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Sequencing of Difficult DNA Templates: 
Study Design

Invitation to Participate in the 2008 DSRG Difficult Template Study:

The DSRG has designed a study to identify a general set of guidelines that constitute the best 
approaches for sequencing difficult templates. This is a continuation of previous DSRG research 
group studies performed in 1998, 2000, and 2003.

We will be distributing a set of 8 difficult templates (with a variety of difficult regions to 
sequence) to participating labs with the goal of collecting the electropherograms and the 
conditions and formulations used by individual labs (Phase I). When these data have been 
collected and analyzed, an optimal protocol for each category will be selected. Then, this 
information will be distributed to participating labs to allow a second round of sequencing to 
evaluate the general applicability of the optimized protocols. Results from this second round will 
be collected and and analyzed (Phase II). 

The results of this study will be presented at the ABRF annual meeting in Salt Lake City.

If you wish to participate, please send an email with contact information and a shipping address 
for your laboratory to: jkieleczawa@wyeth.com



DNA Sequencing Research Group

ABRF 2008
Salt Lake City, UT

Sample Preparation and Distribution

n All 8 DNAs were transformed-
(Electro competent TOP 10 cells 
from Invitrogen) - M. Mader

n Large scale Marligen’s Maxi DNA 
preps (4 to 20 mg of DNA) -
K. Marquette

n 30 sets of DNAs, pGem3zf control 
and associated primers 
distributed and sent 

100 µg of each DNA (enough to try > 30 
conditions in triplicate)
100 µl of 5 µM primers

(720 tubes labeled) - E. Mazaika
n Approximately 200 ng of each 

DNA run on 1% gel to check for 
quality/quantity

SM  D1  D2 D3 D4 D5  D6 D7 D8  LM SM
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Study Participation

Location : USA Canada Europe Australia

Sets sent/Phase I/Phase II : 27/19/10 2/2/2 0/0/0 1/0/0
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Data Collection and Analysis

n Finished data from both Phase I and II were deposited 
at ftp://ftp.genetics.utah.edu (thanks to H. Escobar for 
providing this ftp) and/or emailed to JK

n Q (KB) > 20 values and signal strength were calculated 
using Sequence Scanner v1.0 from ABI

n All RL/SS data and associated information (ng of 
DNA/additives/PCR instrument/cleanups…) were 
assembled in Excel 

ftp://ftp.genetics.utah.edu/
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Sequencing Ranges for Phase I and II

Range for Readlength Q > 20

DNA # Primer DNA characteristics Phase I
Phase II 

Protocol 1
Phase II 

Protocol 2
F

R

F

R

F

R

F

R

F

R

F

R

F

R

F

F

94%GC over 200 bases/101 base non-repeat G/C 0-931 34-907 0-442

90%GC over 200 bases/73% GC over next 400 bases 0-960 0-936 0-521

70% GC over 300 bases 0-1026 191-868 0-761

78% GC over 150 bases 0-1040 0-1009 0-1068

24 base hairpin with Tm >95°C 0-891 0-889 263-903

24 base hairpin with Tm >95°C 0-238 0 0

18 Cs/10 Cs, separated by 7 bases 0-767 0-531 0-252

18 Gs/10 Gs, separated by 7 bases 0-830 0-674 0-602

456 base non-repeat T/C 0-569 0-601 0-611

456 base non-repeat G/A 0-811 0-828 0-615

147 base non-repeat G/A 134-1093 0-1053 213-956

147 base non-repeat T/C 0-1011 0-953 0-853

19 and 15 bases inverted repeats, followed by 19 Cs and 41 base non-repeat T/A 0-961 0-925 0-789

19 and 15 bases inverted repeats, followed by 19 Gs and 41 base non-repeat A/T 0-910 0-746 0-607

8 Alu repeat + 22 base inverted repeat/84 base loop 0-1020 0-975 0-983

Control pGem3zf control 683-1054 296-1001 0-1011

7

6

5

4

3

2

1
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List of Best Sequencing Protocols From Phase I
Prot 

