
CPS260/BGT204.1 Algorithms in Computational Biology August 26, 2003

Lecture 1: Course Introduction; Biological Introduction

Lecturer: Pankaj K. Agarwal Scribe: Pankaj K. Agarwal

1.1 Course Overview

Professor: Teaching Assistant

Pankaj K. Agarwal Leelavati Narlikar
LSRC, Room D213A North, Room N-03
(919) 660-6540 (919) 660-4003
pankaj@cs.duke.edu lee@cs.duke.edu

Welcome to CPS 260, Algorithms in Computational Biology! This course is also cross-listed as part of the
Bioinformatics and Genome Technology graduate program (BGT 204). BGT has a new Ph.D. program, in
addition to auxiliary certificate program of which students may already be aware. The certificate program is
open to doctoral students in any department and upon completion, students earn a certificate in BGT to go
along with their Ph.D. For more information, visit the Center for Bioinformatics and Computational Biology
web page athttp://www.cbcb.duke.edu/.

1.1.1 Course content and syllabus

This course is intended to provide a systematic introduction to the algorithms behind the most commonly-
used tools in computational biology. While the course will survey a wide range of methods in the field
and provide a significant amount of exposure to actual tools, its primary emphasis will be on understanding
and analyzing the algorithms behind these tools. In the process, students will be introduced to common
techniques in algorithmic design and analysis, including design of data structures and analysis of running
time. Essentially, this course is designed primarily to meet the needs of two kinds of students:

1. A biologically-focused student who wants to learn more about the tools that he uses, wants to know
how they work, which should work better than others, what the limitations are, and how to understand
the results reported by these tools

2. A computationally-focused student who wants to learn more about computational biology, about how
the general study of algorithms can be usefully applied in this domain, about the current state of the art
in the field, where it can be improved, and directions for her future research in algorithms

Topics to be covered include dynamic programming, string matching, probabilistic techniques, geometric
algorithms, hidden Markov models, and data mining. These topics will be explored in the context of applica-
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tions of genome sequence assembly, gene and promoter finding, protein and DNA homology detection, gene
experession and regulation, protein structure prediction, protein dynamics.

A tentative lecture plan is provided in Table1.1. The most current and definitive syllabus will be maintained
on the course web pagehttp://www.cs.duke.edu/education/courses/fall03/cps260/) under the heading “Lec-
ture Plan” so students should consult the course web page for the most recent information. In addition to the
lecture plan, the course web page will keep track of when assignments are issued and due, as well as who is
in charge of lecture scribing a given lecture.

Relationship to other BGT courses. The BGT program will continue to evolve, but the current curriculum
is structured around four foundational courses:

• BGT 200 Statistical Methods for Computational Biology

• BGT 204 Algorithms in Bioinformatics

• BGT 205 Molecular and Structural Biology for Genomics

• BGT 206 Genome Technologies

and six applicational courses:

• BGT 201 Statistical Genetics

• BGT 202 Comparative and Evolutionary Genomics

• BGT 203 Genome Informatics & Sequence Analysis

• BGT 207 Computational Methods for Macromolecular Structure

• BGT 208 Gene Expression Analysis

• BGT 209 Computational Genetics of Complex Traits

• BGT 210 Computational Functional Genomics

Parts of this course will cover topics from BGT 203, BGT 207, BGT 208, and BGT 210. If any of these
topic areas are of further interest, this course will hopefully provide a foundation to continue on in one of the
applicational courses.

Prerequisites. Students are expected to have previous exposure to programming, basic algorithmic tech-
niques, probability theory and statistics, as well as a familiarity with basic concepts of cell biology. All
necessary background will be provided as a review, but at a relatively brisk pace. Students are certainly en-
couraged to speak with the instructor if they are interested in the course but are concerned about prerequisites.
Ideally, students should be familiar with:
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Lecture Date Topic Ref
I. INTRODUCTION

1 08/26 Course Overview, Biological Background
2 08/28 Biological Background, Computation Intro

II. ALGORITHMIC TECHNIQUES
3 09/02 Mathematical Foundation, Model of Computation
4 09/04 Divide and conquer, Greedy Algorithms
5 09/09 Dynamic Programming
6 09/11 Graphs, Representation of Graphs, Traversal Algorithms
7 09/16 Minimum Spanning Trees, Shortest Paths

