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Introduction 



Introduction – Lecture Outline 
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0.  Short questionnaire 

 

1. Technicalities 

 

2. What is this course about?  

  Why should biologists be interested? 

 

3.  Course topics 

 



Technicalities 
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Contact:  

 Amir Rubinstein, amirr A T tau.ac.il 

       Office hours: right before/after class, coordinate by email. 

 Gur Hevroni, hevroni A T campus.technion.ac.il 

       Office hours: coordinate by email. 

 

Grade:   20% HW, given about every 2 weeks. 

   Assignments include theoretic and "wet" questions.  

   Submission in pairs. 

          10% “visibility” (attendance and participation / involvement) 

          70% project, presented at the last meeting, submitted ~ a month later  

           

 

Website:    www.ca4ls.wikidot.com 

            Everything will appear there, including all the code I show and write in class. 

http://www.ca4ls.wikidot.com/
http://www.ca4ls.wikidot.com/
http://www.ca4ls.wikidot.com/
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Computer Science Life Sciences 

Modern bio-technologies 
provide huge amounts of 
data of various types: 

Organizing and analyzing 
data for gaining meaningful  
knowledge requires 
computational methods: 

Computational Biology 
(bioinformatics) 

DNA sequencing 

Biological images 

Expression levels 

Text (string) 
analysis 

Image 
processing 

Graph (network) 
theory 



The revolution of Modern Biology 

The new generation of biologists is likely to routinely use computational and mathematical approaches 

Biology education hardly begins to reflect this revolution 

Computer Science Life Sciences 

In the 21st century, the way biology is taught is very similar to that of the end of the 20th century. 

“Computing Has Changed Biology—Biology Education Must Catch Up” 
Pavel Pevzner and Ron Shamir,  Science education forum, 2009 

../Papers/CS education for LS/Biology-must-catch-up.pdf


Cultural Gap 

Concrete 

 

 

Descriptive, 

Literal 

 

 

Empirical 

Abstract 

 

 

Mathematical, 

symbolic 

 

 

Logical 
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Computer Science Life Sciences 



The Bridge - 3 Educational Units 
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dna = input("please enter a dna sequence\n") 

A = dna.count("A") 

T = dna.count("T") 

C = dna.count("G") 

G = dna.count("C") 

print(100*(C+G)/(A+T+C+G)) 

A program in Python that calculates GC contents of a DNA 

sequence 

Tools and databases  Basic programming 

Computational thinking 

• Concepts, principles, and ideas from CS 

• Enhance abstract / algorithmic way of thinking  

• Promote the use of CS approaches, models and simulation 

• Facilitate future learning of computational approaches 

• Open communication channel with computational biology community 

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.bio.davidson.edu/courses/genomics/2006/sullivan/yfyg.html&ei=BeoDVau9GoHqOL3UgbgL&psig=AFQjCNFmvLxAvlVxwOX6FAxNv9ernqCjjQ&ust=1426405834114447


Computational thinking 

• Concepts, principles, and ideas from CS 

• Enhance abstract / algorithmic way of thinking  

• Promote the use of CS approaches, models and simulation 

• Facilitate future learning of computational approaches 

• Open communication channel with computational biology community 

3 Educational Units – at the Technion 
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dna = input("please enter a dna sequence\n") 

A = dna.count("A") 

T = dna.count("T") 

C = dna.count("G") 

G = dna.count("C") 

print(100*(C+G)/(A+T+C+G)) 

A program in Python that calculates GC contents of a DNA 

sequence 

Tools and databases  Basic programming 

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.bio.davidson.edu/courses/genomics/2006/sullivan/yfyg.html&ei=BeoDVau9GoHqOL3UgbgL&psig=AFQjCNFmvLxAvlVxwOX6FAxNv9ernqCjjQ&ust=1426405834114447


Course Design 
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  A step beyond programming and tool handling 

  Computational notions and ideas in a biological context 

  Breadth-first approach 

  Hands-on programming 

• but only as a "vehicle" 

• Programming is a pre-requisite, decreases cognitive load 

•   

 Emphasis on discrete notions and models (under-represented in 

biology curricula) 

• Examples: 

- Text analysis 

- Graph (network) algorithms 

- Digital image processing 

- Discrete models and simulation 



This course is NOT… 
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• a course in programming* 

• a practical course on specific tools / software 

• a statistics / probability / diff. equations course 

* although we will use quite a lot of programming, which is a prerequisite 
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•  You really hate programming 

- you will be expected to “wet” your hands (digitally).  

 

•  You can’t look at a formula 

- We’ll be using the appropriate level of formalism to match students' 

backgrounds - much less technical than "pure" computer science courses. 

     Still, some formalism will be necessary and even wanted. 

 

•  You will be overloaded this semester 

- This course will require a decent amount of work and effort, especially in the 

last half, when you work on your projects. There are other, easier electives! 

 

• You really, ehmmm… like memorizing stuff  

- As you may have understood by now, this course is very different in nature 

from standard biology courses (hidden criticism). 

Why you should NOT take this course 
or: is this course really for me? 



• Course taught at the Technion, Faculty of Biology, since 2013. 

 

 

• Students enrolled: 

 

 

“Historical” Note 
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2013 2014 2015 2016 

Undergrads 3 9 17 35 

M.Sc. 5 8 2 2 

Total 8 17 19 37 

Required 
massive 

promotion 

Required 
massive 

promotion 



Topics 
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CS   
domain 

Examples for common problems Biological 
domain 

First 2 weeks – A crash introduction to programming in Python 

String 
algorithms 

 

• Is sequence A included in sequence B? 
 

• Does a gene contain a repeating k-mer?  
• The longest one? 

 
• How to search for motifs in a gene / protein? 

Biological 
sequences 

Digital 
image 
processing 

• Count how many bright cells are in an image 
 

• Classify cells into phenotypes by shape 
 
 

Biological 
images 

Models and 
simulation 

• Models for fur pattern formation  
 

• Simulation of regulation networks 
 
 

Dynamic 
biological 
systems 

Graph 
theory 

• What is the shortest path for a neuronal signal 
     to pass from A to B? 

 
• Identifying lethal components in a network 

Biological 
networks 

http://www.ibiblio.org/lifepatterns/


Structure of Classes 

3. Programming issues 

2. Exposure to computational notions 

1. Motivating biological problem 

4. Reflection on acquired computational concepts and thinking processes 
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The Final Project 
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• The project will include the application of one or more approaches learned in the 

course on real biological data.  

      See some examples on our website 

 

• Around the middle of the semester  - topic and data should be proposed by the 

students.  

- We will of course help you pick up an appropriate  topic – focused, neither 

too narrow nor too broad, and above all – interesting for you! 

 

• During the second half of the semester you will get no HW, and will be expected 

to devote a decent amount of time for the projects. You will get substantial help 

from us – don’t worry about getting stuck. 

 

• Exact dates for intermediate deliveries (e.g. progress reports) TBA 

 

• Last meeting 21/6/2016 (14:30-17:30): presentation of projects, either in class or 

a poster event. Attendance is mandatory. 



Final Project Example 
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Bacilli anthracis 

cells and spores 

endospore count = 86 vegetative cell count = 9  

Quantification of Bacteria 

in a Phase Bright 

Microscopy Slide 