#
DNA 
ng

Primer 
µl/5µM

BD 
v3.1 µl

dGTP 
v3.0 µl

5X ABI 
Bffr µl

Additive/
µl

Rxn 
Vol µl

Preferred 
Cleanup Cycling Protocol

1 200 1.0 1.5 0.5 0 Betaine/
2.0 10 CleanSeq [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x35 4ºC/∞

2 100 1.0 2.0 1.0 0 Betaine/
2.0 10 BDX 96ºC/1min [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x25 

4ºC/∞

3 200 0.5 1.0 0.1 0 Betaine/
1.6 10 EtOH 95ºC/3min 98ºC/40sec 60ºC/4min

[(98ºC/10sec)(60ºC/4min)] x24 4ºC/∞

4 300 1.0 3.0 1.0 0 DMSO/
1.0 20 G-50        

In-house #
96ºC/1min [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x30 

4ºC/∞

5 200 2.0 1.0 0 0 None 15 CleanSeq 95ºC/1min [(98ºC/45sec)(50ºC/15sec)(60ºC/2.5min)] 
x39 4ºC/∞

6 200 1.0 1.0 0 1.5 Betaine/
2.0 10 CleanSeq [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x35 4ºC/∞

7 200 1.0 1.5 0.5 0 None 10 CleanSeq [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x35 4ºC/∞

8 100 1.0 3.0 1.0 0 None 10 BDX 98ºC/5min [(96ºC/10sec)(50ºC/5sec)(60ºC/4min)] x25 
4ºC/∞

9 200 1.0 0.75 0.25 1.5 None 10 CleanSeq 95ºC/1min [(95ºC/10sec)(50ºC/5sec)(60ºC/2min)] x35 
4ºC/∞

10 100 1.0 2.0 0 0 None 20 Edge DTR 
v3

100ºC/2min [(96ºC/30sec)(50ºC/15sec)(60ºC/4min)] x26 
4ºC/∞

* If you have dGTPv1.0 instead of dGTPv3.0, use it and indicate so in your notes.
^ This is what the best protocol used originally. If you can please use it, otherwise use your own cleanup protocol and indicate so in your notes.
# This was prepared in-house using G-50 Sephadex and Millipore MAHVN4550 plate.
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Q >20 Not Always a Good Predictor of Sequence 
Quality, at Least for Difficult Templates

DNA3: 24 base hairpin with Tm > 95°C

(DNA3-P3R) 
Q>20 indicated as >230
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Phase II: Assignment of Protocols to 
Specific DNA Templates

DNA # Primer Protocol 1 Protocol 2
F 1 2
R 1 3
F 6 8
R 6 1
F 1 4
R 5 10
F 6 1
R 1 10
F 1 7
R 1 7
F 9 6
R 6 1
F 1 3
R 1 3

DNA 8 F 1 7
pGem3zf F 9 10

DNA 7

DNA 6

DNA 5

DNA 4

DNA 3

DNA 2

DNA 1
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Phase II: Possible Reasons for Uneven Data

n Lack of specialized reagents
dGTPv3.0
Betaine
Others?

n Various cleanup procedures
n Various PCR machines
n Experience factor
(sequencing instruments are not a factor, as all 

contributors used ABI platforms)
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DNA1(F): Comparison of Results from
Average & Best Sequencing Protocols

Avg

Best

94%GC over 200 bases/101 base non-repeat G/C
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DNA1(F): Comparison of an Average and the 
Best Sequencing Protocols

Average Best

94%GC over 200 bases / 
101 base non-repeat G/C
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DNA1: Examine Repeats Module Highlights 
Many Different Types of Difficult Regions
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DNA3(F): Comparison of Results from
Average & Best Sequencing Protocols

Avg

Best

24 base hairpin with Tm >95°C
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Average Best

DNA3(F): Comparison of an Average and the 
Best Sequencing Protocols

24 base hairpin with Tm

>95°C



DNA Sequencing Research Group

ABRF 2008
Salt Lake City, UT

DNA3: Large Inverted Repeat (Hairpin)



