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Abstract 

Genome sequencing opened a new era in genetics 

allowing the study of genomes at the nucleotide level. 

However, the chosen method of sequencing produced 
large numbers of nucleotide fragments which had to be 

re-assembled. The re-assembly of string fragments is 

known to be NP-hard.  We report the results of our fast 

heuristic implementation for reassembling DNA 

fragments based on a unique approach to the problem 

called, "A Structured Pattern Matching Approach to 
Shotgun Sequence Assembly," (AMASS) created by Sun 

Kim. The algorithm's main idea is taken from the 

biological concept of probe hybridization where 

certain strands of nucleic acids are identified by short, 

unique sequences of bases that are contained within 
much longer DNA strands.  

1. Introduction 

Genome sizes are incredibly long and require 

complex processes to manipulate and extract 

meaningful information. Sequencing is the process of 

determining the exact ordering of the four 

deoxyribonucleic acid bases (DNA) in a particular 

genomic strand.  Despite the progress made in many 

areas of the science and technology relating to 

biological studies, we still cannot sequence DNA 

strands whose length is above 1000 base pairs. This 

problem was ultimately overcome using the now 

famous shotgun sequencing method to accurately 

deduce the order of base pairs that make up the human 

genome [4]. 

Shotgun assembly can produce a relatively large 

number of DNA fragments that need to be re-

assembled before the sequencing can be completed.  

Because the problem of re-assembly is NP-hard 

approximation and heuristic methods have to be 

employed.  The AMASS algorithm is one such 

heuristic that takes a fairly unique approach to re-

assembling DNA fragments [4]. 

2. The AMASS Heuristic 

In the first phase of the algorithm, a set number of 

fixed length probes are randomly chosen from each 

fragment in the input set [4].  These probes are then 

converted to binary using a simple bit encoding 

scheme [3].  The converted probes are stored in a hash 

table keyed by a binary mask of their base pairs and 

compared against every fragment to determine all the 

occurrences of probes on all fragments [3].  The 

resulting set of fragments represented by probe 

occurrences and positions instead of the full nucleotide 

sequence makes comparison between fragments less 

performance than direct sequence alignment. 

2.1. Benefits of Probe Matching 

By encoding the probes into a binary representation 

and hashing them using a bit mask, the task of 

detecting which probes fall on which fragments is very 

efficient [4].  This is a much faster method than 

computing sequence alignments, although possibly at 

the cost of a decrease in sensitivity. 

Comparison between probes is required for 

determining the overlap map of all the fragments in the 

set, which will in turn lead to a partial reconstruction of 

the target sequence [4].  Once this overlap map has 

been constructed, fragments can be collected into 

contigs, which are groups of fragments with high 

overlap scores.   

2.2. Contig Ordering

Ideally, there would only be one contig at the end of 

the process, but such is not the case.  Minimizing the 

number of contigs is an important goal, as they will 

later have to be manually edited to find the true, 

original target sequence [4].  Ordering these contigs is 

an imperfect process at this point and requires 

additional work.   
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3. Testing and Comparison 

Our implementation was done in Java and tested 

on eleven genomic sequences mostly drawn from 

GenBank [1,7].  We analyzed the running time of the 

algorithm and compared our results to those obtained 

by an implementation of the Greedy approach to the 

Shortest Common Superstring abstraction of the 

fragment assembly problem also coded in Java [5,6]. 

The comparison demonstrated that the use of an 

approximation approach such as this one is superior in 

both speed and the quality of the re-assembly.  

Figure 1. 
 Length vs. running time comparison

Another element of the testing (although not 

graphed) was measuring the original sequence length 

versus the output sequence length [5].  In a perfect 

world the two would be the same.  However, due to 

certain time and knowledge constraints and the number 

of errors that are associated with re-assembly, we had 

to settle for a multiplicative distance factor, which was 

roughly two times the length of the original sequence. 

4. Recent Development

Further updates were made to our implementation 

after the initial results were produced.  These updates 

diverged from the original author's outline for 

comparing fragments in the initial stage of the overlap 

map construction.  These changes resulted in a 

dramatic decrease in the running time for most 

sequences re-tested with the new version at the cost of 

a relatively small increase in output sequence length.  

5. Future Development 

Potential enhancements that could be made to our 

implementation include adding method(s) to mask out 

redundant fragments and contigs, extending the contig 

to fragment matching code to support faster 

comparisons, and the inclusion of a more robust 

method of ordering the contigs before reconstructing 

the target sequence. 
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