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(57) ABSTRACT 

Sequencing of a selected region of a target nucleic acid 
polymer in a natural abundance DNA sample can be per 
formed in a single vessel by combining the sample With a 
sequencing mixture containing a primer pair; a thermally 
stable polymerase such as Thermo SequenaseTM Which 
incorporates dideoxynucleotides into an extending nucleic 
acid polymer at a rate Which is no less than about 0.4 times 
the rate of incorporation of deoxynucleotides; nucleotide 
feedstocks; and a chain terminating nucleotide. The reaction 
mixture also includes an unconventional nucleotide and an 
appropriate enZyme for degradation of nucleic acid poly 
mers containing the unconventional nucleotide. The mixture 
is processed through multiple thermal cycles for annealing 
extension and denaturation to produce a product mixture 
Which is analyzed by electrophoresis. 
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METHOD FOR SEQUENCING OF NUCLEIC ACID 
POLYMERS 

[0001] This application is a continuation-in-part of Inter 
national Patent Application No. PCT/US97/07135 ?led Apr. 
29. 1997, designating the United States, Which is a continu 
ation-in-part of US. patent applications Ser. Nos. 08/640, 
672 ?led May 1, 1996, 08/684,498 ?led Jul. 19, 1996 and 
08/807,138 ?led Feb. 27, 1997, All of these applications are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This application relates to DNA sequencing reac 
tions, and in particular to improved sequencing reaction 
protocols making use of thermally stable polymerase 
enZymes having reduced error rates. 

[0003] DNA sequencing can be performed in tWo distinct 
environments: a research environment in Which each pro 
cedure is fairly unique and in Which the sequence being 
determined is generally not knoWn prior to completion of the 
sequence determination; and a diagnostic environment in 
Which the same procedure is repeated on many samples and 
the sequences being determined are generally knoWn. While 
the basic procedures used in these tWo environments can be 
the same, requirements for speed, cost-effectiveness and loW 
risk of error in the diagnostic environment make many of the 
techniques actually employed too cumbersome to permit 
their effective utiliZation. This has limited the availability of 
sequencing-based diagnostics, and has indeed led some to 
question Whether sequencing can ever be cost effective for 
routine diagnostic use. 

[0004] The ideal DNA sequencing procedure for use in a 
diagnostic environment Would have the folloWing charac 
teristics: (1) it Would be able to utiliZe a DNA-containing 
sample Which had been subjected to only minimal pretreat 
ment to make the DNA accessible for sequencing; (2) it 
Would require combining this sample With only a single 
reaction mixture, thus reducing risk of error and contami 
nation, and increasing the ease With Which the procedure can 
be automated; and (3) it Would require a short amount of 
time to perform the sequence determination, thus decreasing 
the marginal costs in terms of equipment and labor for 
performing the test. 

[0005] DNA sequencing, Whether for research or diagnos 
tics, is generally performed using techniques based on the 
“chain termination” method described by Sanger et al., Proc. 
Nat’lAcaa'. Sci. (USA) 74(12): 5463-5467 (1977). Basically, 
in this process, DNA to be tested is isolated, rendered single 
stranded, and placed into four vessels. In each vessel are the 
necessary components to replicate the DNA strand, i.e., a 
template-dependant DNA polymerase, a short primer mol 
ecule complementary to a knoWn region of the DNA to be 
sequenced, and the standard deoxynucleotide triphosphates 
(dNTP’s) commonly represented by A, C, G and T, in a 
buffer conducive to hybridiZation betWeen the primer and 
the DNA to be sequenced and chain extension of the 
hybridiZed primer. In addition, each vessel contains a small 
quantity of one type (i.e., one species) of dideoxynucleotide 
triphosphate (ddNTP), e.g., dideoxyadenosine triphosphate 
(ddA). 
[0006] In each vessel, the primer hybridiZes to a speci?c 
site on the isolated DNA. The primers are then extended, one 
base at a time to form a neW nucleic acid polymer comple 
mentary to the isolated pieces of DNA. When a dideoxy 
nucleotide triphosphate is incorporated into the extending 
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polymer this terminates the polymer strand and prevents it 
from being further extended. Accordingly, in each vessel, a 
set of extended polymers of speci?c lengths are formed 
Which are indicative of the positions of the nucleotide 
corresponding to the dideoxynucleotide in that vessel. These 
sets of polymers are then evaluated using gel electrophoresis 
to determine the sequence. 

[0007] As Church and Gilbert observed, “in a mammalian 
cell, the DNA corresponding to any gene sequence is sur 
rounded by DNA corresponding to some million other 
sequences.”“The Genomic Sequencing Technique” in Medi 
cal Genetics." Past, Preseat and Future, Alan R. Liss, Inc., 
pp, 17-21, (1991). The same is true, to a greater or lesser 
extent, of any complex DNA sample, e.g. containing micro 
bial genetic materials, plant genetic materials, complete 
cDNA libraries etc. In the past, DNA sequencing procedures 
have dealt With this complexity by adding steps Which 
substantially purify the DNA of interest relative to other 
DNA species present in the sample. This puri?cation has 
been accomplished by cloning of the DNA to be sequenced 
prior to sequencing, or by ampli?cation of a selected portion 
of the genetic material in a sample to enrich the concentra 
tion of a region of interest relative to other DNA. For 
example, it is possible to amplify a selected portion of a gene 
using a polymerase chain reaction (PCR) as described in 
US. Pat. Nos. 4,683,194, 4,683,195 and 4,683,202, Which 
are incorporated herein by reference. This process involves 
the use of pairs of primers, one for each strand of the duplex 
DNA, that Will hybridiZe at a site located near a region of 
interest in a gene. Chain extension polymeriZation (Without 
a chain terminating nucleotide) is then carried out in repeti 
tive cycles to increase the number of copies of the region of 
interest many times. The ampli?ed polynucleotides are then 
separated from the reaction mixture and used as the starting 
sample for the sequencing reaction. Gelfand et al. have 
described a thermostable enZyme, “Taq polymerase,” 
derived from the organism T hermus aquaticus, which is 
useful in this ampli?cation process. (See US. Pat. Nos. 
4,889,818; 5,352,600 and 5,079,352 Which are incorporated 
herein by reference) Taq polymerase has also been disclosed 
as useful in sequencing DNA When certain special condi 
tions are met. US. Pat. No. 5,075,216, incorporated herein 
by reference. 