09/18 No Class

III. SEQUENCE ALIGNMENT
8 09/23 Global Sequence Alignment
9 09/25 Global & Local Alignment

10 09/30 Alignment Heuristics
11 10/02 Multiple Sequence Alignment

IV. GENOME ASSEMBLY
12 10/07 Genome Assembly
13 10/09 Probabilistic and Stochastic Modeling

10/14 Fall Break
14 10/16 Hidden Markov Models (Guest Lecture)
15 10/21 MSA, Evolutionary trees, Gene finding
16 10/23 Gene Finding

V. TRANSCRIPTION
17 10/28 Gene Expression Data, Clustering
18 10/30 Data Mining

V. PROTEIN STRUCURE
19 11/04 Proteins, Primary Strucure
20 11/06 Secondary Structure Prediction
21 11/11 Tertiary Strucure (Guest Lecture)
22 11/13 Space Filling Diagrams
23 11/18 Shape Analysis

VI. PROTEIN DYNAMICS
24 11/20 Protein Folding
25 11/25 Protein-Protein Interaction

Table 1.1: Tentative lecture plan



Lecture 1: August 26, 2003 1-4

• vector and multivariate calculus

• linear algebra

• basic discrete mathematics

• probability

• correlation

• normal distribution

• basics of algorithm design

• one programming or scripting language

Some examples of useful programming and scripting languages include Java, C++, C, Perl, Python, Ruby,
Bash, Matlab, Pascal, Visual Basic, Scheme, Lisp, and Fortran. It is possible to do great work in this course
without programming—if one chooses an independent research project that is theoretical or applied.

1.1.2 Administrative details

Course web page and mailing list. The course webpage will be maintained at
http://www.cs.duke.edu/education/courses/fall03/cps260/) It will contain all the relevant material for
the course, including lecture notes, assignments, handouts, and further reading material. There will also be
a mailing list for the course called cps260, which the instructor and TA will use to make announcements.
Please make sure that your name is in the list.

Meeting times. Class meets every Tuesday and Thursday morning from 10:55–12:10, except for October
14 (Fall Break) and November 27 (Thanksgiving). In addition, there will be no class on September 18. Any
further changes will be announced later in the class. Since there will be no final exam, classes will continue
through the full undergraduate calendar (into the graduate reading period). The last day of class will thus be
December 3. Students will present their final project reports during the last week of the class.

Course materials. There will be no mandatory textbook for the course. This is because no single textbook
seems ideal at this juncture. That being said, there are a number of valuable texts that serve different purposes.
Every student is encouraged to purchase the text that they would find most useful. Here is the list of a few
books fro mwhich the material will be covered.

• C. Branden and J. Tooze.Introduction to Protein Structure (2nd edition), Garland Publishing Inc.,
1999.

• T. Cormen, C. Leiserson, R. Rivest, and C. Stein.Introduction to Algorithms, Second Edition. MIT
Press, 2001.

• R. Durbin, S. Eddy, A. Krogh, G. Mitchison.Biological Sequence Analysis: Probabilistic Models of
Proteins and Nucleic Acids. Cambridge University Press, 1998.

• W. Evans and G. Grant.Statistical Methods in Bioinformatics. Springer-Verlag, 2002.

• A. R. Leach.Molecular Modelling. Principles and Applications.Addison Wesley, 1996.

• D. W. Mount.Bioinformatics: Sequence and Genome Analysis, Cold Spring Harbor Lab Press, 2000.

• P. Pevzner.Computational Molecular Biology, The MIT Press, 2000.

• T. Schlick.Molecular Modeling and Simulation, Springer-Verlag, 2002.

http://www.cs.duke.edu/education/courses/fall03/cps260/
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• M. Waterman.Introduction to Computational Biology, Chapman & Hall, 1995.

In addition, a number of web sites, papers, and other reading resources will be provided during the semester.
These will appear on the course webpage; all course materials will be available through the course web site
http://www.cs.duke.edu/education/courses/fall03/cps260/under the heading “Course Material;” other web
links may be also be collected under the heading “External Links”.

