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Agenda

= Bioinformatics an engineering
challenge

m Overview of MATLAB ©®

= The Bioinformatics Toolbox

m Developing and deploying
applications with MATLAB.

m Product demonstrations and
examples

m Questions and answer session
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Improved health care technology leads to increased
lifespan - with age bringing more diseases.

m 61 million Americans have some form
of cardiovascular disease; 8.5 million
Americans who had cancer are alive
today.

m Total health care expenditures are
14% of US GDP and rising.

m Health care spending in the United
States is projected to reach $3.1
trillion in 2012, up from $1.4 trillion in
2001*

m The worldwide pharma and biotech
industries spent $69 billion in 2001 on
R&D.

m  The US government spent $22 billion
on life science R&D in 2001.

*Centers for Medicare & Medicaid Services
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Life Science R&D spending is growing and R&D
activities are becoming more quantitative.

m Pharmaceutical and biotech companies are starting to adopt
discovery techniques using genomics and bioinformatics and are
becoming more dependent on engineering methods.

m  Medical instrumentation and devices companies are pushing the
boundaries of mechanical, electrical and biomedical engineering and
can oftentimes benefit from a variety of engineering disciplines in
their work.

Drug Discovery Medical Devices and Instrumentation




Bioinformatics is the application of
computational methods to biology.

Combine rapidly evolving biological sciences ...
- Genomics
Proteomics
Metabolic pathways
... With computational methods...
= Gene sequencing (Human Genome Project)
Expression analysis (DNA microarrays)
= Combinatorial chemistry
... to develop engineered products.
Main application: automate drug target discovery.
Basic research into the causes of disease.
= Genetically engineer better crops & livestock.
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exponentially.
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Important Bioinformatics Milestones

Early 1980°s

L.5. Department of Enerngy
develops GenBank to hold

1890

DMA zequence infomation
generated by experimeants.

A popular set of software programs for
comparing OMNA sequences known as

BLAST is infroduced.

Early 1990's
Databases become accessible

through the Intemet; investigators
are able to use seguence
information instantly and for free,
regardess of geographical location.

Mid to Late 1980's
Private companies such as
Incyte and Celera enter
the sequencing race.
Information on SNPs and
proteins starts o take hold.

1980

Mid to late 1980's

GenBank transfers
administration fo the
MNafional Institutes of

Health's Mafional
Center for Biotechnology
Information (MCBI).

Source: Front Ling Strategic Consulting, Inc.
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1990-1992
The Human Genome Project is

initiated and sequence information
beging fo increase axponantially.

Mid to late 1930's
High-throughput sequencing
and robofics push genome
sequencing efforts forward
ahead of target completion
dates.

2000
Celera completes

sequeancing of the human
gENOME.




The practical challenge of working as a
Bioinformatics Specialist




The data intensive discovery process

In Pharma and Biotech.

Bioinformatics and
Software Development
Team

Exchange of ideas
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Data Analysis,
Modeling &
Visualization

Data I/O

Algorithm/ System
Design & Analysis

Desktop
Technical
Applications

Mathematical
Modeling

Research Biologists and Chemists
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Visualization

Data Analysis,
Modeling & / Report

Data access and integration of @&)--
data sources and applications. I \

Desktop
Mathematical Technical
e e —" e
Execute :
. Read and write and run methods on
ORACLE your databases.
Read /
@ . e , Read and write files in most formats
. Convertin
Control , Control Instruments and acquire date . an%l
integrating
systems
Execute , Read from and write to Internet sites
EXecute . pun or interface to your applications
o1 mainivold) Execute Run your applications

{
int i, i, £, 5, temp, n;
int *pi:
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Speed up analysis tasks withCe.o
ready made functionality.

prototyping and
| custom algorithm
development




he MathWorks at a Glance

Founded in 1984, privately held

Over 1000 employees, including 1/3 in
product development

Revenues exceeding $200M
More than 500,000 users in 100 countries

m Natick, MA - World Headquarters
e Product Development

e Technical Support
m European Offices

e UK, France, Germany, Italy, Switzerland,
Spain, and The Netherlands

m Distributors in 21 countries
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MathWorks Mission and Vision

Accelerate innovation and discovery
IN engineering and science

MATLAB

e a powerful, high-level language to develop
algorithms, collect and analyze data, and
visualize information

Simulink

e a graphical system to model and simulate
complex systems, and implement real-time
and embedded systems




MathWorks Products are Used
In Various Industries

Aerospace and Defense & {P"r ﬁ 8
Automotive @ {3‘ ﬁ “
Biotech, Pharmaceutical and Medical e o
Communications, Semiconductor PHOA@
Education

Financial Services

Industrial Equipment and Machinery
Instrumentation

Medical Devices and Instrumentation
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Thousands of universities teach students
using MathWorks products.

