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(57) ABSTRACT 
This invention concerns a reagent composition comprising 
at least tWo different terminators of a nucleic acid template 
dependent, primer extension reaction. This invention also 
concerns a method for determining the identity of a nucle 
otide base at a speci?c position in a nucleic acid of interest. 
This invention further concerns a method for determining 
the presence or absence of a particular nucleotide sequence 
in a sample of nucleic acids. This invention further concerns 
a method for identifying different alleles in a sample con 
taining nucleic acids. This invention further concerns a 
method for determining the genotype of an organism at one 
or more particular genetic loci. 
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FIGURE 2. 

I . Ampl ification primers 

TGL 105: 5'-TTCT'I'CTTGCATCTATGTTCG-3' 

TGL 106: 5'-TTAAGCACCACCACAGGTCCT—3 ' 

II. Polymarphism detection primers 

TGL 182: 5'-GCCTTGGCGTTGTAGAA—3' 

TGL 166: 5'-AGAGAAACAATTTCAAG-3' 

III. Target sequence 

5' . . .TEECECTTG CAIQAIGII CQ'I‘TTTTTC‘I' ATTGCTACAA 4O 
'I'GL 105 —----—> 

TACGGGTCCC TGCAAGGCCA GAATTATCAG ATAc/TIICTAQ 120 

ggccccAAss c'rsssc'rc'rc CCAGACCTTT G'I'ATATGGTG 160 
<----- TGL 182 

GCTGCAGAGC TA/G GCGCAGAGGA 20o 
TGL 166 —----> 

C‘I'GQWMWEIIMGG GCCCCGGGAA- -3'240 
<----- TGL 106 ' 

IV . Polymorphisms 
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FIGURE 3 
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FIGURE 4 

Template 
(2.5 pmoIes/rxn) TGL 82 I 

Primer (2.5 TGL346 TGL391 
pmoles per lane) 

G A T C G A T C 

Labeled ddNTP 
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FIGURE 7 

lndiv. lndlv. 
824N239 ESB164 EA2014 
PCH 
TEMPLATE 250 Dmoles 25 fmoles 75 fmoies 250 fmoles 
per rxn 

PRIMER: TGL308 (2.5 pmoles) 

GATCGATCGATCGATC 

Labeled ddNTP 



Patent Application Publication Mar. 6, 2003 Sheet 8 0f 12 US 2003/0044779 A1 

FIGURE) 8 

PRIMER: TGLSOB (2.5 pmoles/rxn) 
l 1 

5240/2139 
PCR Template lndiv. ESB164 Indiv. EA2014 
(75 frnoles/rxn) 5 j i 7 

3*" 
Magnetic _ 

Beads .., G j: T NaOH ?' 

El te . " U8. 0. A. 7-1 ‘- ‘g: 
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Labeted ddNTP 
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FIGURE 9 

GBA: HLA DPA‘I aa 31 
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FIGURE 10 

GBA: HLA DPA'I aa50 
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FIGURE 11 

GBA: Equine Locus JH85 
Nucleotide 122 

Genotype (+) Strand 

AB 

BB 

#308 ‘ 

TGAAQCC'I‘CAGACCGCGTGG‘I‘GCCTGGT (o;- CCCGGGTGCAGGTTAGGGGCCTTGGGC 
TC 

CZ GGGCCCACGTCCAATCCCCGGAACCCG 
AG . 
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NUCLEIC ACID TYPING BY POLYMERASE 
EXTENSION OF OLIGONUCLEOTIDES USING 

TERMINATOR MIXTURES 

[0001] This application is a continuation-in-part of US. 
Ser. No. 664,837 ?led Mar. 5, 1991, the contents of Which 
are hereby incorporated by reference into the present dis 
closure. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the ?eld of nucleic acid 
sequence detection. The detection of nucleic acid sequences 
can be used in tWo general contexts. First, the detection of 
nucleic acid sequences can be used to determine the pres 
ence or absence of a particular genetic element. Second, the 
detection of nucleic acid sequences can be used to determine 
the speci?c type of a particular genetic element that is 
present. Variant genetic elements usually exist. Many tech 
niques have been developed (1) to determine the presence of 
speci?c nucleic acid sequences, and (2) to compare homolo 
gous segments of nucleic acid sequence to determine if the 
segments are identical or if they differ at one or more 
nucleotides. Practical applications of these techniques 
include genetic disease diagnoses, infectious disease diag 
noses, forensic techniques, paternity determinations, and 
genome mapping. 

[0003] In general, the detection of nucleic acids in a 
sample and the subtypes thereof depends on the technique of 
speci?c nucleic acid hybridiZation in Which the oligonucle 
otide probe is annealed under conditions of high stringency 
to nucleic acids in the sample, and the successfully annealed 
probes are subsequently detected (see Spiegelman, S., Sci 
enti?c American, Vol. 210, p. 48 (1964)). 
[0004] The most de?nitive method for comparing DNA 
segments is to determine the complete nucleotide sequence 
of each segment. Examples of hoW sequencing has been 
used to study mutations in human genes are included in the 
publications of Engelke, et al., Proc. Natl. Acad. Sci. USA, 
85:544-548 (1988) and Wong, et al., Nature, 330:384-386 
(1987). At the present time, it is not practical to use 
extensive sequencing to compare more than just a feW DNA 
segments because the effort required to determine, interpret, 
and compare sequence information is time-consuming. 