Finally, lecture notes for every lecture will be made available on the course webpage, under the heading
“Lectures” within ten days of the given lecture.

Scribing lecture notes. Because there is not an official textbook for the course, the course lecture notes
will be a very important resource for everyone. For this reason, they should be produced in a detailed and
comprehensive manner.

Each student taking the course will act as a scribe for at least one lecture. The scribe for a given lecture
will be responsible for taking detailed notes during the lecture, typing up those notes in LATEX, and sub-
mitting the notes one week after the lecture (or sooner). Notes should be written lucidly and be extremely
comprehensive—they will serve as an authoritative summary and reference of class material for use by current
and future students (as well as the instructor).

The scribing template filescribing.template.tex can be downloaded from the course webpage under
the heading “Scribe Instructions.” Thescribing.cls file must also be available in order for the template
file to compile properly in LATEX. Both files can be found at the course web page. If you click on the
scribing.cls file link and are not prompted to download a file, but the contents are instead shown in
your browser, you can simply copy and paste them into a text editor and save the file asscribing.cls .

With these files in place, you can begin typing up your notes in LATEX with your favorite text editor by adding
your notes toscribing.template.tex in the appropriate section.

1.1.3 Submitting scribed lecture notes

Please rename your .tex filelectureNN.tex , whereNNis the lecture number (please use two digits: use
lecture03.tex for Lecture 3, for example). Importantly, your .tex file must compile before you submit
it! To ensure this, try compiling your .tex file with the following commands:

latex lectureNN.tex
latex lectureNN.tex
dvips -o lectureNN.ps lectureNN.dvi

or alternatively,

pdflatex lectureNN.tex
pdflatex lectureNN.tex

Running latex/pdflatex twice is necessary, not a typo. If all this works and your postscript (.ps) or PDF (.pdf)
file looks good when you view it, then submit the .tex and .ps or .pdf files, along with any necessary image

http://www.cs.duke.edu/education/courses/fall03/cps260/
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files in both .jpg and .eps formats, as discussed inscribing.template.tex . Completed scribed lecture
notes must be submitted to the TA within one week after the lecture (or sooner). She and I will go through
them and will ask you to revise the notes if necessary. The revised version will be due within two-three days.
Since students will rely on these notes for the course material, it is essential that the notes be submitted on
time.

1.1.4 Getting help with LATEX

How many of you are familiar with LATEX?

If you are not familiar with LATEX, the document entitledThe Not So Short Introduction toLATEX 2ε should be
a wonderful start. Despite its name, it is very compact, but remains fairly comprehensive. It is available on
Blackboard. There are other books and web sites available if you need further assistance. Email the instructor
or the TA and we can provide more information.

All of this information on LATEX and instructions for submitting scribed lecture notes is available at the course
web sitehttp://www.cs.duke.edu/education/courses/fall03/cps260/.

1.1.5 Grading

The final grade will be based on your performance in home work problems, research project, and scribing a
lecture.

Problem sets: 40% of grade. There will be four problem sets that each student has to complete individu-
ally. You will have roughly two weeks for each problem set. The solutions will be discussed in the class or
in a discussion session after the deadline.

No collaboration is permitted on problem sets. However, if you have worked for a while on a particular
problem and have encountered a mental wall, and if you have banged your head against it for a while, it is
permissible to consult others to make progress—that is better than stopping. But it should remain understood
that this interaction must be one of consultation and not collaboration: hints rather than answers. After
consultation, it is expected that you should still have some thinking to do. If you do not understand the
material on which the assignments are based, contact the TA or me. In addition, if you do consult with
another student, you must cite this in your solution.

Research project: 40% of grade. There will be one research project to be completed by teams of two
students. The intention is for the project work to be of publishable or nearly publishable quality—you might
as well get something substantive out of the experience. The students are encouraged to develop their own
projects, but a number of topics will be discussed in the class. Ideally, each team should have one student
with computational background and the other with biologocal background. You should form the team as soon
as possible and start thinking about the project.

The project will consist of two parts. The first part, which will be due immediately after the fall break, will
require each team to submit a proposal, literature survey, and initial work to support the proposed research.
The final deliverables, due in the first week of December, will be:

http://www.cs.duke.edu/education/courses/fall03/cps260/
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• A well-written paper for submission to the instructor (the primary measure of assessment will be the
quality of the methods, analysis, and results in the paper; however, the paper should also be well-written
and express your results lucidly).

