Automating the Assembly of Contiguous DNA Segments from Trace Archive Fragments

The Trace Archive is part of the National Center for Bioinformatics
Information (NCBI) website that contains single-read DNA
fragments that have yet to be assembled into a complete genome.
Each fragment is typically 600-800 base pairs of DNA and
corresponds to a single read from a DNA sequencing machine.

BLAST (Basic Local Alignment Search Tool) is the most common
method to find regions within DNA sequences that match a query
string, but typically the search target is a completely sequenced
genome, which allows you to validate that the match is within a
similar gene, since flanking regions are available. Having the
complete genome also allows you to do a full sequence alignment
of the gene between organisms, allowing an analysis of
evolutionary relationship.

Currently there are over 300 organisms in the Trace Archive, and
although it is possible to do a web-based BLAST search against
this data to find a DNA sequence of interest, the matching results
only display short (600-800 base pair) fragments, and for
eukaryotic organisms, this will rarely display the entire gene region.
Although enough data may exist to assemble a larger region of
interest into a contiguous segment based on the initial match, this
requires a significant amount of manual work, as shown in the
diagram to the right.

To address this problem, | have created a prototype tool that allows
users to assemble a contiguous DNA sequence from the Trace
Archive based on an initial BLAST search. My goal is to create a
web-based software application that automates the iterative BLAST
searches and fragment assembly process by using a Web BLAST
client program and an algorithm that ligates the fragments together.

Researchers could use this tool to examine genes in organisms
that have not had their entire genomes assembled, but have
enough genomic data available in the Trace Archive to assemble
specific regions of interest.

The Perl programming language (http://www.perl.org/) has module
interfaces to both NCBI BLAST servers and Clustalw sequence
alignment software. An approximate character matching module
(String::Approx) is available that can quickly determine match/no
match status of similar DNA sequences. The Perl CGl.pm module
simplifies the process of turning a command line unix Perl script
into a Web-based application that can be accessed by anyone over
the internet.

As a test case, | was interested in seeing if the pore region of the
voltage-gated potassium ion channel Shaker had any matches in
the malaria mosquito Anopheles gambiae. This organism makes an
excellent test case because it has both preliminary genome data
available as well as Trace Archive fragment data, allowing me to
test and validate the alignment algorithm.
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Step 1: Go to http://www.ncbi.nim.nih.gov/blast/mmtrace.shtml
(Trace Archive Blast) and enter initial search sequence

DNA sequence of a gene
that is might be present in
|~ this organism.

Organism to search for this

Step 2: Wait for BLAST Server
to return results (the wait can
be a few seconds or can be
10+ minutes, depending on
the server load).

This search returns a total
of 12 matching fragments.
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Steps 3-15: For each matching trace archive fragment ID, obtain
the DNA sequence by entering it in the Trace Archive ID search
\\/ at http://www.ncbi.nim.nih.gov/Traces/trace.cgi
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Steps 16 — 28: For each of the
Twelve matching fragments,

check the sequencing quality

data to verify that the matching
portion is of good quality, and only
use the portion of the DNA sequence
that is of high quality in subsequent
assembly/ligation steps.

Steps 42 — N: Using the consensus sequence
of the alignment of the previous fragment, find
a short (20-50 base pair) region at either the
left or the right side and run a Web BLAST on
this. Repeat steps 1-42 as needed until

you have assembled a contiguous DNA
segments that meets your length requirements.
It may be that there is not enough overlapping
fragments to assemble the region your interested
in (ie, they have not done enough shotgun
sequencing in that region).

i i (you thought you were done?)

Percent identity is specified
on the initial search form

Match started at
position 270

\ Match to this fragment

ended at position 329

Sequence may have
<« matched in reverse
complement format
(Plus / Minus)

thus this DNA data
must be converted.

(N J
Y

Steps 29 — 41: For each fragment, extract the relevant
data that shows where it aligns to the target sequence
and create a multiple sequence alignment using all the
high quality fragments from the initial BLAST search.

Step 1: Go to http://chicodigital.com/TraceBuilderForm.html
and enter your DNA sequence, email address and search options.
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Step 2: Receive report via email within 1-3 hours (depending on
response of NCBI servers) containing contiguous DNA segment
(or a failure message, if not enough Trace Archive data exists).
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contiguous 2240 base pair DNA region from Anopheles gambiae

fragment (position 914 - 1767)
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My initial search for the Shaker gene match returns this region of the Anopheles

genome, and by manually BLASTIing this region against the Trace Archive database,
| was able to find many overlapping fragments in this region. The diagram above

j shows that the data used to assemble the genome is readily available as fragments.

I had significant difficulties with my first approach to
developing this software using ClustalW (multiple sequence
alignment software). My first approach was to simply pass the
high quality filtered sequences from the BLAST search to
ClustalW, the goal being to get back a consensus sequence
that corresponds to the overlapping regions of each fragment.

However, the goal of ClustalW is to align multiple sequences
based on the premise that they are highly similar, inserting
gaps when necessary. Regardless of how | adjusted the gap
or gap length penalties, or changed configuration parameters,
the resulting consensus sequence was always completely
wrong versus the known assembled sequence. From this, |
went back and verified that the assembled genome did consist
of overlapping fragments that were publicly available in the
Trace Archive database.

My analysis showed that the 2240 base pair test segment that
contain my Shaker pore region search sequence consisted of
many overlapping fragments, of which only five are shown
above; however, it should be possible to assemble the entire
region with just these five fragments (at least as a test case).
Input of these five fragments into ClustalW yeilded a
consensus sequence that was less than 800 base pairs long,
regardless of gap penalty adjustments, thus | proved it returns
incorrect results.

My second approach was to use the data supplied by the
BLAST search results which show the base pair position of the
matching sequence within the entire fragment. The idea was
to ligate overlapping matching regions and to validate the non-
matching overlap regions using an approximate matching
module in Perl. This is the approach I'm currently pursuing.

The Trace Archive Database is continuously updated with sequence
data from large-scale shotgun sequencing centers, however, the
actual assembly of finished genomes generally occurs only when
there is some confidence that the entire genome can be assembled.
This means that researchers with an interest in specific genes may
have to wait months or even years before having meaningful access
to genomic data from these sequencing projects. Constructing
assembled regions corresponding to these genes may be possible
without the assembly of the entire genome of the organism, and can
allow researchers to make valuable insights as soon as enough data
is available, regardless of when the entire genome is assembled.

Automating this process is not trivial, but the existence of organisms
with both fragmentary Trace Archive data and completely assembled
genomes, such as Anopheles gambiae will allow me to test and
validate software algorithms that will solve the problem of assembling
these fragments together.

The current running prototype can be accessed at:
http://chicodigital.com/TraceBuilderForm.html

My goal is to have this web-enabled application correctly assembling
the test sequence above within the next week, and validate larger
regions within the next month.
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