[0005] A commonly used screen for DNA polymorphisms 
arising from DNA sequence variation consists of digesting 
DNA With restriction endonucleases and analyZing the 
resulting fragments by means of Southern blots, as described 
by Botstein, et al., Am. J. Hum. Genet, 32:314-331 (1980) 
and White, et al., Sci. Am., 258:40-48 (1988). Mutations that 
affect the recognition sequence of the endonuclease Will 
preclude enZymatic cleavage at that site, thereby altering the 
cleavage pattern of that DNA. DNAs are compared by 
looking for differences in restriction fragment lengths. A 
major problem With this method (knoWn as restriction 
fragment length polymorphism mapping or RFLP mapping) 
is its inability to detect mutations that do not affect cleavage 
With a restriction endonuclease. Thus, many mutations are 
missed With this method. One study, by Jeffreys, Cell, 
18:1-18 (1979), Was able to detect only 0.7% of the muta 
tional variants estimated to be present in a 40,000 base pair 
region of human DNA. Another problem is that the methods 
used to detect restriction fragment length polymorphisms are 
very labor intensive, in particular, the techniques involved 
With Southern blot analysis. 
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[0006] Atechnique for detecting speci?c mutations in any 
segment of DNA is described in Wallace, et al., Nucl. Acids 
Res., 9:879-894 (1981). It involves hybridiZing the DNA to 
be analyZed (target DNA) With a complementary, labeled 
oligonucleotide probe. Due to the thermal instability of 
DNA duplexes containing even a single base pair mismatch, 
differential melting temperature can be used to distinguish 
target DNAs that are perfectly complementary to the probe 
from target DNAs that differ by as little as a single nucle 
otide. In a related technique, described in Landegren, et al., 
Science, 41:1077-1080 (1988), oligonucleotide probes are 
constructed in pairs such that their junction corresponds to 
the site on the DNA being analyZed for mutation. These 
oligonucleotides are then hybridiZed to the DNA being 
analyZed. Base pair mismatch betWeen either oligonucle 
otide and the target DNA at the junction location prevents 
the ef?cient joining of the tWo oligonucleotide probes by 
DNA ligase. 

[0007] A. Nucleic Acid Hybridization 

[0008] The base pairing of nucleic acids in a hybridiZation 
reaction forms the basis of most nucleic acid analytical and 
diagnostic techniques. In practice, tests based only on 
parameters of nucleic acid hybridiZation function poorly in 
cases Where the sequence complexity of the test sample is 
high. This is partly due to the small thermodynamic differ 
ences in hybrid stability, generated by single nucleotide 
changes, and the fact that increasing speci?city by length 
ening the probe has the effect of further diminishing this 
differential stability. Nucleic acid hybridiZation is, therefore, 
generally combined With some other selection or enrichment 
procedure for analytical and diagnostic purposes. 

[0009] Combining hybridiZation With siZe fractionation of 
hybridiZed molecules as a selection technique has been one 
general diagnostic approach. SiZe selection can be carried 
out prior to hybridiZation. The best knoWn prior siZe selec 
tion technique is Southern Blotting (see Southern, E., Meth 
ads in Enzymology, 69:152 (1980). In this technique, a DNA 
sample is subjected to digestion With restriction enZymes 
Which introduce double stranded breaks in the phosphodi 
ester backbone at or near the site of a short sequence of 
nucleotides Which is characteristic for each enZyme. The 
resulting heterogeneous mixture of DNA fragments is then 
separated by gel electrophoresis, denatured, and transferred 
to a solid phase Where it is subjected to hybridiZation 
analysis in situ using a labeled nucleic acid probe. Frag 
ments Which contain sequences complementary to the 
labeled probe are revealed visually or densitometrically as 
bands of hybridiZed label. A variation of this method is 
Northern Blotting for RNA molecules. SiZe selection has 
also been used after hybridiZation in a number of techniques, 
in particular by hybrid protection techniques, by subjecting 
probe/nucleic acid hybrids to enZymatic digestion before 
siZe analysis. 

[0010] B. Polymerase Extension of Duplex PrimerzTem 
plate Complexes 

[0011] Hybrids betWeen primers and DNA targets can be 
analyZed by polymerase extension of the hybrids. A modi 
?cation of this methodology is the polymerase chain reac 
tion in Which the puri?cation is produced by sequential 
hybridiZation reactions of anti-parallel primers, folloWed by 
enZymatic ampli?cation With DNApolymerase (see Saiki, et 
al., Science 239:487-491 (1988)). By selecting for tWo 
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hybridization reactions, this methodology provides the 
speci?city lacking in techniques that depend only upon a 
single hybridization reaction. 

