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Deep Learning for
Computational Biology

January 11, 2018

CS260

Welcome to CS 260

• Coordinator: Stefano Lonardi
– Office: WCH room 325
– Phone: (951) 827-2203
– Email: stelo@cs.ucr.edu

• Lectures: MWF, 3:10-4pm, WCH 139 
• Office hours: by appointment
• http://www.cs.ucr.edu/~stelo/

(click on “Teaching”, then CS 260 Winter 18)
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Course organization

• The course will be structured it as a “journal 
club”, where students alternate presenting 
papers and highlight and discuss possible new 
line of research

• Two 20 minutes presentation each lecture 
• Some time for discussion
• Interactive!

Course organization

• The final grade will be based on paper 
presentations and participation in the class

• While the presenter is responsible to describe 
the paper in detail, it would be beneficial for 
the others to review the paper in advance to be 
able to participate in the discussion

• I will have a selection of papers, but students 
are welcome to propose other papers to present 
with my OK
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Structure of the presentation

• Introduction (background, motivations)
• Statement of the problem
• Proposed solution
• Experimental results (comparison with 

previous approaches, if applicable)
• Discussion (your review)
• (please do not waste time with “outline of my talk”)

Introduce yourself

• Name
• Department
• Graduate/undergraduate
• Year at UCR
• Research interests
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Proteins
3D structure prediction

secondary structure prediction
docking
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Proteins
• A protein is a chain of molecules, called amino 

acids
• Every amino acid has a central carbon atom, 

known as alpha carbon (Cα), an amino group
(NH2), a carboxyl group (COOH) and a side 
chain

• The side chain is what distinguishes one amino 
acid from another

Amino acids

amino group
carboxyl group

side chain



6

Proteins
• Amino acids are linked by peptide bonds 

between the carboxyl group and the amino 
group

• Almost all organisms share the same 20 amino 
acids

• A typical protein is composed by 300 amino 
acids, but there are proteins with as few as 100 
or with as many as 5,000 amino acids

Proteins

• Primary structure: the linear sequence of 
amino acids, ordered from the N-terminal 
(amino group) to C-terminal (carboxy group)

• Secondary structure: α-helices and β-sheets

• Tertiary structure: the 3D conformation 
(folding) in space
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• Most of the backbone is rigid
• The chemistry of a protein 

forces most of the backbone to 
remain planar

• The chemical bonds to the 
alpha carbons can rotate

• The angle of rotation for each 
alpha carbon bonds are called 
phi and psi

• Phi and psi are the degree of 
freedom of the protein

Alpha helix

• Exactly 3.6 residues per 
turn

• Hydrogen bonds
• Two types

– Right-handed
– Left-handed



8

Beta sheet

• Regions of extended 
(nearly linear) backbone 
conformation with 
phi≈135 and psi≈135

• Hydrogen bonds
• Two types

– Parallel
– Anti-parallel

Protein structure

• The function of a protein is determined by its 
tertiary structure

• Structure is much more conserved than 
sequence

• Predicting the folding from the primary 
sequence is very hard (see CASP competition)

• Binding: the interaction between two or more 
proteins (or protein-DNA) which have a 
“compatible” 3D structure  (docking)
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(A) The folding of the polypeptide chain typically creates a crevice or cavity on the 
protein surface. This crevice contains a set of amino acid side chains disposed in 
such a way that they can make bonds only with certain ligands. (B) Close-up view 
of an actual binding site showing the hydrogen bonds and ionic interactions formed 
between a protein and its ligand (in this example, cyclic AMP is the bound ligand).

Intrinsically disordered proteins
• Proteins lacks a fixed or ordered three-dimensional 

structure are called intrinsically disordered protein
• IDPs cover a spectrum of states from fully 

unstructured to partially structured
• Long (>30 residue) disordered segments occur in a 

third of eukaryotic proteins
• Many IDPs have the binding affinity with their 

receptors regulated by post-translational modification
• IDPs adapt many different structures in vivo 

according to the cell's conditions, creating a structural 
or conformational ensemble
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Some prediction problems