[0008] Improvements to the original technique described 
by Sanger et al. have included improvements to the enZyme 
used to extend the primer chain. For example, Tabor et al. 
have described enZymes such as T7 DNApolymerase Which 
have increased processivity, and increased levels of incor 
poration of dideoxynucleotides. (See US. Pat. No. 4,795, 
699 and EP-A-0 386 857, Which are incorporated herein by 
reference). More recently, Reeve et al. have described a 
thermostable enZyme preparation, called Thermo Seque 
naseTM, With improved qualities for DNA sequencing. 
Nature 376: 796-797 (1995); EP-A-0 655 506. Which is 
incorporated herein by reference. For sequencing, the 
Thermo SequenaseTM product is used With an ampli?ed 
DNA sample containing 0.5-2 ug of single stranded DNA (or 
0.5 to 5 ug of double stranded DNA) into four aliquots, and 
combining each aliquot With the Thermo SequenaseTM 
enZyme preparation, one dideoxynucleotide termination 
mixture containing one ddNTP and all four dNTP’s; and one 
dye-labeled primer Which Will hybridiZe to the DNA to be 
sequenced. The mixture is placed in a thermocycler and run 
for 20-30 cycles of annealing, extension and denaturation to 
produce measurable amounts of dye-labeled extension prod 
ucts of varying lengths Which are then evaluated by gel 
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electrophoresis. EP-A-0 655 506 further asserts that Thermo 
SequenaseTM and similar enZymes can be used for ampli? 
cation reactions. 

[0009] Notwithstanding the observations in the art that 
enZymes useful for ampli?cation can also be used for 
sequencing, and vice versa, efforts to combine the ampli? 
cation reaction and the sequencing reaction into a single step 
have been limited. Ruano and Kidd, Proc. Nat’l. Acad. Sci. 
(USA) 88: 2815-2819 (1991) and US. Pat. No. 5,427,911, 
Which are incorporated herein by reference, describe a 
process Which they call “coupled ampli?cation and sequenc 
ing” (CAS) for sequencing of DNA. In this process, a 
sample is treated in a ?rst reaction stage With tWo primers 
and ampli?ed for a number of cycles to achieve 10,000 to 
100,000-fold ampli?cation. A ddNTP is then added during 
the exponential phase of the ampli?cation reaction, and the 
reaction is processed for additional thermal cycles to pro 
duce chain-terminated sequencing fragments. The CAS pro 
cess does not achieve the criteria set forth above for an ideal 
diagnostic assay because it requires an intermediate addition 
of reagents (the ddNTP reagents). This introduces and 
opportunity for error or contamination and increases the 
complexity of any apparatus Which Would be used for 
automation. 

[0010] The problem of errors occurring during ampli?ca 
tion has been addressed in one approach through the incor 
poration into the extending polymers of unusual nucleotides 
(for example dUTP) Which are subject to enZymatic attack 
(for example With uracil-N-glycosylase) and degradation. 
See US. Pat. No. 5,418,149, Which is incorporated herein by 
reference. Such molecules can be in utiliZed in most of the 
same Ways that conventional ampli?cation are used, but can 
be eliminated as contaminants from other reactions by 
incorporation of a pre-treatment step utiliZing an appropriate 
enZyme to degrade the modi?ed nucleic acid polymers. 

[0011] It is an object of the present invention to provide a 
method for sequencing of high-complexity DNA samples 
Which is Well-suited for use in the diagnostic environment 
and for automation and Which provides a means for mini 
miZing errors caused by contamination and nucleic acid 
polymer carryover. 

[0012] It is a further object of the invention to provide a 
method for sequencing of DNA Which utiliZes a DNA 
containing sample Which had been subjected to only mini 
mal pretreatment to make the DNA accessible for sequenc 
ing and Which provides a means for minimiZing errors 
caused by contamination and nucleic acid polymer carry 
over. 

[0013] It is still a further object of the invention to provide 
a method for sequencing of DNA Which requires combining 
a complex DNA-containing sample With only a single 
reaction mixture, thus reducing risk of error and contami 
nation, and increasing the ease With Which the procedure can 
be automated. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method for 
sequencing a region of interest in a DNA sample in Which a 
single set of reagents is added to a minimally-treated sample 
to produce useful sequencing results. The invention is based 
on the surprising observation and discovery that the addition 
of a reaction mixture containing the thermostable poly 
merase Thermo SequenaseTM, tWo primers Which bind to 
complementary strands of a target DNA molecule at sites 
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?anking the region of interest, a mixture of nucleotide 
triphosphates (A, C, G and T) and one dideoxynucleotide 
triphosphate to a DNA sample Which contains target and 
non-target DNA in substantially natural abundance, includ 
ing highly complex DNA samples such as genomic human 
DNA, and the processing of the combination through mul 
tiple cycles of annealing, extension and denaturation results 
in the production of a mixture Which can be loaded directly 
onto a gel for sequence analysis of the region of interest. The 
reaction mixture also includes an unconventional nucleotide 
and an appropriate enZyme for degradation of nucleic acid 
polymers containing the unconventional nucleotide. 

[0015] One aspect of the present invention is a method for 
sequencing a selected region of a target nucleic acid polymer 
comprising the steps of 

[0016] (a) combining a natural abundance sample 
containing the target nucleic acid polymer With a 
reaction mixture comprising three types of deoxy 
nucleotide triphosphates, an unconventional nucle 
otide triphosphate corresponding to the fourth type 
of base, a dideoxynucleotide triphosphate, ?rst and 
second primers, an enZyme Which degrades nucleic 
acid polymers incorporating the unconventional 
nucleotide, and a thermally stable polymerase 
enZyme Which incorporates dideoxynucleotides into 
an extending nucleic acid polymer at a rate Which is 
no less than about 0.4 times the rate of incorporation 
of deoxynucleotides to form a reaction mixture, said 
?rst and second primers binding to the sense and 
antisense strands, respectively, of the target nucleic 
acid polymer at locations ?anking the selected 
region; 

[0017] (b) exposing the reaction mixture to an initial 
stage in Which the enZyme that degrades nucleic acid 
polymers incorporating the unconventional nucle 
otide is active for a period of time suf?cient to 
degrade nucleic acid polymers containing the uncon 
ventional nucleic acid Which may be present in the 
sample; 

[0018] (c) exposing the reaction mixture to a plurality 
of temperature cycles each of Which includes at least 
a high temperature denaturation phase and a loWer 
temperature extension phase to produce a product 
mixture comprising sequencing fragments Which are 
terminated by incorporation of the dideoxynucle 
otide; and 

[0019] (d) evaluating the product mixture to deter 
mine the lengths of the sequencing fragments pro 
duced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 illustrates the method of the invention 
schematically; 
[0021] FIGS. 2A and 2B shoW a comparison of sequenc 
ing runs performed using Thermo SequenaseTM as the poly 
merase in the method of the invention With results obtained 
using other thermostable polymerases in a comparative 
experiment, 
[0022] FIG. 3 shoWs the data trace of FIG. 2A in greater 
detail; 
[0023] FIG. 4 illustrates a multi-dye embodiment of the 
invention: 
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[0024] FIG. 5 illustrates a second multi-dye embodiment 
of the invention; and 

