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As a participant in the Mammalian Gene Collection (MGC) initiative 
(http://mgc.nci.nih.gov/)1, we have generated accurate and complete sequence for 6,808
human and mouse genes.  We have derived both computational and laboratory 
techniques to efficiently sequence these small insert clones.  In addition to the publicly 
available software Phred, Phrap2 and Consed3, we have developed a number of 
programs to expedite the sequencing of the clones, and improve communication 
between the biochemistry and bioinformatics activities in our laboratory.

After sizing of clones and EST sequencing, results from BLAST and 
BLAT are used to confirm the identity of the clones and to check for problematic clones 
such as chimeras.  The complete sequence for smaller sized cDNAs can sometimes be 
deduced from EST sequences alone.

For determining the full-length sequence of larger cDNAs, we make use 
of the Mu transposon.  A number of different laboratory strategies are used to facilitate 
the sequencing of clones from various libraries and vector systems.  In order to 
completely avoid repeated sequencing of vector, we have used Gateway technology 
(Invitrogen) when possible.  Sequencing libraries are constructed containing up to 96 
cDNA clones into which transposons are randomly inserted. Algorithms make use of 
insert sizing and DNA concentration information to divide clones into appropriate pools 
and to ensure that sequencing reads from these pooled libraries cover clones of non-
uniform size evenly. 

The EST sequences, sequences derived from transposons, and finishing 
reads for all the clones from a transposon pool are assembled together.  Clones are 
automatically identified based on appropriate ESTs in the assembled contigs.  We 
analyze sequence contigs computationally and automatically identify those that pass 
sequence integrity and quality checks and those that require further sequencing.  We 
have also been able to analyze the transposon insertion profile and the effect on pooling 
sets of cDNA clones in various ratios. 
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The GSC LIMS has been specifically designed for use in a genome sequencing 
laboratory. It has been developed to store detailed information related to standard 
sample preparation procedures as well as final sequence data. 

By maintaining this detailed information in a highly structured format, there is the 
capability to perform a number of automatic procedures such as monitoring stock, error 
checking, and diagnostic analysis, generating real-time messages for users or regular 
email notifications to administrators.  This helps to ensure the integrity of recorded 
data, and may prevent time-consuming errors by flagging them or identifying possible 
problems.  Other project specific databases use the LIMS as a starting point for more in 
depth sequence analysis. 

The database is implemented in MySQL and is comprised of about 75 tables.  The 
largest table is the clone_sequence table having close to 1 million records and a size of 4 
GB (roughly 4k/read x 1 million reads).  The remainder of the database is 60 MB.

Web front end

There is an interface which allows users to interact with the database via a 
barcode scanner (Fig. 2) during regular lab processes, and a sophisticated suite of 
report generating and data visualization tools on the web which provide lab 
administrators with the means to quickly and effectively evaluate results and 
monitor status on a regular basis (Fig. 1, 3).  

Figure 1. Plate view allows for a quick 
assessment of the quality of each individual 
sequence read.  Clicking the sequence read 
brings up the trace.  

Figure 2.
Barcode 
scanner

Figure 3. Phred Histogram 
showing number of reads vs 
the number of bases of 
Phred20 or higher.  This 
histogram’s peak is at 725bp. 

Overview of cDNA sequencing process5

The project relies heavily on the LIMS to track clone processing and sequencing 
through the pipeline.  Clones are automatically sized with Bandleader and DNA 
concentration is also measured.  This information is used to confirm final sequence 
assemblies and in molar ratio calculations.  

After the generation of ESTs, clones are pooled together and “shotgun” reads derived 
from two transposon-specific primers are used to complete the cDNA sequence.  
DNA from remaining unfinished clones are either re-pooled into a second round of 
transposon mediated sequencing or are finished using directed reads from custom 
oligonucleotide primers if the contigs have smaller sequence gap.  Remaining clones 
after full shotgun that do not meet specified finishing criteria are also subjected to 
primer directed sequencing.
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A molar ratio calculation is done in 
order to normalize the clones such that 
the number of molecules placed in the 
pool is directly proportional to the clone 
size.

Transposon inserts into 
various places in the insert 
and vector of 
each clone

Figure 5.  

Figure 11. Insertion profile of the Mu transposon in the insert.  An analysis of the 
insert region that spans this target site describes a consensus sequence preference for 
Mu transposon insertion.  The insertion site displays a symmetry that includes the 
target site consisting of pyrimidines followed by purines as shown.

Figure 12.  Two transposon sequencing approaches.
Individual transposon insertions plotted as a function 
of the percentage of vector bases generated from each of 
the transposon-primed sequencing reads. The x- and y-
axes indicate the percentage of vector sequence derived 
from each of the reads, and the z-axis indicates the 
number of insertions with a particular proportion of 
vector derived sequence from each read.

A. GeneJumperTM-GatewayTM Sequencing.
Using this system, the insert containing the 
transposon is shuttled into a new vector.  This 
eliminates sequencing from clones where the 
transposon inserted into the vector.

B. Standard transposon sequencing methodology. 
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This database allows for the quick assessment of contigs and identification of clones; 
web tools facilitate the automatic visualization of the required criteria checks and 
finishing of clones without having to look at each individual contig  (Fig. 10).  
Information such as clone and assembly sizes, quality, the number of reads, and 
various sequence integrity checks are available. 

Consed is used where necessary when editing and finishing is required but the 
majority of the clones full length sequence have been determined with automated 
approaches alone. 

The database and web tools are written in Perl modules and easily portable to other 
cDNA sequencing projects.  The same code base is also used for EST clustering 
projects.

Figure 9.  Portion of cDNA database 
schema.  The database contains information 
from phrap assemblies relevant to the 
automated completion of cDNA sequences.  
Application queries also link this database 
to the GSC LIMS to obtain sequence and 
clone specific information.
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6.  Transposon Based Sequencing Analysis
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We have also developed software to analyse in greater detail the insertion profile of 
Mu transposon (Fig. 11) and to compare variations of sequencing with this method 
(Fig. 12).  

A number of perl scripts and modules process the data through the pipeline (Fig. 6).  
For example, before transposon sequencing, the paired ESTs for each clone are 
automatically analyzed to detect potential chimeras (Fig. 8). 

Transposon, EST and custom oligo sequence data are assembled using Phrap and 
results are stored in a separate MySQL cDNA database (Fig. 9).  Scripts examine the 
assembly in greater detail than what Phrap itself provides such as read coverage 
along the length of the assembly and the incorporation of EST reads used to identify 
the clone. 

Figure 10.  Web application for 
viewing progress of cDNA sequencing

Figure 7.  Summary of 
clones completed at 
different stages in the 
sequencing pipeline

Figure 8. A clone is classified as chimeric if 
there are no matches to the same 
chromosome from both ESTs.  Clone 42084 
has been detected as chimeric because each 
clones respective 5’ and 3’ ESTs match to 
different human chromosomes using BLAT6.  
No further sequencing is done on these 
clones.

Figure 6.  Chart showing information 
and communication flow between 
laboratory and bioinformatics

Figure 4. All cDNA clones are 
accurately sized.  After lane-tracking, 
bands are automatically called with 
Bandleader4 and results fed into the 
LIMS.  Clone sizing and concentration 
information is required for the 
construction of transposon pools (see 
next section).

Current Clone 
Totals
No clones submitted:

7330

Number of bases 
sequenced:

14 Mb

Number of reads:

251,637

Average cDNA sequence 
length:

1938 bp


