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Modern science has been transformed in recent times. Our thinking, our ways
of analyses, our tools, our experimental systems, and certainly our powers to
probe living systems have fundamentally altered in ways that we never
imagined. Bioinformatics is that one field of science which has admirably
X demonstrated what integration and knowledge sharing across different
disciplines can achieve to advance our understanding of complex living systems.

X
=
This book is about those fundamental tools and devices that spearheaded
swift changes, which revolutionized biomedical research and enabled us to
perform biology in silico. Today, as a result of these tools (and despite their
limitations), discovering novel coding regions, genes and gene products in a
haystack of unknown sequences, searching for remote homologies between
sequences, etc. are but routine tasks that biologists with little or no background
in computer science can perform effortlessly at the flick of a button. The volume,
the unstructured or the heterogeneous nature of data, is no longer a bottleneck
to scientific research. Instead, scientists can now focus on the more important
and fundamental questions of the molecular basis of disease, and find new
cures for hitherto untreatable ailments.

Part I of the book focuses on a core set of tools that have become indispensable
to scientific discoveries. Part II of the book focuses on how these tools can be
integrated with BioPerl modules programmatically, to enable them in an
enhanced—bioinformatics on steroids—manner.

The first book in the series, Perl Programming for Bioinformatics, introduced
Unix and Perl programming for bioinformatics analysis. The intent of this
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book is to supplement it with the knowledge of bioinformatics tools and BioPerl.
Both books have been written with a grassroots approach based on real-life
experiences from high throughput genome sequencing centers and the pharma
industry. It is hoped that the two books will facilitate the transition a biologist
needs to make into the intriguing and fast-paced world of bioinformatics.

Thank you and happy reading!

HARSHAWARDHAN P. BAL
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CHAPTER

Web-based equence Analysis:
BLAST I

o

1.1 BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

BLAST is a database search tool, developed and maintained primarily by the
National Center for Biotechnology Information (NCBI). The web-based tool
is available at http://www.ncbi.nlm.nih.gov/BLAST/. The BLAST suite of
programs has been designed to find high scoring local alignments between
sequences, without compromising the speed of such searches. BLAST uses a
heuristic algorithm which seeks local as opposed to global alignments and is,
therefore, able to detect relationships among sequences which share only
isolated regions of similarity (Altschul et al., 1990). The first version of BLAST
was released in 1990 and allowed users to perform ungapped searches only.
The second version of BLAST, released is 1997, allowed gapped searches.

§ 1.2 THE PURPOSE OF BLAST

It is not uncommon nowadays, especially with the large number of genomes
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being sequenced, that a researcher comes across a novel DNA or protein
sequence for which no functional information is available. Some basic infor-
mation on the sequence is necessary before a molecular biologist can even
take the new sequence into the lab and perform meaningful experiments
with it. It would, for example, make the job much easier if it were known
that the new sequence encodes a Repetitive DNA Element (which would
need an entirely different rationale and set of tools for analysis), a metabolic
enzyme or, indeed, a protein that is a putative member of a known super-
family such as immunoglobulins, kinases, etc.

The term protein superfamily was introduced by Margaret O. Dayhoff in 1974.
The term was originally defined as a group of evolutionarily related proteins;
it has also been used to refer to a group of structurally or functionally related
proteins not necessarily of common evolutionary origin.

§ This is where database searching comes handy. Database searching, in
general and with BLAST in particular, is mainly used to reveal the similarity

between a test sequence (called ‘query sequence’) that a user wants to find
more information about and other sequences (called ‘target’ sequences) in a
biological database, which may be similar to the query sequence. This is the
basis on which the whole premise of biological sequence analysis is built.
Database searching is, therefore, one of the very first tools that a biologist
uses to analyze a given sequence.

Database searches reveal sequences that have some degree of similarity to
the query sequence. These sequences from the database are commonly re-
ferred to as ‘hits’. Once such hits are found, users can draw inferences from
the similarity about homology and molecular function. A thumb rule for
drawing inferences is that two sequences that share more than 50 per cent
sequence identity are usually similar in structure and function. Under such
conditions, the major sequence features of the two sequences can be easily
aligned and identified. If there is only a 25 per cent sequence identity, there
will be some structure homology, although in such situations, the domain
correspondence between the two proteins may not be easily apparent. It is
also generally accepted that sequences that are important for function are
generally conserved. We will illustrate this with some examples.
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An example where a database search resulted in an important discovery
was the finding reported by Doolittle et al. (1983) of the similarity between
the oncogene, v-sis, of Simian sarcoma virus (an RNA tumor virus) and the
gene encoding human platelet-derived growth factor (PDGF). The v-sis gene
was the first oncogene to be identified with homology to a known cellular
gene. This discovery provided an early insight into the critical role that
growth factor signaling plays in the process of malignant transformation.

Another example of the value of database searching was the discovery
that the defective gene that causes cystic fibrosis formed a protein that had
similarity to a family of proteins that were involved in the transport of
hydrophilic molecules across the cytoplasmic membrane. Cystic fibrosis is the
most common inherited disease in the Caucasian population and affects the
respiratory, digestive and reproductive systems. It is now known that muta-
tions in the cystic fibrosis gene lead to loss of chloride transport across the
cell membrane, which is the underlying cause of the disease.

X =
= = 1.3 TERMINOLOGY
>

Before we proceed with a detailed description of the BLAST algorithm and
how it is used, it is important to understand a few terms that are used

frequently during such analyses.

Identity: When two sequences are compared to each other, identity indicates
the extent to which the two sequences have the exact same composition (i.e.,
nucleotide base or amino acid residue) at equivalent positions, usually ex-
pressed as a percentage.

Similarity: When two genes or proteins are compared with each other, simi-
larity indicates the level of relatedness between the two on the basis of their
primary sequences. For DNA sequences, this is the number of identical bases
at equivalent positions, usually expressed as a percentage.

Depending on the ring structure of the bases, DNA is composed of two types
of nucleotide bases: Purines—Adenine (A) and Guanine (G) are two-ring bases,
and Pyrimidines—Cytosine (C) and Thymine (T) are single-ring bases.

EN MK
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Two closely related sequences such as the human pancreatic ribonuclease
(HPR) gene and the bovine pancreatic ribonuclease (BPR) gene share a high
degree of similarity when aligned with each other. The figure below shows
the alignment of the first 15 codons of the two enzymes:

HPR: AAG-GAA-TCC-CGG-GCC-AAG-AAA-TTC-CAG-CGG-CAG-CAT-ATG-GAC-TCA
e e e e e N N R R R
BPR: AAG-GAA-ACT-GCA-GCA-GCC-AAG-TTT-GAG-CGG-CAG-CAC-ATG-GAC-TCC

The vertical bars and dashes indicate an exact match and a mismatch
respectively. The similarity between the two sequences is fairly evident from
the alignment.

Similarity in the context of protein sequences also means the number of
amino acid residues that are identical at equivalent positions, usually ex-
pressed as a percentage. However, there is an additional parameter to con-
sider when comparing proteins—the nature of the amino acid residues
themselves. Remember that there are 20 amino acids and that each amino
acid is a small chemical entity composed of a common backbone of an or-

§ ganic carboxylic acid (—COOH) and an amino group (—NH2) attached to a

saturated carbon atom:
@ Carboxyl terminus

Amino terminus
(C—H o carbon atom
® —

Side-chain

Amino acids are divided into classes based on their chemical and func-
tional properties. For example, both asparagine (Asn, single amino acid sym-
bol: N) and glutamine (Gln, single amino acid symbol: Q) have uncharged
polar side-chains, and differ only in the presence of an additional methyl
group in glutamine. Both glycine (Gly, single amino acid symbol: G) and
alanine (Ala, single amino acid symbol: A) are small and nonpolar amino
acids. Refer to the single letter codes provided in Table A.1 in the Appendix.

A simple chemical classification of amino acids is as follows:
Based on the nature of side-chains:

e Aliphatic amino acids G A V,LLLLP

e Aromatic amino acids F Y W
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e Polar amino acids S, T,N, Q
e Sulfur containing amino acids C, M
e Charged amino acids D, E, H, K, R

Aliphatic means that the protein side-chain is composed of only carbon or
hydrogen atoms. Aromatic means that the side-chains contain an aromatic
ring system. Polar amino acids have side-chains that are hydrophilic (i.e.,
water-loving).

Based on hydrophilicity:
e Amino acids with hydrophilic side-chains N, G, Q R, H K
e Amino acids with hydrophobic side-chains V,I,L, M,P
(The other amino acids have intermediate hydrophilicities.)
X Based on charge:
e Positively charged K, R

-+

e Negatively charged D, E

Amino acids that are hydrophobic in nature are usually buried in the interior
of the protein. Hydrophilic amino acids are more accessible on the surface of
proteins to interact with solvent molecules and take part in electrostatic inter-
actions with positively charged basic amino acids. Aspartate and glutamate
can also take on catalytic roles in the active sites of enzymes and are well
known for their metal ion binding abilities. A Venn diagram that summarizes
these different ways of classification is shown in Figure 1.1.

Coming back to the problem of similarity in proteins, consider the align-
ment of HPR and BPR protein sequences:

HPR:  KESRAKKFQRQHMDSDSSPSSSSTYCNQMMRRRNMTQGRCKPVNTFVHEPLVDVQNVCFQEK

N R e N R N e RN A NN RN N R N
BPR:  KETAAAKFERQHMDSSTSAASSSNYCNQMMKSRNLTKDRCKPVNTFVHESLADVQAVCSQKN
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HPR:  VTCKNGQGNCYKSNSSMHITDCRLTNGSRYPNCAYRTSPKERHIIVACEGSPYVPVHFDASV

=10 =T+ t=1+ -0 === 0+ === L+ T
BPR: VACKNGQTNCYQSYSTMSITDCRETGSSKYPNCAYKTTQANKHIIVACEGNPYVPVHFDASYV
HPR:  EDST
BPR: - - - -
Tiny

Aliphatic Small

Hydrophobic Charged
Aromatic Positive

« Fig. 1.1 Venn diagram: classification of amino acids

= The vertical bars and dashes, as before, represent matches and mismatches

respectively. The ‘+" sign indicates a conservative replacement: a substitution
by an amino acid with similar properties, for example, serine (S) with threo-
nine (T), arginine (R) with lysine (K), methionine (M) with leucine (L), etc. In
such cases, similarity can be classified as identities (exact same residues at
the equivalent positions) and positives (conservative changes at equivalent
positions).

Homologs: Two sequences are said to be homologous if they are evolution-
arily related. Orthologs and paralogs are two types of homologous sequences.

Orthologs: These are two genes in different species that derive from a com-
mon ancestor. They are derived as a result of vertical descent and typically
have the same domain architecture. For example, mammalian o-hemoglobin
and avian o-hemoglobin are orthologs. Orthologous genes may or may not
have the same function.

Paralogs: These are two genes within a single species that diverged by gene
duplication. (derived from para = in parallel). Paralogs are thus produced by
gene duplication and subsequent divergence within an organismal lineage
such as the individual members of a gene family.

EN VK
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§ 1.4 BLAST ANALYSIS

To use BLAST, you need to select:

1. an input query sequence (this can be a nucleotide or protein)

2. the database to search against (this can be a nucleotide or protein

database)

3. a database search program (any of the five available with BLAST)

The five search programs and their applications are as follows:

Table 1.1 BLAST programs

Program Query Database Comparison Application
sequence of type
of type

BlastN DNA DNA DNA < DNA. Find DNA se-
Compares a nucleotide quences that match
query sequence against a the query.
nucleotide sequence data-
base.

BlastP Protein Protein Protein < protein. Find identical (ho-
Compares an amino acid mologous) proteins.
query sequence against a
protein sequence database.

BlastX DNA Protein Protein <> protein. Find what protein
Compares a nucleotide the query sequence
query sequence translated in  codes for.
all reading frames against a
protein sequence database.

TBlastN Protein DNA Protein « protein. Find genes in un-

Compares a protein query
sequence against a nucle-
otide sequence database dy-
namically translated in all
reading frames.

known DNA se-
quences.

(Contd.) >
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Table 1.1 (Contd.)

TBlastX

DNA DNA Protein « protein. Discover gene struc-

Compares the six-frame ture. (Find degree of
translations of a nucleotide homology between
query sequence against the the coding region of
six-frame translations of a the query sequence
nucleotide sequence data- and known genes in
base. the database.)

The query sequence can be a gene or a fragment of a gene that you have discovered
experimentally or computationally, a piece of unfinished genomic DNA, a peptide se-
quence, or a repeat element (DNA).

The database can be any of the DNA or protein sequence databases supported by
NCBI. These include both DNA and nucleotide sequences databases and several data-
bases representing whole genomes of organisms. Some examples are described in Table

1.2.

Table 1.2 BLASTable darabases at NCBI

nr*

est

gss

htgs
pat

yeast
mito
month

pdb

dbsts

non-redundant protein and nucleotide database of all sequences, exclud-
ing ESTs, STSs, GSSs and Phase 0, 1 or 2 HTG sequences.

expressed sequence tags. This database is available in three separate
databases of human only, mouse only, and all non-human, non-mouse
ESTs (called est_human, est_mouse, est_others respectively).

genomic survey sequences, includes single-pass genomic data, exon-
trapped** sequences, and Alu PCR sequences.

unfinished high throughput genomic sequences***: phases 0, 1 and 2.
protein sequences derived from the patent division of GenBank.
Saccharomyces cerevisiae genome and protein sequences.

database of mitochondrial sequences.

all new or revised nucleotide or protein sequences added to nr in the last
30 days (includes GenBank CDS translation + data from PDB, SwissProt,
PIR and PRF).

sequences derived from the three-dimensional structure from Brookhaven
Protein Data Bank.

database of sequence tagged sites from GenBank+EMBL+DDB]J. STSs are
short (~ 200-500 bp) genomic landmark sequences that are unique in a
genome and, therefore, can be specifically detected in the presence of all
other genomic sequences, and define a specific anchor position on a

physical map.
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Table 1.2 (Contd.)
yeast yeast (Saccharomyces cerevisiae) genomic CDS (coding sequence) trans-
lations.
ecoli Escherichia coli genomic CDS translations.

drosophila drosophila genome proteins provided by Celera and Berkeley Drosophila
Genome Project (BDGP).

Notes:

*nr stands for “non-redundant”, which means that two or more sequences that are ex-
actly identical in length and sequence composition (that is, amino acid or nucleotide
base pair) at every position are considered the same and merged into one entry.

**Exon trapping uses splice acceptor sites as identifiers of candidate exons within cloned
mammalian genomic DNA sequences and is a technique that allows for the rapid iden-
tification and cloning of coding regions from cloned eukaryotic genomic DNA.

***The HTG division of GenBank contains ‘unfinished” DNA sequences generated by the
high-throughput sequencing centers. These are generally first pass sequence data gener-
ated from a single cosmid, BAC, YAC, or P1 clone and together may comprise more than
2 kb of sequences with one or more gaps.

Phase 0 HTG sequences are usually one-to-few pass reads of a single clone, and so are
not usually contigs.

Phase 1 HTG are unfinished sequences and may be unordered, unoriented contigs, with
gaps.

Phase 2 HTG sequences are unfinished, ordered, oriented contigs, with or without gaps.

Phase 3 sequences are finished sequences with no gaps (with or without annotations).
Phase 3 HTG sequences are in nr.

Some specific terms relating to BLAST analysis are as follows:

Affine gap costs: A scoring system for gaps within alignments that charges
a penalty for the existence of a gap and an additional per-residue penalty
proportional to the gap’s length.

Alignment score: A numerical value that describes the overall quality of an
alignment. Higher numbers correspond to higher similarity.

Bit score: A scaled version of an alignment’s raw score that accounts for the
statistical properties of the scoring system used.

E value or Expectation value: The number of distinct alignments, with score
equivalent to or better than the one of interest, that are expected to occur in
a database search purely by chance. The lower the E value, the more signifi-
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cant the score. During a BLAST search, hits with an E value less than 0.0001
are generally considered homologous to the query sequence. When a large
number of hits are found, hits with E values significantly lower (that is, more
closely related) than the other hits are most likely to be orthologs.

Gap: Within an alignment of two sequences, several adjacent null characters
in one sequence aligned with adjacent letters in the other.

Gap score: The score assigned to a gap. A high penalty is used to initiate or
open a gap and a lower penalty is used to extend a gap. These penalties are
called gap opening and extension cost respectively.

Gapped alignment: An alignment in which gaps are permitted. A gapped
alignment is an indication of an insertion or a deletion in one of the two
sequences since their divergence. These are also referred to as indels.

Global alignment: The alignment of two complete nucleic acid or protein

sequences over their entire length. In global alignments, typically, gaps are

added whenever sequences do not match at identical positions. This provides
§ a better indication of structures of the sequences being compared.

X
=
. Local alignment: The alignment of segments from two nucleic acid or pro-
tein sequences. Local alignments highlight areas of sequence conservation
and are ideal to locate motifs within sequences that may be important struc-
turally or functionally.

Heuristics: A term in computer science that refers to ‘guesses’ made by a
program to obtain approximately accurate results. Typically, these are used
to increase the speed of a program at the cost of potentially yielding subopti-
mal results. BLAST uses heuristics based on knowledge of how sequences
evolve.

High scoring pair (HSP): An HSP consists of two sequence fragments of
arbitrary but equal length whose alignment is locally maximal and for which
the alignment score meets or exceeds a threshold or cutoff score. Each HSP
consists of a segment from the query sequence and one from a database
sequence.

Substitution Matrices: In aligning two sequences, the method used to score
the alignment of one residue against another is based on the use of substitu-
tion matrices. The choice of the scoring matrix is the most critical parameter
in sequence comparison. The default matrix for BLASTP is BLOSUM®62,
developed by Henikoff & Henikoff (1992). Alternative choices include: PAMA40,
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PAM120, PAM250, etc. No alternate scoring matrices are available for
BLASTN.

Maximal-scoring Segment Pair (MSP): This is defined by two sequences and
a scoring system and is the highest scoring of all possible segment pairs that
can be produced from the two sequences.

=
% 1.5 BLAST2

We will start with a simple BLAST exercise where we will calculate the level
of similarity between two protein sequences. For this exercise, we will use

2 NCBIBLAST - Microsoft Internet Explorer
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® Protein guery vs. transiated catabase (101astn) ® Fugurubripes, zebrafish
e Translaled query ve. translaled dalabase o Insecls, nematodes, plants, y2asts, malaria
(hiastg ® Hlicrabial genomes, other sukarvotic genomas

& Source code

Special Meta

sUpport
Ll Alion two sequences (biZseq) 41‘—‘ ® Relneve results by RID
.

w Helpdesk @ Screen for vector contamination (VeeScreen) Sethis page with javazcriptiree links

& Mailing ist ® Immunogiobin BLAST (1g8last)

Fig. 1.2 The NCBI BLAST website
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the Pair-wise BLAST tool at NCBI (http://www.ncbi.nlm.nih.gov/BLAST/).
See Figure 1.2.

A Blast 2 Sequences - Microsalt Internet Explorer

Cle [dt View Favorites Toos Hep  JSend
Back + . " Soarch Favates . ‘Meda - = 3+ & J
Agdress | | http:fwww.ncoi nim.rih. covfblast falzseq/biz. el

BLAST 2 SEQUENCES

This tool produces the alignment of two given sequences using 1"/ .\~ engine for local alignment.

The stand-alone executable for blasting two sequences (bl2seq) can be retrieved from * 11 1)) “ile

Helerence: Tatiana A. Tatusova, Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparing protein and
nucleotide sequences”, FEMS Microbiol Lett. 174:247-250

Progs i [biesn <] viairix [NotAppicabie =] —] 1: Choose BLAST program & Substitution Matrix
Parameters used in 11\~ | . program only:

Reward for a match: Penalty for a mismatch:-2
I Use Mewu BLAST Strand option |Both stends =
Open gap 5 and extension gap 12 penalti
gap x_dropoff 50 word-sizes+9| 2. Choose E value
Sequence | Enter accession or GI | or download from file Browse.. |
or sequence in FASTA format from 0 tofl ) |
-

—®| 3: Paste/download/Specify Gl number

Sequence 2 Enter accession or GI or download from ole Browse.. |
or sequence in FASTA format from:0 tof0
-
Done D Inter

Fig. 1.3 BLAST2

Navigate to the site and select the BLAST2 sequences link that will take
you to the entry page for the tool: http://www.ncbi.nlm.nih.gov/blast/
bl2seq/bl2.html (Figure 1.3).

The most important parameters to consider here are the BLAST program
(box 1), the matrix (box 1), and the expect value (box 2). There are three
choices to enter the two sequences for comparison (box 3)—pasting the se-
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quences in the boxes, uploading from a local file or simply by specifying their
GI numbers.

In the following examples, we will use the GI numbers for HPR and BPR
protein sequences:

>G1:1350818

kesrakkfgrghmdsdsspsssstycngmmrrrnmtggrckpvntfvheplvdvgnvcfqgekvtc
kngggncyksnssmhitdcrltngsrypncayrtspkerhiivacegspyvpvhfdasvedst

>G1:133198

ketaaakferghmdsstsaasssnycngmmksrnltkdrckpvntfvhesladvgavesgknvac
kngqtncygsystmsitdcretgsskypncaykttqankhiivacegnpyvpvhfdasv

Se E&  Vew Fageortes Tock  Heo “Send

back - x Search Favortes " Media - & D »

=
»
Links
Go

Address | | hrtp:f/wwrnchirim i, goviblast/bi2sec/wolast2. o -

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.3 [Apr-24-2002] B

Malrix |ELOSUME2 = gap open:l1  gap extension: ]
X _dropoff: 50 expect 100000 wordsize; |3 Filler & Alian

Sequence 1gi 13750818 Ribonuclease pancreatic precursor (RNase 1) (RNase A) (RNase UPI-1) (RIB-1). Length 156 (1 .. 156)
Sequence 2 g 133195 Ribonuclease pancreatic precursor (RNase 1) (RNase A). Length 150 (1 ,, 150)

=3
/

NOTT The statistics (bitscore and expect value) is calculated based on the size of nr database

= L

1

Score = 152 bite (469), Expect = 4e-49
Identities = H7/130 (558%), Poszitives = 100/130 (76%)
B

—_—
SE— !

Query: 23 VQPSLGRESRAKKFORQHMICOOOOIOMNTY CNOMMRRENMTQGRCKPVNTEVHE PLVDV 82
VOPSLGREY A KF+RQHM YCNOMM+ RN+T+ RCKPVNTEVHE L DV

8bjct: 21 VOQPSLGRETAAAKFERQHMDSSTSAASSSNYCNQMMEKSRNLTEDRCKPVNTEVHESLADV 80

Helical region 77 hone

Beta-strand regicn 69

active 67 o

e

disulfide 66 AEAAAA AR R AN a ||

| Sone D Intemat

Fig. 1.4 BLAST2 output
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Blast Result - Microsoft Internet Explores e

Fle Edt Vew Favorites Tooks Help @Send
Back ~ | . . Seath Fevorles . “Meda . L ﬁ _)
faddress | | bkt fjwwor.ncbi.nm. b, govjblast ibl2seqiwinlast 2. cgi??

Matrix: BLOSUMEZ2

Gap Penalties: Existence: 11, Extension: 1

Number of Hits to DB: 200

Number of Sequences: 0

Number of extensions: 8

Number of successful extensions: 1

Number of sequences better than 10.0: 1

Number of HSP's better than 10.0 without gapping: 1
Number of HSP's successfully gapped in prelim test: 0
Number of HSP's that attempted gapping in prelim test: 0
Number of H5FP's gapped (non-prelim): 1

length of query: 156

length of database: 315,760,149

effective HSP length: 106

effective length of query: 50

effective length of database: 101,205,231

effective search space: 5060261550

effective search space used: 5060261550

T3

A: 40

®x1: el T4 hits)

X2: 129 (49.7 bits)

X3: 129 (45.7 bits)

§1: 41 (21.8 bits)

$2: 64 (29.3 bits)

Fig. 1.5 BLAST2 output

Since these are protein sequences, we will use the BLASTP program which
compares a protein sequence against another protein sequence. We will use
the E value of 10 and leave the other parameters as their default values.

The output of the alignment is shown in Figures 1.4 and 1.5.
The output provides the following information about the analysis:

1. Values of parameters such as matrix (BLOSUMS62), E value (10),
penalties for gap opening (11) and extension (1), etc.
2. GI numbers of the sequences used for the analysis.

3. Hyperlinks for the sequences to the actual GenBank records.
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4. A graphic of the alignment (the two blue bars on the left).
5. A plot of the alignment indicating the region of maximum align-

ment.
6. The score, E value, identities and positives for the alignment.

7. The actual alignment, and information on structural elements found—
helices, beta-sheets, disulfide bonds, etc.

The bottom of the output provides information on the length of query
sequence (156), the length of database (315,760,149), etc.

é_%; 1.6 AUTOMATED ALIGNMENTS WITH PERL

In this section, we will learn how to use of the LWP::Simple module to
generate automatic alignments of two protein sequences using the NCBI
BLAST2 server.

Remember that the LWP is a collection of Perl modules, which provides a
simple and consistent application programming interface to the World-Wide
Web. We have used the LWP::Simple module earlier. We will now extend it
to do sequence alignments.

The most important aspect of automating alignments using LWP is the
URL that needs to be specified within the program. This is done through the
URLAPI—a standardized application program interface (API) to access the
NCBI BLAST web server. This system uses direct HTTP-encoded requests to
the BLAST2 cgi-bin program at http://www.ncbi.nlm.nih.gov/blast/bl2seq/
wblast2.cgi.

Since these requests are performed directly over the web, users do not
need to download on their local computers the BLAST2 program or the
sequences they want to analyze. The URL can be directly used to specify all
the values and parameters that need to be plugged into the appropriate
places on the web form. For example, the name of the BLAST program, the
GI numbers of the sequences, the E values and so on. If you look at the
source of the BLAST2 page (Figures 1.6 and 1.7), this URL can be ascer-
tained from the name-value pairs that are used to store information about
the various parameters.

X
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B pocument - WordPad 0l

File Edit View Insert Format Help Send
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I R R R I
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TARGET=one>BLAST</A> engine for local alignment. <BR>The stand-alone executable for blasting tuwo =
retrieved from <A HREF=ftp://ncbhi.nlm.nih.gov/blast/temp/blZseq.irix6> NCBL ftp site</Ax><br><hb><i
HREF=htcp://wow.ncbhi.nln.nih.gov/hthin-post/Entrez/query?uid=103395815sform=6sdb=meDopc=b>Reference
Tatusova, Thomas L. HMadden (1999), "Blast Z sequences - a new tool for comparing protein and nucle
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<aption SELECTED> blastn

<option> hblastp

<option> thlastn

<option> blastx

<option> thlastx

</selecc>

<i HREF=http://www.nchi.nlm.nih.gov/blast/options.html#matrix TARGET=one>Matrix</i>
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</select>
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Parameters used in <4 HREF=http://www.ncbi.nlm.nih.gov/blast/full options.htmlffblastn TARGET=one>E
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<INPUT type=text size=8 name="msmatch” value=-2><BR><BR>
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PRI T
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For Help, press F1

Fig. 1.6 BLAST2 parameters I

For a protein-protein BLAST2, the various parameters we are interested in
are as follows:

Name of program value = Blastp
Name of matrix value = BLOSUMG62
E value value = 10

First sequence name = one
Second sequence name = two

Action (Command) name = submit

The only true variables here are the two sequences (name = one and name
= two) themselves. The rest of the parameters have fixed values. (For ex-
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<INPUT TYPE="subnic™ VALUE="Alicm'">
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<HR>

CADDRESZ> Comwents and suggestions to < HREF
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For Help, press F1

Fig. 1.7 BLAST2 parameters II

ample, the name of the program can be either BLASTN or BLASTP, the
name of the matrix can be BLOSUM62, PAMS30, etc.) Note that these matri-
ces apply only to a protein-protein BLAST2. This information needs to be
specified in a string and appended to the wblast2.cgi script that runs on the
BLAST?2 server. The general form of the URL is shown below:

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?parameters
where, as mentioned earlier,
http://www.ncbi.nlm.nih.gov/blast/bl2seqg/wblast2.cgi.
is the URL for the BLAST2 service itself.
Parameters are a list of values that we want to feed to the URL. The

question mark after the URL indicates the start of parameters, which are
simply name-value pairs. Since there are multiple name-value pairs, the pa-
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rameters are specified in the form of a string where the individual name-
value pairs are separated by an ampersand (‘&’) sign.

To perform a BLAST2 analysis on protein sequences identified by GI num-
bers 1350818 (human pancreatic ribonuclease) and 133198 (bovine pancre-
atic ribonuclease) with an E value of 10, the program BLASTP and the
matrix BLOSUMS62, the parameter string can be constructed as shown be-
low:

expect=10&program=blastp&matrix=BLOSUM62&one=1350818&two=133198
&Action=submit;

The last name-value pair “Action=submit” simply sends the information to
the BLAST2 server for analysis.

The complete URL is

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?expect=10&program=
blastp&matrix=BLOSUM62&one=1350818&two=133198&Action=submit

¥ A more generic URL would be:

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?expect=10&program=
blastp&matrix=BLOSUM62&one=$hprid&two=$bprid&Action=submit

where $hprid and $bprid are the GenBank IDs for HPR and BPR respectively.
The basic script using LWP::Simple is:
#!/usr/bin/perl
$/=undef;

use LWP::Simple;

$url = “http://www.ncbi.nlm.nih.gov/blast/bl2seqg/wblast2.cgi?expect=$eva
lue&program=$program&matrix=$matrix&one=$hprid&two=$bprid&Action=submit’;
$page = get($url);

print “$page”;

The result of the analysis is shown in Figure 1.4.
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Assignments

1. Read the papers (Altschul et al., 1997 and Henikoff and Henikoff,
1992) and answer the following questions:

(a) Describe the salient features of the BLAST algorithm. How does
the ungapped version differ from the gapped version of BLAST?

(b) What is the rationale for scoring matrices? Describe the work of
Henikoff and Henikoff on the development of matrices.

2. Write a script that generates a pair-wise alignment between a set of
sequences in a multiple Fasta file and parses the output for the
E values, identities and positives. The script should be run as follows:

blast2.pl -p blastp -e 10 -m BLOSUMG62 -f filename

where
[-p Program name (any of the five BLAST programs) |
[-e Expect value ]
[-m substitution matrix, example, BLOSUM62, PAM30, PAM70 etc. X
1 =
[-f any multiple Fasta file containing protein sequences ]

and the output should be two tables:

Table 1 Alignment scores

Program used: Blastp

Matrix used: BLOSUMG62/other

E value used: 10/other

ID1 ID2 Score (bits) Expect Identities Positives Gaps

20560806 20542587 176 2e-42 108/285 (37%)155/285 (53%)6 0 [
285 (21%)
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SELIEWVAN Protein sequence data
ID Name Length

20560806 similar to Kinesin-like protein KIF1C [H. sapiens] 1007
20542587 similar to kinesin-like protein GAKIN [H. sapiens] 1118

If no similarity is found, this should be stated as zero identities, zero
positives, etc.

Appendix I

Amino acids and their three and single letter codes

Ala/A: Alanine Cys/C: Cysteine  Asp/D: Aspartic acid Glu/E: Glutamic acid

Phe/F: Phenylalanine Gly/G: Glycine His/H: Histidine Ile/I: Isoleucine
Lys/K: Lysine Leu/L: Leucine Met/M: Methionine ~ Asn/N: Asparagine
Pro/P: Proline GIn/Q: Glutamine Arg/R: Arginine Ser/S: Serine

Thr/T: Threonine Val/V: Valine Trp/W: Tryptophan ~ Tyr/Y: Tyrosine
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CHAPTER

Web-based ° equence Analy515°
BLAST II

§ 2.1 BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

In the last chapter, we learnt how to use pair-wise BLAST to search for
relationships between a large number of proteins. We used default parameters
such as the BLOSUMS62 substitution matrix, open gap (5) and extension gap (2)
penalties, word size (11), etc. to run the program. We will now learn about these
different variables and how they can be manipulated to alter the search. Finally,
to illustrate the concepts we learned, we will take up a practical example with
a nucleotide-protein and a protein-protein search using BLASTN and BLASTP.

A few definitions and concepts are in order before we proceed to study the
details of the BLAST algorithm.

§ 2.2 SCORING MATRICES

Detection of similarities between protein and DNA sequences are largely based
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on score-based methods. In protein sequence comparisons, substitution scores
based on models of amino acid conservation and properties are used. These
scores describe the likelihood that an amino acid residue at a certain position
was replaced or substituted by another amino acid by an evolutionary event.
Stated simply, substitutions between residues that are identical or relatively
similar to one another or substitutions that are observed frequently receive
positive scores while substitutions between residues that are not similar or
substitutions that are not frequently observed receive negative scores. Note
that some amino acid substitutions are more tolerable than others due to
similarity in their physicochemical properties. For example, as we saw in the
previous chapter, the amino acids lysine (K) and arginine (R) are positively
charged and the substitution of one with the other in the human and bovine
pancreatic ribonuclease sequences was considered a conservative replacement
(marked + in the alignment).

This is the basic function of scoring matrices—assigning scores to align any

possible pair of residues from the sequences being compared. In doing so,

v substitution scores perform an important role—they provide a measure of the

= ‘trueness’ of a match, i.e.,, a measure of the probability that a match has not
occurred by chance alone.

Scoring matrices are especially important when the relatedness of protein
sequences that are distant in evolution is being studied. The use of better
amino acid substitution weights contained in scoring matrices substantially
improves the performance of such queries. Two commonly used matrices are
the PAM series and the BLOSUM series. The features of these matrices are
described below.

§ 2.3 PAM OR PER CENT ACCEPTED MUTATION MATRICES

e Developed by Margaret Dayhoff (1978).

e Derived from global alignments of sequences that are at least 85 per
cent identical.

e Is based on the observed rate of mutation during the predicted evolu-
tionary changes in a smaller number of protein families.

e Uses a rough measure of how many generations of evolution it would
take to mutate one sequence into another.
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PAM matrices are identified by numbers and the general notation is
PAM(N). The number ‘N’ provides a measure of evolutionary distance
between the proteins being compared. A bigger number indicates
greater evolutionary (mutational) distance. For example, the PAM1
matrix is calculated from comparisons of sequences that have diverged
only 1 per cent from each other.

Matrices such as PAM40, PAM100, PAM250, etc. indicate greater evo-
lutionary distances and are derived by extrapolation from those for
lesser ones.

PAM matrices are most sensitive for alignments of sequences with
evolutionary related homologs.

.4 BLOSUM (BLOCKS SUBSTITUTION MATRICES)

Developed by Jorja Henikoff and Steven Henikoff (1992).

They are derived from local, ungapped alignments of distantly related
sequences

All BLOSUM matrices are based on observed alignments; they are not
extrapolated from comparisons of closely related proteins.

They are based on the concept of ‘blocks’—amino acid patterns de-
rived from ungapped multiple alignments corresponding to the most
conserved regions of a protein. These highly conserved sequences serve
as protein signatures uniquely identifying them as a distinct protein
family.

They are derived from the observed amino acid substitutions in a
large set of approximately 2000 such conserved patterns representing
over 500 groups of related proteins.

As with the PAM matrices, BLOSUM matrices are also identified by
numbers. The number after the matrix (e.g., BLOSUMS62) refers to the
minimum per cent identity of the blocks used to construct the matrix;
greater numbers mean lesser distances.

BLOSUMBS2 is a matrix calculated from comparisons of sequences with
no less than 62 per cent divergence.
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§ 2.5 THE RELATIONSHIP BETWEEN BLOSUM AND PAM

SUBSTITUTION MATRICES

Remember that while the BLOSUM matrices are derived from alignments of
distantly related sequences, the PAM matrices are derived from alignments of
sequences that are closely related. Stated simply, the ‘N’ in BLOSUM is a
measure of distance whereas the ‘N” in PAM is a measure of closeness. The
two matrices, therefore, are inversely related.

For closely related sequences, the matrices that would be used are
BLOSUM(high N) and PAM(low N). Conversely, for distantly related proteins,
BLOSUM(low N) and PAM(high N) matrices would be used. Though it is
tailored for comparisons of moderately distant proteins (that is, for detecting
weak protein similarities), BLOSUMG62 performs well in detecting closer
relationships. For long and weak alignments, the BLOSUM45 matrix may
prove superior. The BLOSUM series of matrices generally perform better than

X

PAM matrices for local similarity searches. Compared to the corresponding

= PAM60 matrix, the BLOSUM62 matrix was found to detect more distant rela-

tionships in a BLAST search. The BLOSUMS62 matrix is, therefore, highly rec-
ommended for sequence alignment and database searching. It is the default
matrix for BLASTP, BLASTX, TBLASTN and TBLASTX searches. The BLOSUM
series, on the other hand, does not perform well for short queries, so the older
PAM matrices may be used for such searches.

§ 2.6 WORKING OF THE BLAST ALGORITHM

This is how the BLAST algorithm works:

1.

S

Break the query sequence into words. The word size is typically three
for peptides and 11 for nucleotides.

Select words that score above a threshold value when compared to
words from the query sequence. These words serve as seed sequences.

Scan database for matches to seeds.
Extend all matches in both directions to seek high-scoring segment pairs.
Terminate extension when score falls below best score.

Return segment pairs scoring at least S (the raw alignment score),
calculated from the scoring matrix and search parameters. The raw
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score S is computed by adding the substitution and gap scores. BLAST
also returns a bit score S’, which represent bit scores that have been
normalized with respect to the scoring system, so they can be used to
compare alignment scores from different searches. The BLAST Expec-
tation (E) value is the number of alignments with an equal or better
score that are estimated to occur by chance.

The threshold value in step 2 above determines the sensitivity of the BLAST
search. If a small value for the threshold is chosen, the number of words that
qualify as seeds is greater and BLAST has to expend more time searching for
each of them in the database. However, since a larger subset of words is used,
the search is more rigorous and sensitive. Conversely, if the threshold is set
high, there are fewer words to be searched and the search is much faster,
although this means that a lower sensitivity is obtained.

Peptide sequence databases

nr: all non-redundant GenBank CDS translations+PDB+SwissProt+PIR+PRF

month: all new or revised GenBank CDS translation+PDB+SwissProt+PIR+PRF
released in the last 30 days

swissprot: last major release of the SWISS-PROT protein sequence database

yeast: yeast (Saccharomyces cerevisiae) genomic CDS translations

E. coli: Escherichia coli genomic CDS translations

mito: mitochondrial sequences

pdb: sequences derived from the three-dimensional structure from
Brookhaven Protein Data Bank

patents: protein sequences derived from the patent division of GenPept

Nucleotide sequence databases

nr: all GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS, or
phase 0, 1 or 2 HTGS sequences). No longer “non-redundant”.

est: database of GenBank+EMBL+DDB]J sequences from EST divisions

est_human:  human subset of GenBank+EMBL+DDBJ sequences from EST divisions

est_mouse: mouse subset of GenBank+EMBL+DDB] sequences from EST divisions

est_others: non-mouse, non-human sequences of GenBank+EMBL+DDB] sequences

from EST divisions
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§ 2.7 A PRACTICAL BLASTN EXERCISE

We will now use an actual example to understand BLAST and its applications.
Consider the case where routine sequencing of the human genome unearthed

the DNA sequence shown below:
gctggatcca ctggagcagg caagacttca cttctaatgg
ccttcagagg gtaaaattaa gcacagtgga agaatttcat
attatgcctg gcaccattaa agaaaatatc atctttggtg
tacagaagcg tcatcaaagc atgccaacta gaagaggaca
gacaatatag ttcttggaga aggtggaatc acactgagtg
tctttagcaa gagcagtata caaagatgct gatttgtatt

tacctagatg ttttaacaga aaaagaaata tttgaaagct

tgattatggg agaactggag
tctgttctca gttttcctgg

tttcctatga tgaatataga
tctccaagtt tgcagagaaa
gaggtcaacg agcaagaatt
tattagactc tccttttgga
gtgtctgtaa actgatggct

You would like to find out what this sequence is, whether it codes for a

S protein and if so, what is its function. The first thing that you can do is a
BLASTN (nucleotide-nucleotide) search. To do this, open the BLAST page at
NCBI: http:/ /www .ncbinlm.nih.gov/blast/ and navigate to the BLASTN page

(Figures 2.1 and 2.2).

To perform a BLASTN analysis, paste the sequence into the box called ‘Search’
(Fig. 2.2). The search form provides a number of options that you can choose
from to tailor the search as per your requirements. To perform a basic BLASTN

search:

e Set subsequence: Limit matches to a sub-string within the query se-
quence. This is useful if you want to analyze only a portion of the
sequence that, for example, you know beforehand codes for a protein
domain that you are interested in. We want to analyze the entire se-
quence and, therefore, will leave this option blank.

e Choose database: Select a database to search the query sequences
against. This can be any of the databases mentioned in Tables 1.1 and
1.2. For our purposes, we will choose the nr database.

As seen in Figure 2.3, the sequence pasted in the search box need not be
formatted and may contain gaps or numbers. BLAST will also remove any bad
characters present in the sequence (Figure 2.4) before running the analysis.
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Fig. 2.1 NCBI BLASTN

Although BLAST is unaffected by such artifacts, to get accurate results, it is a
good practice to ensure that the sequence is free of errors.

After you submit the search, BLAST responds with a message saying that
the request has been successfully submitted and put into a queue and also
provides an estimate of the time in which the results will become available
(Figure 2.4).

BLAST also provides options to change the way the search results appear on
the screen (Figure 2.5). We will use the default formatting to view the output.
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Fig. 2.4 Submitting a BLASTN search

To view the results, press Format. If the analysis is not complete, you may
have to wait for the page to be updated until search is done. What follows is a
series of screens that explain the different aspects of the output.

§ 2.8 EXPLANATION OF THE BLAST OUTPUT

The general layout of the BLAST output is as follows:

e Header: This includes information on the BLASTN version used, a
reference to the original publication on the BLAST algorithm (that the
user should acknowledge in scientific communications), the request
ID for the search, the length of the query sequence and information on

the database used.

e Graphical view of hits: This is an interactive line up of sequences from
the nr database that match the query sequence. The top of the page
indicates the number of sequences found: 186 in this case. Each of the
lines is color-coded and provides an indication of the score for the

X
=



EN MK

The McGraw-Hill companies

32 Bioinformatics: Principles and Applications
Ele Eot Vew Favorkes Tecls e GSend "
Bk . : Seert) Favories " Meda v ﬁ ] ks ™
@0

Address Fittp:f fvmens et ol nih. gov/Slast /Blast cg

14

) r D

The results are estimated to be ready in 46 seconds but may be done sooner,

Please press "FORMAT!" when you wish to check your results. You may change the formatting options for your result via the
form below and press "FORMAT!” again. You may also request results of a different search by entering any other valid request 1D
lo see other recent jobs,

—
Formal
Show R Gruplocdl Qverview @ Linkoul & NC | -gif Aigament o i (WML ol
Number of Descriptions{100 »] Alignmentdst =]
ALigniment
- | Fainvse |
|l UL
v enilre or select from: (none) -
Juen
pect valin P [—
i
\

Fig. 2.5 Formatting results

match between the database sequence and the query sequence. Se-
quences on the top are more significant (have higher scores) than
those below. Each of the lines carry information on the sequence that
the search came up with. A mouse-over on the first line indicates that
it is the Homo sapiens cystic fibrosis transmembrane conductance
regulator (CFTR) mRNA with a score of 833 (which in this case is
highly significant) (Figure 2.7).