[0025] FIGS. 6A and 6B illustrate a third multi-dye 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The present invention ansWers the need for a 
simple and readily-automated sequencing procedure Which 
can be used directly on samples Which contain complex 
mixtures of DNA. To distinguish such mixtures from DNA 
preparations Which have been sequenced in the past, the 
speci?cation and claims of this application use the term 
“natural abundance sample” to describe such a mixture. As 
used herein a “natural abundance sample” is a sample Which 
has been treated to make DNA in the sample accessible for 
hybridiZation With oligonucleotide primers, for example by 
lysis, centrifugation to remove cellular debris and pro 
teolytic digestion to expose the DNA, but Which has not 
been subjected to a preferential puri?cation or ampli?cation 
step to increase the amount of target DNA relative to 
non-target DNA present in the initial sample. The term 
“natural abundance” does not, hoWever, require the presence 
of all the DNA from the original sample. Thus, a complex 
sample containing just nuclear DNA, or just mitochondrial 
DNA or some subfraction of nuclear or mitochondrial DNA 
obtained by isolation from a tissue sample but not subjected 
to preferential ampli?cation Would be a “natural abundance” 
sample Within the meaning of that term in the speci?cation 
and claims of this application. The term “natural abundance” 
Would also include a DNA sample prepared by conversion, 
for example by reverse transcription, of a total mRNA 
preparation or the genome of an RNA virus to cDNA; DNA 
isolated from an individual bacterial colony groWing on a 
plate or from an enriched bacterial culture; and a viral DNA 
preparation Where substantially the entire viral genome is 
isolated. The term “natural abundance” does not encompass 
a sample in Which the isolated DNA is not a complex 
combination of DNA molecules, and thus Would not encom 
pass, for example, a puri?ed plasmid preparation containing 
only a single species of plasmid. 

[0027] Natural abundance samples of mammalian DNA 
can be prepared from ?uid samples, e.g., blood or urine or 
tissue samples by any of a number of techniques, including 
lysis, centrifugation to remove cellular debris and pro 
teolytic digestion to expose the DNA; salt precipitation or 
standard SDS-proteinase K-phenol extraction. Natural abun 
dance samples can also be prepared using kits, for example 
the Gentra Pure Gene DNA Isolation Kit. 

[0028] The method of the invention utiliZes the properties 
of enZymes like Thermo SequenaseTM, namely the ability to 
incorporate dideoxynucleotides into an extending poly 
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nucleotide at a rate Which is no less than about 0.4 times the 
rate of incorporation of deoxynucleotides, to provide a 
method for the sequencing of a nucleic acid polymer from a 
natural abundance sample in a single set of thermocycling 
reactions Which can be carried out in a single vessel. Thus, 
the method of the invention is ideally suited for automation. 

[0029] FIG. 1 illustrates the fundamental simplicity and 
elegance of the method of the invention in How chart form. 
As shoWn in FIG. 1 a sample containing a target nucleic 
acid polymer Which includes a region to be sequenced is 
combined With a reaction mixture containing tWo primers, a 
mixture of dNTP’s, a chain terminating nucleotide triphos 
phate, i.e., a dideoxynucleotide triphosphate, and a thermo 
stable polymerase With a high affinity for ddNTP incorpo 
ration in a buffer suitable for hybridiZation and template 
dependant polymeriZation. The mixture is processed for a 
number of thermal cycles suf?cient to produce detectable 
amounts of sequencing fragments. generally from 20 to 50 
cycles. During each cycle, the primers each anneal to the 
respective strand of target DNA present in the sample, and 
primer chain extension using the polymerase enZymes and 
the nucleotide triphosphate feedstocks proceeds until termi 
nated by incorporation of a chain-terminating nucleotide 
triphosphate. This results in the production of sequencing 
fragments comparable to those generated in a conventional 
sequencing reaction. Analysis of these fragments provides 
information concerning the sequence of the selected region 
of the target DNA. Those extension products Which are not 
terminated prior to reaching the region complementary to 
the other primer can serve as template for generation of 
sequencing fragments in later cycles, although this generally 
occurs to a very small extent. Finally, the product mixture 
containing dideoxy-terminated fragments is loaded onto an 
electrophoresis gel for analysis of the positions of the base 
corresponding to the chain-terminating nucleotide triphos 
phate With in the target nucleic acid polymer. 

[0030] The operation of the invention can be understood in 
the context of a hypothetical 200 nt DNA fragment having 
equal amounts of each base. This means that there Will be 50 
potential truncation events during the cycle. For each cycle, 
some of the products Would be full length (and thus able to 
hybridiZe With one of the tWo primers to produce more 
sequencing fragments) and some Would be truncated at the 
points Where the ddNTP Was added. If each of these trun 
cation events has a statistical likelihood of occurring 1 time 
in 500 as a result of the relative concentration of ddNTP 
compared to dNTP and the relative incorporation by the 
enZyme, then overall a truncation product Will occur in 
slightly less than ten percent of the reactions. Table I shoWs 
the relative amounts of full-length and chain-termination 
products theoretically formed after 10, 20 and 30 cycles of 
a reaction according to the invention using this 200 nt 
polynucleotide assuming various ratios of truncated to full 
length product. 

TABLE 1 

truncation ratio = 0.1 truncation ratio = 0.3 truncation ration = 0.5 

Cycles truncated full-length truncated full-length truncated full-length 

10 32 613 86 202 57 57 

20 41,000 376,000 17,400 40,462 3,300 3,300 
30 25.6 X 106 230 X 106 3.5 X 106 8.2 X 106 190,000 190,000 
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[0031] The absolute and relative amounts of nucleotide 
triphosphates and chain-terminating nucleotide triphos 
phates may be optimized for the particular enzyme 
employed. In actual practice, it has been found that useful 
results are obtained With Thermo SequenaseTM When the 
reaction is run for 35 to 45 cycles, using a dideoxy:deoxy 
mole ratio of 1:100 to 1:300. In general, each nucleotide 
triphosphate Will be included in the reaction mixture at 
concentrations of from 250 pM to 1.5 mM, and the chain 
terminating nucleotide triphosphate Will be included at a 
level of from 0.5 pM to 30 pM to produce compositions in 
Which the mole ratio of the chain terminating nucleotide 
triphosphate to the corresponding nucleotide triphosphate is 
from 1:50 to 1:1000, preferably from 1:100 to 1:500. This 
Will result in incorporation of a chain-terminating nucleotide 
triphosphate into from 30 to almost 100 percent of the 
extending polymer chains formed during the thermal cycling 
of the reaction mixture. 

