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Produce sequencing reads that are tens to hundreds of bases long 
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Genome Assembly Challenges 
Truth …GTACGGCCCCAAAACCCCAAAACCCCAAAACCCCAAAACCCCAAAACCCCGAGCTA…	
  

…GTACGGCCCCAAAACCCC	
  
CCCCAAAACCCCGAGCTA…	
  Read 

Overlap 

Assembly 
…GTACGGCCCCAAAACCCCGAGCTA…	
  

Coverage 

Pairs 

Adapted from Schatz et al. 
Briefings in Bioinformatics, 2011 



Assembly Visualization: Applications 

•  Finishing 
–  involves closing gaps, correcting misassemblies and 

improving the error probabilities of consensus bases 
–  often done manually; can be labour intensive and costly 

•  Algorithm development and iteration 
–  often valuable to inspect potential assembly errors 

•  Investigation of structural variation 
–  Detailed analysis of biologically relevant events in 

resequencing data 
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Task 1    Examining Nucleotide-Level Discrepancies 

Aligned Reads 
Window 

•  Initially designed for Sanger sequencing          
(8-10x coverage of 500- to 1000-base reads) 

•  Introduction of quality values (log transformed error 
probabilities) was a significant contribution in 
providing an objective criterion to guide finishing 
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David Gordon  

and Phil Green 
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Task 1    Examining Nucleotide-Level Discrepancies 

30-100x coverage of 
50- to 100-base reads 
from second generation 
technologies pose a 
challenge 

Consed 
David Gordon  

and Phil Green 

Aligned Reads 
Window 



Task 1    Examining Nucleotide-Level Discrepancies 

Sorting by quality value is a 
useful guide 
 
No longer need to inspect 
raw data underlying an 
individual read 

Consed 
David Gordon  

and Phil Green 

Aligned Reads 
Window 



Task 1    Examining Nucleotide-Level Discrepancies 

Hawkeye 
Schatz et al., 2007; 2011  

•  High quality discrepancies can be indicative of 
misassemblies or nucleotide variants 

 

Contig View 



Task 1    Examining Nucleotide-Level Discrepancies 

Integrative genomics viewer (IGV) 
Robinson et al., 2011  



Task 1    Examining Nucleotide-Level Discrepancies 

Consed 
David Gordon  

and Phil Green 

Highly 
Discrepant 

Positions Table 

Assembly View 
 
 

Coverage (green)  Indels (magenta)  Non-indel discrepancies (yellow) 

Navigating to discrepant positions 
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Task 2   Inspecting Deviant Read Pairs 
 Cold Spring Harbor Laboratory Press on September 20, 2009 - Published by genome.cshlp.orgDownloaded from 

 
From Manske and Kwiatkowski, 

Genome Research, 2009 



Task 2   Inspecting Deviant Read Pairs 

Indicate deviations as overlaid arcs 

Assembly View 

Filtered 
inconsistent 
pairs shown 

Consed 
David Gordon  

and Phil Green 



Task 2   Inspecting Deviant Read Pairs 

Hawkeye 
Schatz et al., 2011  

Scaffold View 

Indicate deviations with colour and clustering 



Task 2   Inspecting Deviant Read Pairs 

Hawkeye 
Schatz et al., 2011  

Scaffold View 

Indicate deviations with colour and clustering 

Evidence for a misassembly: 
 
Orange bar: suspicious 
region (by AMOSvalidate) 
 
Light blue bar: compression 
 
Red: high density of 
heterogeneous SNPs 
 
 



Task 2   Inspecting Deviant Read Pairs 

LookSeq 
Manske and Kwiatkowski, 2009 

 Cold Spring Harbor Laboratory Press on September 20, 2009 - Published by genome.cshlp.orgDownloaded from 

Use the y-axis to indicate insert size 

 Cold Spring Harbor Laboratory Press on September 20, 2009 - Published by genome.cshlp.orgDownloaded from 
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Task 3   Investigating Contig Connectivity 

Hawkeye 
Schatz et al., 2007  Contig order in the scaffold displayed in overview panel 

