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Aim of the book

The experiment-based learning process using model organ-
isms plays an essential role in conveying key biological
concepts and is critical to adopting a highly evolved and
progressive higher education system. Critical thinking is at
the heart of the scientific inquiry. Critical thinking can be
developed by formulating new questions, seeking fresh per-
spectives, designing appropriate experiments, and carrying
out evidence-based effective communication. Training of
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science professionals towards creative thinking and inquiry-
based learning instills confidence and helps them develop
deductive and inductive reasoning essential to meet the new
challenges in an era marked by rapid advances in biomedi-
cal sciences. Therefore, there is an ever-increasing need to
adopt a teaching curriculum that integrates model organisms
based experimental learning strategies. Such a curriculum
will promote creative thinking skills, enable the students
to develop an investigative attitude, understand how to test
ideas systematically, and seek and interpret evidence for
scientific claims. BIOLOGY teaching that involves model
organisms helps in understanding of a broad range of fun-
damental biological mechanisms and pathways that control
the development and survival of species. Hands-on expe-
rience with model organisms enhances students’ curiosity
towards life processes and provides a live demonstration of
animal’s response towards changes in the environment and
other living conditions. Working with live model organisms
will leave the student with unique experiences of a scientific
concept that is factual in nature which cannot be obtained
merely through textbook teachings. On the one hand, where
the use of live animal model holds immense importance for
a research institution, their use for teaching purposes in labo-
ratory settings of universities and colleges is still uncom-
mon. This keeps the students deprived of the ‘real experi-
ence of biology’ especially of animal biology. To surmount
this barrier, Prof. S. C. Lakhotia, Editor-in-Chief together
with Prof. H. A. Ranganath, Co-Editor took the initiative
through their book ‘Experiments with Drosophila for Biol-
ogy Courses’, to popularize and promote use of Drosophila
melanogaster in Undergraduate (UG) and Postgraduate (PG)
biology laboratory teachings with a broader vision to radi-
cally transform the way Biology is being taught currently.
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About the book

The book ‘Experiments with Drosophila for Biology
Courses’ traces its genesis to a brilliant idea conceived by
Prof. Lakhotia and Prof. Ranganath for popularizing the
use of Drosophila for experimental studies at under- and
postgraduate laboratories and using it as a powerful tool in
teaching life science courses. The fly community in India
responded enthusiastically to this idea and carried the ardu-
ous task of compiling protocols for laboratory exercises that
can be used for various life-science courses and projects.
The scope of the book is vast, comprising of 87 chapters
and the format is designed keeping in mind the teaching
requirements of students. The fruit fly Drosophila has been
used as a model organism for more than a hundred years
to study a diverse range of biological processes including
Development, Behaviour, Genetics, etc. Drosophila has been
the most popular model organism as they are relatively easy
and inexpensive to culture in laboratory conditions, can be
genetically modified in numerous ways, and have a much
shorter life cycle, making it possible to study multiple gen-
erations in a short period. As the reader progresses through
the book’s content, it will make him realize how a tiny fly
can significantly impact our understanding of the breadth
and depth of different life processes. The fly-based labo-
ratory exercises given in the book include study areas of
Genetics, Cytogenetics, Developmental Biology, Cell and
Molecular Biology, Behavioural Biology, Ecology and Evo-
lution, Anatomy, Physiology, Neurodegenerative disorders,
Cancer biology, etc. Each chapter has been prepared in a
format that gives a conceptual background for the objective
of the given exercise, a detailed list of materials required, a
pellucid description of experimental procedures, data col-
lection, analysis, and hints about its interpretation. Few lead-
ing questions at the end of each chapter are an important
pedagogical feature of the book that leaves the reader with
open-ended thoughts to expand their understanding of the
given topic. Each chapter is accompanied by suitable refer-
ences at the end for further reading. This book is a valuable
resource and will serve as one of the most coherent collec-
tions of fly-based laboratory protocols, particularly appeal-
ing to both teachers, UG and PG students. As explained in
subsequent sections, the book’s comprehensive framework
attempts to do proper justice to convince the readers about
the enormous potential of Drosophila to be used in labora-
tory set-ups for teaching purposes without the requirement
of huge investments in equipment and maintenance. Thus,
this model system can be established and maintained in a
laboratory with limited funds and resources.
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Contents of the book

The book begins with navigation into the past by giving
a brief account of how Drosophila was introduced in the
laboratory and how gradually it became an efficient and
versatile model system for research in diverse areas of
biomedical sciences. When in 1910, the white-eyed mutant
of Drosophila was identified; none would have anticipated
the immense experimental potential of this 3 mm long
tiny insect that was poised to revolutionize the scientific
community. The six Nobel prizes awarded for answering
some of the central questions in Biology using Drosophila
have undoubtedly placed it tenaciously as an important
model organism.