Clicking on the line takes you to the actual alignment between the input
sequence and the human CFTR gene (Figure 2.8). The alignment page shows
more information on the human CFTR gene (called the subject sequence), such
as the GenBank ID (14753226) and length (6128 nucleotides). This is hyperlinked
to the actual GenBank record (Figure 2.9). The GenBank record lists out all the
information that is known about the structure of the gene (source, functional
domains, allelic variations if present and the sequence itself).
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Fig. 2.7(B) BLAST output: Mouse-over for information
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Fig. 2.7 BLAST output: Mouse-over for information
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Fig. 2.8 BLAST output: Sequence alignments

Instead of looking at each alignment separately, you can also view the entire
list of hits. The BLAST output provides such a list directly below the interactive
output shown in Figure 2.6 (Figure 2.10). This page lists the name of the subject
sequence and the score and E value for the match. Note that score and E value
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KEYWORDS

SOURCE human.
ORGANISM
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Fig. 2.9 GenBank record for human CFTR mRNA

are inversely related: higher scores and lower E values indicate more significant
matches. The score (bits) is a value attributed to the alignment but is
independent of the scoring matrix used. The higher this value, the better the
match. The dark and light blue boxes called ‘L’ and ‘U’, to the right of the E
value column, provide links to LocusLink (or Entrez Gene) and UniGene
respectively (Fig. 2.10).

UniGene consists of a non-redundant set of gene-oriented clusters, each of
which represent a unique gene. LocusLink provides a single query interface to
curated sequences and descriptive information about genetic loci.

§ 2.9 ADVANCED BLASTN

We will now submit the same sequence using the advanced BLASTN form
(Fig. 2.11). The options that this form provides are as follows:
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Fig. 2.10 BLAST output: List of significant alignments
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Fig. 2.11 Advanced BLASTN

e Limit by Entrez Query: This option allows the user to limit searches
by keyword to a certain protein or tissue, molecule or organism type,
e.g., kinase NOT arabidopsis[Organism] will search all kinases, except
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those from arabidopsis, and biomol_mrna[PROP] AND brain will limit
search to all mRNAs from brain. Limits to a specific organism can be
set using the pull-down menu and is the option that is more com-
monly used. The entries in this pull-down list cover a large number of
organisms ranging from microbes to mammals. We will limit the search
to human by selecting Homo sapiens from the list. Now the searches
that show up will be limited to human CFIR genes.

Choose filter: A filter is a tool that flags or masks regions of low
compositional complexity and excludes them from the BLAST search.
This usually eliminates regions that are uninteresting biologically. This
feature is available with BLAST version 2.0. The effect of the masking
is that low complexity regions in the query sequences are replaced
with a string of ‘N’s (N means ‘any DNA base’). Only the query
sequence, and not the sequences in the database, is masked. Default
filtering is done with the DUST program for BLASTN and SEG for
other programs. Masking is commonly applied to sequences such as
Alu sequences (a family of repetitive sequences approx. 300 bp in
length), Poly A tails and proline rich sequences which are dispersed
throughout the human genome in large numbers and can return
artificially high scores and produce misleading results. We will use
the default option (DUST) for our search.

Other advanced options
The default values of these options are as follows:
Cost to open gap

default = 5 for nucleotides 11 proteins
Cost to extend gap

default = 2 nucleotides 1 proteins
Expect value

default = 10
W wordsize

default = 11 nucleotides 3 proteins

The descriptions of these options are as follows:

Gap: A gap is simply a space inserted into a sequence where there is a
residue/base in the corresponding sequence in the alignment. A space is
introduced into an alignment to compensate for insertions and deletions in
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one sequence relative to another. Introduction of a gap results in the deduction
of the gap opening score from the alignment score. In a similar fashion, exten-
sion of the gap to encompass additional nucleotides or amino acids also results
in deduction of the gap extension score from the alignment score. The raw
score of an alignment then is the sum of the scores for aligning pairs of resi-
dues and the scores for gaps. Gapped BLAST uses “affine gap costs” which
charge the score-a for the existence of a gap, and the score-b for each residue
in the gap. A gap of k residues receives a total score of -(a+bk). We will use the
default values for this option.

Some matrices and their open and extended gap penalties are provided in
Table 2.3.

Table 2.3 Matrices and their gap penalties

Matrix Open Gap Extended Gap
BLOSUM45 15 2
BLOSUM®62 11 1
BLOSUMS0 10 1
PAM30 9 1
PAM70 10 1

Increasing the gap opening cost or the gap extension cost will impose a
greater penalty on the alignment score and increase the stringency of the search.
Fewer but better alignments will be reported.

e Expect value: This is a measure of the probability that a given match
has occurred purely by chance. The default value is 10, meaning that
10 matches are expected to be found merely by chance. If the statisti-
cal significance ascribed to a match is greater (less significant) than
the threshold, the match will not be reported. Increasing the E value
has the effect of allowing less significant and more number of matches
to be reported. A cutoff value of 0.00001 to 0.001 is usually chosen in
most searches. Values higher than these are generally not considered
significant. We will make our search stringent by choosing an E value
of 0.001.

e Word length: As described earlier, BLAST uses ‘words’ to nucleate
regions of similarity. The default word size for a protein sequence is
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three residues and for nucleotide sequences it is 11 bp. Reducing the
word size will increase the number of seed sequences and increase the
time to complete the search. A BLASTN search will not work with a
word size of less than seven. We will use the default values for this

options.

There are no rules that describe how these different parameters need to be
set in order to arrive at an optimal search strategy. This comes largely by
experience and also depends, to a large extent, on the particular sequence
being analyzed. As before, we submit the request by clicking the BLAST! but-

ton. The results of the search are shown below.

R RID - 102547200021 B2-13095, - Micensalt Latersiel Faspl

fle Eck  Vew Fgvork=: Joole  Help oSend
Back - x : Seach | Favortes o Meds . PR )
Agdesn D For—— [Blast cy -~

;Database: All GenBank+EMEL+DDBJ+PDE sequences (but no EST, STS,

| 65§, or phase 0, 1 or 2 HTGS sequences)

1,319,797 sequences: 5,93%,874,822 total letters

If you have any problems or guestions with the results of this search

| please refer to the BLAST FAQs

Distribution of 22 Blast Iits on the Query Sequence

Mouse-overio show defline and scones Click 1o show alignments

L)

Color Key for Alignnent Scores

50-80 80-200  TENESE2000N

Fig. 2.12 Advanced BLASTN (E-value = 0.001)

Note that the stringent search resulted in fewer sequences being returned
(189 at an E value of 10 versus 22 at an E value of 0.001). Note also that the
subject sequences returned by the search are now exclusively human sequences

(Figure 2.13).
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qi) 14753226 ref|xM 004980.4] Homo sapiens cystic fibrosis t... 83 0.0 L] -
Homo sapiens cystic fibrosis tr... S 0.0 L
Human cystic fibrosis mRNA, ... BRS 0.0 L
| : Human BAC clone 068P20 ... 387 e-105
€320 (gb | M55L15. 1 HUMCETRALD Human cystic fibrosis tran... 373 e-102
| ! Homo sapiens cystic fibro... 379 e-102
121 Human cystic fibrosis transm... 378 e-101
1|160299 (gbiME5S035.1 (HUMCKYRLL Buman cystic fibrosis trans... 371.  e-100
I Human cystic fibrosis trans... 351 2e-94
Human cystic fibrosis tran... 132 le-46
: Human cystic fibrosis transm... 18¢ Fe-45%
Human cystic fibrosis transm... 180 5e-43
111807306 gh | MSS03TC Human cystic fibrosis transm... 180 5e-43
Human cystic fibrosis transm... 180 S5e-43
Human cystic fibrosis trans... 180 5e-43
1 L] Human cystic fibrosis tran... 17 Te-42
gijl D | MES031 .1 | HUMCEY] Human cystic fibrosis transm... 165 3e-38
gill J oL |HUMCE Human cystic £ibrosis transm... 165 3e-38
- HUMCFTRZ Human cystic fibrosis tran... -] 3e-04

Fig. 2.13 Advanced BLASTN (Organism = Homo Sapiens)

% 2.10 BIOLOGICAL ANALYSIS OF BLASTN: CYSTIC FIBROSIS

What kind of inferences can we draw from the BLASTN searches? Almost
every single hit from the BLASTN analysis was related to the cystic fibrosis
transmembrane conductance regulator (CFTR) gene with very significant scores
(high scores and very low E values). It is fairly evident, therefore, that the
query sequence encodes the CFTR gene. Is the query sequence a partial sequence
or the full-length gene? Considering the fact that the size of the CFTR mRNA
is several thousand nucleotides long and our DNA sequence was only 420
bases long, it is obvious that the query sequence was only a fragment of the
full-length gene.

The CFTR gene is important for several reasons. Mutations in the gene are
responsible for the disease cystic fibrosis (CF), one of the most common inherited
disorders in Caucasians, with as many as 1,000 affected individuals being in
the United States each year. The disease is associated with pancreatic
insufficiency, pulmonary infections, intestinal blockages, elevated sweat chloride
levels and male infertility and remains a major health problem.
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The genetic defect responsible for CF is a mutation in the CFTR gene that
causes a deletion of three base pairs eliminating the amino acid phenylalanine
and resulting in the expression of an aberrant form of the protein. The CFTR
gene was discovered in 1989 and represents one of the most important triumphs
in contemporary human genetics.

The human CFTR gene resides on the long arm of chromosome seven, consists
of 27 exons, and encodes a 6,129-bp transcript that encodes a 1,480-aa protein
shown to function as a chloride channel. CFTR belongs to the ATP-binding
cassette (ABC) family of transporters, containing 12 predicted transmembrane
helices and five cytoplasmic domains consisting of two nucleotide-binding
domains and a regulatory domain. CFTR is a cAMP-dependent protein kinase-
activated (PKA), ATP-gated Cl-channel whose channel function is defective in
CF.

§ 2.11 AUTOMATING BLAST ANALYSES WITH PERL

X
= BLAST analyses can be automated with Perl and this is especially useful when
a large number of sequences need to be searched against database at NCBI. A

script that runs BLAST by sending sequences over the World-Wide Web

proceeds in two steps:
1. Send the request to the NCBI BLAST server
2. Wait for the analysis to complete
3. Retrieve results from the server by using the Request ID
Remember, NCBI servers are used by researchers the world over and, there-
fore, every query is queued into the BLAST system before it can be analyzed.

As a result, there may be a considerable amount of delay before you may be
able to see the output.

A sample script that extracts a DNA sequence from a file and performs a
BLASTN analysis is shown in Listing 1.1 below. The parameters used by the
script are encoded in the URL string that is shown highlighted and are as
follows:

Alignments: 50

Alignment view: Pairwise
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Database: nr
Descriptions: 100
E value: 10
Program: BLASTN
Query sequence: $seq (obtained from file)
Listing 2.1 Sample script for remote BLAST
$/ = undef;

use LWP::Simple;

$file = ‘c:\perl\seq.txt’;

open(IN, $file) or die “Error opening $file: $1\n”;

$seq = <IN>;

Surl =

“http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=put&ALIGNMENTS=50&ALIG
NMENT_VIEW=Pairwise&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EX
PECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&HITLIST_SIZE=
100&NCBI_GI=0on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain& QUERY=$seq

$’page = get($url);

if (Jpage =~ /The request ID is.+value=\"(\d+\-\d+\-\d+)/) {
$rid = $1;

}

if (bpage =~ /The results are estimated to be ready in (\d+) seconds/){
$time = $1;

}

$resulturl =
“http://www.ncbi.nim.nih.gov/blast/Blast.cgi?CMD=Get&RID=$rid";

sleep($time); ##Wait till analysis completes. Counts time in seconds.

$result = get($resulturl);

print “<br>Result = $result<br>";
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However, this may not be the most optimal method for database searching
because it depends entirely on the availability of the BLAST server at NCBI.
The script won’t run, for example, when the server is down. In addition, the
script may time-out for rigorous searches such as TBLASTX or TBLASTN. In
the next chapter, we will see how to download a standalone version of BLAST
that can be run locally on your machine.

Assignments

Assignment 1: Given the partial DNA sequence for an unknown gene:
aacccgaaaa tccttccttg caggaaacca gtctcagtgt ccaactctct aaccttggaa
ctgtgagaac tctgaggaca aagcagcgga tacaacctca aaagacgtct gtctacattg
aattgggatc tgattcttict gaagataccg ttaataaggc aacttattgc agtgtgggag
atcaagaatt gttacaaatc acccctcaag gaaccaggga tgaaatcagt ttggattctg
caaaaaaggc tgcttgtgaa ttttctgaga cggatgtaac aaatactgaa catcatcaac
ccagtaataa tgatttgaac accactgaga agcgtgcagc tgagaggcat ccagaaaagt
atcagggtag ttctgtttca aacttgcatg tggagccatg tggcacaaat actcatgcca
gctcattaca gcatgagaac agcagtttat tactcactaa agacagaatg aatgtagaaa
aggctgaatt ctgtaataaa agcaaacagc ctggcttagc aaggagccaa cataacagat

List 3 possible BLAST programs that you can use to analyze this sequence.
Perform each of these analyses separately and compare the first 10 hits from
each of the outputs. Use your knowledge of E values, matrices, gap penalties,
etc. to set parameters that may be optimal for the search. What is the effect of
varying word length and gap penalties on the output? Identify the gene and
describe its structure. What is the significance of this gene and its protein
product?

Assignment 2: Write a Perl script to perform a BLASTP analysis using the nr
database on protein sequences in a multiple Fasta file. Parse the BLAST output
to extract only the top 10 hits for each protein along with the E values and
scores.
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~Web-based Sequence Analysis:
BLAST III

In this chapter, we will learn how to download BLAST from NCBI and run local
queries on your own computer. The advantages of this method are that you do
not have to be limited by the Internet connection that your have access to and do
not have to depend on the availability of the BLAST server at NCBI at the time
you submit your query. With ‘local” BLAST, your queries are not queued on the
NCBI server; they are performed on your computer and are, therefore, executed
as soon as they are submitted. In addition, this method is secure—this aspect of
a local BLAST is especially important for commercial Biotech firms, that do not
wish to send out their proprietary sequence data over the World Wide Web for
analysis. You need to make sure that you have the latest release of the various
databases. To do this, you may need to download them periodically.

§ 3.1 STANDALONE BLAST

The executables for standalone versions of BLAST are available from the NCBI
ttp site (ftp://ftp.ncbinih.gov) and can be downloaded by anonymous ftp from
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the ftp://ftp.ncbi.nih.gov/blast/executables/ folder. Figure 3.1 shows the
BLAST versions available for the various platforms—some of the common
platforms such as Linux, Mac OS X and Solaris are indicated. The executable
and supporting files for the Windows version of BLAST, called blast-2.2.6-ia32-
win32.exe, is also available as a self-extracting archive from the ftp site.

LE P ey e nv/ b lasty exeria Bles el ease) 207 6 ST sl e i e tbxplr
File Edit View Favorites Tools Help

Back ~ Search Folders T g

.;J ftp: /iftp.nchbi.nih.gov/blast/fexecutables/release(2.2.6/

Looge- &% Searchweb ~ g0 592528 blocked
~ Iblast-2,2,6-alpha-osf1 tar.gz
~Iblast-2.2.6-hppa-hpux.tar.gz

¥ ‘blast-2.2,6-ia32-freebsd, tar,gz
- Iblast-2,2,6-ia32-linux.tar.gz

'blast-2.2 6-ia32-solaris tar.gz

[Fblast-2.2.6-ia32-win3z.exe ]
226 " Iblast-2.2,6-ia64-hpux.tar.q2
|- blast-2.2 &-iatd-linux.tar.gz oy —

= Iblast-2.2.6-mips-irix32.tar.qz

~!Iblast-2.2.6-mips-irix64.tar.gz

- Iblast-2,2.6-powerd-aix.tar.gz

|blast-2.2 6-powerpc-macosd.hgx

|~ Iblast-2.z 6-powerpc-macosx. tar, gz

'blast-2.2.6-sparc-solaris32 tar.qz

'blast-2.2.6-sparc-solaris64.tar.gz

- Inetblast-2,2 6-alpha-osf1 .tar.gz

~ Inetblast-2,2.6-ia32-freebsd.tar.gz

~Inetblast-2.2.6-ia32-linux.tar.gz
netblast-2.2.6-ia32-solaris tar.gz

Inetblast-2,2 6-ia32-win32.exe

~netblast-2.2.6-ia64-linux.tar.gz

Fig. 3.1 BLAST standalone versions

Follow the steps shown in Figures 3.2-3.5 to install the BLAST application
on your computer.

Figure 3.6 shows the various programs installed as part of the BLAST suite.
Some of these are explained in Table 3.1.
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ByEs)

Savein ) blast 4 v

“ 9
“;Eeoad
Documents

Desktop

.<4“
My Documents
.Dj
Mg Computer

~ J File name: blast-2.2 6-ia32-win32 v |  Save
< —
MyNetwork  Saveastype  Apphcation . | Cancel |

Fig. 3.2 Saving the BLAST executable

Saving:
v blast-2.2.6-1a32-win32.exe from ftp.ncbi.nih. gov

Estimated time left 1 min 12 sec (1,11 MB of 7.65MB copied)
Download to: D:\blast\blast-2,2,6-1a32-win32, exe
Transfer rate: 93,7 KB[Sec

[ /iClose this dialog bo when download completes

=13

Il:'J‘AJ' UH RN PIELE

7h
L!L;l Download Complete

Saved:

...blast-2.2,6-ia32-win32.exe from ftp.ncbi.nih.gov

|

P Dowrloaded:  7.65MBin 1 min 29 sec

Download to: D:\blastiblast-2,2,6-ia32-win32 . exe
Transfer rate: 88,0 KBfSec

[ Jilose this dialog box when download completes

| Open | I Open Eolder | [ Close

Fig. 3.3 BLAST installation after download
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last

Edit View Favorites Tools Help
Back ~ Search Folders .o

D:\blast

—— ] )
blast-2,2,6-ia32-win32

Fig. 3.4 The downloaded executable in D:\blast

inflating: datarskskyte.flt
inflating: dataskspcc.mat
inflating: dataskspur_flt
inflating: dataskspyr.flt
inflating: data“lineages.txt
inflating: data/makerpt.prt
inflating: datasobjprt.prt
inflating: data-pam38
inflating: data~-pam?8
inflating: data~spubkey.enc
inflating: datarsegcode.val
inflating: datassequin.hlp
inflating: data/sgmlbb.ent
inflating: datastaxlist.txt
inflating: fastacmd.exe
inflating: formatdhbh.exe
inflating: impala.exe
inflating: makemat.exe
inflating: megabhlast.exe
inflating: readme.bcl
inflating: readme.bls
inflating: readme.formatdb
inflating: readme.imp
inflating: readme.mbhl

Fig. 3.5 Installing the executable
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T — - -
Fle Edt Wiew Favortes Tools Hebp
Back ~ . Ssarch Folders ...~
0 D:\blast
w—
blast-2,2.6-1332-wan32 data tieseq
Elsetal blastehist Hastpsp
copymat fastaomd Formatds
impala makemat magahlast
:” README-gm :. README Dnm
:1 README Fastacmd 4 HEADME README
y README -\ README rps
o | rusblast
seedtop

ES MK

Fig. 3.6 D:\blast after BLAST installation

Table 3.1 List of programs installed with BLAST

Program

Function

blastall

blastpgp

Megablast

bl2seq

Performs local BLAST searches using any of the five algorithms:
BLASTN, BLASTP, BLASTX, TBLASTN or TBLASTX.

Performs gapped BLASTP searches and can be used to perform itera-
tive searches using PSI-BLAST (position-specific iterative BLAST) and
PHI-BLAST (pattern-hit iterative BLAST).

Alignment program for nucleotide sequence where the sequences dif-
fer slightly as a result of sequencing or other similar errors. It is up to
10 times faster than more common sequence similarity programs and,
therefore, can be used to swiftly compare two large sets of sequences
against each other.

Performs a local alignment between two sequences using either BLASTN
or BLASTP. Both sequences must be either nucleotides or proteins.

(Contd.) >
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Table 3.1 (Contd.)

blastclust Clustering program for protein or DNA sequences. Based on pair-wise
matches found using the BLAST algorithm in case of proteins or Mega
BLAST algorithm for DNA.

rpsblast Reversed Position Specific BLAST performs a BLAST search of a pro-
tein sequence vs. a database of conserved protein family domains. Used
to derive putative protein family information for an unknown protein

sequence.

seedtop Performs a search between a sequence and a database of patterns and
identifies which patterns occur in the sequence.

fastacmd Program to retrieve FASTA formatted sequences from a BLAST data-
base.

We have earlier used the bl2seq program at the NCBI site in Chapter 1. We
will be focusing exclusively on the blastall program in this chapter.

S 3.2 CONFIGURING blastall
v ==Y

After the executable has been installed, create a file called “ncbi.ini” in the

Windows or WINNT directory on your machine (C:\Windows or C:\WINNT
etc. depending on the version of Windows you are running). The path to the
file will be C:\Windows\ncbi.ini or C:\WINNT\ncbi.ini for the above two ex-
amples. Add the following lines to the ncbi.ini file (Figure 3.7):

[NCBI]

Data="C:\path\data\”
where,

C:\path\data\

is the path to the location of the standalone BLAST “data” subdirectory which
should be present in the directory where the downloaded file was extracted.

3.3 DOWNLOADING DATABASES FROM NCBI

)

To check if the BLAST executable has been installed successfully, download
one of the NCBI databases and do a test search against it. Figure 3.8 shows a
list of databases available for download at NCBI.
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wwroows -l x
Fle Edt Vew Favorites Tools Help p/
Back = . Search Folders .. ~ tnks
Address | ) CWINDOWS =

& | | ModemLog_Lucent Win Modem ocgen Q
I mozregistry ocmsn Q
) Hide the contents of S mozyer g ¢

) contents )
3. the Forder 4 rd:\vsa _+ ODBCINST Q
&Add or remove F IR OEWARLAg Q‘
programs msgsocm ¥ orun32 Q
Search for files or msiav<es = orun32.isu Q
folders o M50Clip.232 Pec2KNT dq
~ msoffice - PCDLIB32,DLL Q
~ 1 M50Prefs.232 4 photoprn “Ql
File and Folder Tasks % T e et PluginPatch !m
) Make a new folder POCE98.DLL Rt
| Publish this Folder to the era. Elrarie wind e
Web Hnsreg Q309521 Rt
oo Share this folder - nsw Q311889 Ri
ntdtesetup Q311967 St
Other Places 2 |4 | *l

B ncbi.ini - Notepadf: =10] x|

File Edit Format View Help &Send

|[NCBI] -]
Data="C:“pathtdatay"

b

Fig. 3.7 Create the nebi-ini file in C:\WINDOWS

The ftp site is ftp://ftp.ncbinih.gov/blast/db/FASTA/. We advise install-
ing a small database such as ecoli.nt or ecoli.aa (the nucleotide and amino acid
databases of the bacterium E. coli respectively) to begin with. To do so, click on
the any of the ecolint.Z or ecoli.aa.Z files and save it on your computer. Fig-
ures 3.9-3.11 illustrate how to download the ecoli.nt database.
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8 512/ H ) et i e/l ast B/ EASTA Y Wit osofidnteret Explorer,
File Edit View Favorites JTools Help
Back ~ Search Folders il
2] Ftp:fftp.ncbi.nih.gov/blast/db/FASTA/
Name Size Type Modified
“lalu.az 101 KB WinZip File 4/8/2003 1:11 PM
“alun.z 24.3KB  WinZip File 4/8{2003 1:11 PM
~Idrosoph.aa.z 449MB  WinZip File 4/B/2003 1:11 PM
' ¥ ~|drosoph.nt.Z 32,7MB  WinZip File 4/8/2003 1:11 PM
- lecoll.aa.2 944 KB WinZip File 4/8/2003 1:11 PM
~lecoli,nt.Z 1.28 M8 WinZip File 4/8/2003 1:11 PM
'est_hurnan.Z 855 MB  WinZip File 4/18/2003 1:32 PM
“llest_mouse.2 S66MB  WinZip File 4/18/2003 1:33 PM
~ lest_others.z 1.25GB  WinZip File 4/18/2003 1:34 PM
“llgss.z 914 MB  WinZip File 4/18/2003 1:24 PM
“lheg.z 2,81 GB WinZip File 4/18/2003 1:27 PM
= human_genomic.Z 657 MB  WinZip File 4/18/2003 1:31 PM
~ligSeqnt.z 9.24MB  WinZip File 4/8/2003 1:18 PM
~ ligSegProt.2 1,77 M8 WinZip File 4/8/2003 1:18 PM
= Imito.aa.2 377KB WinZip File 4/8/2003 1:18 PM
~ I mita.nk.Z 865KB WinZip File 4/8/2003 1:18 PM
= Imonth.aa.z 17.7 M8 WinZip File 4/18/2003 1:34 PM
~/month.est_human.Z 782KB WinZip File 4/18/2003 1:34 PM
~ Imonth.est_mouse.Z 7.10 M8 WinZip File 4/18/2003 1:34 PM
" Imonth.est_others.Z 74.7MB  WinZip File 4/18/2003 1:35 PM
~!/month.gss.Z 41.5MB WinZip File 4/18/2003 1:35 PM
~Imonth,htgs.Z 213MB  WinZip File 4/18/2003 1:35 PM
~lImonth.nt.2 119MB  WinZip File 4/18/2003 1:35 PM
ez 386 M8 WinZip File 4/18/2003 1:23 PM
“lnt,z 2.23GB  WinZip File 4/18/2003 1:29 PM

Fig. 3.8 BLASTable databases at the NCBI ftp site

§ 3.4 FORMATTING NCBI'S DATABASES

C:\blast>formatdb -i ecoli.nt -p F -0 T

This is illustrated in Figure 3.12.

You need to format databases before you can run searches on them. NCBI
provides a tool called formatdb, that is part of the BLAST suite of programs, to
create your own BLAST-searchable database. To format a nucleotide database
such as ecolint database, run the following command from the DOS prompt
(Figure 3.12):
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2l x
Save ir I _y blast :J & B3~
__ldata
i; = File hame: | LI | Save I
7 Save as type: |'W'ir'|Zip File LI Cancel
X X
= Fig. 3.9 Downloading a sample database: ecoli.nt =
.
(= |Win2ip - ecoll.nt.2 =0 x|
New
Name | Type | modified | Sie | Ratio | Packed | Path
D lecoli o | NT File 71142002 5:18 PM 7 D
< | 1|
Selected 1 file, 7 bytes Total 1 file, 7 bytes S
Fig. 3.10 Extracting ecoli.nt with WinZip
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File Edit View Faworites Tools Help
“= Back - %] ‘QiSearch -YyFolders . AHistory Y % X x0 Eg-
Address |_1 blast
L—\ _ldata ecali
blzseq #ecali.nt.nhr
blastall &) ecoli.nt.nin
blast blastelust A ecoli.nk.nsg
blastpgp ﬁl ecali.nk,ntm
ecoli.nt "|blastz '5] formatdb
MT File copymat -51 kest
Modified: 7/1/2002 5:18 PM Decol.aa EJtest.out
Fastacmd @ecoli.nt
Size: 4,54 ME Formatdb @
Attributes: (normal) impala
makemat
meqgablask
‘®&|readme.bcl
#] readme.bls

#readme. formatdb
EF:':lreadme
#] readme. mbl
#|readme.rps
rpsblast
seedtop

Fig. 3.11 D:\blast after downloading ecoli.nt

The corresponding command to format a protein sequence database such as

ecoli.aa is:

C:\blast>formatdb -i ecoliaa -p T -0 T

The options -i, -p and -0 used with formatdb are some of the most commonly
used arguments. The individual options are explained in Table 3.2.
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X
=

87812002
B87,61,20082
35,715 ,2002
H4.-29/2002
04.29.,2002
0429 ,2082
07.,81.-2002
B4./29./2882
178120082
07/01./2082
07812002
B4.-2%2 /2002
04,29 /2002
04292082
B4.-29 /2002
85152082
4292082

A5:11p
@5:11p
18:28a
B5:38p
A5:38p
@5:38p
B4 :47p
@5 : 48p
B4:4%9p
B5:11p
B5:11p
a5 :48p
a5 : 48p
@5 : 4@8p
@5 - 468p
18:22a
A1:12a

<DIR>
<DIR>

1,794,648
1,802,248
1.630.2688
1.986.568
7.677.878
1,161 .824

<DIR>

ress any key to continue .

IC:~blast>formatdb —i ecoli.nt -p F o T

IC:“\blast>

Fig. 3.12

Table 3.2 formatdb arguments

1.774.183
267,873
1,.429.584
1,478,656
1.781.768
1.363.968
1.806.336
6.894

bhl2zeq.exe
bhlastall.exe
bhlastclust.exe
blastpgp.exe
hlastz.exe
copymat .exe
data
ecoli.aa
ecoli.aa.Z
fastacmd.exe
formatdb.exe
impala.exe
makemat .exe
megabhlast.exe
readme . bcl

Formatting the database with formatdb

Function

Option

Input file for formatting

-p

Type of file

T — protein sequences (default)

F — nucleotide sequences

Parse options

T — True: Parse Seqld and create indexes.

F — False: Do not parse Seqld. Do not create indexes.

Title for database file

Base name for BLAST files. Produces a database with a different name
than that of the original FASTA file. To create a database called myecoliDB
from ecoli.nt, for example, type:

formatdb -i ecoli.nt -p F -0 T -n myecoliDB

Create indexes limited only to accessions—sparse [T/F]. Default = F. This
option limits the indices for the string identifiers used by formatdb to
accessions (i.e., no locus names) and is especially useful for sequence sets
like the ESTs where the accession and locus names are identical. formatdb
runs faster and produces smaller temporary files if this option is used. It
is strongly recommended for EST, STS, GSS and HTG sequences.
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Some arguments such as title of database, base name of database, etc. are
optional. When a BLAST-searchable database is created, a number of files are
produced. Using formatdb, these files will have extensions .phr, .pin, .psq for
protein databases and .nhr, .nin, .nsq for nucleotide databases (Figure 3.13).
The ecoli.nt file can be removed once formatdb has been run.

=10l x|

C:~\blast>formatdh -i ecoli.nt -p F 0o T

C:~blast>dir/p
Uolume in drive C has no lahbel.
Uolume Serial Number is 1CFC-2F51

Directory of C:\blast

n7-81,2002 @B5:13p <DIR> 5
A7-81-20082 @B5:13p <DIR> e
AL 152002 10:28a 1,794,848 bhl2seq.exe
A4-29-2002 B5:38p 1.8082,240 hlastall.exe
A4.-29,.2002 ©B5:38p 1,638,208 blastclust.exe
A5:38p 1,986,568 bhlastpgp.exe
B4:47p ?.677.878 blastz.exe
a5 :48p 1,161,824 copymat.exe
B4:49p <DIR> data
B5:11p 1,774 _183|ecoli.aa
A5 :11p ?267.873|ecoli.aa.Z
A5:13p ecoli.nt.nhr
A5:13p ecoli.nt.nin
A5:13p ecoli.nt.nsq
A5:13p ecoli.nt.ntm
a5 - 4@p 1.429.5084 3 M - e XE
a5 - 4lp 1,478,656 formatdbh.exe
A5:13p 278 formatdb.log
a5 :48p 1,781,768 impala.exe
a5 :48p 1,363,968 makemat .exe
to continue -

Fig. 3.13 c:\blast after formatdb

£ 3.5 RUNNING blastall

=
To run blastall against the ecoli.nt database, download a test E. coli sequence
from NCBI (http://www.ncbi.nlm.nih.gov/entrez/query .fcgi?db=nucleotide)
such as the E. coli beta-lactamase nucleotide sequence, save it on your com-
puter and run the following command (Figure 3.14):

C:\blast>blastall -p blastn -d ecoli.nt -i lactamase.txt -0 lactamase.out
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C:\blast>hlastall -d ecoli.nt -p hlastn -i lactamase.txt —o lactamase.out @
C:\hlast>_

Fig. 3.14 Running blastall against ecoli.nt

Note that you may get the “[NULL_Caption] WARNING: test: Could not find
index files for database” error when blastall cannot find the database you have
specified. If any of these databases or files are on a different directory than =
where BLAST is installed, you may need to specify the full path to the data-
base. For example,

c:\blast\blastall -p blastp -d d:\blastdb\nr\nr -i kinase.txt

An explanation of common command-line flags used with the blastall com-
mand is provided in Table 3.3 and Figure 3.15.

Table 3.3 blastall options

Option Function Values

-p Program name blastn, blastp, blastx, tblastn or tblastx
-d Database name nr, swissprot, est, etc.

-l Input (query) sequence file cftr.txt, etc.

-0 BLAST results (output file) cftrout.txt, etc.

-e E value 0.1, 0.01, etc. Default = 10.

-F Filter query sequence T or F (for true or false)

-q Penalty for a nucleotide mismatch integer

(Contd.)



EN MK

The McGraw-Hill companies

Web-based Sequence Analysis: BLAST III 57
(Contd.)
-r Reward for a nucleotide match integer
-V Number of one line descriptions integer
-b Number of alignments to show integer
-g Perform gapped alignment T or F (for True or False)
-M Matrix matrix name
-W Word size integer
-T Produce HTML output T or F (for True or False)

:\blast>hlastall

hlastall

arguments:

-p Program Name [Stringl
—d Databhase [Stringl

=1

-e

-m

t

-0

default = np

Query File [File Inl

default = stdin

Expectation value (E> [Reall

default = 18.8

alignment view options:

pairwise.

gquery—anchored showing identities.
gquery—anchored no identities.

flat gquery-anchored, show identities,
flat gquery—anchored,
query—anchored no identities and hlunt
flat guery—anchored, no identities and blunt ends.
¥ML Blast output.
tabular,

abular with comment lines
default = @

no identities.

[Integer]
BLAST report Output File [File Out]

default = stdout

-F Filter query sequence (DUST with blastn.
default =T

-G Cost to open a gap (zZero invokes default behavior? [Integerl
default = @

—-E Cost to extend a

ends .

Optional

(zero invokes default hehavior) [Integer]

SEG with others> [Stringl

Fig. 3.15 Blastall comand-line options

To look at the contents of the BLAST results, open the lactamase.out file
using the more command on the DOS command-line or on a text editor such as
Notepad (Figure 3.16).

e

==

>

% 3.6 DOWNLOADING PRE-FORMATTED DATABASES

The NCBI ftp site also has a number of formatted databases. There is no need
to run formatdb with such databases. Figures 3.17-3.22 show how to download
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e G - Sblast >more lactamase.out
BLASTN 2.2.3 [Apr—-24-20021]

Reference: Altschul, Stephen F.,. Thomas L. Madden. Alejandro A. Sc
Jinghui Zhang, Zheng Zhang,. Webhh Miller, and David J. Lipman (1997
""Gapped BLAST and PSI-BLAST: a new generation of protein database
programs', Nucleic Acids Res. 25:3389-3482.

Query= giilb3@4825 iembiAJ416345.1 iEC0416345 Escherichia coli
h1laCTX-M-? gene for CIX-M-? beta—lactamase
{1887 letters)

Database: ecoli.nt
488 sequences; 4,662,237 total letters

Sequences producing significant alignments:

gh:ﬂEBBB4?3.1:REBBB4?3 Escherichia coli K-12 MG1655 section 363

Fig. 3.16 Checking the results of blastall

File  Ecli View Favorites  Tooks  Help
Back ~ v Search Folders

2 tep:/frep.ncbi.nih. gov/blast fdbf
Cooge-~ B searchweb - g2 Bh2szablocked [ [l options
FASTA
hlastdh, txt
est. U0, tar gz
esL.01 . tar. g2
est_human.tar.g2
~ est_mouse tar.gzr
db ast_cthers tar.gz
gss.tar.g2
htgs.00tar.gz
htgs.0f tar.gz
human_genomic.tar.
nr tar.gz
nt.00.tar g2
Nt .01, Lar. g

other_genomic.tar.gz

pataa.ter.gz
patnt.tar.gz
pdbaa.tar,.gz
pabnt.tar.gz

T README
sts.tar.ge
swisspret.tar.qz
taxdb.tar.gz
wgs,00.targz

“ wos.01.targ2

Fig. 3.17 The formatted nr and nt databases
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-lolx
Fle Actions Oplions Help
3 ¢ j g 2 - ,_: - Yy 3
(P \j\/ @ = = ":
New  Cpen  Favorites Edrat  Yiew  CheckOut  Wizard
Name | Type | Modfied | Sige | Ratio | Packed | Path |
Hrephr FHR Fle 72jz0... 263812228 0% 2638..
re.pin PINFle 7j2}20... 8190576 0% 8,190,...
#rr.pnd PND Fle 7jzj20... 15310,152 0% 1531...
Hrr.pri PNIFle 7jele.. 53852 0% 59,852
Hrr.psd PSDFis 7j2je0.., 210,180,543 0% 2101,
s psiFie 7/2/20.., 4,670,086 0% 4,670,...
Hrrpsg PS0 Fle 72j20.., 324,286,422 0% 3242..
Srrptd #10 Fle 71220 305,605 0% 3,088,
At PTIFie 7efa... 430328 0% 410,38
Selected 0 fles, O bytes Total 9 fles, 810,546KB J
é Fig. 3.18 Downloading the pre-formatted nr database
=10 x|
File Edit Vew Favorites Tools Help n
«— Back - £]  Qisearch ' Folders < #History = WD X e | Efe
Address [ blastdb | o

—
N

1
blastdb

Select an item Lo view its description,

See also:

9 object(s)

& nr.phr
& nr.pin

#]nr.pnd
& nr.pni

=]nr

] nr psi

A nr.psq
#|nr.ptd
| nr.pti

791 MB

k= My Computer

Fig. 3.19 Saving nr in D:\blastdb
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=10/ x|

ile Edit Format Help

>gi| 1705762 | sp|P13569 | CFTR_HUMAN Cystic fibrosis transmembrane conductance &
MORSPLEEASVVSELFFSWTRP ILREGYROQRLELSD IVOQIPSVDSADNLSEELEREVDRELASKENFEL I
NALRRCFFWRFMFYGIFLYLGEVTEAVOPLLLGRIIASYDPDNKEERSTAIYLGIGLCLLFIVRTLLLHP
ATFGLHHIGHOMRIAMFELIVEKTLELSSRVLDEISIGOLVELLENNLNEFDEGLALAHFVWIAPLOVAL
LMGLIVELLQASAFCGLGFLIVLALF QAGLGRMMMEYRDQRAGKISERLVITSEMIENIQSVEAYCWEEL
MEEMIENLROTELELTREAAYVVRYFNSSAFFFSGFFVVFLAVLPYALIEGIILREIFTTISFCIVLRMAY
TROFPWAVOTWYDSLGATNKIQDFLOKQEYETLEYNL TTTEVVHMENVTAFWEEGF GELFEKAKQNININIEE
TSNGDDSLFFSNFSLLGTPVLED INFEKIERGQLLAVAGS TGAGKTSLLMMINGELEPSEGEIEHSGRISF
CSQFSWIMPGTIKENIIFGVSYDEYRYRSVIKACQLEED ISEFAEKDNIVLGEGGITLSGGQRARISLAR
AVYEDADLYLLDSPFGYLDVLTEEEIFESCVCELMANKETRILVTSKMEHLKEADKILILHEGSSYFYGTF
SELONLOPDFISKLMGCDSFDOF S AERRNS ILTETLHRFSLEGDAPVSWTETKEQSIFEQTGEF GEKRENS
ILNPINSIREFS IVOKTPLOMNGIEEDSDEPLERRLSLVPDSEQGEAILPRISVIS TGP TLOARRROSVL
NLMTHSVNOGON IHRKTTAS TREVSLAPQANLTELD IYSRRLSQETGLEISEEINEEDLKECFFDDHES T
PAVTTUNTYLRYITVHESL IFVLIWCLVIFLAEVAASLVVLULLGNTPLODEGNA THERNNIYAVIITET

4| | » |

Fig. 3.20 The CFTR protein sequence

:\blast>bhlastall —p bhlastp —-d d:\blastdb\nr —-i cftr.txt —o cftr.out

IC:N\blast>more cftr.out
LASTP 2.2.3 [Apr—24-2082]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
inghui Zhang. Zheng Zhang, Yebb Miller,. and David J. Lipman <1997).
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs', MNucleic Acids Res. 25:3389-3492.

Query= giil?85762 ispiP1356% iICFTR_HUMAN Cystic fibrosis transmembrane
onductance regulator (CFIR> (cAMP-dependent chloride channel)
(1480 letters>

Database: All non—redundant GenBank CDS
itrans lations +PDB+SwissProt +PIR+PRF
1.823,806 sequences; 323,262,615 total letters

Score E
Sequences producing significant alignments: Chits)> Ualue

lspiP13562 ICFTR_HUMAN Cystic fibrosis transmembrane conductance r... 2884 8.0

ref iXP_004980.41 (XM_@@A4980> cystic fibrosis transmembrane condu... 2883 a.a
ref INP_0OB0483.21 (NM_000492> cystic fibrosis transmembrane condu... 2799 8.8

Fig. 3.21 BLAST of CFTR against nr
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IC:\blast>more cftr.out
IBLASTP 2.2.3 [Apr-24-20821

[Reference: Altschul, Stephen F., Thomas L. Madden. Alejandro A. Schaffer.
inghui Zhang,. Zheng Zhang,. Webb Miller, and David J. Lipman <1997).
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
rograms"”, Nucleic Acids Res. 25:3389-3482.

