
The links are used in an optimization approach (steps a-b), where 
we !nd an optimal position __ and orientation __ for each contig 
__, while trying to get as many of the links correct as possible. We 
can efficiently solve the resulting MIQP (mixed-integer quadratic 
programming) problem using an EM-like algorithm (step b). Finally, 
we can puzzle together the sequence by placing contigs according 
to the optimal __ and __, and removing overlap when present 
(step c). 

Introduction 
High-throughput sequencing (HTS) technologies are increasingly 
used for de novo genome sequencing. The millions of short reads 
usually involved in HTS are !rst assembled into longer fragments 
called contigs, which are then scaffolded, i.e. ordered and oriented 
using additional information, to produce even longer sequences 
called scaffolds (Fig. 1). Most existing scaffolders can only use 
paired reads to perform scaffolding. We present GRASS (GeneRic 
ASsembly Scaffolder), which is an algorithm capable of using 
diverse de novo (i.e. paired reads) and comparative (i.e. related 
genomes) information sources for scaffolding. 
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GRASS: a generic algorithm for 
scaffolding next-generation sequencing assemblies  

Results 
GRASS was compared to state-of-the-art scaffolders SSPACE, OPERA 
and the MIP Scaffolder on on de novo HTS assemblies (performed 
using Velvet) of three bacterial genomes: Escherichia coli K12, substr. 
MG1655; Pseudoxanthomonas suwonensis 11-1; and Pseudomonas 
syringae B728a. GRASS achieves a lower number of breakpoints while 
providing a competitive reduction in the number of contigs (Fig. 4). 
This result is further improved when genome sequences of the E.coli 
strains DH10B and BW2952 are used additionally to the reads to 
scaffold the MG1655 assembly (Fig. 4, left graph). 

Conclusion 
•  We presented GRASS, a generic scaffolding algorithm suitable for 

combining multiple information sources. It achieves the best 
results when all available scaffolding information is used. 

•  GRASS constructed the most accurate scaffolds on the considered 
datasets. 

•  The accuracy/contiguity tradeoff displayed by GRASS puts it in a 
unique niche compared to existing scaffolders. 

Algorithm 
The available scaffolding data is 
translated into weighted contig 
links__ , as shown in step a of Fig. 
3. The suggested relative order 
and orientation of contigs they 
connec t , and approximate 
distance between them is 
deduced from the mapping (Fig. 
2). Weights are chosen per data 
source. 
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Fig. 3: GRASS algorithm overview. 
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Fig. 4: Scaffolder comparison (from left to right) for E.coli, P.suwonensis and P.syringae. GRASS (all) additionally uses related genome data. 
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Fig. 2: Contig link constraints for equal  
orientation and forward order. 
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Fig. 1: HTS sequence assembly and scaffolding. 
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