[0032] Akey factor in successfully performing the method 
of the invention is the utiliZation of Thermo SequenaseTM or 
a comparable enZyme as the thermostable polymerase in the 
reaction mixture. Such enZymes are characteriZed by a high 
af?nity for incorporating dideoxynucleotides into the 
extending nucleotide chain. In general, for purposes of the 
present invention, the polymerase used should be one Which 
incorporates dideoxynucleotides into an extending nucleic 
acid polymer at a rate Which is no less than about 0.4 times 
the rate of incorporation of deoxynucleotides. Thermo 
SequenaseTM is knoWn to favor the incorporation of 
dideoxynucleotides, and is suitable for use in the invention. 
Tabor et al. have also described enZymes having increased 
processivity and high and increased levels of incorporation 
of dideoxynucleotides. (See EP 0 655 506). Roche sells 
polymerase under the trademark TAQ-FS Which meets these 
criteria as Well. 

[0033] FIGS. 2A and 2B and FIG. 3 illustrate the impor 
tance of this characteristic of the polymerase enZyme 
employed. FIGS. 2A and 3 shoWs a sequencing data trace 
for an actual heteroZygous patient sample of natural abun 
dance DNA Which Was obtained using Thermo Sequenase TM 
and primers ?anking exon 2 of the Von Hippel-Lindau gene 
in a process according to the invention. Large, Well-de?ned 
peaks corresponding to the termination fragments Were 
obtained Which made sequence evaluation of the sample 
very straightforWard. In addition, the peaks for homoZygous 
peaks are all approximately the same siZe, and are readily 
distinguishable from peaks for bases at heteroZygous loca 
tions. This result Was obtained performing the test in a single 
reaction vessel, With a single unaugmented reaction mixture, 
in a total of 45 thermal cycles. Comparable results could be 
obtained using feWer reaction cycles, for example 35 cycles 
as shoWn in Example 1 herein. 

[0034] In contrast. FIG. 2B shoWs the trace obtained When 
a combination of Vent and SequithermTM Were used instead 
of Thermo SequenaseTM for a total of 45 thermal cycles. In 
this trace, the peaks for the termination fragments are much 
smaller and less Well de?ned. Furthermore, the peaks are 
quite variable in height and did not permit identi?cation of 
heteroZygous peaks based on peak height. Performing the 
same experiment using Taq polymerase alone resulted in a 
data trace that contained no usable peaks. 

[0035] In the method of the invention, a natural abundance 
sample containing, or suspected to contain, a target DNA 
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sequence is combined in a reaction mixture With an appro 
priate polymerase, all four types of deoxynucleotide triph 
osphates, a dideoxynucleotide triphosphate, and ?rst and 
second primers. The primers used in the method of the 
present invention can be any pair of primers Which hybridiZe 
With the sense and antisense strands of the target DNA 
?anking a selected region that is to be sequenced, and Which 
do not both hybridiZe to neighboring locations in human 
DNA or other DNA potentially found in the sample. As used 
herein, the term “?anking” Will be understood to mean the 
positioning of primers at the 5 ‘-ends of the selected region on 
each DNA strand, such that extension of the primers leads to 
replication of the region betWeen the primers. The primers 
are preferably selected such that the primer pair ?anks a 
region that is about 500 bp or less, although primers span 
ning larger regions of DNA can be utiliZed With adjustments 
to the sequencing mixture (generally an increase in the 
relative amount of deoxynucleotide triphosphates) to 
increase the amount of longer sequencing fragments pro 
duced. 

[0036] Primers can be selected to hybridiZe With highly 
conserved regions Which are the same in all variants of the 
target DNA or can be prepared as degenerate primers to take 
knoWn sequence variations at the primer site into account. 
Thus, the ?rst and second primers of the invention may each 
be a discrete oligonucleotide species, or may be a set of 
oligonucleotide primers With similar but not identical 
sequences. 

[0037] One or both of the primers may be labeled With a 
detectable label at the 5‘-end thereof, 20 particularly a 
?uorescent label such as ?uorescein or a cyanine dye such 
as Cy 5.5, If labels are used on both primers, the labels 
selected should be spectroscopically-distinct, i.e., they 
should have either a different excitation spectrum or a 
different emission spectrum such that one primer can be 
distinguished from the other. When both primers are labeled 
With different detectable labels, for example With tWo dif 
ferent ?uorophores as in the process described by Wiemann 
et al., “Simultaneous On-Line DNA Sequencing on Both 
Stands With TWo Fluorescent Dyes,”Anal. Biochem 224: 
117-121 (1995), the sequence of both strands of the sample 
can be determined in a single reaction. 

[0038] The nucleotide triphosphate feedstock mixture is a 
standard mixture of three of the four conventional deoxy 
nucleotide bases (A, C, G and T), plus an unconventional 
nucleotide corresponding to the fourth base in a buffer 
suitable for template-dependent primer extension With the 
enZyme employed. As Will be appreciated by persons skilled 
in the art, the speci?c concentrations of the nucleotide 
triphosphates and the nature of the buffer Will vary depend 
ing on the enZyme employed. Standard buffers and reagent 
concentrations for various knoWn polymerase enZymes may 
be employed in the invention. 

[0039] The term “unconventional nucleotides” refers to 
unnatural or analog type nucleotide triphosphates that can be 
polymeriZed in a template dependent manner into the 
sequencing fragments. Unnatural forms of modi?ed nucle 
otides include alkylated nucleotides and nucleotides modi 
?ed by alkylhydroxylation. Speci?c examples of modi?ed 
nucleotides includes but are not limited to N-7 methylgua 
nine, deoxyuridine, deoxyinosine, deoxy-5,6-dihydrox 
ythymine (from OsO4, treated DNA), 5‘,6‘-dihydroxydihy 
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drothymine, and deoxy-3‘-methyladenosine. 
Unconventional nucleotides may also include natural forms 
of nucleotides Which are not conventionally incorporated in 
DNA. Thus, for purposes of the present invention, uracil and 
hypoxanthine are unconventional nucleotides. 

[0040] An important characteristic of the unconventional 
nucleotides use din the invention is existence of an enZyme 
Which Will degrade polynucleotides containing the uncon 
ventional nucleotides to make them unsuitable as substrates 
for further generatio of sequencing fragments at tempera 
tures beloW those normally associated With generation of 
sequencing fragments using a thermostable polymerase. The 
reaction mixture in accordance With the invention includes 
an appropriate enZyme, frequently a glycosylase. Examples 
of speci?c enZymes include: uracil N-glycosylase, hypox 
anthine-DNA glycosylase, 3-methyladenine-DNA glycosy 
lase I and II, hydroxymethyl uracil-DNA glycosylase and 
foramido-pyrimidine DNA glycosylases. The enZyme is 
preferably a thermolabile enZyme so that it is active for 
destruction of carry-over polynucleotides prior to the ?rst 
sequencing reaction, but inactive thereafter. Care should be 
taken in the selection of reaction conditions so that the 
temperature is not loWered after synthesis of sequencing 
fragments to a temperature Which Will permit signi?cant 
degradation of the desired products prior to analysis. 