Query= giil785762 ispiP1356%2 iICFTR_HUMAN Cystic fibrosis transmembrane
iconductance regulator (CFTR> (cAMP-dependent chloride channel)

€1488 letters>
Database: All non—-redundant GenBank CDS

ranslations+PDB+SuissProt +PIR+PRF
1,023,806 sequences; 323,262,615 total letters

Score
iSequences producing significant alignments: (hits) Ualue

lspiP13569 iCFTR_HUMAN Cystic fibrosis transmembrane conductance »... 2804 a.a
ref 1XP_B04980.41 (¥M_BB4988> cystic fibrosis transmembrane condu... 2863 a.a
ref INP_A08483 .21 (NM_B08492) cystic fibrosis transmembrane condu... 2799 8.8
lgb 1AAD46987 .1 IAF162427_1 (AF162427) cystic fibrosis transmembran... 2756 a.a

Fig. 3.22 Applying an Evalue to BLAST

X

=

the pre-formatted nr database and run a query against it. You should prefer-
ably download the nr database in a separate folder (such as D:\blastdb), if
using a PC) because of its size (~ 350 MB). At the end of the download, you
should see the following files in the folder:

nr.phr
nr.pin
nr.pnd
nr.pni
nr.psd
nr.psi
nr.psq
nr.ptd
nr.pti
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5%

1

= 3.7 fastacmd

&

1

fastacmd is a useful tool to retrieve sequences from BLAST databases using the
sequence ID. fastacmd can be used with databases that have been formatted
with the -o option. To retrieve the sequence with GenBank ID 1786181 from the
ecolint database, type:

c:\blast>fastacmd -d ecoli.nt -s 1786181

where,
-d name of database
-S sequence id

The output of the command is shown in Figure 3.23.

e C:\_.hlast)fastacmd —d ecoli.nt —s 1786181 . . X .
s >g;=%E26ig$;%2égEggﬁghi'l=HEB,8111 Escherichia coli K-12 MG1655 section 1 of 408
AGCTTTTCATTCTGACT GCARCGGGCAATATGTCTICTGTGTGGATTARARAAAGAGT GTCTGATAGCAGCTTCTGAACTG
_F TTACCTGCCGTGAGTARATTAARATTTTATTGACTTAGGTCACTARATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATARAARTTACAGAGTACACARCATCCATGAAACGCATTAGCACCACCATTACCACCACCAT CACCATTACCACAGGT
AACGGT GCGGGCTGACGCGTACAGGAAACACAGARAAAAGCCCGCACCTGACAGTGCGGGCTTTTITITITCGACCARAGG
AACGAGGTAACAACCATGCGAGTGTTGAAGT TCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGT GGCCACCGT CCTCTCT GCCCCCGCCARAARTCACCARCCACCTGGTG
CGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTITTGCCGAACTTTT
IGACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGARAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGT GCCCGGATAGCAT CAACGCTGCGCTGATTTGCCGTGGCGAGAARA
ATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGT CACARCGTTACTGTTATCGATCCGGT CGARAAACTGCT
GCAGTGGGGCATTACCTCGAATCTACCGTCGATATT GCTGAGT CCACCCGCCGTATTGCGGCAAGCCGCATTCCGGCTG
ATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACT GGTGGT GCTTGGACGCAACGGTTCCGAC
TACTCTGCTGCGGT GCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTT GGACGGACGT TGACGGGGTCTATACCTG
GACCCGCGTCAGGTGCCCGATGCGAGGT TGTTGAAGTCGATGT CCTACCAGGAAGCGATGGAGCTTITCCTACT TCGGCG

CTAAAGT TCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGAT CCCTTGCCTGATTAAAAATACCGGAAATCCT Rd

Fig. 3.23 fastacmd to retrieve sequences

The search option (-s) can be GenBank Ids, accession and locus numbers. To
retrieve multiple sequences, supply a file containing GI numbers (one on each
line) with the -i flag:
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c:\blast>fastacmd -d ecoli.nt -i list.txt > list.out
The output can be put into another file with the -0 option:

c:\blast>fastacmd -d ecoli.nt -i list.txt -o list.out

:é: 3.8 bl2seq
%

The options used with bl2seq can be listed by typing bl2seq on the command-
line (Figure 3.24).

:\blast>bhl2seq

12seq arguments:

First sequence [File Inl
Second sequence [File Inl
Program name: blastp, blastn. blastx,. thlastn, thlastx. For bhlastx 1st seq]
should be nucleotide, thlastn 2nd sequence nucleotide [Stringl
Gapped [T/F1
default = T
alignment output file [File Out]l
default = stdout
—d theor. db size {(zero is real size> [Reall
default = 8
—a SegAnnot output file [File Qutl Optional
—G Cost to open a gap (zero invokes default behavior) [Integer]
default = 8
—E Cost to extend a gap (zero invokes default behavior) [Integer]
default = 8
—#% X dropoff value for gapped alignment <in bits) (zero invokes default hehav
ior> [Integerl]
default = 8
-1 Uordsize {(zero invokes default behavior> [Integer]
default = 8
-M HMatrix [Stringl
default = BLOSUM62
—g Penalty for a nucleotide mismatch <hlastn only?> [Integer]
default = -3
—r Reward for a nucleotide match <(blastn only> [Integer]
default = 1
—F Filter guery sequence (DUST with blastn, SEG with others? [Stringl
default =T
—e Expectation value (E) [Reall

Fig. 3.24 bl2seq options

As with blastall, the general command for performing a BLAST2 alignment
is:

C:\blast>bl2seq -i seq1 -j seq2 -p program -o outpuffile
where,
-i first sequence

-j second sequence
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-p BLASTP for protein and BLASTN for nucleotide sequences

-ooutput file

§ 3.9 PERFORMING LOCAL BLAST SEARCHES WITH PERL

=

The system function in Perl can be used to execute other programs from within
Perl scripts. When external programs are called, the main program is sus-
pended; control returns to the main program after the external program fin-
ishes executing.

The syntax for the system command is:
system(“command”);

where command is the actual command that you want to execute. Written like
this, the command within the double quotes is sent to the system shell for
interpretation. It is the same as executing command on the system command-
line. For example, on DOS, the following line of code will perform blastall
analysis as exactly stated:

system(“blastall -p blastn -d ecoli.nt -i lactamase.txt -0 lactamase.out”);

To perform batch blastall analyses with multiple sequences in a multiple
Fasta file, the system command can be used as before except that each se-
quence has to be retrieved from the file in turn and supplied to the command
in a loop.

foreach $seq(@sequences) {

system(“blastall -p $program -d $db -i $file -o $file.out”);

}
where,
$program Specifies BLAST program to use
$db Specifies database to be used
$file tile containing a single sequence

$file.out Output file for BLAST results
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§ 3.10 SEQUENCE ANNOTATION

Sequence annotation is the process of defining the structure and function of a
given sequence. For a raw DNA sequence, this may mean defining what genes,
if any, are present on it, what their intron-exon structures are and, ultimately,
gathering evidence to determine what their function is. For proteins, in a simi-
lar fashion, this means understanding the domains that are present on the
protein and the function of the protein. The evidence that is needed to ascribe a
function to a gene or protein comes from a variety of sources, the most com-
mon one being a BLAST search. In general, the steps towards a programmatic
approach to annotation (using BLAST) are:

1. Extract the genes/proteins that you need to annotate. If they are in a
tile, loop through it to create a temporary file and use it to perform a
BLAST.

2. Perform a BLAST search against a set of databases such as nr, nt, EST,
etc.

3. Parse the output of BLAST and find out what the top hits are.
Taking the example of the hypothetical rice protein from the BAC
OSJNBa0058E19 (GI number 13129470):
>gi|13129470|Hypothetical protein [Oryza satival
MNLIVVQIRKMKSLFLLHSISSKAAMGLWPSARRCRRQMVTPLGGHRSSASGESEQRMFSGGCACRAIDW
MYPKGCMHGTHRSSDEVRVGLDSDDDAEDVPSALYLLHSNRNRRRDLVAAVHCVRSGAPAGEVAFPPNHC
MIEAEIRGDGTGIERRRWNTREKETIAAQ

a BLASTP search against the nr database gives the following hits:

Sequences producing significant alignments: (bits) Value

gb]AAK13128.1|AC083945 3 (AC083945) Hypothetical protein [Oryza ... 349 6e-096
gb|AAK13125.1JAC080019_17 (AC080019) Unknown protein [Oryza sati... 48 4e-005

ref[NP_566398.1| (NM_112002) expressed protein [Arabidopsis thal... 34 0.77
gb|AAF02137.1|JAC009918_9 (AC009918) unknown protein [Arabidopsis... 34 0.77
ref[ XP_146511.1| (XM_146511) similar to Circadian Oscillatory P... B3] 1.0
gb|AAF63493.1|AF239684_1 (AF239684) polymerase [green turtle her... 33 1.7
dbj|BAB21235.1| (AP002953) hypothetical protein [Oryza sativa j... 8 1.7
ref[NP_037202.1| (NM_013070) utrophin (homologous to dystrophin)... 30 8.5

gb|AAF87665.1|AF223648_1 (AF223648) esterase [uncultured bacterium] 30 8.5
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Looking at the output, it appears that the most significant hits (lowest

E values 6e-096, 4e-005) are for hypothetical proteins or unknown proteins,
which is not of great use to us in identifying the function of the rice protein.
The first protein that has a “known function” appears to be “similar to Circa-
dian Oscillatory Protein” (XP_146511.1, highlighted).

If you look further down, where the sequence alignments are provided, you

will see that this is a protein that has been annotated as “similar to Circadian
Oscillatory Protein (SCOP)” and is from Mus musculus (mouse):

>ref|[XP_146511.1] (XM_146511) similar to Circadian Oscillatory Protein (SCOP) [Mus musculus]
Length = 1177

Score = 33.5 bits (75), Expect = 1.0

Identities = 24/78 (30%), Positives = 33/78 (41%), Gaps = 6/78 (7%)

Query: 83 SSDEVRVGLDSDDDAEDVPSALYLLHSNRNRRRDLVAAVHCVRSGAPAGEVAFPPNHCMI 142

SS++ GLDSDDD + V + R ++ +HC R P P N
Sbjct: 993 SSNQSDNGLDSDDD-QPVEGVI-----TNGSRVEVEVDIHCCRGREPESSPPLPKNSSNA 1046
Query: 143 EAEIRGDGTGIERRRWNT 160
+tER G G RR N+

Sbjct: 1047 CSEERARGAGFGIRRQNS 1064

You can also go to http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?

db=Protein (Entrez at NCBI) and look up the protein by its ID (XP_146511.1).
Note that the E value is not very significant (E value of 1.0—means that this
could be just a chance, not a true hit). Other hits are even less significant based
on the high E values of 1.7-8.5. A thumb rule is to look at hits with E values
< 0.001.

However, it is possible that one of these low significant hits is a true hit.

This is where biology comes in. The next step would be to look at these hits
and use your knowledge of the protein(s) involved to make a judgement about
the putative function of the protein and design biological experiments to deter-
mine the actual function. Based on the evidence gathered from such studies,
the role of the Bioinformaticist is to provide clues on what the most plausible
function of a given hypothetical protein could be. The Bioinformaticist also
looks at other supporting data, for example, if the gene for this hypothetical
protein was available, what does the results of BLASTN vs. the EST database
indicate for this particular gene? Does it give more information that is not
available with BLASTP?
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Since ESTs are derived from genes that are expressed, significant hits to
ESTs is a strong indication that the protein is expressed in a given organism.
This is important because many of these “hypothetical proteins” are the result
of gene prediction programs such as GenScan, and GenScan makes mistakes in
prediction. It is quite possible that the hypothetical protein is a wrong predic-
tion and that it doesn’t really exist in nature. If all you get is hits to other
hypothetical proteins (which themselves could be predicted by a prediction
program) and no hits at all to ESTs, that is an indication that this could possi-
bly be a spurious prediction. We will learn more about gene prediction in the
next chapter.

Note that the exercise of annotation requires some insight into the protein
that you are studying and also involves some subjective analysis on your part.
There is also a ‘manual” part involved, in that, at some level you have to look
at the alignments and the evidence to make a judgement. What you can do
with Perl is reduce the manual portion to a minimum by parsing the BLAST
output further.

For example, write a Perl program to extract sequences to be annotated,
BLAST them against a set of databases, parse the BLAST output file to examine
. the most significant hits and generate a report for each protein analyzed. Large
Biotech firms have developed a whole “annotation pipeline” that does this on
a regular basis in a high-throughput fashion on all sequences of interest.

X
=
a5

Assignments

1. Retrieve the GenBank record for the BACs OSJNBa0058E19 and
OSJNBa0094H10 from PubMed. Write a script that does the following:

e extracts all protein sequences that have been annotated as hypo-
thetical (having no known function). These are marked
/product="Hypothetical protein”

e performs a local BLASTP and TBLASTN against the databases nr
and EST (For ESTs, download the file est_others.tar.gz - this con-
tains all non-human and non-mouse ESTs from ftp://
ftp.ncbinih.gov/blast/db/FormattedDatabases/. This is a format-
ted database so you do not have to run formatdb on it.)

e extracts ALL the sequences producing significant alignments
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Use this information to arrive at the best possible annotation for the
hypothetical proteins.

. Write a script that automatically retrieves from NCBI protein sequences

corresponding to a given set of GenBank IDs and runs a local BLASTP
against nr to arrive at a plausible annotation. Use the enclosed file of
GenBank IDs for the assignment.
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CHAPTER

§ 4.1 INTRODUCTION

Gene prediction and annotation are fundamental aspects of genome sequencing
projects. These activities involve determination of complete gene structures
from the raw DNA sequence and attributing functions to them, most commonly,
by way of computational methods. Specifically, these processes try to
understand how the various structural elements such as coding, non-coding
and regulatory elements are organized within genes.

To make predictions about gene structure, gene prediction programs are
designed to recognize genetic signals that are embedded in DNA sequences.
Some of these signals are: promoters, splice sites, exons, introns, transcription
start and end points, poly-adenylation sites, CpG islands and translation start
and stop sites. Some of the terminology associated with biology is presented as
follows:
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;ﬁé 4.2 TERMINOLOGY AND CONCEPTS

DNA structure: DNA is composed of monomeric units called nucleotides. A
DNA molecule is, therefore, a “polynucleotide’ polymer composed of a long
chain of nucleotides. Each nucleotide is made up of a sugar called deoxyri-
bose, a nitrogen-containing base attached to the sugar, and a phosphate group.
There are four types of nucleotides found in DNA, differing only in the com-
position of the nitrogenous base: Adenine (A), Guanine (G), Cytosine (C) and
Thymine (T). A and G are the purine bases while C and T are the pyrimidine
bases.

DNA double-helix: DNA is actually composed of two such polynucleotide
strands held together by base pairing between the nucleotides. The upper
strand is called the coding strand and the lower or complimentary strand is
called the non-coding strand.

The pairing rules are that A binds to T and C binds to G so that a double-
stranded (ds) DNA molecule can be represented as a linear chain of nucle-
otides paired according to the rules above:

— upstream downstream

5——GAATTCCGCGGATATATATATTATACTCTCCTCTAGGAGC--3" [CODING]

LLEEEEEE e e e e e e ey
3~ —CTTAAGGCGCCTATATATATAATATGAGAGGAGATCCTCG--5" [NON-CODING]

«—

Note, however, that this does not indicate the nature of the bonding be-
tween the pairs of nucleotide and is only a schematic representation. In reality,
A forms two hydrogen bonds with T on the opposite strand, and G forms three
hydrogen bonds with C on the opposite strand, meaning also that greater
energy is required to break a G-C bond than an A-T bond.

Also, the two DNA stands are not linear as shown above. Instead, they are
entwined with each other, forming a right-handed helical structure, much like
a spiral staircase. The two polynucleotide chains run in opposite directions
and this is indicated by the 5" and 3’ notation on the two strands above.

In relation to their location on the strands, elements within DNA are
referred to as upstream and downstream. Upstream elements refer to sequences
closer to the 5" end of the DNA and downstream elements refer to sequences
closer to the 3" end of the DNA. In the above schematic, the EcoRI enzyme
restriction site (GAATTC) is said to be upstream of the TATA element.
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DNA synthesis: By convention, DNA synthesis always proceeds in the 5" — 3’
direction. Figure 4.1 shows the step-wise addition of the four nucleotides in

the 5" to 3’ direction (Steps 1-3) until synthesis is complete (Step 4).

Step 1:

Step 2:

Step 3:

Step 4:

5
~—— A @G gED A @

5
~—- A GG gEn A &

~—A G Gy A |l

5O _ A TGlc AT

5 1 {1 1 |

~—T A C G T A

Fig. 4.1
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DNA synthesis
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T~

I

3

3

5/
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Transcription and translation: Transcription is the process by which a DNA
molecule is copied into an RNA molecule. Translation is the process by which
the RNA sequence is used by the cellular machinery to synthesize a protein.

Transcription may result in one of three types of RNA: Messenger RNA
(mRNA), transfer RNAs (tRNA) or ribosomal RNA (rRNA). mRNA molecules
serve as ‘messengers’ that specify the code for the synthesis of amino acids
(during translation) and, therefore, the name messenger RNA. tRNAs form
covalent attachments to individual amino acids and recognize the encoded
sequences of the mRNAs to allow correct insertion of amino acids into the
elongating polypeptide chain during translation. rRNAs are assembled together
with numerous proteins to form complexes known as ribosomes. Ribosomes
engage mRNAs and form a catalytic domain into which the tRNAs enter with
their attached amino acids. The proteins of the ribosomes catalyze all of the
functions of polypeptide synthesis.

During the process of transcription, the DNA double helix unwinds and one
strand serves as the template for the synthesis of the RNA strand. Either strand
can serve as the template—which strand becomes the template depends on a
combination of transcription initiation and termination signals (such as pro-
moter and enhancer sequences) that are present on the DNA. Transcription is
actually a polymerization reaction in which individual nucleotides are linked
together by an enzymatic reaction (catalyzed by the enzyme RNA polymerase)
into a chain to form another polymer: the RNA.

RNA structure: RNA, like DNA is a polymer composed of four nucleotides.
The difference between RNA and DNA is the nature of the sugar moiety: RNA
has the ribose sugar, while DNA has the deoxyribose sugar. RNA has the same
purine bases as DNA: adenine (A) and guanine (G), and the same pyrimidine
cytosine (C), but instead of thymine (T), it uses the pyrimidine uracil (U). The
same base pairing rules apply so that the appropriate nucleotide is added
based upon the nucleotide on the DNA template.

CpG islands: Regions within DNA that often occur near the beginning of
genes, where the frequency of the dinucleotide CG (that is, the nucleotide
bases cytosine and guanine) is more than in the rest of the genome.

Introns and Exons: Higher organisms (eukaryotes) have what are called split
genes, that is, a large proportion of their genes are not continuous linear entities,
but may be interrupted throughout their length by sequences that do not code
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for protein. A piece of DNA may, therefore, contain coding sequences with
intervening non-coding sequences. The intervening non-coding segments are
called the introns and do not code for protein. The coding sequences are exons
and do code for protein. For example, the cystic fibrosis transmembrane
regulator (CFTR) gene’s coding regions (exons) are scattered over 250,000 base
pairs of genomic DNA and is made up of 27 exons. During transcription,
introns are removed from the CFIR gene and exons are pieced together by a
process known as RNA splicing to form a 6100-bp mRNA transcript that is
translated into the 1480 amino acid sequence of CFTR protein. In contrast, the
384 nucleotide human pancreatic ribonuclease gene is intronless and codes for
a 128 amino acid protein. A highly schematic view of the RNA splicing process
is shown in Figure 4.2.

Intron Intron Intron Intron
Exon 1 l Exon 2 l Exon 3 l Exon 4 l Exon 5 Exon 27
Genomic DNAI :: |
RNA
splicing
Nuclear RNA 1 2 3 4 B
mRNA 1 2 3 4 5 27

Fig. 4.2 RNA splicing

&=

,?;s 4.3 GENE PREDICTION PROGRAMS
>

There are a large number of gene prediction programs available today (Table 4.1,
not an exhaustive list). Most of these are able to correctly identify nucleotides
that encode proteins 90 per cent of the time or identify exact exon boundaries
(70-75 per cent accuracy). However, they are relatively poor at correctly iden-
tifying complete gene structures (50 per cent accuracy). We are far from achiev-
ing absolute accuracy in computational gene prediction largely because our
understanding of complex underlying genetic processes is far from adequate.
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Table 4.1 Gene/exon prediction programs

Name URL Organization
1 Gene Recognition http://compbio.ornl.gov/Grail-1.3/ Oak Ridge
and Assembly National
Internet Link Laboratory
Version 1.3 (ORNL)
GeneMark http:/ /opal.biology.gatech.edu/GeneMark Georgia
Institute of
Technology
GenScan “http:/ /genes.mit.edu/ GENSCAN.html” Stanford /MIT
Glimmer/ http:/ /www tigr.org/software/glimmer/ The Institute
GlimmerM of Genomic
Research
(TIGR)
NetGene2 http://genome.cbs.dtu.dk/services/NetGene2/ Technical
University of
Denmark
HMMgene http:/ /genome.cbs.dtu.dk/services/HMMgene/ Technical
University of
Denmark
MZEF http:/ /argon.cshl.org/genefinder/ Cold Spring
Harbor
Laboratory
(CSHL)
GeneParser “http:/ /beagle.colorado.edu/~eesnyder/ University of
GeneParser.html” Colorado
Genie “http:/ /www fruitfly.org/seq_tools/genie.html” Lawrence
Berkeley
National
Laboratory
10 FGeneH http://genomic.sanger.ac.uk/gf/gf.shtml Sanger Center

Consequently, the most effective strategy towards gene identification in
unknown DNA sequences is an approach where the results of prediction
programs are combined with the results of similarity or database homology
searches, matches to ESTs, etc. In addition, multiple gene/exon prediction
programs are generally used to minimize the possibility of false positive
predictions—for example, the validity of a prediction is in question when only
one of a set of programs predicts the existence of a certain exon or exons. This
can arise purely by error on part of the prediction program.
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The approach where results of multiple gene prediction programs are
combined with the results of similar searches is not without problems either.
Consider the case where a sequencing experiment gives a piece of DNA that
has no known homologs. In such cases, gene prediction methods that rely only
on information that is encoded in the sequence can be used. These are called
Ab initio (Latin: from the beginning) gene prediction programs and use signals
within DNA such as splice sites, start and stop codons, promoters and termi-
nators of transcription, polyadenylation sites, ribosomal binding sites, CpG
islands, and various transcription factor binding sites. Ab initio methods such
as GenScan rely on probabilistic models known as Hidden Markov Models
(HMMs) to discern patterns within DNA. Others such as GRAIL use neural
networks for gene prediction. Neural networks form an information-process-
ing paradigm based on the densely interconnected, parallel structure of neu-
rons in the mammalian brain. Neural networks are collections of mathematical
models that emulate some of the observed properties of biological nervous
systems and draw on the analogies of adaptive biological learning. Neural
networks are composed of a large number of highly interconnected processing
elements that are analogous to neurons and are tied together with weighted
connections that are analogous to synapses. In the case of GRAIL, seven sepa-
rate sensor algorithms, each designed to provide the coding potential of a
given piece of DNA, form the core of the system. A neural network then
integrates the information from the sensors and predicts the locations of cod-
ing regions. An HMM, on the other hand, models the states that a DNA se-
quence can exist in and the transition probabilities between the states. The
different states are promoter, intron, exon, etc. The term ‘Hidden’ comes from
the fact that the sequence itself is visible but the states are hidden.

=
% 4.4 GENSCAN

To date the most effective among the many prediction programs are the exon
prediction programs. For the purpose of illustration, we will focus on one such
program called GenScan.

GenScan was written by Chris Burge and Samuel Karlin at the Department
of Mathematics, Stanford University. GenScan utilizes the same basic signals
described earlier to build complete gene structures (that is, introns + exons)
from human genomic sequences. Specifically, these include transcriptional,

X
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translational and splicing signals (including elements present in most eukary-
otic promoters such as the TATA box and cap site), as well as length distribu-
tions and compositional features of exons, introns and intergenic regions.
Importantly, GenScan also makes use of the many substantial differences in
gene density and structure based on GC composition of the human genome.
For example, it is known that gene density in GC rich regions is five times
higher than in regions with moderate GC content and 10 times higher in AT
rich regions. Four categories of DNA were identified based on their GC content:

1. <43 % GC
2. 43-51 % GC
3. 51-57 % GC
4. > 57 % GC

These are known as isochores. Thus, if the input genomic sequence has a GC
content of 45 per cent, it is said to have an isochore value of two.

A functional classification of the various gene prediction methods along
with the underlying algorithms they use is given in Table 4.2.

EN VK

Table 4.2 A functional classification of gene prediction methods

Ab initio: HMM methods

FGENEH http:/ / genomic.sanger.ac.uk/gf/gf.shtml

Genie http:/ /www fruitfly.org/seq_tools/genie.html

GenelD http://wwwl.imim.es/geneid.html

GeneMark http:/ /genemark.biology.gatech.edu/GeneMark/eukhmm.cgi
GenScan http://genes.mit.edu/GENSCAN.html

HMMGene http:/ /www .cbs.dtu.dk/services/HMMgene/

Ab initio: Neural network methods

GRAIL http://compbio.ornl.gov/Grail-1.3/
NetGene2 http:/ /www .cbs.dtu.dk/services/NetGene2 /
Homology based
Genewise http:/ /www .sanger.ac.uk/Software/Wise2
Procrustes http:/ /www-hto.usc.edu/software/procrustes/index.html

Ab initio programs, traditionally, have been poor at predicting genes in regions
containing multiple genes, especially when present on both DNA strands.
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GenScan addresses these problems by using an explicitly double-stranded
genomic sequence model which has the likelihood of genes occurring on both
DNA strands. Second, while most programs assume the presence of exactly
one complete gene in the input sequence, GenScan treats the more general case
in which the sequence may contain a partial gene, a complete gene, multiple
complete (or partial) genes on either strand, or no gene at all. Another significant
difference in GenScan is the incorporation of splice donor signal information
based on the mechanism of donor splice site recognition in pre-mRNA
sequences by Ul small nuclear ribonucleoprotein particle (Ul snRNP).

1. Ul snRNP is an important component of the RNA splicing machinery
and is the first splicing factor to contact the pre-mRNA. After pre-mRNA
binding, the Ul snRNP interacts with other RNAs and proteins to form a
bridge that brings the ends of the intron together for splicing. The removal
of the intron brings the two neighboring exons together; these are
subsequently pieced together to form one continuous sequence.

2. Most introns start with the sequence GU and end with the sequence AG
and are referred to as the splice donor and splice acceptor sites,
respectively.

§ 4.5 RUNNING GenScan ANALYSES

Running and interpreting a GenScan analysis is rather straightforward. Point
your browser to the GenScan server at MIT: http://genes.mit.edu/
GENSCAN.html (Figure 4.3). For this exercise, we will use a 175 kilobase
human BAC with the accession number AC092818. Download the BAC and
save it on your computer as AC092818.txt. GenScan has been ‘trained” to work
with vertebrate, arabidopsis and maize sequences (Figure 4.4). Since we are
analyzing a human BAC, we choose the vertebrate option. We will use the
default sub-optimal exon cutoff value of one for our purposes. This value
defines the threshold which determines whether exons that do not meet the
criteria (sub-optimal exons) will be displayed or not.

You can assign a sequence name if you are analyzing a large number of
sequences and want to label each output by a unique identifier. In this case,
we will just use the BAC accession number (Figure 4.5). The program gives us
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The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

For information about Genscan, click here

This server provides access to the program Genscan for predicting the locations and exon-intron structures of genes in
genomic sequences from a variety of orgauisims

News:

Fig. 4.3 The GenScan web server

an option of printing the predicted proteins alone or the predicted proteins
with their nucleotide sequences. We will choose the latter option (Figure 4.6).

The sequence can be either uploaded or pasted directly in the text box.
Uploading a sequence is more convenient if you are handling very large
sequences, as is the case here (Figure 4.7). Finally, you can specify an email
address if you want to receive the results via email. This is usually the case with
large sequences which may take a while to process. In this case, we will hit the
“Run GenScan” button and wait to see the results in the browser (Figure 4.8).
The results of this analysis are enclosed as a text file (AC092818gsn.txt).

% 4.6 ANALYZING GENSCAN OUTPUT

The GenScan header gives information on the input sequence and the
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Upload vour D nee file (one-letter code, upper o lnwer cise, spaces/inumbers ignored)
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Or paste your DNA sequence here (one-letter code, upper or lower es/numbers ignored)

To have the results muiled 1o you, enter your email address here (options): [
| Coorinput |

Back ta the top

Fig. 4.4 Setting GenScan parameters
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Orgamem Suboptinul exon cutolY (optionaly: JEES
Sequence name (optional): [ETIL IEG_———
s BT E RS Prediciec pectides onty v

Upload vour DNA sequence file (one-letter code, upper or lower case, spaces/numbers igtored)

Or paste vour DNA sequence here (ong-letter code, upper or lower case, spaces/numbers ignored)

T'o Liave the results mailed {6 you, enter Your email address here (optional).
oot o |

Back to the top

Fig. 4.5 Entering an identifier
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Or paste your DNA sequence here (one-letter code, upper or lower case, spaces/numbers ignored)
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Fig. 4.6 Printing peptides and the corresponding coding sequences (CDS)

Organisi: ot IR Suboptimal exon cutoff (optional): EEIE
Sequence rame (optional): TG
TRV TR Preciciea COS end pepaces = |

Upload your DNA sequence file (onesletter code, upper or lower case, spaces/numbers ignored)
CperhACIa2E18 1t

Or paste vour DNA sequence here (one-letter code, upper or lower case, spacesinumbers ignored)

T'a iave the results mailed to you, enter your email address liere (optional): |G
| Clestingut |

Back to the lop

Fig. 4.7 Uploading the BAC sequence
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Fig. 4.8 GenScan output: Header information

parameters used, for example, name, size and isochore classification of the
sequence, and the matrix used for the analysis (HumanlIso.smat).

The body of the analysis consists of the predicted peptide and the corre-
sponding CDS sequences. As is evident from the output, there were eight
predicted peptides in this sequence. The complete gene structure of each peptide
is listed after the header (Table 4.3).

Table 4.3 Gene structures

GnEx Type S Begin ..End .Len Fr Ph I/Ac Do/T CodRg P... Tscr.

1.01  Init+ 3609 3682 74 2 2 113 45 48 0.319 3.59
1.02 Intr+ 3826 3904 79 1 1 100 43 33 0.019 -1.37
1.03 Intr+ 9758 9904 147 1 0 134 35 101 0.071 891

(Contd)
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Table 4.3 (Contd.)

1.04 Intr+ 10302 10435 134 2 2 4 75 63 0.032 -4.88
1.05 Intr+ 12763 12979 217 1 1 97 84 78 0.265 5.88
1.06 Intr+ 15363 15421 59 2 2 95 46 106 0.088 3.86
1.07 Intr+ 18293 18483 191 2 2 39 56 127 0.037 291
1.08 Term+ 26161 26237 77 2 2 57 43 105 0.020 -0.08
1.09 PlyA+ 27474 27479 6 1.05
=loixl
Be Edt Vew Favorkes Jodk Heb  GSend 4
kv x| ) N, s momes (JMeds .- B2 el
Adbess | | o edujcy © X G

Predictaed peptide sequenca(s):

E§ vK

Fig. 4.9 GenScan output II: predicted sequences

The most important aspects of this table are the gene and exon number, the
type of exon, the strand information (+/-), the start and end positions, the
length of each exon in basepairs, the frame and the scores. The key to the
abbreviations is provided at the end of the output (Table 4.4).
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Table 4.4 Abbreviations and explanations

Gn.Ex : gene number, exon number (for reference)

Type : Init = Initial exon (ATG to 5' splice site)
Intr = Internal exon (3' splice site to 5' splice site)
Term = Terminal exon (3' splice site to stop codon)
Sngl = Single-exon gene (ATG to stop)
Prom = Promoter (TATA box / initation site)
PIyA = poly-A signal (consensus: AATAAA)

S : DNA strand (+ = input strand; — = opposite strand)
Begin : beginning of exon or signal (hnumbered on input strand)
End : end point of exon or signal (numbered on input strand)
Len . length of exon or signal (bp)
Fr : reading frame (a forward strand codon ending at x has frame x mod 3)
Ph : net phase of exon (exon length modulo 3)
I/Ac . initiation signal or 3' splice site score (tenth bit units)
Do/T  : &' splice site or termination signal score (tenth bit units)
§ CodRg : coding region score (tenth bit units) é
P . probability of exon (sum over all parses containing exon)
ar Tscr . exon score (depends on length, I/Ac, Do/T and CodRg scores)

Each pair of peptide and CDSs are in Fasta format and have unique identifi-
ers where the sequences are numbered sequentially.

>gi|GENSCAN_predicted_peptide_1|325_aa
MALISFTSPFNFIGKKSWQCITEAGFDKVDETIIFVISQSSRNVIVGEFLQDPCQGLPLL
KDLSSKQAANLFPWQRMEAVACDILLIMQPGHGQPAFLQGMSSRLSGAAEQVGSWSMRSQ
RHSLLWSVPEPVQQAGFLFPEALQSAGCFLPSNIGLQVLQFWTLGLTSVVCQGLSGLWPQ
IEGCTVGFSTFEVLGLGLASLLLSLQTAYCGTSPCDHSSSLSDSKAAVLENIGLLPLTHL
SECSRGGTQTGISGLKTELGAKVARVCQAEYGGESHAEREFWTPTEESLRVYKRGLISSA
SGISVDHGSLPEGLTKTFIPEGYEP

>gi|GENSCAN_predicted_CDS_1|978_bp
atggccctaatcagttttacatctccgtttaattttattggaaagaagagctggcaatgce
atcacagaggccggctttgacaaagtggatgaaacaattatcttcgttatcagccaaage

agtagaaatgtgatagttggggaatttttgcaggacccatgccagggcttacctctgcta
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aaggatttgtcctcaaagcaggcagcaaatctgttcccttggcagaggatggaagcecgtg
gcttgtgacattctcctgataatgcagccaggccacgggcagccagcatttctgcagggg
atgagctccaggctcagtggggcagcagagcaagtggggagcetggtccatgaggagtcag
cgtcattccttgctgtggtctgttcctgaaccagtccaacaggctggcttectgttcceca
gaagccctccaaagtgctggatgcttcctgccatcgaacattggactccaagttcttcag
ttttggactcttggacttacatcagtggtttgccagggactctcaggcctttggcctcag
attgaaggctgcactgtcggcttctctacttttgaggttitgggactcggactggcttcc
ttgctcctcagcettgcagacagcectattgtgggacttcaccttgtgatcatticcagcagce
ctttcggattccaaagcggctgtcctggaaaatatagggctccttccactaacccacctc
tctgaatgcagcagaggtggaacccagacagggatcagtgggttaaagacagagctggga
gccaaggtagccagagtttgccaggcagagtatggcggagagagccacgcagagagagaa
ttctggacacctacggaggaatctcticgagtatataaaagaggactgatcagcagtgca
tcaggtatctctgttgatcatggttctttacccgaaggactgactaaaacctttattcct
gaagggtatgaaccatag

% 4.7 GENSCAN ANALYSIS WITH LWP::USERAGENT

LWP::UserAgent is a Perl module that is used to send requests to specific
applications on the World Wide Web. This module, along with HTTP::
Request.pm and other modules, forms the core of the libwww-perl library. We
saw an example of another module in the library when we used the
LWP::Simple module. Here, we will learn how to use LWP::UserAgent to per-
form a GenScan analysis over the World-Wide Web.

The LWP::UserAgent module fully exposes the object oriented capabilities
of Perl. As with other object oriented programs, the first step is the creation of
an object of the type LWP::UserAgent. This is done through the ‘constructor’
which simply creates a new instance of the LWP::UserAgent object using the
new keyword. All this means is that to use an object oriented module, we have
to create an object of the type LWP::UserAgent (in this case), before we can use
its methods:

Step 1: Create an object of type LWP::UserAgent:
$ua = new LWP::UserAgent;
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Step 2: Create an instance of HTTP::Request encoding the GenScan request.
We use the new keyword to create an object of type HTTP::Request. One key
difference between the LWP::Simple and the LWP::UserAgent module that we
have used above is in the way we have formulated the request.

With LWP::Simple, the request is created directly and the various parameters
are visible in the URL. For a BLAST2 operation, for example:

$url = “http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?program=blas
tp&matrix=BLOSUM62&one=3%gbid1&two=$gbid2&Action=submit”;

where, $gbid1 and $gbid2 are the two gene IDs.

In contrast, with the LWP::UserAgent module, the data is sent as part of the
HTTP request. The information doesn’t appear in the URL and, therefore, is
more ‘secure’. In addition, it allows a greater number of parameters to be set.
The code for the instantiation step is as follows:

$request = new HTTP::Request (POST=>'GenScan URL’);
We can use the GenScan server at MIT for this code:
http://genes.mit.edu/cgi-bin/GenScanw.cgi

Next, we formulate the request and specify the various parameters we want
to use:

$request->content(“parameters”);
The parameters are:
Content => [*-0’ => “$organism”,
‘-e’ => “$evalue”,
‘“n"”  => “$name”,
-p>  => “$option”,
“u => [$file], #filename of sequence, OR

#-s* => “$seq”, #the sequence itself

where,

Sorganism = Vertebrate/Arabidopsis/Maize (Matrix)
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$evalue = Cutoff E value
$name = Arbitrary sequence name
$option = Print options (Predicted peptides OR Predicted peptides
and CDS)

We also need to specify another piece of information known as the MIME
type or content type. MIME—Multi-purpose Internet Mail Extensions—specity
a standard way of classifying file types on the Internet. The purpose of MIME
types is to enable Internet programs such as web servers and browsers to
transfer files of the same content type in a standardized manner, independent
of the underlying operating system. The MIME type enables programs to
determine how files of a given type are opened, how they are viewed, etc. A
MIME type has two parts: a type and a sub-type. They are separated by a slash
(/). For plain text, for example, the MIME type is simple “text/plain”. Since we
are using the information to plug information into a World Wide Web form,
the MIME type we need is:

§ ‘form-data’
This information is specified as follows:
$request->content_type(‘form-data’);
The results of the analysis are printed out using the as_string method:
print $req->as_string;

The complete code (with Getopt::Long for command-line arguments) is as fol-
lows:

use LWP::UserAgent;
use Getopt::Long;
use HTTP::Request::Common;

GetOptions(“o|lorganism=s"=>\$organism, “e|leval=f"=>\$evalue,
“nlname=s"=>\$name, “p|option=s"=>\$option, “f|file=s"=>\$file);

my $ua = LWP::UserAgent->new;
$req = Sua->request(POST “http://genes.mit.edu/cgi-bin/GenScanw.cgi”,
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Content_Type => ‘form-data’,
Content => [-0° => “$organism”,
-’ => “$evalue”,

A_nl => u$nameu’

i_pl => “$Opti0n”,
“u => [$file],
#-s => “$seq”, #the sequence itself

);
print $reqg->as_string;
The program can be executed as follows:

>GenScan.pl -f AC090419.ixt -e 1 -0 vertebrate -n testseq -p “predicted
§ peptides only”

The output is shown in Figure 4.10.

Assignments

1. As with BLAST, the process of gene prediction with GenScan can be
automated with a Perl script. Download the human BAC AC092818
from NCBI and write a script that sends sequence(s) contained in a
local file to the GenScan server, and performs analysis based on the
parameters specified by the user on the command line:

% GenScan.pl -matrix vertebrate -print peptides -seq AC092818.txt

2. The logical next step after gene prediction is determination of the
function of each of the predicted peptides and this is most commonly
done with BLAST. Extend the previous script to analyze each of the
predicted peptides by a BLASTP against the nr database (performed
either locally or remotely) using an E value of 0.00001. Arrive at the
best annotation for each peptide.

% GenScan.pl -matrix vertebrate -print peptides -p Blastp -e 0.00001
-seq AC092818.txt
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Fig. 4.10 Output of GenScan.pl
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Web-ased equence Analys15°
MHMMER

§ 5.1 INTRODUCTION

In the previous chapter, we learnt the use of Hidden Markov Models (HMMs)
in gene prediction with the GenScan program. HMMs have been applied to
other problems in biology as well and have been immensely successful in
aiding researchers with Bioinformatics-assisted analyses of biological sequence
information. Here, we will understand how HMMs are applied to sequence
data to discern relationships between protein families. This is based on a set of
programs collectively known as HMMER (pronounced “Hammer”), developed
by Sean Eddy and co-workers at the Department of Genetics at the Washington
University School of Medicine (St. Louis, MO).

% 5.2 DOWNLOADING HMMER

The HMMER package can be downloaded (Figure 5.1) from:
ftp:/ /ftp.genetics.wustl.edu/pub/eddy/hmmer/2.2g/
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A number of distributions of the program are available depending on your
platform of choice. Download the version that is appropriate for your operating
system. For Mac OS X, for example, download the hmmer-2.2g bin.apple-
osx.tar.gz file. We would be using DOS to run HMMER commands and for
this platform, you would need to download hmmer-2.2g bin.dos-cygwin.zip,
expand the compressed file (using WinZip, for example) and save all the files
(the executables and the cygwinl.dll file) in a directory such as D:\hmmer.
The downloaded package and the component programs should appear as shown
in Figure 5.2. You may also download, for your reference, the User Guide that
comes along with the distribution (Figure 5.1).

& ftp://ftp.genetics.wustl.edu/pub/eddy/hmmer/2.2g/ -Micraso
File Edit View Favorites Tools Help “Rend
Back « . Search Folders .. ~

Address [_¢J ftp: f{ftp.genetics. wustl.edufpubjeddy/hmmer (2. 2g/

|rpms

= QOREADME %
Other Places 2 2 0OREADME,dos-cygwin =
_;_j St _g,copmmm

hmmer-2.2g,bin.alpha-tru64.tar, gz
-} My Documents ! \hmmer-2.2q.bin.apple-osx.tar.qz
; Shared Documents ~ ' |hmmer-2.2q.bin.dos-cyawin. zip <@———

« J My Network Places ~lhmmer-2,2g.bin.hp-hpux.tar.gz

hmmer-2.2g.bin.ibm-aix.tar.gz

= lhmmer-2.2q.bin.intel-freebsd.tar gz
Details ¥ 7 hmmer-2.2g.bin.intel-linux. tar. gz

* |hmmer-2.2q.bin.intel-openbsd, tar.gz

! lhmmer-2.2g.bin.intel-solaris. tar.gz

' lhmmer-2.2q.bin,sgi-irix64.tar,gz

' \hmmer-2.2q.bin.sun-solais. tar .gz

! |hmmer-2.2q.tar.qz

o INSTALL

1 LICENSE

ZNOTES

Fluserquide pdf ——

Fig. 5.1 The HMMER ftp site

To use the HMMER programs, you would, in addition, need a multiple
sequence alignment program such as ClustalW (Thompson et al., 1994) or
ClustalX (Thompson et al.,, 1997), which provides a windows interface for
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D:S\hmmer >dir
Uolume in drive D has no label.
Uolume Serial Number is 7BAE-6E52

Directory of D:\hmmer

18:49 -
18:49 o
12:35 348,988 afetch.exe
12:35 344,484 alistat.exe
P1:34 731,464 cygwinl.dll
12:35 561.976 hmmalign.exe
42 =35 612,328 hmmbuild.exe
12:35 571.133 hmmcalibrate.exe
ks s 5592.372 hmmconvert.exe
12:35 561,427 hmmemit _exe
12:35 556,812 hmmfetch.exe
12:35 558,355 hmmindex.exe
12:35 567.895 hmmpfam.exe
12:35 568,119 hmmsearch.exe
12:35 342,478 seqgstat.exe
12:35% 348.598 sfetch.exe
12:35 345,558 shuffle.exe
12:35 341.924 sindex.exe
12235 344,484 sreformat.exe

17 Filed(s> 8.256.585% bytes

2 Divds> 39.733.563.392 bytes free

D =Shmmer >

Fig. 5.2 HMMER installation on DOS

ClustalW. This can be downloaded from ftp://ftp-igbmc.u-strasbg.fr/pub/
ClustalX/ (although it may be available on other sites too). Again, download
the version that is appropriate for your operating system. For our purposes,
we will download the Windows version: clustalx1.8.msw.zip (Figure 5.3).