The first chapter comprehensibly describes the basics
of Fly biology, conventions used in naming the fly genes
and its alleles, standard practices for rearing flies in the
laboratory, the Do’s and Don’ts of a fly lab, etc. Just like
in our nursery school, as a beginner, we learnt to iden-
tify the parts of the body such as head, nose, ears, eyes,
stomach, etc. and began appreciating them, similarly, a fly
beginner should also look at the little fly under a binocular
microscope and marvel at its anatomy. A comprehensive
understanding of fly’s anatomy is indispensable to making
the best use of this model. The second chapter provides
an illustrated anatomy and description of different devel-
opmental stages of the life cycle of Drosophila and organ
systems. This chapter includes brilliant hand drawings of
male and female fruit flies, the larval and adult nervous
system, fly olfactory system, visual system, gustatory sys-
tem, circulatory system, and male and female reproductive
system. History is replete with numerous examples that
bear testimony to the fact that human anatomy has been
the source of inspiration for many biologists and artists.
By introducing the anatomy of fruit flies through hand
drawings in this book, the authors intend to encourage fly
learners to showcase their innate talent and draw what they
see and visualize. Remember the drawings and sketches
of Leonardo Da Vinci, who combined arts and science to
bring out some of the masterpieces of his time!!

Just as coffee and cream go together, the fruit flies and
mutant phenotypes are studied together to understand the
inheritance of genes and their genetic functions. The book
further proceeds to give a brief account of commonly vis-
ible mutants used in classical genetics and introduce the
readers to different mating schemes. Since the serendipi-
tous discovery of white eyed mutant by T.H. Morgan, a
generation of numerous mutants joined the list following
the landmark discovery of H. J. Muller about the muta-
genic effects of X-ray irradiation. One of the major fac-
tors that transformed Drosophila genetics was the dis-
covery of large chromosomal inversions called ‘balancer
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chromosomes’ by H. J. Muller. These chromosomes are
of enormous use in fly genetics for the maintenance of
recessive lethal alleles. A fly learner must learn to perform
classical genetic crosses and design mating schemes along
with the balancer chromosomes. As a basic rule underpin-
ning these mating schemes, one must learn to identify the
visible mutant phenotypes, commonly termed as marker
mutations or anatomical landmarks. These marker muta-
tions are generally associated with chromosomal aberra-
tions or transgenic constructs. The mutations affect dif-
ferent parts of the body, easily identified like eye mutants,
body color, wings, bristles, etc. The authors make a con-
certed effort to train the learner to infer patterns of inherit-
ance and predict genotypes and phenotypes of parents and
progenies. To give a justified treatment to other patterns
of inheritance, the book goes beyond just explaining the
Mendelian rules of inheritance. It includes a lucid descrip-
tion of how inheritance pattern of polygenic traits (traits
such as body size, wing length, lifespan, etc. which give
a spectrum of phenotypes that are contributed by non-
allelic genes) can be obtained from reciprocal crosses at
the population level and how one can assess if the trait was
under additive genetic control or as a result of dominance
and epistatic deviations. Although there is enormous infor-
mation available on several websites and published litera-
ture about fly models, the vivid compilation of anatomy,
genetics, and rules of mating schemes of Drosophila in the
initial chapters of the book introduce the learners to the
fly business and convinces them of the enormous genetic
tractability of Drosophila.

Genome mutagenesis has been at the heart of Drosophila
research. Any Drosophila laboratory protocol book is incom-
plete without the introduction of mutagenesis protocols. The
authors have taken care to include chapters on two power-
ful techniques used to create genetic mutants, which have
revolutionized the world of Drosophila research. One of the
techniques creates random mutations using a transposable
DNA sequence called P-element mutagenesis method. The
P-element mutagenesis has been an efficient mutagenesis
tool employed across fly research groups with great success.
The other method is the recently developed CRISPR-CAS9
based genome editing method which, unlike P-element, cre-
ates mutations in the targeted location of genes. Although,
since its introduction in 2013, CRISPR has successfully
emerged as a powerful technique for Drosophila genome
manipulations, the P-element mutagenesis screen is still the
approach of choice when the screen for modifiers of a phe-
notype is needed. Both these methods have been discussed
in detail and in an explicit manner in the book.

