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abstract

Stroll[2] is a fragment assembly program developed in the Borrelia Genome Sequencing Project at Brookhaven National Laboratory. This report describes how to bring Stroll back to life, run it with the Borrelia Burgdogferi and some random generated sequence data in a modern computer, then compare its results  to those of other assemblers (TIGR[3]) and finally make it a better assembler by adding new features . 

1. Introduction 

Stroll was developed at the Brookhaven National Laboratory during the sequencing of the Borrelia Burgdogferi Bacterium. 

Stroll was designed for sequencing mega-base bacterial genomes like Borrelia. Stroll strategy is divided in two phases, first it does a thin coverage shotgun sequencing and later it closes the gaps by doing primer walking. 

This project consists in doing maintenance to Stroll. The first is to bring Stroll back to life by building a version of it. Later its necessary to measure Stroll performance by comparing it to other assemblers like TIGR Assembler[3]. The data used for this evaluation will be the Borrelia Burgdogferi genome and random generated fragment data.

To make Stroll a better assembler it is necessary to survey its options / output and also the options / output of TIGR assembler[3] to decide which ones to incorporate to the new distribution.

Finally a new web page for the modern distribution  of the Stroll Project has been Written.

2. Design 

2.1 Bringing Stroll[2] Back to Life.

A new make file has been written. To compile Stroll[2] you just have to write “make all”.  To clean the object files you write “make clean”.

This make file has been tested in Unix, Linux and Minix machines.

2.2 Obtaining TIGR Assembler[3] 

The sources and documentation of TIGR assembler[3] were downloaded from its web site at  < http://www.tigr.org/ software/assembler/ >

TIGR assembler[3] only compiled successfully on a Linux machine.

2.3 Comparing Stroll[2] with TIGR Assembler[3].

Both assemblers were run on the Borrelia Burdogferi data and random generated fragment data.

A program named rgg (random genome generator) has been written to generate random genome data and random fragment data to simulate the shotgun sequencing strategy using stroll.

Rgg has options for the size of the genome, number of fragments, length of the fragments and % of base changes (this percent of nitrogen bases are randomly changed from the original genome fragment in random positions of the fragment.

The experiment was executed on a Linux computer with Processor speed of 2.4 Ghz with 512 MB ram.

The execution times were gathered using the time command from Linux. 

The first experiment consisted in the sequencing of the Borrelia Burdogferi genome with the following results.

	Times(sec) 
	stroll
	tigr

	real
	82.16
	100.7

	user
	81.77
	108.6

	sys
	0.27
	2.3


Table 1 – Borrelia Sequencing Results

Stroll was slightly faster than TIGR assembler[3]. The analysis of the execution times yield that most of the cpu time is used in I/O operations. The analysis of the source code of stroll confirmed that assumption. 

Stroll reads the entire input file several times just to gather information about the number of fragments, and the length of the maximum fragment.

The second experiment compared the execution times of stroll vs TIGR assembler[3] using random generated data, the initial size of the random genome was 300,000 bases long, using a coverage of 10 and fragment sizes of 500 bases, the sizes of the genomes were duplicated in each iteration, to keep the coverage in 10, the number of fragments had to be duplicated too. The purpose of this experiment was to measure how the execution time grows for both assemblers and see how well stroll performs compared to TIGR assembler[3].
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The results shows that TIGR assembler[3] execution time grows faster than stroll. 

Stroll has shown good performance compared to TIGR assembler[3].

Analyzing the source code of TIGR assembler[3] showed that there are many I/O operations involved in generating the output files, also TIGR creates an alignment directory and separate files for the alignments.

2.4 Improving Stroll by adding new features, and extending its capacity.

2.4.1 Stress testing

A “stress testing” has been  performed on Stroll to check its capacity (the max size of the genome it can sequence).

First, Stroll sequenced a very large random generated genome, then the size of the genome was duplicated and the test run again until Stroll failed to allocate memory for the fragment data.

The experiment used a coverage of 10 with fragment sizes of 500 bases.

	Genome  size
	Num fragments
	Real (sec)          
	User (sec)
	Sys (sec)

	300000
	204
	107
	100.66
	0.34

	600000
	720
	292.69
	232.69
	0.6

	1200000
	3480
	523
	490
	1.45

	2400000
	30912
	450
	419.12
	3.22

	4800000
	101952
	1089.52
	820.21
	10.62

	9600000
	210048
	3567.131
	3407.13
	10.94


Table 2 – Stress Experiment Results
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Surprisingly Stroll didn’t failed, Stroll uses dynamic data structures for storing dna data, therefore the memory constraint depends of the particular machine where it is executed. There are some limitations, the maximun fragment length must be 3000 bases long, the usual fragment size in a sequencing project is  500 bases long, hence the 3000 bases constraint its enough for most sequencing projects, it can be changed by adjusting the constant MAXDNALEN in the fragment.h header file.

As said before Stroll performs many I/O operations, some times it reads an entire input file just to count how many fragments are going to be read and the length of the maximum fragment. This is done inside the READ_DNA() function in fragment.c, the use of “Meta-Data Information” about the number of fragments and max length of the fragments could avoid this process.

2.4.2 New Features

In a web enabled world it is necessary for applications to produce html output as an additional option, this can help an simple application to publish its results immediately.

A nice feature that has been implemented is to produce the output in HTML format, this can web enable the results instantly. This option can be enabled disabled trough a command line option (-w for web).

The alignment information can be viewed in a web explorer the user just need to use the options (-a –w) when running stroll.

To web enable the output from stroll the following functions have been modified.

XM_WALIGNMENT ( Gfname );  XM_WCONSENSUS ( Gfname );    XM_WCTGLIST ( Gfname );    XM_WSINGLETON ( Gfname );    XM_WCTGLEN( Gfname );

If the –w option is not specified then the output goes to normal text files.

2.5 Writing a web page for the new distribution.

A new web page for Stroll distribution has been written.

< http://members.fortunecity.com

/jgiusto/ >

3. Future Work

Design and implement an appropriate Meta-Data format to avoid unnecessary I/O operations. Instead of reading the whole file several times gather all the information necessary to process it in a data structure and use that structure as a “header file” than can be read faster than the actual file. 
PHRAP[1] assembler has a nice tool for viewing the alignment graphically, it would be useful to develop a tool for viewing the stroll alignment information graphically, or to translate the stroll alignment information into the format of PHRAP view.

Error reporting could be Improved too using HTML and hyperlinks pointing to the fragments that caused the sequencing errors.

4. Conlusions

Stroll is a very powerful assembler for mega-base genome projects. It has been enhanced with a new out format option that allows the user to generate html output.

 It has been Stress-Tested by assembling random generated genomes with very large number of DNA fragments. In the experiments performed Stroll was faster than TIGR assembler[3].
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		stroll
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