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Assembly By Short Sequencing 
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            in Literature 

Å~40 citations on tool 
comparisons 

Å~20 citations on using 
ABySS for a biology 
study 

ÅCrowded field 
ï17 teams in Assemblathon 1 
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Overlap-Overlay-Consensus 

ARACHNE 

CAP3 

Celera assembler 

MIRA 

Newbler 

Phred/Phrap 

SGA 

De Bruijn Graph 

Euler 

Velvet 

ABySS 

SOAPdenovo 

ALLPATHS 



Assembly Problem 

A partial and unambiguous read-to-read alignment 

 extends the length of sequence information 

ÅFirst stage of an assembly algorithm is to find such 
alignments 

ÅAssembly algorithms differ in the way they find and 
use these alignments 
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    TCGATCGATTTTCGGCCTAA read1 
           ATTTTCGGCCTAATATTAGG read2 
 

éGCATCGATCGATTTTCGGCCTAATATTAGGCCGATAATCGACGATCé 



Algorithm 

Å SE Assembly: 
 
 

Å PE Assembly: 
 
 
 
 

Å Scaffolding: 

k-mer extension on a 
de Bruijn graph 
 

search for 
unambiguous 
contig merging 
along paths 
 

search for 
unambiguous 
linkage across 
distant contigs 
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d=6±5 

d=5±4 

d=26±9 

d=12±5 



Software 
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De Bruijn Graph 

ÅDescription of read-to-read overlaps 

ï2x4 possible extension of every k-mer 

ÅProvides and O(n) algorithm for SE assembly 
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éGACATTGCé seq1 
éGACATTATé seq2 

GACAT ACATT 

ATTAT CATTA 

CATTG ATTGC 

é 

é 

é 

k = 5 



Adjacency Graph 

ÅDescription of contig overlaps 

ïBuilt during SE assembly 

ÅOverlap = k-1 bp 

ïGeneralized during PE assembly 

ÅArbitrary overlap 
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Linkage Graph 

ÅBuilt through read pairs aligned to different 
contigs 

ïPE reads from a tight fragment length distribution 

ÅReliable distance estimates 

ïMP reads from broader insert length distribution 

ÅNoisy data 

ÅUsed in PE assembly (PE) and scaffolding (PE 
and MP) stages 
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Anchor 

Å{ŎǊǳōōƛƴƎ άƘƻƳƻȊȅƎƻǳǎέ ǾŀǊƛŀǘƛƻƴǎ 

Indel SNPs 
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Anchor 

ÅLocal directional assembly 

ïscaffold gap filling (bridging) 

 

 

 

ïextension (planking) 
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Case Study 

Mountain Pine Beetle Genome Assembly 
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Mountain Pine Beetle Genome 

Assembly statistics 

contigs scaffolds 

n 1,128,463 1,103,221 

n:500bp 33,591 11,657 

n:N50 4,324 82 

N50 (bp) 11,220 541,443 

Max (bp) 276,135 3,583,207 

Reconstruction (Mb) 201.9 200.4 
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Assembly As a Hairball 

ÅABySS v1.2.7 

ïPE/MP information disambiguates short contig extensions 

1 2 3 4 5 6+ 
1 15822 7354 1882 530 109 1 

2 7354 9814 1817 456 72 3 

3 1882 1817 1074 238 31 1 

4 530 456 238 126 13 1 
5 109 72 31 13 10 0 
6+ 1 3 1 1 0 0 

Node connectivity* 

out 
in 

* For contigs  2 kb 
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Scaffolding 
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Quality Assessment 

Alignment of 81,047,980 reads 

 

 

 

 

Gene alignments 
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Before Anchor After Anchor Change 

Mapped 65,624,456 
(80.97%) 

66,949,341 
(82.60%) 

+ 1,324,885 

Paired 43,207,118 
(53.31%) 

44,732,320 
(55.19%) 

+ 1,525,202 

Single-end 9,536,178 
(11.77%) 

8,846,977 
(10.92%) 

-689,201 

2,180 ESTs 248 Conserved Genes 

Complete Partial Complete Partial 

Contigs 968 1169 212 18 

Scaffolds 1,481 619 228 5 



Date ABySS 
Version 

Data n:500 N50 Max Sum 

August 2009 1.0.11 3x GAiix 81,431 1,526 20,755 107.3e6 

November 2009 1.0.15 +2x GAiix 104,958 2,333 55,845 195.8e6 

February 2010 1.1.1 +4x GAiix 157,081 2,790 136,637 346.3e6 

July 2010 1.2.0 +2x GAiix 146,313 3,354 129,008 376.2e6 

November 2010 1.2.4 +1x GAiix 
+1x GAiix 

(MP) 

100,690 4,474 294,323 268.8e6 

May 2011 1.2.7 -- 18,660 108,158 1,908,773 201.4e6 

July 2011 1.2.7 + 1x HiSeq 
+1x HiSeq 

(MP) 

11,657 541,443 3,583,207 200.4e6 

August 2011 1.2.7 -- 11,523 561,847 3,746,698 206.5e6 
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Transcriptome Assembly 

19 



Transcriptome Sequencing 

ÅRNA-seq protocol 

ÅBrings information on 
Ƙƻǿ ŀ ƎŜƴƻƳŜ άŀŎǘǎέ 

ïExpression levels 

ÅAllelic expression 

ïPresent isoforms 

ïGene fusions 

ïOther transcriptional events 

ïPost-transcriptional RNA editing Rodrigo Goya 
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Transcript models 

Transcriptome Assembly 

Transcriptome assembly is 
different from genome 
assembly 

ïvarying coverage levels 
�œ varying expression levels 

ïsplit assembly paths 
�œ isoforms/splice variants 

ïsmall contig sizes 
�œ small product sizes  
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