Scaffold View 



Task 3   Investigating Contig Connectivity 

Consed 
David Gordon  

and Phil Green 

Read coverage: line plots 

Read pairs: angled lines 

Sequence similarity: curved lines 

Assembly View 

Inconsistent read pairs (red) indicate a misassembly 



Task 3   Investigating Contig Connectivity 

A	
   B	
  R	
  

C	
   D	
  R	
  

Source	
  DNA	
  

Repeat	
  R	
  



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

Assembled	
  con)gs	
  

Collapsed	
  repeat	
  R	
  



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

Assembled	
  con)gs	
  

Collapsed	
  repeat	
  R	
  
Arcs	
  =	
  Read	
  Pairs	
  



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

Assembled	
  con)gs	
  

Collapsed	
  repeat	
  R	
  
Arcs	
  =	
  Read	
  Pairs	
  

Arcs	
  +	
  linear	
  ordering	
  :	
  gets	
  complicated	
  fast	
  



Task 3   Investigating Contig Connectivity 

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

         Green = selected contig 
Light Purple = selected contig has upstream  

       paired reads in this contig 
Dark Purple = selected contig has downstream 

       paired reads in this contig 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

         Green = selected contig 
Light Purple = selected contig has upstream  

       paired reads in this contig 
Dark Purple = selected contig has downstream 

       paired reads in this contig 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

         Green = selected contig 
Light Purple = selected contig has upstream  

       paired reads in this contig 
Dark Purple = selected contig has downstream 

       paired reads in this contig 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

Green = selected contig 
   Blue = predicted scaffold 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 3   Investigating Contig Connectivity 

A	
   B	
  

R	
  
C	
   D	
  

      Edge = contig 
    Vertex = overlap 
Squiggle = contig length (one oscillation per 1000 bps) 

Green = selected contig 
   Blue = predicted scaffold 

ABySS-Explorer 
Nielsen et al., InfoVis 2009 



Task 4   Assembly Evaluation 



Task 4   Assembly Evaluation 

can then be visually and intuitively compared by
inspecting the relative position of each assembly’s
curve drawn in the same plot.

Recent innovations: analysis of second
and third generation sequences
A recent effort spanning all aspects of AMOS has
been to improve support for second generation and
now third generation sequencing. In particular,
second generation sequencing projects generally use
much higher coverage and much shorter reads. For
instance, 30–100! coverage of 50- to 100-bp reads
for second-generation sequencing is commonly used
compared to 8–10! of 500- to 1000-bp reads for
first generation Sanger sequencing. Consequently,
the total volume of sequence data used for an assem-
bly of a given genome has grown dramatically, as has
the shear number of reads in second-generation
sequencing project compared to first generation
sequencing project. This dramatic rise has

necessitated optimizations of the AMOS data struc-
tures to minimize per-read overhead and provide
better indexing to rapidly query for particular reads
given a larger collection.
AMOS also includes new conversion utilities to

support the new formats used with short reads,
such as importing/exporting reads from/to fastq
format, and importing/exporting contigs from/to
SAM format, etc. Furthermore, the parameters and
thresholds used within the assembly pipelines have
been revised to accommodate much deeper cover-
age, short reads and a different error model. The
AMOS components are currently under reevaluation
again to optimize support for third generation
sequencing, including long high error reads.
Because of its versatility, AMOS is well suited for
these emerging technologies, and the new hybrid
assembler AHA developed by Pacific Biosciences is
largely based upon the AMOS package (http://
www.pacbiodevnet.com/).

Figure 3: The Hawkeye LaunchPad displays the overall summary of the assembly using an interactive barchart of
the scaffold (top) and contig (bottom) sizes and quality. The left panel displays common statistics such as counts
and sizes of those sequences. Additional tabs display statistics and histograms for the features, libraries, scaffolds,
contigs and reads.
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Hawkeye 
Schatz et al., 2007; 2011 

Bar height = contig size 
Bar width = relative fraction of the genome size 

Scaffold N50 
Half of the 
genome has 
been assembled 
into scaffolds 
larger than the 
N50 value 

Contig size is a common metric of assembly quality 
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N50 plot 

Statistics table 
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Bar height = contig size 
Bar width = relative fraction of the genome size 

Bar colour 
indicates number 
of misassembly 
features 
discovered by 
AMOSvalidate 

Contig quality also an important consideration 



 
From Schatz et al.  