• A short presentation to the class highlighting the major contributions of the paper (the primary measure
of assessment will be the clarity with which you present your ideas and your ability to effectively
communicate your results to your peers).

Lecture scribing: 20% of grade. All students are required to serve at least once as a lecture scribe. Their
scribed lecture notes will be given a score of 0-20, based on the degree of comprehensiveness and care with
which they were produced. Students may need to consult additional resources and create text or figures to
supplement the lecture content itself in order to produce a comprehensive set of notes that merit full credit. In
other words, the scribed notes should be more than was covered in class in order to receive full credit. There
will be opportunities later in the semester for students to scribe a second time if they wish to earn additional
points in this category.

The instructor and TA will provide lecture notes for the first four-five lectures. Students can sign up for later
lectures and are encouraged to find ones about which they have an interest or measure of previous expertise.
If neither applies, students should sign up for the first available lecture.

Scribed lecture notes should be completed individually, but you can certainly ask your peers to clarify any
point that your notes leave unclear: it is better to have a more complete and correct set of notes than to muddle
something. In addition, you are of course welcome to seek LATEX typesetting assistance from any source if
you need it.

1.2 Biological Background

All organisms are comprised of cells. Cells are teh structural and functional unit of all living organisms.
Humans have roughly1013–1014 cells. There are two types of organisms depending the kind of cells they
have:prokaryoticandeukaryotic.

1.2.1 Prokaryotes

Prokaryotes are unicellular organisms that lack a nuclear membrane (the membrane that surrounds the nucleus
of a cell) and that do not develop or differentiate into multicellular forms. Bacteria are the best known
examples of prokaryotes. A prokaryote cell cosnists of three main regions:

• Flagella: Appendages, consisting of proteins, attached to the cell surface.

• Cell envelope: consists of a capsule, a cell wall, and a plasma membrane.

• Cytoplasmic region: contains cell genome and ribosomes.
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1.2.2 Eukaryotes

Examples include fungi, animals, and plants. They contain membrane-based comparments, calledorganelles,
in which specific metabolic activties take place. Eukaryotes are more complex than prokaryotes, have more
evolved mechanisms of genetic control, and generally contain more genetic information. In addition, the
nuclear membrane allows eukaryotic cells to includelocalizationas an important factor in genetic regulation.
Furthermore eukaryotes are capable of true sexual reproduction, and for many this mode is obligatory for the
production of offspring. The structure of a eukaryote consists of the following main regions:

Figure 1.1: prokaryotic and eukaryotic cells [1].

Plasma membrane: The outer layer of the cell, consisting of proteins and lipids, separates and protects the
cell from the outside environments.

Cytoskeleton: Organizes and maintains the cell’s shape, anchors organelles in place, moves parts of cells
during growth, and helps transfer external material to the inner parts of the cell.

Cytoplasm: Also known ascytosol, this inner part of the cell is a large fluid-like region in which all the
organelles of the cell reside.

Nucleus: The most important organelle, which contains the cell’s chromosones, is separated from the cy-
toplasm by a membrane callednuclear envelope. Almost all the DNA replication and RNA synthesis
occur inside the nucleus, and the mRNAs are transported outside the nucleus, where they are translated
to specific proteins.

Genetic material: Two different genetic materials exist: deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA). Most organisms have DNA as their genetic material, but some viruses have RNA as their
genetic material. Eukaryotic genetic matreial is divided into discrete units calledgenes. Human genetic
material is composed of two components:nuclear genomeandmitochondrial genome(plants also have
chloroplasts).