More than 450 textbooks for education and professional use, in 19
languages

e Biosciences

e Controls

e Signal Processing
e Image Processing

Mechanical Engineering
Mathematics
Natural Sciences

o
(
(
e Environmental Sciences

Frank C. Hoppensteadt . . .
Charles S. Peskin Biomedical Signal

Modeling and Processing
Simulation in Medicine and i
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echnical Applications
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A portion of the DNA dye-label spectral
profile, which allows the researcher to read

the sequence of bases in a selected strand
of DNA.
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Sequence Analysis Applications

Deploying a Sequence
Analysis Algorithm

J alignGul
Sequence 1 YGPPFELGDOPMYSTSTMPQRDOLVILMDLRERGTERG
Sequence 2 YEAAPRPFELGDIPMYMPMORDLVILPLELMDLRSTERGTRESG

YG&--F-PFELGDITPMYSTSTHME -QRDLVIL - - - -MDLR - -ERGT -KRG
Align Il (RN RRNARY e e i
YGARPRPFELGDTTPMY - - - -MPHORDLVIL PLELMDLRSTERGTQESG

Hidden Markov Model for
Pair-wise Alignment
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Case Study: Microarray Image Processing




How do Microarrays work?

MRNA (messenger RNA) from several cell
types are each tagged with a fluor emitting
a different color light and then hybridized to
an array of cDNA (complementary DNA).
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High-throughput experimental techniques
require automated image analysis

B Automate image and statistical
analysis

®m Try out different algorithms
B Build software applications

m Gather quality control
measures

B Normalize

_
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Analyzing DNA with Microarray Imaging

Fluorescently tagged mRNA from different cells are hybridized to a
microscopic array of hundreds of thousands of cDNA spots that
correspond to different genes. Illluminated spots emit different color
light, indicating which genes are expressed (e.g., green=control,
red=sample, yellow=both).

Through image analysis,
the fluorescence at the site
of each immobilized cDNA
can be quantified. For
example, the log ratio of
red-to-green intensity gives
a measure of gene
expression.




Application Challenges

Clean up images with noise

Correct for rotation, skew => regular spot spacing (rows, cols)
Isolate sub-image array of colored spots

Separate red and green planes

Remove non-uniform local background

Identify regular grid pattern of spots on slide
Address individual spots by region of interest
Integrate red and green intensity values

Detect poor spot quality and flag as bad data points
Determine gene expression from intensities
Develop robust algorithm to automate process
Deploy application to implement algorithm.

_
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Solution Algorithm

1. Read image file (i nTr ead)
2. Determine horizontal spot locations (columns)
a. Create horizontal profile using column averages (nean)
b. Remove local background using morphology (i nt ophat)
Segment and label spot columns (i nR2bw, bwl abel )
d. Extract spot centers (r egi onpr ops, . Centroi d)
e. Calculate column boundaries between spots
3. Transpose image and repeat => spot rows
4. Display detected spot locations on top of image
5. Tabulate spot intensities.

o




What did this case study show?

1. MATLAB environment was great for developing an algorithm
(environment + language + graphics)

2. Image Processing Toolbox provided a rich set of functions for
segmentation, region properties and background removal

3. Signal Processing Toolbox provided autocorrelation function to
determine spot periodicity.




_} The MathWorks MATLAB¢/SIMULINK

The Bioinformatics Toolbox NGW

, Inc.




Function Overview
m Filel/O

e Read FASTA, PDB, GenePix, Affymetrix and many more format files

= Web connectivity

e Directly access GenBank, PDB, EMBL, PIR,...
m Sequence analysis

e Base density, codon counts, ORF finding,...
m Sequence alignment

e Local, global and profile HMM based alignment
m  Microarray normalization & visualization

e Normalization tools, Gene filters, expression profile cluster analysis,...

= Protein visualization
e Hydrophobicity plots, Ramachandran plots,...




