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Functions — By Category

Constructor (p. 1-3)
Data Formats and Databases (p. 1-3)

Trace Tools (p. 1-6)

Sequence Conversion (p. 1-6)

Sequence Utilities (p. 1-7)

Sequence Statistics (p. 1-9)

Sequence Visualization (p. 1-10)

Pairwise Sequence Alignment
(p. 1-10)

Create objects.

Get data into MATLAB® from Web
databases; read and write to files
using specific sequence data formats.

Read data from SCF file and draw
nucleotide trace plots.

Convert nucleotide and amino
acid sequences between character
and integer formats, reverse and
complement order of nucleotide
bases, and translate nucleotides
codons to amino acids.

Calculate consensus sequence from
set of multiply aligned sequences,
run BLAST search from MATLAB,
and search sequences using regular
expressions.

Determine base counts, nucleotide
density, codon bias, and CpG islands;
search for words and identify open
reading frames (ORFs).

Visualize sequence data.

Compare nucleotide or amino acid
sequences using pairwise sequence
alignment functions.
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Multiple Sequence Alignment Compare sets of nucleotide or amino

(p. 1-10) acid sequences; progressively align
sequences using phylogenetic tree
for guidance.

Scoring Matrices (p. 1-11) Standard scoring matrices such
as PAM and BLOSUM families of
matrices that alignment functions
use.

Phylogenetic Tree Tools (p. 1-11) Read phylogenetic tree files,
calculate pairwise distances between
sequences, and build a phylogenetic

tree.

Graph Theory (p. 1-12) Apply basic graph theory algorithms
to sparse matrices.

Gene Ontology (p. 1-13) Read Gene Ontology formatted files.

Protein Analysis (p. 1-13) Determine protein characteristics
and simulate enzyme cleavage
reactions.

Profile Hidden Markov Models Get profile hidden Markov model

(p. 1-14) data from the PFAM database or
create your own profiles from set of
sequences.

Microarray File Formats (p. 1-15) Read data from common microarray

file formats including Affymetrix®
GeneChip®, ImaGene results, and
SPOT files; read GenePix GPR and
GAL files.

Microarray Utility (p. 1-16) Using Affymetrix and GeneChip
data sets, get library information for
probe, gene information from probe
set, and probe set values from CEL
and CDF information; show probe
set information from the NetAffx™
Web site and plot probe set values.



Constructor

Microarray Data Analysis and Analyze and visualize microarray

Visualization (p. 1-16) data with t tests, spatial plots, box
plots, loglog plots, and intensity-ratio
plots.

Microarray Normalization and Normalize microarray data with

Filtering (p. 1-17) lowess and mean normalization

functions; filter raw data for cleanup
before analysis.

Statistical Learning (p. 1-19) Classify and identify features in
data sets, set up cross-validation
experiments, and compare different
classification methods.

Mass Spectrometry File Formats, Read data from common mass
Preprocessing, and Visualization spectrometry file formats, preprocess
(p. 1-19) raw mass spectrometry data from

instruments, and analyze spectra to
identify patterns and compounds.

Constructor
biograph Create biograph object
geneont Create geneont object
phytree Create phytree object

Data Formats and Databases

affyprobeseqread Read data file containing probe
sequence information for Affymetrix
GeneChip array

affyread Read microarray data from
Affymetrix GeneChip file
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agferead

blastformat
blastread

blastreadlocal

celintensityread

cytobandread

emblread
fastaread
fastawrite

galread

genbankread
genpeptread

geosoftread

getblast

getembl

getgenbank

getgenpept

getgeodata

Read Agilent Feature Extraction
Software file

Create local BLAST database

Read data from NCBI BLAST report
file

Read data from local BLAST report

Read probe intensities from
Affymetrix CEL files

Read cytogenetic banding
information

Read data from EMBL file
Read data from FASTA file
Write to file using FASTA format

Read microarray data from GenePix
array list file

Read data from GenBank file
Read data from GenPept file

Read Gene Expression Omnibus
(GEO) SOFT format data

Retrieve BLAST report from NCBI
Web site

Retrieve sequence information from
EMBL database

Retrieve sequence information from
GenBank database

Retrieve sequence information from
GenPept database

Retrieve Gene Expression Omnibus
(GEO) Sample (GSM) data



Data Formats and Databases

gethmmalignment

gethmmprof

gethmmtree

getpdb

gprread

imageneread

jcampread

multialignread

mzxmlread

pdbread

pdbwrite

pfamhmmread
phytreeread

phytreewrite

scfread

sptread

Retrieve multiple sequence
alignment associated with hidden
Markov model (HMM) profile from
PFAM database

Retrieve hidden Markov model
(HMM) profile from PFAM database

Retrieve phylogenetic tree data from
PFAM database

Retrieve protein structure data from
Protein Data Bank (PDB) database

Read microarray data from GenePix
Results (GPR) file

Read microarray data from ImaGene
Results file

Read JCAMP-DX formatted files

Read multiple-sequence alignment
file

Read mzXML file into MATLAB as
structure

Read data from Protein Data Bank
(PDB) file

Write to file using Protein Data
Bank (PDB) format

Read data from PFAM-HMM file
Read phylogenetic tree file

Write phylogenetic tree object to
Newick-formatted file

Read trace data from SCF file
Read data from SPOT file
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Trace Tools

scfread

traceplot

Sequence Conversion

aa2int
aa2nt
aminolookup
baselookup
dna2rna
int2aa
int2nt
nt2aa
nt2int
rna2dna

rnaconvert

Read trace data from SCF file

Draw nucleotide trace plots

Convert amino acid sequence from
letter to integer representation

Convert amino acid sequence to
nucleotide sequence

Find amino acid codes, integers,
abbreviations, names, and codons

Nucleotide codes, abbreviations, and
names

Convert DNA sequence to RNA
sequence

Convert amino acid sequence from
integer to letter representation

Convert nucleotide sequence from
integer to letter representation

Convert nucleotide sequence to
amino acid sequence

Convert nucleotide sequence from
letter to integer representation

Convert RNA sequence of nucleotides
to DNA sequence

Convert secondary structure of
RNA sequence between bracket and
matrix notations



Sequence Utilities

seq2regexp
seqcomplement
seqrcomplement

seqreverse

Sequence Utilities

aminolookup
baselookup
blastlocal

blastncbi

cleave
evalrasmolscript
featuresparse
geneticcode

joinseq

Convert sequence with ambiguous
characters to regular expression

Calculate complementary strand of
nucleotide sequence

Calculate reverse complement of
nucleotide sequence

Reverse letters or numbers in
nucleotide sequence

Find amino acid codes, integers,
abbreviations, names, and codons

Nucleotide codes, abbreviations, and
names

Perform search on local BLAST
database to create BLAST report

Create remote NCBI BLAST report
request ID or link to NCBI BLAST
report

Cleave amino acid sequence with
enzyme

Send RasMol script commands to
Molecule Viewer window

Parse features from GenBank,
GenPept, or EMBL data

Nucleotide codon to amino acid
mapping

Join two sequences to produce
shortest supersequence
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molviewer

oligoprop

palindromes

pdbdistplot

proteinplot

proteinpropplot

ramachandran

randseq

rebasecuts

restrict

revgeneticcode

rnafold

seqconsensus

seqdisp

seginsertgaps

seqlogo

segmatch

Display and manipulate 3-D
molecule structure

Calculate sequence properties of
DNA oligonucleotide

Find palindromes in sequence

Visualize intermolecular distances
in Protein Data Bank (PDB) file

Characteristics for amino acid
sequences

Plot properties of amino acid
sequence

Draw Ramachandran plot for Protein
Data Bank (PDB) data

Generate random sequence from
finite alphabet

Find restriction enzymes that cut
protein sequence

Split nucleotide sequence at
restriction site

Reverse mapping for genetic code

Predict minimum free-energy
secondary structure of RNA
sequence

Calculate consensus sequence

Format long sequence output for
easy viewing

Insert gaps into nucleotide or amino
acid sequence

Display sequence logo for nucleotide
or amino acid sequences

Find matches for every string in
library



Sequence Statistics

segprofile

seqshoworfs

Sequence Statistics

aacount

aminolookup

basecount

baselookup
codonbias

codoncount
cpgisland
dimercount

isoelectric
molweight
nmercount
ntdensity
seqshowwords

seqwordcount

Calculate sequence profile from set
of multiply aligned sequences

Display open reading frames in
sequence

Count amino acids in sequence

Find amino acid codes, integers,
abbreviations, names, and codons

Count nucleotides in sequence

Nucleotide codes, abbreviations, and
names

Calculate codon frequency for each
amino acid in DNA sequence

Count codons in nucleotide sequence
Locate CpG islands in DNA sequence
Count dimers in sequence

Estimate isoelectric point for amino
acid sequence

Calculate molecular weight of amino
acid sequence

Count number of n-mers in
nucleotide or amino acid sequence

Plot density of nucleotides along
sequence

Graphically display words in
sequence

Count number of occurrences of word
in sequence
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Sequence Visualization

featuresmap
rnaplot

seqtool

Pairwise Sequence Alignment

fastaread

nwalign

seqdotplot

showalignment

swalign

Multiple Sequence Alignment

fastaread

multialign
multialignread

multialignviewer
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Draw linear or circular map of
features from GenBank structure

Draw secondary structure of RNA
sequence

Open tool to interactively explore
biological sequences

Read data from FASTA file

Globally align two sequences using
Needleman-Wunsch algorithm

Create dot plot of two sequences

Display color-coded sequence
alignment

Locally align two sequences using
Smith-Waterman algorithm

Read data from FASTA file

Align multiple sequences using
progressive method

Read multiple-sequence alignment
file

Open viewer for multiple sequence
alignments



Scoring Matrices

profalign

seqpdist

showalignment

Scoring Matrices

blosum
dayhoff
gonnet

nuc44

pam

Phylogenetic Tree Tools
dnds
dndsml

gethmmtree

phytreeread

Align two profiles using
Needleman-Wunsch global
alignment

Calculate pairwise distance between
sequences

Display color-coded sequence
alignment

Return BLOSUM scoring matrix
Return Dayhoff scoring matrix
Return Gonnet scoring matrix

Return NUC44 scoring matrix for
nucleotide sequences

Return PAM scoring matrix

Estimate synonymous and
nonsynonymous substitution
rates

Estimate synonymous and
nonsynonymous substitution
rates using maximum likelihood
method

Retrieve phylogenetic tree data from
PFAM database

Read phylogenetic tree file
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phytreetool
phytreewrite
seqinsertgaps
seqlinkage
segneighjoin

seqpdist

Graph Theory
graphallshortestpaths
graphcluster

graphconncomp

graphisdag

graphisomorphism

graphisspantree

graphmaxflow

graphminspantree
graphpred2path
graphshortestpath

View, edit, and explore phylogenetic
tree data

Write phylogenetic tree object to
Newick-formatted file

Insert gaps into nucleotide or amino
acid sequence

Construct phylogenetic tree from
pairwise distances

Neighbor-joining method for
phylogenetic tree reconstruction

Calculate pairwise distance between
sequences

Find all shortest paths in graph

Find strongly or weakly connected
components in graph

Find strongly or weakly connected
components in graph

Test for cycles in directed graph

Find isomorphism between two
graphs

Determine if tree is spanning tree

Calculate maximum flow and
minimum cut in directed graph

Find minimal spanning tree in graph
Convert predecessor indices to paths

Solve shortest path problem in graph



Gene Ontology

graphtopoorder

graphtraverse

Gene Ontology

goannotread

num2goid

Protein Analysis

aacount

aminolookup
atomiccomp
cleave
evalrasmolscript
isoelectric
molviewer

molweight

Perform topological sort of directed
acyclic graph

Traverse graph by following adjacent
nodes

Annotations from Gene Ontology
annotated file

Convert numbers to Gene Ontology
IDs

Count amino acids in sequence

Find amino acid codes, integers,
abbreviations, names, and codons

Calculate atomic composition of
protein

Cleave amino acid sequence with
enzyme

Send RasMol script commands to
Molecule Viewer window

Estimate isoelectric point for amino
acid sequence

Display and manipulate 3-D
molecule structure

Calculate molecular weight of amino
acid sequence
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pdbdistplot

proteinplot

proteinpropplot

ramachandran

rebasecuts

Profile Hidden Markov Models

gethmmalignment

gethmmprof

gethmmtree

hmmprofalign

hmmprofestimate

hmmprofgenerate

hmmprofmerge

Visualize intermolecular distances
in Protein Data Bank (PDB) file

Characteristics for amino acid
sequences

Plot properties of amino acid
sequence

Draw Ramachandran plot for Protein
Data Bank (PDB) data

Find restriction enzymes that cut
protein sequence

Retrieve multiple sequence
alignment associated with hidden
Markov model (HMM) profile from
PFAM database

