BIOINFORMATICS PROGRAM

Academic Adviser: Kalle M. Levon

Bioinformatics is a relatively new branch
of science that organizes and interprets
the overwhelming amount of data recent-
ly available on living organisms as a
result of the human genome project and
follow-up projects. The need for this
branch of science is very real; while it is
becoming increasingly simple to obtain
experimental information on DNA, RNA
and protein sequences and expression
levels, the interpretation of this informa-
tion is far from straightforward. There is
a critical scarcity of individuals with the
training in biology, chemistry, computer
science and the specific methods of bioin-
formatics to interpret this data. The need
is very real in academia and especially in
industry. The need for individuals with a
focused expertise in bioinformatics
emerged a few years ago and is growing
rapidly.

Polytechnic’s MS in Bioinformatics is
designed to provide a solid, carefully tai-
lored program of study. It is responsive to
the needs of (1) persons with BS degrees
seeking entry into the field and (2) per-
sons with advanced degrees who may be
employed in sectors that now value and
require such expertise. The latter typical-
ly have primary (PhD level) expertise in
chemistry, molecular biology or chemical
modeling, and may be employed in the
biotechnology or pharmaceutical sectors.
A master’s program, with flexible on-site
requirements and extensive use of Web-
based or other remote-access training
concepts, such as multimedia instruction,
addresses the needs of both groups.

The curriculum is flexible, allowing
sufficient exposure to and mastery of
computer science skills to enable students
to be effective in their home environ-
ments or competitive in the job market. In
addition to traditional computer science,
students gain expertise with such com-
mercial databases as Oracle and Psibase,
in addition to theory and hands-on expe-
rience with widely used methods in
bioinformatics, including dynamic pro-
gramming, profiles, hidden Markov
chains and neural nets to predict protein
secondary structure.
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GOALS AND OBJECTIVES

The Master of Science program in
Bioinformatics is a crucial component in
offering a mechanism to train individuals
seeking reassignment to fast growing
bioinformatics positions within the phar-
maceutical or biotechnological industries.
The goal of the MS program is to fill the
present educational needs with flexible
on-site requirements and extensive use of
web-based or other remote-access train-
ing concepts such as multimedia instruc-
tion. In addition to the traditional com-
puter science components, the program
entails training in commercial databases
and exposure to theory and to hands-on
experience with widely used methods in
bioinformatics such as dynamic program-
ming, profiles, hidden Markov chains and
neural nets to predict protein secondary
structure. Thus, the basic understanding
of sequence analysis, protein structure
prediction and the structure/function rela-
tionship are the core educational goals.

REQUIREMENTS FOR THE
MASTER OF SCIENCE

The Master of Science degree is intended
for students from various backgrounds
seeking depth knowledge in informatics
in chemical and biological sciences.

Admission to the master’s program
requires a bachelors’ degree from an
accredited institution, with superior
undergraduate academic record with
completion of all prerequisite courses.
Students not meeting all these require-
ments will be considered for admission
on an individual basis and may be admit-
ted subject to completing appropriate
undergraduate courses to remove defi-
ciencies.

Applicants who are otherwise suffi-
ciently prepared for admission without
undergraduate deficiencies may never-
theless be required to take specified
undergraduate and introductory level
graduate courses. Such courses count
towards a master’s degree.

To satisfy the requirement for the
degree Master of Science, students must
complete a total of 36 units and hold an
overall B grade in all graduate courses.
Students must take all four of the required

core courses and at least two of the basic
core courses. The knowledge in all basic
core courses is required, thus all these
courses are required only when such
knowledge can not be proven.
Computational proficiency is expected.
Students may elect research and a the-
sis (12 units). An oral defense of the the-
sis is held after the typed written thesis
has been submitted. A grade of A or B is
required. Students not electing to write a
thesis may elect to take from 3 to 6 units
of guided studies (BI 871, BI 872) with
submission of a written report. Electives
can be selected from the existing courses.

Main Courses for the MS degree:

Basic Core Courses Units
BI751  Chemical Foundation for
Bioinformatics 3
BI752  Biological Foundation
for Bioinformatics 3

MA 5414 Stringology: Mathematics of

String Comparisons in

Computational Biology 4
CM 5714 Molecular Modeling and Simulation 4

Required Core Courses Units

BI 753  Bioinformatics I: Sequence Analysis 3
BI754  Bioinformatics II: Protein Structure 3
BI755  Bioinformatics III: Functional
Prediction 3
BI756  Chemoinformatics 3

GRADUATE COURSES

BI 751 Chemical Foundation for
Bioinformatics 24:0:0:3

An intensive review of those aspects of
organic chemistry and biochemistry nec-
essary to begin research in bioinformatics
and to enter graduate courses in biology.
Covalent bonding, quantum mechanical
basis of bond formation, three-dimen-
sional structure of molecules, reaction
mechanisms,  catalysis,  polymers,
enzymes, thermodynamic and Kkinetic
foundations, metabolic  pathways,
sequence and structure of macromole-
cules. This course makes extensive use of
computer approaches to convey the
essential computational and visual nature
of material to be covered. Prerequisites:
CM102, general chemistry, general
physics, organic chemistry and calculus.