Getting data into MATLAB

“get” functions retrieve data from Internet based databases.

e getembl - Sequence data from EMBL.

e getgenbank - Sequence data from GenBank.

e getgenpept - Sequence data from GenPepit.

e getpdb - Sequence data from PDB.

e getpir - Sequence data from PIR-PSD.

e gethmmprof - HMM from the PFAM database.

e getgeodata - Gene Expression Omnibus
(GEO) data




Sequence Alignment Tutorial Example

Get human and mouse genes from GenBank
Look for open reading frames (ORFs)

Convert DNA sequences to amino acid sequences
Create a dotplot of the two sequences

Perform global alignment

Perform local alignment




Microarray Data Analysis Tutorial Example

Plot expression profiles for genes

Filter genes based on information content of profile
Perform hierarchical clustering

Perform K-means clustering

Perform Principal Component Analysis

Reference:

e Science. 1997 Oct 24,278(5338):680-6. E
‘ - 29
S, -




_} The MathWorks MATLAB¢/SIMULINK

Integrating and Deploying
Bioinformatics Tools with MATLAB
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AB

Connecting to MA

ORACLE

Microsoft Access

The Office XP database soiution

S SYBASE

Excel / COM

Database
Toolbox

Instrument Control

/"

7 Data Acquisition
(' Image Acquisition

Filel/O




Deploying with MATLAB
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Database Connections

ORACLE
= ODBC or JDBC compliant database Microsoft Access
o ODBC and JDBC on PC "'..._-Iru“h‘!'llh_ 3 A
Mic
e JDBC on UNIX Té&'f‘)&rm‘-

Data types are preserved E SYBASE

Retrieval of large/partial data sets
Access multiple connections (same or different DB)
Database connections remain open

. 4
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Database Connections

Visual Query Builder

mAccess data without knowing SQL
-Scroll through tables and fields

-Customize your query

mBuilt-in visualization tools

-Plotting and charting

-Creating HMTL reports

-Handling date strings

mReuse SQL statements in your own program

) Wisual Query Builder

Query Display Help

Data source Tables Fields
ECDCMusic 72| [ClassificationEnars =
AcuityDemo? DenverS tudy PatientlD
Micodimay i alignant

MS Access Database DenverLargeR adius
Biain Microaria Denvertalignant
Misclassified
w/isconsinBenian

Mean_texture
Mean_perimster
Mean arza

=S|

Advanced query options
&l ‘Where. | Groupby. | Having

Orderby.. |

" Distinct | |

SOL statement

I SELECT ALL ID.Mean_radius FROM ‘wisconsinStudy

MATLAB workspace variable =1oj =]
Charts % data ¥ data

plat - ] =
Data plata =l Mean_radius
Workspace variable Sies  [polar
Ep e iy ] -]
bps 1=10 qg"h" e
colnames 1%33 oy Z data Color data
dataColunns ial J

soatterd 1D N E -
35'°5RDWS é’g}w semilog# Mear_radius = Mean_radius =

semilogy

stais [ = - |

™ Agmensts column data
% labels ¥ labels Z labels

] =] [ =] [0 =

Mean_radius - Mean_radius B Mean_radius -

Use Field Mames Use Field Names Use Field Mames

I~ Show legend
Legend labels
Display
a diLis. Help
Use X Data Field Mames _ tep |
Use ¥ Diata Field Mames Close
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Customized Reports

a Training a neural network - Microsoft Internet Explorer provided by The

J File Edit ‘iew Faworites Tools  Help

J dmBack ~ = - &) £t | iQisearch [GelFavorites EfMedia O | By S B

J Address I@ P:'Rob_Henson!BioinformaticsSeminaridataluly 2003 nnetdbdemo’nnet. bt

Training a neural network

Classification of Tumors from the Wisconsin Breast
Cancer Study

31-Tul-2003
Copyright © 2003 by The Math™Works

A neural network 15 used to classify tumors based on various physical properties.

Tahle of Contents
Command Window Output
Figures Created
Box Plot
Soatter Plot 1
Soatter Plot 2
Correlation Plot 1
Correlation Plot 2

Perceptron ROC

Feed Forward EOC
Classification Plot 1
Classification Plot 2
Tradning with TEATRTC
| Tradning with TEATCGE | _|;|
4 >
[&] bone l_ l_ ’_ (22 Local intranet v
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Deploying with MATLAB
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Push Data into MA

Data I/O

Import Excel ranges

into MATLAB

Export MATLAB data into
Excel ranges

<} MATLAB x
E3 Microsoft Excel - Book1 - BEIE

Ele Edit iew [nsert For

DEHE &S ‘s -

File  Edit View ‘Web Window Help
D& 4 B < o | B | 2 | curert Directory: [aappicationsirt 2iniwing2 =[]

