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PREFACE

With the emerging recognition that the expression of most characters is in-
fluenced by multiple genes and multiple environmental factors, quantitative ge-
netics has become the central paradigm for the analysis of phenotypic variation
and evolution. The historical development of the field is like that of a braided
stream whose final destination has not been reached. Virtually all of quantitative
genetics draws upon basic theoretical foundations laid down in the first third
of this century, largely by Ronald Fisher and Sewall Wright. However, practical
applications of this theory did not become common until the 1950s, and these
were restricted almost entirely to agricultural settings. Plant and animal breeders
subsequently diverged towards radically different modes of experimental design
and analysis, perhaps because of the different population structures of crop plants
and domesticated animals, but possibly also because of the historical segregation
of the study of plants and animals in academia. Even today, at many major uni-
versities, separate courses in quantitative genetics are taught in departments of
plant and animal science.

Only in the 1970s and 1980s did evolutionary biologists begin to fully em-
brace quantitative genetics as a major tool in both theoretical and empirical anal-
ysis. Many evolutionary quantitative geneticists are only vaguely aware of the
extent to which the statistical machinery of the field traces to earlier work by
animal and plant breeders as well as to work by the statistician Karl Pearson
(an ardent non-Mendelian) at the turn of the century. Over the past few decades,
human geneticists have also been progressively adopting quantitative-geneticap-
proaches as the primary mode of analysis of genetic disorders. This work is largely
unknown to (and generally uninformed by) those in the fields of breeding and
evolutionary genetics.

In the mid 1980s, we realized that an integration of these disparate and semi-
independent subdisciplines might be a useful contribution to the field of quan-
titative genetics at large. Our goal was to bring together the diverse array of
theoretical and empirical applications of quantitative genetics under one cover,
in a way that would be both comprehensive and accessible to anyone with a
rudimentary understanding of statistics and genetics. As we ventured into a lot
of unfamiliar territory, we gradually discovered that we had substantially under-
estimated the enormity of the task. So here we are, a decade later, about halfway
to our final destination. What we originally envisioned as a single volume has
now become two, with the focus of this first book being on the basic biology and
methods of analysis of quantitative characters.
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We have tried to write this book in a way that will encourage its use as a text-
book in quantitative genetics. But the book also provides a thorough enough cov-
erage of the literature so that it should be useful as a basic reference. Th roughout,
we have attempted to develop central theoretical concepts from first principles. To
aid the less statistically sophisticated reader, we have included several chapters
and appendices that review essentially all of the statistical tools employed in the
book. Wherever possible, we have illustrated theoretical and analytical concepts
with empirical examples from diverse settings. Both of our backgrounds are in
evolutionary genetics, however, and a certain amount of bias may have crept in.

Today’s quantitative genetics is not the science that it was 25 (or even 10)
years ago. Three major developments are particularly noteworthy. First, largely
motivated by the work of Russell Lande in the 1970s and early 1980s, there has
been an explosive influx of quantitative-genetic thinking into evolutionary biol-
ogy. It was, in fact, this dramatic refocusing of many evolutionary problems that
first precipitated our interest in producing a book — most existing texts in quan-
titative genetics give little (and often no) attention to the great accomplishments
that have been made in evolutionary biology. Thus, it is now ironic that much of
our discussion of this work will be postponed to our second volume, Evolution
and Selection of Quantitative Traits.

A second major development occurred in animal breeding. Here, enormous
strides have been made in the development of new techniques for estimating
breeding values (for the purposes of identifying elite individuals in selection
programs) and for estimating variance components from samples of complex
pedigrees. Although the foundation for many of these techniques was outlined
in a remarkable series of papers by Charles Henderson in the 1960s and 1970s,
their widespread application awaited the development of high-speed computers.
Numerous technical treatises exist on these techniques, but their general absence
from basic textbooks has endowed them with a certain mystique. In the last two
chapters of this book, we have attempted to outline the basic principles of complex
pedigree analysis, without getting greatly bogged down in technical details.

Third, in the past five years, as molecular markers have become widely avail-
able and economically feasible, there has been a rapid proliferation of new meth-
ods for detecting, locating, and characterizing quantitative-trait loci (QTLs). Cur-
rently one of the most active fields of quantitative-genetic research, QTL analysis
was a mere dream when we embarked on this book. Thus, one benefit of our slow
writing is the fact that we have been able to provide an up-to-date report on the
exciting achievements of QTL analysis. Although a full integration of quantita-
tive genetics and molecular genetics is still a long way off, with the recruitment
of molecular biologists into the field we can anticipate great advances in the near
future.

Over the past couple of years, we have heard a number of colleagues, some
quite prominent, make statements like “quantitative genetics is dead,” a rather
hard thing to take when we have spent 10 years writing a treatise on the subject!
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There are indeed some people who would dearly like to embrace this obituary as
a rationale for ignoring a technically demanding field. However, the reality is that
as a tool for the analysis of complex characters, quantitative genetics is as alive
as it has ever been. What may be dead (or at least much less viable than we origi-
nally thought) is the simple caricature of traits being influenced by an effectively
infinite number of loci with very small, additive effects. As we try to emphasize
throughout this book, quantitative genetics is still fully capable of accommodat-
ing characters with small numbers of loci (even single loci), nonadditive genetic
effects, non-Mendelian inheritance, and other genetic complexities. Indeed, the
current machinery of quantitative genetics stands waiting (and its practitioners
willing) to incorporate the fine genetic details of complex traits being elucidated
by molecular and developmental biologists.

In spite of our best efforts, it is likely that a few errors have escaped scrutiny.
Hopefully, they will be trivial and obvious, but Murphy’s law suggests otherwise.
Likewise, many of the methods we discuss can be computationally very demand-
ing. To address both of these issues, we have set up a World Wide Web home page
to post listings of detected errors and links to recent programs. The URL is http://
nitro.biosci.arizona.edu/zbook/book.html; interested parties should contact BW
at jpwalsh@u.arizona.edu for further information.
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