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Preface

One of the major challenges currently facing the scientific community is to understand
the function of the 20,000-25,000 protein-coding genes that were revealed when the
human genome was fully sequenced. This book details the transgenic techniques that are
currently used to modify the genome in order to extend our understanding of the in vivo
function of these genes.

Since the advent of transgenic technologies, the mouse has become by far the most
~ popular model in which to study mammalian gene function. This is due to not only
its genetic similarity to humans but also its physiological and, to a certain extent, its
anatomical similarities. Whilst a large proportion of this book is dedicated to the use of
the mouse in transgenesis, the mouse is certainly not the only model to provide essential
information regarding gene function. A number of other valuable models are used in
transgenic studies including Drosophila, C. elegans, Xenopus, zebrafish, and rat. For
cach of these species, a chapter in this book is dedicated to highlighting how each is
particularly suited, for example, to the study of embryonic development, physiological
function of genes and to study orthologs of human discase genes. These chapters give
detailed practical descriptions of animal production, construct design, and gene transfer
techniques; recently developed methods will be described along with highly established
classical techniques.

A number of chapters in this book are dedicated to the generation of genetically
modified mice by the present classic techniques of injection of cxogenous DNA into
the pronuclei of fertilised eggs and by gene targeting using homologous recombination
in embryonic stem cells. These chapters, as with all the others in the book, have been
specifically written for this edition of Tranggenesis and so contain up-to-date details
of the practices in the field. Chapters are included describing optimal transgene and
construct design, in-depth technical details for pronuclear microinjection of transgenes
and associated surgical techniques, details for the optimal conditions in which to
culture embryonic stem cells in order to maintain their pluripotent state, and methods
for targeting these cells. A combination of chapters (Chaps. 13-15) describe how to
generate chimaeras by microinjection of targeted ES cells into blastocysts or by morula
aggregation, and the surgical techniques required to transfer the resulting embryos. For
a number of years, the use of Cre/loxP and flp/frt recombination systems has gained
in popularity; Chap. 16 describes their use and introduces other state-of-the-art site-
specific recombination systems that can be used to manipulate the mouse genome. The
generation and use of Cre-expressing transgenic lines are described in Chap. 17. One
chapter of the book highlights the large-scale international efforts that are being made
to systematically knockout every gene in the genome. The remaining chapters detail the
breeding and husbandry skills required to successfully propagate a transgenic line and
the increasingly essential methods for cryopreserving a mouse line and recovering lines
from frozen stocks.

This book is a comprehensive practical guide to the generation of transgenic animals
and is packed full of handy hints and tips from the experts who use these techniques on a

vii



viii Preface

day-to-day basis. It is designed to become an invaluable source of information in any lab
currently involved in transgenic techniques, as well as for researchers who are newcomers
to the field. This book also provides essential background information for scientists who
work with these models but have not been involved in their generation.

On a personal note, it has been a great pleasure to edit this latest edition of Trangenesis.
Firstly, I learnt many of my skills from reading earlier editions of the book and I hope that
this edition will help and inspire many others. Secondly; I have been privileged to work
with the exceptionally talented rescarchers in the transgenesis field who have contributed
to this book.

Manchester, UK Elizabeth ], Cartwright
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Chapter 1

Transgenesis in Drosophila melanogaster

Leonie Ringrose

Summary

Transgenesis in Drosophila melanogaster relies upon direct microinjection of embryos and subsequent
crossing of surviving adults. The necessity of crossing single flies to screen for transgenic events limits the
range of useful transgenesis techniques to those that have a very high frequency of integration, so that
about 1 in 10 to 1 in 100 surviving adult flies carry a transgene. Untl recently, only random P-element
transgenesis fulfilled these criteria. However, recent advances have brought homologous recombination
and site-directed integration up to and beyond this level of ¢fficiency. For all transgenesis techniques
in Drosophiln melanogaster, microinjection of embryos is the central procedure, This chapter gives a
detailed protocol for microinjection, and aims to enable the reader to use it for both site-directed inte-
gration and for P-element transgenesis.

Key words: Dvosophila melanogaster, Embryo, Microinjection, Transgenic, Recombination, Inte-
gration, Homologous recombination, phiC31 /integrase, Site-directed integration, P-¢clement

1. Introduction

Transgenesis in Drosophila melanogaster has undergone something
of a revolution in the last few years. The classical technique of
random P-element-mediated transgenesis has recently been sup-
plemented by two novel technologies: homologous recombi-
nation and PC31 integration (for reviews, see (1) and (2)). In
P-element transgenesis (3), a modified transposon vector is used
in combination with transient expression of the P transposase
enzyme to generate several fly lines with different insertion sites
in the genome. These insertions are subsequently mapped and
characterised. P-clement insertions have been invaluable for
mutagenesis screens, but until recently, this was also the only

Elizabeth J. Cartwright (ed.}, Transgenesis Techniques, Methods in Molecular Biology, vol. 561
DOI 10.1007/978-1-60327-019-9_1, © Himana Press, a part of Springer Science + Business Media; LLC 2009
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method available for introducing a transgene of choice into the
Drosophila genome. The random nature of P-clement insertions
has several drawbacks for transgene analysis. Mapping of inser-
tion sites is time consuming, and transgene expression levels are
subject to genomic position effects, making it difficult to draw
comparisons between different constructs,

A recently developed alternative to random insertion is
homologous recombination (4, 5). This involves inserting a
donor construct at random into the genome by P-element trans-
genesis, and in subsequent generations, mobilising the donor
construct to the correct locus by homologous recombination.
This technique had long been lacking to Drosophilists, but has
not replaced P-element transgenesis as the method of choice for
routine transgene analysis, because both the cloning of donor
constructs and the generation of homologous recombinants are
more time consuming than for P-element transgenesis.

Recently, ®C31 integration has been developed (6). This
technique allows rapid and efficient generation of site-specific
integrants, and relies upon ‘docking site” fly lines, which carry
a single recognition site (attP) for the phage ®C31 integrase
enzyme, previously introduced into the genome by P-element
transgenesis. A donor plasmid carrying a second recognition site
(attB) and a source of integrase enzyme is used to generate flies in
which the donor plasmid docks to the genomic site. Integration
events are highly specific, as the attP site is 39 bp long and does
not occur at random in the Drosophila genome. Many mapped
and characterised docking site lines are now available (se¢ Note 1),
and ®C31 integration is rapidly becoming widely used for many
transgenic applications.

All these transgenic techniques rely upon microinjection of
embryos as a first step. In carly Drosophila embryogenesis, the
nuclei share a common cytoplasm for the first nine divisions.
Directly after the tenth division, the first cells to become sep-
arated are the pole cells, which will later form the adult germ
line. Transgenic animals are made by microinjecting DNA and a
source of enzyme (P-transposase or ®C31 integrase, sec Note 2)
into the posterior of the embryo where the pole cells will form,
at an carly stage before they have become scparated from the
common cytoplasm. DNA can enter the nuclei and is integrated
into the genome of some cells. Embryos are allowed to mature
and the adults are outcrossed to screen for transgenic flies in the
next generation.

This chapter gives a detailed description of microinjection,
from preparing DNA to screening for transformants. The main
protocol deals with ®C31 integration as we perform it in our
laboratory. Alternatives for both ®C31 and P element transgen-
esis are given in the notes.