Retrieve hidden Markov model
(HMM) profile from PFAM database

Retrieve phylogenetic tree data from
PFAM database

Align query sequence to profile using
hidden Markov model alignment

Estimate profile hidden Markov
model (HMM) parameters using
pseudocounts

Generate random sequence drawn
from profile hidden Markov model
(HMM)

Concatenate prealigned strings of
several sequences to profile hidden
Markov model (HMM)



Microarray File Formats

hmmprofstruct

pfamhmmread

showhmmprof

Microarray File Formats

affyprobeseqread

affyread
agferead
celintensityread
galread
geosoftread
getgeodata
gprread
imageneread

sptread

Create profile Hidden Markov Model
(HMM) structure

Read data from PFAM-HMM file

Plot hidden Markov model (HMM)
profile

Read data file containing probe
sequence information for Affymetrix
GeneChip array

Read microarray data from
Affymetrix GeneChip file

Read Agilent Feature Extraction
Software file

Read probe intensities from
Affymetrix CEL files

Read microarray data from GenePix
array list file

Read Gene Expression Omnibus
(GEO) SOFT format data

Retrieve Gene Expression Omnibus
(GEO) Sample (GSM) data

Read microarray data from GenePix
Results (GPR) file

Read microarray data from ImaGene
Results file

Read data from SPOT file
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Microarray Utility

magetfield
probelibraryinfo
probesetlink

probesetlookup

probesetplot

probesetvalues

Extract data from microarray
structure

Create table of probe set library
information

Display probe set information on
NetAffx Web site

Look up information for probe set

Plot Affymetrix probe set intensity
values

Create table of Affymetrix probe set
intensity values

Microarray Data Analysis and Visualization

cghcbs

chromosomeplot

clustergram
maboxplot

mafdr

maimage

mairplot

Perform circular binary
segmentation (CBS) on array-based
comparative genomic hybridization
(aCGH) data

Plot chromosome ideogram with
G-banding pattern

Create dendrogram and heat map
Box plot for microarray data

Estimate false discovery rate (FDR)
of differentially expressed genes
from two experimental conditions or
phenotypes

Spatial image for microarray data

Create intensity versus ratio scatter
plot of microarray data



Microarray Normalization and Filtering

maloglog
mapcaplot

mattest

mavolcanoplot

redgreencmap

Create loglog plot of microarray data

Create Principal Component
Analysis (PCA) plot of microarray
data

Perform two-tailed t-test to evaluate
differential expression of genes
from two experimental conditions or
phenotypes

Create significance versus gene
expression ratio (fold change) scatter
plot of microarray data

Create red and green color map

Microarray Normalization and Filtering

affyinvarsetnorm

affyprobeaffinities

exprprofrange

exprprofvar

gcrma

Perform rank invariant set
normalization on probe intensities
from multiple Affymetrix CEL or
DAT files

Compute Affymetrix probe affinities
from their sequences and MM probe
intensities

Calculate range of gene expression
profiles

Calculate variance of gene
expression profiles

Perform GC Robust Multi-array
Average (GCRMA) background
adjustment, quantile normalization,
and median-polish summarization
on Affymetrix microarray probe-level
data
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gcrmabackadj

geneentropyfilter

genelowvalfilter

generangefilter

genevarfilter

mainvarsetnorm

malowess

manorm

quantilenorm

rmabackadj

rmasummary

zonebackadj

Perform GC Robust Multi-array
Average (GCRMA) background
adjustment on Affymetrix
microarray probe-level data
using sequence information

Remove genes with low entropy
expression values

Remove gene profiles with low
absolute values

Remove gene profiles with small
profile ranges

Filter genes with small profile
variance

Perform rank invariant set
normalization on gene expression
values from two experimental
conditions or phenotypes

Smooth microarray data using
Lowess method

Normalize microarray data

Quantile normalization over
multiple arrays

Perform background adjustment on
Affymetrix microarray probe-level
data using Robust Multi-array
Average (RMA) procedure

Calculate gene (probe set) expression
values from Affymetrix microarray
probe-level data using Robust
Multi-array Average (RMA)
procedure

Perform background adjustment on
Affymetrix microarray probe-level
data using zone-based method



Statistical Learning

Statistical Learning

classperf
crossvalind

knnclassify
knnimpute
optimalleaforder
randfeatures
rankfeatures

samplealign

svmclassify

svmsmoset

svmtrain

Evaluate performance of classifier
Generate cross-validation indices

Classify data using nearest neighbor
method

Impute missing data using
nearest-neighbor method

Determine optimal leaf ordering for
hierarchical binary cluster tree

Generate randomized subset of
features

Rank key features by class
separability criteria

Align two data sets containing
sequential observations by
introducing gaps

Classify data using support vector
machine

Create or edit Sequential Minimal
Optimization (SMO) options
structure

Train support vector machine
classifier

Mass Spectrometry File Formats, Preprocessing, and

Visualization

jcampread

msalign

Read JCAMP-DX formatted files

Align peaks in mass spectrum to
reference peaks
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msbackadj

msdotplot
msheatmap
mslowess
msnorm
mspalign
mspeaks
msppresample

msresample

mssgolay
msviewer
mzxml2peaks
mzxmlread

samplealign

1-20

Correct baseline of mass spectrum

Plot set of peak lists from LC/MS or
GC/MS data set

Create pseudocolor image of set of
mass spectra

Smooth mass spectrum using
nonparametric method

Normalize set of mass spectra

Align mass spectra from multiple
peak lists from LC/MS or GC/MS
data set

Convert raw mass spectrometry data
to peak list (centroided data)

Resample mass spectrometry signal
while preserving peaks

Resample mass spectrometry signal

Smooth mass spectrum with
least-squares polynomial

Explore mass spectrum or set of
mass spectra

Convert mzXML structure to peak
list

Read mzXML file into MATLAB as
structure

Align two data sets containing
sequential observations by
introducing gaps
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aa2int

Purpose Convert amino acid sequence from letter to integer representation
Syntax SeqInt = aa2int(SeqChar)
Arguments SeqChar  Either of the following:

¢ Character string of single-letter codes specifying an
amino acid sequence. See the table Mapping Amino
Acid Letters to Integers on page 2-2 for valid codes.
Unknown characters are mapped to 0. Integers are
arbitrarily assigned to IUB/IUPAC letters.

® Structure containing a Sequence field that contains an
amino acid sequence, such as returned by fastaread,
getembl, getgenpept, or getpdb.

Return SeqInt

Row vector of integers specifying an amino acid sequence.
Values

Mapping Amino Acid Letters to Integers

Amino Acid Code Integer
Alanine A 1
Arginine R 2
Asparagine N 3
Aspartic acid (Aspartate) D 4
Cysteine C 5
Glutamine Q 6
Glutamic acid (Glutamate) E 7
Glycine G 8




aa2int

Description

Mapping Amino Acid Letters to Integers (Continued)

Amino Acid Code Integer
Histidine H 9
Isoleucine I 10
Leucine L 11
Lysine K 12
Methionine M 13
Phenylalanine F 14
Proline P 15
Serine S 16
Threonine T 17
Tryptophan W 18
Tyrosine Y 19
Valine v 20
Asparagine or Aspartic acid (Aspartate) B 21
Glutamine or Glutamic acid (Glutamate) z 22
Any amino acid X 23
Translation stop & 24
Gap of indeterminate length - 25
Unknown or any character or symbol not ? 0

in table

SeqInt = aa2int(SeqChar) converts SeqChar, a string of single-letter
codes specifying an amino acid sequence, to SeqInt, a 1-by-N array
of integers specifying the same amino acid sequence. See the table
Mapping Amino Acid Letters to Integers on page 2-2 for valid codes.



aa2int

Examples

See Also

Converting a Simple Sequence

Convert the sequence of letters MATLAB to integers.

SeqlInt aa2int ('MATLAB')

SeqlInt

13 1 17 11 1 21

Converting a Random Sequence

Convert a random amino acid sequence of letters to integers.

1 Create a random character string to represent an amino acid
sequence.

SeqChar = randseq(20, 'alphabet', 'amino')
SeqChar =
dwcztecakfuecvifchds

2 Convert the amino acid sequence from letter to integer representation.

SeqlInt aa2int (SeqgChar)

SeqlInt

Columns 1 through 13
4 18 5 22 17 7 5 1 12 14 0 7 5

Columns 14 through 20
20 10 14 5 9 4 16

Bioinformatics Toolbox functions: aminolookup, int2aa, int2nt,
nt2int



aa2nt

Purpose

Syntax

Arguments

Return
Values

Convert amino acid sequence to nucleotide sequence

SegNT = aa2nt(SegAA)

SeqgNT = aa2nt(SeqgAA, ...'GeneticCode',

GeneticCodeValue, ...)

SeqgNT = aa2nt(SeqgAA, ...'Alphabet' AlphabetValue, ...)
SeqAA Amino acid sequence. Enter a character string

or a vector of integers from the table Mapping
Amino Acid Letters to Integers on page 2-2.
Examples: 'ARN' or [1 2 3]

GeneticCodeValue Integer or string specifying a genetic code.
Enter a code number or code name from the
table Genetic Code on page 2-6. If you use a
code name, you can truncate the name to the
first two characters of the name. Default is 1 or
‘Standard’.

AlphabetValue String specifying a nucleotide alphabet. Choices
are:
e 'DNA' (default) — Uses the symbols A, C, G, T

e 'RNA' — Uses the symbols A, C, G, U

SeqgNT Nucleotide sequence specified by a string of
letters.



aa2nt

Genetic Code

Code Code Name
Number

1 Standard

2 Vertebrate Mitochondrial

3 Yeast Mitochondrial

4 Mold, Protozoan, Coelenterate Mitochondrial,
and Mycoplasma/Spiroplasma

5 Invertebrate Mitochondrial

6 Ciliate, Dasycladacean, and Hexamita Nuclear

9 Echinoderm Mitochondrial

10 Euplotid Nuclear

11 Bacterial and Plant Plastid

12 Alternative Yeast Nuclear

13 Ascidian Mitochondrial

14 Flatworm Mitochondrial

15 Blepharisma Nuclear

16 Chlorophycean Mitochondrial

21 Trematode Mitochondrial

22 Scenedesmus Obliquus Mitochondrial

23 Thraustochytrium Mitochondrial

Description SeqNT = aa2nt(SeqgAA) converts an amino acid sequence, specified by

SeqAA, to a nucleotide sequence, returned in SegNT, using the standard
genetic code.

