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Preface

Over the past few decades, developments in genomic, molecular research, as
well as information technologies have produced a tremendous amount of in-
formation related to molecular biology. This made computing skills become
essential in molecular biology research. Computational methods have evolved
to analyze and interpret various types of data, such as nucleotide and amino
acid sequences, protein domains, and protein structures, etc. Bioinformatics
is the name given to these mathematical and computing approaches used
for understanding biological processes and becomes an important part of
many areas of biology. Bioinformatics not only provides tools we can use to
understand the basic aspect of biology, including development, metabolism,
adaptation to the environment, genetic variations of individual, and evolu-
tion, but also facilitates our understanding of the diseases processes through
the analysis of molecular sequence data.

This book is a handbook of methods and protocols for biologists. It aims
at undergraduate, graduate students and researchers originally trained in bi-
ological or medical sciences who need to know how to access the data archives
of genomes, proteins, metabolites, gene expression profiles and the questions
these data and tools can answer, for example, how to draw inferences from
data archives and how to make connections among them to deduce useful
predictions. For each chapter, the conceptual and experimental background
is provided, together with specific guidelines for handling raw data, including
preprocessing and analysis.

The book is structured in three parts. Part I introduces the basic knowl-
edge about popular bioinformatics tools, databases and web resources, in-
cluding online sequence databases, sequence alignment, predicting DNA and
protein function from sequence, protein structure prediction and analysis,
molecular phylogeny and evolution. Part T presents examples of Omics bioin-
formatics applications, including genetic variation and human disease, gene
expression profile and data management, qualitative and quantitative pro-
teomics, bioinformatics for metabolomics, and integrating Omics data for
pathways and interaction networks. Part Il provides basic statistical analysis
skills and programming skills needed to handle and analyze Omic datasets.



vi Preface

Bioinformatics is an interdisciplinary field involving molecular biology and
genetics, computer science, mathematics, and statistics. It is too far broad to
be understood by one person. Thus, this book is written by multiple authors,
each of whom brings a deeper knowledge of the subject. I wish to express my
gratitude to all authors for their dedication in providing excellent chapters,
some of the data and examples presented in the book are the results of their
own research. As for any omissions or errors, the responsibility is mine.

In preparing the book, we read many textbooks and published papers and
viewed many websites, we sincerely apologize to those authors and researchers
whose work we did not cite.

Enjoy reading.

Wang Ziling

College of Life Sciences and Bioengineering,
Beijing Jiaotong University, Beijing
October, 2017
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Chapter 1 Online Sequence Database

Yong Liu', Lishu Zhang?

In recent years, with the rapid development of computer and network tech-
nology, a large number of biological information resources can be retrieved
through the Internet. Such a large number of biological databases, software
resources and Internet connection are making life science research more con-
venient and efficient.

The major objectives of biological databases are not only to store, or-
ganize and share data in a structured and searchable manner with the aim
to facilitate data retrieval and visualization for humans, but also to provide .
web application programming interfaces (APIs) for computers to exchange
and integrate data from various database resources in an automated manner.

According to the report of 2016 database issue of Nucleic Acids Research,
there are 1685 databases that are publicly accessible online. Various databases
cover all areas of life sciences, and in this chapter, we will focus on some of
the commonly used biology databases or online resources, including, (1) nu-
cleic acid sequence database, such as GenBank, EMBL, DDBJ, etc.; @) pro-
tein database uniprot; (3) protein three-dimensional structure of the database
PDB; @ online human genome resources: UCSC genome browser, Ensembl
genome browser and NCBI Map Viewer.

1.1 Nucleic Acid Sequence Database

There are three well-known large-scale nucleic acid sequence databases. They
are GenBank (maintained by National Center for Biotechnology Information,
NCBI), EMBL (maintained by The European Bioinformatics Institute, EBI)
and DDBJ (maintained by National Institute of Genetics, NIG). In 2005,
GenBank, EMBL and DDBJ announced the International Nucleotide Se-

1. Liu Yong, College of Life Sciences and Bioengineering, School of Science, Beijing
Jiao Tong University, Beijing, China, 100044.

2. Zhang Lishu, College of Life Sciences and Bioengineering, School of Science, Beijing
Jiao Tong University, Beijing, China, 100044.
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quence Database Collaboration (INSDC). According to the agreement, these
three databases each collects the nucleic acid sequence data published around
the world, and shared their sequence data daily, to ensure that a uniform
and comprehensive collection of sequence information is available worldwide.
That means the sequence information underlying DDB.J, EMBL-Bank, and
GenBank is equivalent. Let’s begin with GenBank.

