

Drosophila as model for Developmental
Genetics
• Historically, Drosophila was not considered to be
a good model for studying development because
of its unusual patterns of early cleavage divisions
and gastrulation patterns
• Application of formal genetic (mutational
analyses) and contemporary molecular genetic
approaches has, however, made fly as the most
preferred model for understanding basics of the
cascading regulatory pathways involved in
competence, determination and differentiation

Genetic Approach to DevelopmentRevolutionizing Developmental Biology
• Isolate mutants that affect a given phenotype and
follow the development from earliest stages when
the altered phenotype becomes manifest
• Do different alleles of the given gene affect the
phenotype differently?
• Characterize the gene – when does it start
expressing, what is its product, where does it get
localized and what other genes it interacts with?
• Drosophila turned out to be a model of choice for
Developmental Genetic studies

Conventional mutational analyses established
Drosophila as the model of choice for
Developmental Genetics
Pole cells (germ line)

Which genes are involved in
patterning the single celled zygote
into multi-cellular organized
individual?

Mutant alleles provide insights
into functions of “normal” or
“wild-type” alleles

Genetic studies on a homeotic mutation –
BITHORAX
halteres get transformed into posterior pair of wings

E. B. Lewis

Wild type Bicoid
(Head & Thorax
absent)

Mutants permit
identification of
genes involved
in development

Christiane Nüsslein-Volhard &
Eric Wieschaus

Antennapedia
1st leg in place of antennae – a
homeotic transformation

The 1995 Nobel Prize in Medicine: A tribute to the power of
formal genetics
S. C. Lakhotia
CURRENT SCIENCE, VOL. 69, NO. 10, 25 NOVEMBER 1995
Lewis has been working with Drosophila, mostly by himself, for more than 50 years
and published a summary and analysis of the data collected by him over many years
in his well-known Nature paper in 1978; Nűsslein-Volhard and Wieschaus published
their seminal paper, also in Nature, in 1980 when both were at the EMBO Laboratory in
Heidelberg, Germany. These two papers have changed the course of contemporary
biology in more than one way by allowing a new look at the transformation of a
seemingly structureless egg into a complex, patterned and organized organism. The
concepts generated in these papers have found very wide applications in studies
dealing not only with animals but plants as well. It is remarkable indeed, that these
two papers were based on simple methodologies of 'pure' or formal genetics with no
'sophisticated' or 'advanced' molecular biological techniques being employed. As is
the wont of geneticists, they simply obtained a large number of mutations, selected
those that affected early development, mapped the mutations on linkage maps and
characterized the consequences of either individual mutations or specific
combinations of the different mutations on the developmental phenotype of the
individual.

Development and Genome –
Some Questions
• Does the genome undergo programmed
changes as cells differentiate and
specialize?
• Does Morphogenesis of homologous
organs in closely or distantly related
organisms involve synthesis/production of
different proteins to generate the specific
shape, size etc?
• How do differentiating and differentiated
cells “remember” what they are required to
do in future?

What underlies such
remarkable variations in
morphology in related
species of bats?

Germ & Soma Differentiation in Some Organisms is
Accompanied by Chromatin Loss:
This has evolved independently in several groups/species

Chromatin
diminution in
Parascaris –
studied by
Boveri more
than 100
years ago

Th. Boveri

Boveri’s original drawings, 1902

Niedermaier & Moritz, 2008

Why have such unusual processes evolved multiple times?

Eggs of a Species
Develop into a
Characteristic &
very different
Adult Forms.
Yet, Ontogeny
seems to
recapitulate
Phylogeny.
Why?

Since homologous genes regulate different steps of
development, the basic architecture at each step
remains comparable. Subtle/major changes are
introduced through changes in the regulatory
circuits because of mutations and natural selection
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Beyond the favorite models
Cenorhabditis

Mouse

Fruit fly
Zebra Fish
Yeast
Arabdopsis

Xenopus

Many more organisms are awaiting analyses of their developmental
mechanics - that would unravel not only more diversity but also the
unity of basic principles
A historical perspective can stimulate new ideas and insights
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