In general, the mapping from an amino acid to a nucleotide codon is not
a one-to-one mapping. For amino acids with more than one possible
nucleotide codon, this function randomly selects a codon corresponding

2-6



aa2nt

to that particular amino acid. For the ambiguous characters B and Z,
one of the amino acids corresponding to the letter is selected randomly,
and then a codon sequence is selected randomly. For the ambiguous
character X, a codon sequence is selected randomly from all possibilities.

SeqNT = aa2nt(SeqAA, ...'PropertyName', PropertyValue, ...)
calls aa2nt with optional properties that use property name/property
value pairs. You can specify one or more properties in any order. Each
PropertyName must be enclosed in single quotation marks and is case
insensitive. These property name/property value pairs are as follows:

SegNT = aa2nt(SeqAA, ...'GeneticCode', GeneticCodeValue,

.) specifies a genetic code to use when converting an amino acid
sequence to a nucleotide sequence. Choices for GeneticCodeValue are
an integer or string specifying a code number or code name from the
table Genetic Code on page 2-6. Default is 1 or 'Standard'.

SegNT = aa2nt(SegAA, ...'Alphabet' AlphabetValue, ...)
specifies a nucleotide alphabet. Choices for AlphabetValue are 'DNA'
(default) or 'RNA".

Standard Genetic Code

Amino Acid Amino Acid

Name Code Nucleotide Codon
Alanine A GCT GCC GCA GCG
Arginine R CGT CGC CGA CGG AGA AGG
Asparagine N ATT AAC

Aspartic acid D GAT GAC

(Aspartate)

Cysteine C TGT TGC

Glutamine Q CAA CAG
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Standard Genetic Code (Continued)

Amino Acid Amino Acid

Name Code Nucleotide Codon
Glutamic acid E GAA GAG

(Glutamate)

Glycine G GGT GGC GGA GGG
Histidine H CAT CAC

Isoleucine I ATT ATC ATA

Leucine L TTA TTG CTT CTC CTA CTG
Lysine K AAA AAG

Methionine M ATG

Phenylalanine F TTT TTC

Proline P CCT CCC CCA CCG

Serine S TCT TCC TCA TCG AGT AGC
Threonine T ACT ACC ACA ACG
Tryptophan w TGG

Tyrosine Y TAT, TAC

Valine \Y GTT GTC GTA GTG
Asparagine or B Random codon from D and N
Aspartic acid

(Aspartate)

Glutamine or Z Random codon from E and Q
Glutamic acid

(Glutamate)

Unknown or any X Random codon

amino acid

Translation stop * TAA TAG TGA
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Examples

Standard Genetic Code (Continued)

Amino Acid
Name

Amino Acid
Code

Nucleotide Codon

Gap of
indeterminate
length

Any character or
any symbol not in
table

777

1 Convert an amino acid sequence to a nucleotide sequence using the
standard genetic code.

aa2nt ('MATLAB')

Warning: The sequence contains ambiguous characters.

ans =

ATGGCAACCCTGGCGAAT

2 Use the Vertebrate Mitochondrial genetic code.

aa2nt( 'MATLAP',

ans =

ATGGCAACTCTAGCGCCT

'GeneticCode', 2)

3 Use the genetic code for the Echinoderm Mitochondrial RNA

alphabet.

aa2nt ('MATLAB', 'GeneticCode','ec', 'Alphabet', 'RNA")

Warning: The sequence contains ambiguous characters.

ans =

AUGGCUACAUUGGCUGAU
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4 Convert a sequence with the ambiguous amino acid character B.
aa2nt('abcd')

Warning: The sequence contains ambiguous characters.
ans =
GCCACATGCGAC

See Also Bioinformatics Toolbox functions: geneticcode, nt2aa,
revgeneticcode, seqtool

MATLAB function: rand
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Purpose

Syntax

Arguments

Description

Count amino acids in sequence

Amino = aacount (SegAA)

aacount(..., 'PropertyName', PropertyValue,...)
aacount(..., 'Chart', ChartValue)
aacount(..., 'Others', OthersValue)

aacount(..., 'Structure', StructureValue)

SeqAA Amino acid sequence. Enter a character string or
vector of integers from the Mapping Amino Acid
Letters to Integers on page 2-2 table. Examples:
"ARN' or [1 2 3]. You can also enter a structure
with the field Sequence.

ChartValue Property to select a type of plot. Enter either
'pie' or 'bar’.
OthersValue Property to control the counting of ambiguous

characters individually. Enter either 'full' or
"bundle ' (default).

StructureValue  Property to control blocking the unknown
characters warning and to not count unknown
characters.

Amino = aacount (SeqAA) counts the type and number of amino acids
in an amino acid sequence (SeqgAA) and returns the counts in a 1-by-1
structure (Amino) with fields for the standard 20 amino acids (A R N D
CQEGHILKMFPSTWY V)

¢ If a sequence contains amino acids with ambiguous characters (B, Z,
X), the stop character (*), or gaps indicated with a hyphen (-), the field
Others is added to the structure and a warning message is displayed.

Warning: Symbols other than the standard 20 amino acids
appear in the sequence.
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e If a sequence contains any characters other than the 20 standard
amino acids, ambiguous characters, stop, and gap characters, the
characters are counted in the field Others and a warning message is
displayed.

Warning: Sequence contains unknown characters. These will

be ignored.

e Ifthe property Others = 'full', this function lists the ambiguous
characters separately, asterisks are counted in a new field (Stop),
and hyphens are counted in a new field (Gap).

aacount(..., 'PropertyName', PropertyValue,...) defines
optional properties using property name/value pairs:

aacount(..., 'Chart', ChartValue) creates a chart showing the
relative proportions of the amino acids.

aacount(..., 'Others', OthersValue), when OthersValue is
'full'', counts the ambiguous amino acid characters individually
instead of adding them together in the field Others.

aacount(..., 'Structure', StructureValue), when
StructureValue is 'full', blocks the unknown characters warning
and ignores counting unknown characters.

® aacount(SegAA) — Display 20 amino acids, and only if there are
ambiguous and unknown characters, add an Others field with the
counts.

® aacount(SegAA, 'Others', 'full') — Display 20 amino acids, 3
ambiguous amino acids, stops, gaps, and only if there are unknown
characters, add an Others field with the unknown counts.

® aacount(SegAA, 'Structure', 'full') — Display 20 amino
acids and always display an Others field. If there are ambiguous
and unknown characters, add counts to the Others field; otherwise
display 0.
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® aacount(SegAA, 'Others', 'full', 'Structure', 'full') —
Display 20 amino acids, 3 ambiguous amino acids, stops, gaps, and
Others field. If there are unknown characters, add counts to the
Others field otherwise display 0.

Examples 1 Create a sequence.
Seq = aacount('MATLAB')
2 Count the amino acids in the sequence.
AA = aacount(Seq)

Warning: Symbols other than the standard 20 amino acids appear
in the sequence.

AA =
A: 2
R: O
N: O
D: O
C: 0
Q: O
E: O
G: 0
H: O
I: 0
L: 1
K: 0
M: 1
F: O
P: O
S: 0
T: 1
W: 0
Y: 0
V: 0

Others: 1
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3 Get the count for alanine (A) residues.

AA.A
ans =
2
See Also Bioinformatics Toolbox functions: aminolookup, atomiccomp,

basecount, codoncount, dimercount, isoelectric, molweight,
proteinplot, seqtool
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Purpose

Syntax

Arguments

Perform rank invariant set normalization on probe intensities from
multiple Affymetrix CEL or DAT files

NormData = affyinvarsetnorm(Data)
[NormData, MedStructure] = affyinvarsetnorm(Data)

. affyinvarsetnorm(..., 'Baseline', BaselineValue, ...)

. affyinvarsetnorm(..., 'Thresholds',
ThresholdsValue, ...)

. affyinvarsetnorm(..., 'StopPrctile’,
StopPrctileValue, ...)

. affyinvarsetnorm(..., 'RayPrctile',
RayPrctileValue, ...)

. affyinvarsetnorm(..., 'Method', MethodValue, ...)

. affyinvarsetnorm(..., 'Showplot', ShowplotValue, ...)
Data Matrix of intensity values where each row

corresponds to a perfect match (PM) probe
and each column corresponds to an Affymetrix
CEL or DAT file. (Each CEL or DAT file is
generated from a separate chip. All chips
should be of the same type.)

MedStructure Structure of each column’s intensity median
before and after normalization, and the index
of the column chosen as the baseline.

BaselineValue Property to control the selection of the column
index N from Data to be used as the baseline
column. Default is the column index whose
median intensity is the median of all the
columns.
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ThresholdsValue

StopPrctileValue

RayPrctileValue

Property to set the thresholds for the lowest
average rank and the highest average rank,
which are used to determine the invariant set.
The rank invariant set is a set of data points
whose proportional rank difference is smaller
than a given threshold. The threshold for
each data point is determined by interpolating
between the threshold for the lowest average
rank and the threshold for the highest average
rank. Select these two thresholds empirically
to limit the spread of the invariant set, but
allow enough data points to determine the
normalization relationship.

ThresholdsValue is a 1-by-2 vector [LT,

HT] where LT is the threshold for the lowest
average rank and HT is threshold for the
highest average rank. Values must be between
0 and 1. Default is [0.05, 0.005].

Property to stop the iteration process when
the number of data points in the invariant set
reaches N percent of the total number of data
points. Default is 1.

Note If you do not use this property, the
iteration process continues until no more data
points are eliminated.

Property to select the N percentage of the
highest ranked invariant set of data points to
fit a straight line through, while the remaining
data points are fitted to a running median
curve. The final running median curve is a
piecewise linear curve. Default is 1.5.
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Description

MethodValue

ShowplotValue

Property to select the smoothing method used
to normalize the data. Enter 'lowess' or
‘runmedian’'. Default is 'lowess'.

Property to control the plotting of two pairs of
scatter plots (before and after normalization).
The first pair plots baseline data versus data
from a specified column (chip) from the matrix
Data. The second is a pair of M-A scatter plots,
which plots M (ratio between baseline and
sample) versus A (the average of the baseline
and sample). Enter either 'all' (plot a pair of
scatter plots for each column or chip) or specify
a subset of columns (chips) by entering the
column number(s) or a range of numbers.

For example:

e ..., 'Showplot', 3, ...) plots data
from column 3.

e ..., 'Showplot', [3,5,7], ...) plots
data from columns 3, 5, and 7.

e ..., 'Showplot', 3:9, ...) plots data
from columns 3 to 9.

NormData = affyinvarsetnorm(Data) normalizes the values in each
column (chip) of probe intensities in Data to a baseline reference, using
the invariant set method. NormData is a matrix of normalized probe

intensities from Data.

Specifically, affyinvarsetnorm:

® Selects a baseline index, typically the column whose median intensity
is the median of all the columns.
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¢ For each column, determines the proportional rank difference (prd)
for each pair of ranks, RankX and RankY, from the sample column
and the baseline reference.

prd = abs(RankX - RankY)

¢ For each column, determines the invariant set of data points by
selecting data points whose proportional rank differences (prd) are
below threshold, which is a predetermined threshold for a given
data point (defined by the ThresholdsValue property). It repeats
the process until either no more data points are eliminated, or a
predetermined percentage of data points is reached.

The invariant set is data points with a prd < threshold.

¢ For each column, uses the invariant set of data points to calculate
the lowess or running median smoothing curve, which is used to
normalize the data in that column.

[NormData, MedStructure] = affyinvarsetnorm(Data) also returns
a structure of the index of the column chosen as the baseline and each
column’s intensity median before and after normalization.