DNA Sequencing Research Group

ABRF 2008
Salt Lake City, UT

DNA3(F): Comparison of Results from Best 
DSRG & Best Possible Sequencing Protocols

Study
Best

DSRG

Current 
Best
SFK
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DNA3(F): Comparison of Best (DSRG Study) and 
Best Possible (SFK) Sequencing Protocols

Best (DSRG Study) Best Possible (SFK)
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DNA3(R): No Acceptable Data Obtained During 
Study, Although It Is Possible…

24 base hairpin with Tm >95°C
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Avg

Best

DNA5(F): Comparison of Results from Average 
& Best Sequencing Protocols

456 base di-nucleotide non-repeat T/C
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DNA5(F): Comparison of an Average and the 
Best Sequencing Protocols

Average Best

456 base di-nucleotide non-repeat T/C
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DNA5(F): Examine Repeats Module Highlights 
Many Different Kinds of Difficult Regions
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DNA5(F): Comparison of Results from Best 
DSRG & Best Possible Sequencing Protocols

Study
Best

DSRG

Current 
Best 
SFK

456 base di-nucleotide non-repeat T/C
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DNA5(F): Comparison of Best (DSRG Study) and 
Best Possible (SFK) Sequencing Protocols

Best (DSRG Study) Best Possible (SFK)

456 base di-nucleotide non-repeat T/C
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DNA8(F): Comparison of Results from Average 
& Best Sequencing Protocols

Alu repeat + 22 base inverted repeat/84 base loop 

Avg

Best
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DNA8(Alu Repeat): Comparison of an Average 
and the Best Sequencing Protocols

Average Best

Alu repeat + 22 base inverted 
repeat / 84 base loop 
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DNA8(Alu Repeat): Various Structural Motifs



DNA Sequencing Research Group

ABRF 2008
Salt Lake City, UT

n This is the most comprehensive DSRG study of sequencing of difficult 
templates:

8 different DNA templates, both F/R direction (# 8 only F)
- GC-rich
- Hairpins
- Di-nucleotide non-repeats
- 19 G/C Homopolymer
- Alu-repeat/22-bp inverted repeat

> 50 various protocols in Phase I
10 most common protocols selected for Phase II

n 30 sets of DNAs/primers distributed
20 data sets received for Phase I
08 data sets received for Phase II 

n Each type of difficult template requires a separate chemistry/treatment
In fact, the direction matters

n We have collected a set of sequencing protocols that have the best 
chance to sequence through many kinds of difficult DNA templates

Summary
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List of Participating Institutions
(Data Submitted for Phase I and Phase II)

• Beckman Research Institute at the City of Hope - DNA Sequencing Core Lab
• Centre de recherche du CHUL/CHUQ - Plateforme de séquençage et de génotypage des génomes
• Cornell University - DNA Sequencing and Genotyping Lab
• Dartmouth Medical School - Pharm/Tox, Remsen
• Duke University - DNA Analysis Facility 
• Eastern Regional Research Center - IBR-Genetic Analysis

• Edge BioSystems, Inc.
• Massachusetts Institute of Technology - MIT Biopolymers Laboratory
• Ohio State University - Plant-Microbe Genomics Facility
• Oklahoma State University - Recombinant DNA/Protein Core Facility
• Penn State College of Medicine - Milton S. Hershey Medical Center
• St. Jude Children’s Research Hospital - High Throughput DNA Sequencing and Genotyping
• Stowers Institute for Medical Research - Molecular Biology Facility
• Trudeau Institute - Molecular Biology Core Facility
• University of British Columbia - Michael Smith Laboratories
• University of Illinois - Sequencing Core 
• University of Minnesota - BMGC Sequencing and Analysis Facility 
• University of Missouri - DNA Core Facility
• University of Texas Medical Branch - UTMB Protein Chemistry Lab 

• Wadsworth Center - NYSDOH 
• Wyeth Research - DNA Sequencing Group
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