Finally, it may also be useful to have a dendrogram viewing program such
as TreeView which plots phylogenetic relationships between proteins. TreeView
is available for Windows/Macintosh/Unix and Linux and can be downloaded
from http:/ /taxonomy.zoology.gla.ac.uk/rod/treeview html. Extract the zipped
tile in the usual manner and store the files in a directory such as D:\treeview.
Install the application by double-clicking the Setup icon.

Uncompress the file as usual and save all the files in a directory such as
D:\clustalw. For DOS, the downloaded files appear as shown in Figure 5.4.
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File Edt View Favorites Tools Help — S%end

Back _ Search Folders .. ~

Address |_2] ftp:fftprigbme.urstrasbg. frfpublClustalk]

calctree,c
= Iclustalg_doc.zip
Other Places 2 7 clustalgl_1.sun.tar.gz
s - clustalgl _1.zip
2l pub ! clustalgl _2.zip
) My Documents - Idustalgt_3.2ip
= Shared Documents - 'dustabl_ﬁ.zh
« 1 My Network Places = Iclustalg1_4old.zip
“clustalx1,5b,alphalT. 2ip
~clustalx1.8.alpha.tar.gz
Details ¥ Tlldlustalxt 8 linux.tar.gz
“clustabe ,8,msw.zip

clustalx1.8.PPC.sea.Hgx
clustalx1,8,5qi.tar.qz
= Iclustalx1.8.5un.tar.gz
*clustalx1.81.alpha tar.gz
“~!clustalx1 .81 linux tar.gz
Iclustalx1.81.msw.zip ——
'clustalx1,81.PPC.sea.Hgx
= clustalx1,81,sgi.tar.2

I clustalx1,81.5un.tar.gz
“elustalx1,82,alpha tar g2
= lelustalx1.82.linux,tar.qz
“Iclustalx1,82,sun.tar.gz
= IDropPs.seaHax

* Imike, sea.hqx
“Llprrp.tar.gz
2| README

Fig. 5.3 ClustalX ftp site

§ 5.3 WHY USE HMMER?

HMMER is used to perform sensitive database searches to identify distant
members of sequence families. For example, you may be looking for hitherto
unknown novel members of a certain protein family and you may want to
identify all such protein family members that may be present in high-
throughput genomic (HTG) sequences. HMMER allows you to use previously
characterized (known) sequences of a protein family that you are interested in
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D:N\clustalu>dir
Uolume in drive D has no label.
Uolume Serial Numbher is 7BAE-6ES2

Directory of D:Nclustalw

A% /14,2082 12:15 <DIR> -
A% /14,2082 12:15 <DIR> o

18:16 alnscore.c

10:16 amenu.c

i@:16 calcgapcoeff .c

18:16 calcprfli.c

18:16 calcprf2.c

10:16 calctree.c

10:16 clustalv.doc

- clustalu.c

clustalw.doc
clustalw.h
clustalw.hlp
clustalx.c
clustalx.exe
clustalx.hlp
coldna.par
color4.par
color8.par
colprint.par
colprot.par
dayvhoff . h
dna.pap
cgcheck.c

Fig. 5.4 ClustalX installation on DOS

to create a profile or signature of the protein family and to use that profile to
search a set of unknown sequences.

Research laboratories use this approach to identify novel members of their
favorite protein family. This approach is also commonly used by Genomic
companies to identify potential new targets belonging to the highly “druggable”
class of proteins such as kinases, phosphatases, proteases, etc. (called “tar-
gets”). The term druggable is applied to proteins that take part in important
signaling pathways (viz., via protein-protein interaction that affects a disease
process) and that can be inhibited using small molecule drugs to achieve a
pharmacologic effect. An example of a target protein is the epidermal growth
factor receptor-tyrosine kinase (EGFR), a protein of the kinase family that con-
tributes to a number of processes involved in tumor survival and growth in-
cluding cell proliferation, inhibition of apoptosis, angiogenesis and metastasis.
Small molecule drugs that inhibit growth signals within the cell mediated by
EGFR could potentially be useful for the treatment of cancer. Indeed, a num-
ber of such drugs are currently undergoing pre-clinical and clinical trials in
the US and elsewhere.
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The identification of novel targets, by using Bioinformatics approaches, is
an important aspect of modern Genomics-based drug development and is gen-
erally referred to as “New Target Identification”.

&

$ 5.4 RUNNING HMMER COMMANDS
>

The programs supported in the HMMER 2 package and their common usage is
listed in Table 5.1. The table uses the following files for the sample commands:

proteins.aln
proteins.hmm

htg.db

Output of ClustalW (contains the multiple sequence
alignment)

Output of hmmbuild: hmm_output_file (contains the
Hidden Markov Model)

Database of unknown protein sequences

Table 5.1 HMMER command explanation and usage

hmmbuild

hmmecalibrate

Builds an HMM model from a multiple sequence alignment. Takes
a multiple sequence alignment file (file has extension .aln) generated
by a program such as ClustalW as input. The output file has the
extension .hmm for ease of identification.

Usage: hmmbuild hmm_output_file input_file

Example:  hmmbuild proteins.hmm proteins.aln

Increases the sensitivity of a database search by calculating more
accurate E values. Uncalibrated models may miss remote homologs
and, therefore, this is an important step in the process.

Usage: hmmecalibrate hmm_output_file

Example: hmmecalibrate proteins.hmm

Note: hmmecalibrate proteins.hmm overwrites existing (uncalibrated) hmm file unless
output is directed to a different file using the redirection (>) operator. The uncalibrated
HMM may not be needed and, therefore, it is usually safe to overwrite it.

hmmsearch

Searches a sequence database for matches to an HMM.
Usage: hmmsearch hmm_ output_file database
Example: hmmsearch proteins.hmm htg.db

Note: The database can also be a simple Fasta file of sequences.

(Contd.) >
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Table 5.1 (Contd.)

hmmalign
hmmconvert

hmmemit
hmmfetch
hmmindex
hmmpfam

Aligns sequences to an existing model.

Converts a model file into different formats, including a compact
HMMER 2 binary format, and “best effort” emulation of GCG
profiles.

Emits sequences probabilistically from a profile HMM.

Gets a single model from an HMM database.

Indexes an HMM database.

Searches an HMM database for matches to a query sequence.

HMMER also provides a number of utility programs:

alistat

getseq
seqstat
sreformat

Shows simple statistics about a sequence alignment file. Alistat can,
for example, be run on the output of ClustalW to determine the
numbers of sequences that were present in the multiple Fasta file of
protein sequences that was used as input to the ClustalW command,
the level of identity found between the different proteins in the file,
the average length of sequences, etc.

Usage: alistat alignment_file

Example: alistat proteins.aln

Retrieves a (sub-)sequence from a sequence file.

Shows some simple statistics about a sequence file.

Reformats a sequence file into a different format.

Note: Documentation on each command can be invoked by typing the name of the
command followed by -h (for help) as shown in Figure 5.5 for hmmcalibrate.

The steps to build and use an HMM are as follows:

1. Prepare a Fasta file of protein sequences

U

Align the sequences using ClustalW

Build the HMM (hmmbuild)

Calibrate the HMM (hmmcalibrate)

Search a database with the HMM (hmmsearch)

§ 5.5 HMMER: A PRACTICAL EXAMPLE
=

Start the multiple sequence alignment program by typing ClustalX on the
command prompt. If you saved the installation in D:\clustalw, this is where
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D:>\hmmer >hmmcalibrate —h
thnmcalibrate — calibrate HMM search statistics
HMMER 2.2g (August 2081)>
opyright <C> 1992-280081 HHMI Washington University School of Medicine
Freely distributed under the GHU General Public License <(GPL>

Usage: hmmcalibrate [—options] <hmmfile>
Available options are:
=) : print short usage and version info. then exit

——cpu <n> run <n> threads in parallel <if threaded>
——fixed <n> fix random sequence length at <n>
——histfile <f> save histogram(s)> to file <f>

—mean {x> set random seq length mean at <{x> [3581]
——num <{n> set number of sampled seqs to <n> [5880]
——pum on a Parallel Virtual Machine (PUM)>
—sd {x> random seq length std. dev to <{x> [3581]
—seed {n> random seed to <n> [timed)]

Dz \hmme » >

Fig. 5.5 Invoking help for hmmcalibrate

the command should be issued. This should bring up the graphical ClustalW
interface (Figures 5.6 and 5.7). Download a set of cysteine proteases as a Fasta =
file on your system and build a multiple sequence alignment with ClustalX

D:sclustalw?clustalx

D:vclustalw?

Fig. 5.6 Starting ClustalX
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_ioi

Fie FEdit Algnment Trees Colors Quality  Help

IMuItiple Alignment Mode _'J Font Size:’ﬁﬂ

-

Fig. 5.7 The ClustalX interface

(using File — Load sequences — cproteases.txt). This should bring up the
alignment (Figure 5.8). ClustalX color codes to the alignment assigning the
same colors to residues that have similar properties. For example, the positively
charged residues Lysine (K) and Arginine (R) are colored red, hydrophobic
residues Leucine (L), Valine (V), Alanine (A) and Isoleucine (I) are colored
blue and so on.

Save the alignment by selecting Alignment — Do complete alignment and
specifying an output directory for the dendrogram and the sequence alignment.
In this case, both are saved in the D:\sequences directory as cprotease.dnd and
cprotease.aln (Figure 5.9).

You can, at this point, see the phylogenetic relationship between the five
cysteine proteases by viewing the .dnd file in TreeView. Start the program
either on the DOS prompt by typing treev32 or by selecting TreeView from the
start icon (Start—Programs—TreeView). Load the .dnd file and select the Rect-
angular Cladogram option from the menu bar (Figure 5.10). The shape of the
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-loix]

File Edit alignment Trees Colors Qualty Help

[Multiple Alignment Mode L] Font Size:|1 0 vl

- *® ET *

gi|22538442 |re | MARRGPGVRPLLLLVLLAGAAQGGLYFRRGUTCYRPLRGDGLAPLG
9122538437 |re | MWQLWASLCCILVLANARSRPSFHPLSDELVHYVNEENTTUQAGHN
3122538435 |re | MWOLWASLCCILVLANARSHPSFHPLSDE NTTUQAGHN

gi1|22538433|re | MWQLWASLCCLLVLAN PSFHPLSDE NTTUQAGHN
gi[22538431 [re | HWQLWASLCCLLVLAN, PSFHPLSDE NTTUQAGHN

ruler oo L 20 ... .. .. oL 0. ... ..
. \/MWV\\/L
I I | M | 1

File D:\sequencesicprotease.txt loaded.

Fig. 5.8 Multiple sequence alignment with ClustalX

Il Complete Alignme =10] x|

Output Guide Tree File:

|D:\sequences\cpmtease.dnd |

Output Alignment Files:

Clustal: |D:'|.sequenccs\cpmtcasc.aln |

ALIGN | CANCEL

Fig. 5.9 Saving the alignment

tree indicates that the proteins gi:22538442 and gi:22538437 shown as follows
are the most closely related as compared to the others:
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% TreeYiew - [cproteas -0 x|
] Filz Edit Style Tree Window Help -2 x|

L x<feel [ sl

gi|22538433|refINP 680091.1|

gi[22535431 [refiNP 6800201

gi[22538435|ref|NP BB00S2.1|

gil22535442|ref|NP 001327 2| €4—F—

gil22538437 |refNP 630093.1| €—T—

PHYLIP_1 (1]1)

Fig. 5.10 Viewing the tree with TreeView

>Qi|22538442|ref[NP_001327.2| cathepsin Z preproprotein; cathepsin X precursor;
preprocathepsin P; cathepsin Z precursor [Homo sapiens]

MARRGPGWRPLLLLVLLAGAAQGGLYFRRGQTCYRPLRGDGLAPLGRSTYPRPHEYLSPADLPKSWDWRN
VDGVNYASITRNQHIPQYCGSCWAHASTSAMADRINIKRKGAWPSTLLSVQNVIDCGNAGSCEGGNDLSV
WDYAHQHGIPDETCNNYQAKDQECDKFNQCGTCNEFKECHAIRNYTLWRVGDYGSLSGREKMMAEIYANG
PISCGIMATERLANYTGGIYAEYQDTTYINHVVSVAGWGISDGTEYWIVRNSWGEPWGERGWLRIVTSTY
KDGKGARYNLAIEEHCTFGDPIV

>@i|22538437|ref[NP_680093.1| cathepsin B preproprotein; APP secretase; preprocathepsin B;
cathepsin B1; amyloid precursor protein secretase [Homo sapiens]
MWQLWASLCCLLVLANARSRPSFHPLSDELVNYVNKRNTTWQAGHNFYNVDMSYLKRLCGTFLGGPKPPQ
RVMFTEDLKLPASFDAREQWPQCPTIKEIRDQGSCGSCWAFGAVEAISDRICIHTNAHVSVEVSAEDLLT
CCGSMCGDGCNGGYPAEAWNFWTRKGLVSGGLYESHVGCRPYSIPPCEHHVNGSRPPCTGEGDTPKCSKI
CEPGYSPTYKQDKHYGYNSYSVSNSEKDIMAEIYKNGPVEGAFSVYSDFLLYKSGVYQHVTGEMMGGHAI

RILGWGVENGTPYWLVANSWNTDWGDNGFFKILRGQDHCGIESEVVAGIPRTDQYWEKI

X
=
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A cladogram is simply a phylogenetic tree that describes the relatedness of
the objects being compared.

The next step after the alignment is to build an HMM from the cprotease.aln
multiple sequence alignment file. The command hmmbuild and its output is
shown in Figure 5.11. The hmmcalibrate command next calculates the relevant
parameters and adds them to the HMM file (cprotease.hmm, Figure 5.12).
This, as explained earlier, is needed to make searches with the HMM more
sensitive.

(7 Command

s D - “hmmer >hmnbuild cprotease.hmm d:\sequences\cprotease.aln
thmmbuild — build a hidden Markov model from an alignment
HMMER 2.2g <{August 2661>
[Copyright (C> 1992-2881 HHMI Washington University School of Medicine
reely distributed under the GNU General Public License (GPL>

=0l >

x|
Y

Alignment file: d:\sequences\cprotease.aln
ile format: Clustal
earch algorithm configuration: Multiple domain ¢hmmls>
odel construction strategy: MAP {(gapmax hint: @.58>
Null model used: (default)
rior used: (default)
Sequence weighting method: Gs/8/C tree weights
New HMM file: cprotease . hmm

Alignment = #i
INumber of sequences: 5
umber of columns: 344

Determining effective sequence numbher a done. [2]
Jeighting sequences heuristically g done .
onstructing model architecture z done.
onverting counts to probahilities - done.
Setting model name,. etc. 2 done. [d:\sequences\cprot

onstructed a profile HMM {length 343>
Average score: 956.31 bits

inimum score: 829.64 hits
Maximum score: 287.98 bits
Std. deviation: 70.81 bits

Finalizing model configuration
aving model to file

D : \hmmer > o

Fig. 5.11 Building an HMM from an alignment
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e D : “hmner >hmmcalibrate cprotease.hmn
hmmcalibrate — calibrate HMM search statistics
MMER 2.2g {August 2801>
opyright <G> 1992-20A1 HHMI ~Washington University School of Medicine
Freely distributed under the GHU General Public License {GPL>»
cprotease .hnm
ength distribution mean: 325
Length distribution s.d.: 2088
Number of samples: 868
: 1832855457
[not saved]l

: d:\sequences\cprotease
—-231.936859
B.1480846
-189.3418683

Fig. 5.12 Calibrating cprotease.hmm

The next step is to use the calibrated HMM to search a database of sequences.
This, as we mentioned before, is to find sequences in a set of unknown
sequences that may be related to the sequences that we built the HMMs from.
In this case, if we search a set of sequences with cprotease. hmm, we would
expect the search to yield proteins which may be cysteine proteases. For the
purpose of illustration, let’s say we were interested in finding all cysteine
proteases in the worm (C. elegans) genome. Why would anyone want to do
that?

C. elegans is a nematode (of the same class as roundworms and threadworms)
that is widely used in developmental biology studies. It was the first multicel-
lular eukaryote whose genome was completely sequenced (1998, C. elegans
Sequencing Consortium). Despite its small size (< 1 mm in length, total num-
ber of somatic cells: 959), C. elegans emerged as a model organism for the study
of mammalian processes (see magnified image, Figure 5.13). This is because of
the dramatic similarity between many of its genes and human genes. This is
especially true of genes involved in cellular differentiation and development
as they relate to the development and function of the nervous system. Today,
due to the efforts of a large body of developmental biologists around the
world, the developmental origins of each of the 300-odd neurons of C. elegans
is known. A significant number of CNS disorders such as Alzheimer’s disease,
amyotrophic lateral sclerosis, Duchenne muscular dystrophy, neurofibromatosis
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Fig. 5.13 (. elegans—A model organism in developmental biology

type 1, spinal muscular atrophy, etc. that affect human beings are known to
involve genes that have homologs in C. elegans. It is hoped that by identifying
and analyzing the proteins encoded by these genes, from both worm and man,
it will be possible to identify protein targets for the study and treatment of
human neurological diseases.

Now that we have made a case for the study of counterparts of human
proteins in the worm, let’s go ahead and find out how many cysteine proteases
our HMM can identify in the C. elegans genome.

Download the C. elegans amino acid sequences file wormpep_current.tar.gz
from http://www.wormbase.org/downloads.html. Expand the archive and
save the wormpep86 file on your system. The command hmmsearch and a
partial output is shown in Figure 5.14. The output of the command was
redirected to a text file (worm_protease.txt), parts of which are reproduced in
Figures 5.15-5.17.

Some of the relevant information in the figures is boxed; for example, the
header reveals the hmm file (cprotease.hmm) used for the analysis, the sequence
database searched (wormpep86) and also indicates that the hmm was calibrated
(Figure 5.16).

The results of the search (Figure 5.16) are similar to the output of a BLAST
search: top hits are listed in the order of their significance, beginning, with the
lowest E values. The fields on each line are: name of target sequence, descrip-
tion of sequence, raw score (in bits), E value, and the total number of (cysteine
protease) domains detected in the sequence. The next section lists top hits by
domain (Figure 5.17). These are also ranked by E value.
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:\hmmer>more worm_protease.txt
hmmdearch — search a aequence database with a profile HMM

cprotease.hmm [d:\sequences\cproteasel
d:\sequences“\wornpep8b

[nonel

[nonel

<= 18

[nonel

vy HMM: d:\sequences\cprotease

[nonel
Description: [nonel
[HMM has been calibrated;: E-values are empirical estimates]

cores for complete sequences (score includes all domains):
Description

CE14682 locus:cpr—-5 thiol protease statu
CEA?855 cysteine proteinase status:Part
CEA5999 cysteine protease status:Partia
CE14688 thiol protease status:Partially
CE@7251 locus:cpr—4 cathepsin B-like cys
CEB8943 cathepsin—-like cysteine proteas
CE30876 locus:cpr-6 status:Confirmed TN
CEA40878 locus:cpr—-6 status:Confirmed SW
CE27598 locus:cpr—3 cathepsin protease s
CE3@347 cysteine protease status:Predic
CE12424 cyéte1ne protease gtatug-Conf1r

o b D R D T R LI N |

File Edit Format View Help &Send

Pk b ek ek b ek b ek

hmmsearch - search a seguence database with a profile Hwm

HMMER 2.2g (August 20010

Copyright (C) 1982-2001 HHMI/washington university school of medicine
Freely distributed under the GNU General Public License (GPL)

Hum File: cprotease. hmm [d:\sequences’\cprotease]
SELUENCE uataoase a: \sequenCES\wormpepﬁb

nv- m..n it -F-F |y

per —damain score cutoff: [none]

per-sequence eval cutoff: <= 10

per-domain Eval cutoff: [none]

Query HMM : d:\seguenceshcprotease

Accession: [none]

Description: [none]
[ [HMM_has been calibrated; |E-values are empirical estimates]

2

Fig. 5.15 hmmsearch results—Header information
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P worm_protease - Notepad =0] x|
File Edit Format Wiew Help &Send

scores for complete sequences (score includes all domains): :J
sequence pescription score E-value N =
WO7ES. 5 CeEl4632 Tocus:cpr-5 thiol protease statu  338.6 2.4e0-98 1
F32B5.8 CEQ9855 cysteine proteinase status:Part 334.8 3.5e8-97 1
FS57F5.1 CE05999 crsteine protease status:Partia 313.1 1.2e-90 1
WO7ES. 4 CE14680 thiol protease status:Partially 305.7 1.9e2-88 i

Fadcd .3 CEO07251 TJocus:cpr—-4 cathepsin B-11ke cys 297.1 7.9a8-86 1
C52E4.1 CEQ8943 cathepsin-Tike cysteine proteas 293.4 . 7a-85 1
C25E8.3b CE30876 Jlocus:cpr-6 status:Confirmed TN 289.4 1.6e-83 o 8
C25B8.3a CEQ4078 TJocus:cpr-6 status:Confirmed Sw 289.4 1.68-83 1

T10H4 .12 CE27590 Jocus:cpr-3 cathepsin protease s 260.3 9.28-75 1
F36D3.9 CE30347 cysteine protease status:Predic 253.0 1l.4e-72 1
MO4G12. 2 CE12424 Cﬁsteine protease status:Confir 241.3 4.7e-69 1L
WO7ES. 1 CE14674 thiol protease status:Partially 237.9 5.2e-68 1
F32HS5.1 CEQQESS5 cathepsin B like cysteine prote 132.6 2.6a8-36 1
F26E4.3 CE17714 cysteine protease status:Partia 72.0 4.3e-18 .
YE5E4A. 2 CE27300 status:Partially_confirmed TR: 55.8 5. 6e-14 1
ROSF10.1 CE28755 peptidase status:Confirmed TR:Q 6, 7e-11 1
Y11l3G7B.15 CE23295 status:Predicted TR:QBU2xL pro -2.2 2.2e-10 1

V4 OH7AL L0 CE21821 Cysteine protease status:Predic -12.9 le-09 &
F41EG. 6 CE10254 cysteine protease and_a proteas -18.6 2.2e2-09 i
TO3EG.7 CE16333 Tocus:cpl-1 cathepsin-like prote -20.8 3e-09 p
C50F4.3 CEOQS5468 thiol protease status:Predicted -22.6 3.5e-09 1
RO7VE3.1L CEQ2295 cysteine proteinase status:Conf -24.4 52-09 L
F1504.4 CEZ28917 cysteine protease status:Partia -69.2 2.60-06 ps

W 71HZAR. 2 CE22930 status:Predicted TR:Q9BL26 pro -69,5 2.8e-06 1,
Y514a2D.8 CE1S204 Cysteine proteases (2 domains) -70.6 3.2e-06 i
KOZE7.10 CE11640 protease status:Predicted TR:0l1 -100.4 0.00021 1
C32B5. 7 CEQ8515 cathepsin-Tike peptidase status -119.8 0.0032 p 8
Y51A2D.1 CE18411 Cysteine proteases (2 domains) -126.4 0.0079 1
YT71HZAM. 3 CEZ26272 status:Predicted TR:Q9BL30 pro -170.7 3.6 1 :j
L Jia|

Fig. 5.16 Top hits yielded by hmmsearch

§ 5.6 HMMER UTILITIES

Finally, lets take a quick look at two utilities—seqstat and alistat available
with HMMER to generate simple statistical reports on sequence and alignment
tiles.

Alistat shows simple statistics about a sequence alignment file. Alistat can, for
example, be run on the output of ClustalW to determine the number of se-
quences that were present in the multiple Fasta file of protein sequences used
as input to the ClustalW command, the level of identity found between the
different proteins in the file, the average length of sequences, etc.

Usage: alistat alignment_file
Seqstat shows some simple statistics about a sequence file.

Usage: seqstat sequence_file
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File Edit Format VYiew Help ¢@Send
Parsed for domains: -
Sequence pomain seq-f seg-t hmm—f  hmm-t score E-value
___________________________________ ) EEiny mbeas s iy
wWO7EBS. 5 141 'l 343 [. 1 343 [] 338.6 2.4e-08
F32B5.8 141 124 426 .. 1 343 [] 334.8 32.5e-097
F57F5.1 170 50 400 .1] 1 343 [] 313.1 1.2e-90
WO7BSE. 4 1/1 i 333 [. 1 343 [] 305.7 1.59e-88
F44C4.3 11 1 335 [1 1 343 [] 297.10: 7.9e=-86
CS2E4.1 1/1 13 340 .] 1 343 [] 293.4 0.7e-85
C25B8.3b 1/1 14 365 o i 343 [] 285.4 1.6e-83
C259B8.3a 11 15 366 .. 1 343 [] 289.4 1.6e-83
T10H4.12 1/1 5] 345 .. 1 343 [] 260.3 08.2e-75
F36D3.9 1 L7 344 .1] 1 343 [] 253.0 1l.4e-72
MO4G1L2. 2 1/1 149 461 .. 1 343 [] 241.3 4.7e-69
WO7BES. 1 1/1 1 334 [ 1 343 [] 237.9 5.2e-68
F32H5.1 1/1 1. 355 [ 1 343 [] 132.6 2.6e-36
FZ26E4. 3 141, A 478 .. 1L 343 [] 72.0 4.3e-18
VHIB4A. 2 1/1 67 421 .] 1 343 [] 55.8 6.6e-14
ROGFLO.1 171 110 382 .. 1 343 [] 6.1 7e-11
Y113G76.15 1/1 16 326 ... 1 343 [] =2.2 .2.28=10
Y4OH7ALLO 11 66 342 .. 1 343 [] =12.9 1le-09
F41E6. 6 171 205 497 .. 1 343 [] -18.6 2.2e-09
TO3EG. 7 11 51 336w 1 343 [] -20.8 3e-09
C50F4.3 1./1 68 372 o e 343 [] -22.6 3.5e-09
RO7ES.1 171 84 308 .. i 343 [] -24.4 5e-09
F1504.4 14 174 457 .. i 343 [] -69.2 2.6e-06
Y 71HZAR. 2 1/1 18 208 .. 1 343 [] -69.5 2.8e-06
v51AZD. 8 141 89 384 .. 1 343 [] -70.6 3.2e-06
KOZE7.10 11 15 208 .. i 343 [] -100.4 0.00021
C32B5.7 11 8 250 .] 1 343 [] -119.8 0.0032
v 5lazZD. 1 1/1 63 381 .. i 343 [] -126.4 0.0079
Y7LHZAM. 3 1/1 18 281 = 1 343 [] -170.7 3.9 L]
Kl 2

Fig. 5.17 Domain top hits

The output of these files is shown in Figures 5.18 and 5.19.

Taking the first line of the output above, the meaning of each of the fields is
explained below:
parsed for domains:
sequence Domain seq-f seq-t hmm-f  hmm-t score E value

w07B5.5 1M 1 343 [. 1 343 [] 338.6 2.4e-99

Domain: 1/1 means the first domain of the number of domains detected (1)

seq-f: sequence from (start)

seq-t: sequence to (end)
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Alignment key:
[ or | — alignment goes all the way to the end of the sequence

— alignment does not go all the way to the end

[ — alignment starts at the beginning of the sequence, but stops before it
ends

| — alignment starts internally and goes all the way to the end

[] — alignment spans the entire sequence

— alignment is local within the sequence
hmm-f: start point of the consensus coordinates of the model
hmm-t: end point of the consensus coordinates of the model

Alignment key (with respect to the model). Here, [] means that complete
matches to the entire model are found.

== Commany

D:\hmmer>alistat c:\perlsproteins.aln
lalistat — show some simple statistics on an alignment file
MMER 2.2g {August 2801>
Copyright <C) 1992-2881 HHMI Uashington University School of Medicine
Freely distributed under the GHU General Public License (GPL>

EN MK
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Format :

INumber of sequences:
Total # residues:
Smallest:

Largest:

Average length:
Alignment length:
Average identity:
Most related pair:
Most unrelated pair:
Most distant seq:

Clustal
5
2979
258
1887
G95.8
1@32
12
19%
6%
12%

Assignments

1. Chromosome 21 is the smallest human chromosome. The fact that trisomy
21 (Down’s syndrome), the most frequent genetic disorder associated with

Fig. 5.18

alistat utility
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egstat — show some simple statistics on a sequence file

MMER 2.2g9 <August 2061>

opyright <C> 19292-2881 HHMIUashington University School of Medicine
reely distributed under the GHU General Public License <{GPL)>

Clustal

ype Cof 1st seqd: Protein
umber of sequences: 5

otal # residues: 2979
Smallest: 258
Largest: 1887
Average length: £95.8

D :\hmmer>

Fig. 5.19 segstat utility

significant mental retardation, is associated with aberrations of this chromo-
some has given chromosome 21 a prominent position in biomedical research.
Download the peptide sequences: protein.fa.gz from ftp://ftp.ncbinih.gov/
genomes/H_sapiens/protein/. . Generate separate HMMs for all the four
protease families following the steps outlined in Section 5.4 and search chro-
mosome 21 peptide sequences for the presence of members of the protease
families. For each of the top 10 hits of the hmmsearch, extract the identifier
from the first column and extract the annotation for the protein from
GenBank.

To create a Fasta file of the proteases, search NCBI Entrez and select ~ 20
representative sequences for all four families. Automate the process of creating
and calibrating an HMM, searching a sequence database and annotating the
top hits using Perl. The command for the program should be something like:

% searchdb.pl -hmmfile aspartyl.hmm -database chr21.ixt

If you get a memory error running HMMER commands, divide the
Chromosome 21 sequence into smaller files of ~ 10 Mb each. If you still have
a problem, download a smaller genome, e.g., HIV-1 and perform the same
analysis.
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CHAPTER

< 6.1 INTRODUCTION

Position-Specific Iterated BLAST or PSI-BLAST is a variant of the BLAST
program developed by Altschul et al. in 1997. A position specific scoring matrix,
PSSM, is constructed (automatically) by calculating position-specific scores for
each position in the alignment of a multiple alignment in the highest scoring
hits in an initial BLAST search. The PSS is calculated by assigning high scores
to highly conserved positions and near zero scores to weakly conserved posi-
tions. The profile is then used to perform a second BLAST search and the
results of each “iteration” is used to refine the profile. This iterative searching
strategy results in increased sensitivity. Thus, PSI-BLAST is a highly sensitive
homology search program generally used with a query of amino acid sequence
against an amino acid sequence database.

g 6.2 PSI-BLAST AND PROTEIN ANALYSIS

Many functionally and evolutionarily important protein similarities are
recognizable only through comparison of three-dimensional structures. When
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such structures are not available, patterns of conservation identified from the
alignment of related sequences can aid the recognition of distant similarities.
In essence, for each position in the derived pattern, every amino acid is assigned
a score. If a residue is highly conserved at a particular position, that residue is
assigned a high positive score, and others are assigned high negative scores.
At weakly conserved positions, all residues receive near zero scores. Position-
specific scores can also be assigned to potential insertions and deletions.

The power of profile methods can be further enhanced through iteration of
the search procedure. After a profile is run against a database, new similar
sequences can be detected. A new multiple alignment, which includes these
sequences, can be constructed, a new profile abstracted, and a new database
search performed. The procedure can be iterated as often as desired or until
convergence, until no new statistically significant sequences are detected.
PSI-BLAST is an example of such a tool.

§ 6.3 WHEN IS PSI-BLAST BETTER THAN BLASTP?

. PSI-BLAST can beat BLASTP if BLASTP finds some reliable alignments to

database sequences. (Moderately distant matches are particularly useful.) Then,
PSI-BLAST (which starts by running BLASTP) can determine the positions, in
the query sequence that are conserved during evolution and devise an appro-
priate position-specific scoring matrix which can be used to identify relatives
at a further evolutionary distance. If the original BLASTP run cannot find any
reliable alignment, PSI-BLAST is powerless.

% 6.4 THE DESIGN OF PSI-BLAST

Iterated profile search methods have led to biologically important observations,
but, for many years, were quite slow and generally did not provide precise
means to evaluate the significance of their results. This limited their utility in
the systematic mining of protein databases. The principal design goals in
developing the PSI-BLAST program were speed, simplicity and automatic
operation.
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The procedure PSI-BLAST uses can be summarized in five steps:

1. PSI-BLAST takes as ‘input’ a single protein sequence and compares it
to a protein database, using the gapped BLAST program.

2. The program constructs a multiple alignment, and then a profile, from
any significant local alignments found. The original query sequence
serves as a template for the multiple alignment and profile, whose
lengths are identical to that of the query. Different numbers of
sequences can be aligned in different template positions.

3. The profile is compared to the protein database, again seeking local
alignments. After a few minor modifications, the BLAST algorithm
can be used for this directly.

4. PSI-BLAST estimates the statistical significance of the local alignments
found. Because profile substitution scores are constructed to a fixed
scale and gap scores remain independent of position, the statistical
theory and parameters for gapped BLAST alignments remain applicable
to profile alignments.

5. Finally, PSI-BLAST iterates, by returning to step 2, until convergence
(when further iterations do not produce better results).

Profile alignment statistics allow PSI-BLAST to proceed as a natural extension
of BLAST; the results produced in iterative search steps are comparable to
those produced from the first pass. Unlike most profile-based search methods,
PSI-BLAST runs as one program, starting with a single protein sequence, and
the intermediate steps of multiple alignment and profile construction are
invisible to the user.

% 6.5 ADVANTAGES OF PSI-BLAST

PSI-BLAST offers exciting opportunities to discover new types of relationships
in protein databases and use them to infer evolutionary origins of proteins.
PSI-BLAST will search a protein sequence database with a query sequence
motif, a matrix with rows representing sequence positions and columns
representing variations in that position. The motif represents the observed
variations in the alignment of a set of related proteins. PSI-BLAST has been
engineered to find database matches almost as rapidly as BLASTP finds matches
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to a query sequence. However, there are some differences between the motifs
found by PSI-BLAST. First, the motif covers the entire sequence length, whereas
motifs usually cover only a short stretch of the sequences. Second, the same
gap penalties are used throughout the procedure and there is no position-
specific penalty as in other programs. Third, each subsequent motif is based
on using the query sequence as a master template to produce a multiple
sequence alignment of the same length as the query sequence. Columns in the
alignment involve varying numbers of sequences depending on the extent of
the local alignment of each sequence with the query, and columns with gaps
in the query sequence are ignored. Sequences >98 per cent and similar to the
query are not included in order to avoid biasing the motif. Thus, the alignment
is a compilation of the pair-wise alignments of each matching database sequence
with the query sequence.

;% 6.6 LIMITATIONS OF PSI-BLAST

The main difficulty with searching for subtle sequence relationships based on
similarity is determining the significance of the motifs that are found. Such
similarities may be evidence of structural or evolutionary relationships but
they could also be due to matching of random variations that have no common
origin or function. Protein structures are, in general, comprised of a tightly
packed core and outside loops. Amino acid substitutions within the core are
common but only certain substitutions will work at a given amino acid position
in a given structure. Thus, sequence similarity is not usually a good indicator
of structural similarity and the motifs found need to be carefully evaluated
before any firm conclusions can be drawn. Another difficulty with the PSI-
BLAST approach is that the procedure follows a type of algorithm called a
‘greedy’ algorithm. Put simply, once additional sequences that match the query
are found, they influence the finding of more sequences like themselves, and
so on. If a different set of query sequences were initially used, a different
group with the possible overlaps with the first set may be found. Thus, there is
no guarantee that the group finally discovered authentically represents a
functional group.
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§ 6.7 EXAMPLE OF A PSI-BLAST SEARCH

6.7.1 Example #1: ATP-dependent Lon Protease

(Wigglesworthia brevipalpis)

We shall now illustrate how to run PSI-BLAST using a protease protein from
Wigglesworthia brevipalpis, a bacteria, as an example. The protein sequence of
the ATP-dependent Lon protease is as follows:

>Qgi|24324229|refINP_715593.1] ATP-dependent Lon protease, bacterial type
[Wigglesworthia brevipalpis]

MNPEHSQQIDIPVLPLRDVVVYPHMVVPLFVGREKSIRCLEISMDKDKKIMLIAQKEASKDEPNIDDLFL
VGTISSILQMLKLPDGTVKVLVEGISRARIISLKNNGDYFTAEANYFNTTSVNEQEQEVLIRATINQFEN
YIKLNKKIPTEVLSSLSSINDAARLADTIASHMPLKLSGKQAVLEMISVAERLEYLMAMMESEMDLLQIE
KRIRNRVKKQMEKSQREYYLNEQIKAIQKELGEMEDNPDEHESLKRKIELSKMPKEVKKKADSELQKLKM
MSPMSAEATVVRGYIDWMISVPWHNRSKIKKNLSIAQKILDKDHYGLKKVKDRILEYLAVQSRVLKIKGP
ILCLMGPPGVGKTSLGQSIAKATGRKYIRMALGGMRDEAEIRGHRRTYIGSMPGKIIQKMSKVGVKNPLF
LLDEIDKMSTDMRGDPASALLEVLDPEQNIAFNDHYLEVDYDLSDVMFVATSNSMRIPAPLLDRMEVIRL
SSYTEDEKLNIARKHLFPKQVNRNALKENEIYVEDNALMGIIRYYTREAGVRNLEREISKLCRKSVKIIL
MNKNINRIKINKKNLKDFLGVKKFDYGKAEIENKIGQVIGLAWTEVGGDLLTIETACVPGKGKLIYTGSL
GEVMQESIQAALTVVRSRANKLGIKSDFYEKNDIHVHVPEGSTPKDGPSAGIAMCTALVSCLTKNPVNSS
LAMTGEITLRGQILPIGGLKEKLLAAHRGGIKTVLIPYENKRNLENMPENVIKELNIHPVKIIDEVFNIS

LQDSIF

We employ the World Wide Web version of PSI-BLAST. The URL is as

follows:

http://www.ncbi.nlm.nih.gov/blast/

The steps to perform a PSI-BLAST with the above protein as a query sequence

are as follows:

1. Connect to the above-mentioned URL and open the BLAST page of
NCBI

2. Choose the PSI and PHI-BLAST (arrow) option [refer Figure 6.1]

3. Paste the above sequence in the “search” section [Figure 6.2].
Alternatively you can simply write the GI number of the protein.
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Fig. 6.1 The PSI-BLAST service at NCBI

4. Scroll down the page to the format section to set formatting param-
eters for the PSI-BLAST. In this case, we want to find very distant
relatives of a common protein-protease. Therefore, I have selected the
number of descriptions to be 250 [Figure 6.3, Box A]. You can choose
to see a lower number of descriptions if the expected number of initial
BLAST hits is low. This will help you save time as you will not have to
go through a large number of hits to select the one you want to in-
clude in the second round of iteration.

5. The threshold values to include protein hits is determined by how
divergent the proteins you are interested in finding are. In this case,
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BLAST
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>gi| 24324229 |ref|NF_715583.1| ATP-dependent Lon protease,
bacterial type [Wigglesworthia brevipalpis]

sl |MNPEESQOIDIPVLPLRDVVVYPEMVVPLEVCRERSIRCLEISMDRDKKIMLIAQOKEASK
DEPNTIDDLFL
VeTISSILOELKLPDCTVRVLVEGISRARIISLKNNGDYF TAEANYFNTTSVNEQEQEVL ~ |

-
=

tshise NP :]
I n W
Now: (Lo ) e J
v =
&7 Done % Internet

Fig. 6.2 Preparing a sequence for PSI-BLAST

we want to find a mammalian ortholog of a bacterial protein. Since the
distance between the two is expected to be large, the threshold value
is set at 10 [Figure 6.3, Box B]. If the divergence sought is small, say
between two different species of bacteria, or if the number of hits
expected is below 10, the default value setting for the threshold (0.005)
is used. In general, the value is set between 0.01 and 10. The exact
value comes from experience and an understanding of the biology of
the query.

The rest of the parameters are generally used at the set default settings.

Click on the “BLAST” button [Figure 6.3, Box C] to initiate the first
round of PSI-BLAST search.

On clicking the “BLAST” option, your browser window connects to
the BLAST server and begins running the algorithm. You are brought
to the new page, which gives you a “request ID”. This simply means
that your request is in queue and is being processed.

EN VK



The McGraw-Hill companies

116 Bioinformatics: Principles and Applications
roso - =101 %]
Fle Ek Wew Favortes Took Hep [ A |
P ar @ .3 2 N o %) &' ‘& R
Back Siop  Refresh  Home  Seach Favortes Hstory Pk EQt | Messenger

Address IQ] DEFAULTS. x=3585ET_DEFALLTS. y=S85HOW_OVERVIEW=0NBEND OF HTTPGET=V2s85HOW LINKOUT=yesBGET SEQUENCE=yes ¥ G0
Links @)AOLAnywhere &]ACL Corporatz Ske &) Yshoo! @)AOL Hometown  2]ACL Instank Messenger  2)A0L Search  2]AOLWebMal  »

Format :_]
Show 7 fonayhucal Uvmrmy P Lisieont W S stemwst 9 icosc) Aignment ¥ o [HTML ] en
Wanbereft Docprvon) 260 %) w50 v
Pairwise _-]
ot } ’ﬁ—
Ut ' g Grnhdl'm“;OnEj v
\
‘ Expect vaine yange: |
! aulelenual WI J
= |-

[ mxsn e .
.

'L Internet

9.

10.

Fig. 6.3 Configuring PSI-BLAST parameters

Click on the format button [Figure 6.4, arrow] to get the results of the
first PSI-BLAST in formatted readout.

Figure 6.5 shows the result of the first iteration. As seen in the figure,
the first few hits are exact matches of the protein query with an
E value of 0. De-select those that do not fit your search criteria (in this
case, hits of non-mammalian proteins), leaving those that do (proteins
of mammalian origin) as selected [Figure 6.6, arrow]. Note that you
may have to open the selected protein to confirm its origin (in this
case, mammalian). In some cases, the first round of iteration results in
convergence with respect to proteins hits having an E value higher
than the threshold, but does not include proteins of biological interest
to you. You would then have to select proteins that have a lower
alignment score than the set threshold value (See for example #2).
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Fig. 6.5 Hits from the first PSI-BLAST iteration



E8 MK

The McGraw-Hill companies

118

Bioinformatics: Principles and Applications

11

12.

RID=1035767576-015407- 2 =0/l

File Edit View Favorites Tools Help
- 2 .0 B & a & B

Back T Forward Stop  Refresh  Home Search Favorites  History

Address ]tﬂ http:{ v, ncbi.rlm. rih.gov/blast {Blast. cgi j 6o
Links £]AOL Anywhere &]AOL Corporate Site  €]Yahoo! &]AOL Hometown €]AOL Instant Messenger €] AOL Search  €]AOL Web Mai >

AT g ZivSelez|dbq|BAC04E25. 1) (AK096626) unnamad protein product [... e-137 I3 :I

¥ [ gins S.1| (NM_133404) protease, serins, 15 [R... e-136

[T gijasie |LONZ_AEATH Lon protease homolog 2, mitochon... e-136 =l

¥n [V 4i17293766| b |AKF439134.1| (ARDO3516) CG8798-PA [Drosophila melan... 426 e-136

En 2 oi|414046 | enb | Ch (X74215) Lon protease-lile protein [Ho... 426 e-136 -

En W 4il15231885] bk (AY051787) LD305Z5p [Drosophila melan... 436 e-136

@ V. 1.1] (XM_128721) protease, serins, 15 [M... 436 e-136 LE!