Drosophila as a model has contributed significantly to
the field of cytogenetics. The domination of Drosophila
as an experimental model in the field of cytogenetics owes
much to the Polytene chromosomes. Polytene chromosomes

of Drosophila are super-sized chromosomes produced by
multiple rounds of replication without the nuclear enve-
lope breakdown, which makes them an exemplary system
to study chromosome biology, localization of genes, and
their products by in situ methods. Owing to its importance
in cytogenetics, the authors include a series of laboratory
protocols to introduce the learners to study polytene chromo-
somes and also to study Drosophila’s mitotic chromosomes
experimentally.

Dissections are the essential aspect of the biology cur-
riculum, and the book gives particular emphasis and impor-
tance to learning anatomical details of internal organs and
external parts of a Drosophila body at different stages of
development through dissections. Several chapters of the
book discuss in detail and give a comprehensive explana-
tion of dissection of different parts of the Drosophila body
like mouth hooks, brain, larval gonads, Drosophila eyes, fat
bodies, lymph glands, imaginal discs, etc. All these chap-
ters have been contributed by experts in the fly field. To
complement dissections, the relevant chapters also include a
fabulously described series of protocols for immunostaining
of a variety of Drosophila tissues. An understanding gained
through a combination of dissections and immunostaining
techniques will motivate the students to think beyond dis-
sections and inspire them to judge anatomical variations and
understand the anomalies that might have occurred due to
genetic mutations of vital genes or physiological changes.

In the later chapters, the authors delve deeper to give
an overview of the use of Drosophila model for relatively
more complex biological processes that include higher-order
behaviours and disease mechanisms. The field of behaviour
genetics was pioneered by Seymour Benzer in the early six-
ties, who had the foresight to use Drosophila as a model
system to study nervous system function and development.
Ever since the time of Benzer, Drosophila has been exten-
sively used to generate fundamental insights into the cellular
and molecular basis of a variety of behaviors. This book
includes, for the benefit of readers, an impressive number of
well-written and explanatory protocols by experts to assess
Drosophila behavior from different perspectives. It is now
well established that many of the physiological, develop-
mental, behavioral and molecular mechanisms are conserved
between humans and flies and approximately, 75% of human
disease-causing genes have an ortholog in flies. Keeping this
aspect in mind, the authors have also included several labo-
ratory protocols that give the readers an impressive idea of
how fruit flies can be used to study specific genes, physiol-
ogy of different internal organs and different disease-causing
mechanisms.

It is worth mentioning here that the choice of Drosophila
as a research model in the context of ecology is on the rise
due to its geographically widespread presence in nature.
The natural population of Drosophila shows diverse trait
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variations, which are a reflection of their adaptation to local
inhabiting conditions. This makes Drosophila an excellent
model of interest for ecologists from an evolutionary per-
spective. This book includes a series of beautifully described
laboratory protocols that learners may consider using from
an ecological perspective. Various analytical tools compliant
with Drosophila are described in detail in various sections
of the book, such as hormonal and neurochemical studies,
a variety of physiological assays, bioinformatics tool, visu-
alization of tissue at light microscopic levels and scanning
electron microscopy. Furthermore, a variety of molecular
approaches integrated with genetic approaches that contrib-
ute significantly to the understanding of Drosophila Biology
have been included in relevant chapters of the book.

In the last two chapters of the book, the authors outline
the academic pedigrees of pioneering Drosophila Research-
ers in India and trace their roots back to TH Morgan. The
authors present a detailed account of seven decades of fly
research in India, originating from a humble beginning in
mid-1950’s to an ever-growing vibrant fly community spread
across the country. The chapters also include a refreshingly
fabulous collection of vintage photographs.

Concluding remarks
For more than a hundred year, Drosophila remains one of

the most commonly used model organisms for basic biologi-
cal research. It is relatively easy and inexpensive to culture
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in laboratory conditions, can be genetically modified in
numerous ways, and has a much shorter life cycle, making
it possible to study multiple generations in a short period.
Introduced initially as a model to study classical genetics,
Drosophila has over the years, turned out to be a power-
ful model to study a diverse range of biological processes
including development, physiology, mechanisms of human
disorders, behaviour, ecology, etc.

This book is highly recommended for learners who want
to get introduced to the field of fly genetics. The major
concepts are succinctly explained, and the beautiful illus-
trations are designed to stimulate a thought process and
leave a lasting impression on the minds of the learners. This
book makes a perfect fusion of concepts of fly biology and
imparting practical skills to be learners. The book includes
an extensive compilation of laboratory protocols intended to
encourage the learners to use this model for small research
projects ranging from a few weeks to even a year long. This
book, which is a culmination of the arduous efforts of the
authors and the vibrant Indian fly community, will be a valu-
able resource for teachers and students and would trigger a
marked resurgence of laboratory exercises using Drosoph-
ila across a wide spectrum of biology courses in academic/
research institutions across India.
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