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PREFACE

This book came about in the following way. In the winter of 2004, Jasna Markovac,
the publisher of my monograph “Genomic Regulatory Systems” (2001), asked me
to think about doing a second edition of that work. But no sooner had I opened
that door and begun to survey the landscape than, as in an old legend of magic,
everything seemed to have been transformed to another landscape. The concep-
tual peaks that were the landmarks of “Genomic Regulatory Systems” were still
there, but now new mountains towered over them, and the whole domain appeared
to be much more brightly illuminated, and to extend farther toward the horizon.
It was beyond possibility to “update” a vista so changed.

“Genomic Regulatory Systems” sought as its main objective to crystallize the
incontrovertible evidence that causality in development resides ultimately in
cis-regulatory control of spatial gene expression. But development is the output
of regulatory systems comprising large numbers of regulatory genes. Though in
that work 1 often referred to the gene networks that would someday represent
developmental programs, the few examples were anecdotal, and their general
properties remained entirely obscure. Then in 2002 we published the first real scale
gene regulatory network (including about 50 genes) explanatory of a major piece
of development, specification of the endomesoderm of the sea urchin embryo.
As the ancients used to say, the scales fell from our eyes. A whole field of devel-
opmental gene regulatory networks has now sprung forth, that encompasses many
different animal systems. The structure/function properties that emerge from the
architecture of these networks are a large part of what has transformed the
conceptual terrain of this large area of bioscience. There follow more new things:
a different way to think comparatively about various forms of development; a dif-
ferent way to think about the process of evolution; hence the subtitle of this book,
“Gene Networks in Development and Evolution”. Exploration of these new
pathways toward scientific explanation of the developmental and evolutionary
phenomena of biology is the central object of this volume. As with its predecessor,
the approach I have taken here is that of demonstration by example: the points
to be made rest upon powerful, exemplary experimental demonstrations, detailed,
for those who desire experimental substance, in the figure captions. However, in
no way have I attempted to be encyclopedic. So, willy nilly, there is much that
could equally well have been included but was not, and my apologies en masse
to the authors of these works.

I have not shied away from what are sometimes pejoratively been termed “big
ideas,” nor taken the view of an anonymous reviewer of a paper of mine who
recently amused me with the complaint “But the original ideas in this paper are
speculative!” This book includes many diagrams in which concepts are set forth
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in specific form, just so they can be subjected to precise tests of falsification, and
just so they can be used in precise ways to generate predictions I may not have
thought of. One such idea, which underlies everything in this book, is the concept
of genomically encoded information processing. To return to my metaphor above,
this is like the geological basis of the landscape. In my view, cis-regulatory infor-
mation processing, and information processing at the gene regulatory network
circuit level, are the real secret of animal development. Probably the appearance
of genomic regulatory systems capable of information processing is what made
animal evolution possible.

This book begins with an overview of the regulatory genome and the concept
of information processing in gene regulation (Chapter 1). It proceeds to an
in-depth analysis of modular cis-regulatory designs for generation of spatial pat-
terns of gene expression, and consideration of how they generate regulatory
output (Chapter 2); thence to a comparative treatment of developmental path-
ways in terms of transient regulatory states (Chapter 3); to gene regulatory
network theory and the character of diverse real developmental regulatory net-
works (Chapter 4); and finally to the application of network structure/function
relations to some unsolved problems of animal evolution (Chapter 5). The image
of a genomically encoded information processing system that throughout the life
cycle responds conditionally to incident regulatory inputs can never lie far from
the surface of any of these subject areas.

Science is made by scientists, whose creations deeply affect each others’
progress. For me there have been certain scientists in each period of my own
progress whose work and ideas have particularly illuminated the world: among
them I must mention as of particular importance in this present period, and
for what is included herein, Mike Levine, Ellen Rothenberg, Doug Erwin, Sorin
Istrail, Bill McGinnis, and Lee Hood. This book would not have whatever worth
it does were it not for the generosity of these people and also of Paola Oliveri
and Joel Smith, postdoctoral colleagues in my laboratory, in reading, criticizing,
and improving drafts of various parts, and in some cases all, of the manuscript.
I have been extremely fortunate to have had the very expert services of a superb
iltustrator, Tania Dugatkin. In my own domain Deanna Thomas has provided
invaluable assistance with figures, references, and everything else; and my
graduate student Pei-yun Lee not only helped with technical research but also
with figure attributions. Nor would this project have ever reached fruition were
it not for the continued encouragement of Jasna Markovac, and of the careful,
obsessive work of the production manager Paul Gottehrer at Academic Press/
Elsevier. I also wish to say that since so much of what follows is linked to our
expanding experimental invasion of gene regulatory networks, the support we
have had for that research has been indirectly essential for this book as well:
mainly this support has come from the National Institute of Child Health and
Human Development and from the Genomes to Life Program of DOE, but also
from NIGMS, NIRR, NIHGRI, NSF, NASA, Caltech’s Beckman Institute, and
Applied Biosystems, Inc.
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Finally, I would like to dedicate this book to the person who has worked most
closely with me on it, good days and bad, and that is Jane Rigg. She has been
my editor, judge, administrator, research aide, and advisor throughout, as also on
three other books I have written in the more than 35 years that we have worked
together. Only my first book, “Gene Activity in Early Development” (1968) pre-
ceded the Jane Rigg era, but that was a very long time ago indeed.

Eric Davidson
April 2006
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