En v . 3681.1| {AK004820) data source:SPTR, source ... 436 e-136 ‘

£ v . 0447 |db9|EAT11Z01.1| (AK074775) unnama=d protein product [... 478 e-133

W v 19|ref|XD_049475.3| (XM _049476) similar t5 RIKEN eDNA 1... 476 e-133 M

€y {NM_031450) hypothetical protein MG... 474  e-132 L

©® (NH_025827) RIKEN cDNA 1300002R08 [... 472 e-13L Lo

@ v | (AL834201) hypothetical protzin [Hom... 471 e-131

B [0 51| (NM_060395) protease [Caenorhabdizi... 471 e-131 i

LI (AF239178) lon proteinase [Paracoccid... 451  e-125

AL 5.1| (NC_003424) mitochondrial lom prote... 451  e-1Z§

B v 09531.1| {(NC_001134) mitochondrial ATP-depend... 451  e-12§

€ Vo 1525 1| (L28l10) LON gene of . cerevisiae is d... 449 e-12§

B Vo 75| b | AAHO4334 .1 |ARH04934 (BCO04934) Unknown (protein f... 442 e-123

En v ARAAAA L e IR FAAARA 11 AT VVAAPAL ¥ e ek ceme ek —e e o amn - e l]
‘ | 2]
€] O Internet

Fig. 6.6 Selecting hits from the first iteration of PSI-BLAST

. Go to the bottom of the page and click on the “Run PSI-BLAST itera-

tion 2” button to run the selected proteins through the second round
of iteration [Figure 6.7, arrow].

Your browser window now shows the result of the second round of
iteration through PSI-BLAST. It is important to understand the legend
on top of the hit list [Figure 6.8, arrow].

The legend will help you determine the significance of the hits from

the second round of iteration. As one would expect, the hits contain
three classes of hits:

(a) Some hits from the previous iteration. These are represented by a
green dot next to them “4”.

(b) Some new hits that have an E value higher than the threshold set
(i.e. these are new proteins that have high similarity to the new set
of collective query from the previous iteration).
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Fig. 6.7 Results of the second iteration of PSI-BLAST

(c) some new hits that have an E value lower than the set threshold
limit (i.e. these are proteins that although are similar, are distant in
relation to alignment scores. These are represented by the letters

4

“Ea” in a yellow background “ €a .

The criteria to select the proteins that will form the query set for the
third round of iteration will depend on your ultimate goal of the PSI-
BLAST search. If you are searching for orthologs or analogs of closely
related species, or organisms that are not very divergent, say, between
two bacteria or between a bacteria and a virus, then it may be safe to
select only those protein hits that have a high E value. On the other
hand, if the search is for very distant or divergent relationships (in
this case, bacterial to mammalian), it would be advisable to include
those that have a lower E value but may be significant with respect to
the proteins sought in the search. Ultimately, the proteins that will
constitute the query set for your next round of iteration will depend

E§ mK



E8 mK

The McGraw-Hill companies

120 Bioinformatics: Principles and Applications
& RID=1035769022-02504 -0/ x|
File Edit View Favotites Tools Help
« . Q@ B o a @ I
Back Forward Stop  Refresh  Home Search Favorites  History
Address Itﬂ http:f fwwy,ncbi.nim. nih. gov/blast Blast.cqi L] 6o
Links €]AOL Anywhere &]AOL Corporate Site  ]Yahoo! &]AOL Hometown @]AOL Instant Messenger  &]AOL Search  @]ACL Web Mall >
—P | Legend: LI
¥ - neans that the alignment score was below the threshold on the previous iteration |
< - means that the alignment was checked on the previous itzration
| RunPSkHBlastiteration 3
Hit list size |250
Score E
Sequences producing significant ali¢gnments: (bits) Value
R (NC_004344) ATP-dependent Lon prote... 0.0
W (L20572) ATP-dependent protease [Escher... 0.0
M« (M38347) ATP-dependent proteinase (lon)... 0.0
M« | (NC_003198) Lon protease [Salmonell... 0.0
I gillé 3l|ref|NP_453446.1| (NC_003197) DHNA-binding, ATP-depend... 1047 0.0
r « ) | {NC_000313) DNA-binding, ATP-depend... 1048 0.0
™ g (U82664) ATP-dependent protease LA [Es... 1045 0.0 LI
d | 2

Fig. 6.8 Results of the 2nd iteration of PSI-BLAST

on the biological question you are looking to answer. Since, in our
case, we are looking to find orthologs of a bacterial protein within a
distant mammalian species, we shall be including proteins with an
E value lower than the threshold value, as long as they are of mamma-
lian origin. As seen in Figure 6.9, we have selected some hits from the
pervious iterations and included those that have an E value lower and
above the set threshold value.

13. Go to the bottom of the screen and click on the “run PSI-BLAST itera-
tion 3” button to run the selected proteins though the third round of
iteration [Figure 6.10, arrow].

14. You would now repeat steps 12 and 13 till a convergence of proteins is
achieved or no further convergence is possible. In our example, the
highest convergence was with a serine protease (gi:21396489) of hu-
man origin, localized on chromosome 19.
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Fig. 6.9 Third round of PSI-BLAST iteration

6.7.2 Example #2: Repair Endonuclease of
Arabidopsis thaliana

The protein used in this case is a repair endonuclease of Arabidopsis thaliana.
The sequence of the protein is as follows:

>gi|6013183|gb|AAF01274.1|AF160500_1 repair endonuclease [Arabidopsis thaliana]

MALKYHQQIISDLLEDSNGGLLILSSGLSLAKLIASLLILHSPSQGTLLLLLSPAAQSLKSRIIHYISSL
DSPTPTEITADLPANQRYSLYTSGSPFFITPRILIVDLLTQRIPVSSLAGIFILNAHSISETSTEAFIIR
IVKSLNSSAYIRAFSDRPQAMVSGFAKTERTMRALFLRKIHLWPRFQLDVSQELEREPPEVVDIRVSMSN
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Fig. 6.10 Third iteration of PSI-BLAST

YMVGIQKAIIEVMDACLKEMKKTNKVDVDDLTVESGLFKSFDEIVRRQLDPIWHTLGKRTKQLVSDLKTL
RKLLDYLVRYDAVSFLKFLDTLRVSESYRSVWLFAESSYKIFDFAKKRVYRLVKASDVKSKEHVKNKSGK
KRNSKGETDSVEAVGGETATNVATGVVVEEVLEEAPKWKVLREILEETQEERLKQAFSEEDNSDNNGIVL
VACKDERSCMQLEDCITNNPQKVMREEWEMYLLSKIELRSMQTPQKKKQKTPKGFGILDGVVPVTTIQNS
EGSSVGRQEHEALMAAASSIRKLGKTTDMASGNNNPEPHVDKASCTKGKAKKDPTSLRRSLRSCNKKTTN
SKPEILPGPENEEKANEASTSAPQEANAVRPSGAKKLPPVHFYALESDQPILDILKPSVIIVYHPDMGFV
RELEVYKAENPLRKLKVYFIFYDESTEVQKFEASIRRENEAFESLIRQKSSMIIPVDQDGLCMGSNSSTE
FPASSTQNSLTRKAGGRKELEKETQVIVDMREFMSSLPNVLHQKGMKIIPVTLEVGDYILSPSICVERKS
IQDLFQSFTSGRLFHQVEMMSRYYRIPVLLIEFSQDKSFSFQSSSDISDDVTPYNIISKLSLLVLHFPRL
RLLWSRSLHATAEIFTTLKSNQDEPDETRAIRVGVPSEEGIIENDIRAENYNTSAVEFLRRLPGVSDANY
RSIMEKCKSLAELASLPVETLAELMGGHKVAKSLREFLDAKYPTLL

The sequence of the Arabidopsis XPF DNA repair gene was used to query
the Swissprot database, with an E value setting of 0.01, requesting 10
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descriptions and alignments with otherwise the recommended default program
settings. The initial iteration found three matching sequences, and these were
used to enter iteration 1. Iteration 1 did not produce any additional matches at
the chosen level of significance, and the program indicated that the search had
converged with no more sequences at the chosen level of significance. Therefore,
for iteration 2, the sequences scoring worse than the threshold were used.
Since only those lower scoring sequences that have an alignment with the
query could influence the result, this option could potentially find additional
sequences. A yeast transport protein was then reported. With another iteration
using the four sequences above threshold, another set of sequences were now
pulled into the high scoring group. This search, therefore, revealed that the
Swissprot database has three other sequences strongly related to the query
sequence but that other sequences of lower scoring similarity were also present.

Step 1: PSI-BLAST initial iteration

sp|Q92889|XPF_HUMAN DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 504 e-142
sp|P06777|RAD1_YEAST DNA REPAIR PROTEIN RAD1 300 6e-81
< sp|P36617|RA16_SCHPO DNA REPAIR PROTEIN RAD16 231 3e-60
= Step 2: PSI-BLAST iteration 1 (with sequences scoring better than E threshold)
sp|Q92889|XPF_HUMAN DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 1020 0.0
sp|P06777|RAD1_YEAST DNA REPAIR PROTEIN RAD1 953 0.0
sp|P36617|RA16_SCHPO DNA REPAIR PROTEIN RAD16 897 0.0

Step 3: PSI-BLAST iteration 2 (with sequences scoring worse than E threshold)

sp|Q92889|XPF_HUMAN DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 1020 0.0
sp|P06777|RAD1_YEAST DNA REPAIR PROTEIN RAD1 967 0.0
sp|P36617|RA16_SCHPO DNA REPAIR PROTEIN RAD16 939 0.0
sp|P25386|USO1_YEAST INTRACELLULAR PROTEIN TRANSPORT PROTEIN USO1 53 3e-06

Step 4: PSI-BLAST iteration 3 (with sequences scoring better than E threshold)

sp|Q92889|XPF_HUMAN DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 1007 0.0
sp|P06777|RAD1_YEAST DNA REPAIR PROTEIN RAD1 950 0.0
sp|P36617|RA16_SCHPO DNA REPAIR PROTEIN RAD16 884 0.0
sp|P25386|USO1_YEAST INTRACELLULAR PROTEIN TRANSPORT PROTEIN USO1 294 5e-79
sp|Q08696|MST2_DROHY AXONEME-ASSOCIATED PROTEIN MST101(2) 52 4e-06
sp|Q62209|SCP1_MOUSE SYNAPTONEMAL COMPLEX PROTEIN 1 (SCP-1 PROT... 49 5e-05
sp|Q03410|SCP1_RAT SYNAPTONEMAL COMPLEX PROTEIN 1 (SCP-1 PROTEIN) 49 5e-05
sp|Q02224|CENE_HUMAN CENTROMERIC PROTEIN E (CENP-E PROTEIN) 45 5e-04

You can continue the steps until you reach convergence. The results of the
above iterations with the selected proteins allow the user to successively
converge on the sequences of interest. The subset of proteins on convergence
is representative of the distant relatives of the plant protein.
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Assignments

1.

The following is a sequence from the Rattus norvegicus (Norway rat)
genome that was predicted automated computational analysis using
GenomeScan. The protein has the GenBank ID (gi) number 27721631
and is annotated as “similar to hypothetical protein KIAA0527—human
(fragment)”. The complete GenBank record for the protein is available at
Entrez  (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=
Nucleotide).

Perform a PSI-BLAST analysis and provide your analysis of the
putative function of the protein. Support your answer with an analysis
of the different domains present in the protein.

1 msagpqwpap rslpalcaal lllalgpppv raegklfvid sqngsqgldl  etargscksr
61 gahlvsagel krvvqdcasa vcttgwladg tlgttveskg sgeqgpvlrai  dvtidshpvp
121 gakynalcik deerpcgdpp sfphtilqgr tglemgdell  yvcvpgsvtg hretaftlic
181 nscgewyglv qgacgkdeaea hidyeenfpd drsvsfrelm edsraegeke kagedasdet
241 pkqdrlvfts vskeniagek afvpttglpg agssfhtdwp  rsrlhrkysl wfpaetfhks
301 elekdvddet keplpardth sdekpapees etrlvyatty spsepfadrn  dskaedigvs
361 ssddswldgy pvtdgawrkv eagqeddedk gdgsvgpdds vimspdgpik nvtvissesv
421 iyssispsgm Idvealvpgp invseterph  tgdadltnyq  stiprrvttq gspmatspse
481 lttsttgetv Ittlgpthkh spssnveatq ppaevtapev qdnfpyllse  dflggegpgp
541 gaseerllpt lapcvgdecp sfrkgpviat ivtvicllifl lavsgavwgy rrcqhkssvy
601 kinvgqgrqar hyhqgiemek v

. PSI-BLAST was used to analyze members of the BRCT superfamily in

the paper by Altschul et al. (Stephen F. Altschul, Thomas L. Madden,
Alejandro A. Schiffer, Jinghui Zhang, Zheng Zhang, Webb Miller and
David J. Lipman. Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs. (1997) Nucleic Acids Research,
25(17): 3389-3402). Describe the rationale and the findings of the study.
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CHAPTER

‘Accessing Sequence Information
Usmg B1oPerl

% 7.1 BIOPERL INSTALLATION

We will begin the chapter by learning how to install BioPerl on Windows. The
assumption here is that you already have Perl (version 5.005 or 5.6) running on
your system. If not, please download Perl (for example, from the ActiveState
website: http://aspn.activestate.com/ASPN/Perl/Downloads/), before pro-
ceeding.

Most Perl installations come with an in-built mechanism to download Perl
modules. For the ActiveState Perl installation, this is called the Programmer’s
Package Manager (PPM). PPM provides a command-line interface for search-
ing, installing, updating or removing modules from your system. We will use
PPM to install the BioPerl package.

PPM makes the job of installing BioPerl very straightforward. All you need
to do is point it to the source of the distribution, search for the particular
package you want to install and issue the install command. PPM does the rest
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for you. These steps are illustrated in Figures 7.1 to 7.7. To invoke the
Programmer’s Package Manager, start the DOS prompt, change directory to
where Perl is installed (for example, C:\Perl) and just type ppm (lower or
upper case). This will bring you to the PPM interactive shell with the ppm>
prompt (Figure 7.1).

IC=\perl>ppm
PPM interactive shell <2.1.6> — type 'help’ for availabhle commands.
Hiugby

Fig. 7.1 Invoking PPM

Next, specify the location (URL for the repository) of the package that you
want to download. The command for this is:

ppm> set repository name location

In our case, the location has the URL: http://bioperl.org/DIST/ and the
command, therefore, becomes (Figure 7.2):

ppm> set repository bioperl http://bioperl.org/DIST/
Next, we search for bioperl with the search command:
ppm> search bioperl
which gives us a list of available packages (Figure 7.3).
At this point, typing:

ppm> install bioperl
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PPM interactive shell <2.1.6> — type "help’ for available commands.
PPM> set repository bhioperl http://hioperl.orgsDIST/_

Fig. 7.2 Specifying a repository to use

C:\perl>ppm

PPM interactive shell (2.1.6> — type ‘help’ for availabhle commands.
PPM> set repository bhioperl http://bioperl.orgs/DIST/

PPM> search bioperl

Packages available from http://bioperl.org-/DIST/:

hioperl [1.88.2]1 Bioinformatics toolkit

hioperl—-1606 [1.88 1 Bioinformatics toolkit

hioperl-161 [1.868.1]1 Bioinformatics toolkit

hioperl-102 [1.88.2]1 Bioinformatics toolkit
hioperl-102—-test [1.88.2]1 Bioinformatics toolkit

Fig. 7.3 Searching for available packages

will install the package on to your computer (Figures 7.4-7.6).
You can return to the DOS prompt with the quit command (Figure 7.7).

The messages that appear during the installation indicate where the pack-
age has been installed—in this case it is the D:\Perl\site\lib\ directory; it may be
in a different drive on your computer, for example, C:\Perl\site\lib\ etc. The
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PPM interactive shell <2.1.6> - type *help’ for available commands.
PPM> set repository hioperl http:/sbioperl.owrgs/DIST/

PPM> search bhioperl

Packages available from http:/sbioperl.org/DIST =

hioperl [1.88.2]1 Bioinformatics toolkit

hioperl-1608 [1.88 1] Bioinformatics toolkit

hioperl1-161 [1.88.1]1 Bioinformatics toolkit

hiocperl-162 [1.88.2]1 Bioinformatics toolkit
bhioperl-182—test [1.88.2]1 Bioinformatics toolkit
PPM> install hioperl

Install package ’*hioperl?’ <{(ysN>:

Fig. 7.4 Installing BioPerl

IC=\perl>ppm

EN MK

ackages available from http:.//bioperl.org/DIST/:
[1.88.2]1 Bioinformatics toolkit
[1.88 1 Bioinformatics toolkit
[1.88.1]1 Bioinformatics toolkit

[1.88.2]1 Bioinformatics toolkit

toolkit
PM> install bioperl
Install package ’bioperl?’ (ys/N): vy
Installing package ‘bioperl’...
ytes transferred: 11654927

Fig. 7.5 [Installing BioPerl

BioPerl modules however, will always be stored in a sub-directory called Bio,
which means that to use them, you have to include the following statement in
your scripts:

use Bio::module;
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D:\Perlisiteslib\Bio“\DB\GFF:\RelSegment .pm
D:xPerlisiteN\libx\Bio\DB\GFF\Aggregator.pm
Installing D:“Perlisite\lib\Bio“\DB\GFF:\Aggregators\transcript.pm
Installing D:“\Perlhsite\lib\Bio“\DB\GFF\Aggregatorsalignment . pm
Installing D:\Perli\site\libxBio\DB“\GFF\Aggregatorsclone.pm
i D:sPerlisiteslibsBioN\DB\GFF\Aggregators\none.pn
D:“\PerlisiteslibsBioN\DBNGFFs\UtilsRearrange . pm
stalling D:\PerlisitesNlibN\Bio\DBS\GFFN\Utils\Binning.pmn
stalling D:“\Perlisite\lib\Bio“\DB~GFF:\Adaptor\memory_iterator.pm
Installing D:\Perlisiteslib\Bio“\DB\GFFx\Adaptor:\hiofetch.pm
i D:~\Perlisitexlib~Bio~\DB\GFF:\Adaptor\memory.pm
D:\PerlxsitexlibsBio“\DB\GFFxAdaptor>dhi.pm
D:\Perlisiteslibs\Bio“DB\GFF:\Adaptorsdbimysglopt.pm
D:\Perlisiteslibs\Bio“\DB\GFFx\Adaptorsdbiscaching_handle.pn
Installing D:“\Perlisiteslib\Bio“\DBA\GFFx\AdaptorSdbismysgl.pm
Installing D:“\Perl\site\lib\Bio“\DB:\GFF:\AdaptorsdbhiNiterator.pm
Writing D:\PerlisiteslibNautosbioperlh.packlist
IPPM>

Fig. 7.6 Installing BioPerl

D:\PerlisiteNlib\Bio\DB\GFF\Aggregatorsalignment.pm
D:NPerlisiteNlib\BioNDB\NGFF\Aggregatorsclone.pn
D:~Perlisitenlib\Bio“\DB\GFF\Aggregator“none.pn
D:NPerlisitenlib\BioNDB\GFF:\Util\Rearrange .pm
D:vPerlisiteNlib\Bio\DB\GFF\Util\Binning.pmn
D:x\PerlisitenlibnBionDBNGFF\Adaptor\memory_iterator.pm
D:xPerliusitenlibnBioNDBA\GFF\Adaptor~hiofetch.pn
D:x\PerlisitenlibnBionDBMNGFF\Adaptor\memory.pm
D:x\PerlisitenlibnBio“NDBN\GFF«Adaptor~dbhi.pm

D:xPerlisitenlibxBionDBNGFF\Adaptorsdbismysglopt. pm
D:xPerlusitexlibnBio“DBA\GFF«Adaptorsdhiscaching_ _handle.pm
D:~PerlusitenlibxBio“DB\GFF~Adaptor~dbismysgl.pm
D:xPerlisitenlibnBionDBA\GFF-\Adaptorsdhiniterator.pm

Fig. 7.7 Quitting PPM

Modules in Perl end with the extension pm (for Perl module). For the mod-
ule called SeqlO.pm, for example, the use statement becomes:
use Bio::SeqlO;

Note that by convention, the extension pm is omitted from the use state-
ment. The use statement simply provides Perl an indication of where the mod-
ules are located. In reality,
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use Bio::SeqlO
translates to:
use Bio/SeqlO.pm

where Bio/SeqlO.pm is simply the path to the SeqlO.pm file in the directory
Bio. You don’t need to use the full path because that is already stored in a
special Perl array variable called @INC that contains the list of directories that
Perl should search (for modules) while executing scripts. To find what is stored
in the variable you can run a simple one-line script that prints the variable out:

print “@INC\n”;
On my system, this prints out:
D:/Perl/lib D:/Perl/site/lib

as expected.

If, for some reason, you have downloaded the (BioPerl) modules in a direc-
tory other than the default location, Perl will not be able to find them and
you will get an error that may look like this:

Can’t locate Bio/SeqlO.pm in @INC (@INC contains: D:/Perl/lib D:/Perl/
site/lib.) at C:\perl\getids.pl line 6.

BEGIN failed—compilation aborted at C:\perl\getids.pl line 6.

To avoid the error, you should explicitly tell Perl where to look for the
modules by using the “use lib” statement. If you have stored the modules in
D:\myModules)\, then you should include the following statements at the top of
the script. For Windows:

use lib ‘D:\myModulesV’;
use Bio::SeqlO;
If you are on Unix, the statement should be placed after the #!/usr/bin/perl
(or its equivalent on your system) line:
#!/usr/bin/perl
use lib “/home/myModules/”;
use Bio::SeqlO;
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= 7.2 BIOPERL MODULES

=)

f

If the BioPerl installation has been completed, without any errors, you will see
the following 25-odd directories on your computer (in the D:\perl\lib\site direc-
tory, for example):

Align AlignlO Annotation

Biblio DB Event

Factory Graphics Index

LiveSeq Location Map

MaplO Root Search

SearchlO Seq SeqFeature

SeqlO Structure Symbol

Tools Tree TreelO v
Variation =

Each of these represents a top level folder containing several BioPerl mod-
ules. For example, the Seq directory contains the following modules:

LargePrimarySeq.pm
LargeSeq.pm
PrimaryQual.pm
Quall.pm
RichSeq.pm
RichSeql.pm
SeqWithQuality.pm

Each of these modules, in turn, carry out a specific function. A list of the
commonly used modules and their functions are outlined in Table 7.1. We will
add to this list of modules in later chapters.
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Table 7.1 BioPerl modules

Top-level Modules Function
folder
Align Alignl Provides an interface to describe sequence align-
ments
AlignlO bl2seq Provides methods for sequence alignments
clustalw.pm Provides methods to read and write ClustalW
flat file databases
emboss.pm Provides parsing and writing pair-wise se-
quence alignments from the EMBOSS suite
fasta.pm Provides fasta sequence input/output stream
methods
meme.pm Provides methods to manipulate meme output
pfam.pm Provides methods to transform Bio::SimpleAlign
objects to and from pfam flat file databases
phylip.pm Provides methods to transform Bio::SimpleAlign
objects to and from interleaved phylip format
psi.pm Provides methods to read and write PSI-BLAST
profile alignment files
prodom.pm Provides methods to read and write Prodom
flat file databases
DB GenBank.pm Allows the dynamic retrieval of sequence ob-
jects (Bio::Seq) from the GenBank database at
NCBI, via an Entrez query
EMBL.pm Allows the dynamic retrieval of sequence ob-
jects from the EMBL database using the dbfetch
script at EBI: http://www.ebi.ac.uk/cgi-bin/
dbfetch
Fasta.pm Provides indexed access to one or more Fasta
files allowing the retrieval of very large se-
quences
Seq LargePrimarySeq.pm Stores a very large sequence (100s of MB long)

LargeSeq.pm

PrimaryQual.pm
SeqWithQuality.pm

as a series of files in a temporary directory
Associates sequences with their corresponding

quality values
(Contd.) >

X
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(Contd.)
RichSeq.pm Implements a sequence and an interface for se-
quences created from a rich sequence database
RichSeql.pm such as EMBL, GenBank and SwissProt
SeqgFeature FeaturePair.pm Holds information about a sequence feature on
two coordinates: the genomic sequence and the
corresponding protein sequence.
Generic.pm Provides all information for a feature on a se-
quence
Similarity.pm Provides information on sequence features
based on similarity, for example bit score, %
identity, etc.
SimilarityPair.pm Provides information on the similarity between
two sequences
SeqgFeature:: Exon.pm/Exonl.pm Implements a feature representing an exon, an
Intron.pm intron, a gene structure, a transcript, a poly
GeneStructure.pm/ adenylation site, an untranslated region respec-
GeneStructurel.pm tively
Transcript.pm/
Transcriptl.pm
Poly_A_site.pm
UTR.pm
SeqlO ace.pm Handles interconversions for Bio::Seq objects to
bsml.pm and from the ace, BSML*, EMBL, Fasta, GCG,
embl.pm GenBank, SwissProt and raw file format respec-
fasta.pm tively
gcg.pm
genbank.pm
swiss.pm
raw.pm
MultiFile.pm Joins a large number of files of a particular for-

mat (e.g., Fasta) into a single stream

*Bioinformatic Sequence Markup Language or BSML is an extensible language specifi-
cation based on XML (Extensible Markup Language) and SGML (Standard Generalized
Markup Language) for the storage, display and dissemination of bioinformatic data. It
enables the integration of data of a diverse kind: sequence, annotation, images, etc. into
one standard format.
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==

% 7.3 OBJECT ORIENTED PROGRAMMING

The use of BioPerl modules requires a basic understanding of object oriented
programming (OOP). Some essential concepts are outlined below.

The object—which is at the heart of OOP—is simply a term used to visualize
the entity being modeled or programmed. The idea is that if you can visualize
the object, it is easier to build a program that mimics the properties and the
behaviors of the object. Virtually anything you see around you can be an
object—a calculator, your telephone, computer, etc. As is perhaps obvious,
each such object has some general and some unique characteristics associated
with it—every calculator, for example, has buttons for numbers and math-
ematical operations and a display that allows you to see the results of a com-
putation. However, calculators can be of different types—you may have a
simple calculator that just does additions, subtractions, multiplications and
divisions. On the other hand, you may have a specialized calculator with ad-
vanced mathematical software that allows you to solve algebraic expressions
or a calculator that print results on paper tape.

A class is a container that contains the object. It is the OOP way of repre-
senting an object. In the above example, the calculator is a class that represents
the object of type calculator. The general methods that are common to all
objects of a certain type are called the class methods. The ability to perform a
basic operation such as adding two numbers is a fundamental operation and
an example of a class method. Every object of the class calculator will have this
method. On the other hand, the ability to solve complex algebraic expressions
is a specialized operation that may be present on some but not all calculators.
This is an example of a method that is associated with a particular type of
calculator. Such methods are called instance methods because they are specific
to a particular “instance” of an object of the class calculator.

Similarly, properties of an object—for example, the ability to print calcula-
tions on a paper tape that makes a calculator unique (as compared to an in-
strument that outputs results on an electronic display)—are called instance
variables, i.e., the variables associated with an object. When the entire class, its
methods and variables are stored in one file with the same name as the class, it
becomes a Perl module. For example, for the class calculator, the file (the
module) will be called calculator.pm.
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Once a class that models the behavior of a certain object is created, how is
the object used in code? This is done by a process known as instantiation
because it creates an instance of the class. The OOP keyword to do this is the
term ‘new’. When a new object of a class is instantiated, the function is called
class constructor. These terms will become clearer as we work with some ex-
amples.

We will begin with the Bio::SeqlO module which handles IO functions and
is commonly used to interconvert sequences from one format into another, for
example, fasta into EMBL. The module also provides methods for a large num-
ber of operations that can be performed on sequences. We will understand
how to perform percentage GC calculation on a DNA sequence in a Fasta file
using the Bio::SeqlO module.

It would be helpful to see how this operation is performed using standard
Perl for a single sequence file (Listing 7.1).

Listing 7.1 Using standard Perl for per cent GC calculation

#!/usr/bin/perl

$/ = undef;

use Getopt::Long;

(GetOptions(“flfilename=s" => \$file));

open (IN, $file) or die “Cannot read $file: $!\n”;
$line = <IN>;

$a = ($line =~ tr/A//),

$t = ($line =~ tr/T/l);

$g = (Sline =~ tr/G//);

$c = ($line =~ tr/C//),

$total = ($a + $t + $g + $c);
$gc = (($g+%c)/$total)*100;

print “A : $a\n”;
print “T : $t\n”;
print “G : $g\n”;
print “C : $c\n”;
print “Total : $total\n\n”;

printf “GC content : %.1f%\n”, $gc;
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§ 7.4 USING BIOPERL

The steps to write a program using the BioPerl module are fairly straightfor-
ward.

1. Include the BioPerl module in the program: As with standard Perl
modules, BioPerl modules are included in programs with the use state-
ment:

use Bio::SeqlO;

2. Instantiate an object of the class. The new() class method instantiates a
new Bio::SeqlO object:
$filestream = Bio::SeqlO->new(-file => $filename, -format => ‘fasta’);

This line of code requests a stream object for a particular format (in
this case Fasta). The newly created object can then be used to manipu-
late sequence information. In this case, new() accepts the following

parameters:
file: A file path to be opened for reading or writing.
The following conventions apply:
“file’ :  open file for reading
>tile” open file for writing
>>file” open file for appending
‘+<file” :  open file read/write

You can specify the $filename parameter through the Getopt::Long
module via the Getoptions() function or on the command-line using
the $ARGVI[0] variable.

format: The file format can be EMBL, Fasta, SwissProt, GenBank, etc.
3. Call the methods provided by the object. Each stream object has the

following functions:

$stream->next_seq();

This function reads the next sequence object in the stream.

In addition, once you create a sequence object $seq from the input stream,
you can use the moltype, desc, id, and seq methods to extract information
about the current sequence being read:
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$seq = $filestream->next_seq();
$type = $seqg->moltype();
$id = $seq->id();
$desc = $seq->desc();

$dnaseq = $seq->seq();

The right arrow notation invokes the object method and substitutes the pa-
rameter to the left of the arrow as the first parameter passed to the object
method.

For a DNA sequence in Fasta format:

>gi|153423|gb|M88615.1|STMRIBON S. aureofaciens ribonuclease gene, complete cds

CGGCGGAACGGACAACGGCGTCCGTCCCGCCCGGCCGTACGTCCTTGTGGTGTCGGCGGGCGGTGCCCGT
CGCGTGGTGCTCGTCGTGTGGTGTCCGTCATGTGTGGGACACGGCCGGCCGGCGCGGGCGCCTGCCAAGC
TGGACCGCATGACCAGAAGCAAGAGCCCGCTCGTCGTCGGGGCCGTCCTGATCCTGGCCGTGCTCGCCGG
GGTTGGGTACCTGCTCGCCGGCAGGGGCGGCAGCACCCACCCCAAGGCCGCCGCGAGCTCCGCCGCCGCG
GGCACCTCGGCCCCCAAATCCTCGGCTCCCAAGCCGTCCCCGCCCGCCGGCGGCGCCTGGACGCCCGLCG
ACCCGGCGCTGGCCGACGTCTGCCGCACCAAGCTGCCCAGCCAGGCCCAGGACACCCTCGCCCTGATCGC
CAAGAACGGCCCCTACCCGTACAACCGGGACGGCGTCGTCTTCGAGAACCGCGAGAGCCGCCTGCCGAAG
AAGGGCAACGGCTACTACCACGAGTTCACCGTGGTCACCCCCGGCTCCAACGACCGAGGCACCCGACGGG
TCGTCACCGGCGGCTACGGCGAGCAGTACTGGTCCCCGGACCACTACGCGACCTTCCAGGAGATCGACCC
GCGCTGCTGAGCGCTGGCCTCACAGAAAATACTTTCCAACCTGGAAAGGTCGTGGCACAGTGGAGCCACC
GTCACTTTCCGAGGGGGAAACATGAGTGACTCCGCTCCCACCCCGCCGTCCGCCGCCGAGGCACGGCCTG
CCGACCGGGCCGGCGCGGCTGCCCGGCGCCCGGGCGAGCTGCCCCGCTGGTACGGGCCGGCCTTCGCCTT
CGCCTTCGCGCTCTACGGCCTGGGGATCGGCCACGTCATCGAGACCGGGCAGATCGCCGTGATCGGCGGG

CTCGCGCTTCGCCGCCCTGACCGGTGGCCTCGCGGCCTTCGCCATGCGCAGCGACGGCATCGTCCGC

the Bio::SeqlO module provides the following methods:

moltype* : Type of molecule (DNA or protein)
desc : Description of the molecule (from the Fasta header)
display_id** : Sequence identifier (from the Fasta header)

seq : The actual sequence itself
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*moltype has been replaced by a new method: alphabet(). If you are using an
older version of BioPerl, you may get an error saying:

“‘moltype: prev1.0 method. Calling alphabet() instead”.

In this case, use alphabet().

**The display_id field is the common name or the identifier of the sequence.
This is the LOCUS field of the GenBank/EMBL databanks and the ID field of
the SwissProt/sptrembl database.

The values of the individual fields (for the Streptomyces aureofaciens ribonu-
clease gene) are:

moltype : DNA
desc . S. aureofaciens ribonuclease gene, complete cds
display_id : gi|153423|gb|M88615.1|STMRIBON

and the sequence,

seq :
CGGCGGAACGGACAACGGCGTCCGTCCCGCCCGGCCGTACGTCCTTGTGGTGTCGGCGGGCGGTGCCCGTC
GCGTGGTGCTCGTCGTGTGGTGTCCGTCATGTGTGGGACACGGCCGGCCGGCGCGGGCGCCTGCCAAGCTG
GACCGCATGACCAGAAGCAAGAGCCCGCTCGTCGTCGGGGCCGTCCTGATCCTGGCCGTGCTCGCCGGGGT
TGGGTACCTGCTCGCCGGCAGGGGCGGCAGCACCCACCCCAAGGCCGCCGCGAGCTCCGCCGCCGCGGGCA
CCTCGGCCCCCAAATCCTCGGCTCCCAAGCCGTCCCCGCCCGCCGGCGGCGCCTGGACGCCCGCCGACCCG
GCGCTGGCCGACGTCTGCCGCACCAAGCTGCCCAGCCAGGCCCAGGACACCCTCGCCCTGATCGCCAAGAA
CGGCCCCTACCCGTACAACCGGGACGGCGTCGTCTTCGAGAACCGCGAGAGCCGCCTGCCGAAGAAGGGCA
ACGGCTACTACCACGAGTTCACCGTGGTCACCCCCGGCTCCAACGACCGAGGCACCCGACGGGTCGTCACC
GGCGGCTACGGCGAGCAGTACTGGTCCCCGGACCACTACGCGACCTTCCAGGAGATCGACCCGCGCTGCTG
AGCGCTGGCCTCACAGAAAATACTTTCCAACCTGGAAAGGTCGTGGCACAGTGGAGCCACCGTCACTTTCC
GAGGGGGAAACATGAGTGACTCCGCTCCCACCCCGCCGTCCGCCGCCGAGGCACGGCCTGCCGACCGGGCC
GGCGCGGCTGCCCGGCGCCCGGGCGAGCTGCCCCGCTGGTACGGGCCGGCCTTCGCCTTCGCCTTCGCGCT
CTACGGCCTGGGGATCGGCCACGTCATCGAGACCGGGCAGATCGCCGTGATCGGCGGGCTCGCGCTTCGCC

GCCCTGACCGGTGGCCTCGCGGCCTTCGCCATGCGCAGCGACGGCATCGTCCGC

The code to read a complete DNA sequence file and to calculate its GC
content using the Bio::SeqlO module is as follows (Listing 7.2).

X
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Listing 7.2 Calculating per cent GC using BioPerl

use Bio::SeqlO;

use Getopt::Long;
GetOptions(“f|flename=s"=>\$filename);

$filestream = Bio::SeqlO->new(-file => $filename, -format => ‘fasta’);
my $seq = $filestream->next_seq();

$id = $seqg->id();

$desc = $seq->desc();

$type = $seqg->moltype();

print “ID: $id\nMolecule type: $type\nName: $desc\n\n”;
$dnaseq = $seqg->seq();

$a = ($dnaseq =~ tr/[Aa]//);

$t = ($dnaseq =~ tr/[Tt)//);

$g = ($dnaseq =~ tr/[Gc]//);

$c = ($dnaseq =~ tr/[Cc]//);

$total = ($a + $t + $g + $c);

$gc = (($g+$c)/$total)*100;

print “A : $a\n”;
print “T : $t\n”;
print “G : $g\n”;
print “C : $c\n”;
print “Total : $total\n\n”;

printf “GC content : %.1f%\n”, $gc;

The execution and output of the script is shown in Figure 7.8.

C:\perl>atgc.pl -f sa_rnase.txt

where, sa_rnase.txt is a file that contains the ribonuclease gene from S.

aureofaciens (gi 153423) in Fasta format.
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IC:\perlratgec.pl —f sa_rnase.txt

ID: gii153423ighiM88615.1 iISTMRIBON

Molecule type: dna

Name: Streptonyces aureofaciens ribonuclease gene. complete cds

137
138
324
386
Total 927

IGC content = 72.7x
C:\perl>

Fig. 7.8 Running atgc.pl with such sa_rnase.txt as input file

==3

= 7.5 THE write_seq() FUNCTION

—

b

The write_seq() function:
$stream->write_seq($seq);

writes a sequence object to a user specified location. An application of the
above function is to interconvert sequences from one format to another. For
example, the script in Listing 7.3 will change a Fasta format file into an EMBL
format file.

Listing 7.3 Converting a Fasta file into EMBL format

use Bio::SeqlO;
use Getopt::Long;

GetOptions(“ilinflename=s"=>\$infilename,
"o|outfilename=s"=>\$outfilename);

$instream = Bio::SeqlO->new(-file => $infilename, -format => ‘fasta’);
$outstream = Bio::SeqlO->new(-file => “>$outfilename”, -format => ‘EMBL’);
(contd.)
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(contd.)

while(my $seq = $instream->next_seq()) {
$outstream->write_seq($seq);

}

Let us see the output of this program using a Fasta file of two Zebrafish
(Danio rerio) kinase sequences:

>@i|28856247|gb|BC048050.1| Danio rerio, Similar to creatine kinase, mi-
tochondrial 1 (ubiquitous), clone MGC:55538 IMAGE:2642172, mRNA,
complete cds

GTACAGCACCACACTTGAGAAGACCAACTTCTGCTGGATTCAGAAGCATCTGACCACATTCATCTGGAGT
GCTCTGTTCTGCGGTTGAGGTGTTAAAATGGCAAGCAGCTTCGCACGGATTTTGTCAGGTAACAGGAAGG
TTGGCATCTTGTCGCTGGTCGGTGCGGGATCTCTGACCGTCGGGTTCTTCTTGAACAGGGAGCAGCATGT
CAGCGCAGGATCGAGCGTCCGGAGAATCTATCCCCCGAGTGCTGAATATCCAGATTTGCGTAAGCACAAT
AACTGTATGGCCAGTCACCTGACTCCTGCCGTATACGCAAAGCTGTGTGATAAATCCACTCCGAACGGTT
ACACTTTGGACGAAGCCATTCAGACTGGCGTGGACAATCCAGGTCATCCTTTCATAAAGACAGTAGGAAT
GGTGGCAGGAGATGAAGAGTCATATGAGGTTTTTGCTGACATCTTCAACCCAGTCATCAAAGAAAGGCAC
AATGGTTATGACCCCTGCAACATGAAACACCCCACTGACCTGGATTCCAGTAAGATACGAGGAGGCATGT
TTGATGAGAAGTACGTGCTGTCTTCTCGAGTCAGGACGGGCAGGAGTATCCGAGGCCTGAGTCTCCCCCC
GGCCTGCACCCGTGCTGAGCGCAGAGAGGTGGAGAGGGTTGTGGTTGATGCTTTGGCAGGCCTAAAAGGG
GATTTGACTGGAAAATACTACAGCCTGACTGTAATGACTGAACAGGAGCAGCAGCAGCTTATTGATGATC
ACTTCCTGTTTGATAAACCTGTATCGCCATTGCTGACATGTGCGGGTATGGCTCGAGATTGGCCTGACGC
TAGAGGCATCTGGCACAACAATGAGAAAACCTTCCTGGTGTGGATCAACGAGGAAGATCACACCCGTGTG
ATCTCCATGGAGAAGGGAGGCAACATGAGAAGGGTCTTTGAGCGTTTCTGCAAGGGTCTCCAAGAGGTTG
AGAGACTAATTCAGGAGAAGGGTTGGGAATTCATGTGGAATGAGCGTCTGGGTTACATTCTCACCTGTCC
GTCAAACCTGGGCACTGGGCTGCGAGCTGGAGTCCATGTTAATCTTCCTCGCCTCAGCAAGGACCCTCGC
TTTTCTAAAATCCTGGATAACCTGCGGCTCCAGAAAAGAGGGACTGGAGGAGTGGACACGGCTGCTGTTG
GAAGCACTTTTGATATTTCCAATCTGGACAGGCTGGGCCAATCAGAGGTCCAGCTGGTGCAGACTGTGAT
AGACGGAGTGAACTATCTCATTGAATGTGAGAGGAAACTGGAGAAAGGCCAAGACATCAAAATCCCCGCC
CCCATCAGCCAGTTTAAATAGACTGGGTGGTCTTTCGTAGCTCCTCCCTCTCTCCTGGCTCCACCCTCTC
GTGTGCTCCTCCCACCTTAAAATATTCCGCTAAAACCGATCCATAAAGCATGCCTCTGTGTTACATCCGA
CATATTCGACACTCCAGTATAACGCAGGAGTGAATGTATCGTACATCATGATTGTGTTCATTTGTGGCGT
TAATGATTTGTCACAATGTATCTAACTTGATTGTGTTGCAATAACGTTATTAGAGCCATTGCTGAAAATT
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GCCTCAGGTGTACAAGAATTAAACAGGTTTTTGTGGAAGATGCTGATGATATAACTTGCTGACGGATCCT
GAGAGTGTTTATTGTGTGCTTCACTGATGTTATACTTAAAGGAAGTGCTTTAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

>@i|28856170|gb|BC048055.1| Danio rerio, Similar to NIMA (never in mito-
sis gene a)-related kinase 2, clone MGC:55602 IMAGE:2643611, mRNA,
complete cds

GTTTTCTCAACTCACAAAATACGTACACGCGTTTTAACTAAGGGTAAACAATAAAACACACTGGCAGTAA
AACCACAGCGTTCAAGTAGTGAGTGAGTTACGTGTGTTTGGATCTGCTGAGTTGCTGTTGAACGCGATGC
CATCCAAAACTGAAGACTACGAGGTGCTGCTCACCATAGGATGTGGATCTTATGGAAAATGCCAGAAAAT
CAAGAGGAAATCCGATGGAAAGATTCTGGTCTGGAAGGTTCTGGACTATGGCACTATGGCCGAGGGAGAG
AAACAGATGCTGGTGTCAGAAGTCAACTTGCTCCGTGAGCTGAAGCACCCAAATATCGTCCGATACCATG
ACCGAATTATTGACAGAACGAACACGACATTATATATAGTGATGGAATACTGTGAGGGTGGAGATCTCGC
CAGCCTCATCAACAGAAGCATCAAAGACAAGCGATACCTGGAGGAAGAATTCATCCTCCGTGTGATGGCA
CAGTTGTCTCTGGCGTTAAAAGAATGCCATGGTAGGAGTAACGGCAGCAGTACAGTTCTGCACCGAGACC
TGAAACCAGCAAACATCTTTCTGGATGCCAAACAGAATGTAAAGCTTGGCGATTTCGGTTTAGCTCGCAT
ACTAAACCACGATACAAGCTTTGCTAAAACGTTTGTTGGAACGCCATATTACATGTCGCCAGAACAAATG
AATCGCATGTCCTATAATGAGAAATCGGATATATGGTCTTTAGGGTGTTTACTCTATGAACTATGTGCTT
TATCGCCCCCATTTACAGCATACAACCAGACAGAGCTGGCTCGAAAAATCAGAGAAGGCAGATTTCGAAG
AATCCCATACCGATACTCGGATGAGCTAAACACACTGCTTTCAAAAATGCTCAACTTAAAGGATTATCTG
AGGCCCTCTGTGGAGTCCATCCTGCAGAATGGTTTGATCTCCGGTTATGTGGCCCTCGAGCAGAAGAGGC
TCCAGGAGAAACAGCGGCGCAGATCAGATGAGGCAGAGCAGCCCAAACATCCAGAGTCACCACTTCTGGC
AGAGCTGCGGCTTAAAGAGCAGATTCTCCGAGAGCGAGAGCAGGCCCTCAAAGAGCGAGAGCAGCGGCTA
GAGCAAAGGGAACAAGAACTGTGTGTCCGAGAACAGCAAACTAATGAAAAGCTGGTCAGAGCCGAGAGCA
TGTTGAAGGCGTTTAATCTGATTCGACAGCAGAGGGCGCTATCTCTGCTCAGCGCCAGCGACACAGAGAA
TGAAGAGAACATCTCTCCAGGGAAAAAGAGGGTTCACTTTGCAGGAGACGGGAAGGAGAACGGCAGACTG
ATCATGAAACCTCAGGAGCACATCCTTGAGAAGAGACACCAGCTGATGAACAAGCGCATACAGACACTCG
GAGAGGAGGAGAAGATGATCCACTCGCCAAAACACAGAGAAATGCAGGGAATCCGCTAGCCTTCAAAGAC
ACTGCCAGTGTGGTCAATCACGTCGAGAGGATTTCGTCTAGTTGTGTATATTAAGAGATAGATTCCTGCT
TTAATTTATTTGCTGCAGCATTTGTACAGTACACTGGAGCATTTCATTTAAAGGGACAGCTAACCCCAAA
TTCAAAACTCTCTTATCATTTATTCACCCTCCAATTTTTCCAAACCTGTTCGTTTCTTTTTTTATTTTCT
GATCACACAGAAATGAAGATATTTAGAGAAATGTTGGGAATCAGTAGCCATTAACTTTAATAAAATTTGT
TATATCCCACTTTAGATGTCTGACTATCAATTACAAACATTCTTCCAAATATCTCCTTTTGTGAAGAGAA
AGGGAACATCTTGAGGGTGAATAAATGGTAAGTAATGTTTTATTTTGGGTGAACTGTCTTTTTAATGTGC
ATTACACTGGACTATTATATAATAGCATTTTATGGATGTTTTATTGCTAGAAGCATTGTTTTTATTTGGA

ATAAATAAATGAATAATGGTTGCAAAAAAAAAAAAAAA
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To run the program, save the sequences in a file called kinase.fasta, save the
script as fasta2embl.pl and specify the input and output files as in Figure 7.9.
Figure 7.9 also shows the output in EMBL format using the above script (only
the first sequence is shown).

