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Shotgun Sequencing 

From http://www.tulane.edu/~biochem/lecture/723/humgen.html 

http://www.tulane.edu/~biochem/lecture/723/humgen.html


Human Genome Project 

Many videos available on youtube.com, 
dnatube.com, and elsewhere.  

Find some and watch them. 
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Assembly: Simple Example 

 ACCGT, CGTGC, TTAC, TACCGT 

 Total length = ~10 

     

   --ACCGT-- 

   ----CGTGC 

   TTAC----- 

   -TACCGT— 

   TTACCGTGC 
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Assembly: Complications 

 Errors in input sequence fragments (~3%) 
Indels or substitutions 

 Contamination by host DNA 
 Chimeric fragments (joining of non-contiguous fragments) 
 Unknown orientation 
 Repeats (long repeats) 

Fragment contained in a repeat 
Repeat copies not exact copies 
Inherently ambiguous assemblies possible 
Inverted repeats 

 Inadequate Coverage 



2/18/13 CAP5510 / CGS5166 6 

Assembly: Complications 
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Assembly: Complications 
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Other sequencing methods 

Sanger Method (70Kbp/run) 

Sequencing by Hybridization (SBH) 

Dual end sequencing 

Chromosome Walking (see page 5-6 of Pevzner’s 
text) 

454 Sequencing (60Mbp/run) 

Solexa Sequencing (600Mbp/run) [Illumina] 
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454 Sequencing: New Sequencing Technology 

 454 Life Sciences, Roche 
 Fast (20 million bases per 4.5 hour run) 
 Low cost (lower than Sanger sequencing) 
 Simple (entire bacterial genome in days with one person -- without 

cloning and colony picking) 
 Convenient (complete solution from sample prep to assembly) 
 PicoTiterPlate Device 

Fiber optic plate to transmit the signal from the sequencing reaction 

 Process:  
Library preparation: Generate library for hundreds of sequencing runs  
Amplify: PCR single DNA fragment immobilized on bead  
Sequencing: “Sequential” nucleotide incorporation converted to 
chemilluminscent signal to be detected by CCD camera.  
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(a) Fragment, (b) add adaptors, (c) “1 fragment, 1 bead”, (d) 

emPCR on bead, (e) put beads in PicoTiterPlate and start 

sequencing: “1 bead, 1 read”, and (f) analyze 
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emPCR 
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Sequencing 
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Sequencing 
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Solexa Sequencing 
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Solexa Sequencing 
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Solexa Sequencing 
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Solexa Sequencing 



Assemblers 

TIGR Assembler (TIGR) 

Phrap (U Washington) 

Celera Assembler (Celera Genomics) 

Arachne (Broad Institute of MIT & Harvard) 

Phusion (Sanger Center) 

Atlas (Baylor College of Medicine) 
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Applications of Sequencing 

Sequencing  

Resequencing 

SNP detection 

RNA-Seq 

CHiP-Seq 

Metagenomics 
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Basic Assembler  

Read: sequenced fragment; Contig: contiguous 
segment. How to assemble a contig? 

 

TCGAGTTAAGCTTTAG 

 CGAGTTAAGCTTTAGC 

   AGTTAAGCTTTAGCCT 

    GTTAAGCTTTAGCCTA 

       AGCTTTAGCCTAGGGC 

         GCTTTAGCCTAGGCAG 

            …  

Problem: Need to try every pair of reads! 
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AGCTTTAGCCTAGGGC 

AGTTAAGCTTTAGCCT 

CGAGTTAAGCTTTAGC 

GCTTTAGCCTAGGCAG 

GTTAAGCTTTAGCCTA 

TAAGCTTTAGCCTAGG 

TCGAGTTAAGCTTTAG  



Reduce to Graph Problem 

How to assemble a contig? 
Node   Read 

Edge between Nodes   Overlapping Reads 

Problem: Find a path through each node in graph.  
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TCGAGTTAAGCTTTAG  

CGAGTTAAGCTTTAGC  

GCTTTAGCCTAGGGCA  

AGCTTTAGCCTAGGGC  

GTTAAGCTTTAGCCTA  AGTTAAGCTTTAGCCT  

15 

14 

15 

15 

12 

Issues: Problem is NP-Complete 
# nodes = # reads 
# of edges ≤ k(# nodes) 

C 

CT 

A 

GGGC 

A 



A better solution 

Take each read and chop it into k-mers. 

Represent k-mers by nodes in a graph and edges 
between k-mers that overlap in k-1 bases. 

Consequence:  
Number of nodes = 4k ;  

Number of edges = k4k ; 

Issues:  
Problem (i.e., find path through all vertices) remains 
NP-Complete 
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A more efficient solution 

Represent every possible (k-1)-mer by a node.  

Edges connect 2 nodes if they share k-2 bases. 

Label each edge by k-mer. 