• Secondary structure of proteins
• Tertiary (3D) structure of proteins
• Docking between proteins, DNA, and/or 

small molecules
• Intrinsically disordered proteins/segments
• Solvent accessibility (the surface area of 

a protein that is accessible to a solvent, 
e.g., water)
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Transcription
DNA Binding
RNA Binding

Enhancers/Promoters
Alternative Splicing

MicroRNA post-transcriptional regulation

DNA

• DNA is a double stranded chain of sugar 
molecules and phosphate residues

• Each sugar molecule contains five carbon 
atoms (labeled 1’ through 5’)

• Backbone bonds are between the 3’ carbon and 
the 5’ carbon

• Orientation of DNA is by convention 5’ to 3’
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DNA

• Attached to the 1’ we can have one of four 
possible bases: Adenine (A), Guanine (G), 
Cytosine (C), and Thymine (T)

• A,G are purines
• C,T are pyrimidines
• Nucleotide = sugar + phosphate + base 
• DNA can reach in the 100s of millions of base 

pairs
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RNA
• Single stranded
• Uracil (U) instead of thymine (T)
• Different types of RNA

– mRNA (messenger RNA)
– tRNA (transfer RNA)
– rRNA (ribosomal RNA)
… and recently discovered ncRNA in the “RNAi

world”: miRNA, siRNA, snoRNA, stRNA, 
snRNA

• RNA is much less stable than DNA

Central Dogma

DNA

mRNA

Protein

Transcription

Reverse transcription

Replication

Translation
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Genes

• Gene: a segment of DNA which encodes for at 
least one polypeptide chain (usually mRNA)

• It includes regions preceding and following the 
coding region (UTR) and intervening 
sequences (introns)

• Genes usually lie in non-repetitive DNA

Transcription
• The synthesis of mRNA on a DNA template
• RNA polymerase is the enzyme that catalyzes 

this process (pol II in eukaryotes)
• RNA polymerase transcribes 1Kbps/sec
• The first base pair transcribed is called 

transcription start site (TSS)
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5’ UTR 3’ UTR
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Alternative splicing

Example (mouse gene)

Transcription
• Promoter: a region of DNA involved in 

binding of RNA polymerase to initiate 
transcription

• Enhancer: a region of DNA that increases the 
utilization of (some) promoters (it can function 
in either orientations and any location relative 
to the promoter)

• Repressor: a region of DNA that decreases the 
utilization of (some) promoters 
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Promoters and Enhancers

Transcription control
• Different factors are involved in the 

transcription machinery
– binding of transcription factors to DNA
– ability of DNA to bend
– relative location of the binding sites
– interaction between transcription factors 
– DNA methylation, nucleosomes (epigenetics)
– presence CpG islands (“p” is for phosphate)
– …
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Genetic “circuits”

A B Make DC

If B then NOT D
If A and B then D

Make BD

If D then B

C

gene D

gene B

Slide by Serafim Batzoglou, Stanford U.

If C then D
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Example: A Human heat shock protein

• TATA box:  positioning transcription start
• TATA, CCAAT:  constitutive transcription
• GRE: glucocorticoid response el.
• MRE: metal response element
• HSE: heat shock element

TATASP1CCAAT AP2HSEAP2CCAATSP1

promoter of heat shock hsp70

0-158

GENE

Slide by Serafim Batzoglou, Stanford U.

Translation

• The synthesis of a protein on the mRNA 
template

• Takes place inside ribosomes 
• Ribosomes are made of rRNA
• Ribosomes translate about 60 bases/sec 

(<0.0001% error rate)
• mRNA is translated into the corresponding 

amino acids by ribosomes + tRNA
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START

GENETIC CODE

Non-coding RNAs

• dsRNA: double stranded RNA, typically longer than 
30 nt

• miRNA: microRNA, 21-25 bases
– Encoded by endogenous (‘within’) genes
– Hairpin precursors
– Recognize multiple targets

• siRNA: short-interfering RNA, 21-25 bases
– Mostly exogenous origin
– dsRNA precursors
– May be target specific
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Some prediction problems

• DNA/protein binding (e.g., TFs)
• (nc)RNA/protein binding
• miRNAs
• Alternative splicing (isoforms)
• Gene expression or circadian rhythms of gene 

expression
• Enhancers and promoters location
• Transcript boundaries (start gene, end gene)
• Translation initiation site
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