:\perl>fastaZembl.pl —i kinase.fasta —o kinase.embhl

:\perl>more kinase.embl

gii28856247 ighiBCA48858.

Danio rerio.

istandard; DNA; UNK; 1812 BP.

Similar to creatine kinase. mitochondrial

clone MGC:55538 IMAGE:2642172,. mRNA, complete cds

Key

Location/Qualifiers

Sequence 1812 BP; 525

gtacagcacc
catctggagt
tttgtcaggt
cgggttctte
tccccococgagt
gactcctycco
cgaagccatt
ggtggcagga
agaaaggcac
taagatacga
caggagtatc
ggagagggtt
cagcctgact
tgataaacct
tagaggcatc
cacccgtgty
caagggtctc
tgagcgtcecty
agtccatgte
cctgcggcteo
tgatatttcc
agacggagty
aatccccygcc
tctcoctgygct
ccataaagca
tgaatgtatec
tctaacttga
tacaagaatt
gagagtgttt
aaaaaaaaaa
aaaaaaaaaa

Assignments

acacttgaga
gctctgttct
aacaggaagy
ttgaacaggy
gctgaatatc
gtatacgcaa
cagactggcy
gatgaagagt
aatggttatyg
ggaggcatgt
cgaggcctga
gtggttgaty
gtaatgacty
gtatcgccat
tggcacaaca
atctccatgy
caagaggtty
ggttacattc
aatcttcecte
cagaaaagay
aatctggaca
aactatctca
cccatcagcc
ccaccctete
tgcctoctgty
gtacatcatyg
ttgtgttgca
aaacaggttt
attgtgtgct
aaaaaaaaaa
aa

A; 389 C;5 457 G;

agaccaactt
gcggttgagy
ttggcatctt
agcagcatgt
cagatttgcy
agctgtgtga
tggacaatcc
catatgaggt
acccctgcaa
ttgatgagaa
gtctccccece
ctttggcagy
aacaggagca
tgectgacaty
atgagaaaac
agaagggagy
agagactaat
tcacctgtco
gcctcagcaa
ggactggagy
ggctgggcca
ttgaatgtga
agtttaaata
gtgtgctcct
ttacatccga
attgtgttca
ataacgttat
ttgtggaaga
tcactgatgt
aaaaaaaaaa

ctgctggatt
tgttaaaatyg
gtcgctggte
cagcgcagga
taagcacaat
taaatccact
aggtcatcct
ttttgctgac
catgaaacac
gtacgtgcty
ggcctgcacc
cctaaaaggy
gcagcagett
tgcgggtatyg
cttcctggty
caacatgaga
tcaggagaay
gtcaaaccty
ggaccctoyge
agtggacacy
atcagaggtc
gaggaaacty
gactgggtgy
cccaccttaa
catattcgac
tttgtggcgt
tagagccatt
tgctgatgat
tatacttaaa
aaaaaaaaaa

441 15 O other;

cagaagcatc
gcaagcagct
ggtgcygggat
tcgagcgtce
aactgtatgy
ccgaacyggtt
ttcataaaga
atcttcaacc
cccactgacc
tcttctecgay
cgtgctgagce
gatttgacty
attgatgate
gectecgagatt
tggatcaacy
agggtctttyg
ggttgggaat
ggcactyggc
ttttctaaaa
gctgetgtty
cagctggtgc
gagaaaggcc
tctttcgtag
aatattccgce
actccagtat
taatgatttyg
gctgaaaatt
ataacttgct
ggaagtgctt
aaaaaaaaaa

Fig. 7.9 kinase.embl (EMBL format)

1 (ubiquitous?.,

tgaccacatt
tcgcacggat
ctetgaccgt
ggagaatcta
ccagtcacct
acactttgga
cagtaggaat
cagtcatcaa
tggattccag
tcaggacggy
gcagagaggt
gaaaatacta
acttcctgtt
ggcctgacge
aggaagatca
agcgtttctyg
tcatgtggaa
tgcgagetyy
tcctggataa
gaagcacttt
agactgtgat
aagacatcaa
ctcctceccte
taaaaccgat
aacycaggay
tcacaatgta
gcctcaggty
gacggatcct
taaaaaaaaa
aaaaaaaaaa

1. Download a set of kinases from GenBank and store them as a multiple
Fasta file. Write a program to calculate the GC content of each of the
sequences.
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2. Write two separate scripts, one using the Bio::SeqlO module and one
using standard Perl, to break up a multiple Fasta file into individual
files, each containing a single sequence in Fasta format. The resulting
files should be named by the gi or accession number of the DNA
sequence it contains.
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Appendix I: Installing External Modules

BioPerl has external package dependencies. This means it needs additional
packages to provide functionality that it does not have on its own. Some ex-
amples are the 10::Scalar and 10::String modules. These are available as the
Bundle-BioPerl package and should be downloaded along with your BioPerl
installation. Search for ‘BioPerl” at the ppm prompt and use the install com-
mand as illustrated in Figure 7A below:

Nperll>ppm
PPM interactive shell (2.1.6> — type 'help’ for available commands.
PPM> search bioperl
Packages available from http://ppm.ActiveState.coms/cgibin/PPM/ppmserver.pl?urn
PPMServer:
Bundle—BioPerl [2.84 1 A bundle to install external CPAN modules used hy
BioPerl

hioperl [1.2.1]1 Bioinformatics Toolkit
PPM> install Bundle—BioPerl_

EN VK

Fig. 7A Installing BioPerl modules

Appendix II: Upgrading BioPerl

BioPerl may have released a new version since you last downloaded it on your
system. The steps below illustrate the method to check for new updates and
install a recent version.

Step 1: Check for availability of a new version:
ppm>verify bioperl
If an upgrade is available, ppm will respond with:
“An upgrade to package bioperl is available”
Step 2: To install it, do:
ppm> verify —upgrade bioperl
After it has been installed, ppm will end with a message saying:

“Package bioperl upgraded to version x.x.x.x”
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Appendix III: Testing for Availability of Individual Modules

To test for the presence of individual modules on your system, issue the fol-
lowing command on the command-line

> perl -e “use Module”

The > sign represents the command prompt (which could be > or %, etc. on
Unix or simply, C:\Perl> on Windows). To check for Bio::SeqlO.pm, for ex-
ample, the command would be:

> perl -e “use Bio::SeqlO”

If this statement exits without errors, the module has been loaded properly.
If not, you will get an error message saying:

Can’t locate Bio/SeqlO.pm in @INC (@INC contains: D:/Perl/lib
D:/Perl/site/lib) at -e line 1.

BEGIN failed—compilation aborted at -e line 1.

X X
s The actual directory paths would be different though. The useful piece of =

. information here is the “(@INC contains: D:/Perl/lib D:/Perl/site/lib)” part which
identifies the location where you should place all Perl modules. The above
error messages indicate, for example, that there are two locations: D:/Perl/lib
and D:/Perl/site/lib where modules can be placed.

If you get the “Can’t locate...” error, you should try to reload the module or
manually place it in one of the directories listed in @INC.
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CHAPTER

§ 8.1 INTRODUCTION

In this chapter we will learn how to automate sequence downloads from
GenBank with the Bio::DB::GenBank module. Sequences in GenBank can be
accessed via a number of different identifiers such as accession numbers,
GenlInfo Identifier (GI) numbers and version numbers. There are important
differences in these various identifiers.

Accession numbers are unique identifiers for a sequence record and do not
change even if the information in the record changes. Accession numbers are
combinations of letter(s) and numbers. The accession number for some rice
BACs from chromosome 10, for example, are AC080019, AC078839 and
AC083945. On the other hand, both the GI number and the version numbers
change whenever the sequences change. Sequences are continually submitted
to GenBank and as they are updated with more accurate versions, they are
assigned a new GenBank number and a new version number. However, they
retain the same accession number.
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i.; 8.2 STRUCTURE OF A GENBANK RECORD

&

Before we get into the Bio::DB::GenBank module, we will see how a GenBank
record looks and understand what different elements a typical GenBank record
consists of. The steps to download the GenBank record for the accession number
AC080019 are described below.

1. Open the Entrez server at <http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi> (Figure 8.1).

4 Entrez-PubMed - Microsolt Ink =10l x|
File Edit “iew Favorites Tools Help
w 2 2 at Q 3] 4 By~ »

Back Stop Refresh Home: Search  Favorites  History Mail
Address lﬁj hiktps v .ncbinlmunifugovientreziquery fogi :] Go  Links ®

-

National ™~
Library \
of Medicine

Pubhded Nucleotide rotein Genome opSet it | f

Search PubMed =] for @ ol

Limits review/index History Clipboard
Nucleotide
Structure + Enter one or more search terms, or chck Preinew/Tndes for
Genome advanced searching,
PopSet o Enter author names as smith jo. Initials are optional -l
OMIM — FES R s s
L Taxonormy |
€] Done 0 Internet

Fig. 8.1 Entrez web-server at NCBI

Entrez is a common gateway that provides free access to molecular biology
resources such as sequence and structure data and scientific publications. It
is a service developed and maintained by the National Center for
Biotechnology Information (NCBI). NCBI was founded in 1988, as a division
of the National Library of Medicine, under the aegis of the National Institutes
of Health (NIH)—the apex body that regulates scientific research in the
United States. GenBank, likewise, is a searchable central repository of
annotated nucleotide sequences derived from data submitted by researchers
from all over the world. Make a permanent link to this site on your computer
since you will be using it frequently.
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2. From the drop-down box called Search on the left, select ‘Nucleotide’
since you will be downloading DNA sequences (Figure 8.1) for this
example.

3. Enter the accession number of the BAC (AC080019) in the “Search for”
box and press enter. The sequence record should appear as in Figure 8.2.
View the sequence data by clicking the accession number that is
hyperlinked to the sequence record. The page you get represents what
a typical GenBank record looks like (Figure 8.3).

A Entrez-Nucleotide - Mi t Int =0x
File Edit View Favorites Tools Help A
= 9 4 i a @ 3 D I <
Back Stop Refresh  Home Search  Favortes  History Mail Print
Address Iiﬂ hittp: fwwwr. nchi nim.rih, govfentraz/query, Fogi?CMD=aDB=Nucleatide L] (PG | Links >
& o SNucleotide
Nucleotide Genome opSe! m
Search |Mucleatide = for ac080018 EI Clear
Digplay ‘Summmy v| Save lText| Dietails | Add to Cliphoard
11 A

Genomic sequence for Oryza sativa, Nipponbare strain clone OSTNEa0094H10,
from chromesome X, complete sequence

£13112226(gb[AC080018 7|ACOB0019[13112226] =
< [

€] Done D Internet

Fig. 8.2 Displaying the AC080019 entry in GenBank

Note some of the useful information present in the header (shown boxed)
such as:

e Definition Genomic sequence for Oryza sativa,
Nipponbare strain clone OSJNBa0094H10,
from chromosome X, complete sequence.

e Accession number AC080019
e Total size of BAC 149654 basepairs (bp)

e Chromosomal location Chromosome X
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Fle Edt Vew Favortes Tooks Mep  FSend z
oack - x ; Seweh  Fawortar | Meds - - .- (% " Uinke

Ackess | | s etk rin i, gevienes/auery. Fegllmc=Ret evetdb—ru ot_Uko=13112226200pt~GenSar = ol

o & . R"JUCI:;(‘!U(J:’}

Search |Nudecide =/ for | Go| Clear
Display | default | Save | Ted | Addito Clipboard | Gel Subsequence

~1: AC080019, Genomic sequence ...[gi:13112226]

LOCUS AC080019 [129¢57 bp] _ DNA dlinear PIN 27-FEB-2001
DEFINITION |Genomic sequence for Oryza sativa, Nipponbare strain clons
08 z E g 5 { Ie s 2
ACCESSION JAC080019
VERSION AC080019.7 [6I:13112226 |

KEIWORDS HIG.

SOURCE (japonica cultivar-group).

ORGANTISM ; .
Eukaryota; viridiplantae; streptophyta; Embryophyta; Tracheophyta;
spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae;:
Ehrhartoideae; Oryzeae; Oryza. v

2 intsmet
Fig. 8.3 Displaying the AC080019 record

e Clone name OSJNBa0094H10

e Version number AC080019.7

e GI number 13112226

e Source organism Oryza sativa

Scroll down the record to see the actual BAC nucleotide sequence (Figure 8.4)
and its base composition (Base Count). Alternatively, select Fasta from the
dropdown box next to ‘Display” on the left (Figure 8.5) and press the Display
button to see the sequence in Fasta format (Figure 8.6).

A record such as this with a header beginning with only a >’ sign on the
tirst line and followed by the complete sequence starting from the second line
is called a Fasta record or file.

Note the sequence of the BAC (Figure 8.6) with a single header line that reads:

>@i|13112226|gb|AC080019.7|AC080019 Genomic sequence for Oryza
sativa, Nipponbare strain clone OSJNBa0094H10, from chromosome X,
complete sequence
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ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
121
791
841
901
961
1021
1081
1141
1201
1261
1321
1331
1441
1501

R
BASE COUNT
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Sowch
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39952 a

aagctitgact
aaccaacctc
gagqagraaga
atgcaggata
agtagttgaa
acgetacace
taaactaggg
gctattegaa
cacacatgte
agaccctcca
ctcaaaaggce
gacacccegqg
tcgagotata
toccagggtt
accceacagec
taaagctatg
gaactaagca
t.caatggcat
taaaagaatqg
aaacgtatig
aaaccgcegga
atgctataag
cttgatttac
tagaagataa
aatacccagg
acaqetoaag

35699 ¢

Leaacagggg
tetgagacgg
ctgagtactg
taaccaaagg
agcagtaaaa
acqttgeaac
gtgagactaa
tagttttact
gecatgecee
cataacccte
agtgggcggt
ccgacecaac
cttcagacca
tctegtgaac
caccattcag
ccaatagaca
tggctaagca
aaggtaacca
caacatttaa
catgacttgc
tegacgaaac
actactgaaa
tgagacttga
actgtgtttt
getgacgtea
atqaccqate

mdse) 3]

35539 g 38463 t

gegactecac
cteccaactga
cecactgtac
aagcetaggag
cagetgtagt
aggeccaace
tcacggtgaa
ctggecagag
gaagtatcac
coctaaccat
ccectettge
Tccatcacge
ageagttace
cggtcocttaa
tgtattttaa
aagtctatgt
tttcctaage
atatgtggcet
tagaaatgcg
cttgctcteg
ggccgaaace
caggasacaa
atggacttaa
tactaataaa

tcetaaggggyg
taccataagac

Lecacaggea
gaagaacttc
teageaagte
ttcttttgea
aattaatcaa
aaccacctga
tctggttgat
gtgtacaact
catgatactg
ccacaccacg
gccgeggtga
ccacectege
cactecoget
ctgctatgay
ttaactaaca
aataatqtga
caacatctag
gagyaatagg
ggatattggt
aactgatgag
tacgcgacaa
aaccattttt
acggaqcteq
gaaaaaqtcc
gcggegecga
caqqaccaca

atocttgacg
aactctggty
ataccgasag
taaagcaggc
tattaaccaa
actacacecaqg
cgcccataac
gtacccacaa
caaaggggqga
ctaaggttte
atccggeage
caccggtgee
tgtagtaage
tgcgatcage
ccattgoggt
tocccatteg
tcattttgat
acceatccca
aaattgggta
acctcagcaa
acaaagcaca
aatggattet
gatgaattac
ttaattaatt
caggcgggge
caqaataqtee

e memee e BETl iy mweeeee e e e ev—

gcagcegacaa
tgggagaaaa
aggaggtatg
atttcaaagce
tecactgtcea
tteattaage
cgcgggeacg
gacacgatbtc
aatcgtgaca
acccccaccce
tggacaaccg
taggaaaggg
acggtaagte
aaaaccatgce
ggcaccaate
tgtactagtt
acccaagtta
cattacattyg
caatatgate
cgtetteogag
Caagcaaaac
ttgeattttt
ttatgtattt
attgegtgat
ccacgggtca
aceqeeqate

Fig. 8.4 AC080019 nucleotide sequence

X
=

GenBank uses a number of different identifiers to refer to the entry above. The

identifiers are listed below:

GI 13112226

Accession number

Clone name OSJNBa0094H10

AC080019.7 (Version number 7)

A little later in the chapter, we will use each of these to access this entry

using the Bio::DB::GenBank module.

For short sequences, you can copy and paste the sequence in a text editor in
the usual manner. For a large sequence such as this, use the ‘Send to Text’
button to download the sequence on your computer (Figure 8.7).

When you view this document in a text editor, the first few lines look like
Figure 8.8 (Notepad on Windows). Here, even though the header overflows on

two lines, it is really just one line.
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» o & s Nucleotide

Pubied

— Ly
Locus
DEFINI

ACCESS
VERSIO}
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

T™TTLE

| Disploy  defoult

Search Nucleotde

for Go | Clear

Show; 20 Sendto | File GetSubsequence

omic sequence ,..[gi:13112226]

0019 149654 bp DNA linear PLN 27-FEB-2001
ic sequence for Oryza sativa, Nipponbars strain clone

0094810, from chromosome X, complete sequence.

0018.7 GI:13112226

HTG.
Oryza sativa (japonica cultivac-group)
~iokalipam. L Fabh Ao il i Riar et

Eukaryota; viridiplantae; streptophyta; Embryophyta; Tracheophyta:
Spermatophytas Magnoliophyta; Liliopsida; Poales; Poaceae;
Ehrhartoideaes Oryzeae:; Oryza.

1

(bases 1 to 149654)

Spiegel,L.A,, Nascimento,L.V., de 1a Bastide,M., Rirchoff,X.A.,

King,L., Preston,R.R., Vil,M.D., Baker,J.P., Miller,B.,

Zutavern,T., Rodriguez,s., Santos,L., Kuit,K.H., Cunnius,D.M.,

Balija,V.S., Shah,R.S., Bahret,A., Bal,H.P., O'Shaughnessy,A.,

Dedhia,N.N. and McCombie,W.R.

genemi ~ Semisnces FAr Arvea =atriva  Ninnanbhare Strain  rhramassme ¥ X

D Intesmet

Fig. 8.5 Selecting Fasta format

§ 8.3 THE BIO::DB::GENBANK MODULE

In its simplest form, Bio::DB::GenBank provides methods to retrieve from
GenBank sequences identified by GI accession numbers, etc. The general usage

is as follows:

use Bio::DB::GenBank;
$gb = new Bio::DB::GenBank;
$seqobj = $gb->get _Seq_by id(‘identifier’);

where, identifier = a unique ID

or,

$seqobj = $gb->get_Seq_by acc(‘accession’);

where, accession = accession number

X
=
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-2 NGB Seqnence Viewer - Microsoftdnternet Exalorer,

File Edit View Favortes Tools Help

LY

® o SNucleotide
bivle Nucleotide l enome Structure
Search Nudeotide for | |Go| | Clear |
Display | FASTA Show: 20 | Sendto | File Get Subsequence

1: AC080019. Genomic sequence ...[gi:13112226]

—Pp >gi|13112226|gb|AC080019.7|ACO80013 Genomic sequence for Oryza sativa,
AAGCTTGACTTCARCAGGGGGUGACTCCACTCCACAGGCAATCCTTGACGGCAGUGACARRACCARCCTC
TCTGAGACGGCTCCAACTGAGARAGAACTTCRAACTCTCGTGTGEEEGAARACAGAGCARCGACTGAGTACTG
CCCACTGTACTCAGCAAGTCATACCGARAGAGGACGCTATGATGCAGCGATATAACCARACGAAGCTAGGGG
TTCTTTTGCATARAGCAGGCATTTCARAGCAGTAGTTGAAAGCAGTAARACAGCTGTAGTAATTAATCAR
TATTAACCAATCACTGTCCAACGCTACACCACGTTGCAACAGGCCCAACCAACCACCTGAACTACACCAG
TTCATTAAGCTAARACTAGGGGTGAGACTAATCACGETCAATCTCGTTCGATCGUCCCATAACCGTUGGGETACG
GCTATTCGAATAGTTTTACTCTGGCCAGAGGTGTACAACTGTACCCACARGACACGATTCCACACATGTC
GCCATGCCCCGAAGTATCACCATGATACTGCARARAGCGGGARATCGTGACRAGACCCTCCACATAACCCTC
CCCTRAACCATCCRACACCACGCTAAGGTTTCACCCCCRCCCCTCARAAGGCAGTGEGCCETCCCCTCTTGE
GUCGUGGTGAATCCGECAGCTCGACARCCGGATACCCCGGUCGACCCAACTCCATCACCCCCACCCTCGT
CACCGGTGUCTAGGARAGGGTCGAGCTATACTTCAGACCAAGCAGTTACCCACTCCCGCTTGTGGTAAGC
ACGGTAAGTCTCCCAGGGTTTCTCGTCARCCGGTCCTTAACTGCTATGGETGCGATCAGCAAARACCATGCE
ACCCACAGCCCACCATTCAGTCTATTTTAATTAACTAACACCATTCCGGTCGCACCAATCTARAGCTATG
CCAATAGACARACTCTATGTAATAATGTGATCCCCATTTGTGTACTAGTTGAACTARGCATGGCTARGCA
TTTCCTAAGCCARCATCTAGTCATTTTGATACCCARGTTATCAATGGCATARAGGTARCCAATATGTGGCT
GAGGAATAGGACCCATCCCACATTACATTGTAARAACAATGCAACATTTARTAGAAATGCGGGATATTGGT

Fig. 8.6 AC080019 sequence in Fasta format

Once you get the $seqobj object, you can use the same methods we used

earlier in Chapter 1 to retrieve information about the GenBank entry:

$type = $seqobj->moltype(); #DNA, RNA or protein?
$id = $seqobj->id(); #id

$description = $seqobj->desc(); #description

$dnaseq = $seqobj->seq(); #DNA or protein sequence
$length = $seqobj->length(); #length of sequence

The get_Seq_by_id method retrieves a Bio::Seq object by a unique ID such
as its GI number and returns a Bio::Seq object. If the ID is not found, the

Back ~ ® s Search Favorices ' Media < - =% = C% "_)

http:ffwe nebi.nlm. nib.gov/entrezfviewer frgi?cmd=akxt =&save=fafm=Rquery_key=2&db=nucleotidetextrafeat=-18view=Fastadispmax=20

X
=
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SANGH SequenceViewer S Hicrosoftdnte et ixplorer,
Fie Ede View Favorites Tools Help
Back ~ ® s Szarch Favoriees “"Media . ~ e 2~ ﬁ 1)
~ hktp:/ fawes,ncbi.nimn. nib. govy z/viewer Fegitemd=0dx:t: Bufm=tquery_key=2€db=nucleatided-extrafe at=-18view=Fastatdispmax=2085¢
'«;-" .
® o SNucleotide
PubMad Nucleotide Protein ~ Genome Structure Taxonomy
Search Nucleatide for (Go) ‘ Cleﬁm[
| Display | FASTA - Show: 20 - Se$to Text 17 GelSubsequéﬁce |

1: AC080019. Genomic sequence ...[gi:13112226]

>gi|13112226|gb|AC080019.7|AC080019 Genomic sequence for Oryza sativa, I
AAGCTTGACTTCAACAGGGGGCGACTCCACTCCACAGGCAATCCTTGACGGCAGCGACARAACCAACCTC
TCTGAGACGECTCCARCTGRAGAAGAACT TCARCTCTGETCTGEEEEAAAAGACAGCAAGACTGAGTACTG
CCCACTGTACTCAGCARGTCATACCGARAGRAGGAGGTATGATGCAGGATATARCCARAGGARGCTAGGGG
TTCTTTTGCATAAAGCAGGCATTTCAAAGCAGTAGTTGAAAGCAGTARAACAGCTG TAGTAATTAATCAR
TATTAACCAATCACTGTCCAACGCTACACCACGTTGCAACAGGCCCAACCARCCACCTGARCTACACCAG
TTCATTAAGCTAAACTAGGGGTGAGACTARTCACGGTGARTCTGGTTGATCGCCCATAACCGCGGGTALG
GCTATTCGAARTAGTTTTACTCTGGCCAGAGGTGTACAACTGTACCCACAAGACACGATTCCACACATGTC
GCCATGCCCCGAAGTATCACCATGATACTGCARAGGCGGARATCGTGACRAACACCCTCCACATARCCCTC
CCCTAACCATCCACACCACGCTAAGGTTTCACCCCCACCCCTCARRAGGCAGTGGGCGGTCCCCTCTTGC
GCCEUGETEAATCOGGELAGCTEEACAACCEEACACCCCEELCEACCCAACTCCATCACGCCCACCCTOGT
CACCGGTGCCTAGGARAGGGTCGAGCTATACTTCAGACCARGCAGTTACCCACTCCCGCTTGTGGTARGT
ACGGTAAGTCTCCCAGGGTTTCTCGTGAACCEGTCCTTAACTGCTATGGGTGCGATCAGCAARACCATGC
ACCCACAGCCCACCATTCAGTGTATTTTAATTARCTAACACCATTGCGGTGECACCARTCTAAAGCTATG
CCRAATAGACARRAGTCTATGTRATAATCTGATCCCCATTTGTGTACTAGTTGAACTRAAGCATCGCTARAGCA
TTTCCTARGCCAACATCTAGTCATTTTGATACCCARGTTATCARTGGCATARGGTAACCARTATGTGGCT
GAGGRATAGGACCCATCCCACATTACATTGTARRRGAATGCARCATTTAATAGARATGCGGCATATTGET

Fig. 8.7 Saving the AC080019 Fasta sequence to file

method displays an “ID does not exist” exception. This method works for
IDs that uniquely identify the sequence entry. For example, all the three IDs
below will give the same information because they uniquely identify the
sequence record:

By Accession number:

$seqobj = $gb->get Seq_ by id(‘AC080019’);
By Accession + version number:

$seqobj = $gb->get_Seq_by id(‘AC080019.7’);
By gi number:

$seqobj = $gb->get_Seq_by id(‘13112226’);

E§ vK
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svewer g SN otepaT - (1 ﬁ"
File Edit Format Yew Help

Bgi|13112226| gh| ACOBO019. 7| ACOB001S Genomic sequence for oryza sativa,
Nipponbare strain clone 0SJINBa0094H10Q, from chromosome X, complete seguence
AAGCTTGACT TCAAC AGGGEEGCGACTCCACTCCACAGGC AATCCT TEACGECAGCGACALAACTC ARCCTC
TCTGAGACGGC TCCAACTGAGAAGAACT TCAACTCTGETGTGGEGEAAAAGAGAGC AAGAC TGAGTACTG
COCACTETACTCAGCAAGTCATACCGAAAGAGGAGETATGATGC AGGAT AT AACCALAGGAAGC TAGGEGE
TTCTTTTGCAT AAAGCAGGCAT T TCARAGC AGT AGT TGALAGCAGT AARACAGCTGTAGT AT TAATC AL
TATTAACCAATCACTGTCCAACGCTACACCACGT TGCAACAGGCCCAACCAACCACCTGAACT ACACCAG
TTCATTAAGCT AAACT AGGEETGAGACT ARTCACGETGAATCTGGET TGATCGCCCATAACCGCGGECACG
GETATTCGAATAGTTTTACTCTGGCCAGAGGTGTACAACTGTACCCACAAGACACGATTCCACACATGTC
GCCATGCCCCGAAGT ATCACCATGAT ACTGCAAAGEGEGAMTCGTGACAAGACCCTCCACAT AACCCTC
CCCTAACCATCCACACCACGCTAAGGT T TCACCCCCACCCCTCARAAGGCAGTGGECGGTCCCCTCTTGE
GCCGCEETGAAT CCGGCAGCTEGACAACCEGACACCCCGGCCGACCCAACTCCATCACGCCCACCCTCEC
CACCGETGCCT AGGAMAGGETCGAGC TAT ACT TCAGACCAMGCAGT TACCCACTCCCGCTTGTGGT AAGC
ACGGETAAGTCTCCCAGGETTTCTCGTGAACCGETCCTTAACTGCTATGEGETGCGATCAGCARAACCATGC
ACCCACAGCCCACCATTCAGTGTATTTTAAT TAACT AACACCAT TGCGETGGCACCAATCTAAAGCTATG
CCAATAGACAAAGTCTATGTAATAATCTGATCCCCATTTGTGTACTAGT TGAACTAAGCATGGCTAAGCA
TTTCCTAAGCCAACATCTAGTCATTTTGATACCCAAGT TATCAATGGCAT AAGGT AACCAATATGTGGECT
GAGGAATAGGACCCATCCCACATTACATTGT AAAAGAATGCAACATTTAAT AGAAATGCGGGATATTGGT
AAATTGEET ACAAT ATGATCAAACGTATTECATGACTTGCCTTGCTCTCGAACTGATGAGACCTCAGCAL
CETCTTCGAGAAACCGCGEGEAT CGACGAAMCGECCGARMCCTACGCGACAAACARAGCACAC AAGCARALC
ATGCTATAAGACT ACT GARACAGGAAAC AAAACCATTTTTAATGGATTCTTTGCATTTTTCTTGATTTAC
TGAGACTTGAATGGACT TAAMCGGAGCTCGGATGAATTACTTATGTATTTTAGAASATARACTGTGTTTT
TACTAATAAAGAAAAAGTCCTTAATTAATTATTGCGTGATAAT ACCCAGEGCTGACGTCATCT AAGGGEGE
GCGEGCGCCGACAGGIGGEGCCCACGGGTCAGCAGC TCAAGGTGGCCGGETCTACCGTGGACCGGGACCACG
CGGEGTGGETCCACCGCCGETCCACGGGACCGACGGTCCGGATCGECCGEEAGGCCGATCGGACGGCACGGT
GECGECTAGGCACGECTCEACTCGGCT TCAAAACCGECCGETCGECCATGECAACTGGCGECGACGCGCA
CEETCACCGGECGACGECARTCGGCGECGCGEGAAGCGATGGCGGACGEEGET AMMGEACGGCGGCGTCGAC
CGAAGGCGACGGECGAGCECGETGEAGAGAGGLGECGCAMACGAGAGAGAGGEGAAGAGGGAGGAGGEGEGE
AT CCTCACCGGCGAGT ATGECGECCGEAGTGGAGGAT GAAGGTGECGGLGACGACCTGGCGAT GAGGAGG
GGCGEACGGEECEECEECAGTACCT ACGGAGGGAGT TGAGAAGGATTAGGAGT AGAGGGAGT GACCACGGT

Fig. 8.8 AC080019 Fasta file in Notepad

By clone name:
$seqobj = $gb->get Seq_by id(‘'OSJINba0094H10’);

To test this, let’s write a small script that takes the ID from the command-
line and see what output we get for the different identifiers.

use Bio::DB::GenBank();

$gb = new Bio::DB::GenBank();

$seqobj
$id

$description = $seqobj->desc();

$gb->get_Seq_by_id(“SARGV[0]");
$seqobj->id();

$moltype $seqobj->moltype();

$length

$seqobj->length();
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$dnaseq = $seqobj->seq();
print “ID: $id\n”;

print “Description: $description\n”;
print “Molecule type: $moltype\n”;
print “Sequence: $dnaseq\n”;
print “Length: $length\n”;

Note that $ARGV[0] is a sequence identifier, not a multiple Fasta file saved
locally. As explained earlier, $ARGVI[0] could be the accession number, GI
number, etc. Try the above code with the different identifiers. The output
should be the same in each case.

Similarly, the get_Seq_by_acc method retrieves a Bio::Seq object by its
accession number and returns a Bio::Seq object. If the accession number is not
found, the method displays an “ID does not exist” exception.

If you want to obtain just a part of the sequence, you can use the subseq
method and supply the start and end nucleotide positions of the sequences
that you want to extract.

use Bio::DB::GenBank();
$gb = new Bio::DB::GenBank();
$seqobj = $gb->get Seq_by id(“SARGV[0]");

#get description
$description = $seqobj->desc();

print “Description: $description\n”;

#get a subsequence
$subseq = $seqobj->subseq(1, 100);
print “Sequence from 1 to 100:\n$subseq\n”;

This will give only the sequence from nucleotide positions 1 to 100. The
command for the script (called getSequence.pl) run with the accession num-
ber and its output is shown in Figure 8.9.
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nperligetSequence.pl ACHEHH19
Description: Genomic sequence for Oryza sativa, Mipponbare strain
?4H18, from chromosome X. complete seguence.

Bequence from 1 to 166:
AAGCTTGACGTTCAACAGGGGGCGACT CCACT CCACAGGCAATCCTTGACGGCAGCGACAAAACCAA
TCCAACTGAGAAGAACTTC

Nperl>

Fig. 8.9 Extracting subsequences

Assignments

1. Download and uncompress the nr.Z database from NCBI (ftp://
ftp.ncbi.nih.gov/blast/db/). Write a script to download all rat se-
quences (Rattus norvegicus) from nr in Fasta format. How many rat
sequences are present in the current release of nr?

2. For each of the rat sequences, write a script to parse the GenBank
record and create an HTML table containing the following information:

Gl number

Accession number

Protein product name
Complete protein sequence

Domain information (see below)

For example, the GenBank record for rat protein “delayed rectifier
potassium channel Kv4” (gi 111574) contains the following informa-
tion as identified by the Features list:

Parse each of the “Region” entries and add it to the Domain infor-
mation field in the following manner:
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FEATURES Location/Qualifiers
source 1..585

/organism="Rattus norvegicus"
/db_xref="taxon:1011g"

Frotein 1..585
/product="delayed rectifier potassium channel Kv4,
neuronal
/note="potassium channel protein Raw2"

P Rocon 191..209
/region_name="domain"
Jnote="transmembrans"

P F0 245..266
/region name="domain"
/note="transmembrans"

—_— 278..298
/region_name="domain"
/note="transmembrane"

— 310..328
/region_name="domain"
/note="transmembrane"

—p 345..364
/region_name="domain"
/note="transmembrane"

—Ppi 415..436
/region_name="domain"
/note="transmembrane"
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Region name: Transmembrane
Coordinates: 191-209
Subsequence: YVAFASLFFILVSITTFCL
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§ 9.1 INTRODUCTION

In the last chapter we saw how a GenBank record is structured and how we
can use the Bio::DB::GenBank module to extract basic information on sequence
data using unique identifiers such as the accession number, GI number or
clone name. In this chapter, we will learn how to use the methods provided by
the Bio::Seql, Bio::SeqlO and Bio::SeqFeaturel packages to access further
information from a GenBank record.

§ 9.2 GENBANK TAGS

Before we do so, we need to understand how BioPerl views a GenBank record.
If you remember, the GenBank record consists of a header portion at the top
which provides such information on the sequence such as the locus, definition,
accession number, the source organism, the authors, etc. (Figure 9.1).

The record then provides information on the sequence itself in extensive
detail (especially if it is a fully annotated record). These are listed under the
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Search Nucl=otds for Go| | Clear
Display GanBank Show: 21 Sendtn Fila Gel Subsequence

1: AC080019. Genomic sequence ...[gi:13112226]

LOCUS AC080018 149654 bp DNA linear PLN 27-FEB-2001

DEFINITION Genomic sequence for Oryza sativa, Nipponbare strain clone
0SJNBa0094H10, from chromosome X, complete sequence.

ACCESSTON  AC080018%

VERSION AC080018.7 GI:13112226

KEYWORDS HTG.

SOURCE oryza sativa (japonica cultivar-group)
ORGANISM

Eukaryota; Viridiplantae; Streptophyta:; Embryophyta: Tracheophyta:
spermatophytas Magnoliophyta: Liliopsida; Poales; Poaceze:
Ehrhartoideae; Oryzeae; Oryza.
REFERENCE 1 (bases 1 to 149654)

AUTHORS Spiegel, L.A., Nascimento,L.U., de la Bastide,M., Kirchoff,K.A.,

D Internet

Fig. 9.1 GenBank header for rice BAC AC0080019

title “Features” and include such information as the source of the sequence
(viz., the name of the organism it is derived from, its chromosomal location,
etc.) and the genes, repeat regions and proteins found on the sequence
(Figure 9.2), with specific details on each of the features.

BioPerl calls these features “tags” (Figure 9.3). All the main headings under
Features such as source, repeat_region, gene, CDS, etc. are called Primary
tags. Each Primary tag has a value and, in addition, carries information below
it in the form of sub-tags. For example, the first Primary tag “gene” in Figure
9.3 has a value of 55..1885, which is just the start and stop coordinates of the
gene and has sub-tags called “gene” and “note” appended with a/sign. Each
of these sub-tags, in turn, have values, which, in this case, describe the identifier
and the definition of the gene: “OSJNBa0094H10.1” and “Hypothetical protein”
respectively. Some examples of Primary and sub-tags and their corresponding
values as represented in the AC080019 GenBank record for Rice BAC
OSJNBa0094H10 are presented in Table 9.1. In each case, the primary features
are highlighted.

EN MK



The McGraw-Hill Companies

E§ vK

Back ~ * | ¥, Saarch Favinitas ‘)\ﬁdn % T = w‘

Accessing GenBank Data 163

o

a » »

g G

bdé'piésmid‘SJBCTOEE'éf more than one ML3 subclone; and "~

et nicb k.. 90 fomberm A b o 8 Brfrl y by =2tadbmnudecti e

assembly was confirmed by restriction digest.
FEATURES Location/Qualifiers
source 1..1459654

/organism="0Oryza sativa (japonica cultivar-grou
/mol_type="genomic DNA"
/cultivar="Nipponbare"
/db_xref="taxon:39947"
/chromosome="X"
/clone="0SJINBaD094H10"
/clone 1ib="HindIII"
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/note="RetrosatZ Ty3-Gypsy_retroelement"
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/note="Hypothetical protein"
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Fig. 9.2 Sequence features on a GenBank record
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FEATURES Location/Qualifiers
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[faxon:39947"

/note="Retrosat2 Ty3-Gypsy retrcoelement"
55..1885
/gene="0SINBa0094H10,1"
/note="Hypothetical protein™
repeat Jion 2827..4457

/note="0ryza sativa centromeric repeatDNA, RCS1
Jene complement (2917..5714)

»

Fig. 9.3 Tag-value pairs in a GenBank record
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Table 9.1 Tag-value pairs in the AC080019 GenBank record

Tag type Tag name Tag value
1 Primary Source 1..149654
>Sub-tag  Organism Oryza sativa (japonica cultivar-group)
>Sub-tag  mol_type genomic DNA
>Sub-tag  cultivar Nipponbare
> Sub-tag db_xref taxon:39947
>Sub-tag  chromosome X
>Sub-tag  clone OSJNBa0094H10
>Sub-tag  clone_lib HindIII
2 Primary repeat_region  1..4272
->Sub-tag  note Retrosat2 Ty3-Gypsy_retroelement
3 Primary gene 55..1885
->Sub-tag  gene OSJNBa0094H10.1
>Sub-tag  note Hypothetical protein
4  Primary CDS complement(join(35752..36640,36704..36883,
37831..37865))
>Sub-tag  gene OSJNBa0094H10.6
- Sub-tag codon_start 1
>Sub-tag  product Hypothetical protein
>Sub-tag  protein_id AAK13109.1
>Sub-tag  db_xref GI:13129451
>Sub-tag  translation MKVEKGRDAPKVPLPSLPVVP ... LSFPRLVAWW

g 9.3 EXTRACTING TAGS AND THEIR VALUES

BioPerl provides mechanisms to access both the Primary tag and each of the
sub-tags below it. These methods are derived from the Bio::SeqFeaturel mod-

ule and are described in Table 9.2.