[0012] It has long been knoWn that primer-dependent 
DNA polymerases have, in general, a loW error rate for the 
addition of nucleotides complementary to a template. This 
feature is essential in biology for the prevention of genetic 
mistakes Which Would have detrimental effects on progeny. 
The speci?city inherent in this enZymological reaction has 
been Widely exploited as the basis of the “Sanger” or 
dideoxy chain termination sequencing methodology Which 
is the ultimate nucleic acid typing experiment. One type of 
Sanger DNA sequencing method makes use of mixtures of 
the four deoxynucleoside triphosphates, Which are normal 
DNA precursors, and one of the four possible dideoxy 
nucleoside triphosphates, Which have a hydrogen atom 
instead of a hydroxyl group attached to the 3‘ carbon atom 
of the ribose sugar component of the nucleotide. DNA chain 
elongation in the 5‘ to 3‘ direction (“downstream”) requires 
this hydroxyl group. As such, When a dideoxynucleotide is 
incorporated into the groWing DNA chain, no further elon 
gation can occur. With one dideoxynucleotide in the mix 
ture, DNA polymerases can, from a primer:template com 
bination, produce a population of molecules of varying 
length, all of Which terminate after the addition of one out 
of the four possible nucleotides. The series of four indepen 
dent reactions, each With a different dideoxynucleotide, 
generates a nested set of fragments, all starting at the same 
5‘ terminus of the priming DNA molecule and terminating at 
all possible 3‘ nucleotide positions. 

[0013] Another utiliZation of dideoxynucleoside triphos 
phates and a polymerase in the analysis of DNA involves 
labeling the 3‘ end of a molecule. One prominent manifes 
tation of this technique provides the means for sequencing a 
DNA molecule from its 3‘ end using the Maxam-Gilbert 
method. In this technique, a molecule With a protruding 3‘ 
end is treated With terminal transferase in the presence of 
radioactive dideoxy-ATP. One radioactive nucleotide is 
added, rendering the molecule suitable for sequencing. Both 
methods of DNA sequencing using labeled dideoxynucle 
otides require electrophoretic separation of reaction prod 
ucts in order to derive the typing information. Most methods 
require four separate gel tracks for each typing determina 
tion. 

[0014] The folloWing tWo patents describe other methods 
of typing nucleic acids Which employ primer extension and 
labeled nucleotides. Mundy (US. Pat. No. 4,656,127) 
describes a method Whereby a primer is constructed comple 
mentary to a region of a target nucleic acid of interest such 
that its 3‘ end is close to a nucleotide in Which variation can 
occur. This hybrid is subject to primer extension in the 
presence of a DNA polymerase and four deoxynucleoside 
triphosphates, one of Which is an ot-thionucleotide. The 
hybrid is then digested using an exonuclease enZyme Which 
cannot use thio-derivatiZed DNA as a substrate for its 

nucleolytic action (for example Exonuclease III of E. coli). 
If the variant nucleotide in the template is complementary to 
one of the thionucleotides in the reaction mixture, the 
resulting extended primer molecule Will be of a character 
istic siZe and resistant to the exonuclease; hybrids Without 
thio-derivatiZed DNA Will be digested. After an appropriate 
enZyme digest to remove underivatiZed molecules, the thio 
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derivatiZed molecule can be detected by gel electrophoresis 
or other separation technology. 

[0015] Vary and Diamond (US. Pat. No. 4,851,331) 
describes a method similar to that of Mundy Wherein the last 
nucleotide of the primer corresponds to the variant nucle 
otide of interest. Since mismatching of the primer and the 
template at the 3‘ terminal nucleotide of the primer is 
counterproductive to elongation, signi?cant differences in 
the amount of incorporation of a tracer nucleotide Will result 
under normal primer extension conditions. This method 
depends on the use of a DNApolymerase, e.g.,AMV reverse 
transcriptase, that does not have an associated 3‘ to 5‘ 
exonuclease activity. The methods of Mundy and of Vary 
and Diamond have draWbacks. The method of Mundy is 
useful but cumbersome due to the requirements of the 
second, different enZymological system Where the non 
derivatiZed hybrids are digested. The method of Vary is 
complicated by the fact that it does not generate discrete 
reaction products. Any “false” priming Will generate signi? 
cant noise in such a system Which Would be dif?cult to 
distinguish from a genuine signal. 

[0016] The present invention circumvents the problems 
associated With the methods of Mundy and of Vary and 
Diamond for typing nucleic acid With respect to particular 
nucleotides. With methods employing primer extension and 
a DNA polymerase, the current invention Will generate a 
discrete molecular species one base longer than the primer 
itself. In many methods, particularly those employing the 
polymerase chain reaction, the type of reaction used to 
purify the nucleic acid of interest in the ?rst step can also be 
used in the subsequent detection step. Finally, With termi 
nators Which are labeled With different detector moieties (for 
example different ?uorophors having different spectral prop 
erties), it Will be possible to use only one reagent for all 
sequence detection experiments. Furthermore, if techniques 
are used to separate the terminated primers post-reaction, 
sequence detection experiments at more than one locus can 
be carried out in the same tube. 

[0017] A recent article by Mullis (Scienti?c American, 
April 1990, pp. 56-65) suggests an experiment, Which appar 
ently Was not performed, to determine the identity of a 
targeted base pair in a piece of double-stranded DNA. Mullis 
suggests using four types of dideoxynucleosides triphos 
phate, With one type of dideoxynucleoside triphosphate 
being radioactively labeled. 