Briefings in Bioinformatics, 2011  

Task 4   Assembly Evaluation 

FRCurve - simultaneously measure connectivity and quality 

•  Each contig has a number of 
misassembly features (detected 
by AMOSvalidate) 

•  Sort contigs by size (largest first) 
and tally genome coverage for 
contigs with < threshold 
missassembly feature counts 
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ABySS-Explorer 1 Mbp Mycoplasma capricolum genome 



Task 5   Making Sense of Complex Structures 

ABySS-Explorer 

inversion event in a human lymphoma genome

reference human genome(a)

(b)

(c)

inversion event in a human lymphoma genome

reference human genome(a)

(b)

(c)



 
From Novák et al.  

BMC Bioinformatics, 2010  

Task 5   Making Sense of Complex Structures Novák et al. BMC Bioinformatics 2010, 11:378
http://www.biomedcentral.com/1471-2105/11/378
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with sequences in the graph showed that our prediction,
based solely on the graph structure and its annotation,
was correct because both elements could be fully mapped
and marked all threads visible in the graph (Fig. 6B).

Discussion
Graph theory and methods are used in multiple areas of
biology including phylogenetic analysis, the study of pro-
tein-protein interaction networks, and the description of
gene regulatory networks [24]. In genomics, graph meth-
ods are used by several programs to facilitate sequence
assembly [25-27]. In this paper, we have introduced a
graph representation of sequence similarities of 454
sequence reads as a novel approach for the detection and
characterization of repetitive sequences in eukaryotic
genomes. We have implemented graph-based methods in
a two-step analysis procedure, consisting of partitioning
the data into clusters of overlapping reads representing
individual repeated elements, and further characteriza-
tion of these clusters.

Figure 5 Visualization of contigs in the P. sativum cluster PsCL7 
using SeqGrapheR. (A) The graph layout was calculated using a 3D 
version of the Fruchterman and Reingold algorithm. The colors of the 
nodes are based on the results of the sequence assembly into contigs 
using the CAP3 program, which are then schematically represented in 
panel B. Numbers label the loops discussed in the text. The contig 
alignment is shown below the graph together with a diagram of cor-
responding regions of the Angela LTR-retrotransposon (C).

Figure 6 Mapping retroelement domains onto the graph. G. max 
clusters GmCL2 and GmCL35 representing the LTR-retrotransposon 
gmGYPSY10 were combined in one graph and visualized by SeqGra-
pheR. (A) Coloring of the nodes is based on the similarity search using 
blastx against our protein database, revealing the gag and pol coding 
domains, and the blastn search to detect primer binding sites (pbs). 
The scheme on the bottom left shows a simplified two-dimensional 
representation of the same graph. Different shades of red and green 
are used to distinguish between alternative sequences. To simplify the 
complicated structure of the layout, the graph has been modified for 
the purpose of better perceptible visualization by manually removing 
214 nodes. (B) Correlation of the graph structure with genomic se-
quences. The coloring of the graphs is based on the similarity to ele-
ments identified in the genomic sequences AC235175 79155-70675 
(red) and AC235457 19033-13657 (blue). A diagram of the alignment of 
these retroelements is shown below the graph in the same color. Ver-
tical lines in the alignment show the regions with similarity.

    Vertex = sequencing read 
      Edge = overlap 

•  Use read clustering (not assembly 
per se) based on sequence 
similarity to identify structures of 
repeat families 

•  5320 reads from the Pisum 
sativum (pea) genome 
representing the Ty1/copia LTR-
retrotransposon Angela (CAP3 
assembled contigs shown below) 

•  Enabled identification of the most 
common form of the Angela 
element and three less frequent 
deletions 

 



Summary  Where visualization is used 

1  Nucleotide-Level Discrepancies 
2  Deviant Read Pairs 
3  Contig Connectivity 
4  Assembly Evaluation 
5  Complex Structures 
 



Summary  Challenges 

1 Must address multiple levels of resolution 
2 Large data sets pose computational and 

performance challenges 
3 Rapidly changing field directly affected by 

innovations in sequencing technology 
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