Note If Data contains NaN values, then NormData will also contain
NaN values at the corresponding positions.

. affyinvarsetnorm(..., 'PropertyName',
PropertyValue, ...) calls affyinvarsetnorm with optional
properties that use property name/property value pairs. You can specify
one or more properties in any order. Each PropertyName must be
enclosed in single quotation marks and is case insensitive. These
property name/property value pairs are as follows:

. affyinvarsetnorm(..., 'Baseline', BaselineValue, ...)
lets you select the column index N from Data to be the baseline column.
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Default is the index of the column whose median intensity is the median
of all the columns.

. affyinvarsetnorm(..., 'Thresholds',
ThresholdsValue, ...) sets the thresholds for the lowest average
rank and the highest average rank, which are used to determine the
invariant set. The rank invariant set is a set of data points whose
proportional rank difference is smaller than a given threshold. The
threshold for each data point is determined by interpolating between
the threshold for the lowest average rank and the threshold for the
highest average rank. Select these two thresholds empirically to
limit the spread of the invariant set, but allow enough data points to
determine the normalization relationship.

ThresholdsValue is a 1-by-2 vector [LT, HT], where LT is the threshold
for the lowest average rank and HT is threshold for the highest average
rank. Values must be between 0 and 1. Default is [0.05, 0.005].

. affyinvarsetnorm(..., 'StopPrctile’,
StopPrctileValue, ...) stops the iteration process when the number
of data points in the invariant set reaches N percent of the total number
of data points. Default is 1.

Note If you do not use this property, the iteration process continues
until no more data points are eliminated.

. affyinvarsetnorm(..., 'RayPrctile’',
RayPrctileValue, ...) selects the N percentage of the highest ranked
invariant set of data points to fit a straight line through, while the
remaining data points are fitted to a running median curve. The final
running median curve is a piecewise linear curve. Default is 1.5.

. affyinvarsetnorm(..., 'Method', MethodValue, ...) selects
the smoothing method for normalizing the data. When MethodValue
is 'lowess', affyinvarsetnorm uses the lowess method. When
MethodValue is 'runmedian', affyinvarsetnorm uses the running
median method. Default is 'lowess'.
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. affyinvarsetnorm(..., 'Showplot', ShowplotValue, ...)
plots two pairs of scatter plots (before and after normalization). The
first pair plots baseline data versus data from a specified column
(chip) from the matrix Data. The second is a pair of M-A scatter
plots, which plots M (ratio between baseline and sample) versus A
(the average of the baseline and sample). When ShowplotValue is
'all', affyinvarsetnorm plots a pair of scatter plots for each column
or chip. When ShowplotValue is a number(s) or range of numbers,
affyinvarsetnorm plots a pair of scatter plots for the indicated column
numbers (chips).

For example:

® ..., 'Showplot', 3) plotsthe data from column 3 of Data.

e ..., 'Showplot', [3,5,7]) plots the data from columns 3, 5,
and 7 of Data.

e ..., 'Showplot', 3:9) plots the data from columns 3 to 9 of Data.
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Examples

1 Load a MAT file, included with Bioinformatics Toolbox, which

contains Affymetrix data variables, including pmMatrix, a matrix of
PM probe intensity values from multiple CEL files.

load prostatecancerrawdata

2 Normalize the data in pmMatrix, using the affyinvarsetnorm
function.
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References

See Also

NormMatrix = affyinvarsetnorm(pmMatrix);

The prostatecancerrawdata.mat file used in the previous example
contains data from Best et al., 2005.

[1] Li, C., and Wong, W.H. (2001). Model-based analysis of
oligonucleotide arrays: model validation, design issues and standard
error application. Genome Biology 2(8): research0032.1-0032.11.

[2] http://biosuni.harvard.edu/complab/dchip/-
normalizing%20arrays.htm#isn

[3] Best, C.J.M., Gillespie, J.W., Yi, Y., Chandramouli, G.V.R.,
Perlmutter, M.A., Gathright, Y., Erickson, H.S., Georgevich, L., Tangrea,
M.A., Duray, P.H., Gonzalez, S., Velasco, A., Linehan, W.M., Matusik,
R.J., Price, D.K., Figg, W.D., Emmert-Buck, M.R., and Chuaqui, R.F.
(2005). Molecular alterations in primary prostate cancer after androgen
ablation therapy. Clinical Cancer Research 11, 6823-6834.

Bioinformatics Toolbox functions: affyread, celintensityread,
mainvarsetnorm, malowess, manorm, quantilenorm, rmabackadj,
rmasummary


http://biosun1.harvard.edu/complab/dchip/normalizing%20arrays.htm#isn
http://biosun1.harvard.edu/complab/dchip/normalizing%20arrays.htm#isn
http://biosun1.harvard.edu/complab/dchip/normalizing%20arrays.htm#isn

affyprobeaffinities

Purpose

Syntax

Compute Affymetrix probe affinities from their sequences and MM
probe intensities

[AffinPM, AffinMM] = affyprobeaffinities(SequenceMatrix,
MMIntensity)

[AffinPM, AffinMM,
BaseProf] = affyprobeaffinities(SequenceMatrix,
MMIntensity)

[AffinPM, AffinMM, BaseProf,

Stats] = affyprobeaffinities(SequenceMatrix,

MMIntensity)
. = affyprobeaffinities(SequenceMatrix, MMIntensity,
... ProbelIndices', ProbeIndicesValue, ...)
. = affyprobeaffinities(SequenceMatrix, MMIntensity,
... 'Showplot', ShowplotValue, ...)
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Arguments

SequenceMatrix

MMIntensity

An N-by-25 matrix of sequence information for
the perfect match (PM) probes on an Affymetrix
GeneChip array, where N is the number of
probes on the array. Each row corresponds to

a probe, and each column corresponds to one

of the 25 sequence positions. Nucleotides in
the sequences are represented by one of the
following integers:

* 0 — None
e 1—A
e 2_C
*3—G
e 4T

Tip You can use the affyprobeseqread
function to generate this matrix. If you
have this sequence information in letter
representation, you can convert it to integer
representation using the nt2int function.

Column vector containing mismatch (MM)
probe intensities from a CEL file, generated
from a single Affymetrix GeneChip array. Each
row corresponds to a probe.

Tip You can extract this column vector from
the MMIntensities matrix returned by the
celintensityread function.
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ProbeIndicesValue Column vector containing probe indexing
information. Probes within a probe set are
numbered 0 through N - 1, where N is the
number of probes in the probe set.

Tip You can use the affyprobeseqread
function to generate this column vector.

ShowplotValue Controls the display of a plot showing the
affinity values of each of the four bases (A, C, G,
and T) for each of the 25 sequence positions, for
all probes on the Affymetrix GeneChip array.
Choices are true or false (default).

Return AffinPM Column vector of PM probe affinities, computed
Values from their probe sequences and MM probe
intensities.

AffinMM Column vector of MM probe affinities, computed
from their probe sequences and MM probe
intensities.
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Description

BaseProf 4-by-4 matrix containing the four parameters
for a polynomial of degree 3, for each base, A, C,
G, and T. Each row corresponds to a base, and
each column corresponds to a parameter. These
values are estimated from the probe sequences
and intensities, and represent all probes on an
Affymetrix GeneChip array.

Stats Row vector containing four statistics in the
following order:
¢ R-square statistic

e T statistic
* p-value

e Error variance

[AffinPM, AffinMM] = affyprobeaffinities(SequenceMatrix,
MMIntensity) returns a column vector of PM probe affinities and

a column vector of MM probe affinities, computed from their probe
sequences and MM probe intensities. Each row in AffinPM and AffinMuM
corresponds to a probe. NaN is returned for probes with no sequence
information. Each probe affinity is the sum of position-dependent base
affinities. For a given base type, the positional effect is modeled as a
polynomial of degree 3.

[AffinPM, AffinMM, BaseProf] =
affyprobeaffinities(SequenceMatrix,

MMIntensity) also estimates affinity coefficients using multiple linear
regression. It returns BaseProf, a 4-by-4 matrix containing the four
parameters for a polynomial of degree 3, for each base, A, C, G, and T.
Each row corresponds to a base, and each column corresponds to a
parameter. These values are estimated from the probe sequences and
intensities, and represent all probes on an Affymetrix GeneChip array.

[AffinPM, AffinMM, BaseProf, Stats] =
affyprobeaffinities(SequenceMatrix, MMIntensity)
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Examples

also returns Stats, a row vector containing four statistics in the
following order:

® R-square statistic
¢ F statistic
® p-value

e Error variance

= affyprobeaffinities(SequenceMatrix, MMIntensity,
... 'PropertyName', PropertyValue, ...) calls
affyprobeaffinities with optional properties that use
property name/property value pairs. You can specify one or more
properties in any order. Each PropertyName must be enclosed in single
quotation marks and is case insensitive. These property name/property
value pairs are as follows:

= affyprobeaffinities(SequenceMatrix, MMIntensity,
...'ProbeIndices', ProbeIndicesValue, ...) uses probe indices
to normalize the probe intensities with the median of their probe set
intensities.

Tip Use of the ProbeIndices property is recommended only if your
MMIntensity data are not from a nonspecific binding experiment.

= affyprobeaffinities(SequenceMatrix, MMIntensity,
...'Showplot', ShowplotValue, ...) controls the display of a plot
of the probe affinity base profile. Choices are true or false (default).

1 Load the MAT file, included with Bioinformatics Toolbox, that
contains Affymetrix data from a prostate cancer study. The variables
in the MAT file include segqMatrix, a matrix containing sequence
information for PM probes, mmMatrix, a matrix containing MM probe
intensity values, and probeIndices, a column vector containing
probe indexing information.
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load prostatecancerrawdata

2 Compute the Affymetrix PM and MM probe affinities from their
sequences and MM probe intensities, and also plot the affinity values
of each of the four bases (A, C, G, and T) for each of the 25 sequence
positions, for all probes on the Affymetrix GeneChip array.

[apm, amm] = affyprobeaffinities(segMatrix, mmMatrix(:,1),...
'ProbeIndices', probeIndices, 'showplot', true);
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References

See Also

The prostatecancerrawdata.mat file used in this example contains
data from Best et al., 2005.

[1] Naef, F., and Magnasco, M.O. (2003). Solving the Riddle of the
Bright Mismatches: Labeling and Effective Binding in Oligonucleotide
Arrays. Physical Review E 68, 011906.

[2] Wu, Z., Irizarry, R.A., Gentleman, R., Murillo, F M. and Spencer, F.
(2004). A Model Based Background Adjustment for Oligonucleotide
Expression Arrays. Journal of the American Statistical Association
99(468), 909-917.

[3] Best, C.J.M., Gillespie, J.W., Yi, Y., Chandramouli, G.V.R.,
Perlmutter, M.A., Gathright, Y., Erickson, H.S., Georgevich, L., Tangrea,
M.A., Duray, P.H., Gonzalez, S., Velasco, A., Linehan, W.M., Matusik,
R.J., Price, D.K., Figg, W.D., Emmert-Buck, M.R., and Chuaqui, R.F.
(2005). Molecular alterations in primary prostate cancer after androgen
ablation therapy. Clinical Cancer Research 11, 6823-6834.