[0018] The present invention permits analyses of nucleic 
acid sequences that can be useful in the diagnosis of infec 
tious diseases, the diagnosis of genetic disorders, and in the 
identi?cation of individuals and their parentage. 

[0019] A number of methods have been developed for 
these purposes. Although poWerful, such methodologies 
have been cumbersome and expensive, generally involving 
a combination of techniques such as gel electrophoresis, 
blotting, hybridiZation, and autoradiography or non-isotopic 
revelation. Simpler technologies are needed to alloW the 
more Widespread use of nucleic acid analysis. In addition, 
tests based on nucleic acids are currently among the most 
expensive of laboratory procedures and for this reason 
cannot be used on a routine basis. Finally, current techniques 
are not adapted to automated procedures Which Would be 
necessary to alloW the analysis of large numbers of samples 
and Would further reduce the cost. 
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[0020] The current invention provides a method that can 
be used to diagnose or characterize nucleic acids in biologi 
cal samples Without recourse to gel electrophoretic siZe 
separation of the nucleic acid species. This feature renders 
this process easily adaptable to automation and thus Will 
permit the analysis of large numbers of samples at relatively 
loW cost. Because nucleic acids are the essential blueprint of 
life, each organism or individual can be uniquely character 
iZed by identi?able sequences of nucleic acids. It is, there 
fore, possible to identify the presence of particular organ 
isms or demonstrate the biological origin of certain samples 
by detecting these speci?c nucleic acid sequences. 

SUMMARY OF THE INVENTION 

[0021] The subject invention provides a reagent compo 
sition comprising an aqueous carrier and an admixture of at 
least tWo different terminators of a nucleic acid template 
dependent, primer extension reaction. Each of the termina 
tors is capable of speci?cally terminating the extension 
reaction in a manner strictly dependent on the identity of the 
unpaired nucleotide base in the template immediately adja 
cent to, and doWnstream of, the 3‘ end of the primer. In 
addition, at least one of the terminators is labeled With a 
detectable marker. 

[0022] The subject invention further provides a reagent 
composition comprising an aqueous carrier and an admix 
ture of four different terminators of a nucleic acid template 
dependent, primer extension reaction. Each of the termina 
tors is capable of speci?cally terminating the extension 
reaction as above and one, tWo, three, or four of the 
terminators is labeled With a detectable marker. 

[0023] The subject invention further provides a reagent as 
described above Wherein the terminators comprise nucle 
otides, nucleotide analogs, dideoxynucleotides, or arabino 
side triphosphates. The subject invention also provides a 
reagent Wherein the terminators comprise one or more of 
dideoxyadenosine triphosphate (ddATP), dideoxycytosine 
triphosphate (ddCTP), dideoxyguanosine triphosphate 
(ddGTP), dideoxythymidine triphosphate (ddTTP), or 
dideoxyuridine triphosphate (ddUTP). 
[0024] The subject invention also provides a method for 
determining the identity of a nucleotide base at a speci?c 
position in a nucleic acid of interest. First, a sample con 
taining the nucleic acid of interest is treated, if such nucleic 
acid is double-stranded, so as to obtain unpaired nucleotide 
bases spanning the speci?c position. If the nucleic acid of 
interest is single-stranded, this step is not necessary. Second, 
the sample containing the nucleic acid of interest is con 
tacted With an oligonucleotide primer under hybridiZing 
conditions. The oligonucleotide primer is capable of hybrid 
iZing With a stretch of nucleotide bases present in the nucleic 
acid of interest, immediately adjacent to the nucleotide base 
to be identi?ed, so as to form a duplex betWeen the primer 
and the nucleic acid of interest such that the nucleotide base 
to be identi?ed is the ?rst unpaired base in the template 
immediately doWnstream of the 3‘ end of the primer in the 
duplex of primer and the nucleic acid of interest. EnZymatic 
extension of the oligonucleotide primer in the resultant 
duplex by one nucleotide, catalyZed, for example, by a DNA 
polymerase, thus depends on correct base pairing of the 
added nucleotide to the nucleotide base to be identi?ed. 

[0025] The duplex of primer and the nucleic acid of 
interest is then contacted With a reagent containing four 
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labeled terminators, each terminator being labeled With a 
different detectable marker. The duplex of primer and the 
nucleic acid of interest is contacted With the reagent under 
conditions permitting base pairing of a complementary 
terminator present in the reagent With the nucleotide base to 
be identi?ed and the occurrence of a template-dependent, 
primer extension reaction so as to incorporate the terminator 
at the 3‘ end of the primer. The net result is that the 
oligonucleotide primer has been extended by one terminator. 
Next, the identity of the detectable marker present at the 3‘ 
end of the extended primer is determined. The identity of the 
detectable marker indicates Which terminator has base 
paired to the next base in the nucleic acid of interest. Since 
the terminator is complementary to the next base in the 
nucleic acid of interest, the identity of the next base in the 
nucleic acid of interest is thereby determined. 

