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From the Editors

Biostatistics and bioinformatics apply techniques in mathematics, infor-
matics, statistics, computer science and artificial intelligence to solve biological
problems. Recent advancements in technology make it possible to gather data
on the molecular level, which results in data with extremely high dimension-
ality. There is thus an urgent need for new and powerful statistical methods
for analyzing such data. Although considerable progress has been made, high
dimensional analysis still remains a young filed with many theoretical and
practical problems yet to be addressed.

The primary goal of this volume is to create a platform for researchers
to present the most recent developments in statistical methodologies for high
dimensional data. We hope it can provide a window into the state-of-art
research in high dimensional analysis, motivate interested researchers, and
foster more research in this area. This volume does not, nor is it intended
to, present a full picture of the vast area of high dimensional data analysis.
Topics were selected according to personal research interests only.

Fifteen papers of extremely high quality were peer reviewed by experts
and selected. They are loosely divided into four topics: (i) statistical genet-
ics with the goal to identify quantitative trait loci associated with phenotype
variations; (ii) statistical analysis of microarray data with the goal to identify
differentially expressed genes under different disease stages or experimental
conditions based on microarray experiments; (iii) computational biology with
the goal to construct mathematical and statistical models that can best de-
scribe the molecular structure of cells; and (iv) general methodology.

As proud graduates of USTC, we are extremely honored to have this oppor-
tunity to edit this special volume as part of celebration to her 50th birthday.
We are deeply exhilarated by positive and enthusiastic responses from such a
successful group of researchers who have made significant contributions in var-
ious areas. All papers have at least one author who is an alumnus of USTC.
We owe special thanks to the USTC press. Without their encouragements
and support, this volume would not be possible. Finally, we would like to
express our appreciation to the following reviewers, Jinbo Chen (University of
Pennsylvania), Ruzong Fan (Texas A & M University), Anna Liu (University
of Massachusetts), Xiao Song (University of Georgia), Huiliang Xie (Univer-
sity of Miami), Tiejun Tong (University of Colorado, Boulder), Momiao Xiong
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(University of Texas, Houston), Hongyu Zhao (Yale University), Chuan Zhou
(Vanderbilt University) and Zhu Ji (University of Michigan). Their insightful
comments substantially improved quality of this volume.

Shuangge Ma & Yuedong Wang
Yale University and
University of California-Santa Barbara



Preface

It would not be a stretch to say that modern statistics is enjoying a youthful
bloom in greater China. The Chinese have long been renowned for fundamen-
tal contributions to the foundations of science and mathematical thinking. We
expect no less from future generations of Chinese statisticians.

At the dawn of the 20th century, statistics had but a small role on the
stage of scientific practice; by the close of the century, the use of statistics
was ubiquitous in virtually every area of scientific and practical interest, with
statisticians having developed many procedures to address substantive prob-
lems arising in these various areas. In the last 25 years especially, proceeding
in hand with the exponential growth in computing power, new technologies
have emerged in various disciplines, leading to data sets that are orders of
magnitude larger than those for which the earlier procedures were developed.
This prompts questions which these earlier procedures are not well suited to
address. Substantial statistical innovations are necessary to take on the task,
and while statisticians are responding well to the challenge, much work remains
to be done. '

This volume, occasioned by the University of Science and Technology
(USTC) 50th anniversary celebration, features 15 statistical papers by renowned
statisticians and USTC alumni covering 4 topics in high dimensional data
analysis and bioinformatics at the frontiers of modern statistical science: (i)
statistical genetics, (ii) the analysis of microarray data, (iii) computational bi-
ology and statistical learning, and (iv) statistical methods for analyzing high
dimensional data.

The three statistical genetics papers cover several important topics in the
area. Cui, Zhang, Yang and Li address the problems of bias and power in link-
age analysis with mixed affected sibling pair data. They propose three test
procedures to address these issues, and show that all three perform satisfac-
torily. Chen reviews sequential importance sampling algorithms developed in
population genetics, as well as a more recently proposed-technique developed
by Chen that incorporates resampling. Lin proposes a hierarchical Bayesian
approach for detecting QTL using model selection techniques. The approach
works well, provided the number of markers is not very large. :

Four papers address the analysis of microarray data. By incorporating
longitudinal information on gene expression, Hong develops a functional hi-
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erarchical empirical Bayes approach for detecting TR and TDE genes from
MTC gene expression experiments. Using a smoothness assumption on the
gene expression trajectories, the gene expression profiles are modeled and ap-
proximated by well known basis function expansions. The paper by Lai ad-
dresses, in the context of FDR, the problem of estimating the fraction of null
hypotheses that are true when a large number of tests are performed; using a
nonparametric method, an upper bound on the fraction is obtained. Based on
earlier work on normalization methods for microarray data, and information
on non-replicating genes, Peng proposes new methods that lead to improved
estimation of the intensity functions. In connection with the need for reliable
variance estimation for gene expression microarray data, Tong and Wang re-
view several statistical methods for estimating variances in the “large p, small
n” context.