The nuclear genome, which comprises of most of the human genetic material and is responsible for storing,
maintaining, and replicating the blueprint of life, is divided into 24 distinct linear DNA molecules, each
contained in a different chromosone. Each nucleus contains two copies of each chromosome; such eukaryotic
cells are calleddiploid. Human cells (all except the ones that are responsible for sexual reproduction) carry
23 pairs of chromosones. Cells with only a single copy of a chromosome (including all prokaryotes) are
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Table 1.2: Model Organisms

Prokaryotes Eukaryotes

Escherichia coli (intestinal bacterium)Saccharomyces cerevisiae (yeast)

Haemophilus influenzae (flu) Caenorhabditis elegans (nematode worm)

Drosophila melanogaster (fruit fly)

Fugu rubripes (puffer fish)

Arabidopsis thaliana (mustard)

Mus musculus (mouse)

Homo sapiens (human)

calledhaploid. The termploidy refers to the chromosome copy number generally. Certain plants have have
more than two copies of each chromosone.

The mitochondrial genome, a circular DNA molecule, resides in cytoplasm of a cell. Mitochondria play an
important role in converting energy in the form ofadenosine triphosphate(ATP) in a cell. Unlike nuclear
genetic material, half of which we inherit from our mother and and half from our father, the mitochondrial
genome is inherited only from our mother. Useful for tracing maternal lineage.

For a number of practical reasons, most biologists study what are known asmodel organisms. This enables
research to be concentrated on a number of canonical living systems. Examples of a number of typical model
organisms are shown in Table1.2.

1.2.3 Cell cycle

A cell reproduces by a sequence of events during which it duplicates its contents, including the genetic
material, and then divides into two. This cycle of duplication and division, known as acell cycle, is the basis
of all forms of oganismal reproduction.

A eukaryotic cell cycle is divided into four phases:

M phase: Consists of two processes: (i)mitosis, the process that divides the nucleus of a cell into two, and
(ii) cytokinesis, the process that divides the cell into two.

S phase: Cell replicates its nuclear DNA. It is separated from the M phase by two “gap” phases.

G1 phase: Interval between the end of M phase and the beginnng of S phase.

G2 phase: Interval between the end of S phase and the beginnng of M phase. Chromosone condensation
marks the end ofG2 phase.
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Figure 1.2: The for phases of a cell cycle

S,G1, G2 phases together are referred to as theinterphase, which consumes roughly 90% time of a cell cycle.
A cell transcibes genes, synthesizes proteins, and grows its mass during its interphase.

Mitosis. Before mitosis begins, each chromosone has been replicated and consist of two identicalchro-
motids(sister chromotids), which are joined together along their length by interactions between proteins on
the surface of the two chromotids. During mitosis, the two chromotids are cleaved and they are split into two
daughter chromosones. Mitosis consists of five phases.

Figure 1.3: Transition from interphase to prophase and the first two phases of mitosis.

• Prophase: The replicated chromosomes condense into distinct structures that are visible.

• Prometaphase: The chromosomes condense further, the nuclear envelope disintegrates, and the chro-
mosomes become associated with the spindle. The duplicated structures remain attached to one another
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at a region called the centromere. Except at the centromere, the two copies of each chromosome, the
sister chromatids, separate.

• Metaphase: The sister chromatid pairs are aligned near the center of the spindle with their centromere
still associated.

• Anaphase: The sister chromatid pairs separate, and one member of each pair moves toward each
spindle pole.

• Telophase: The chromatids reach opposite poles, the new nuclear envelope is formed around each set,
and the chromosomes begin to decondense. Finally the plasma membrane separates the two nuclei.

This entire process is shown in Figures1.3and1.4.

Figure 1.4: The last three phases of miosis [2].

Meiosis. Mitosis is the asexual reproduction of cells. Meiosis, the sexual reproduction of cells, was first
discovered when it was observed that cells specialized for sexual reproduction (calledgametes) were haploid,
carrying only a single set of chromosones, while the other cells were diploid.

Meiosis involves two cell divisions. The first division, known as thereduction division, of meiosis produces
two daughter cells each of which has a single set of chromotids. The second cell division is a simple mi-
totic division each each of these two halpoid cells. There is no interphase between two cell divisions. See
Figure1.5.

Bibliographic Notes

The material covered in this lecture can be found in Chapters 2 and 3 of Griffithset al. [4] and Chapters
10–18 of Albertset al.[3]. The latter discusses cell and its function in great detail. Figures are taken from
various sources, as cited in their captions. They cannot be reproduced or distributed without permission from
the original sources.
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Figure 1.5: Mitosis and two cell-division phases of meiosis [4].
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