[0026] The subject invention also provides another 
method for determining the identity of a nucleotide base at 
a speci?c position in a nucleic acid of interest. This addi 
tional method uses a reagent containing four terminators, 
only one of the terminators having a detectable marker. 

[0027] The subject invention also provides a method of 
typing a sample of nucleic acids Which comprises identify 
ing the base or bases present at each of one or more speci?c 
positions, each such nucleotide base being identi?ed using 
one of the methods for determining the identity of a nucle 
otide base at a speci?c position in a nucleic acid of interest 
as outlined above. Each speci?c position in the nucleic acid 
of interest is determined using a different primer. The 
identity of each nucleotide base or bases at each position can 
be determined individually or the identities of the nucleotide 
bases at different positions can be determined simulta 
neously. 
[0028] The subject invention further provides a method for 
identifying different alleles in a sample containing nucleic 
acids Which comprises identifying the base or bases present 
at each of one or more speci?c positions. The identity of 
each nucleotide base is determined by the method for 
determining the identity of a nucleotide base at a speci?c 
position in a nucleic acid of interest as outlined above. 

[0029] The subject invention also provides a method for 
determining the genotype of an organism at one or more 
particular genetic loci Which comprises obtaining from the 
organism a sample containing genomic DNA and identifying 
the nucleotide base or bases present at each of one or more 
speci?c positions in nucleic acids of interest. The identity of 
each such base is determined by using one of the methods 
for determining the identity of a nucleotide base at a speci?c 
position in a nucleic acid of interest as outlined above. The 
identities of the nucleotide bases determine the different 
alleles and, thereby, determine the genotype of the organism 
at one or more particular genetic loci. 

BRIEF DESCRIPTION OF THE FIGURES 

[0030] FIG. 1. Autoradiography of labeled DNA products 
after fractionation on a polyacrylamide/urea gel. Panel A 
shoWs products of the “A” extension reaction on oligonucle 
otide primer 182 directed by template oligonucleotides 180 
or 181. Panel B shoWs products of the “B” termination 
reaction on oligonucleotide primer 182 annealed to template 
oligonucleotides 180 or 181. Panel C shoWs the same 
products as in panel B after puri?cation on magnetic beads. 
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Note: oligodeoxynucleotide 182 Was used as supplied by 
Midland Certi?ed Reagents With no further puri?cation. The 
minor bands above and below the main band are presumably 
contaminants due to incomplete reactions or side reactions 
that occurred during the step-Wise synthesis of the oligo 
nucleotide. For a de?nition of the “A” extension reaction 
and the “B” termination reaction, see “A. GENERAL 
METHODS” in the Detailed Description of the Invention. 

[0031] FIG. 2. Detection of Sequence Polymorphisms in 
PCR Products. Target polymorphic DNA sequence shoWing 
ampli?cation primers, detection primers, and molecular 
clone (plasmid) designations. For each primer, sites of 
binding to one or the other strand of the target DNA 
sequence are indicated by underlining, and the direction of 
DNA synthesis is indicated by an arroW. Numbering for the 
target sequence is shoWn in the righthand margin. Polymor 
phic sites at positions 114 and 190 are indicated by bold 
lettering and a slash betWeen the tWo polymorphic possi 
bilities. 

[0032] FIG. 3. Autoradiogram of gel-analyZed polymor 
phism test on PCR products. Templates from PCR products 
of p183, p624, or p814 Were analyZed With the detection 
primers, TGL182 and TGL166, in a template-directed chain 
extension experiment, as described in the speci?cation. 
Reaction products Were fractionated by siZe on a polyacry 
lamide/urea DNA sequencing gel, and incorporation of 
[35S]-ot-thio-dideoxy adenosine monophosphate Was 
assayed by autoradiography. 
[0033] FIG. 4. Gel electrophoretic analysis of the labelled 
extension products of primers TGL346 and TGL391. Pro 
ductive primer-template complexes of TGL346 or TGL391 
With the bead-bound oligonucleotide template, TGL382, 
Were subjected to primer extension labelling reactions With 
the four different [ot-thio-35S]dideoxynucleoside triphos 
phate mixes. Labelled primer DNA Was released from the 
Washed beads and electrophoresed on an 8% polyacryla 
mide/8 M urea DNA sequencing gel (2.5 pmoles of primer/ 
lane), then analyZed by autoradiography. The four lanes 
shoWn for the primer TGL346 indicate that labelling 
occurred predominantly With the ddC mix, indicating that 
the next unpaired base in the TGL382 template adjacent to 
the 3‘ end of TGL346 Was a G (see sequence given in 
Example 4). The four lanes shoWn for the primer TGL391 
indicate that the labelling occurred predominantly With the 
ddT mix, indicating that the next unpaired base in the 
TGL382 template adjacent to the 3‘ end of TGL391 Was an 
A. 

[0034] FIG. 5. Autoradiographic analyses of total radio 
activity bound to beads. The bead suspensions, containing 
the products of the extension reactions described in FIG. 5, 
Were spotted onto ?lter paper (1 pmole of primer per spot) 
and exposed to X-ray ?lm to assay total bead-bound radio 
activity. As shoWn, TGL346 predominantly incorporated 
label from the ddC mix and TGL391 predominantly from the 
ddT mix. 