 

 

Problem: 
Find a path through each edge in the graph 

The Eulerian path problem is NOT NP-Complete.  
It can be solved in linear time!  
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GTTAAGC  AGTTAAG  
AGTTAAGC 



Sources of Assembly Errors 

 Errors in reads – caused by technology 
Error in base calls, color calls (SOLID Technology), or repeated base 
calls (454 Technology) 

Missing reads – sequencing bias 

 Read orientation error 
One or both orientations may occur 

Not told which ones are present  

 Sequence Variations – mixed sample study  
SNP, cancer, metagenomics studies 

 REPEATS 

 Combinations of the above 
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How to deal with REPEAT Regions 

 If no errors or repeat regions, then the graph has a unique path through 
all the edges. 

 Problem: REPEAT regions cause branching in graph. If no errors in 
reads, then the graph has a unique path through all edges, but with some 
edges traversed more than once. 

 How to identify REPEAT regions: 
Higher coverage of repeat regions 

Branching of nodes 
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GTA TAA 

GCA 

GAA GGA CGG 

CCG 

CAA 

GCC 

TGC ATG AAT 

TCA 

CTC CCT 

GTAATGCCTCAATGCCGGAATGCA 

CTGAA 

CTG TGA 

GAA 

Handling Read Error 

26 

Erroneous Base  Call 

Erroneous Path 

in Graph 

Missing Edge in  

K-mer Graph 

Missing Edge in  

K-mer Graph 

Potential Missing Edges in  
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GTA TAA 

GCA 

GAA GGA CGG 

CCG 

CAA 

GCC 

TGC ATG AAT 

TCA CTC CCT 

CTG TGA GAA 

27 

GTAATGCCTCAATGCCGGAATGCA 

CTGAA 

TGCCTCAA 

TGCCTCAA 

Well conserved 

regions in related 

genomes 

Add (or reinforce) 

path in graph 
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Protein Structures 
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Protein Structures 

 Sequences of amino acid residues 

 20 different amino acids 

Primary Quaternary Tertiary Secondary 
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Proteins: Levels of Description 
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Proteins 

 Primary structure  is the sequence of amino acid residues of the 
protein, e.g., Flavodoxin: AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA… 

 Different regions of the sequence form local regular secondary 
structures, such as 

Alpha helix, beta strands, etc.  
 AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA… Secondary 
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More on Secondary Structures 

 -helix  
Main chain with peptide bonds 

Side chains project outward from helix 

Stability provided by H-bonds between CO and NH groups of residues 4 
locations away. 

 -strand 
Stability provided by H-bonds with one or more -strands, forming -sheets. 
Needs a -turn.  
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Proteins 

 Tertiary structures are formed by packing secondary structural 
elements into a globular structure.  

Myoglobin Lambda Cro 
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Quaternary Structures in Proteins 

Quaternary 

• The final structure may contain more   

 than one “chain” arranged in a 

 quaternary structure.  
 

Insulin Hexamer 



2/18/13 CAP5510 / CGS5166 35 

More quaternary structures 

Muscle creatine kinase 

(Homodimer) 

Bovine deoxyhemoglobin 

(Heterotetramer) 
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Amino Acid Types 

 Hydrophobic  I,L,M,V,A,F,P 

 Charged 

Basic        K,H,R 

Acidic       E,D 

 Polar        S,T,Y,H,C,N,Q,W 

 Small        A,S,T 

 Very Small   A,G 

 Aromatic     F,Y,W 
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Amino Acid Types 
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All 3 figures are 

cartoons of an 

amino acid residue. 

Structure of a single amino acid 
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Chains of amino acids 

Amino acids vs Amino acid residues 
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Angles  and  in the polypeptide chain 
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Amino Acid Structures from Klug & Cummings 



2/18/13 CAP5510 / CGS5166 43 

Amino Acid Structures from Klug & Cummings 
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Amino Acid Structures  

from Klug & Cummings 
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Amino Acid Structures from Klug & Cummings 
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Ramachandran Plot 
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Alpha Helix 
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Beta Strands and Sheets 
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Molecular  

Representations 
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Supersecondary structures 

 repeat 

Gamma  

crystallin 

Greek Key 

-meander 
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Secondary Structure Prediction Software 

Recent Ones: 

GOR V 

PREDATOR 

Zpred 

PROF 

NNSSP 

PHD 

PSIPRED 

Jnet 
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Chou & Fasman Propensities 
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GOR IV prediction for 1bbc 
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Neural Networks 
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Neural Network Prediction of SS 



2/18/13 CAP5510 / CGS5166 58 

PDB: Protein Data Bank 

 Database of protein tertiary and quaternary structures and protein 
complexes. http://www.rcsb.org/pdb/  

 Over 29,000 structures as of Feb 1, 2005. 

 Structures determined by 
NMR Spectroscopy 

X-ray crystallography 

Computational prediction methods 

 Sample PDB file: Click here [▪]  

1cop.pdb
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PDB Search Results 
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Protein Folding 

 How to find minimum energy configuration? 

Unfolded 

Molten Globule State 

Folded Native State 

Rapid (< 1s) 

Slow (1 – 1000 s) 