[0041] The reaction mixture used in the present invention 
also includes at least one type (or one species) of chain 
terminating nucleotide triphosphate. Separate reactions for 
the four different types of bases may be run either concur 
rently or successively. Running all four bases concurrently 
comports With conventional sequencing practice. HoWever, 
a preferred embodiment of the present invention combines 
the single vessel methodology of this application With 
“single track sequencing” Which is described in commonly 
assigned US. patent application Ser. No. 08/577,858. In 
single track sequencing, the determination of the positions 
of only one (or in any event less than 4) nucleotide(s) of a 
target sequence is frequently suf?cient to establish the 
presence of and determine the qualitative nature of a target 
microorganism by providing a ?nger-print or bar-code of the 
target sequence that may be suf?cient to distinguish it from 
all other knoWn varieties of the sequence. Throughput is 
increased by reducing the number of reactions and electro 
phoresis runs required to identify a sequence. By selection 
of the order of bases tested, and intermediate analysis, it may 
be unnecessary to run all four bases to determine the 
presence and speci?c qualitative nature of any target micro 
organism present in the sample. 

[0042] The present method can be used in combination 
With any type of detection system that is compatible With the 
label employed on the primers. For example, a Pharmacia 
A.L.F. sequencer may be employed When ?uorescein-la 
beled primers are used, While a Visible Genetics MicroGene 
Blaster is appropriate When the label used is Cy5.5, When 
multiple labels are used, the sample can be processed on 
multiple instruments, or it can be evaluated on an instrument 
Which is capable of detecting signals from multiple labels. 
An example of such an instrument is the Prism 377 
Sequencer (Applied Biosystems Inc.) Which detects and 
distinguishes betWeen 4 dyes in a single lane. Spectroscopi 
cally distinguishable dyes Which are recogniZed by the 
Prism 377 are the FAM, ROX, TAMRA and JOE dyes 
knoWn in the art. 
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[0043] The possibility of multi-dye detection leads to a 
Wide range of applications for the invention Which lead to 
improved accuracy in sequencing and to improved instru 
mental throughput. For example. FIG. 4 illustrates a method 
for obtaining both the forWard and reverse sequences of a 
target nucleic acid sequence using tWo primers, each With a 
spectroscopically-distinguishable label. The natural abun 
dance sample is mixed With forWard and reverse primers, 
each With a distinguishable label (1 and 2). The reaction is 
performed With four termination reactions, one each for A, 
C, G and T. Each reaction is loaded into a single Well of an 
automated sequencing instrument that detects and distin 
guishes at least the tWo labels employed. The results 
detected from label 1 are combined to give the forWard 
sequence. The results detected from label 2 are combined to 
give the reverse sequence. The tWo sequences can be used to 
check each other and correct any ambiguities in base calling. 
In addition, the opposite sequence can be used to con?rm 
sequence proximal to a primer Which is found empirically to 
be dif?cult to determine on commercially available auto 
mated DNA sequencers. 

[0044] FIG. 5 demonstrates the use of multiple labels in a 
different format. In this case, assuming the instrument can 
distinguish betWeen 4 labels, 4 genes or gene fragments in 
a single sample can be sequenced contemporaneously, 4 
pairs of primers are added to patient sample genomic DNA. 
Each pair is speci?c for a different target, possibly 4 exons 
of the same gene of interest (P, Q, R and S). One member of 
each pair is conjugated to a detectable label (1, 2, 3, or 4) and 
each label is distinguishable from the others. This mixture is 
divided into four termination reaction tubes, one each for 
ddA, ddC, ddG and ddT, and thermally processed. Termi 
nation reaction products are loaded in one lane, thus employ 
ing the method as disclosed in US. patent application Ser. 
No. 20 08/634,284, assigned to the assignee of the instant 
invention and incorporated herein by reference. The results 
from each label arc combined to give the sequence of the 
exon for Which that primer is speci?c. 

[0045] Another embodiment takes advantage of the fact 
that a single ddA termination reaction identi?es the A 
nucleotides from each strand, FIG. 6A, thus identifying the 
complementary base (in this case T) in the opposite strand, 
(i.e. the A termination sites on the opposite strand corre 
spond to T nucleotide sites in the ?rst strand). The comple 
mentary base can be located in the “missing” sites of the 
opposite strand. Note that sequence from the opposite strand 
must be inverted before it can be added in to the missing 
sites because it starts at the opposite end of the target gene 
and chain extension is in the opposite direction. 

[0046] In FIG. 6B, 21 second termination reaction for ddC 
is added. This alloWs identi?cation of C and its complement 
G in each strand. When these results are added to the ?rst 
reaction, a full DNA sequence is obtained. Thus on the basis 
of 2 termination reactions employing one ddNTP chain 
terminator each, the full 4 lane sequence of a gene can be 
obtained. 

[0047] The base-calling and compiling of sequences illus 
trated in FIG. 6A and 6B can be facilitated using GeneOb 
jects softWare (Visible Genetics Inc., Toronto) and employ 
ing techniques disclosed in US. patent application Ser. Nos. 
08/497,202 and 08/670,534, incorporated herein by refer 
ence. 
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[0048] The method of the present invention is advanta 
geously applied in many contexts including: (1) detection of 
mutations, particularly mutations of medical signi?cance, in 
samples derived from a human patient, animal, plant or 
microorganism; (2) determination of HLA type ancillary to 
transplant procedures; (3) detection and identi?cation of 
microorganisms, particularly pathogenic microorganisms, in 
a sample; and (4) in-situ sequencing reactions to produce 
sequencing fragments Within a histological specimen Which 
are then removed from a selected location on the tissue 

preparation and loaded onto a gel for sequence analysis. This 
latter approach is particularly useful for evaluation of 
archived samples in retrospective studies Where the outcome 
of a disease condition is knoWn, but the potentially causative 
mutation is not. This method can be used With labeled 
primers for single base sequencing (or multiple-base 
sequencing using multiple tissue samples). 