[0035] FIG. 6. PCR-ampli?ed polymorphic locus of 
mammalian DNA. ShoWn is a 327 basepair segment of 
mammalian DNA that Was ampli?ed from samples of 
genomic DNA using the PCR primers TGL240 (biotiny 
lated) and TGL239 (unbiotinylated). Samples of DNA from 
tWo homoZygous individuals, ESB164 (genotype AA) and 
EA2014 (genotype BB), Were subjected to the analyses 
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described in Example 5. The complete DNA sequence of the 
A allele at this locus is shoWn, With the polymorphic sites 
Where the B allele sequence differs from the A allele 
sequence indicated by the bases underneath the A sequence. 
The detection primer, TGL308, is shoWn base-paired With 
the template strand extending from the biotinylated primer. 
For the A allele, the ?rst unpaired template base immediately 
doWnstream of the 3‘ end of TGL308 is a C, and for the B 
allele this base is an A. Thus, the A allele should result in 
labelling of TGL308 by the ddG mix only, and the B allele 
should result in labelling by the ddT mix only. 

[0036] FIG. 7. Gel electrophoretic analysis of PCR prod 
ucts from tWo different homoZygous individuals. Primers 
TGL240 and TGL239 Were used to amplify genomic DNA 
(obtained from blood) from tWo individuals, ESB164 and 
EA2014. The products of the extension reactions for primer 
TGL308, annealled to the bead-bound, PCR-generated tem 
plate as outlined in FIG. 7, Were analyZed by electrophoresis 
on an 8% polyacrylamide/8 M urea DNA sequencing gel as 
outlined in FIG. 5. ShoWn for individual ESB164 (genotype 
AA: labelling expected from the ddG mix) are 250 fmoles of 
extended primer from the four different ddNTP labelling 
reactions. ShoWn for individual EA2014 (genotype BB: 
labelling expected from the ddT mix) are loadings of 25, 75, 
and 250 fmoles of extended primer from the four different 
ddNTP labelling reactions. 

[0037] FIG. 8. Autoradiographic analyses of total and 
NaOH-eluted radioactivity from TGL308 primer extension 
reactions. Primer TGL308 Was used to analyZe the geno 
types of individuals ESB164 and EA2014 as outlined in 
Example 5 and FIGS. 7 and 8. Total bead-associated 
radioactivity Was determined by directly spotting a suspen 
sion of beads containing 75 fmoles of primer onto ?lter 
paper folloWed by autoradiographic detection of the label in 
the spot. Radioactivity speci?cally associated With the 
TGL308 primer Was determined by magnetically immobi 
liZing the beads, eluting the primer With NaOH as described 
in Examples 4 and 5, and spotting on ?lter paper an amount 
corresponding to 75 fmoles. Label in these spots Was also 
detected by autoradiography. 

[0038] FIG. 9. Data is shoWn from GBA on single 
stranded nucleic acid produced by asymmetric PCR from 
human DNA samples of different genotypes. The DNA 
sequence being interrogated is from the HLA DPA1 locus at 
the polymorphic sequence coding for amino acid 31 of the 
DP alpha chain (Marsh, S. G. E. and Bodmer, J. G., HLA 
Class II Nucleotide Sequences, 1991. Human Immunol. 31, 
207-227 [1991]) and is shoWn in the middle of the ?gure. 
Identi?cation of the nucleotide immediately doWnstream of 
the pjrimer is accomplished by enzyme-linked detection and 
is visualiZed as an orange color change in the Well corre 
sponding to the nucleotide Which is inserted by the T7 DNA 
polymerase. HomoZygotes only have one positive Well, 
heteroZygotes have tWo. The sequence of the GBA primer is 
indicated by an arroW Whose tail is the 5‘ and head is the 3‘ 
end of the oligonucleotide. 

[0039] FIG. 10. Data is shoWn from GBA on single 
stranded nucleic acid produced by asymmetric PCR from 
equine DNA samples of different genotypes. The DNA 
sequence being interrogated is from the HLA DPA1 locus at 
the polymorphic sequence coding for amino acid 50 of the 
DP alpha chain (Marsh, S. G. E. and Bodmer, J. G., HLA 
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Class II Nucleotide Sequences, 1991. Human Immunol. 31, 
207-227 [1991]) and is shown in the middle of the Figure. 

[0040] FIG. 11. Data is shown from GBA on single 
stranded nucleic acid produced by asymmetric PCR from 
equine DNA samples of different genotypes. The DNA 
sequence being interrogated is from the anonymous locus 
J H85 at the polymorphic sequence at nucleotide number 122 
With respect to the original ccloned genomic peice (unpub 
lished results) and is shoWn in the middle of the ?gure. At 
this position, the “B” allele contains one extra base. For this 
reason, a different nucleotide position is interrogated by 
primer #307 as compared to #308. Nevertheless, the results 
of both strand interrogations alloW for unambiguous typing. 