Bioinformatics Toolbox functions: affyprobeseqread, affyread,
celintensityread, probelibraryinfo
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Purpose Read data file containing probe sequence information for Affymetrix
GeneChip array

Syntax Struct = affyprobeseqread(SeqgFile, CDFFile)
Struct = affyprobeseqread(SeqFile, CDFFile, ...'SegPath’,
SegPathValue, ...)
Struct = affyprobeseqread(SeqFile, CDFFile, ...'CDFPath',
CDFPathValue, ...)
Struct = affyprobeseqread(SeqFile, CDFFile, ...'SeqOnly',
SeqOnlyValue, ...)
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Arguments

SeqFile

CDFFile

String specifying a file name of a sequence file
(tab-separated or FASTA) that contains the following
information for a specific type of Affymetrix
GeneChip array:

® Probe set IDs

® Probe x-coordinates

® Probe y-coordinates

® Probe sequences in each probe set

¢ Affymetrix GeneChip array type (FASTA file only)

The sequence file (tab-separated or FASTA) must
be on the MATLAB search path or in the Current
Directory (unless you use the SeqPath property). In
a tab-separated file, each row represents a probe; in
a FASTA file, each header represents a probe.

Either of the following:

e String specifying a file name of an Affymetrix
CDF library file, which contains information that
specifies which probe set each probe belongs to on
a specific type of Affymetrix GeneChip array. The
CDF library file must be on the MATLAB search
path or in the MATLAB Current Directory (unless
you use the CDFPath property).

e CDF structure, such as returned by the affyread
function, which contains information that specifies
which probe set each probe belongs to on a specific
type of Affymetrix GeneChip array.

Caution Make sure that SeqFile and CDFFile
contain information for the same type of Affymetrix
GeneChip array.
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SeqPathValue String specifying a directory or path and directory
where SeqFile is stored.

CDFPathValue String specifying a directory or path and directory
where CDFFile is stored.

SeqOnlyValue Controls the return of a structure, Struct, with
only one field, SequenceMatrix. Choices are true
or false (default).

Return Struct MATLAB structure containing the following fields:
Values

® ProbeSetIDs
® Probelndices

® SequenceMatrix

Description Struct = affyprobeseqread(SeqFile, CDFFile) reads the data from
files SeqFile and CDFFile, and stores the data in the MATLAB
structure Struct, which contains the following fields.

Field Description

ProbeSetIDs Cell array containing the probe set IDs from the
Affymetrix CDF library file.
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Field Description

ProbeIndices Column vector containing probe indexing
information. Probes within a probe set are
numbered 0 through N - 1, where N is the number
of probes in the probe set.

SequenceMatrix | An N-by-25 matrix of sequence information for
the perfect match (PM) probes on the Affymetrix
GeneChip array, where N is the number of probes
on the array. Each row corresponds to a probe,
and each column corresponds to one of the 25
sequence positions. Nucleotides in the sequences
are represented by one of the following integers:

* 0 — None
e 1—A
e 2__C
e 3—G
e 4T

Note Probes without sequence information
are represented in SequenceMatrix as a row
containing all Os.

Tip You can use the int2nt function to convert the
nucleotide sequences in SequenceMatrix to letter
representation.

Struct = affyprobeseqread(SeqFile, CDFFile,
...'PropertyName', PropertyValue, ...) calls affyprobeseqread
with optional properties that use property name/property value pairs.
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You can specify one or more properties in any order. Each PropertyName
must be enclosed in single quotation marks and is case insensitive.
These property name/property value pairs are as follows:

Struct = affyprobeseqread(SeqFile, CDFFile, ...'SeqPath',
SeqPathValue, ...) lets you specify a path and directory where
SeqFile is stored.

Struct = affyprobeseqread(SeqFile, CDFFile, ...'CDFPath',
CDFPathValue, ...) lets you specify a path directory where CDFFile
is stored.

Struct = affyprobeseqread(SeqFile, CDFFile, ...'SeqOnly',
SeqOnlyValue, ...) controls the return of a structure, Struct, with

only one field, SequenceMatrix. Choices are true or false (default).

Examples 1 Read the data from a FASTA file and associated CDF library file,
assuming both are located on the MATLAB search path or in the
Current Directory.

S1 = affyprobeseqread('HG-U95A probe_fasta', 'HG_U95A.CDF');

2 Read the data from a tab-separated file and associated CDF
structure, assuming the tab-separated file is located in the specified
directory and the CDF structure is in your MATLAB Workspace.

S2 = affyprobeseqread('HG-U95A probe_tab',hgu95aCDFStruct,...
'seqpath', 'C:\Affymetrix\SequenceFiles\HGGenome"') ;

3 Access the nucleotide sequences of the first probe set (rows 1 through
20) in the SequenceMatrix field of the S2 structure.

seq = int2nt(S2.SequenceMatrix(1:20,:))

See Also Bioinformatics Toolbox functions: affyinvarsetnorm, affyread,
celintensityread, int2nt, probelibraryinfo, probesetlink,
probesetlookup, probesetplot, probesetvalues
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Purpose Read microarray data from Affymetrix GeneChip file
Syntax AffyStruct = affyread(File)
AffyStruct = affyread(File, LibraryPath)
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Arguments

File

LibraryPath

String specifying a file name or a path and file name
of one of the following Affymetrix file types:

e EXP — Data file containing information about
experimental conditions and protocols.

* DAT — Data file containing raw image data (pixel
intensity values).

¢ CEL — Data file containing information about the
intensity values of the individual probes.

¢ CHP — Data file containing summary information
of the probe sets, including intensity values.

¢ CDF — Library file containing information about
which probes belong to which probe set.

¢ GIN — Library file containing information about
the probe sets, such as the gene name with which
the probe set is associated.

If you specify only a file name, that file must be on the
MATLAB search path or in the current directory. If
you specify only a file name of a CDF or GIN library
file, you can specify the path and directory in the
LibraryPath input argument.

String specifying the path and directory of a:

e CDF library file associated with File when File
is a CHP file.

¢ CDF library file when File is a CDF file.

¢ GIN library file when File is a GIN file.

Note If you do not specify LibraryPath when reading
a CHP file, affyread looks in the current directory for
the CDF file. If it does not find the CDF file, it still
reads the CHP file, but the probe set names and types
will be omitted from the return value, AffyStruct.
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Return AffyStruct MATLAB structure containing information from
Values an Affymetrix data or library file, for expression,
genotyping (SNP), or resequencing assay types.

Description

Note This function does not work on the Solaris platform.

AffyStruct = affyread(File) reads File, an Affymetrix file, and
creates AffyStruct, a MATLAB structure. The affyread function can
read Affymetrix EXP, DAT, CEL, CHP, CDF, and GIN files created
from Affymetrix GeneChip arrays for expression, genotyping (SNP), or
resequencing assays.

AffyStruct = affyread(File, LibraryPath) specifies the path and
directory of a:

e CDF library file associated with File when File is a CHP file

e CDF library file when File is a CDF file

e GIN library file when File is a GIN file

Note If you do not specify LibraryPath when reading a CHP file,
affyread looks in the current directory for the CDF file. If it does not
find the CDF file, it still reads the CHP file, but the probe set names
and types will be omitted from the return value, AffyStruct.

You can learn more about the Affymetrix GeneChip files and download
sample files from:

http://www.affymetrix.com/support/technical/sample data/demo_data.affx
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Note Some Affymetrix sample data files (DAT, EXP, CEL, and CHP)
are combined in a DTT or CAB file. You must download and use the
Affymetrix Data Transfer Tool to extract these files from the DTT or
CAB file. You can download the Affymetrix Data Transfer Tool from:

http://www.affymetrix.com/products/software/specific/dtt.affx

You will have to register and log in at the Affymetrix Web site to
download the Affymetrix Data Transfer Tool.

The following tables describe the fields in AffyStruct for the different
Affymetrix file types.

File Types EXP, DAT, CEL, CHP, CDF, and GIN

Field Description

Name File name.

DataPath Path and directory of the file.

LibPath Path and directory of the CDF and GIN library
files associated with the file being read.

FullPathName Path and directory of the file.
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File Types EXP, DAT, CEL, CHP, CDF, and GIN (Continued)

Field

Description

ChipType

Name of the Affymetrix GeneChip array (for
example, DrosGenomel or HG-Focus).

Date

Date the file was created.

EXP File

Field

Description

ChipLot
Operator
SampleType
SampleDesc
Project
Comments
Reagents
ReagentlLot
Protocol
Station
Module
HydridizeDate
ScanPixelSize
ScanFilter
ScanDate
ScannerID
NumberOfScans
ScannerType
NumProtocolSteps
ProtocolSteps

Information about experimental conditions and
protocols captured by the Affymetrix software.
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DAT File

Field Description

NumPixelsPerRow | Number of pixels per row in the image created
from the GeneChip array (number of columns).

NumRows Number of rows in the image created from the
GeneChip array.

MinData Minimum intensity value in the image created
from the GeneChip array.

MaxData Maximum intensity value in the image created
from the GeneChip array.

PixelSize Size of one pixel in the image created from the
GeneChip array.

CellMargin Size of gaps between cells in the image created
from the GeneChip array.

ScanSpeed Speed of the scanner used to create the image.

ScanDate Date the scan was performed.

ScannerID Name of the scanning device used.

UpperLeftX Pixel coordinates of the scanned image.

UpperLeftY

UpperRightX

UpperRightY

LowerLeftX

LowerLeftY

LowerRightX

LowerRightY
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DAT File (Continued)

Field Description

ServerName Not used.

Image A NumRows-by-NumPixelsPerRow image of the

scanned GeneChip array.
CEL File

Field Description

FileVersion Version of the CEL file format.

Algorithm Algorithm used in the image processing step
that converts from DAT format to CEL format.

AlgParams String containing parameters used by the
algorithm in the image processing step.

NumAlgParams Number of parameters in AlgParams.

CellMargin Size of gaps between cells in the image created
from the GeneChip array, used for computing
the intensity values of the cells.

Rows Number of rows of probes.

Cols Number of columns of probes.

NumMasked Number of probes that are masked and not used
in subsequent processing.

NumOutliers Number of cells identified as outliers (very high
or very low intensity) by the image processing
step.

NumProbes Number of probes (Rows * Cols) on the

GeneChip array.
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CEL File (Continued)

Field Description
UpperLeftX Pixel coordinates of the scanned image.
UpperLeftY
UpperRightX
UpperRightY
LowerLeftX
LowerLeftY
LowerRightX
LowerRightY
ProbeColumnNames | Cell array containing the eight column names
in the Probes field:
e PosX — x-coordinate of the cell
® PosY — y-coordinate of the cell
® Intensity — Intensity value of the cell
¢ StdDev — Standard deviation of intensity
value
e Pixels — Number of pixels in the cell
® OQutlier — True/false flag indicating if the
cell was marked as an outlier
® Masked — True/false flag indicating if the
cell was masked
® ProbeType — Integer indicating the probe
type (for example, 1 = expression)
Probes NumProbes-by-8 array of information about the

individual probes, including intensity values.
The columns of this array are contained in the
ProbeColumnNames field.
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CHP File

Field Description

AssayType Type of assay that the GeneChip array contained (for example,
Expression, Genotyping, or Resequencing).

CellFile File name of the CEL file from which the CHP file was created.

Algorithm Algorithm used to convert from CEL format to CHP format.

AlgVersion Version of the algorithm used to create the CHP file.

NumAlgParams Number of parameters in AlgParams.

AlgParams String containing parameters used in steps needed to create the
CHP file (for example, background correction).

NumChipSummary Number of entries in ChipSummary.

ChipSummary Summary information for the GeneChip array, including
background average, standard deviation, max, and min.

BackgroundZones Structure containing information about the zones used in the
background adjustment step.

Rows Number of rows of probes.

Cols Number of columns of probes.

NumProbeSets Number of probe sets on the GeneChip array.

