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 Abstract

The human genome is estimated to contain between 28,000 and 100,000 
genes.  Most estimates are based on categorizing Expressed Sequence 
Tags (ESTs) by clustering and annotation.  EST analysis also plays 
important roles in understanding normal homeostasis and diseases 
processes.  EST clustering involves assembling large data sets of 
sequences and is complicated by the variability and complexity of 
sequences that originate from highly similar genes, have alternate forms 
due to RNA splicing, and sequence data quality.  A complete solution for 
EST clustering requires software components that organize, assemble, 
validate, view and annotate individual sequences and sets of data.  It also 
depends on the ability to incorporate quality information into comparative 
analyses to distinguish biological variation from experimental error and 
detect alternatively spliced messages.  Finally, the system needs to 
incorporate data from multiple sources often stored in different file formats.  
Below is a detailed quality analysis of a subset of prostate sequences 
obtained from publicly available resources. 

 Methods
Chromatogram files corresponding to prostate ESTs were obtained as follow:

1.  EST libraries, organized by tissue were selected from the Human Tumor Gene 
Index (hTGI) at the CGAP web site (http://www.ncbi.nlm.nih.gov/ncicgap/).  
 
2.  Each library's link was used to obtain a list of GenBank accession numbers, 
which were then used to retrieve sequences from Unigene 
(http://www.ncbi.nlm.nih.gov/cgi-bin/UniGene/)

3. The chromatogram ID was obtained from the sequence record and used to 
retrieve the corresponding SCF (Staden compressed format) file from the 
Washington University FTP site (ftp://genome.wustl.edu/pub)

4.  SCF data were loaded into the Geospiza Finch-Server and automatically 
analyzed with Phred (Ewing et. al. 1998) and Cross_Match (P. Green 
Unpublished) to obtain quality values and mask vector sequences.

5.  Assembly sets were created for different subsets of data and assembled with 
Phrap (P. Green, Unpublished).
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     The above graphs show distributions in the number of Q20, 
Q30, and Q40 counts for each library.  All bases above each 
quality threshold are counted.  In each graph, the average count 
+/- one standard deviation is represented by the shaded box.  The 
lines show the minimum and maximum values for each library.  
The number of reads in each library is given in parentheses.  
Reads having less than 100 Q20 bases were excluded from the 
report.  

     Every chromatogram and read in the Finch-Server has a large number of quality attributes associated 
with it.  The corresponding data values can be accessed, combined, and filtered in different ways to create 
quality reports using the SQL interface.

     The above screen shot shows the SQL interface and a vector report for the CGAP data.  In this report, 
the vector analysis with Cross_Match is explored to determine the number of vector containing and short 
inserts in each library.  A short insert is defined as any read that contains a 5' and 3' vector match which 
indicates that the insert is completely sequenced.     

     The graphs above to the right were produced with Excel.  An SQL report was created on the Finch-
Server and the data returned were downloaded to a local computer as a tab delimited file.  The data table 
was then imported into Excel and formatted for graphing.  The fraction of short inserts in the library is given 
in parentheses after the library name in the above graph.

Assembly Reports      Data are assembled in the Finch-Server with Phrap or SPS Phrap (www.spsoft.com).  Assembly 
sets containing one or more folders of reads are are created in the server.  For each assembly set, 
different program parameters can be assigned and compared.  Assemblies are initiated manually or 
automatically.  When an assembly starts, two files are built containing vector masked sequences 
and their corresponding quality values.  Fasta headers contain the required information that is put 
into the ".ace" file by Phrap and used by Consed.  Once completed the contig sequences, ace file 
and information about the assembly are stored in the database and are used to create the reports 
shown here.  

     The above reports shows an overview of an assembly, a "reads" report, and graphical analysis of a 
contig.  The assembly overview presents information about an assembly along with a graph showing 
the number of reads per kb for each contig (sorted by contig length) in the assembled data set.  As 
expected, for ESTs assembled from sequences obtained from a random DNA library, most contigs 
have only a few sequences and a few contigs have many.  The next report allows a user to view the 
singlet reads (those that do not match any other) and view quality information about those reads.  In 
this example, many of the singlet reads are complete vector or short inserts.  Finally, the graphs on 
the right show the contig's per base quality values, positions of discrepancies and their qualities, and 
read coverage of the contig.  The discrepancy graph can be used to identify potential polymorphisms 
between overlapping reads.  The read coverage shows a large peak within a short region of the contig 
that was used to flag portions of vector that were incompletely masked.  

Summary

     29,822 SCF files containing sequences from 19 different CGAP libraries were retrieved from the Internet and loaded 
into the Finch-Server.  Each file was analyzed with the Phred basecalling algorithm and the resulting sequence read 
was compared to known vector sequences with Cross_Match.  Subsets of data were then assembled with Phrap to 
determine groupings and identify possible polymorphisms.

     The data presented, demonstrate the value of integrating data management with data analysis.  A large number 
cDNA clones were identified as containing short inserts and the fraction of short inserts was highly variable with some 
libraries containing up to 86% short inserts.  Short inserts are a dead end for mapping and contig building and strategies 
that rely on sequencing both ends of a clone suffer from a high number of short inserts.  Thus, detecting these artifacts 
is worthwhile. 

     Quality analysis with Phred allows one to observe over all sequencing quality.  For detecting sequence variation and 
polymorphisms, a high fraction of Q30 and Q40 bases in each read is desired.  Analysis of the Phred qualities shows 
that in many cases a good Q20 values do not correlate with high Q30 or Q40 values and each threshold needs to be 
examined individually.  When data are assembled by Phrap, Phred quality values are used to distinguish between 
experimental error and biological variation.  Quality values can also be used to determine a score for discrepancies.  
Plotting discrepancy quality by base position in a contig can be used to identify potential polymorphisms and possibly 
sequence fragments assembled from reads originating from highly similar genes. 
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     Folder detail reports (above) summarize the data processing results 
for chromatograms and reads.  A table describes the results of 
processing and a histogram of Phred Q20 values shows the quality 
distribution.  

     Drill-down tables are accessed through the links in this page.
The chromatogram details report (right) presents information contained 
in the chromatogram file, a plot of Phred qualities along the read 
length, and the sequence of the Phred read.  Colored letters and strike 
through font are used to show the vector matching regions and regions 
of low quality, respectively.  Links in this page lead to drill-down views 
of the trace and other information.
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