[0041] FIG. 12. Data shoWn are the results of a quantita 
tive GBA of equine locus JH85. FolloWing addition of 
substrate, the microplate Was read kinetically, in a “Vmax” 
model 96-Well spectrophotometer (Molecular Devices, Inc., 
Menlo Park, Calif). Values are expressed as a Vmax in milli 
OD units per minute. The GBA results for the AA homoZy 
gote (solid bars), the AB heteroZygote (open bars), and BB 
homoZygote (stippled bars) single stranded templates is 
indicated for the four biotinylated ddNTPs analyZed in 
separate Wells. Numerical values obtained are indicated at 
the top of each bar. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The subject invention provides a reagent compo 
sition comprising an aqueous carrier and an admixture of at 
least tWo different terminators of a nucleic acid template 
dependent, primer extension reaction. Each of the termina 
tors is capable of speci?cally terminating the extension 
reaction in a manner strictly dependent on the identity of the 
unpaired nucleotide base in the template immediately adja 
cent to, and doWnstream of, the 3‘ end of the primer. In 
addition, at least one of the terminators is labeled With a 
detectable marker. 

[0043] The subject invention further provides a reagent 
composition comprising an aqueous carrier and an admix 
ture of four different terminators of a nucleic acid template 
dependent, primer extension reaction. Each of the termina 
tors is capable of speci?cally terminating the extension 
reaction as above and at least one of the terminators is 
labeled With a detectable marker. 

[0044] The subject invention further provides a reagent 
composition comprising an aqueous carrier and an admix 
ture of four different terminators of a nucleic acid template 
dependent, primer extension reaction. Each of the termina 
tors is capable of speci?cally terminating the extension 
reaction as above and tWo, three, or four of the terminators 
are labeled With a different detectable marker. 

[0045] The subject invention further provides a reagent as 
described above Wherein the terminators comprise nucle 
otides, nucleotide analogs, dideoxynucleotides, or arabino 
side triphosphates. The subject invention also provides a 
reagent Wherein the terminators comprise one or more of 
dideoxyadenosine triphosphate (ddATP), dideoxycytosine 
triphosphate (ddCTP), dideoxyguanosine triphosphate 
(ddGTP), dideoxythymidine triphosphate (ddTTP), or 
dideoxyuridine triphosphate (ddUTP). 
[0046] The subject invention further provides a reagent as 
described above Wherein each of the detectable markers 
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attached to the terminators is an isotopically labeled moiety, 
a chromophore, a ?uorophore, a protein moiety, or a moiety 
to Which an isotopically labeled moiety, a chromophore, a 
?uorophore, or a protein moiety can be attached. The subject 
invention also provides a reagent Wherein each of the 
different detectable markers is a different ?uorophore. 

[0047] The subject invention also provides a reagent as 
described above Wherein the reagent further comprises pyro 
phosphatase. 
[0048] The invented reagent consists of tWo or more chain 
terminators With one or more of the chain terminators being 
identi?ably tagged. This reagent can be used in a DNA 
polymerase primer extension reaction to type nucleic acid 
sequences of interest that are complementary to one or more 
oligonucleotide primers by chemically or physically sepa 
rating the polymerase extended primers from the chain 
terminator reagent and analyZing the terminal additions. Any 
kind of terminator that inhibits further elongation can be 
used, for example, a dideoxynucleoside triphosphate. Sev 
eral approaches can be used for the labeling and detection of 
terminators: (1) radioactivity and its detection by either 
autoradiography or scintillation counting, (2) ?uorescence 
or absorption spectroscopy, (3) mass spectrometry, or (4) 
enZyme activity, using a protein moiety. The identity of each 
terminator can be determined individually, i.e., one at a time. 
In addition, methods Which permit independent analyses of 
each of the terminators permit analysis of incorporation of 
up to four terminators simultaneously. 

[0049] The subject invention also provides a method for 
determining the identity of a nucleotide base at a speci?c 
position in a nucleic acid of interest. First, a sample con 
taining the nucleic acid of interest is treated, if such nucleic 
acid is double-stranded, so as to obtain unpaired nucleotide 
bases spanning the speci?c position. If the nucleic acid of 
interest is single-stranded, this step is not necessary. Second, 
the sample containing the nucleic acid of interest is con 
tacted With an oligonucleotide primer under hybridiZing 
conditions. The oligonucleotide primer is capable of hybrid 
iZing With a stretch of nucleotide bases present in the nucleic 
acid of interest, immediately adjacent to the nucleotide base 
to be identi?ed, so as to form a duplex betWeen the primer 
and the nucleic acid of interest such that the nucleotide base 
to be identi?ed is the ?rst unpaired base in the template 
immediately doWnstream of the 3‘ end of the primer in the 
duplex of primer and the nucleic acid of interest. EnZymatic 
extension of the oligonucleotide primer in the resultant 
duplex by one nucleotide, catalyZed, for example, by a DNA 
polymerase, thus depends on correct base pairing of the 
added nucleotide to the nucleotide base to be identi?ed. 

[0050] The duplex of primer and the nucleic acid of 
interest is then contacted With a reagent containing four 
labeled terminators, each terminator being labeled With a 
different detectable marker. The duplex of primer and the 
nucleic acid of interest is contacted With the reagent under 
conditions permitting base pairing of a complementary 
terminator present in the reagent With the nucleotide base to 
be identi?ed and the occurrence of a template-dependent, 
primer extension reaction so as to incorporate the terminator 
at the 3‘ end of the primer. 

