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Welcome to the 4th Revolution!

Agraian Revolution Industrial Revolution

Biotechnology RevolutionElectronics/Digital Revolution
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Comp 555’s Intended Audience
●
●
●

●
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Why?
●

○ See CS fundamentals applied to real problems
○ What computer scientists can learn from biology

■ Robust, parallel, self-repairing, and energy efficient
●

○ Help to close the CS-Bio “language gap"
○ Appreciate CS as more than just “coding”
○ What is a correct algorithm? An efficient one?
○ Approaches to algorithm "design"

●
○ Bioinformatics is a very marketable skill
○ Future of both CS and Biology
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Logistics
●

●

●

●

●
○ Many in-class exercises - 10 %  (lowest 2 dropped)
○ 2 Problem Sets - 40 % (lowest dropped)
○ Midterm (mid march)   - 25 %
○ Final - 25%
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Bioinformatics = Biology + Information
●

○ Information: that which resolves uncertainty
○ Computer scientists measure information in “bits”
○ Information = -log2(probability)

■ A coin is tossed and lands heads. How many bits?
■ A 7 is rolled on a pair of dice. How many bits?
■ A 3 is rolled? How many bits?

○ Information systems need mechanisms for
■ Storing information (memory)
■ Processing information (logic)
■ Transporting information (networks/connectivity)

●
●
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6 out of 36 possible rolls are “7”s.
Thus, a roll of 7 conveys:

-log2(6/36) = 2.58 bits

There are only 2 ways 
to roll a “3”,  (1,2) or (2,1) 
Thus, a roll of "3" conveys:

-log2(2/36) = 4.17 bits
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Information in Biological Systems
●

●

●

●

●
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Where is “Biological” Information?
●
●

●
○ 70% water
○ 7% small molecules

salts, amino acids, nucleotides, lipids (fats, oils, waxes)
○ 23% larger polymers

proteins, polysaccharides
●

○ Prokaryotes: bacteria (no nucleus)
○ Eukaryotes: yeast, plants, and animals (with nucleus)
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Prokaryote

Eukaryote
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Looking for the Source of Heredity
●

●
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Fleming

Hertwig Fol
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Early 20th Century Genetics
●

●
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Morgan
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Inferring Genetic Maps
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Steps to Infer a Genetic Map
●

○ Brown (64 + 21 + 19 + 6 + 5 + 4 + 1 + 1) /484 = 0.250
○ Blue-eyes (58 + 20 + 19 + 12 + 6 + 4 + 4 + 1) / 484 = 0.256
○ Triangle-nose (54 + 21 + 20 + 12 + 6 + 5 + 4 + 1) / 484 = 0.254
○ Short-finger (54 + 21 + 20 + 9 + 5 + 4 + 4 + 1) / 484 = 0.244
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3x more than 
I'd expect by 
chance

●

○ Short-finger & triangle-nose 54 + 21 + 20 + 4 = 99 
○ Triangle nose & brown 21 + 6 + 4 + 1 = 32
○ Short-finger & brown 21 + 5 + 4 + 1 = 31
○ Blue-eyes & triangle-nose 20 + 12 + 6 + 4 = 42
○ Short-finger & blue-eyes 20 + 4 + 4 + 1 = 29
○ Brown & blue-eyes 19 + 6 + 4 + 1 = 30

●

○ Short-fingers & triangle-nose are closely linked
○ Blue-eyes & triangle-nose are probably linked
○ Short-finger & blue-eyes appear independent, thus 

the triangle nose gene should lie between them
○ Brown gene is likely to be on another chromosome
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DNA's Central Role
●

●

●
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Beginning of Molecular Biology!



Comp 555 - Spring 2021

More on DNA 
●

●

●
○ A phosphate group
○ A ribose sugar
○ One of four nitrogenous bases

●
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DNA Components
●

●

○ Plants from animals
○ Species
○ Individuals

●

●

●

●
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DNA Schematic
●

○ Complementary strands are antiparallel and, 
thus, oriented

○ Not a simple twist, but has a major and minor 
grooves which are recognized by interacting 
with proteins

●

●
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Biological Computing Machines
●

○ Collect raw materials and covert chemicals to energy
○ Perform specialized functions (neurons, muscle, retinal cones)
○ Protect and repair itself
○ Replicate itself, or duplicate an entire organism

●

●

●
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Genes are the Programs
●

●

●

●

●

●

●

●
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What are Proteins?
●

●

●

●

●

●
●
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Amino Acids

●

●

●

●

●
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A hydrophobic amino acid avoids water wherreas a hydrophillic amino acid 
is attached to water. This influeces the shapes that proteins fold into.
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Encoding Protein Assembly
●

●

●

●

●

●
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Codons
●

●

●

●
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From Genes to Proteins
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Is the Code Perfect?
●

●

●

●
exons
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How Big is a Genome?
●

●

●

●

●

●

●

●
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Is Bigger Better? More Advanced?
●
●
●
●
●
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Amoeba (Amoeba dubia) ~ 670 Bbp
Salamander (120.60pg, Necturus lewisi, Gulf coast waterdog) ~118 Bbase pairs
Frog (13.40pg, Ceratophrys ornata (8n), Ornate horned frog) ~13 Bbase pairs
Marbled Lung fish (130pg) ~ 130 Bbp
Orchids (angiosperms) have the the largest variation within a species 
(strains that can interbreed and generate fertile progeny) with a range that varies at least 168-fold.
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Genome Variation
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Length and variability are more of an indications of a phylum’s susceptibility to mutations than its complexity

(C-value = the Amount of DNA in an unreplicated gametic nucleus. It is measures in pico Grams, and 1pg = 978M base pairs.)
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Summary
●
●

●
●

●

●
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Next Time
●
●
●
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