2 s [b o] | [ evrena (53 =
| pumatrix getmatrix evalstring = (|
B16 Hane |_size | E |2
[ B E:R [exs e 0.9501  0.7621  0.6154  0.4057  0.0578

1 0.2311  0.4565  0.7919  0.9355  0.3528
2 0.6068  0.0185  0.9216  0.9169  D0.8132
B 2| »] 0.4860  0.8z14  0.7382  0.4103  0.00989
4 0.8513  0.4447  0.1763  0.8336  0.1388
= 4| ¥ | _LaunchPad WWiorkspace
_E >>

7
e 2l
s %--  3:23 PM S/0T/0L —-%
B e (5,5 T ——
|11 =

5 1 | » I TR Current DI Mame of Matrix to get from MATLAR

13 Reatly

14

15

16 0.950128 0.762097 0.515432 0.405706 0.057891 Ia

17 0.231139 0.456465 0.791937 093547 0.352868

18 0.606843 0.018504 0.921813 0.916504| 0.813166

18 0.485982 0.821407 0.738207 0.41027 0.009861

20 0.891299 0.444703 0.176266 0.89365 0.138891

21
i 4[> [pil\Sheet1 [ Sheetz { Sheets (3]

Beady [ e

Evaluate MATLAB Statements in

Excel
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Computational Engine for Excel

E3 Microsoft Excel - yeastdata.xls : i =] |

) Fle Edit Wiew Insert Formak Tools Data Window Help =18 x|

DEHASRY | sR@dlo- &= &2 @330 -8

. .
S p re ad S h e et A p p I IC atl ons pumonte gematts evaszng || 4= | Wrome-toaserpubiciob_rersonpritrmatissemnrdtah « %
W7 =l =

B | ¢ [ o T E T[T F T & 1] J =
| 1 |Shours 11hours  [13hours  15Shours  17hours 18hours .} Figure No. 1 =]
| 2 | -1.4 -1.05 103 -1.26 1090 1011 TRl Edt view Inssrt Toos indow  Help
3 409 143 135 106 119 1.33
2| a7 am 118 412 -1.09 m DEES kA A 2E
5| 153 114 4 44 123 278
6| 109 112 145 106 -1.11 1.45
. 7| 153 a3 213 .08 113 258 i
8 13 154 303 476 125 \
= MATLAB Excel Linkcanbe [ & © & = 2 % |
0| 108 1.04 1.01 1.08 123 B67 4
. . 1 73 1.01 37 2.94 182 125 d
th 2| 10 1.1 135 1.79 192 125 F
e computational engine EEEEEE
14| 103 105 115 112 132 435
5| 08 am 1.64 1.09 1 2.44 ]
. 6| 122 102 11 112 123 1429 r
behind your Excel e
IR 112 128 141 217 P
19|  11a 1.49 204 1.59 154 588 0
. . 20 106 1.3 204 3.45 435 833
21 124 1m 164 1.23 12 1,68 ¥
appications P oo comhiie e’ S 115 f
14 41> bl derisi_complete_new. version_1_8

Raady I

=] [ =]

m Fast scalable solution

MLPutMatrix("data",B2:H43)
MLPutMatrix("Genes",A2:A43)
MLPutMatrix("TimeSteps",B1:H1)
MLEvalString("clustergram(data,'RowLabels',...
Genes,'ColLabels', TimeSteps)")




Summary

m Read and write to a database
e Powerful math and data analysis
e Generate custom reports
m Create standalone applications
m Easy integration with Excel
e MATLAB as a computational engine
e Create Excel Plug-ins in minutes




Industry Issues & Solutions

Integrating tools from various
programming languages is difficult,
closed source tools are not
customizable, and freeware is often
not supported.

*There is no standard biological data
format.

*Applications must be easily
deployable within organizations.

*MATLAB is a supported, viewable
source, user-friendly environment for
data analysis across applications,
algorithm development, and deployment.

*MATLAB and the Bioinformatics Toolbox
provides file format support for common
data sources (web-based, sequences,
microarray, etc.).

*MATLAB'’s deployment tools and user-
interface design environment allow easy
deployment of MATLAB based
applications.
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Further Information

m Product Information and Demos

Trials and technical literature are available through the
MathWorks. www.mathworks.com

m MATLAB Central

e File exchange and newsgroup access for MATLAB and
Simulink users

e www.mathworks.com/matlabcentral
e Access to comp.soft-sys.matlab

58 MATILAB CENTRAL

file exchange and newsgroup access for
the MATLAB & Simulink user community




Visit www.mathworks.com

Free trials and technical literature are
avallable through the MathWorks




