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(57) ABSTRACT 

The invention relates to genetical modi?cation of DNA 
polymerase to reduce its innate selective sequence-related 
discrimination against incorporation of ?uorescent dye-la 
beled ddCTP and ddATP in the enzymatic reaction for 
preparation of samples for automated ?orescent dye-labeled 
terminator DNA sequencing. The modi?ed DNA poly 
merases are more resistant to heat inactivation and are more 

effective in dideoxynucleotide incorporation than current 
DNA polymerases. 
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DNA POLYMERASE HAVING ABILITY TO 
REDUCE INNATE SELECTIVE DISCRIMINATION 

AGAINST FLUORESCENT DYE-LABELED 
DIDEOXYNUCLEOTIDES 

[0001] This application is a continuation-in-part applica 
tion of Ser. No. 08/544,643 (now US. Pat. No. 5,747,298), 
?led Oct. 18, 1995, and Ser. No. 08/642,684, ?led May 3, 
1996, and the entire contents of both applications are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The genetic material of all knoWn living organisms 
is deoxyribonucleic acid (DNA), except in certain viruses 
Whose genetic material may be ribonucleic acid (RNA). 
DNA consists of a chain of individual deoxynucleotides 
chemically linked in speci?c sequences. Each deoxynucle 
otide contains one of the four nitrogenous bases Which may 
be adenine (A), cytosine (C), guanine (G) or thymine (T), 
and a deoxyribose, Which is a pentose, With a hydroxyl 
group attached to its 3‘ position and a phosphate group 
attached to its 5‘ position. The contiguous deoxynucleotides 
that form the DNA chain are connected to each other by a 
phosphodiester bond linking the 5‘ position of one pentose 
ring to the 3‘ position of the next pentose ring in such a 
manner that the beginning of the DNA molecule alWays has 
a phosphate group attached to the 5‘ carbon of a deoxyribose. 
The end of the DNA molecule alWays has an OH (hydroxyl) 
group on the 3‘ carbon of a deoxyribose. 

[0003] DNA usually exists as a double-stranded molecule 
in Which tWo antiparallel DNA strands are held together by 
hydrogen bonds betWeen the bases of the individual nucle 
otides of the tWo DNA strands in a strictly matched “A-T” 
and “C-G” pairing manner. It is the order or sequence of the 
bases in a strand of DNA that determines a gene Which in 
turn determines the type of protein to be synthesiZed. 
Therefore, the accurate determination of the sequence of the 
bases in a DNA strand Which also constitutes the genetic 
code for a protein is of fundamental importance in under 
standing the characteristics of the protein concerned. 

[0004] The process used to determine the sequence of the 
bases in a DNA molecule is referred to as DNA sequencing. 
Among the techniques of DNA sequencing, the enZymatic 
method developed by Sanger et al. (1) is most popular. It is 
based on the ability of a DNApolymerase to extend a primer 
annealed to the DNA template to be sequenced in the 
presence of four normal deoxynucleotide triphosphates 
(dNTPs), namely, dATP, dCTP, dGTP and dTTP, and on the 
ability of the nucleotide analogs, the dideoxynucleotide 
triphosphates (ddNTPs), namely, ddAT P, ddCTP, ddGTP 
and ddTTP, to terminate the extension of the elongating 
deoxynucleotide polymers at various lengths. 

[0005] In the classic one-step Sanger method, the 
sequence determination is carried out in a set of four 
separate tubes, each containing all four normal dNTPs, one 
of Which is labeled With a radioactive isotope, 32F or 35 S, for 
autoradiographic localiZation, a limiting amount of one of 
the four ddNTPs, a DNA polymerase, a primer, and the DNA 
template to be sequenced. As a result of the DNA poly 
merase activity, individual nucleotides or nucleotide analogs 
are added to the neW DNA chains, all starting from the 3‘ end 
of the primer in a 5‘-3‘ direction, and each linked to adjacent 
ones With a phosphodiester bond in a base sequence comple 
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mentary to the DNA sequence of the template. Inasmuch as 
there is a nucleotide analog in the reaction mixture, each 
tube eventually contains numerous neWly formed DNA 
strands of various lengths, all ending in a particular ddNTP, 
referred to as A, C, G or T terminator. 

[0006] After resolving the four sets of reaction products by 
high-resolution polyacrylamide/urea gel electrophoresis, the 
populations of the neWly formed DNA strands are separated 
and grouped according to their molecular Weight. An auto 
radiographic image of the gel Will shoW the relative posi 
tions of these DNA strands as bands Which differ from one 
another in distance measured by one nucleotide in length, all 
sharing an identical primer and terminating With a particular 
ddNTP (A, C, G or By reading the relative positions of 
these bands in the “ladder” of the autoradiograph, the DNA 
sequence of the template can be deduced. 

[0007] The DNA polymerase used in the reaction mixture 
plays a pivotal role in DNA sequencing analysis. To be 
useful for DNA sequencing, a DNA polymerase must pos 
sess certain essential properties. For example, it must have 
its natural 5‘-3‘ exonuclease activity removed by mutagen 
esis or by posttranslational modi?cation, such as enZymatic 
digestion, and must be able to incorporate dNTPs and 
ddNTPs, Without undue discrimination against ddNTP and 
With a suf?ciently high processivity Which refers to the 
ability of the enZyme to polymeriZe nucleotides onto a DNA 
chain continuously Without being dislodged from the chain, 
and a suf?ciently high elongation rate. A 5‘-3‘ exonuclease 
activity associated With a DNA polymerase Will remove 
nucleotides from the primer, thus cause a heterogeneous 5‘ 
end for the neWly formed DNA strands, resulting in a false 
reading of the strand lengths on the sequencing gel. A DNA 
polymerase With a loW processivity and a loW elongation 
rate Will cause many undesirable noise background bands of 
radioactivity due to the presence of DNA strands Which are 
formed With improper lengths and improper terminations. 
Among the more commonly used DNApolymerases, Seque 
naseTM has a higher processivity and a higher elongation rate 
than others, such as the KlenoW fragment, Taq, and Vent 
polymerases (2), and is therefore one of the most popular 
DNA polymerase selected for DNA sequencing to-date. 

[0008] HoWever, even When a DNA polymerase has been 
endoWed With all the essential properties listed above, it may 
still generate erroneous or misleading band patterns of 
radioactivity in the sequencing gel. These artifactual pat 
terns do not faithfully re?ect the true nucleotide sequence in 
the template being sequenced. They may be caused by 
premature termination of the elongating strands due to the 
presence of secondary structures formed along the template, 
such as “hairpins” in the regions that contain palindromic 
sequences or that are rich in G and C bases (3); or, they may 
occur as a result of inadequate “proof-reading” function of 
the DNA polymerase that Will alloW the removal of misin 
corporated nucleotides at the 3‘ end of an elongating strand. 

[0009] Researchers in the ?eld of DNA sequencing often 
have to use several approaches to con?rm their ?ndings in 
order to avoid being misled by these potentially erroneous 
sequence data. For example, they sometimes rely on repeat 
ing the same sequencing experiment With different DNA 
polymerases, or performing another sequencing reaction 
With the template Which is complementary to the ?rst 
single-stranded DNA template, and compare the results for 
possible discrepancies. 


























