NumQCProbeSets Number of QC probe sets on the GeneChip array.
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CHP File (Continued)

Field Description

ProbeSets A NumProbeSets-by-1 structure array containing information for

([Dpprsesicn ConeCits each expression probe set, including the following fields:

R e Name — Name of the probe set.
® ProbeSetType — Type of the probe set.

e CompDataExists — True/false flag indicating if the probe set
has additional computed information.

® NumPairs — Number of probe pairs in the probe set.

® NumPairsUsed — Number of probe pairs in the probe set used
for calculating the probe set signal (not masked).

e Signal — Summary intensity value for the probe set.

® Detection — Indicator of statistically significant difference
between the intensity value of the PM probes and the
intensity value of the MM probes in a single probe set
(Present, Absent, or Marginal).

e DetectionPValue — P value for the Detection indicator.

® CommonPairs — When CompDataExists is true, contains the
number of common pairs between the experiment and the
baseline after outliers and masked probes have been removed.

® SignalLogRatio — When CompDataExists is true, contains
the change in signal between the experiment and baseline.

® SignalLogRatioLow — When CompDataExists is true,
contains the lowest ratios of probes between the experiment
and the baseline.

® SignalLogRatioHigh — When CompDataExists is true,
contains the highest ratios of probes between the experiment
and the baseline.

® Change — When CompDataExists is true, describes how the
probe is changed versus a baseline experiment. Choices are
Increase, Marginal Increase, No Change, Decrease, or
Marginal Decrease.

® ChangePValue — When CompDataExists is true, contains the
2-44 p-value associated with Change.
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CHP File (Continued)

Field Description

ProbeSets A NumProbeSets-by-1 structure array containing information for

(Cemptmins Camelins each genotyping probe set, including the following fields:

array) e Name — Name of the probe set.

® AlleleCall — Allele that is present for the probe set.
Possibilities are AA (homozygous for the major allele), AB
(heterozygous for the major and minor allele), BB (homozygous
for the minor allele), or NoCall (unable to determine allele).

® Confidence — A measure of the accuracy of the allele call.

® RAS1 — Relative Allele Signal 1 for the SNP site, which is
calculated using sense probes.

® RAS2— Relative Allele Signal 2 for the SNP site, which is
calculated using antisense probes.

® PValueAA — p-value for an AA call.

® PValueAB — p-value for an AB call.

® PValueBB — p-value for a BB call.

® PValueNoCall — p-value for a NoCall call.

ProbeSets A NumProbeSets-by-1 structure array containing information for

(Emesansing each resequencing probe set, including the following fields:

CiziattOlingy Erezzy) e CalledBases — A 1-by-NumProbeSets character array

containing the bases called by the resequencing algorithm.
Possible values are a, c, g, t, and n.

e Scores — A 1-by-NumProbeSets array containing the score
associated with each base call.
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CDF File
Field Description
Rows Number of rows of probes.
Cols Number of columns of probes.
NumProbeSets Number of probe sets on the GeneChip array.
NumQCProbeSets Number of QC probe sets on the GeneChip array.
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CDF File (Continued)

Field

Description

ProbeSetColumnNames

Cell array containing the six column names in the
ProbePairs field in the ProbeSets array:

e GroupNumber — Number identifying the group to which
the probe pair belongs. For expression arrays, this
is always 1. For genotyping arrays, this is typically
1 (allele A, sense), 2 (allele B, sense), 3 (allele A,
antisense), or 4 (allele B, antisense).

® Direction — Number identifying the direction of the
probe pair. 1 = sense and 2 = antisense.

® PMPosX — x-coordinate of the perfect match probe.
® PMPosY — y-coordinate of the perfect match probe.
® MMPosX — x-coordinate of the mismatch probe.

® MMPosY — y-coordinate of the mismatch probe.

ProbeSets

A NumProbeSets-by-1 structure array containing
information for each probe set, including the following
fields:

¢ Name — Name of the probe set.

® ProbeSetType — Type of the probe set.

® CompDataExists — True/false flag indicating if the
probe set has additional computed information.

® NumPairs — Number of probe pairs in the probe set.
® NumQCProbes — Number of QC probes in the probe set.
® QCType — Type of QC probes.

® GroupNames — Name of the group to which the probe
set belongs. For expression arrays, this is the name of
the probe set. For genotyping arrays, this is the name
of the alleles, for example {'A' 'C' 'A' 'C'}"'.

® ProbePairs — NumPairs-by-6 array of information
about the probe pairs. The column names of this array
are contained in the ProbeSetColumnNames field.
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GIN File

Field Description

Version GIN file format version.

ProbeSetName Probe set ID/name.

1D Identifier for the probe set (gene ID).

Description Description of the probe set.

SourceNames Source(s) of the probe sets.

SourceURL Source URL(s) for the probe sets.

SourcelID Vector of numbers specifying which SourceNames

or SourceURL each probe set is associated with.

Examples The following example uses the demo data and CDF library file from

the E. coli Antisense Genome array, which you can download from:

http://www.affymetrix.com/support/technical/sample_data/demo_data.affx

After you download the demo data, you will need the Affymetrix Data
Transfer Tool to extract the CEL, DAT, and CHP files from a DTT file.
You can download the Affymetrix Data Transfer Tool from:

http://www.affymetrix.com/products/software/specific/dtt.affx

The following example assumes that files
Ecoli-antisense-121502.CEL, Ecoli-antisense-121502.dat,
and Ecoli-antisense-121502.chp are stored on the MATLAB
search path or in the current directory. It also assumes that
the associated CDF library file, Ecoli_ASv2.CDF, is stored at
D:\Affymetrix\LibFiles\Ecoli.

1 Read the contents of a CEL file into a MATLAB structure.

celStruct = affyread('Ecoli-antisense-121502.CEL"');
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2 Display a spatial plot of the probe intensities.

maimage(celStruct, 'Intensity')

_lo/x
File Edit “iew Insert Tools Desktop Window Help ¥
DEE& LKRAOMS|E|0B = O

Intensity x104

3 Zoom in on a specific region of the plot.

axis([200 340 0 70])
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4 Read the contents of a DAT file into a MATLAB structure, display
the raw image data, and then use the axis image function to set
the correct aspect ratio.

datStruct = affyread('Ecoli-antisense-121502.dat');
imagesc(datStruct.Image)
axis image
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File Edit “iew Insert Tools Desktop Window Help
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5 Zoom in on a specific region of the plot.

axis([1900 2800 160 650])
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6 Read the contents of a CHP file into a MATLAB structure, specifying
the location of the associated CDF library file. Then extract

information for probe set 3315278

chpStruct = affyread('Ecoli-antisense-121502.chp',...

'D:\Affymetrix\LibFiles\Ecoli');

geneName

geneName =

2-52

probesetlookup(chpStruct,

'3315278")
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Identifier: '3315278'
ProbeSetName: 'argG_b3172_at'
CDFIndex: 5213
GINIndex: 3074
Description: [1x82 char]
Source: 'NCBI EColi Genome'
SourceURL: [1x74 char]
See Also Bioinformatics Toolbox functions: agferead, celintensityread,

gprread, probelibraryinfo, probesetlink, probesetlookup,
probesetplot, probesetvalues, sptread
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Purpose Read Agilent Feature Extraction Software file
Syntax AGFEData = agferead(File)
Arguments
File Microarray data file generated with the Agilent

Feature Extraction Software.

Description AGFEData = agferead(File) reads files generated with the Feature
Extraction Software from Agilent micoararry scanners and creates a
structure (AGFEData) containing the following fields:
® Header
® Stats
® Columns
® Rows
® Names
e IDs
® Data
® ColumnNames
® TextData
® TextColumnNames
The Feature Extraction Software takes an image from an Agilent

microarray scanner and generates raw intensity data for each spot on
the plate. For more information about this software, see:

http://www.chem.agilent.com/scripts/pds.asp?lpage=2547

Examples 1 Read in a sample Agilent Feature Extraction Software file. Note that
the file fe_sample.txt is not provided with Bioinformatics Toolbox.
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agfeStruct = agferead('fe_sample.txt')

2 Plot the median foreground.

maimage (agfeStruct, 'gMedianSignal');
maboxplot(agfeStruct, 'gMedianSignal');

See Also Bioinformatics Toolbox functions: affyread, celintensityread,
galread, geosoftread, gprread, imageneread, magetfield, sptread
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Purpose Find amino acid codes, integers, abbreviations, names, and codons
Syntax aminolookup
aminolookup (SeqAA)

aminolookup('Code', CodeValue)
aminolookup('Integer', IntegerValue)
aminolookup('Abbreviation', AbbreviationValue)
aminolookup('Name', NameValue)

Arguments SeqAA Character string of single-letter codes or
three-letter abbreviations representing an
amino acid sequence. For valid codes and
abbreviations, see the table Amino Acid
Lookup on page 2-57.

CodeValue String specifying a single-letter code
representing an amino acid. For valid
single-letter codes, see the table Amino Acid
Lookup on page 2-57.

IntegerValue Single integer representing an amino acid.
For valid integers, see the table Amino Acid
Lookup on page 2-57.

AbbreviationValue String specifying a three-letter abbreviation
representing an amino acid. For valid
three-letter abbreviations, see the table Amino
Acid Lookup on page 2-57.

NameValue String specifying an amino acid name. For
valid amino acid names, see the table Amino
Acid Lookup on page 2-57.
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Amino Acid Lookup

Code | Integer | Abbreviation | Name Codons
A 1 Ala Alanine GCU GCC GCA GCG
R 2 Arg Arginine CGU CGC CGA CGG
AGA AGG
N 3 Asn Asparagine AAU AAC
D 4 Asp Aspartic acid | GAU GAC
(Aspartate)
C 5 Cys Cysteine UGU UGC
Q 6 Gln Glutamine CAA CAG
7 Glu Glutamic acid | GAA GAG
(Glutamate)
G 8 Gly Glycine GGU GGC GGA GGG
H 9 His Histidine CAU CAC
I 10 Ile Isoleucine AUU AUC AUA
L 11 Leu Leucine UUA UUG CUU cuC
CUA CUG
K 12 Lys Lysine AAA AAG
M 13 Met Methionine AUG
F 14 Phe Phenylalanine | UUU UUC
P 15 Pro Proline CCU CCC CCA CCG
S 16 Ser Serine UCU UCC UCA UCG
AGU AGC
17 Thr Threonine ACU ACC ACA ACG
18 Trp Tryptophan UGG
19 Tyr Tyrosine UAU UAC
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Description

Amino Acid Lookup (Continued)

Code | Integer | Abbreviation | Name Codons

v 20 Val Valine GUU GUC GUA GUG

B 21 Asx Asparagine or | AAU AAC GAU GAC
Aspartic acid
(Aspartate)

Z 22 Glx Glutamine or | CAA CAG GAA GAG
Glutamic acid
(Glutamate)

X 23 Xaa Any amino All codons
acid

& 24 END Termination UAA UAG UGA
codon
(translation
stop)

- 25 GAP Gap of NA
unknown
length

aminolookup displays a table of amino acid codes, integers,
abbreviations, names, and codons.

aminolookup (SeqAA) converts between single-letter codes and
three-letter abbreviations for an amino acid sequence. If the input is

a character string of single-letter codes, then the output is a character
string of three-letter abbreviations. If the input is a character string of
three-letter abbreviations, then the output is a character string of the
corresponding single-letter codes.

If you enter one of the ambiguous single-letter codes B, Z, or X, this
function displays the corresponding abbreviation for the ambiguous
amino acid character.

aminolookup('abc')
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ans =
AlaAsxCys

aminolookup('Code', CodeValue) displays the corresponding amino
acid three-letter abbreviation and name.

aminolookup('Integer', IntegerValue) displays the corresponding
amino acid single-letter code, three-letter abbreviation, and name.

aminolookup('Abbreviation', AbbreviationValue) displays the
corresponding amino acid single-letter code and name.

aminolookup('Name', NameValue) displays the corresponding amino
acid single-letter code and three-letter abbreviation.