Four papers are addressed to the subject of computational biology and
statistical learning. Feng, Xu, Zhang, Li, Xie and Wang study the problem of
predicting protein subcellular locations using a machine learning type of ap-
proach. Through experiments and comparisons, the authors conclude that us-
ing the PSSM generated from PSI-BLAST as input and SVM as classifier leads
to better predictive performance. A new learning method called LOCSVMPSI
is proposed and recommended based on its even better performance. Chao and
Jiang give a general review of methods for extracting information at the bio-
molecular sequence level, with emphasis on biological sequence alignment. Lin,
Simmons, Beecher, Truoung and Young apply various classification methods,
including RP, SVM, and RF, to identify an important set of metabolites for
disease classification. Wang and Xi survey recent developments in the statis-
tical modeling of chromatin Sequences. They argue that chromatin sequences
trained by a previously proposed model called DHMM may have larger power
in predicting the correct nucleosome positioning.

The final set of papers is concerned with high dimensional data analysis.
Chen gives a comprehensive review of recent developments in finite mixture
modeling. Guo and Dai propose an iterative procedure to fit a smoothing
spline ANOVA model with heterogeneous variances. The method is then ap-
plied to a data set with a sample of epileptics. Zeng and Yu address the issue
of bias arising in kernel estimation in longitudinal studies. They propose a
bias-corrected procedure and derive its large sample properties. Zou derives
a computable bound in evaluating the quality of the Gibbs sampler, in the
context of estimating the posterior mode of the Lasso distribution.

The bound has direct implications for deriving the Lasso estimator. The
papers in this collection illustrate both the types of challenges statisticians
face and will continue to face and as well as the opportunities such challenges
open up for new statistical work. On one hand, statisticians need to look
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inward and develop better statistical methodologies and procedures, and on
the other, to look outward and work with researchers in other disciplines to
meet the new challenges they bring to the table. There is every reason to
believe that statistics in the 21st century will continue to be as exciting an
area as it was in the 20th century, and the need to train and develop a talented
generation of younger statisticians will be great. We hope that USTC and its
alumni will continue its work along these line and we trust that the next 50
years for USTC will be even more fruitful and exciting than the 50 past years
that we celebrate today.

Shaw-Hwa Lo
Columbia University
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Linkage Analysis with Mixed Sample of
Affected Full and Half Sib Pairs in the
Presence of Uncertain Relationship

Wenquan Cui'? Hong Zhang'?, Yaning Yang! and Zhaohai Li3*

IDepartment of Statistics and Finance, University of Science and
Technology of China, Hefei, Anhui, P.R. China.
2Department of Epidemiology and Public Health,

Yale University School of Medicine, New Haven, CT, USA.
3Department of Statistics, George Washington University,
Washington, DC, USA.

‘Biostatistics Branch, Division of Cancer Epidemiology and Genetics,
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Abstract

Affected sib pairs are widely used in human genetic linkage studies.
Simple non-parametric tests, such as mean and proportion tests have
been proposed for detecting linkage between the disease of interest and
candidate markers. In practice, however, some of the relationship in-
formation of affected sib pairs (full sib pairs vs. half sib pairs) may be
missing due to unavailability of parents, incompleteness of records, and
some other reasons. Power loss is unavoidable if those sib pairs with
uncertain relationship are excluded in analysis, while a small proportion
of half sib pairs can lead to substantial increase of false positive rates
if half sib pairs are misspecified as full sib pairs. Particularly, serious
bias will be introduced into mean and proportion tests in the presence of
uncertain relationship. In this article, we propose three test procedures,
one is likelihood ratio test, the other two are modified mean and propor-
tion tests, with biases and variances being carefully corrected. All the
three tests are theoretically shown to be valid in the presence of sib pairs
with uncertain relationship. Simulation studies are conducted to assess
the performances of the proposed tests, and the results show that the
proposed tests have correct type I error rates and satisfactory powers.