X
=
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Table 9.2 Bio::SeqFeaturel methods
Method name Function Usage
start Start coordinate of feature $feature> start
end End coordinate of feature $feature>end
strand Orientation of feature (1 for the $feature-> strand

forward strand, -1 for the reverse
strand, 0 if not relevant)

length Length of feature $feature->length

all_tags Extracts all tags for a feature $feature—>all_tags
each_tag_value Extracts all values for a tag $feature>each_tag_value
has_tag Checks if a tag is present $feature->has_tag
source_tag Extracts the source tag for a feature $feature->source_tag

(i.e., where the feature comes from,
e.g., BLAST, GenScan, etc.

The use of these methods in actual code is illustrated below.

X
s As always we begin with a use statement that includes the Bio::SeqlO module
in our program.

use Bio::SeqlO;

We then create a new instance of the Bio::SeqlO object by invoking the
new() class method, and assign it to $infile.

my $instream= Bio::SeqlO->new(-file => $ARGV[0], -format => “Genbank”);
Note that this statement can also be written as:

my $instream= new Bio::SeqlO(-file => $ARGV][0], -format => “Genbank”);
As we saw in Chapter 7, new() accepts two parameters:

o file (path to file to be opened for reading or writing)
e format (the file format: EMBL, Fasta, SwissProt, GenBank, etc.)

In this case, we have simply chosen to provide the file name on the com-
mand-line (SARGVI[0]); the format of the input file is GenBank.

We can now create a $seq object and extract the DNA sequence from the
BAC along with other header information such as the accession number, the
primary ID, the display ID and description.
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my $seq = Sinstream->next_seq()
$accession = $seq->accession_number();
$seq = $seq->seq();
$desc = $seq->desc(); # Description
$dnaseq = $seqg->seq(); # DNA sequence
$did = $seq->display_id(); # Display ID
$pid = $seq->primary_id(); # Primary ID

The subseq() method can be used to obtain a subsequence:
$substr = $seq->subseq(start,end); #Obtain a subsequence
where start and stop represent the required start and end coordinates.

In addition, once we have the $seq object, we can extract information on the
species to which the sequence belongs using the methods provided by the
Bio::Species module. These methods are described in Table 3.3.

X
=
Table 9.3 Bio::Species methods
Method name Function Usage

common_name The common name of the organism $species->common_name

genus Extracts the genus of the organism  $feature->genus
binomial The full scientific name of the $feature>binomial
organism
classification Returns the classification list in the
object as an array in the order
species, genus, ..., kingdom. $feature—> classification

The classification method yields an array of terms used to describe the
taxonomy of the organism. In the case of rice, the classification is:

‘sativa’,
‘Oryza’,
‘Oryzeae’,

“Ehrhartoideae’,
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‘Poaceae’,
‘Poales’,
‘Liliopsida’,
‘Magnoliophyta’,
‘Spermatophyta’,
‘Tracheophyta’,
‘Embryophyta’,
‘Streptophyta’,
‘Viridiplantae’,
‘Eukaryota’

which simply means that rice (Oryza sativa) belongs to the Kingdom

Viridiplantae (which represents green plants and green algae), the Phylum
 Magnoliophyta (representing flowering plants), the Class Monocotyledoneae
= (also called Liliopsida for the grasses), the Family Poaceae, the Tribe Oryzeae,
=[5 the Genus Oryza and the Species sativa.

If the BAC represented a human sequence, the corresponding classification
would be:

‘sapiens’,
"Homo’,
‘Hominidae’,
‘Catarrhini’,
‘Primates’,
‘Eutheria’,
‘Mammalia’,
‘Euteleostomi’,
“Vertebrata’,
‘Craniata’,

‘Chordata’,
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‘Metazoa’,
‘Eukaryota’
which has a similar connotation.
The methods are used as follows:

my $organism = $species->common_name; # Organism

my $genus = $species->genus; # Genus
my $name = $species->binomial(); # Full scientific name
my @class = $species->classification(); # Full taxonomy

Importantly, we can now extract the tags from the BAC along with their
values. To get all the features, viz., gene, mRNA, repeat_region, CDS, etc., use
the all_seqFeatures() method from the Bio::Seql package (which provides an
abstract interface of annotated sequence):

@features = $seqg->all_SeqgFeatures();

X
= which returns an array of all the features associated with the sequence. Now,
we can iterate over the array and retrieve all the associated values:

foreach my $feat(@features) {

print “Feature “, $feat->primary_tag,

“\nStrand = “, $feat->strand,

“\nFrom = “ $feat->start,

“to = “ $feat->end,

“\nSource = “, $feat->source_tag(), “\n”;

}

This will give only the information associated with the Primary tag. To get
all the sub-tags and their values, we need to iterate over each of the tags:

@tags = $feat->all_tags();
foreach $tag(@tags) {

@values

$feat->each_tag_value($tag);

print $tag, “ = “, @values, “\n”;
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To get all tags of the type “translation”, we can use the has_tag() method to
check for the presence of that string.

#get all translations

if ($feat->has_tag(‘translation’)) {

@proteinids = $feat->each_tag_value(‘translation’);

print “@proteinids\n”;

}

Similarly, to get all the gene names in the BAC (eg., OSJNBb0076H04.1,
OSJNBb0076H04.2, etc ), check for the tag “gene”.

#get all genes

if ($feat->has_tag(‘gene’)) {

@geneids = $feat->each_tag_value(‘gene’);

print “@geneids\n”;

§ 9.4 SAMPLE SCRIPTS

A few sample scripts and their outputs are shown here to illustrate the use of

the methods described above.

Listing 9.1 Sample script 1

my $seq

my $dnaseq

my $did
my $pid

use Bio::SeqlO;
my Sinstream = new Bio::SeqlO(-file => $ARGV[0],— format => “Genbank”);

= Sinstream->next_seq();

my $accession = $seqg->accession_number();

= $seqg->seq();
= $seqg->display_id();
= $seq->primary_id();

(Contd.)
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(Contd.)

my $desc = $seq->desc();

my $substr = $seq->subseq(10,50);

my $species = $seqg->species();

my $organism = $species->common_name;

my $genus = $species->genus;

my $name = $species->binomial();

my @class = $species->classification();

print “class = @class\n”;

print “

Description = $desc

Organism = $organism

Genus = $genus

Scientific name = $name

Accession number = $accession

Display ID = $did

Primary ID = $pid

Subsequence = $substr”;

:\perl>hioseql.pl ACABAALY? . txt
lass = sativa Oryza Oryzeae Ehrhartoideae Poaceae Poales Liliopsida M
ta Spermatophyta Tracheophyta Embryophyta Streptophyta Uiridiplantae E

Description = Genomic sequence for Oryza sativa,. Mipponbare strain
NBa#d?4H1@, from chromosome X. complete sequence.

Organism Oryza sativa (japonica cultivar—group)

enus Oryza

Bcientific name Oryza sativa

Accession number ACHBAA1Y?

ACHSAA1Y

13112226

TTCAACAGGGGGCGACT CCACT CCACAGGCAATCCTTGACG

Subsequence
\perl>

Fig. 9.4 Output of Listing 3.1
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Sample script 2 (Extract Primary tags only)
use Bio::SeqlO;
my $instream = new Bio::SeqlO(-file => $ARGV][0], -format => “Genbank”);
my $seq = Sinstream->next_seq();
@feats = $seq->all_SeqFeatures();
foreach my $feat (@feats) {
$count++;
print “$count] Feature = “, $feat->primary_tag,
“\nStrand = “, $feat->strand,
“nNFrom = ¢, $feat->start,
“to = “ $feat->end,
“\nLength = “, $feat->length,
“\nSource = “, $feat->source_tag(),
“\n”;
}
Sample script 3 (Extract all tags)
use Bio::SeqlO;

my $instream = new Bio::SeqlO(-file => $ARGVI[0], -format => “Genbank”);
my $seq = S$instream->next_seq();

@feats = $seqg->all_SeqgFeatures();
foreach my $feat (@feats) {

$count++;

print “$count]
Feature =*, $feat->primary_tag,
“\nStrand = “, $feat->strand,
“\nFrom =*, S$feat->start,
“to = “ $feat->end,

“\nLength = “, $feat->length,

(Contd.)
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snperlhioseq2.pl ACH8BHA1Y.txt > bioseqZout.txt
:nperlimore bioseg2out .txt

1] Feature = source

1 to = 149654

149654
EMBL/GenBank/SwissProt

= pepeat_region

1 to = 4272
4272
EMBL-/GenBank/SwissProt

= gene
55 to = 1885

1831
EMBL-/GenBank/SwissProt

4] Feature = pepeat_region

2827 to = 4457
1631
EMBL/GenBank/SwissProt

L1 I [

= gene
2917 to = 5714
2798
EMBL/GenBank/SwissProt

o nu

D ource

Fig. 9.5 Output of sample script 2

(Contd.)

“\nSource = “, $feat->source_tag(),

“\n”;
#get all tags for all primary features viz., gene, mRNA,
@tags = $feat->all_tags();
foreach $tag (@tags) {

@values = $feat->each_tag_value($tag);

print “Tag: “, $tag, “= “, @values, “\n”;
}

print “\n”;

EN MK



The McGraw-Hill companies

EN MK

Accessing GenBank Data 173

:sperl>bioseqgd.pl ACBEBA1Y? .txt > biosegdout.txt
:sperlimore biosegdout.txt
1 Feature = source

1 to = 149654
149654
ource EMBL/GenBank/SuissProt
chromosome= ¥
clone_lib= HindIII
cultivar= Nipponhare
clone= 0SJNBaB@?4H1B
organism= Oryza sativa (japonica cultivar—group?
mol_type= genomic DNA
db_xref= taxon:39947

21 Feature = pepeat_region
1l

1 to = 4272

4272

Source EMBL-GenBank/SwissProt

ag: note= Retrosat2 Tyld-Gupsy retroelement

31 Feature = gene

1

55 to = 1885

1834

Source EMBL-GenBank/SuwissProt
ag: gene= 0SJNBaBA?4H16.1

ag: note= Hypothetical protein

Fig. 9.6 Output of sample script 3

Assignments

Download a fully annotated BAC sequence for a sequence from Rattus
norvegicus. Write a script to parse the GenBank record and create an HTML
table containing the following information (wherever available):

Gl number
Accession number

Protein product name
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Complete protein sequence
Domain information (see below)

For example, the GenBank record for rat protein “delayed rectifier potassium
channel Kv4” (GI 111574) contains the following information as identified by
the Features list:

'\'-_J HCH] Beq U0 Visen O wiciosotid ey oct Exn arey
- %

Fla FEdt View Favorbes Tock Halp

Back ~ % L, sewch T Fevortes o [‘Meda - - v LB
It /W il . Qov y.Fegive b _uide=1 1 1574Rd00t=GanPapt
‘ PUEBMELD =y . :
FEATURES Location/Qualitiers
source 1..585

/organism="Rattus norvegicus"
/db_xref="taxon:10116"
Froteil 1..585
/product="delayed rectifier potassium channel Kv4,
neuronal"
| /note="potassium channel protein Raw2"
P 191..209
v | /region_name="domain"
| /note="transmembrans"
= —_— 245, .266
: /region name="domain"
| /note="transmembrans"
— 278..298
/region name="domain"
/note="transmembrane”
i | 310..328
/region name="domain"
| /note="transmembrane"
—_—p 345..364
/region_name="domain"
| /note="transmembrane"
Hr 320! 415. .43¢6
/region_name="domain"
’ /note="transmembrane"

Parse each of the “Region” entries and add it to the Domain information
field in the following manner:

Region name: Transmembrane
Coordinates: 191-209
Subsequence: YVAFASLFFILVSITTFCL
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10

§ 10.1 INTRODUCTION

In this chapter, we will introduce the Basic Local Alignment Search Tool
(BLAST) that is commonly used in sequence analysis and demonstrate how the
searches can be automated usings both conventional Perl modules and BioPerl
modules.

In Chapter 1, we had used BLAST to find high scoring local alignments
between an input sequence and sequences in NCBI database through the web-
based tool that is available through their website at http://
www .ncbi.nlm.nih.gov/BLAST/. We had also demonstrated how to perform
automated BLAST analyses using standard Perl code. In this chapter, we will
learn how to run searches using standard Perl as well as the direct use of
specialized BioPerl modules.

§ 10.2 BLAST PROGRAMS

There are a number of variants of the BLAST algorithm and the choice of a
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particular algorithm primarily depends on the type of sequence to be analyzed
(that is, nucleotide or protein).

The search programs and their applications are described in Table 10.1.

Table 10.1 BLAST programs

Program  Query Database Comparison Application
sequence  of type
of type

BLAST2 DNA or DNA or DNA < DNA Find level of seque-

protein protein or nce similarity or
Protein <« protein identity between the
Compares a nucleotide or  input nucleotide or
a protein query sequence protein sequences.
against another nucleo-
tide or protein sequence.

BLASTN  DNA DNA DNA < DNA Find DNA sequen-
Compares a nucleotide ces that match the
query sequence against a  query.
nucleotide sequence data-
base.

BLASTP Protein Protein Protein < protein Find identical (hom-
Compares an amino acid ologous) proteins.
query sequence against a
protein sequence data-
base.

BLASTX  DNA Protein Protein <« protein Find what protein
Compares a nucleotide the query sequence
query sequence translat- codes for.
ed in all reading frames
against a protein sequ-
ence database.

TBLASTN  Protein DNA Protein <> protein Find genes in

Compares a protein
query sequence against a
nucleotide sequence data-
base dynamically transla-
ted in all reading frames.

unknown DNA
sequences.

(Contd.) >
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Table 10.1 (Contd.)

TBLASTX DNA DNA Protein <« protein
Compares the six-frame
translations of a nucleotide
query sequence against the
six-frame transla tions of a
nucleotide sequence data-
base.

Discover gene struc-
ture. (Find degree of
homology between
the coding region of
the query sequence
and known genes in
the database.)

&

=
= 10.3 BLAST2

i

We will begin the exercise with the BLAST2 algorithm which is used to per-
form a search between two input sequences. This is also known as a “pair-
wise” search and its purpose is to examine the level of identity between the
input sequences. This analysis is performed at the nucleotide or amino acid

EN VK

To perform a BLAST2 analysis, you need to specify:

level and both sequences need to be either DNA or protein sequences.
This program is available on the NCBI site and can be accessed at:

http:/ /www .ncbi.nlm.nih.gov/blast/bl2seq/bl2 html

1. Two input sequences (nucleotide or protein) or their GI numbers.
2. The BLAST program to use (BLASTN or BLASTP for a nucleotide or

protein sequence respectively).

3. The matrix (we will use the default BLOSUM®62 for BLASTP).

4. Parameters such as gap and extension gap penalties, etc. (we will use

the default settings).

The parameters and their values (for a protein-protein BLAST2) are as

follows:

Name of program value = BLASTP

Name of matrix value = BLOSUMG62
First sequence name = one
Second sequence name = two

Action (Command) name = submit
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B 8 e Fperte  Tok b »
IS nchs.m i e ol

£ .g‘

BLAST 2 SEQUENCES

This tool produces the aligrnment of two given sequences using | | engine for local alignment.

The stand-alone executable for blasting two sequences (bl2seq) can be retrieved from /O 10 11 il

[elerence: Tatiana A, Tatusova, Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparing protein
and nucleotide sequences”, FEMS Microbiol Lett. 174:247-250

o baste - Natry NotAgplicebie —3 Program and Matrix

Parameters used in 1. \" 1" program only:
Reward for a match: | Penalty for a mismatch: 2

Use Mean ) A5 Strand option Bot svands
Opengap = and iongap ¢ penalti Search parameters
gap x_dropoff 51 copect 100 wordsize 11 il Mg
Sequence 1 Enter accession or Gl or download from tile [ P —
or sequence in FASTA format [rom: 9 to: 0

—’{ Paste sequence 1 | = g: ::;ecriglﬁr;:mber

Sequence 2 Enter accession or GI or download from file Bowss .
or sequence in FASTA format 1rom: 0 10:0

—-—-Dl Paste sequence 2 |

Fig. 10.1 BLAST2 at NCBI

§ 10.4 PERL MODULES FOR BLAST2

You can use the standard Perl modules LWP::Simple and LWP::UserAgent to
perform BLAST2.

The basic code using the modules for a pair-wise BLAST between two
sequences with GenBank IDs $gbid1 and $gbid2 is shown below:

1. Using LWP::Simple:
#!/usr/bin/perl
$/=undef;
use LWP::Simple;
$url =
“http://www.ncbi.nIm.nih.gov/blast/bl2seq/wblast2.cgi?program=blas
tp&matrix=BLOSUM62&one=$gbid1&two=$gbid2&Action=submit”;

$page = get(Surl);
print “$page”;
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Of course, the matrix can be changed to any of the available options (PAMA40,
PAM120, PAM250, BLOSUM50, BLOSUM62 and BLOSUM90) depending on
the specific purpose of the analysis. No alternate scoring matrices are available
for a nucleotide-nucleotide BLAST?2.

Now, let’s see the equivalent code using the LWP::UserAgent module. Unlike
LWP::Simple, the LWP::UserAgent module provides an object oriented interface
to the World Wide Web (WWW). It provides the user with methods to create
an agent (hence the name ‘UserAgent’) which in turn is used to issue requests
(for example, perform a pair-wise BLAST) to specific services (e.g., the NCBI
BLAST?2 server) on the WWW and obtain a response (the result of the BLAST2
analysis). Both of these latter functions (formulating a request and obtaining a
response) are handled by a different class. These are called HTTP::Request
and HTTP::Response respectively.

As with other object oriented programs, the first step is the creation of an
object of the type LWP::UserAgent. This is done through the ‘constructor” which
simply creates a new instance of the LWP::UserAgent object using the new

v keyword:

Step 1: Create an object of type LWP::UserAgent:
$ua = new LWP::UserAgent;

Step 2: Create an instance of HTTP::Request encoding the BLAST2 request.
Again, we use the new keyword to create an object of type HTTP::Request.
One key difference between the LWP::Simple and the LWP::UserAgent mod-
ules that we have used above is in the way we have formulated the request.

With LWP::Simple, the request is created directly and the various param-
eters are visible in the URL:
$url =
“http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?program=blas
tp&matrix=BLOSUM62&one=3%gbid1&two=$gbid2&Action=submit”;

In contrast, with the LWP::UserAgent module, the data is sent as part of the
HTTP request. The information doesn’t appear in the URL and, therefore, is
more ‘secure’. In addition, it also allows a greater number of parameters to be
set. The code for the instantiation step is as follows:

$request = new HTTP::Request
(POST=>’http://www.ncbi.nIm.nih.gov/blast/bl2seq/wblast2.cgi’);
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Next, we formulate the request and specify the various parameters we want
to use:
$request->
content(“program=blastp&matrix=BLOSUM62&one=1350818&two=133198&
Action=submit”);
Here, we have used the GenBank IDs 1350818 and 133198.

We also need to specify another piece of information known as the MIME
type or content type. MIME—Multi-purpose Internet Mail Extensions—specify
a standard way of classifying file types on the Internet. The purpose of MIME
types is to enable Internet programs such as Web servers and browsers to
transfer files of the same content type in a standardized manner, independent
of the underlying operating system. The MIME type enables programs to de-
termine how to open files of a given type, how to view them, etc. A MIME
type has two parts: a type and a sub-type. They are separated by a slash (/).
For plain text, for example, the MIME type is simply “text/plain”.

Since we are using the information to plug information into a WWW form,
the MIME type we need is:

application/x-www-form-urlencoded
This information is specified as follows:
$request->content_type(‘application/x-www-form-urlencoded’);

This request is then passed through the UserAgent request() method, which
dispatches it using the relevant protocol, and returns an HTTP::Response object:

$response = $ua->request($request);

Finally, if the request is properly processed, we can obtain the response
from the server:

if ($response->is_success()) {
print $response->content();
}
else { warn “Unsuccessful attempt at Blast2!\n”; }
The complete code is as follows:
2] Using LWP::UserAgent:

#!/usr/bin/perl
$/ = undef;
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use LWP::UserAgent;

#1
$ua = new LWP::UserAgent;

#2

$request = new HTTP::Request
(POST=>"http:\\V\www.ncbi.nlm.nih.gov\/blast\/bl2seq\/wblast2.cgi”);

#3

$request->
content(“program=blastp&matrix=BLOSUM62&0one=1350818&
two=133198&Action= submit”);

#4
$request->content_type(‘application/x-www-form-urlencoded’);
#5

$response = $ua->request($request);

if ($response->is_success()) {
print $response->content();

}

else { warn “Unsuccessful attempt at Blast2\n”; }

Save the program as blast2.pl. Run the program and capture the information
as a HTML file:

C:\perl> Blast2.pl > blast2.html

Open the output file using a web browser and the result should appear as
shown in Figure 10.2.

The HTML file can be parsed using regular expressions to extract relavant
information.

i
% 10.5 USING BIOPERL FOR BLAST2

We will now see how the same operation can be performed using a BioPerl
module. For this, we need to use the Bio::Tools::Run::StandAloneBlast module.
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Fim Edl Vew Favortes Took  ralp ’
sk ~ % . Sewrch Favorkes | [Wada = % R

EubMed ILAST laxanomy

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.5 [Nov-16-2002]

Malrl. BLOSUMBZ - gap opet 1! gap extension; |

< _dropoff: 50 expect: 10000 wordsize 3 | iltes Align |
Sequence 1gi | *“001 1 Ribonuclease pancrealic precursor (RNase 1) (RNase A) (RNase Upl-1) (RIB-1). Length 156 (1 .. 156)
Sequence 28 11100 Ribonuclease pancreatic precursor (RNase 1) (RNase A). Length 150 (1 .. 150)
2
- 1

NOTE The statistics (bitscore and expect value) is calculated based on the size of nr database

Pecore = 216 bite (550), Expect = le-55
ldentities = 107/152 (70%), Positives = 125/152 (81%), Gaps = Z/152 [1%)
Quary: 1 MALERSLVRLLLLVLTLLVLGUVOPILGKRSRAKKFOROHMDSDS 3PS SSATYCNOMMRR 60

MAL KSLV L LLVL+LL++ VOPSLCKE+ A KF4RQHMDS +85 +888 YCNQMM+

sbict: i MAL-~KSLVLLSLLVLVLLLVR- VOPSLGRETAAAKFERQHMDS STSAACSSNYCNQMMRS S8
RNASE1 1 R R R e R e e I R R s e e R R R
Bignal 1 XAhx RERRRARAARRRANNRNAST RXXX%

disulfide 52 Ahwhh ke
Helical region 51 ettt a2
Hydrogen bonded turn 49 >

< My Cometer

— i — s

Fig. 10.2 Blast2.pl output

— ——

Check if this module is present on your system with the following command:
perl -e “use Bio::Tools::Run::StandAloneBlast”

If the command exits without issuing any error messages, the module has
been installed. If you get an error message saying,

“Can’t locate Bio/Tools/Run/StandAloneBlast.om in @INC (@INC contains:
D:/Perl/lib D:/Perl/site/lib .)”

then you need to download it to the appropriate directory on your system as
explained in Chapter 1.

You also need to install on your computer the blastall executable from the
NCBI ftp site. The next few sections explain how this is done.
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g 10.6 STANDALONE BLAST

The executables for Standalone versions of BLAST are available from the NCBI
ftp site (ftp://ftp.ncbi.nih.gov/blast/executables/snapshot/2004-07-25/) and
can be downloaded by anonymous ftp. Figure 10.3 shows the BLAST versions
available for the various platforms. The executable for the Windows version of
BLAST, called blast-20040725-ia32-win32.exe, is available as a self-extracting
archive from the ftp site (indicated in the figure).

=) ftp://ftp.ncbi.nih.gov/blast/executables/snapshot/2004-07-25/

agdress (@ ﬂp:/mp.ndi.m.gomasuexemtauesmuzoo@7-zsi
o B - Bl)biast-20040725-amd644inux. tar.gz

| Other Places ¥ o

B biast-20040725-42324inux. tar.gz

B8 blast-20040725-a32-solaris9. tar.gz

— |blast-200407254232-win32.exe <4——
B8 blast-20040725-4a64-inux. tar.qz

B biast-20040725-mips64-irix. tar.gz
least—ZDOﬂ?ZS-ppcBZ-n\acosx.ta.gz
Bbiast-20040725-sparc64-solaris8. tar.az
Fig. 10.3 Standalone versions of BLAST at NCBI

Details 2

2004-07-25

To install blastall on Windows, download the executable and extract its
contents into an appropriate location such as C:\blast. Figure 10.4 shows the
various programs installed as part of the BLAST suite. Some of these are
explained in Table 10.2.
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- aetnew
Ele Edit View Favorites Tools Help
Back ~ . Search Folders ... ~
) Ciiblastnew

data bl2seq
| blast-2.2.6-a32-win32 blastall
blastclust blastpgp
copymat fastacmd
farmatdb impala
makemat megablast

22 objects 27.6 MB +« My Com

Fig. 10.4 Blast suite of programs

Table 10.2 List of programs installed with BLAST

Program Function

Blastall Performs local BLAST searches using any of the five algorithms:
BLASTN, BLASTP, BLASTX, TBLASTN or TBLASTX.

Blastpgp Performs gapped BLASTP searches and can be used to perform it-

erative searches using PSI-BLAST (Position-Specific Iterative BLAST)
and PHI-Blast (Pattern-Hit Iterative BLAST).

Megablast Alignment program for nucleotide sequence where the sequences
differ slightly as a result of sequencing or other similar errors. It
is upto 10 times faster than more common sequence similarity
programs and, therefore, can be used to swiftly compare two large

sets of sequences against each other.
(Contd.) >
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Table 10.2 (Contd.)

bl2seq Performs alocal alignment between two sequences using either
BLASTN or BLASTP. Both sequences must be either nucleotide or
protein sequences.

Blastclust Clustering program for protein or DNA sequences based on pair-
wise matches found using the BLAST algorithm in case of proteins
or Mega BLAST algorithm for DNA.

Rpsblast Reversed Position-Specific Blast. RPSBLAST performs a BLAST search
of a protein sequence vs. a database of conserved protein family
domains. Used to derive putative protein family information for an
unknown protein sequence.

Seedtop Performs a search between a sequence and a database of patterns
and identifies which patterns occur in the sequence.

Fastacmd Program to retrieve FASTA formatted sequences from a BLAST da-
tabase.

Formatdb Program to format BLASTable databases downloaded from NCBI.

-

;z 10.7 CONFIGURING blastall

X
=
After the executable has been installed, create a file called “ncbi.ini” in the
Windows or WINNT directory on your machine (C:\Windows or C:\WINNT,
etc. depending on the version of Windows you are running). The path to the
file will be C:\Windows\ncbi.ini or C:\WINNT\ncbi.ini for the above two ex-

amples. Add the following lines to the ncbi.ini file:

[NCBI]
Data="C:\path\data\”

where,
C:\path\data\

is the path to the location of the Standalone BLAST “data” subdirectory which
should be present in the directory where the downloaded file was extracted. To
check if everything has been installed properly, test the bl2seq command as
follows:

C:\blast>bl2seq.exe -i c:\perl\hpraa.txt -j c:\perl\bpraa.txt -p blastp

Where hpraa.txt and bpraa.txt are the protein sequences of the Human and
Bovine pancreatic ribonuclease respectively:

EN VK



EY VK

The McGraw-Hill Companies

186 Bioinformatics: Principles and Applications

>G1:1350818
malekslvrlllivlillvigwvgpslgkesrakkfgrghmdsdsspsssstycngmmrr
rnmtggrckpvntfvheplvdvgnvcfgekvickngggncyksnssmhitdcrltngsry
pncayrtspkerhiivacegspyvpvhfdasvedst
>G1:133198
malkslvlislivivilivrvgpsigketaaakferghmdsstsaasssnycngmmksrn
Itkdrckpvntfvhesladvgavesgknvackngqgtncygsystmsitdcretgsskypn
caykttqankhiivacegnpyvpvhfdasv

If the command succeeds, you should get the following output (Figure 10.5).

= -0 x

:z\blastnew>hl2seq.exe —1i c:\perlshpraa.txt —j c:\perlibpraa.txt —p blastp
Query= GI:1350818
(156 letters>

>GI:133198
Length = 158

Score = 192 hits (489). Expect = 2e-054
Identities = 877138 <(66x>, Positives = 188,138 {(76x>

UQPSLGKESHﬂHKFQRQHHHHHHHHXHHHTYCNQHHRRRNHTQGRCKFUNTFUHEPLUDU
UQPSLGKE+ A KF+RQHM YCNQMM+ RN+T+ RCKPUNTFUHE L DU
UQPSLGRETﬂﬂRKFERQHHDSSTSRRSS3N?CNQMMRSRNLTHDRCKPUNTFUHESLRDU

QNUCFQEKUTCKNGQGNCYKSNSSMH I TDCRLTNGSRYPNCAYRTSPKERHI IUACEGSP
Q UC g+ U CKNGQ NCY+S S+M ITDCR T S+YPNCAY+T+ +HITUAGEG+P
QAVCS QKNUACKNGQTNCYQSYSTMS ITDCRET GSSKYPNCAYKTTQANKHI IVACEGNP

YUPUHFDASY 152

YUPUHFDASUY
YUPUHFDASU 158

K

H
8.131 B.414

K H
8.84186 B.140

: BLOSUMG2

s: Existence: 11, Extension:
Hits to DB: 119
Sequences: @
extensions: 2
successful extensions:
sequences hetter than 18.8: 1
HEP's better than 18.8 without

Fig. 10.5 Pair-wise BLAST output
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==

% 10.8 Bio::Tools::Run::StandAloneBlast

We are now ready to use the Bio::Tools::Run::StandAloneBlast module to run
the pair-wise BLAST we performed on the command-line. The basic code for
the operation is as follows:

use Bio::Tools::Run::StandAloneBlast;

$seqobj = Bio::SeqlO->new(-file=>"c:\perl\kinesins.txt’ ,
‘“format’ => ‘Fasta’ );

$seq1 = $seqobj->next_seq();

$seq2 = $seqobj->next_seq();

@params = (‘program’=> blastp, ‘outfile’ => ‘c:\perl\bl2seq.txt’);

$factory = Bio::Tools::Run::StandAloneBlast->new(@params);

$bl2seq_report = $factory->bl2seq($seq1, $seq2);

As before, the output is directed to the file defined in the parameter list
(bl2seq.txt). An alternate way is to provide the sequences on the command-
1

me:
use Bio::Tools::Run::StandAloneBlast;
@params = (‘program’=> blastp, ‘outfile’ => ‘c:\perl\bl2seq.txt’);
$factory = Bio::Tools::Run::StandAloneBlast->new(@params);
$seqfile1 = Bio::SeqlO->newFh ( -file => $ARGV[0],
-format => ‘fasta’ );
$seq1 = <$sedfile1>;
$seqfile2 = Bio::SeqlO->newFh ( -file => $ARGV[1],
-format => ‘fasta’ );
$seq2 = <$sedfile2>;
$report = $factory->bl2seq($seq1, $seq2);
Save this script as bl2seq.pl and run it as follows:

C:\perl> bl2seq.pl hpraa.txt bpraa.txt

X
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§ 10.9 PERFORMING BLAST SEARCHES

BLASTing a sequence against a database can be done in a similar manner. The
only difference is that you must have a database locally installed on your
computer to run the local BLAST. The next few sections will explain how to
download and format databases.

Figure 10.6 shows a list of databases available for download at NCBI. The
ftp site is ftp://ftp.ncbi.nih.gov/blast/db/FASTA/. We advise installing a small
database such as ecoli.nt or ecoli.aa (the nucleotide and amino acid databases
of the bacterium E. coli respectively) to begin with. To do so, click on any of
the ecoli.nt.Z or ecoli.aa.Z files and save it on your computer.

By ponchinn env/blastib/EAS TR Micsosoftdnternet Explarern
File Edt View Favorites Tools Help
Back ~ Search Folders .. =
2] Ftp:/fftp.nebi.nih,gov/blast/db/FASTA]
Name Size  Type Modified
' “aluaz 101 KB WinZip File 4/8/2003 1:11 PM
nes 5 - “alunz 24.8KB WinZip File 4{8/2003 1:11 PM
~ldrosoph.aa.Z 4.49MB  WinZip File 4/8/2003 1:11 PM
~ Idrosoph.nt.Z 32.7MB  WinZip File 4/8/2003 1:11 PM
lecoli.aa.Z 944 KB WinZip File 4/8/2003 1:11 PM
~lecolint.Z 1.286MB  WinZip File 4/8/2003 1:11 PM
~ lest_human.Z 855MB  WinZip File 4/18/2003 1:32 PM
~ lest_mouse.Z S66MB  WinZip File 4/18{2003 1:33 PM
~ lest_others.Z 1.25GB  WinZip File 4/18/2003 1:34 PM
llgss.2 914MB  WinZip File 4/18/2003 1:24 PM
= Ihtg.Z 2.81GB  WinZip File 4/18/2003 1:27 PM
~ Ihuman_genomic.Z 657 MB  WinZip File 4/18/2003 1:31 PM
~ ligSeqnt.Z 9.24MB  WinZip File 4/8/2003 1:18 PM
- 'igSeqProt.Z 1.77MB  WinZip File 4/8/2003 1:18 FM
~Imito,aa.Z 377KB  WinZip File 4/8/2003 1:18 PM
= Imito.nt.2 865KB  WinZip Fils 4/8{2003 1:18 PM
= Imonth.aa.Z 17.7MB  WinZip File 4/18/2003 1:34 PM
~Imonth,est_human.Z 782KB WinZip File 4/18/2003 1:34 PM
~Imonth.est_mouse.Z 7.10MB  WinZip Fils 4/18/2003 1:34 PM
~ Imonth,est_others.Z 74.7MB  WinZip File 4/18/2003 1:35 PM
~Imonth,gss.2 41.5MB  WinZip File 4/18/2003 1:35 PM
" Imonthhtgs.z 213MB  WinZip File 4/18/2003 1:35 PM
~ Imonth.nt.z 119MB  WinZip File 4/18/2003 1:35PM
ez 386MB  WinZip File 4/18/2003 1:23PM
“nt.z 2.23GB WinZip Fils 4/18/2003 1:29 PM

Fig. 10.6 NCBI databases
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|

£ 10.10 FORMATTING NCBI'S DATABASES

&

You need to format databases before you can run searches on them. NCBI
provides a tool called formatdb that is part of the BLAST suite of programs to
create your own BLAST-searchable database. To format a nucleotide database
such as ecoli.nt database, run the following command from the DOS prompt:

C:\blast>formatdb -i ecoli.nt -p F -0 T

The corresponding command to format a protein sequence database such as
ecoli.aa is:

C:\blast>formatdb -i ecoli.,aa -p T -0 T

The options -i, -p and -o used with formatdb are some of the most commonly
used arguments. The individual options are explained in Table 10.3.

v formatdb arguments
=
Option Function
-i Input file for formatting
P Type of file
T — protein sequences (default)
F — nucleotide sequences
-0 Parse options
T — True: Parse Seqld and create indexes.
F — False: Do not parse Seqld. Do not create indexes.
-t Title for database file
-n Base name for BLAST files. Produces a database with a different

name than that of the original FASTA file. To create a database called
myecoliDB from ecoli.nt, for example, type:
formatdb -i ecolint -p F -o T -n myecoliDB

-5 Create indexes limited only to accessions—sparse [T/F]. Default = F.
This option limits the indices for the string identifiers used by
formatdb to accessions (i.e., no locus names) and is especially useful
for sequences sets like the ESTs where the accession and locus names
are identical. formatdb runs faster and produces smaller temporary
files if this option is used. It is strongly recommended for EST, STS,
GSS and HTG sequences.

EN VK



The McGraw-Hill companies [

190

Bioinformatics: Principles and Applications

Some of these arguments such as title of database, base name of database,
etc. are optional. When a BLAST-searchable database is created, a number of
tiles are produced. Using formatdb, these files will have extensions .phr, .pin,
.psq for protein databases and .nhr, .nin, .nsq for nucleotide databases. The
ecoli.nt file can be removed once formatdb has been run.

!

= 10.11 RUNNING blastall

To run blastall against the ecoli.nt database, download a test E. coli sequence
from NCBI (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide) such
as the E. coli beta-lactamase nucleotide sequence, save it on your computer and
run the following command:

=

C:\blast>blastall -p blastn -d ecoli.nt -i lactamase.txt -0 lactamase.out

Note that you may get the “[NULL_Caption] WARNING: test: Could not find
¥ index files for database” error message when blastall cannot find the database

you have specified. If any of these databases or files is on a different directory

than where BLAST is installed, you may need to specify the full path to the
database. For example,

c:\blast\blastall -p blastp -d d:\blastdb\nr\nr -i kinase.txt

An explanation of common command-line flags used with the blastall com-
mand is provided in Table 10.4.

Table 10.4 blastall options

Option Function Values
P Program name blastn, blastp, blastx, tblastn or tblastx
-d Database name nr, swissprot, est, etc.
-1 Input (query) sequence file cftr.txt, etc.
-0 BLAST results (output file) cftrout.txt, etc.
-e E value 0.1, 0.01, etc. Default = 10.
-F Filter query sequence T or F (for true or false)
-q Penalty for a nucleotide mismatch  integer

(Contd.) >
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Table 10.4 (Contd.)

-T Reward for a nucleotide match integer

-v Number of one line descriptions integer

-b Number of alignments to show integer

-g Perform gapped alignment T or F (for True or False)
-M Matrix matrix name

-W Word size integer

-T Produce HTML output T or F (for True or False)

To look at the contents of the BLAST results, open the lactamase.out file
using the more command on the DOS command-line or with a text editor such

as Notepad.

§ 10.12 RUNNING BLAST WITH
= BIO:: TOOLS::RUN::STANDALONEBLAST

EN MK

use Bio::Tools::Run::StandAloneBlast;

@params = (‘database’ => ‘ecoli\ecoli.aa’, ‘program’=> blastp,
‘outfile’ => ‘c:\perl\blastout.txt’, ° READMETHOD’ => ‘Blast’);

$factory = Bio::Tools::Run::StandAloneBlast->new(@params);

#Blast a sequence against a database:
$sedfile = Bio::SeqlO->new(-file=>"c:\perl\kinesins.txt’ ,
‘“format’ => ‘Fasta’ );

$seq = $seqfile->next_seq();

$blast_report = $factory->blastall($seq);

The location of the database should be C:\blast\data. This is assuming you
have downloaded the blastall executable in C:\blast. The database location

specified as ‘ecoli\ecoli.aa’ actually means:

The code to run BLAST using Bio::Tools::Run::StandAloneBlast is as follows:

X
=
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‘C:\blast\data\ecoli\ecoli.aa’

The BLAST output is directed to the file specified in the parameters list.
Note that this is the raw BLAST output that can be viewed with a text editor
such as Notepad. In the next chapter, we will see how to parse BLAST reports
generated by these scripts.

Assignments

1. Write a script that generates a pair-wise alignment between a set of
sequences in a multiple Fasta file and parses the output for the
E values, Identities and Positives. Vary the matrix used and find out
the difference in the output obtained.

The script should be run as follows:

blast2.pl -p blastp -m Blosum62 -f filename

where
[-p Program name (any of the five BLAST programs) ]
[-m substitution matrix, example., Blosum62, PAM30 ]
[-f Fasta file, use zfkinase.txt ]

and the output should be two tables:
Tablel: Alignment scores
Program used: Blastp
Matrix used: Blosum62/other
E value used: 10/other

ID1 ID2 Score (bits) Expect Identities Positives Gaps

Table 2: Protein sequence data

ID Name Length
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Note that if no similarity is found, this should be stated as zero identities,
zero positives, etc.

2. Given the partial DNA sequence for an unknown gene:

aacccgaaaa tccttccttg caggaaacca gtctcagtgt ccaactctct aaccttggaa
ctgtgagaac tctgaggaca aagcagcgga tacaacctca aaagacgtct gtctacattg
aattgggatc tgattcttct gaagataccg ttaataaggc aacttattgc agtgtgggag
atcaagaatt gttacaaatc acccctcaag gaaccaggga tgaaatcagt ttggattctg
caaaaaaggc tgcttgtgaa ttttctgaga cggatgtaac aaatactgaa catcatcaac
ccagtaataa tgatttgaac accactgaga agcgtgcagc tgagaggcat ccagaaaagt
atcagggtag ttctgtttca aacttgcatg tggagccatg tggcacaaat actcatgcca
gctcattaca gcatgagaac agcagtttat tactcactaa agacagaatg aatgtagaaa
aggctgaatt ctgtaataaa agcaaacagc ctggcttagc aaggagccaa cataacagat

List three possible BLAST programs that you can use to analyze
this sequence. Perform each of these analyses separately and compare
the first 10 hits from each of the outputs. Use your knowledge of
E values, matrices, gap penalties, etc. to set parameters that may be
optimal for the search. What is the effect of varying word length and
gap penalties on the output? Identify the gene and describe its struc-
ture. What is the significance of this gene and its protein product?

X
=
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11

In the last chapter, we learnt how to perform a local BLAST using the
Bio::Tools::Run::StandAloneBlast.pm module. All the programs yielded the raw
BLAST output which, you must have realized, can be quite verbose, complex
and difficult to interpret. This is because it generally holds a lot of data on the
different aspects of the hits that the search reveals. It would be easier if there
was a way to parse the output so that only the most relevant pieces of
information could be extracted and presented in a more readable form. In this
chapter, we will learn how to apply BioPerl methods to parse these raw files
and utilize the information more effectively. In particular, we will use the
Bio::Tools::Blast module. Bio::Tools::Blast supports NCBI Blast1.x, Blast2.x, and
WashU-Blast2.x, including both gapped and ungapped alignments.

%zs 11.1 GENERATING A RAW BLAST REPORT

Let’s first set up a simple BLAST analysis to generate a raw BLAST output file.
Figure 11.1 shows the result of a protein-protein BLAST done with the human
pancreatic ribonuclease (HPR):
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[Ba) -0 x

e D - \hlast>blastall.exe —d d:\blastdbNar\ne —-i c:zperli\hpraa.txt —o hprout.txt
hlastp

e D :“\blast>more hprout.txt
BLASTP 2.2.6 [Apr—09-20083]

Reference: Altschul. Stephen F., Thomas L. Madden. Alejandro A. Schaffer.

inghui Zhang. Zheng Zhang., Webb Miller. and David J. Lipman <{1997>.
“"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs",. MNucleic Acids Res. 25:3389-3482.

