
Preface

Although pharmacogenetics or pharmacogenomics, the study of inherited varia-

tion in patients’ responses to drugs, is still in its infancy, tremendous accumulation of

data for genetic markers and pharmacodynamic tests have made it one of the hottest

and most promising areas in biomedical research. The central goal of pharmacoge-

netics is to understand the association of interpatient variability in drug response with

specific genomic sites through the use of powerful statistical tools. Traditional ap-

proaches for such association studies are based on the statistical inference of putative

quantitative trait loci (QTLs) that underlie a phenotypic trait using known linkage or

linkage disequilibrium maps. With the advent of high-throughput genotyping assays

for single nucleotide polymorphisms (SNPs) and the completion of a haplotype map

(HapMap) constructed from SNP data, it has now become possible to characterize

concrete quantitative trait nucleotide (QTN) combinations that encode a complex

phenotype, and ultimately document, map and understand the structure and patterns

of the human genome linked to drug response.

Most existing mapping strategies analyze genetic variation in a static trait, but

these are often not effective relative to the complex nature of drug response. A drug

acts in patients’ bodies through a complex pharmacokinetic (PK) and pharmacody-

namic (PD) process. For this reason, clinical trials for pharmacological studies have

been designed to investigate a time course of drug deposition, drug metabolism, and

drug function in the body and to test the time-dependent relationships between drug

effects and drug concentration. In this sense, genetic mapping of a drug response

should consider the longitudinal or dynamic nature of pharmacological interactions

that determine the manner in which the drug affects the body over time. During the

past five years, there has been an increase in interest to develop and apply statistical

methodologies for genetic mapping of dynamic traits that incorporate the biological

or biochemical principles underlying trait formation and progression. These statisti-

cal methods, simply called functional mapping, hold a great promise for the detec-

tion of genetic loci, or DNA sequence variants, associated with drug response on the

scale of dosage and time, and, ultimately, for the design of an optimal drug, opti-

mal administration time, and optimal dosage schedule for individual patients based

on their specific genetic makeups. However, these methods generally have various

objectives and utilities and are sporadically distributed across a massive amount of

literature. A single volume synthesizing statistical developments for genome map-

ping may be helpful for many researchers, especially those with a keen interest in

building a bridge between pharmacogenetics and statistics, to acquaint themselves

with this expanding area as quickly as possible, and this is why we wrote this book.



This book intends to provide geneticists with the tools needed to understand and

model the genetic variation for drug response based on genomic data collected in

a mapping population and to equip statisticians with the motivation and ideas used

to explore genomic data. This book also intends to attract researchers, especially

young scientists, towards multidisciplinary research and to introduce them to new

paradigms in genomic science. The statistical and computational theories necessary

for the genetic mapping of dynamic traits are developed hand-in-hand and numer-

ous examples displaying the implications of statistical genomics are introduced. It

should be pointed out that many examples from plant and animal studies were used

to demonstrate some statistical methods because of our temporary lack of similar

data in pharmacogenetics, but these methods described will find their immediate ap-

plications in drug response with the availability of pharmacogenetic data.

There are 15 chapters in this book. Chapter 1 provides an overview of the study

design for mapping QTLs and haplotyping QTNs. In Chapters 2 and 3, the strategy

for sequence mapping of QTNs for complex traits is described for a natural popula-

tion (Chapter 2) and an experimental population (Chapter 3). Chapter 4 introduces a

general population and quantitative genetic model for analyzing haplotype diversity,

distribution, and effects. In Chapter 5, basic principles of functional mapping, in-

cluding parameter estimation and test procedures, are reviewed and discussed. The

methods and principles of genetic mapping of pharmacokinetics and pharmacody-

namics and their links are the topics of Chapters 6 and 7. In Chapter 8, we present

a computational framework for the detection of clock genes and its potential ap-

plication to “chronotherapy,” the practice of drug therapy at the body’s right time.

Chapter 9 discusses statistical models for characterizing DNA sequence variants by

integrating allometric scaling theory, which are extended to consider developmental

aspects of pharmacological response in Chapter 10. The description of models that

can discern differences of genes that control drug efficacy and drug toxicity is done in

Chapter 11. Chapters 12 and 13 cover two important types of interactions that occur

between different genes (Chapter 12) and between genes and environments (Chap-

ter 13). The last two chapters (14 and 15) discuss the generalization of functional

mapping by nonparametric and semiparametric modeling of functional data on drug

response. The computer code or software for the statistical methods described in this

book have been made freely available at the web address http:\\statgen.ufl.edu for

researchers worldwide.

The writing of this book was inspired by our rapidly growing research program in

statistical genetics at the University of Florida. A number of faculty, post-doctoral

researchers, and graduate students have contributed substantially to the program in

different ways, which has made it possible for us to collect material and publish

this book. The work by the following people is given special recognition: Arthur

Berg, George Casella, Yuehua Cui, Wei Hou, Bong-Rae Kim, Hongying Li, Qin

Li, Tian Liu, Fei Long, Chang-Xing Ma, Chenguang Wang, Zuoheng Wang, Song

Wu, Jie Yang, Mark Yang, John Yap, Wei Zhao, and Yun Zhu. Their contribu-

tions have greatly inspired and stimulated our methodological research in this fan-

tastic area. We are also grateful to our collaborators at the University of Florida and

elsewhere—James Cheverud, Roger Fillingim, Minren Huang, Julie Johnson, Matias



Kirst, Brian Larkins, Juan Medrano, Daniel Prows, Roland Staud, Rory Todhunter,

Eduardo Vallejos, Peggy Wallace, Lang Wu, and Jun Zhu, who have provided their

invaluable data, problems, and comments for our statistical genetics research. We

are especially thankful to Professor Hartmut Derendorf and the following students in

his department, Qi Liu, Jiang Liu, Mei Tang, Yaning Wang, Kai Wu, and Hao Zhu,

for providing us with their insightful views about pharmacodynamics and pharma-

cokinetics. We thank anonymous reviewers for their constructive comments on the

earlier version of the book.

A general frame of this work was designed at the University of Florida and Duke

University, and many details were added and refined at Princeton University where

R. Wu spent his sabbatical leave. R. Wu thanks Professor Jianqing Fan for his gen-

erous hospitality at Princeton and admires his groundbreaking nonparametric work

which can potentially foster and polish many aspects of current pharmacogenetic

studies. Particular acknowledgements are due to the Department of Statistics within

the Institute of Food and Agricultural Sciences at the University of Florida and the

Department of Biostatistics and Bioinformatics at Duke University for continued

support on this and other projects. Part of this work has been supported by NSF grant

(0540745) and Duke Clinical and Translational Sciences grant (UL1 RR024128). Fi-

nally, we thank Editor Rob Calver for inviting us to publish a statistical pharmacoge-

netics book with Chapman & Hall/CRC, which stimulates our deeper understanding

of this promising emerging science. Excellent editorial and technical assistances by

Michele Dimont and Shashi Kumar have favorably improved the presentation of this

book.
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