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UNIFORM BAND INTENSITIES IN FLUORESCENT DYE TERMINATOR
SEQUENCING

Shiv Kumar,* C. W. Fuller, S. Nampalli, M. Khot, I. Livshin, L. Sun, S. Hamilton,
S. B. Samols, J. A. Mamone, K. M. Hujer, B. F. McArdle, J. R. Nelson & S. Duthie

Amersham Pharmacia Biotech, 26111 Miles Road, Cleveland, OH 44128 U.S.A.
ABSTRACT: The use of Cyanine dye (Cy™ 5 and Cy5.5) labeled dideoxy terminators
with Thermo Sequenase™ DNA polymerase in DNA sequencing provides uniform band

intensity, improved sequence read-length, and accuracy. It also greatly improves the
ability to detect single base heterozygotes with dye-terminator sequencing method.

DNA sequencing by the Sanger dideoxy chain termination method requires that one of
the components, typically either the primer or dideoxy terminator, be labeled with a
radioactive or fluorescent label. With fluorescent DNA sequencing using Taq DNA
polymerase, the band intensities are more uniform with dye labeled primers than with the
dye labeled terminators originally offered for Taq sequencing with the ABI model 373
sequencing instrument. In this sequencing method, four different dyes are attached to four
different dideoxynucleoside triphosphates. Apparently, their rate of incorporation by Taq
DNA polymerase is highly dependent on the local sequence environment'” . The uneven
sequencing band pattern sometimes makes it difficult to call bases correctly with
confidence.

Changing of a single amino acid, phe667 to tyrosine, of Taq DNA polymerase reduces
discrimination against ddNTP incorporation by more than 1000-fold. An example of this
kind of modified enzyme is Thermo Sequenase™ DNA polymerase (Amersham Pharmacia
Biotech). When used for flucrescent DNA sequencing with dye-labeled primers, modified

polymerases of this type produce band patterns with uniform peak heights which improve
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sequence accuracy and ability to detect mixed-sequence templates®®. In contrast, peak

heights with the Taq dye-terminators still vary over 20-fold range’.

We have been exploring new dye-labeled terminators and new reaction conditions in
order to find improved ways of performing dye terminator sequencing with enzymes
having this amino acid modification. An example using Cy5.5 labeled ddNTPs is shown in
Figure. These produce uniform band intensities and excellent sequence read-length, and
accuracy. They also greatly facilitate the ability to detect single-base heterozygotes.

The data presented here were generated using a SEQ 4x4™ fluorescent DNA
sequencer (Amersham Pharmacia Biotech). This instrument uses a red laser (676 nm) to
excite Cy5.5 labeled DNA. A total of 16 lanes (4 sequencing samples) are available on a
14 X 14 cm, 6% acrylamide gel (50 pm thick). A typical run takes about 40 minutes and
generates read lengths of 350-400 bases. The dyes (CyS & CyS5.5) are attached via a
normal or extended propargylamino linker at C-5 position of pyrimidines (ddCTP &
ddUTP) and C-7 position of deaza purines (ddATP & ddGTP)'.

Taq Polymerase, 4-Color Dye Terminator
Variance of Normalized Peak Height, 0.72

CATACGAGCCGG AAGCATAAARGTGTAAAGCCTGGGG TGCCT

Thermo Sequenase Polymerase, 4-Color Dye Terminator
Variance of Normalized Peak Height, 0.56

CATACGAGCCGGAAGCATA AAGTG TAAAGCCTGGGGTGCCTA

Thermo Sequenase, Cy 5.5 Terminator
Variance of Normalized Peak Height, 0.19
CATACGAGCCGGAAGCATAAAGCG TG TAAAGCCTG GGG TGCCTA
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