Query= GI:1358818
(156 letters>

Database: All non—redundant GenBank CDS

ranslations +PDB+SwissProt+PIR+PRF
1.847.264 sequences; 330.262,.42b6 total letters

Score E
Sequences producing significant alignments: Chits) Ualue

ref INP_A02924.11 (NM_B802233> ribonuclease, RNase A family, 1 {(pa... 277 2e—|
4

ipiri iINRHU1 pancreatic ribonuclease (EC 3.1.27.5) precursor — human 276 e
4

2:9ﬂL87BSB.1:ﬂF449629,1 (AF449629> pancreatic ribonuclease [Gor... 275 9e-|
gh IAALBY?AS2 .1 iAF449631_1 <(AF449631)> pancreatic ribonuclease [Hyl... 274 2¢—

Fig. 11.1 BLASTP search with HPR sequence

>gi|1350818|sp|P07998|RNP_HUMAN Ribonuclease pancreatic precursor (RNase 1) (RNase A) (RNase
Upl-1) (RIB-1)

MALEKSLVRLLLLVLILLVLGWVQPSLGKESRAKKFQRQHMDSDSSPSSSSTYCNQMMRRRNMTQGRCKP
VNTFVHEPLVDVQNVCFQEKVTCKNGQGNCYKSNSSMHITDCRLTNGSRYPNCAYRTSPKERHIIVACEG
SPYVPVHFDASVEDST

The command was run with the following parameters:
Database nr
Input file  hpraa.txt (the HPR amino acid sequence)
Program  BlastP
and the output was redirected to a file called hprout.txt:
blastall -d d:\blastdb\nr\nr -i c:\perl\hpraa.txt -o hprout.txt -p blastp

The raw BLAST results performed on the command-line and through the
NCBI website are shown in Figures 11.2 and 11.3.
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b liprout - Hotepad

File Edt Format View Help
BLASTP 2.2.6 [Apr-09-2003]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui 2hang, 2Zheng Zhang, webb Miller, and pavid 2. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", nucleic acids Res. 25:3389-3402.

Query= GI:1350818
(156 Tletters)

Database: All non-redundant GenBank CDS

translations+PDB+SwissSProt+PIR+PRF
1,047,264 sequences; 330,262,426 total letters

score

B

sequences producing significant alignments: (hits) value

ref|nP_002924.1| (Nm_002933) ribonuclease, rNase a family, 1 (pa... 277 2e-074
pir| |[NRHUL pancreatic ribonuclease (EC 3.1.27.5) precursor - human 276  7e-074
gb | AALB7050.1|AF440620_1 (AF4496293 pancreatic ribonuclease %Gor... 275  9e-074
gh | AALB7052.1|AF449631_1 (AF449631) pancreatic ribonuclease [Hyl... 274  2e-073
gb| AALB7049.1 | AF449628_1 AF4496283 pancreatic ribonuclease [Pan... 272  Be-073
gb|AALB7051.1|AF449630_1 (AF449630) pancreatic ribonuclease [Pon... 271 2e-072
emb|CAASSB17.1| (x79235) pancreatic ribonuclease [Homo sapiens] 267  3e-071
gb | AALB7063. 1| AF449642_1 (AF440642) pancreatic ribonuclease [PXg... 265 2e-070
pir| 153530 pancreatic ribonuclease (EC 3.1.27.5) precursor - hu... 264 3e-070
gb|AALB7058, 1| AF449637_1 (AF449637) pancreatic ribonuclease [sai... 262  Be-070
gh | AALB7060,1|AF449639_1 (AF449639) pancreatic ribonuclease [Ate... 260  3e-069
gb|AALB7059.1|AF449638_1 (AF449638) pancreatic ribonuclease [Sag... 258 2e-068
gh | AALB7061. 1| AF449640_1 (AF449640) pancreatic ribonuclease [Lag... 255 1e-067
emb|Cand4718.1] (x62946) pancreatic ribonuclease [Homo sapiens] 253 4e-067

Fig. 11.2 Raw BLAST output (hprout.txt)

% 11.2 THE BIO::TOOLS::BLAST MODULE

The minimal code to parse a BLAST report using the use Bio::Tools::Blast

module is as follows:
use Bio::Tools::Blast;
%parameters = ( specify parameters );
$blastObj = Bio::Tools::Blast->new(%parameters);
foreach $hit($blastObj->hits) { extract data }
where,

%parameters [parameters for parsing Blast reports ]
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D= pBYETARTAUBA G 255300, ¢ A8 50816 £p| PD7IE] RNPLHUMAN Ritionopieass

PETCE T
BaEE pRNG. £oe B

Back v

n.H{‘.
gij1ds

ail

Ek Edit View Favorites Tools Help

.
x ' 'search Favorites . 'Media < -

| | . ’ 4 -

_ | http:/ fwww.ncbi.nlm,nib . govsblast/Blast, ci# 19386943

Score

Sequences producing significant alignments: (hits)

pancreacic ribonucleas...
pancreatic ribonucleas...
pancreatic ribonucleas...

ribonuclease, RNase A family, 1...

pancreatic ribonuclease (EC 3.1.27.5)...

|  pancreatic ribonucleas...
pancreatic ribonucleas...
pancreatic ribonucleas...
pancreatic ribonucleas...
pancreatic ribonucleas...

pancreatic ribonucleas...
pancreatic ribonuclease [Homo sap...

1| AFd45645 1| pancreatic ribonucleas...
pancreatic ribonuclease (EC 3.1.27.5..
L1/ AF445641 1 pancreatic ribonucleas...

pancreatic ribonuclease [Homo sapi...
Chain A, Ribonuclease 1 Desl-7 Cryst...
Chain A, Domain-Swapped Dimer Of A4 H...

Chazn A, 3- D Structure Of A Hp-Rnase...
pancreatic ribonucleas...
pancreatic ribonucleas...
pancreatic ribonucleas...

nancreatic rihanneleas

E
Value

3e=-71
2p-55
Se-69
Be-69
1e~-68
2e-68
4e-68
6e-68
2e-67
le-66
2e-66
3e-66
le-62
3e-62
de-62
Se-61
le-60
le-59
le-59
Ze-59
4e-59
6e-59
1e-87

a

=

Oome

$blastobj
$hit

Fig. 11.3 Output of BLASTP performed at NCBI

[an instance of Bio::Tools::Blast ]

[each sequence element returned by BLAST ]

As always, a BLAST object can be instantiated using the new keyword in this

manner as well:

$blastobj

= new Bio::Tools::Blast (%parameters);

The parameters for parsing a BLAST report file are presented in the form of
a hash (key and value pairs) and are used to specify information shown in

Table 11.1.
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Table 11.1 Parameters for parsing BLAST
Parameter (key) Function (value)
-file name of file containing BLAST report
-signif cutoff E value. Hits with E value greater that this will be ignored
-filt_func Subroutine added to filter output by special criteria, e.g., gaps < 10

-check_all_hits 0 or 1. If set to 1 (true), all hits will be parsed to check if they meet
the significance criteria specified by the parameters -signif and
-filt_func. The default = 0 (or false), which means parsing of hits will
stop when the significance criteria fail. This speeds the parsing

process.

-stats 0 or 1. If set to 1, the program will collect information on the matrix,
filters, etc. used in the BLAST report. Default = false.

-best 0 or 1. If set to 1, the program will only process the best hit for each
report. Default = false.

-strict 0 or 1. If set to 1, uses strict mode for all BLAST objects created to

enhance error trapping.

X The signif can be a float (e.g., 0.001) or a number in scientific notation (e.g., X
E L “* ” L] E

le-10). In addition, a parameter called “parse”, with a value of 1, must be
specified for the parse to work:

parse [boolean, (=1) to parse the BLAST report ]

Note that all the parameters are specified in the form of a hash which is
nothing but a Perl data type that holds variables and their corresponding
values written as pairs separated by a delimiter (commonly =>):

%parameters = ( -file => ‘path_to_BLAST report’,
-parse => 1,
-filt_func => \&filter_function
);

The Perl shorthand to represent a hash is a % sign, thus the name
Y%parameters for the hash above.
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We have used hashes (also called associative arrays) in previous chapters
(although, perhaps, without explicitly stating so). The function GetOptions()
from the module Getopt::Long, for example, uses a hash to obtain command-
line arguments that you want to plug into the code at run-time. To search a
file with a given search term, for example, the hash key-value pairs can be
set up as follows:

GetOptions(“flfilename=s"=>\$filename, “s|searchterm =s’=>\$searchterm);

Here the keys are filename and searchterm and their values are \$filename
and \$searchterm respectively (Table 11.2).

Table 11.2 Key-value pairs in a hash

Key Delimiter Value
F|filename=s => \$filename
S|searchterm=s => \$searchterm

The “=s” after each variable, as we have seen earlier, means that a string is
expected (rather than, say, an integer or a float). Adding a back-slash (\)
before a variable creates a reference to that variable and here it means that
the value of each of the keys is a reference to the variables $filename and
$searchterm respectively. The actual string values of the variables (the file
name and the search term itself) are obtained by the GetOptions() function
(by a process called dereferencing) when the code executes.

The methods provided by Bio::Tools::Blast to extract information about the
individual hits (matches found to the query sequence in the database) and the
corresponding code are shown in Table 11.3.

Table 11.3 Bio::Tools::Blast methods

Methods to extract top-level information on every hit

Method Code
Sequence identifier of a hit $hit->name;

(Contd.) >
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Table 11.3 (Contd.)

E value of a hit
Number of high scoring pairs for each hit

Number of identities between query and
subject sequence

Number of gaps in the alignment between
query and subject sequence

Most significant hit

E value of most significant hit
(for NCBI BLAST2 reports only)

P value of most significant hit

(for BLAST1/WashU-BLAST2 reports
only. P values are not reported in NCBI
BLAST?2 reports)

Start coordinates of hit (subject) sequence
End coordinates of hit (subject) sequence

Get both query and subject in array
context

$hit->expect;
$hit->num_hsps;
$hit->frac_identical,

$hit->gaps;

$hit = $blastObj->hit;

$eval = $blastObj>lowest_expect;
or,

$eval = $blastObj->hit->expect;
$pval = $blastObj->lowest_p;

or,
$pval = $blastObj->hit->p;

$sbjct->start(‘query’);
$sbjct->end(‘sbjct’);
($query_start, $subject_start) =
$sbjct->start();

($query_end, $subject_end) =
$sbjct->end();

Methods to obtain information on high scoring pairs (HSPs) for each hit

E value of HSP
Raw score of HSP
Score in bits

The fraction of identical positions within
the given HSP. Returns a float with a
two-decimal precision.

Get the fraction of conserved positions
(‘positives’) within the given HSP.

Returns a float with a two-decimal precision.

The number of gaps in the query.

The number of gaps in the subject (hit)
The full query sequence as a string
The full subject sequence as a string

$hsp->expect
$hsp->score
$hsp->bits
$hsp->frac_identical

$hsp->frac_conserved
$hsp->gaps(‘query’)
$hsp->gaps(‘sbjct’)
$hsp->seq_str(‘query’);
$hsp->seq_str(‘sbjct’);
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To recap what we have learnt in earlier chapters, the significance of hits
returned by BLAST is gauged with the help of two numbers: the bit score
and the E value. The bit score is defined as

S’ (bits)= [I*S - InK]/In2
where,
S’ [bit score ]

S [raw score ]
and,

A (lambda) and K are Karlin-Altschul parameters

The conversion of the raw score into a normalized bit score makes it
independent of the matrix used (e.g., BLOSUMS62). The larger the bit score,
the greater the significance of the hit.

The E value, on the other hand, is an estimate of the statistical significance
of the match, specifying the number of matches, with a given score, that are
expected to occur in a search of a database of a particular size purely by
chance alone. An E value of 0.001, for example, means that there is a chance
of 1 in 1000 that the match has occurred by chance. One would also expect
that as the size of a database increases, there is more likelihood of getting
hits with a certain score that occur by chance alone. For this reason, the
E value depends on the size of the database searched. It is easy to see that as
the E value for a particular match decreases, the significance of the match
increases—that is, we are more confident that the match is real. Thus, the
smaller the E value, the greater the significance of the hit.

Methods for obtaining data on high-scoring segment Pairs or HSPs are pro-
vided by the Bio::Tools::Blast::HSP module. However, Bio::Tools::Blast::HSP
methods are accessed not directly but through the Bio::Tools::Blast module as
follows:

use Bio::Tools::Blast;

%parameters = ( ... );

$blastObj = Bio::Tools::Blast->new(%parameters);

$hit = $blastObj->hit; #obtain data on top hit

$hsp = $blastObj->hit->hsp; #obtain data on HSPs for top hit
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Each of these objects are hashes representing a Bio::Tools::Blast::Sbjct and a
Bio::Tools::Blast::HSP object.

To get all hits, use a foreach loop to iterate through the BLAST output:
foreach $hit($blastObj->hits) {

printf “%s\t”, $hit->name;

printf “%.1e\t”, $hit->expect;

printf “%d\t”, $hit->num_hsps;
printf “%.2f\t”, $hit->frac_identical;
printf “%d\n”, $hit->gaps;

}

The printf function is used in place of the standard print function to format
the individual variables as needed. For example, %s is used to format the hit
name since it is a string. %e is used to format the E values in scientific notation
while frac_identical is formatted as a float with two decimal points with %.2f.

§ The separate printf statements can also be written as one combined statement:
foreach $hit($blastObj->hits) {
printf “%s\t %.1e\t %d\t %.2f\t %d\n”,
$hit->name, $hit->expect, $hit->num_hsps,
$hit->frac_identical, $hit->gaps;
}
Similarly, a foreach loop is used to obtain all the HSPs for each hit:
foreach $hsp ($hit->hsps) {
printf “%.1e\t %d\t %.1f\t %.2f\t %.2f\t %d\t %d\n”,
$hsp->expect, $hsp->score, $hsp->bits,
$hsp->frac_identical, $hsp->frac_conserved,
$hsp->gaps(‘query’), $hsp->gaps(‘sbjct’);
}

Since each hit may have one or more HSPs, the above code needs to be
placed inside the foreach loop for the individual hits:
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foreach $hit ($blastObj->hits) {
printf “%s %d”, $hit->name, $hit->num_hsps;
print “\n”;
foreach $hsp ($hit->hsps) {
printf “%.1e\t %d\t %.1f\t %.2\t %.2f\t %d\t %d\n”,
$hsp->expect, $hsp->score, $hsp->bits,
$hsp->frac_identical, $hsp->frac_conserved,
$hsp->gaps(‘query’), $hsp->gaps(‘sbjct’);
}
}

To output the parameters and filters used to parse the BLAST output, use
the display() function:

$blastObj->display(-SHOW=>'stats’);

X X

= o =
=

S 11.3  PARSING THE HPR BLAST REPORT

Let’s parse the HPR BLAST output with a program that incorporates what we
have learnt so far (Listing 11.1).

Listing 11.1 parseblast1.pl

use Getopt::Long;

use Bio::Tools::Blast;
GetOptions(“b|blastfile=s"=>\$blastfile, “e|evalue=f"=>\$evalue);
%parameters = ( -file => “$blastfile”,
-parse => 1,
-signif => “$evalue”,
);
$blastObj = Bio::Tools::Blast->new(%parameters);

$blastObj->display(-SHOW=>’stats’);




EN MK

The McGraw-Hill companies

204 Bioinformatics: Principles and Applications

Save this program on your computer and run it with an E value of le-60.
The command used is:

C:\perl>parseblast1.pl -b d:\blast\hprout.txt -e 1e-60

The output is shown in Figure 11.4.

ssperliparseblastli.pl —b d:sblastshprout.txt —e 1e—68

QUERY MNAME giil350818 ispiPA7?298 IRNF_HUMAN
DESC ?égunuclease pancreatic
d:sbhlastshprout.txt
UNKNOLN
BLASTP
2.2.6 [Apr—A9-20031]
11 non—redundant GenBank CDS
0N
0N
OUN

1.8e—868 (EXPECT-UALUE>
LOWEST EXPECT 2e—@074
IGHEST EXPECT Je—-B63
IGHEST EXPECT 3e-863 (OUERALL>

Fig. 11.4 parseblast1.pl output

The output of the display() function lists the relevant information about the
BLAST search as well as the parameters used for parsing, and extracts the
values specified (sequence name, description and input file, BLAST program
and database used, cutoff E value and number of significant hits obtained at
the cutoff E value used, etc.). This information serves as a handy record about
the BLAST search, especially if you are performing a large number of searches.

Try to match the output in Figure 11.4 versus the parameters list in Table 11.1.
You will notice that since we did not specify a filter function or set the
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check_all_hits parameter to 1 (parse all hits), the values of both parameters in
Figure 11.4 are “No” (see arrows, Figure 11.4). Note also that the value of the
Total Hits is equal to the value of Signif Hits (23). This indicates that, indeed,
the parsing was limited only to the significant hits. To turn the check_all_hits

parameter on, simply change the parameters list to the following;:
%parameters = ( -file => “$blastfile”,
-parse => 1,
-check_all_hits => 1,
-signif => “$evalue”,

);

Run the script again. This time the program will check all the hits and the
check_all_hits parameter will be set to “Yes”. Note now that the value of Total

Hits changes (359) while the Signif Hits remains at 23.

Let’s now enhance the functionality of the program to extract some

Listing 11.2 to see this in effect.

Listing 11.2 parseblast2.pl

EN VK

information on individual hits and their HSPs. Run the code shown in

use Getopt::Long;
use Bio::Tools::Blast;

GetOptions(“b|blastfile=s"=>\$blastfile, “e|evalue=f"=>\$evalue);
%parameters = ( -file => “$blastfile”,

-parse =>1,

-signif => “$evalue”

);

$blastObj = Bio::Tools::Blast->new(%parameters);
$blastObj->display(-SHOW=>"stats’);
print “Hit #\tSeq Id\t# of hsps\te-value\tRaw score\tBit
score\tFractionldentical\tPositives\tGaps(query)\tGaps(subject)\n”;

foreach $hit ($blastObj->hits) {
$count++;

(Contd.)
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(Contd.)

print “$count] “;

printf “%s %d”, $hit->name, $hit->num_hsps;

foreach $hsp ($hit->hsps) {
printf “ %.1e\t %d\t %.1A\t %.2\t %.2\t %d\t %d\n”,
Shsp->expect, $hsp->score, $hsp->bits,
$hsp->frac_identical, $hsp->frac_conserved,
$hsp->gaps(‘query’), $hsp->gaps(‘sbjct’);

}

The output of the script is shown in Figure 11.5.

S} -0 X

:\perlrparseblast2.pl —b d:\blast\hprout.txt —e 1e-68

QUERY NAME : giil358818 ispiPA79298 IRNP_HUMAN
QUERY DESC : Ribonuclease pancreatic
: 156
: d:sblast\hprout.txt
: UNENOUN
: BLASTP
: 2.2.6 [Apr-09-2003]
: All non—redundant GenBank CDS
: UNKNOUN
: UNKNOUN
: UNKNOUN
: NO

23

1.8e-860 <(EXPECT-UALUE>
2e—-074

Je—B63

Je—-B63 <(OUVERALL>

LOWEST EXPECT
IGHEST EXPECT
IGHEST EXPECT

Seq Id # of hsps e-value Raw score Bit score

Positives Gaps{(query) Gaps{(subject)
ref INP_BA0A2924.11 1 2.0e-874 789 277.8 a.85 a.85
piriiNRHU1 1 7.Be—@A74 7285 276.8 a.84 a.84
ghiAAL87058.1 iAF449629_1 1 9.0e-874 784 275.8 a.84
ghIAALB7A52 .1 iAF449631_1 1 2.0e-873 781 274.8 a.84
ghiAALB?7A47 .1 IAF449628_1 1 8.0e-073 696 272.8 a.83
gbiAALB?A51 .1 iAF449630_1 1 2.0e-072 693 271.8 6.83

emhiCAAS5817.11 1 3.8e-871 682 267.8 a.83 a.84
ghiAAL8YA63 .1 iAF449642_1 1 2.0e-B070 676 265.8 a.79

Fig. 11.5 parseblast2.pl output
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We will now see how we can specify additional filters to process the BLAST
results.

§ 11.4 SPECIFYING A FILTER FUNCTION

An example of how a filter function (filt_func) can be used to parse a BLAST
report is as follows:

1. Create the subroutine (called filterBLAST here) containing the filtering
criteria (here we will use the condition gaps = 0 to filter the BLAST
report):

sub filterBlast {

$hit=shift;

return ($hit->gaps == 0);
}

(the shift function is used to make the subroutine iterate through each
hit)
2. Plug the subroutine into the parameters hash:
Y%parameters = (-file => ‘path_to BLAST report’,
-parse  =>1,
-filt_func => \&filterBlast
);
3. Specity the parameters to the BLAST object using the new keyword:
$blastObj = Bio::Tools::Blast->new(%parameters);

When the code runs, the BLAST object checks for matches to the speci-
fied criteria by calling the &filterBlast($hit) subroutine for each hit. The
subroutine returns false and stops when a hit fails the criteria. Run the
code shown in Listing 11.3 to see this in effect.

EN VK



The McGraw-Hill companies

208 Bioinformatics: Principles and Applications

Listing 11.3 parseblast3.pl

use Getopt::Long;

use Bio::Tools::Blast;

GetOptions(“b|blastfile=s"=>\$blastfile, “e|evalue=f"=>\$evalue);
sub filterBlast {

$hit=shift;
return ($hit->bits > 250);
}
%parameters = ( -file => “$blastfile”,

-parse => 1,

-filt_func => \&filterBlast,

-signif  => “$evalue”,

);

$blastObj = Bio::Tools::Blast->new(%parameters);
$blastObj->display(-SHOW=>"stats’);
print “Hit #\tSeq Id\t# of hsps\te-value\tRaw score\tBit
score\tFractionldentical\tPositives\tGaps(query)\tGaps(subject)\n”;

foreach $hit ($blastObj->hits) {

$count++;

print “$count] “;

printf “%s %d”, $hit->name, $hit->num_hsps;

foreach $hsp ($hit->hsps) {

printf “ %.1e\t %d\t %.1f\t %.2f\t %.2f\t %d\t %d\n”,

$hsp->expect, $hsp->score, $hsp->bits,
$hsp->frac_identical, $hsp->frac_conserved,
$hsp->gaps(‘query’), $hsp->gaps(‘sbjct’);

EN VK

}

The output is shown in Figure 11.6. Note that the filter function value is
now set to “Yes” and that there are now only 15 significant hits in place of 23
(see arrows) due to the additional $hit->bits > 250 criteria applied to process

the report.
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:\perl>parseblast3.pl —b d:\blast\hprout.txt —e 1le—68

QUERY NAME gii1350818 ispiPB7998 i RNP_HUMAN
?égonuclease pancreatic

: d:\blast\hprout.txt

= UNENOWN

: BLASTP

: 2.2.6 [Apr—-09-200831]

* All non—redundant GenBank CDS
: UNKNOWN

: UNKNOWN

= UNKNOUN

1.0e—060 (EXPECT-VUALUE>
2e-074

1le-B66

3e-863 (OUVERALL>

IGHEST EXPECT
IGHEST EXPECT

o]
=
W
o
o+
o}
=}
3

it # Seq Id # of hsps e—-value Rauw score Bit score
Identical Positives Gaps (query) Gaps(subject>
P_AA2924.11 1 2.8e—074 209 27?7.8 A.85 A.85
INRHU1 1 7.60e—874 785 276.0 A.84 8.84
AL87A50.1 iAF449629_1 1 9.0e-074 704 275.8 0.84
ghiAALB7A52.1 IAF449631_1 1 2.8e-073 701 274.8 6.84
ghiAAL87A4%.1 iAF449628_1 1 8.8e-073 696 272.8 8.83
ghiAAL87A51 .1 IAF449638_1 1 2.8e-072 693 271.8 8.83

embiCAASS5817.11 1 3.8e-071 682 267.8 5 f.84
gbiAALS7063.11AF449642_1 1 2.0e-078 676 265.8 8.79

piriiI53538 1 3.0e-870 674 264.80 a.92 8.92
ghiAAL87858 .1 iAF449637_1 1 8.0e-070 678 262.8 6.80

ghiAAL87060.1 iAF449639_1 1 3.Be-B69 665 260.8 8.79
ghiAAL8?7A59 .1 i1AF449638_1 1 2.0e-B68 657 258.8 8.79
ghiAAL87061 .1 1AF4496468_1 1 1.Pe-867 652 255.8 8.78

emb iCAA44718 .11 1 4.8e-067 647 253.8 A.92 A.92
pdbilE21:A 1 1.0e-066 643 252.8 8.91 8.91
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Fig. 11.6 Output of parseblast3.pl

;% 11.5 FORMATTING PARSING RESULTS INTO A TABLE OR HTML

The parsed output can still be a little verbose and messy, especially if the input
sequence has a large number of hits. Fortunately, for easy navigation of the
search results, using a web browser, the Bio::Tools::Blast module also pro-
vides methods to create formatted output of filtered data in the form of a table
or HTML. The code to achieve this is quite simple. To create a table, add the
following line at the end of the program:

print $blastObj->table;
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The output can then be redirected to a file:

C:\perl>parseblast4.pl -b d:\blast\hprout.txt -e 1e-60 > hpr_table.txt

The output is shown in Figure 11.7.

pratablessvordiad

File Edit Yiew Insert Faormat Help

DEE S # ic}

T

Courier New 10 Westemn

gi| 1350818 | sp| PO7998 | RNP_HUMAN
gi| 1350518 | sp| PO7998 | RNP_HUMAN
gi| 1350818 | sp| PO7998 | RNP_HUMAN
Ui 1350818 | sp| PO7998 | RNP_HUMAN
gi| 1350818 sp| POT99S | RNP_HUNAN
gi| 1350818 | sp| PO7998 | RNF_HUMAN
gi| 1350818 | sp| PO7998 | ENF_HUMAN
gi| 1350818 | sp| PO7998 | ENP_HUMAN
gi| 1350818 sp| PO7998 | RNP_HUMAN
gi| 1350818 | sp| POTI0S | RNP_HUMAN
gi| 1350818 | sp| PO7998 | RNP_HUMAN
gi| 1350818 | sp| POTIOS | RNP HUMAN
gi| 1350818 | sp| PO7998 | RNF_HUMAN
gi| 1350818 | sp| POTI9S | BNF_HUMAN
gi| 1350818 | sp| PO7998 | RNF_HUMAN

For Help, press F1

156
156
156
156
156
156
156
156
156
156
156
156
156
156
156

B /7 U S iz

ref|NP_002924.1] 158 2.0e-074

pir| |NRHU1 156 7.0e-074 705
oh| AALS7050. 1| AF449629 1 156
ok | AALS7052.1| AF449631 1 156
gb| AALS7049.1| AF449625 1 156
gh| AALS7051.1| AF449630 1 156
erd | CALE5817. 1] 152 3.0e-071
ob| AALS7063.1| AF449642 1 156
pir||I53530 153 3.0e-070 674
gb| BALE7OSE. 1| AF449637 1 156
b | LALE7060.1| AF449639 1 156
gb| BALETOSS. 1| AF449638 1 156
b | LALE7061.1| AF449640 1 156
emb | CAL34718. 1| 127  4.0e-067
pab|1EZ1|A 128  1.0e-066 6543

J-E|
N

Fig. 11.7 Parsed results in table format

To create an HTML output, add this line at the end of the program:

$blastObj->to_html();

as shown in Listing 11.4.

Listing 11.4 Creating an HTML output of parse results

use Getopt::Long;
use Bio::Tools::Blast;

(Contd.)
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(Contd.)

GetOptions(“b|blastfile=s"=>\$blastfile, “e|evalue=f"=>\$evalue);
sub filterBlast {
$hit=shift;
return ($hit->bits > 250);
}
%parameters = ( -file => “$blastfile”,
-parse  =>1,
-filt_func => \&filterBlast,
-signif ~ => “$evalue”,
);

$blastObj = Bio::Tools::Blast->new(%parameters);

$blastObj->to_html();

Now, run the program and redirect the output to a file with a .html extension
using the >’ operator. For example,

MK

C:\perl>parseblast4.pl -b d:\blast\hprout.txt -e 1e-60 > hpr_blast.html

The output of parseblast4.pl is shown in Figure 11.8. Note the hyperlinks on
the sequence identifiers and the E values that allow easy access to additional
information about the hits.

Assignments

1. A recent microarray-based experiment on the analysis of DNA copy
numbers in human breast cancers indicated that alterations in DNA
copy numbers has a direct effect on deregulation of gene expression
and may contribute to the development of cancer. The chip used for
the study contained several thousand genes, many of which had un-
known functions. A partial list of genes used in the study is provided
in a file called hypothetical.txt. Create a pipeline that performs the
following functions:

(a) Extracts only the hypothetical proteins from the list. How many
hypothetical proteins are there in the file?
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3| 135081 8] 60| L0799 ENRAHUMAN Hibonuctense poncipatic olierosl e U Espiorer . ) X |
Ele Edt Vew Favorkes Jools Help "
0 »
Back ~ v (% ., Search Favortes | ['Meda - g 3 v
& ] C:\perf\hpr_blast html Go
Program: BLASTP 2.2 6 [Apr-09-2003]
Query= gi| 13508 18|sp|P07998[RNP_HUMAN Ribonuclease pancreatic
(156 letters)
Datah All non-redundant GenBank CDS 1,047,264 sequences; 330,262,426 total letters
References:
I Altschul StephenF, Warren Gish, WebexIler Eugene W. Myers, and David]. Lipman (1990). Basic local
alignment search tool | 110 &
2 Akschuletd(l% qupedBlASl'mdPSlBL\ST anew g tion of protein database search progr
HTML foonetng provided by the Eigpal Blat modole
Score
Sequences producing significant aligmments: (bits) Value
—Pp! ref:NP 002924.1| (NM_002933) ribonuclease, RNase A family, 1 (pa.. 277 ze-074 4——
pxrnmum!. pancteatxc ribonuclease (EC 3.1.27.5) precursor - human 276 Te-074
Llarsdoecd 1 (AF449629) pancreatic ribonuclease [Gor... 275
1_! (AF449631) pancreatic ribonuclease [Hyl... 274
| AT A4 . (AF449628) pancreatic ribonuclease [Pan... 272
|AT443 (AF449630) pancreatic ribonuclease [Pon... 271
| (x79235) pancreatic ribonuclease [Homo sapiens] 267

Fig. 11.8 HTML formatted parse results

(b) Performs a BLASTP for each sequence in an automated fashion
against the nr database with an E value of 0.001.

(c) Parses the top 10 hits and their associated HSPs. How many top
hits are of human origin? How many are non-human origin?

2. Use the information from Assignment 1 to arrive at an annotation of a

plausible function (wherever possible) for each of the unknown
proteins. Can you think of any obvious relationships to cancer for
these genes?
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Ab initio, 75

Affine gap costs, 11

Alignment score, 11

Alistat, 104. See  HMMER utilities

Basic Local Alignment Search Tool (BLAST),
3,175
Bio::DB::GenBank, 149, 154
Bio::module, 130
Bio::Seq, 134, 155
Bio::Seq Featurel. See Table 9.2
Bio::SeqFeaturel, 161
Bio::Seql, 161
Bio::SeqlO, 131, 137, 139, 161
Bio::SimpleAlign, 134
Bio::Species, 166. See Table 9.3
Bio::Tools::Blast, 194, 196, 209
Bio::Tools::Blast::HSP, 201
Bio::Tools::Blast::Sbjct, 202
Bio::Tools::Run::Stand AloneBlast, 181, 187,
191
Bio::Tools::Run::Stand AloneBlast.pm, 194
BioPerl, 127
BLAST module, 175

installation, 127
installing external modules, 147
module
Bio::SeqlO, 137
modules, List. See Table 7.1
testing availability, 148
upgrading, 147
using, 138
Write_seq() function, 142
Bit score, 11
BLAST, 3, 4, 9, 12, 23, 26, 29, 31, 38, 41, 44,
49, 55, 61, 62, 64, 65, 67, 114, 175, 183, 191,
194, 201, 204
algorithm, 26
analysis, 9
Affine gap costs, 11
Alignment score, 11
Bit score, 11
Expectation value,E value, 11
Gap, 12
Gap score, 12
Gapped alignment, 12
Global alignment, 12
Heuristics, 12
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High scoring pair, HSP, 12
Local alignment, 12
Maximal-scoring Segment Pair, 13
Substitution Matrices, 12
Automated alignments, 17
Automating analysis, 41
Bio::Tools::Blast, 196
bl2seq, 63, 185
BLAST programs. See Table 10.1
BLAST2, 177
blastall, 184
BLASTALL, 49
configuring, 49
Blastclust, 185
BLASTN, 28
advanced, 35
parameters, 30
Pasting sequence, 30
Submitting search, 31
Blastpgp, 184
comparision, PSI-BLAST v/s BLASTP, 110
Database searches, 4
databases, 10
dbsts, 10
downloading, pre-formatted, 57
drosophila, 11
ecoli, 11
est, 10
gss, 10
mito, 10
nr, 10
pat, 10
pdb. See
yeast, 10
E-value
applying, 61
fastacmd, 62
Fastacmd, 185
Formatdb, 185
formatting database, 54
formatdb, 54
-i, 54
-n, 54
-0, 54
-p, 54
-s, 54
-t, 54

Formatting results, 32
generating raw report, 194
Homologs, 8
Identity, 5
matrices, 23
BLOSUM, 25
Per cent Accepted Mutation, PAM, 24
relationship-PAM and BLOSUM, 26
Scoring matrices, 23
substitution, 12
Megablast, 184
Orthologs, 8
output
List of significant alignments, 36
Biological analysis, 40
filter, 37
filter, DUST, 37
filter, SEG, 37
graphical view of hits, 31
Header, 31
Mouse-over for information, 34
Sequence alignments, 34
output, explanation, 31
output, pair-wise, 186
Paralogs, 8
parsing output, 194, 203
formating into HTML, 210
formating into table, 210
Specifying filter function, 207
parsing parameters. See Table 11.1
performimg local search, 188
PERL
Automated alignments, 17
Automating analysis, 41
local BLAST searches, 64
programs
BLAST2, 176
BLASTN, 176
BLASTP, 176
BLASTX, 176
TBLASTN, 176
TBLASTX, 176
PSI, 109
query sequence, 4
Rpsblast, 185
Seedtop, 185
sequence annotation, 65
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Similarity, 5 database
standalone BLAST, 44 formating, 189
Standalone BLAST databases, 10
instillation, 46 dbsts, 10
programs installed, 48 drosophila, 11
version, 45 ecoli, 11
target sequences, 4 est, 10
word length, 38 gss, 10
BLAST2, 176, 177 htgs, 10
Perl module, 178 mito, 10
using BioPerl, 181 month, 10
blastall nr, 10
Checking results, 58 pat, 10
comand-line options, 57 pdb. See
options. See Table 10.4 yeast, 10
running, 55 DNA, 70
BLASTALL, 49 CpG islands, 72
configuring, 185 double-helix, 70
options. See Table 3.3 Exons, 72
-b, 57 Introns, 72
-d, 56 RNA, 72
-e, 56 structure, 70
-F, 56 synthesis, 71
-g, 57 Transcription, 72
-1, 56 translation, 72
-M, 57
-0, 56 E value, 11
-p, 56
-q, 56 formatdb
-r, 57 arguments. See Table 10.3
-T, 57
-v, 57 Gap, 12
-V, 57 Gap score, 12
running, 190 Gapped alignment, 12
BLASTN, 176 GenBank, 149, 162
BLASTP, 176 accessing data, 161
BLASTX, 176 sequence feature of record, 163
BLOSUMS62,, 12 structure of records, 150
tags, 161, 162
cladogram, 100 extrating tag values, 164
ClustalW, 91, 96 extrating tags, 164
ClustalX, 93 features, 162
hmm calibrate, 96 primary tag, 162
interface, 97 sub-tags, 162
Multiple sequence alignment, 98 Tag-value pairs, 163

Starting, 96 Gene prediction programs. See Table 4.1
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GenScan, 75

corresponding coding sequences, CDS, 80

entering identifier, 79
output

Abbreviations and explanations. See

Table 4.4
Header information, 81
predicted sequences, 82
output analysis, 78
printing peptides, 80
running analysis, 77
setting parameters, 79
uploading BAC sequences, 80
web server, 78
Getopt::Long, 86, 199
Global alignment, 12

Heuristics, 12
Hidden Markov Models
building alignment, 101
running search, 103
search results, 103
High scoring pair, 12
HMMER, 89
ClustalX installation, 93
Downloading, 89
ftp site, 90
installation on DOS, 91
running commands. See Table 5.1
usage, 92
utilities, 104
Alistat, 104
Seqstat, 104
HMMs (Hidden Markov Models), 89
HTTP::Request, 85, 179
HTTP::Response, 179

10::Scalar, 147
10::String, 147

Local alignment, 12
LWP::Simple, 17
LWP::UserAgent, 84, 179

Maximal-scoring Segment Pair, 13
method
Ab initio, 75

HMM method, 76
homology based method, 76
neural network method, 76
all_seqFeatures(), 168
alphabet()., 140
as_string, 86
Bio::DB::GenBank, 154
Bio::Seq Featurel. See Table 9.2
Bio::SeqFeaturel, 161, 164
Bio::Seql, 161
Bio::SeqlO, 161
Bio::Tools::Blast, 199. See Table 11.3
BioPerl, 194. See BioPerl Module, Table 7.1
class methods, 136
classification, 166
data on HSPs
Bio::Tools::Blast::HSP module, 201
desc, 138
extract top-level information on every hit,
199
gene prediction, 75
gene prediction, functional classification.
See Table 4.2
GenScan, 75
get_Seq_by_acc, 158
get_Seq_by_id, 155
GRAIL, 75
has_tag(), 169
id, 138
inforamtion on species
Bio::Species module, 166
instance method, 136
moltype, 138
new() class, 165
obtain information on high scoring pairs
(HSPs) for each hit, 200
profile-based search, 110
score based, 24
seq, 138
subseq, 158
subseq(), 166
UserAgent request(), 180

module, 17

Bio::DB::GenBank, 149
Bio::module, 130
Bio::SeqFeaturel, 164
Bio::SeqIO, 137, 165

X
=



EN VK

The McGraw-Hill companies .

Index 217
Bio::Species, 166 third iteration, 121
Bio::Tools::Blast, 194, 196 limitations, 112
Bio::Tools::Blast::HSP, 201 preparing sequence, 115
Bio::Tools::Run::Stand AloneBlast, 181, 187 procedure, 111
Bio::Tools::Run::Stand AloneBlast.pm, 194 Protein Analysis, 109
BioPerl, 127, 133
BioPerl BLAST, 175 query sequence, 4
BioPerl modules. See Table 7.1
Getopt::Long, 138, 199 RNA, 72
installing external, 147 Messenger RNA, mRNA, 72
10::Scalar, 147 ribosomal RNA, rRNA, 72
10::String, 147 splicing, 73
LWP::Simple, 17 structure, 72
LWP::UserAgent, 84, 179 transfer RNA, tRNA, 72
Perl for BLAST?2, 178
SeqlO.pm, 131 Seqstat. See HMMER utilities
Sequence annotation, 65
oor Specifying filter function, 207
class, 136 Standalone BLAST
class constructor, 137 programs installed
instantiation, 137 bl2seq, 48
object, 136 blastclust, 49
properties of an object, 136 blastpgp, 48
OOP (object oriented programming), 136 fastacmd, 49
Megablast, 48
position specific scoring matrix (PSSM), 109 rpsblast, 49
Position-Specific Iterated (PSI), 109 seedtop, 49
position-specific scores (PSS), 109 Standalone BLAST, 44, 183
PPM BIO:TOOLS::RUN::STANDALONEBLAST,
invoking, 128 187
quitting, 131 instillation, 46
PPM (Programmer’s Package Manager), 128 programs installed
PSI-BLAST, 109 blastall, 48
advantages, 111 version, 45

comparision, PSI-BLAST v/s BLASTP, 110 Substitution Matrices, 12
design, 110
iteration, 109, 110, 114, 116, 117, 118, 119, table, 82, 94, 159, 173, 209, 210

120, 121, 122, 123 tags. See GenBank Tags
first iteration, 118 target sequences, 4
second iteration, 119 TBLASTN, 176

selecting hits, 118 TBLASTX, 176

EN VK



	Cover
	Contents
	Part One Principles
	1. Web-based Sequence Analysis: BLAST I 
	1.1 Basic Local Alignment Search Tool (BLAST)
	1.2 The Purpose of BLAST
	1.3 Terminology
	1.4 BLAST Analysis
	1.5 BLAST 2
	1.6 Automated Alignments with Perl
	References


	2. Web-based Sequence Analysis: BLAST II
	2.1 Basic Local Alignment Search Tool (BLAST)
	2.2 Scoring Matrices
	2.3 PAM or Per cent Accepted Mutation Matrices
	2.4 BLOSUM (Blocks Substitution Matrices)
	2.5 The Relationship between BLOSUM and PAM Substitution Matrices
	2.6 Working of the BLAST Algorithm
	2.7 A Practical BLASTN Exercise
	2.8 Explanation of the BLAST Output
	2.9 Advanced BLASTN
	2.10 Biological Analysis of BLASTN: Cystic Fibrosis
	2.11 Automating BLAST Analyses with Perl 

	3. Web-based Sequence Analysis: BLAST III
	3.1 Standalone BLAST
	3.2 Configuring blastall
	3.3 Downloading Databases from NCB!
	3.4 Formatting NCBI's Databases
	3.5 Running blastall
	3.6 Downloading Pre-formatted Databases
	3.7 fastacmd
	3.8 bl2seq
	3.9 Performing Local BLAST Searches with Perl
	3.10 Sequence Annotation

	4. Web-based Sequence Analysis: Gene Prediction
	4.1 Introduction
	4.2 Terminology and Concepts
	4.3 Gene Prediction Programs
	4.4 GenScan
	4.5 Running GenScan Analyses
	4.6 Analyzing GenScan Output
	4.7 GenScan Analysis with LWP::UserAgent

	5. Web-based Sequence Analysis: HMMER .
	5.1 Introduction
	5.2 Downloading HMMER
	5.3 Why use HMMER?
	5.4 Running HMMER Commands
	5.5 HMMER: A Practical Example
	5.6 HMMER Utilities
	References


	6. PSI-BLAST
	6.1 Introduction
	6.2 PSI-BLAST and Protein Analysis
	6.3 When is PSI-BLAST better than BLASTP?
	6.4 The Design of PSI-BLAST
	6.5 Advantages of PSI-BLAST
	6.6 Limitations of PSI-BLAST
	6.7 Example of a PSI-BLAST Search 


	Part Two Applications
	7. Accessing Sequence Information Using BioPerl
	7.1 BioPer! Installation
	7.2 BioPer! Modules
	7.3 Object Oriented Programming
	7.4 Using BioPer!
	7.5 The write_seqO Function
	Appendix I: Installing External Modules
	Appendix II: Upgrading BioPer!
	Appendix III: Testing for Availability of Individual Modules

	8. Bio::DB::GenBank
	8.1 Introduction
	8.2 Structure of a GenBank Record
	8.3 The Bio::DB::GenBank Module

	9. Accessing GenBank Data
	9.1 Introduction
	9.2 GenBank Tags
	9.3 Extracting Tags and their Values
	9.4 Sample Scripts

	10. BioPerl BLAST Modules.
	10.1 Introduction
	10.2 BLAST Programs
	10.3 BLAST 2
	10.4 Per! Modules for BLAST2
	10.5 Using BioPer! for BLAST2
	10.6 Standalone BLAST
	10.7 Configuring blastall
	10.8 Bio::Tools::Run::StandAloneBlast
	10.9 Performing BLAST Searches
	10.10 Formatting NCBI's Databases
	10.11 Running blastall
	10.12 Running BLAST with Bio::Tools::Run::StandAloneBlast

	11. Parsing BLAST Output
	11.1 Generating a Raw BLAST Report
	11.2 The Bio::Tools::Blast Module
	11.3 Parsing the HPR BLAST Report
	11.4 Specifying a Filter Function
	11.5 Formatting Parsing Results into a Table or HTML


	Index 

