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ABySS-Explorer: Visualizing Genome Sequence Assemblies
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1. ABySS-Explorer employs a novel graph representation enabling biologists to examine the global structure of a genome
jence assembly.
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lences produced by current technologies. The final stages of the genome assembly process inevitably require manual inspection
ta inconsistencies and could be greatly aided by visualization. This paper presents our design decisions in translating key data
res identified through discussions with analysts into a concise visual encoding. Current visualization tools in this domain focus
| sequence errors making high-level inspection of the assembly difficult if not impossible. We present a novel interactive graph
. ABySS-Explorer. that emphasizes the global assembly structure while also inte
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ABSTRACT
Motivation: Whole transcriptome shotgun sequencing data from
non-nomalized samples offer unique opportunities to study the
metabolic states of organisms. One can deduce gene expression
levels using sequence coverage as a surrogate, identify coding
changes or discover novel isoforms or transcripts. Especially for
discovery of novel events, de nove assembly of transcriptomes is
desirable.

Results: Transcriptome from tumor tissue of a patient with follicular

data (Jackson et al., 2009), but it is not yet demonstrated to be
applicable to experimental data. Here, we present a de novo as-
sembly approach for transcriptome analysis using the ABYSS as-
sembler tool (Simpson et al., 2009), which works on experimental
data, and we show that transcriptome assembly yields mteresting
biological insights. ABySS was developed initially for de novo
assembly of genomes, with a special emphasis on large genomes,
and we previously demonstrated ifs capacity by assembling the
human genome using 36bp to 42bp short reads

© 2010 Nature America, Inc. All rights reserved.

We describe Trans-ABySS, a de novo short-read transcriptome
assembly and analysis pipeline that addresses variation in
local read densities by assembling read substrings with varying
stringencies and then merging the resulting contigs before
analysis. Analyzing 7.4 gigabases of 50-base-pair paired-

end Illumina reads from an adult mouse liver poly(A) RNA
library, we identified known, new and alternative structures

in expressed transcripts, and achieved high sensitivity and
specificity relative to reference-based assembly methods.

Current methods for sequencing transcriptomes using short-
read technologies (RNA-seq) generate millions of short sequence
reads. These reads are associated with transcript models after
mapping the reads to a reference genome, facilitated by extend-
ing the genome sequence to include sequences for junctions
between annotated exons', as in alternative expression analysis

and alignments that are consistent with alternative isoforms, and
thus suggested that ABySS could be effective for transcriptome
analysis. However, to make de novo assembly practical for charac-
terizing annotated and new transcript structures, we anticipated
that it would be necessary to assemble at different k values to
address variable transcript expression and multiple expressed iso-
forms. Here we describe the result of work to address these issues,
Trans-ABySS, a method and pipeline for assembly and analysis of
non-normalized short-read transcriptome data.

To develop the approach and assess its performance, we generated
147.1 million (7.36 gigabases (Gb)) quality-filtered 50-bp Illumina
paired-end reads from a transcriptome library constructed from
adult mouse liver poly(A) RNA. We chose this model organism
because it has a well-annotated transcriptome and is considered
genetically uniform. We assembled the reads using ABySS v1.1.1
(S yFig. 1and S tary Note 1).

To assess assembly performance as a function of k values,
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second-generation
sequencing machines
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Adjacency-Graph

A Description oftontigoverlaps

I Built during SE assembly
AOverlap -1 bp

I Generalized during PE assembly
A Arbitrary overlap




LinkageGraph

A Built through read pairs aligned to different
contigs
I PE reads from a tight fragment length distribution
AReliable distance estimates

I MP reads from broader insert length distribution
ANoisy data

A Used in PE assembly (PE) and scaffolding (PF
and MP) stages



Anchaor

A{ ONXz0 0 A y 3

11111

sssss

AK2Y21 & 32 dz

110 bp

SNPs



Anchor

A Local directional assembly
I scaffold gap filling (bridging)

I extension (planking)



CasesStudy

@

Mountain RinecBeetle Genome Assembly



Mountain RPinesBeetle Genome

Assembly statistics A\
n 1,128,463 1,103,221 4
n:500bp 33,591 11,657
n:N50 4,324 82 =
N50 pp) 11,220 541,443 "
Max (p) 276,135 3,583,207

Reconstruction (Mb) 201.9 200.4
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Quality /Assessment

Alignment of 81,047,980 reads
| [aetoreAnchor | AerAnctor_| Change

Mapped 65,624,456 66,949,341 + 1,324,885
(80.97%) (82.60%)

Paired 43,207,118 44,732,320 + 1,525,202
(53.31%) (55.19%)

Singleend 9,536,178 8,846,977 -689,201
(11.77%) (10.92%)

Gene alignments

_ 2,180 ESTs 248 Conserved Genes

Contigs 1169
Scaffolds 1,481 619 228 5



Date ABYSS Data n:500 NS0 Max Sum
Version

August 2009

July 2010

November 2010

May 2011
July 2011

August 2011

1.0.11

November 2009 1.0.15
February 2010

1.1.1
1.2.0
1.2.4

1.2.7
1.2.7

1.2.7

3x GAIiX

+2Xx GAIix
+4x GAIix
+2Xx GAIix

+1xXGAIiIX
+1xXGAIiIX
(MP)

+ 1xHiSeq
+1xHiSeq
(MP)

81,431

104,958
157,081
146,313
100,690

18,660
11,657

11,523

1,526
2,333
2,790
3,354
4,474

108,158
541,443

561,847

20,755

55,845
136,637
129,008
294,323

1,908,773
3,583,207

3,746,698

107.3e6

195.8e6
346.3e6
376.2e6
268.8e6

201.4e6
200.4e6

206.5e6
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Transcriptomeassembly is
different from genome
assembly

| varying coverage levels
cevarying expression levels

I split assembly paths
ceisoforms/splice variants

I smallcontigsizes
cesmall product sizes