[0049] The basic method of the invention can also be 
enhanced by various modi?cations Without departing from 
the scope of the present invention. For example, improve 
ments in reproducibility and sensitivity can be obtained by 
using a combination of an enZyme having a high af?nity for 
incorporation of dideoxynucleotide triphosphates into the 
extending polymer, e.g., Thermo SequenaseTM, and one 
having a loW affinity for incorporation of dideoxynucleotide 
triphosphates into the extending polymer, e.g., Taq poly 
merase, under conditions Where both enZymes are actively 
catalyZing template-dependent primer extension polymer 
iZation. As noted above, the high af?nity enZyme produces 
almost entirely termination products, With very feW of the 
polymers actually being extended to full length. On the other 
hand, the loW af?nity enZyme produces almost exclusively 
full length product, With relatively feW termination products. 
Addition of the loW af?nity enZyme to the reaction mixture 
increases the sensitivity of the method by producing more 
full length material to be sequenced Without increasing the 
processing time or adding processing steps. The increase in 
sensitivity can be controlled by varying the ratio of high 
af?nity to loW af?nity enZyme present in the mixture. 

[0050] It Will be noted, hoWever, that including of loW 
af?nity enZyme to produce full length product Will also 
result in the formation of a very intense labeled full-length 
product peak. This peak may make analysis of the bases near 
the end of the sequence dif?cult. To obtain the bene?ts of 
increased sensitivity While making less full length product, 
it may be desirable to utiliZe a loW af?nity enZyme Which is 
more thermolabile than Taq polymerase, such that the loW 
af?nity enZyme is essentially inactivated by the end of the 
?rst 15 to 25 cycles. This Would alloW the production of 
longer fragments early in the assay and the generation of 
more terminated fragments late in the assay. 

[0051] The reaction mixture of the invention may also 
incorporate other additives Which enhance the formation of 
sequencing fragments. For example, a product called 
TaqStartTM Antibody is a monoclonal antibody Which binds 
to and blocks the activities of Taq polymerase. This antibody 
is added to PCR reactions using Taq polymerase to block 
enZyme activity during set-up at ambient temperature to 
prevent or reduce the formation of non-speci?c ampli?ca 
tion products. TaqStartTM Antibody can be used in the 
present invention With Thermo SequenaseTM to reduce non 
speci?c primer extension reactions. 
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[0052] The method of the invention may also be used in 
conjunction With Johnson & Johnson techniques knoWn as 
“PCR IN A POUCH” Which is described in US. Pat. No. 
5,460,780 incorporated herein by reference. 

[0053] While the preferred method for sequencing nucleic 
acid polymers in accordance With the invention involves the 
use of a single step procedure as described above, the 
invention also encompasses other uses of unconventional 
nucleotides during the preparation of sequencing fragments 
to provide a mechanism for reducing the risk of carry-over 
contamination in laboratories performing sequencing reac 
tions through the addition of a preliminary degradation step 
prior to each sequencing procedure. Thus, in the broadest 
sense, the invention is a method for sequencing a nucleic 
acid polymer in a sample, in Which the sample is combined 
With a reaction mixture containing an unconventional nucle 
otide, three conventional nucleotide bases, at least one type 
of one chain-terminating nucleotide triphosphate, a poly 
merase enZyme, and an enZyme for degrading polynucle 
otides containing the unconventional base. The sequencing 
reaction can be done as a single step from natural abundance 
DNA, as described above, or can be performed on a previ 
ously ampli?ed (preferably using an unconventional nucle 
otide) sample. The sequencing fragments can be obtained 
using any knoWn method, including cycle sequencing, CAS, 
bidirectional sequencing or conventional one extension 
sequencing. 
[0054] The invention Will noW be further described With 
reference to the folloWing non-limiting examples. 

EXAMPLE 1 

DNA Ampli?cation by PCR With dUTP and 
Uracyl-n-glycosylase 

[0055] PCR Master Mix 

[0056] HK-UNG Dilution Buffer 10 pl 

[0057] HK-UNG 1 #1 

[0058] 10X PCR Buffer II 55 pl 

[0059] 25 mM MgC12 66 #1 

[0060] dNTP Mix 66 pl 

[0061] PCR Primers 13 pl 

[0062] Sterile Water 284 pl 

[0063] AmpliTaq DNA Polymerase @ 5 U/ul 2.8 pl 

[0064] Where 

[0065] HK-UNG Dilution Buffer is 50 mM Tris-HCl 
(pH 7.5), 100 mM NaCl, 0.1 mM EDTA. 

[0066] 1 mM DTT, and 0.1% Triton X-100 

[0067] HK-UNG is Thermolabile Uracyl-N-Glycosy 
lase, Epicentre Technologies 10X PCR Buffer II: 100 
mM Tris-HCl pH 8.3 @ 25° C.; 500 mM KCl 

[0068] dNTP Mix: 2.5 mM dATP, 2.5 mM dCTP, 2.5 
mM dGTP, and 2.5 mM dUTP 

[0069] PCR Primers: 2.0 KM primer CT1590, 2.0 pM 
primer KL1-Cy5.5 
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[0070] Primer KL1-Cy5.55‘-TCC GGA GCG AGT 
TAC GAA GA-3‘, labeled With Cy5.5 

[0071] Primer CT15905‘-ATG CCC GGG ATT GGT 
TGA TC-3‘, unlabeled 

[0072] 45 pl of the PCR Master MiX Was put in a 200 
pl thin-Walled PCR tube. 

[0073] 5 pl of a recombinant plasmid (pUC8 containing 
the cryptic plasmid of 

[0074] Chlamydia trachomatis, serovar L1) at 400 cop 
ies/pl. 

[0075] The tube Was closed and put in the thermal cycler. 
The PCR Was started With the following conditions 

[0076] 37° C. 15 min 

[0077] 75° C. 15 min 

[0078] 94° C. 5 min 

[0079] 37 cycles of the following 

[0080] 94° C. 30 sec 

[0081] 61° C. 30 sec 

[0082] 72° C. 45 sec 

[0083] Then 

[0084] 72° C. 5 min 

[0085] hold at 4° C. 

