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Review 

 Exploding newspapers 

 De Bruijn Graphs 
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The Assembly Problem 

 Input: A collection of string Reads 

 Output: A string Genome constructed from Reads 
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Assembly as a String Reconstruction Problem 

 Input: A collection of k-mers 

 Output: A genome such that  

 Compositionk (Genome) = collection of k-mers 

 

 String Composition 

 Let s = TAATGCCATGGGATGTT 

 Composition3 (s) is:  
 TAA AAT ATG TGC GCC CCA CAT ATG TGG GGG GGA GAT ATG TGT GTT 

 In reality, we don‟t know the order so we can write it in 

lexicographic order (as in a dictionary) 
 AAT ATG ATG ATG CAT CCA GAT GCC GGA GGG GTT TAA TGC TGG  TGT 
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Naïve Solution 

 AAT ATG ATG ATG CAT CCA GAT GCC GGA GGG GTT TAA TGC 

TGG  TGT 

 Pick a random Start and take the next k-mer such 

that  

 suffix(si) = prefix (si+1) 
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TAA 
 AAT 
  ATG 
   TGT 
    GTT Stuck!! 
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As a Hamiltonian Path Problem 

 AAT ATG ATG ATG CAT CCA GAT GCC GGA GGG GTT TAA TGC TGG  
TGT 

 Represent each k-mer as a node 

 Join two nodes if suffix(si) = prefix (si+1) 

 Find the Hamiltonian Path 
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As a Hamiltonian Path Problem 

TAA → AAT → ATG → TGC → GCC → CCA → CAT → ATG → TGG → GGG → GGA → GAT → ATG → TGT → GTT 
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Multiple Hamiltonian paths 
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From De Bruijn Graphs 

 Is this graph a De Bruijn Graph? 

 

 

 

 

 

 

 

 The task here is to find a 3-universal string! 
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Problems with Hamiltonian Paths 

 The problem with Hamiltonian Paths is that 

 There isn‟t an efficient algorithm known for 

them 

 

 We know an efficient algorithm for finding the 

Eulerian cycles which can be adapted for finding 

Eulerian paths 
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Finding Eulerian Paths 

 We know that 

 H(G(m,k)) = k universal string 

 E(G(m,k)) = k+1 universal string 

 Thus to find the k universal string we are 

interested in, we need to find 
 E(G(m,k-1)) 

 That means we need to construct G(m,k-1) 
 We know that L(G(m,k)) = G(m,k+1) 

 Thus: G(m,k-1) = L-1((G(m,k)) 

 How do we apply the inverse Line Operation on the graph? 

 Nodes in G(m,k) are edges of G(m,k-1) 

 If we know an edge, we can construct two nodes such 

that prefix of one is the suffix of the other 
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Example 

 Let‟s say we have a node „AAT‟ in G(m,k) 

 This will become an edge in G(m,k-1) 

 What should be the nodes 

 AA 

 AT 
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G(m,k-1) from G(m,k) 
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Now let‟s find the Eulerian path 

TAA → AAT → ATG → TGC → GCC → CCA → CAT → ATG → TGG → GGG → GGA → GAT → ATG → TGT → GTT 

 

Genome: TAATGCCATGGGATGTT 
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Assembly  

 Find the reads (of length k) 

 Construct the De Bruijn Graph G(m,k-1) 

 Find an Eulerian Path 

 O(number of edges) 

 

 DONE! 
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Practical issues 

 Multiple Eulerian Paths 

 Which one to use? 
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Contigs 

 Dismember the De Bruijn graph to get „contigs‟ 

 Ideally we want just one contig  

 Reduce the number of contigs! 
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Solution: Paired end reads 
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Paired Composition 
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Paired String Reconstruction Problem 
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Solution: Paired De Bruijn Graphs 
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Solution: Paired De Bruijn Graphs 

 Lesser number of contigs in paired 

 One Eulerian Path 
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Unrealistic Assumptions 