BI 752 Biological Foundation for
Bioinformatics 2%:0:0:3

An intensive review of those aspects of
biochemistry, molecular biology and cell
biology necessary to begin research in
bioinformatics and to enter graduate
courses in biology. Areas covered include
cell structure, intracellular sorting, cellu-
lar signaling (receptors), Cytoskelton,
cell cycle, DNA replication, transcription
and translation. This course makes exten-
sive use of computer approaches to con-
vey the essential computational and visu-
al nature of the material to be covered.
Prerequisites: CMI102, general chem-
istry, general physics, organic chemistry,
calculus or instructor’s permission.

BI 753 Bioinformatics I: Sequence
Analysis 1%4:2:0:3

Computer representations of nucleic acid
and protein sequences, pairwise and mul-
tiple alignment methods, available data-
bases of nucleic acid and protein
sequences, database search methods,
scoring functions for assessment of align-
ments, nucleic acid to protein sequence
translation and codon usage, genomic
organization and gene structure in
prokaryotes and eukaryotes, introns and
exons, prediction of open reading frames,
alternative splicing, existing databases of
mRNA, DNA protein and genomic infor-
mation. An overview of available pro-
grams and of resources on the web. Lab is
an integral part of this course.

BI 754 Bioinformatics II: Protein
Structure 1%4:2:0:3

Protein folding representations, databases
of protein folding classes, secondary
structure prediction, tertiary structure
prediction via computer folding experi-
ments threading, and homology model
building, prediction of post translation
modification sites, active and binding
sites in proteins, representations of con-
tiguous and non-contiguous epitopes on
protein surfaces at the sequence level,
representations of functional motifs at the
three dimensional and at the sequence
level. Lab is an integral part of this
course. Prerequisite: Bl 753.

BI755 Bioinformatics III: Functional
Prediction 1/4:2:0:3

Functional classifications of proteins,
prediction of function from sequence and
structure, Orthologs and paralogs, repre-
sentations of biological pathways, avail-
able systems for the analysis of whole
genomes and for human-assisted and
automatic functional prediction. Lab is an
integral part of this course. Prerequisite:
BI 754.

BI 756 Chemoinformatics  1/:2:0:3
Review of Database Theory, Chemical
Structure Representation; connection
tables, line notations, structure diagrams,
Representations of Chemical Reactions,
Structure manipulation: Graph Theory,
Structure Analysis: ring perception, struc-
tural fingerprints, symmetry perception,
Molecular Modeling Algorithms, Genetic
Algorithms, Simulated Annealing, QSAR
historical approaches, Structural Search
of Chemical Databases, Commercial
Chemical Information  Databases,
Combinatorial Chemistry and diversity
assessment.

BI 757 Special Topics in
Bioinformatics Presentation at inter-
vals of various advanced or special-
ized topics in chemo- or bioinformat-
ics.

BI758/9 Guided Studies in
Bioinformatics as arranged
BI 760 Research in Bioinformatics

as arranged

Original research, which serves as basis
for master’s degree. Minimum research
registration requirements for the master’s
thesis: 12 units. Registration for research
required each semester consecutively
until students have completed adequate
research projects and acceptable theses
and have passed required oral examina-
tions. Research credits registered for each
semester realistically reflect time devoted
to research. Prerequisites for MS candi-
dates: degree status and consent of grad-
uate adviser and thesis director.
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CM 5714 Molecular Modeling and
Simulation 3:3:0:4

Introduces students to principles and
applications of modern molecular model-
ing and simulations methods, using com-
mercially available software packages on
powerful  computer  workstations.
Algorithms for visualization and predic-
tion of structural and physical properties
of molecules and molecular aggregates
are taught, based on the principles of
quantum, classical and statistical
mechanics, which will be reviewed in a
mathematically simplified form. The
accompanying laboratory part focuses on
acquiring practical skills in application of
commercial software packages to illustra-
tive problems in physical chemistry,
chemical engineering, biology and medi-
cine. Prerequisites: completion of core
undergraduate courses in mathematics
and science (grade C or better) in CM,
CH, ME, EE, CS, PH, CE or equivalent.

MA 5414 Stringology: Mathematics of
String Comparisons in Computational
Biology 3:3:0:4

Addresses basic combinatorial problems
of string manipulation - string matching,
string editing, string distance computa-
tions, arising from areas of text process-
ing, computational biology and
genomics. Classical, modern and entirely
new approaches to these problems will be
presented with all necessary mathemati-
cal and computer science backgrounds.
Emphasis is on practical and effective
algorithm implementations.

99




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