[0086] Sequencing of the dUTP-containing amplicon 
by CLIP With dUTP 

[0087] CLIP Master MiX 

[0088] 
[0089] 

Sequencing Buffer 22 pl 

CLIP Primers 12 pl 

[0090] ThermoSequenase @ 32 U/pl 2.2 pl 

[0091] Sterile Water 84.8 pl 

[0092] Where 

[0093] Sequencing BufferTris-HCl 260 mM pH 9.1 @ 
25° C.; MgCl2 39 mM in ddH2O 

[0094] CLIP Primers: 2.0 pM primer CT1431F-Cy5.5, 
2.0 pM primer CT1538R 

[0095] Primer CT1431F-Cy5.55‘-GTG CATAAA CTT 
CTG AGG AT-3‘, labeled With Cy5.5 

[0096] Primer CT1538R5‘-GTA AAC GCT CCT CTG 
AAG TC-3‘, unlabeled 

[0097] 11 pl of the CLIP Master MiX Was added to a 
tube 2 pl of the dUTP-containing amplicon, created 

[0098] by the PCR reaction above, Was added to the 11 
pl of CLIP Master Mix, this is the Sample Master 

[0099] MiX 20 pl of sterile mineral oil Was added to four 
200 pl thin-Walled PCR tubes 

[0100] 3 pl of the Sample Master MiX Was added to each 
of the four tubes containing the mineral oil 

[0101] 3 pl of A-Sequencing MiX (750 pM dATP, 750 
pM dCTP, 750 pM dGTP, 750 pM dUTP, 2.5 pM 
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[0102] ddATP) Was added to ?rst of the four tubes 

[0103] 3 pl of C-Sequencing MiX (750 pM dATP, 750 
#M dCTP, 750 #M dGTP, 750 yM dUTP, 2.5 yM 

[0104] ddCTP) Was added to second of the four tubes 

[0105] 3 pl of G-Sequencing MiX (750 pM dAT P, 750 
#M dCTP, 750 #M dGTP, 750 yM 

[0106] dUTP, 2.5 pM ddGTP) Was added to third of the 
four tubes 

[0107] 3 pl of T-Sequencing MiX (750 pM dAT P, 750 
#M dCTP, 750 #M dGTP, 750 yM 

[0108] dUTP, 2.5 pM ddTTP) Was added to fourth of the 
four tubes 

[0109] The tubes Were closed and put in the thermal 
cycler. The sequencing reactions Were started With the 
folloWing conditions 

[0110] 94° C. 5 min 

[0111] 37 cycles of the folloWing 

[0112] 94° C. 10 sec 

[0113] 60° C. 15 sec 

[0114] 70° C. 45 sec 

[0115] Then 

[0116] 70° C. 5 min 

[0117] hold at 4° C. 

[0118] The tubes Were taken out of the thermal cycler, and 
6 pl of loading dye Was added to each tube (A, C, G, and T). 
2 pl of each tubes containing the loading dye Were migrated 
on a MICROGENE BLASTER sequencer at 50° C. for 20 
minutes at a voltage of 1,300 volts. After the run, the bases 
Where determined. 

EXAMPLE 2 

Sequencing an HIV dTTP-containing Amplicon by 
CLIP With dUTP 

[0119] CLIP Master MiX 

[0120] 
[0121] 
[0122] 

Sequencing Buffer 18.5 pl 

HK-UNG 1.0 pl 

dTTP-Containing Amplicon 5.0 pl 

[0123] AmpliTAQ FS @ 15 U/pl 4.0 pl 

[0124] Sterile Water 69.5 pl 

[0125] Where 

[0126] Sequencing Buffer: Tris-HCl 260 mM pH 8.3 @ 
25° C.; MgCl2 32.5 mM in ddH2O dTTP-Containing 
Amplicon: a 1.3-kb amplicon at a concentration of 100 
ng/pl, containing the sequence of the protease of HIV-1. 

[0127] HK-UNG: Thermolabile Uracyl-N-Glycosylase, 
Epicentre Technologies 7 pl of A-Termination MiX 
(640 mM dATP, 640 mM dCTP, 640 mM dGTP, 640 
mM dUTP, 1 pM ddATP, 163 mM primer PR170F 
Cy5.5, 163 nM primer PR 17OF-A-Cy5.5. 131 nM 
primer PR543R-Cy5.0, 200 nM primer PR543R) Was 
added to a 200 pl thin-Walled PCR tube. 
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[0128] 7 pl of C-Termination Mix (640 mM dATP, 640 
mM dGTP, 640 mM dGTP, 640 mM dUTP, 2 pM 
ddCTP, 163 mM primer PR170F-Cy5.5, 163 nM 
primer PR170F-A-Cy5.5, 131 nM primer PR543R 
Cy5.0. 200 nM primer PR543R) Was added to a 200 pl 
thin-Walled PCR tube. 

[0129] 7 pl of G-Termination Mix (640 mM dATP, 640 
mM dCTP, 640 mM dGTP, 640 mM dUTP, 2 pM 
ddGTP, 163 mM primer PR170F-Cy5.5, 163 nM 
primer PR17(OF-A-Cy5.5, 131 nM primer PR543R 
Cy5.0. 200 nM primer PR543R) Was added to a 200 pl 
thin-Walled PCR tube. 

[0130] 7 pl of T-Termination Mix (640 mM dATP, 640 
mM dCTP, 640 mM dGTP, 640 mM dUTP, 2 pM 
ddTTP, 163 mM primer PR170F-Cy5 .5, 163 nM primer 
PR170F-A-Cy5 .5, 131 nM primer PR543R-Cy5.0, 200 
nM primer PR543R) Was added to a 200 pl thin-Walled 
PCR tube. 

[0131] Where 

[0132] Primer PR170F-Cy5 .5 : 5‘-GAG CCR ATA GAC 
AAG GAA YTR TAT-3‘, labeled With Cy5 .5 

[0133] Primer PR170F-A-Cy5.5: 5‘-GAG MCG ATA 
GAC AAG GRV CTG TAT-3‘, labeled With Cy5.5 

[0134] Primer PR543R-Cy5.5: 5‘-ACT TTT GGG CCA 
TCC ATT CCT-3‘, labeled With Cy5.0 

[0135] Primer PR543R-Cy5.5: 5‘-ACT TTT GGG CCA 
TCC ATT CCT-3‘, unlabeled 5 pl of the CLIP Master 
Mix Was added to each of the four tubes containing the 
Termination Mixes. 

[0136] The tubes Were closed and put in the thermal 
cycler. The sequencing reactions Were started With the 
following conditions 

[0137] 370 C. 15 min 

[0138] 20 75° C. 15 min 

[0139] 94° C. 5 min 

[0140] 30 cycles of the folloWing 

[0141] 94° C. 20 sec 

[0142] 56° C. 20 sec 

[0143] 25 70° C. 90 sec 

[0144] Then 

[0145] 70° C. 5 min hold at 4° C. 

[0146] The tubes Were taken out of the thermal cycler, and 
12 pl of loading dye Was added to each tube (A, C, G, and 
T). 2 pl of each tubes containing the loading dye Were 
migrated on a Clipper (tWo dye automated sequencer) at 54° 
C. for 35 minutes at a voltage of 1,400 volts. After the run, 
the bases Where determined on both orientation (forWard and 
reverse). 