1.1.1 GenBank

GenBank is a comprehensive public database of nucleotide sequences and
supporting bibliographic and biological annotation. GenBank is built and
distributed by the National Center for Biotechnology Information (NCBI),
a division of the National Library of Medicine (NLM), located on the cam-
pus of the US National Institutes of Health (NIH) in Bethesda, MD, USA.
NCBI builds GenBank primarily from the submission of sequence data from
authors and from the bulk submission of expressed sequence tag (EST),
genome survey sequence (GSS), whole-genome shotgun (WGS) and other
high-throughput data from sequencing centers. The US Patent and Trade-
mark Office also contributes sequences from issued patents. GenBank data
is available at no cost over the Internet, through FTP and a wide range
of Web-based retrieval and analysis services. The website of GenBank is
https://www.ncbi.nlm.nih.gov/genbank/, and its homepage is shown in Fig-
ure 1.1.

1. The source in GenBank

Virtually all records enter GenBank as direct electronic submissions (http://
www.ncbinlm.nih.gov/genbank/), with the majority of authors using the
BankIt or Sequin programs. Many journals require authors with sequence
data to submit the data to a public sequence database as a condition of pub-
lication. GenBank staff can usually assign an accession number to a sequence
submission within two working days of receipt, and do so at a rate of ~3500
per day. The accession number serves as confirmation that the sequence has
been submitted and provides a means for readers of articles in which the
sequence is cited to retrieve the data. Direct submissions receive a quality as-
surance review that includes chgcks for vector contamination, proper transla-
tion of coding regions, correct taxonomy and correct bibliographic citations.
A draft of the GenBank record is passed back to the author for review before
it enters the database.

Authors may ask that their sequences be kept confidential until the time
of publication. Since GenBank policy requires that the deposited sequence
data be made public when the sequence or. accession number is published,
authors are instructed to inform GenBank staff of the publication date of the
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Fig.1.1 The homepage of GenBank

article in which the sequence is cited in order to ensure a timely release of
the data. Although only the submitter is permitted to modify sequence data
or annotations, all users are encouraged to report lags in releasing data or
possible errors or omissions to GenBank at update@ncbi.nlm.nih.gov.

NCBI works closely with sequencing centers to ensure timely incorpora-
tion of bulk data into GenBank for public release. GenBank offers special
batch procedures for large scale sequencing groups to facilitate data submis-
sion, including the program tbl2asn, described at http://www.ncbi.nlm.nih.
gov/genbank/tbl2asn2.html.

2. Organization of the database

(1) Sequence-based taxonomy
Database sequences are classified and can be queried using a comprehensive
sequence-based taxonomy (http://www.ncbinlm.nih.gov/taxonomy/). Over
300 000 formally described species are represented in GenBank, and the top
species in the non-WGS GenBank divisions are listed in Table 1.1.

(2) GenBank divisions
GenBank assigns sequence records to various divisions based either on the
source taxonomy or the sequencing strategy used to obtain the data. There
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are 12 taxonomic divisions (BCT, ENV, INV, MAM, PHG, PLN, PRI, ROD,
SYN, UNA, VRL, VRT) and 5 high-throughput divisions: expressed sequence
tags (EST), genome survey sequences (GSS), high-throughput cDNA (HTC),
high-throughput genomic (HTG), and the sequence-tagged site (STS). Fi-
nally, the PAT division contains records supplied by patent offices, the tran-
scriptome shotgun assembly (TSA) division contains sequences from TSA
projects and the WGS division contains sequences from WGS projects.

Table 1.1 Top organisms in GenBank

Organism

Non-WGS base pairs

Homo sapiens

17 575 474 103

Mus musculus

9 993 232 725

Rattus norvegicus

G 525 559 108

Bos taurus 5 391 699 711
Zea mays 5 079 812 801
Sus scrofa 4 894 315 374

Danio rerio

3 128 000 237

Triticum aestivum

1 925 428 081

Solanum lycopersicum

1 764 995 265

Hordeum vulgare

1 617 554 059

Strongylocentrotus purpuratus

1 435 261 003

Macaca mulatta

1 297 237 624

Oryza sativa Japonica Group

1 265 215 013

Xenopus tropicalis

1 249 788 384

Nicotiana tabacum

1 200 025 462

Arabidopsis thaliana

1 165 816 533

Drosophila melanogaster

1 155 228 906

Vitis vinifera

1 071 458 039

Glycine mazx

1 020 646 789

Pan troglodytes

1 010 2if 029

Expressed sequence tags.

ESTs is a major source of sequence records and gene sequences. The top
organisms represented in the EST division are H. sapiens, M. musculus, S.
scrofa, Arabidopsis thaliana, B. Taurus, Z. mays and D. rerio. As part of
its daily processing of GenBank EST data, NCBI identifies through BLAST
searches all homologies for new EST sequences and incorporates that informa-
tion into the companion database, dbEST (www.ncbinlm.nih.gov/dbEST/
index.html). The data in dbEST are processed further to produce the Uni-
Gene database (www.ncbi.nlm.nih.gov/ sites/entrez?db=unigene) of millions
of gene-oriented sequence clusters.
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Sequence-tagged sites, GSSs and ENV.