 Perfect coverage of genome by reads 

 Every k-mer from the genome is represented 

by a read 

 Reads are error free 

 Multiplicities of k-mers are known 

 Distances between reads within read-pairs are 

exact 

 

 

 A lot of effort by a lot of people to make it 

feasible! 
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Sequencing 

 A lot of sequencing going on 

 Metagenomics 

 Sequencing samples 

 Genomes in ocean water 

 http://www.jcvi.org/cms/research/projects/gos/overview/ 
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Required Reading 

 http://www.nature.com/nbt/journal/v29/n11/full/nbt

.2023.html 
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Tools 

 UGENE 

 SPADES 

 VELVET 

 BIOLINUX 
 http://environmentalomics.org/bio-linux-software-list/ 
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Comparison of de novo assemblers 

 Zhang, Wenyu, Jiajia Chen, Yang Yang, Yifei Tang, Jing Shang, and 

Bairong Shen. “A Practical Comparison of De Novo Genome Assembly 

Software Tools for Next-Generation Sequencing Technologies.” PLoS ONE 

6, no. 3 (March 14, 2011). doi:10.1371/journal.pone.0017915. 
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General Applications of NGS 

 The applications of NGS seem almost endless 

 Resequencing of the human genome to identify genes and 

regulatory elements involved in disease 

 Whole-genome sequencing of different species for 

comparative biology analyses 

 Sequencing of microbial species to identify novel virulence 

factors involved in pathogenesis and spread of disease 

 Gene expression studies using RNA-seq allow researchers 

and clinicians to visualize expression in sequence form 

 As NGS continues to grow in popularity, it is inevitable that novel 

applications will continue to appear 

 

 

Grada, Ayman, and Kate Weinbrecht. “Next-Generation Sequencing: Methodology and 

Application.” Journal of Investigative Dermatology 133, no. 8 (August 2013): e11. 

doi:10.1038/jid.2013.248. 
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Clinical Applications of NGS  

• Whole-exome sequencing 

• The exome consists of only the protein-coding regions 
of the genome (a little over 1% of the genome) 

• Sequencing of the exome is used in gene discovery 
research 

• Exome sequencing can facilitate the discovery of 
disease-causing mutations 

• Targeted sequencing 

• Sequencing that specifically targets regions of the 
genome that are of interest to researchers or clinicians 

• Targeted sequencing is more affordable and yields 
much higher coverage of genomic regions of interest 

• Sequencing panels can be developed to target specific 
genomic regions or disease-causing mutation hotspots  
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Input 

 FASTQ Files: Reads stored 

 Also have quality information 

 

 

 

 

 Phred quality scoring 

 

 

 Different machines use different formats on 

quality 31 

@SEQ_ID  

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT  

+  

!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65  

!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  
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Input: Reference Alignments 

 FASTA files 
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Output of De Novo Alignment 

 Contigs (FASTA):  

 A group of overlapping clones representing 

regions of the genome; the contiguous 

sequence of DNA created by assembling these 

overlapping chromosome fragments. 

 Genome 
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Output of Reference Alignment 

 SAM or BAM 

 SAM: Text format for storing sequence data 

 BAM: Binary 

 

 Tell where each read is aligned 
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Read mapping tools 

 Engström, Pär G., Tamara Steijger, Botond Sipos, Gregory R. Grant, André 

Kahles, The RGASP Consortium, Gunnar Rätsch, et al. “Systematic 

Evaluation of Spliced Alignment Programs for RNA-Seq Data.” Nature 

Methods advance online publication (November 3, 2013). 

doi:10.1038/nmeth.2722. 
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Tools 

 Short read mapping (RNA-Seq, ChIP Seq, 

mirRNA-Seq) 

 TopHat 

 BWA 

 Prediction of Alternative Splicing 

 SpliceGrapher 

 Differential Expression 

 DESeq 

 EdgeR 

 https://usegalaxy.org/ 

 UGENE 36 

https://usegalaxy.org/
https://usegalaxy.org/