Examples ¢ Convert an amino acid sequence in single-letter codes to the
corresponding three-letter abbreviations.

aminolookup ( 'MWKQAEDIRDIYDF')
ans =
MetTrpLysGlnAlaGluAspIleArgAspIleTyrAspPhe

¢ Convert an amino acid sequence in three-letter abbreviations to the
corresponding single-letter codes.

aminolookup('MetTrpLysGlnAlaGluAspIleArgAspIleTyrAspPhe')
ans =
MWKQAEDIRDIYDF

® Display the three-letter abbreviation and name for the amino acid
corresponding to the single-letter code R.

aminolookup('Code', 'R')
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ans =
Arg Arginine

¢ Display the single-letter code, three-letter abbreviation, and name
for the amino acid corresponding to the integer 1.

aminolookup('Integer', 1)
ans =

A Ala Alanine

¢ Display the single-letter code and name for the amino acid
corresponding to the three-letter abbreviation asn.

aminolookup('Abbreviation', 'asn')
ans =
N Asparagine

¢ Display the single-letter code and three-letter abbreviation for the
amino acid proline.

aminolookup('Name', 'proline')
ans =

P Pro

See Also Bioinformatics Toolbox functions: aa2int, aacount, geneticcode,
int2aa, nt2aa, revgeneticcode
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Purpose
Syntax

Arguments

Description

Examples

Calculate atomic composition of protein

NumberAtoms = atomiccomp(SeqAA)

SeqAA Amino acid sequence. Enter a character string or vector
of integers from the table Mapping Amino Acid Letters to
Integers on page 2-2. You can also enter a structure with
the field Sequence.

NumberAtoms = atomiccomp(SeqAA) counts the type and number of
atoms in an amino acid sequence (SegAA) and returns the counts in a
1-by-1 structure (NumberAtoms) with fields C, H, N, 0, and S.

1 Get an amino acid sequence from the NCBI GenPept database.
rhodopsin = getgenpept('NP_000530");

2 Count the atoms in a sequence.

rhodopsinAC = atomiccomp(rhodopsin)
rhodopsinAC =

C: 1814

H: 2725

N: 423

0: 477

S: 25

3 Retrieve the number of carbon atoms in the sequence.

rhodopsinAC.C
ans =

1814
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See Also Bioinformatics Toolbox functions: aacount, molweight, proteinplot
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Purpose

Syntax

Arguments

Description

Count nucleotides in sequence

NumberBases = basecount (SegNT)

basecount (..., 'PropertyName', PropertyValue,...)
basecount(..., 'Chart', ChartValue)

basecount(..., 'Others', OthersValue)

basecount (..., 'Structure', StructureValue)

SeqgNT Nucleotide sequence. Enter a character string

with the letters A, T, U, C, and G. The count for

U characters is included with the count for T
characters. You can also enter a structure with the
field Sequence.

ChartValue String specifying the type of chart to plot. Choices
are 'pie' or 'bar'.
OthersValue String specifying whether to count ambiguous

characters individually. Choices are 'full' or
'bundle' (default).

NumberBases = basecount(SegNT) counts the number of bases in a
nucleotide sequence (SegNT) and returns the base counts in a 1-by-1
structure (Bases) with the fields A, C, G, T.

® For sequences with the character U, the number of U characters is
added to the number of T characters.

¢ If a sequence contains ambiguous nucleotide characters (R, Y, K, M,
S, W, B, D, H, V, N), or gaps indicated with a hyphen (-), this function
creates a field Others and displays a warning message:

Warning: Ambiguous symbols 'symbol list' appear
in the sequence.
These will be in Others.
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e If a sequence contains undefined nucleotide characters (E F H I J
L 0 P Q X Z), the characters are counted in the field Others and a
warning message is displayed.

Warning: Unknown symbols 'symbol 1ist' appear
in the sequence.
These will be ignored.

e [f the property Others = 'full', ambiguous characters are listed
separately and hyphens are counted in a new field (Gaps).

basecount(..., 'PropertyName', PropertyValue,...) defines
optional properties using property name/value pairs:

basecount(..., 'Chart', ChartValue) creates a chart showing the
relative proportions of the nucleotides.

basecount(..., 'Others', OthersValue), when OthersValue is
'full', counts all the ambiguous nucleotide symbols individually
instead of bundling them together into the Others field of the output
structure.

basecount(..., 'Structure', StructureValue), when
StructureValue is 'full' , blocks the unknown characters warning
and ignores counting unknown characters.

® basecount(SeqNT) — Display four nucleotides, and only if there
are ambiguous and unknown characters, add an Others field with
the counts.

® basecount(SegNT, 'Others', 'full') — Display four nucleotides,
11 ambiguous nucleotides, gaps, and only if there are unknown
characters, add an Others field with the unknown counts.

® basecount(SegqNT, 'Structure', 'full') — Display four
nucleotides and always display an Others field. If there are
ambiguous and unknown characters, add counts to the Others field;
otherwise display 0.
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® pasecount(SeqNT, 'Others', 'full', 'Structure', 'full')
— Display 4 nucleotides, 11 ambiguous nucleotides, gaps, and the
Others field. If there are unknown characters, add counts to the
Others field; otherwise display 0.

Examples 1 Count the number of bases in a DNA sequence.

Bases = basecount (' TAGCTGGCCAAGCGAGCTTG')

Bases
A:

AN OB

C:
G:
T:
2 Get the count for adenosine (A) bases.

Bases.A

ans =
4

3 Count the bases in a DNA sequence with ambiguous characters.

basecount (' ABCDGGCCAAGCGAGCTTG', 'Others', 'full')

ans

W=n=ZX"N<IIHDODO I
- OO0 OO0 OoOMNMO O &
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D: 1
H: O
V: 0
N: O
Gaps: 0
See Also Bioinformatics Toolbox functions: aacount, baselookup, codoncount,

cpgisland, dimercount, nmercount, ntdensity, seqtool
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Purpose Nucleotide codes, abbreviations, and names

Syntax baselookup
baselookup
baselookup
baselookup

Arguments SeqNT

—~ o~~~

CodeValue

IntegerValue

NameValue

‘Complement', SegNT)
'Code', CodeValue)
"Integer', IntegerValue)
"Name', NameValue)

Nucleotide sequence. Enter a character string
of single-letter codes from the table Nucleotide
Lookup on page 2-67.

In addition to a single nucleotide sequence,
SeqgNT can be a cell array of sequences, or a
two-dimensional character array of sequences.
The complement for each sequence is determined
independently.

Nucleotide letter code. Enter a single character
from the table Nucleotide Lookup on page
2-67. CodeValue can also be a cell array or a
two-dimensional character array.

Nucleotide integer. Enter an integer from the
table Nucleotide Lookup on page 2-67. Integers
are arbitrarily assigned to IUB/IUPAC letters.

Nucleotide name. Enter a nucleotide name

from the table Nucleotide Lookup on page 2-67.
NameValue can also be a single name, a cell array,
or a two-dimensional character array.

Nucleotide Lookup

Code | Integer | Base Name Meaning Complement
A 1 Adenine A T
C 2 Cytosine C G
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Description

Nucleotide Lookup (Continued)

Code | Integer | Base Name Meaning Complement
G 3 Guanine G C
T 4 Thymine T A
u 4 Uracil u A
R 5 Purine Aor G Y
Y 6 Pyrimidine CorT R
K 7 Keto GorT M
M 8 Amino Aor C K
S 9 Strong CorG S

interaction (3

H bonds)
w 10 Weak Aor T w

interaction (2

H bonds)
B 11 Not A CorGorT Y
D 12 Not C AorGor T H
H 13 Not G AorCorT D
v 14 Not T or U Aor CorG B

N, X 15 Any nucleotide | AorCor Gor T N

- 16 Gap of Gap =

indeterminate

length

baselookup('Complement', SeqNT) displays the complementary
nucleotide sequence.
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Examples

See Also

baselookup('Code', CodeValue) displays the corresponding letter
code, meaning, and name. For ambiguous nucleotide letters (R Y K M S
W B D H V N X), the name is replace by a descriptive name.

baselookup('Integer', IntegerValue) displays the corresponding
letter code, meaning, and nucleotide name.

baselookup('Name', NameValue) displays the corresponding letter
code and meaning.

baselookup('Complement', 'TAGCTGRCCAAGGCCAAGCGAGCTTN'")

baselookup('Name', 'cytosine')

Bioinformatics Toolbox functions: basecount, codoncount, dimercount,
geneticcode, nt2aa, nt2int, revgeneticcode, seqtool
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Purpose

Syntax

BGobj

BGobj

Create biograph object

BGobj = biograph(CMatrix)
BGobj
BGobj = biograph(CMatrix, NodelIDs,
BGobj = biograph(CMatrix, NodeIDs,

biograph(CMatrix, NodeIDs)

Il ~

biograph(CMatrix, NodeIDs,
DescriptionValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

LayoutTypeValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

EdgeTypeValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

Il ~

biograph(CMatrix, NodelDs,
LayoutScaleValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

EdgeTextColorvValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

EdgeFontSizevalue, ...)

BGobj = biograph(CMatrix, NodeIDs,

ShowArrowsValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

ArrowSizeValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

ShowWeightsValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

ShowTextInNodesValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

NodeAutoSizeValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

NodeCallbackValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

EdgeCallbackValue, ...)

BGobj = biograph(CMatrix, NodeIDs,

CustomNodeDrawFcnValue, ...)

.'ID', IDValue, ...)
. 'Label', LabelValue,

. 'Description',

. 'LayoutType',

. '"EdgeType',

.'Scale', ScaleValue,

. 'LayoutScale',

. 'EdgeTextColor',

. 'EdgeFontSize',

. 'ShowArrows',

. '"ArrowSize',

. 'Showweights',

. 'ShowTextInNodes',

. '"NodeAutoSize',

. '"NodeCallback',

. 'EdgeCallback',

. 'CustomNodeDrawFcn',
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Arguments

CMatrix

NodeIDs

IDValue

Full or sparse square matrix that acts as
a connection matrix. That is, a value of
1 indicates a connection between nodes
while a 0 indicates no connection. The
number of rows/columns is equal to the
number of nodes.

Node identification strings. Enter any of
the following:

e Cell array of strings with the number
of strings equal to the number of rows
or columns in the connection matrix
CMatrix. Each string must be unique.

¢ Character array with the number of
rows equal to the number of nodes.
Each row in the array must be unique.

¢ String with the number of characters
equal to the number of nodes. Each
character must be unique.

Default values are the row or column
numbers.

Note You must specify NodeIDs if you
want to specify property name/value
pairs. Set NodeIDs to [ ] to use the default
values of the row/column numbers.

String to identify the biograph object.
Default is ' '. (This information is for
bookkeeping purposes only.)
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LabelValue

DescriptionValue

LayoutTypeValue

EdgeTypeValue

ScaleValue

LayoutScaleValue

String to label the biograph object.
Default is ''. (This information is for
bookkeeping purposes only.)

String that describes the biograph object.
Default is ' '. (This information is for
bookkeeping purposes only.)

String that specifies the algorithm for the
layout engine. Choices are:

e ‘'hierarchical' (default)

e 'equilibrium’

® 'radial'

String that specifies how edges display.
Choices are:

e 'straight’

e 'curved' (default)

® 'segmented’

Note Curved or segmented edges

occur only when necessary to avoid
obstruction by nodes. Biograph objects
with LayoutType equal to 'equilibrium’
or 'radial' cannot produce curved or
segmented edges.