EXAMPLE 3 

[0147] Cycle Sequencing 

[0148] Sequencing M13 With dUTP 

[0149] Sequencing Master Mix 
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[0150] 
[0151] 
[0152] 
[0153] 

HK-UNG diluted 1/10 1.0 pl 

Sequencing Buffer 2.0 pl 

Primer at 3 pM 1.0 pl 

M13 ssDNA 1.0 pl 

[0154] ThermoSequenase @32 U/pl 2.5 pl 

[0155] Sterile Water 5.5 pl 

[0156] Where 

[0157] Sequencing Buffer: Tris-HCl 260 mM pH 8.3 @ 
25° C.: MgCl2 39 mM in ddH2O 

[0158] PrimerM13 Universal-Cy5.5: 5‘-GTA AAA 
CGA CGG CCA GT-3‘, labeled With Cy5.5 

[0159] M13 ssDNA: single stranded DNA (M13) at 200 
ng/pl 

[0160] HK-UNG: Thermolabile Uracyl-N-Glycosylase, 
Epicentre Technologies 

[0161] Aliquot 3 pl of A-Termination Mix (750 pM 
dATP, 750 pM dCTP, 750 pM Dgtp, 750 pM dUTP, 

[0162] 2.5 pM ddATP) in a 200 pl thin-Walled PCR 
tube. 

[0163] Aliquot 3 pl of C-Termination Mix (750 pM 
dATP, 750 pM dCTP, 750 pM dGTP, 

[0164] 750 pM dUTP, 2.5 pM ddCTP) in a 200 pl 
thin-Walled PCR tube. 

[0165] Aliquot 3 pl of G-Termination Mix (750 pM 
dATP, 750 pM dCTP, 750 pM dGTP, =p0 750 pM 
dUTP, 2.5 pM ddGTP) in a 200 pl thin-Walled PCR 
tube. 

[0166] Aliquot 3 pl of T-Termination Mix (750 pM 
dATP, 750 pM dCTP, 750 pM dGTP, 

[0167] 750 pM dUTP, 2.5 pM ddTTP) in a 200 pl 
thin-Walled PCR tube. 

[0168] Aliquot 3 pl of the Sequencing Master Mix in 
each of the termination tubes. Close the tubes and put 
them in the thermal cylcer. Start the sequencing reac 
tion With the folloWing conditions 

[0169] 37° C. 15 min 

[0170] 75° C. 15 min 

[0171] 94° C. 2 min 

[0172] 35 cycles of the folloWing 

[0173] 94° C. 40 sec 

[0174] 50° C. 20 sec 

[0175] 72° C. 60 sec 

[0176] Then 

[0177] 72° c. 2 min 

[0178] hold at 4° C. 

[0179] Take the tubes out of the thermal cycler and add 6 
pl of loading dye to each tube (A, C, G, and T). 

[0180] Migrate 2 pl of each tubes containing the loading 
dye a MICROGENE BLASTER sequencer at 54° C. for 35 
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minutes at a voltage of 1,400 volts. After the run, analyse the 
data to determine the sequence. 

1. A method for determining the position of at least one 
selected species of nucleotide Within a region of interest in 
a target nucleic acid polymer in a sample comprising the 
steps of combining the sample With a reaction mixture to 
synthesiZe chain-extension products indicative of the posi 
tions of the selected species of nucleotide Within the region 
of interest and evaluating the products thus produced, 
Wherein the reaction mixture Which is combined With the 
sample comprises an unconventional nucleotide and a ?rst 
enZyme said ?rst enZyme being effective to degrade poly 
nucleotides incorporating the unconventional nucleotide. 

2. The method according to claim 1, Wherein target and 
non-target nucleic acid polymers are present in the sample in 
substantially natural relative abundance. 

3. The method according to claim 2, Wherein the reaction 
mixture further comprises a thermally-stable polymerase 
enZyme Which incorporates dideoxynucleotides into an 
extending nucleic acid polymer at a rate Which is no less 
than 0.4 times the rate of incorporation of deoxynucleotides. 

4. The method according to claim 1, Wherein the reaction 
mixture further comprises at least tWo oligonucleotide prim 
ers Which, When hybridiZed to the target DNA, are oriented 
to alloW chain extension toWards each other across the 
region of interest. 

5. Amethod according to claim 1, comprising the steps of: 

(a) combining the sample in the reaction mixture With ?rst 
and second primers, a nucleotide triphosphate feed 
stock mixture, a chain-terminating nucleotide triphos 
phate and a thermally stable polymerase enZyme, said 
?rst and second primers binding to the sense and 
antisense strands, respectively, of the target nucleic 
acid polymer at locations ?anking the selected region; 

(b) incubating the reaction mixture for a period of time 
suf?cient to permit degradation of any nucleic acid 
polymers including the unconventional nucleotide by 
the ?rst enZyme, 

(c) exposing the reaction mixture after the incubation step 
to a plurality of temperature cycles each of Which 
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includes at least a high temperature denaturation phase 
and a loWer temperature extension phase, thereby pro 
ducing a plurality of terminated fragments; and 

(c) evaluating terminated fragments produced during the 
additional cycles to determine the positions of the 
nucleic acid corresponding to the chain-terminating 
nucleotide triphosphate Within the selected region, 
characteriZed in that the sample contains target nucleic 
acid polymer and non-target nucleic acid polymer in 
natural abundance and that the polymerase is one Which 
incorporates dideoxynucleotides into an extending 
nucleic acid polymer at a rate Which is no less than 0.4 
times the rate of incorporation of deoxynucleotides. 

6. The method according to claim 5, Wherein target and 
non-target nucleic acid polymers are present in the sample in 
substantially natural relative abundance. 

7. The method of claim 6, Wherein the mole ratio of the 
dideoxynucleotide triphosphate to the corresponding deoxy 
nucleotide triphosphate in the reaction mixture is from 1:50 
to 1:1000. 

8. The method of claim 6, Wherein the mole ratio of the 
dideoxynucleotide triphosphate to the corresponding deoxy 
nucleotide triphosphate is from 1:100 to 1:300. 

9. The method of claim 1, Wherein at least one of the 
primers is labeled With a ?uorescent label. 

10. The method of claim 9, Wherein the primers are each 
labeled With a different ?uorescent label. 

11. The method of claim 1, Wherein the enZyme is a 
glycosylase. 

12. The method according to claim 1, Wherein the uncon 
ventional nucleotide is dUTP. 

13. The method of claim 12, Wherein the enZyme is a 
glycosylase. 

14. The method according to claim 1, Wherein the reaction 
mixture further comprises a second polymerase enZyme 
having a loW af?nity for incorporation of dideoxynucleotide 
triphosphates compared to deoxynucleotide triphosphates. 

15. The method according to claim 14, Wherein the second 
polymerase is Taq polymerase. 