The sequence-tagged site (STS) division of GenBank (www.ncbi.nlm.nih.gov/
dbSTS/index.html) contains anonymous STSs based on genomic sequences
as well as gene-based STSs derived from the 3’-ends of genes and ESTs. These
STS records usually include mapping information.

The GSS division of GenBank (www.nebinlm.nih.gov/dbGSS/index.html)
grew rapidly over the past years. GSS sequences are the products of as many
as 80 different experimental techniques, including meta-genomic surveys of se-
quences arising from biological communities. However, more than one-quarter
of all GSS records are single reads from bacterial artificial chromosomes
(‘BAC-ends’) used in a variety of genome sequencing projects. The most
highly represented species in the GSS division, including meta-genomic sur-
veys, are marine meta-genome, M. musculus, Z. mays and H. sapiens. The hu-
man data have been used (www.nebi.nlm.nih.gov/projects/genome/clone/)
along with the STS records in tiling the BACs for the Human Genome
Project.

The ENV division of GenBank accommodates non-WGS sequences ob-
tained via environmental sampling methods in which the source organism -
is unknown. Many ENV sequences arise from meta-genome samples derived
from various animal tissues, such as the gut or skin, or from particular envi-
ronments, such as freshwater sediment, hot springs or areas of mine drainage.
Records in the ENV division contain ‘ENV’ in the keyword field and use an
‘ /environmental sample’ qualifier in the source feature.

HTG and HTC sequences.

The HTG division of GenBank (www.ncbi.nlm.nih.gov/HTGS/) contains un-
finished large-scale genomic records, which are in transition to a finished
state. These records are designated as Phase 0-3 depending on the quality
of the data, with Phase 3 being the finished state. Upon reaching Phase 3,
HTG records are moved into the appropriate organism division of GenBank.
The HTC division of GenBank accommodates HTC sequences, which are of
draft quality but may contain 5-UTRs and 3’-UTRs, partial-coding regions
and introns. HT'C sequences which are finished and of high quality are moved
to the appropriate organism division of GenBank.

WGS sequences.

WGS sequences appear in GenBank as a set of WGS contigs, many of them
bearing annotations originating from a single sequencing project. These se-
quences are issued accession numbers consisting of a four-letter project ID,
followed by a two-digit version number and a six-digit contig ID. Hence,
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the WGS accession number ‘AAAA01072744’ is assigned to contig number
‘072744’ of the first version of the project ‘AAAA’. WGS project contigs for
H. sapiens, Pan trodlodytes, Macacca mulatta, Equus caballus, Canis famil-
waris, Drosophila, Saccharomyces and 800 other organisms and environmen-
tal samples are available. For a complete list of WGS projects with links
to the data, see www.ncbi.nlm.nih.gov/projects/ WGS/WGSprojectlist.cgi.
Although WGS project sequences may be annotated, many low-coverage
genome projects do not contain annotation. Because these sequence projects
are ongoing and incomplete, these annotations may not be tracked from one
assembly version to the next and should be considered preliminary.

TSA sequences.

In recent years, a growing number of sequencing traces have been deposited
in the NCBI Trace Archive (TA). Given the advent of next-generation se-
quencing technologies, including those from Roche-454 Life Sciences, Illumina
Solexa and Applied Biosystems SOLiD, NCBI deployed a Short Read Archive
(SRA) in 2007. Neither of these archives is a part of GenBank, but beginning
with release 166, GenBank added a new TSA division for TSA sequences,
which are shotgun assemblies of sequences deposited in TA, SRA and the
EST division of GenBank. TSA records (e.g. EZ000001) have ‘TSA’ as their
keyword and a primary block that provides the base ranges and identifiers of
the sequences used in the TSA assembly.

(3) Special record types
Third-party annotation (TPA).

TPA records are sequence annotations published by someone other than the
original submitter of the primary sequence record in DDBJ/ENA /GenBank
(http:/ /www.ncbi.nlm.nih.gov/genbank/TPA). Each TPA record falls into
one of three categories: experimental, in which case there is direct experi-
mental evidence for the existence of the annotated molecule; inferential, in
which case the experimental evidence is indirect; and assembly, where the
focus is on providing a better assembly of the raw reads. TPA sequences may
be created by assembling a number of primary sequences. The format of a
TPA record (e.g. BK000016) is similar to that of a conventional GenBank
record but includes the label ‘TPA exp:’, ‘TPA inf:’ or ‘TPA asm:’ at the
beginning of each definition line as well as corresponding keywords. TPA
experimental and inferential records also contain a primary block that pro-
vides the base ranges and identifier for the sequences used to build the TPA.
TPA sequences are not released to the public until their accession numbers or
sequence data and annotation appear in a peer reviewed biological journal.
TPA submissions to GenBank may be made using either BanklIt or Sequin.