*Corresponding author
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Furthermore, power loss is minor when the proportion of sib pairs with
uncertain relationship is not too large, compared with the situation when
true sibling relationships for all sib pairs are known for sure.

Key words: Affected Sib Sair; Linkage Analysis; Full Sib Pairs; Half
Sib Pairs; Mixture Model; Identifiability.

1 Introduction

The affected sib-pair (ASP) design has been widely used in human genetic
linkage studies (Suarez et al., 1978; Blackwelder & Elston 1985; Holmans,
1993; Knapp et al., 1994a, 1994b, 1998; Whittemore & Tu, 1998; Dudoit &
Speed, 1999; Li & Gastwirth, 2003; Wang, 2004). The ASP linkage method
(Penrose, 1935, 1953) was originally developed for detection of linkage between
a genetic marker and a dichotomous trait locus by using full sib pairs (FSP).
Based on the concept of identical-by-descent (IBD), nonparametric tests such
as mean and proportion tests were proposed to detect the departure of the
distribution of the ASP IBD sharing status from what is expected under the
null hypothesis of no linkage. The ASP linkage method has been generalized
to affected relative pair (Risch, 1990; Jung et al., 2006) method for linkage
studies. Considerable researches have focused on increasing the powers of
these tests under different scenarios.

The ASP design ascertains affected full sib pairs. However, due to un-
availability of parents or incomplete records for some of the sib pairs, half sib
pairs (HSP) may enter the study (Goring & Ott, 1997). If a researcher does
not recognize this issue and treat all the pairs as full sib pairs, then spuri-
ous conclusion could be reported since the classical mean, proportion or any
other linear tests have inflated type I errors with the mixed samples of full
and half sib pairs (Neale et al., 2002). We call this type of data as mixed
affected sib pair (MASP). Schaid et al. (2000) proposed a method for com-
bining full sib and half sib pairs in a single test for quantitative trait when
the true sibling information is known for all the pairs. For situations when
the complete information of true sibling relationship is not available, Ehm
& Wagner (1998) proposed a test based on identity by state (IBS) to detect
errors in sib pair relationships, which computes the sum of difference of IBS
with the expected IBS for each pair given true relationship of multiple marker;
Goring & Ott (1997), Boehnke & Cox (1997) developed likelihood method to
estimate the relationship by using information from multiple linked markers.
However, these methods relies on linked marker information and not robust
to the specification of the model assumptions. Also, estimation of relation-
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ships by using linked marker information might cause genetic privacy concerns
(Roche & Annas, 2006).

Currently available tests for ASP linkage studies, such as the mean and
proportion tests, can not incorporate such mixed data in a single analysis. If
the nonparametric IBD-based tests are applied to these data without proper
corrections, the type I error rate is shown to be seriously inflated for moder-
ately large sample size even if the proportion of half sib pairs is small. When
the sibling relationship for every pair is unknown, the IBD distribution is a
mixture of two discrete distributions, and the parameters involved are non-
identifiable. However, if the true sibling relationship for a fraction of pairs is
known, then the parameters are identifiable. In this situation, one can esti-
mate the proportion of HSPs in the sample and adjust for the biases. The
maximum likelihood estimate (MLE) of the parameters can be obtained via
an E-M algorithm. In the common case of model parameters being weakly
constrained, the likelihood ratio test {LRT) statistic has a limiting chi-square
distribution under the null hypothesis of no linkage. We also propose to mod-
ify the classical mean and proportion tests by carefully correcting their biases
and variances simultaneously. The two corrected tests are shown to be valid
theoretically and confirmed by simulations. Simulation results also show that
the power loss is tolerable up to 60% of pairs with uncertain relationship com-
pared with full information data, showing the proposed tests are quite feasible
in practice.

The rest of the article is organized as follows. In the next section, some
issues related to the mixed samples are presented; then, the IBD sharing prob-
abilities are shown to be non-identifiable and the classical mean and proportion
tests have biases, especially when sample size is relatively large even if the pro-
portion of half sib pairs is small; finally, the validity of three new tests in the
presence of MASP are discussed. Simulation results are shown in Results Sec-
tion. A brief summary and related issues are presented in Discussion Section.
Appendices give algorithms for solving MLEs under both the null and alter-
native hypotheses, calculations of bias and variances for classical mean and
proportion tests, and derivation of the modified mean and proportion tests.

2 Methods

2.1 Classical mean and proportion tests

For easy presentation, it is assumed that the marker is fully informative
so that the IBD sharing status at the marker locus is observed without ambi-
guity. For the situation when the IBD is not available, a solution is given in
Discussion Section.



