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Abstract

In the past, the DNA Sequencing Research Group (DSRG) has conducted research studies on
DNA templates that were moderately GC rich (DSRG 1997 study) or contalned repeat
elements (DSRG 2003 study). Though impr in DNA seq istries have
helped with difficult one of the r hall for i Sanger DNA
sequencing is the ability to effectively sequence through various types of difficult regions in
DNA templates. In the 2008 DSRG difficult template sequencing study, we have expanded the
number of templates and nature of the difficult sequences, and have designed the study to
identify and develop optimal protocols for such templates. The templates in this study include a
moderate GC-rich region (up to 72%), a very GC-rich region (up to 95%), a long non-repeat
di-nucleotide region, an Alu-repeat, a 19 base long G/C homopolymer, and a hairpin-
containing template. The same set of difficult (prep hod ration/primer)
were distributed to all willing participants and the study will be carried out in 2 phases:

Phase I: Participants will apply a protocol of their choice, and each condition will be performed
in triplicate, and the data will be returned to the DSRG for analysis.

Phase II: The DSRG will recommend optimal protocols for each template and participants will
re-sequence all templates in triplicate utilizing the 3 best protocols selected from phase 1.

The DSRG has a long and successful track record of conducting inter-laboratory research
studies to optimize protocols for DNA ing, providing b king opportunities, as
well as resources for troubleshooting DNA ing r ions and instr ion. Here we
present the results of the DSRG 2008 difficult template study with the goal of defining optimal
sequencing protocols for these types of difficult templates.

Methods

Phase I
DSRG selected 8 difficult templates for the study as follows...
DNA 1, 2 - GC rich regions
DNA 3 - region containing 24 bp hairpin
DNA 4 - 18 C base region separated by 7 bases
DNA 5 - 456 base non-repeating TC (forward) GA (reverse)
DNA 6 - 147 base non-repeating GA (forward) TC (reverse)
DNA 7 - 19 base and 15 base inverted repeats and 19 base poly G
DNA 8 - Alu repeat with a 22 base inverted repeat and 84 base loop
DNA9 - pGem, as a control

30 sets of samples were sent to ABRF members. The samples were sequenced
using in-house methods. Chromatograms were uploaded to an FTP site at
ftp:/ftp.genetics.utah.edu, and Q >20 results were analyzed using Sequence
Scanner v1.0. PCR cycles, reaction additives, instrumentation and cleanup
methods were compared to determine the protocols most successful in
sequencing through the difficult regions.

Phase I1

Participants were provided the protocols determined to best sequence through
each difficult region. Participants were asked to repeat the samples using these
protocols and resubmit the new results for comparison. Results from Phase 1
and Phase II were compared.

Results

Table 1: Optimal protocols for DSRG study samples identified from Phase I. These protocols were
determined to provide the best sequencing results.

Table 3: A Comparison of the Q>20 Results from Phase I and Phase II for 12 facilities. Selected examples of samples
with data showing better results in Phase I (blue) and data showing better results in Phase II (red).
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Table 2: Assignment of protocols to specific DNA templates.

DNA # | Primer |C isti Protocol 1_| Protocol 2

1 F 94% GC over 200 bases/101 base non-repeat G/C 1 2

90% GC over 200 bases/73% GC over next 400 bases
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2
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-
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B

18 Cs/10 Cs, separated by 7 bases

18 Gs/10 Gs, separated by 7 bases

B
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19 and 15 bases inverted repeats, followed by 19 Gs and 41 base non-repeat A/T
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Figure 1: DNA sample 1 wnh the forward primer.
Sample (A) shows an average result submitted and
sample (B) shows the result for the best sample.
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Figure 2: DNA sample 3 wnh the forward primer.
Sample (A) shows an average result submitted and
sample (B) shows the result for the best sample.

Discussion

The DSRG had designed this study as a learning experience for
participants and associated laboratories. Difficult templates remain a
challenge for many sequencing laboratories, and the design of the
study combined the experience of multiple laboratories in
determination of an optimized protocol for difficult templates.

Phase I of the study provided an opportunity to compare how the
difficult samples would work under in-house protocols. For phase II of
the study, participants were provided with the best protocols in Phase I
(Tables 1 and 2) and allowed to resequence the samples. Table 3
compares whether a participant was able to show improvement in
sequencing data. In 18 of the results the laboratory produced a better
result using the in-house protocol and in 36 of the results the
laboratory produced a better result using a protocol provided in Phase
II. Therefore, each participant could measure the effectiveness of the
in-house protocols.

The sample that proved most difficult for the participants was the 24
base pair hairpin using the reverse primer. This sample was not
successfully sequenced by the participants and hairpin characteristic of
the sample have proven most difficult in sequencing laboratories.
However, a protocol can be designed for sequencing this type of
difficult template as shown in Figure 2.
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