Positive number that post-scales the node
coordinates. Default is 1.

Positive number that scales the size of the
nodes before calling the layout engine.
Default is 1.
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EdgeTextColorValue Three-element numeric vector of RGB
values. Default is [0, 0, 0], which
defines black.

EdgeFontSizeValue Positive number that sets the size of the
edge font in points. Default is 8.

ShowArrowsValue Controls the display of arrows for the
edges. Choices are 'on' (default) or
"off'.

ArrowSizeValue Positive number that sets the size of the

arrows in points. Default is 8.

ShowWeightsValue Controls the display of text indicating the
weight of the edges. Choices are 'on'
(default) or 'off'.

ShowTextInNodesValue  String that specifies the node property
used to label nodes when you display a
biograph object using the view method.
Choices are:

e 'Label' — Uses the Label property of
the node object (default).

e 'ID' — Uses the ID property of the
node object.

® 'None'
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NodeAutoSizeValue Controls precalculating the node size
before calling the layout engine. Choices
are 'on' (default) or 'off'.

NodeCallbackValue User callback for all nodes. Enter the
name of a function, a function handle, or a
cell array with multiple function handles.
After using the view function to display
the biograph in the Biograph Viewer, you
can double-click a node to activate the
first callback, or right-click and select a
callback to activate. Default is @(node)
inspect(node), which displays the
Property Inspector dialog box.

EdgeCallbackValue User callback for all edges. Enter the
name of a function, a function handle, or a
cell array with multiple function handles.
After using the view function to display
the biograph in the Biograph Viewer, you
can double-click an edge to activate the
first callback, or right-click and select a
callback to activate. Default is @(edge)
inspect(edge), which displays the
Property Inspector dialog box.

CustomNodeDrawFcnValue Function handle to a customized function
to draw nodes. Defaultis [].

Description BGobj = biograph(CMatrix) creates a biograph object, BGobj, using a
connection matrix, CMatrix. All nondiagonal and positive entries in the
connection matrix, CMatrix, indicate connected nodes, rows represent
the source nodes, and columns represent the sink nodes.

BGobj = biograph(CMatrix, NodeIDs) specifies the node
identification strings. NodeIDs can be:
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o Cell array of strings with the number of strings equal to the number
of rows or columns in the connection matrix CMatrix. Each string
must be unique.

® Character array with the number of rows equal to the number of
nodes. Each row in the array must be unique.

® String with the number of characters equal to the number of nodes.
Each character must be unique.

Default values are the row or column numbers.

Note If you want to specify property name/value pairs, you must
specify NodeIDs. Set NodeIDs to [] to use the default values of the
row/column numbers.

BGobj = biograph(..., 'PropertyName', PropertyValue, ...)
calls biograph with optional properties that use property name/property
value pairs. You can specify one or more properties in any order. Each
PropertyName must be enclosed in single quotation marks and is case
insensitive. These property name/property value pairs are as follows:

BGobj = biograph(CMatrix, NodeIDs, ...'ID', IDValue, ...) specifies
an ID for the biograph object. Default is ' '. (This information is for
bookkeeping purposes only.)

BGobj = biograph(CMatrix, NodeIDs, ...'Label', LabelValue, ...)
specifies a label for the biograph object. Default is ' '. (This information
is for bookkeeping purposes only.)

BGobj = biograph(CMatrix, NodeIDs, ...'Description',
DescriptionValue, ...) specifies a description of the biograph object.
Default is ' '. (This information is for bookkeeping purposes only.)

BGobj = biograph(CMatrix, NodeIDs, ...'LayoutType',
LayoutTypeValue, ...) specifies the algorithm for the layout engine.
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BGobj = biograph(CMatrix, NodeIDs, ...'EdgeType', EdgeTypeValue,
.) specifies how edges display.

BGobj = biograph(CMatrix, NodeIDs, ...'Scale', ScaleValue, ...)

post-scales the node coordinates. Default is 1.

BGobj = biograph(CMatrix, NodeIDs, ...'LayoutScale',

LayoutScaleValue, ...) scales the size of the nodes before calling the

layout engine. Default is 1.

BGobj = biograph(CMatrix, NodeIDs, ...'EdgeTextColor',
EdgeTextColorValue, ...) specifies a three-element numeric vector of
RGB values. Defaultis [0, 0, 0], which defines black.

BGobj = biograph(CMatrix, NodeIDs, ...'EdgeFontSize',
EdgeFontSizeValue, ...) sets the size of the edge font in points.
Default is 8.

BGobj = biograph(CMatrix, NodeIDs, ...'ShowArrows',
ShowArrowsValue, ...) controls the display of arrows for the edges.
Choices are 'on' (default) or 'off'.

BGobj = biograph(CMatrix, NodeIDs, ...'ArrowSize', ArrowSizeValue,
.) sets the size of the arrows in points. Default is 8.

BGobj = biograph(CMatrix, NodeIDs, ...'ShowWeights',
ShowWeightsValue, ...) controls the display of text indicating the
weight of the edges. Choices are 'on' (default) or 'off'.

BGobj = biograph(CMatrix, NodeIDs, ...'ShowTextInNodes',
ShowTextInNodesValue, ...) specifies the node property used to label
nodes when you display a biograph object using the view method.

BGobj = biograph(CMatrix, NodeIDs, ...'NodeAutoSize',
NodeAutoSizeValue, ...) controls precalculating the node size before
calling the layout engine. Choices are 'on' (default) or 'off"'.

BGobj = biograph(CMatrix, NodeIDs, ...'NodeCallback',
NodeCallbackValue, ...) specifies user callback for all nodes.

BGobj = biograph(CMatrix, NodeIDs, ...'EdgeCallback',
EdgeCallbackValue, ...) specifies user callback for all edges.
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|

BGobj = biograph(CMatrix, NodeIDs, ...'CustomNodeDrawFcn',
CustomNodeDrawFcnValue, ...) specifies function handle to customized
function to draw nodes. Default is [].

Examples 1 Create a biograph object with default node IDs, and then use the get
function to display the node IDs.

cm=1[01100;10011;10000;00001;10100];
bg1 = biograph(cm)

Biograph object with 5 nodes and 9 edges.
get(bg1.nodes,'ID')

ans =

'Node 1'
'Node 2'
‘Node 3'
'Node 4'
‘Node 5'

2 Create a biograph object, assign the node IDs, and then use the get
function to display the node IDs.

cm=[01100;10011;10000;00001;1 010 0];
ids {'M30931"','L07625"', 'K03454"','M27323"', 'M15390'};

bg2 = biograph(cm,ids);

get(bg2.nodes, 'ID")

ans =

'M30931"'
'LO7625'
'K03454'
'M27323'
'M15390'

3 Use the view method to display the biograph object.
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view(bg2)
) Biograph Viewer 1 - |EI |i|
File Tools Window Help ]
@ 2 o
30931
LO7625
M27323
15390
K03454
See Also Bioinformatics Toolbox object: biograph object

Bioinformatics Toolbox methods of a biograph object:
allshortestpaths, conncomp, dolayout, getancestors,
getdescendants, getedgesbynodeid, getmatrix, getnodesbyid,
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getrelatives, isdag, isomorphism, isspantree, maxflow,
minspantree, shortestpath, topoorder, traverse, view

MATLAB functions: get, set
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Purpose

Syntax

Arguments

2-80

Create local BLAST database

blastformat('Inputdb', InputdbValue)

blastformat(...

blastformat(...

blastformat(...

blastformat(...
(

blastformat

InputdbValue

FormatPathValue

TitleValue

LogValue

)

)

)

)

")

'FormatPath', FormatPathValue, ...)
'Title', TitleValue, ...)

'Log', LogValue, ...)

'"Protein', ProteinValue, ...)
'FormatArgs', FormatArgsValue, ...)

String specifying a file name or path and file name
of a FASTA file containing a set of sequences to be
formatted as a blastable database. If you specify
only a file name, that file must be on the MATLAB
search path or in the current directory. (This
corresponds to the formatdb option -i.)

String specifying the full path to the formatdb
executable file, including the name and extension
of the executable file. Default is the system path.

String specifying the title for the local database.
Default is the input FASTA file name. (This
corresponds to the formatdb option -t.)

String specifying the file name or path and
file name for the log file associated with the
local database. Default is formatdb.log. (This
corresponds to the formatdb option -1.)
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Description

ProteinValue Specifies whether the sequences formatted as a
local BLAST database are protein or not. Choices
are true (default) or false. (This corresponds to
the formatdb option -p.)

FormatArgsValue NCBI formatdb command string, that is, a string
containing one or more instances of -x and the
option associated with it, used to specify input
arguments. For an example, see Using blastformat
with formatdb Syntax and Input Arguments on
page 2-84.

Note To use the blastformat function, you must have a local copy of
the NCBI formatdb executable file available from your system. You can
download the formatdb executable file by accessing

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

then clicking the download link under the blast column for your
platform. Run the downloaded executable and configure it for your
system. For more information, see the readme file on the NCBI ftp
site at:

ftp://ftp.ncbi.nih.gov/blast/documents/blast.html

For convenience, consider placing the NCBI formatdb executable file
on your system path.

blastformat('Inputdb', InputdbValue) calls a local version of the
NCBI formatdb executable file with InputdbValue, a file name or path
and file name of a FASTA file containing a set of sequences. If you
specify only a file name, that file must be on the MATLAB search path
or in the current directory. (This corresponds to the formatdb option -1i.)

It then formats the sequences as a local, blastable database, by creating
multiple files, each with the same name as the InputdbValue FASTA
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file, but with different extensions. The database files are placed in the
same location as the FASTA file.

Note If you rename the database files, make sure they all have the
same name.

blastformat(..., 'PropertyName', PropertyValue, ...) calls
blastformat with optional properties that use property name/property
value pairs. You can specify one or more properties in any order. Each
PropertyName must be enclosed in single quotation marks and is case
insensitive. These property name/property value pairs are as follows.

blastformat(..., 'FormatPath', FormatPathValue, ...) specifies
the full path to the formatdb executable file, including the name and
extension of the executable file. Default is the system path.

blastformat(..., 'Title', TitleValue, ...) specifies the title
for the local database. Default is the input FASTA file name. (This
corresponds to the formatdb option -t.)

Note The 'Title' property does not change the file name of the
database files. This title is used internally only, and appears in the
report structure returned by the blastlocal function.

blastformat(..., 'Log', LogValue, ...) specifies the file name or
path and file name for the log file associated with the local database.
Default is formatdb.log. The log file captures the progress of the
database creation and formatting. (This corresponds to the formatdb
option -1.)

blastformat(..., 'Protein', ProteinValue, ...) specifies
whether the sequences formatted as a local BLAST database are protein
or not. Choices are true (default) or false. (This corresponds to the
formatdb option -p.)
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blastformat(..., 'FormatArgs', FormatArgsValue, ...) specifies
options using the input arguments for the NCBI formatdb function.
FormatArgsValue is a string containing one or more instances of - x and
the option associated with it. For example, to specify that the input is

a database in ASN.1 format, instead of a FASTA file, you would use
the following syntax:

blastformat('Inputdb', 'ecoli.asn', 'FormatArgs', '-a T')

Tip Use the 'FormatArgs' property to specify formatdb options for
which there are no corresponding property name/property value pairs.

Note For a complete list of valid input arguments for the NCBI
formatdb function, make sure that the formatdb executable file is
located on your system path or current directory, then type the following
at your system’s command prompt.
