Preface

“The hardest thing to see iy whet & in front of our eves.”

Johan Wolfgang von Goethe

Chnngt, the process of becoming different, is at the heart of biology, Without it, nothing
makes sense. Understanding and describing change is a fundamental endeavor in mathe-
matics and the natural sciences. Change embraces evolulionary thought but is particularly
difficult to define in complex dynamical systems, such as those encountered in life, The
intricate arrangement of parts in these systems is responsible for unique relationships that
must be established and emergent properties that must be explored.

What makes something in biology unique? Closely related individuals in a population
may differ little in terms of their genetic makeup. Yet they can exhibit marked phenotypic
differences, beginning with appearance and behavior, They can react differently when
exposed to mutation or stress, Their progeny can even inherit genetic or learned features
differently. As taxonomical distance widens, what is unique widens to the extreme. For
example, there is only ~1.2% difference in the genomic makeup of chimp and human at the
nucleotide level’, vei phenotypic differences are huge. We may be tempted to explain
uniqueness by citing critical differences (e.g., unique proteins, gene copy variants, or
regulatory mechanisms) or general patterns (e.g., differential regulation of a large number of
genes). We can claim that the repertoire of proteins or noncoding RNA, or the way the
expression or functioning of these molecules is regulated are the ones responsible, or that the
explanation lies in the integration of the thousands of component paris that make up
biological systems. The genomic revolution now provides millions of protein sequences
with which to dissect what is different, vet we are far away from understanding the
complexities of life.,

In face of so much diversity, we could frame the question differently. What makes
something in biology common? Again, we find ourselves amazed by unabated similarities in
everything from molecules, molecular structures, and cellular machinery, to body plans,
behavior, and language. Why homogeneity amid so much heterogeneity? The answer
I believe lies in the patterns and processes that are responsible for evolutionary change
and the complexity and embedded simplicity of our evolving world, Modern phylogenetics
and evolutionary bioinformatics have a lot o say about how to approach these questions,
especially within the molecular realm. Similarly, the emerging field of evolutionary
genomics attempts to address the complexity of entire repertoires of component parts
acquired by the genomic revolution by reconciling what is commen and what is unique
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at different levels of organization and along taxonomical transects. Approaches link
pragmatism with theoretical discourse, the hench with the computer, and statistical
inference with the hypothetico-deductive method in a more modern framework for scientific
and philosophical advance. Concepts are borrowed from unlikely disciplines, such as
graph theory and networks from applied mathematics and social sciences, and biologisis
brush comfortably with algorithms and simulations. This is probably where frontiers in
science live.

These past several months have been exciting because of what they represent. This is
why this hook is particularly timely. The birth of Darwin, 200 years ago, and the
publication of his famous book® 50 years later are clearly of profound importance.
Diarwin catalyzed everlasting change in science and society, revolutionizing hiology and
prompting the search for deeper understanding of the fundamentals of biological change.
His views took more relevance in the synthesis that ensued, and their significance was later
(though slowly) embraced by molecular biology. The report of the lirst crystallographic
siructure (Protein Data Bank entry lMHN}" 50 years ago also marks a fundamental
milestone in the exploration of the atomic makeup of the molecules of life, About 50,000
molecules later, we have better understanding of the molecular machinery of the cell as we
try to reconcile models of structure with biological function. The beginning of this year
also marks the acquisition of the sequences of the first 1000 organisms, which now span
superkingdoms Archaea, Bacteria, and Fukarya, showing that the genomic revolution is
indeed full fedged and unstoppable, Postgenomic science has changed the face of liology
forever. The reductionist view of understanding the living world by atomizing systems and
examining their parts is slowly caving in to more integrative approaches that impinge on
the power of synthesis and the integration of knowledge. Physics enters the realm of
biology and vice versa, but so do computer science, stalistics, mathematics, and philoso-
phy. A marvelous time for science!

The confluence of technological feats, such as “nextgen” sequencing, with informatics
and exponential increases in our biological knowledge base prompted the consideration of
advances in two seemingly distinct but emerging fields of endeavor, Evelutionary Genomics
and Systems Biology. This book represents an attempt to bring timely problems and insights
from a selected group of researchers to the table. The treatment of advances and challenges
is therefore by no means exhaustive. In fact, the purpose was lo entice thought rather than to
seek exhaustive coverage. Following that spirit, the book has been organized in three
sections, treating aspects of evolutionary genomics and systems biology that are crucial for
the “new biology”. In Part 1, “Evolution of Life.” six chapters cover the impact that
evolutionary genomics has had on our understanding of life, from the general (o the specific,
exploring current challenges, controversial but central issues, and the relevance of model
systems in biology. In Part 11, “Evolution of Molecular Repertoires,” 10 chapters discuss
how levels of organization map to each other, how structure and function impinge on
genomic reperteires, the centrality of evolutionary models, and the hidden world of RNA
molecules that pervades biology. Finally, in Part 111, “Evolution of Biological Networks,”
four chapters explore the complexity of the cellular makeup and wiring diagram of an
organism, the dynamics and emerging properties of networks, and the role of fundamental
evolutionary processes in the integration of component parts in systems. 1 hope the readers
will find each and every chapter exciting and thought provoking.
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