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A suite of data structures for rapid R&D which leverages 
string graph and traditional graph paradigms

Applications
• Short reads
• Mapping data

P l hi

Strictness – alignments should be presented between all the 
reads in a neighborhood if a given region is unique

Algorithmic Details Current Work
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The Problem:
Determine the sequence of multibillion bp genomes when machines can only read 
700bp accurately

The Solution:
1.Shred many copies of the genome into randomly-distributed fragments

Whole Genome Shotgun: An Overview

• Polymorphism
• Hybrid assembly

String Graph      (Myers/BOA assembler)
• Collapse repetitive sequence
• Identify arcs of unique sequence
• Determine repeat counts by flow analysis
• Find Eulerian tour to spell out genome sequence

Rectangles involve paired-end linking info early in the layout
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2. Sequence 6-10x worth of paired-end reads from the fragments

3. Assemble reads into contigs using overlapping ends of reads, like a jigsaw 
puzzle

vector vector

TTAATTATA
5’ (.x)

3’ (.y)
GGGGGGGG

Rectangles involve paired-end linking info early in the layout 
process

Alignments scored in conjunction with local depth 

Spring-scaffold model for complex topology resolution
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4. Order and orient contigs into scaffolds, using paired-end insert info
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Benefits
• Highly-distilled graph representation compacts the # of 
nodes and edges

T iti d ti d h i i d t i d

A scripting control language allows for custom recipes without 
recompilation  

Most stages are parallelized

A rollback mechanism allows starting from an intermediate point 
in a previous assembly

The Jazz Workflow

Why It’s Hard

Repeats
Because repeats play a central role in genome evolution, two reads with shared 
sequence may not be from the same place

Polymorphism
If multiple haplotypes are present, two reads with different sequences might be 
from the same place

Imperfect data
N if h ddi t i ti l di t ib t d i t i d f

Myers, Eugene.  The fragment assembly string graph.  Genes and Genomes.  2005. 
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• Transitive reduction, edge chain merging and contained 
read removal reduces space and complexity
• Eulerian tours are solvable in polynomial time

Simplifications

Results

The Jazz WorkflowNon-uniform shredding, contamination, poorly-distributed insert sizes defy 
theoretical models

Trim reads for
low quality
and vector

Sequenced
Reads

Preserve longest stretch 
of >= 100 Q20 bp

The Jazz Workflow

Fugu Rubripes

Size: 393.0 Mb

Remove transitive edges

Merge edge chains

Align each pair 
of reads

Banded Smith-
Waterman; hashing 
algorithm to minimize  
unneeded alignment     
attempts

Layout reads
High-confidence,    
low-risk edges and   
nodes used first

Graph-based       
representation with 
reads as nodes and 
alignments as edges

Master-slave    

Est. depth: 8.5X
Contigs: 1438
Scaffolds (>2 Kb): 7213

Ciona intestinalis

Size: 173.0 Mb
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Determine consensus

Close inter-contig gaps 
with extended reads

Final
Assembly

alignment to    
tiling path

Use Q15 ends of  
gap- flanking 
reads

Est. depth: 11X
Scaffolds (> 2 Kb): 2242
Scaffold N50: 136 sc > 234Kb
Contigs: 1438