[0051] The net result is that the oligonucleotide primer has 
been extended by one terminator. Next, the identity of the 
detectable marker present at the 3‘ end of the extended 
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primer is determined. The identity of the detectable marker 
indicates Which terminator has base paired to the next base 
in the nucleic acid of interest. Since the terminator is 
complementary to the next base in the nucleic acid of 
interest, the identity of the next base in the nucleic acid of 
interest is thereby determined. 

[0052] The subject invention also provides another 
method for determining the identity of a nucleotide base at 
a speci?c position in a nucleic acid of interest. First, a 
sample containing the nucleic acid of interest is treated, if 
such nucleic acid is double-stranded, so as to obtain 
unpaired nucleotide bases spanning the speci?c position. If 
the nucleic acid of interest is single-stranded, this step is not 
necessary. Second, the sample containing the nucleic acid of 
interest is contacted With an oligonucleotide primer under 
hybridiZing conditions. The oligonucleotide primer is 
capable of hybridiZing With nucleotide bases in the nucleic 
acid of interest, immediately adjacent to the nucleotide base 
to be identi?ed, so a to form a duplex betWeen the primer 
and the nucleic acid of interest such that the nucleotide base 
to be identi?ed is the ?rst unpaired base in the template 
immediately doWnstream of the 3‘ end of the primer in the 
duplex of primer and the nucleic acid of interest. 

[0053] The duplex of primer and the nucleic acid of 
interest is then contacted With a reagent containing four 
terminators, only one of the terminators having a detectable 
marker. The duplex of primer and the nucleic acid of interest 
is contacted With the reagent under conditions permitting 
base pairing of a complementary terminator present in the 
reagent With the nucleotide base to be identi?ed and the 
occurrence of a template-dependent, primer extension reac 
tion so as to incorporate the terminator at the 3‘ end of the 
primer. The net result is that the oligonucleotide primer has 
been extended by one terminator. 

[0054] The original duplex of primer and the nucleic acid 
of interest is then contacted With three different reagents, 
With a different one of each of the four terminators being 
labeled in each of the four parallel reaction steps. Next, the 
products of the four parallel template-dependent, primer 
extension reactions are examined to determine Which of the 
products has a detectable marker. The product With a detect 
able marker indicates Which terminator has base paired to 
the next base in the nucleic acid of interest. Since the 
terminator is complementary to the next base in the nucleic 
acid of interest, the identity of the next base in the nucleic 
acid of interest is thereby determined. 

[0055] Both of the methods for determining the identity of 
a nucleotide base at a speci?c position in a nucleic acid of 
interest label the primer after hybridiZation betWeen the 
primer and the template. If the template-dependent enZyme 
has no exonuclease function, the 3‘ end of the primer must 
be base paired for the labeling by a terminator to occur. 

[0056] The subject invention also provides a method for 
determining the presence or absence of a particular nucle 
otide sequence in a sample of nucleic acids. First, the sample 
of nucleic acids is treated, if such sample of nucleic acids 
contains double-stranded nucleic acids, so as to obtain 
single-stranded nucleic acids. If the nucleic acids in the 
sample are single-stranded, this step is not necessary. Sec 
ond, the sample of nucleic acids is contacted With an 
oligonucleotide primer under hybridiZing conditions. The 
oligonucleotide primer is capable of hybridiZing With the 
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particular nucleotide sequence, if the particular nucleotide 
sequence is present, so as to form a duplex betWeen the 
primer and the particular nucleotide sequence. 

[0057] The duplex of primer and the particular nucleotide 
sequence, if any, is then contacted With a reagent containing 
four labeled terminators, each terminator being labeled With 
a different detectable marker. The duplex of primer and the 
particular nucleotide sequence, if any, is contacted With the 
reagent under conditions permitting base pairing of a 
complementary terminator present in the reagent With the 
unpaired template nucleotide base doWnstream of the 3‘ end 
of the primer, the primer being hybridiZed With the particular 
nucleotide sequence in the template, and the occurrence of 
a template-dependent, primer extension reaction so as to 
incorporate the terminator at the 3‘ end of the primer. Next, 
the absence or presence and identity of a detectable marker 
at the 3‘ end of the primer are determined. The presence or 
absence of the detectable marker indicates Whether the 
primer has hybridiZed to the template. If a detectable marker 
is absent, the primer did not hybridiZe to the template, and, 
therefore, the particular nucleotide sequence is not present in 
the sample of nucleic acids. If a detectable marker is present, 
the primer did hybridiZe to the template, and, therefore, the 
particular nucleotide sequence is present in the sample of 
nucleic acids. 

[0058] The subject invention also provides another 
method for determining the presence or absence of a par 
ticular nucleotide sequence in a sample of nucleic acids. 
First, the sample of nucleic acids is treated, if such sample 
of nucleic acids contains double-stranded nucleic acids, so 
as to obtain single-stranded nucleic acids. Second, the 
sample of nucleic acids is contacted With an oligonucleotide 
primer under hybridiZing conditions. The oligonucleotide 
primer is capable of hybridiZing With the particular nucle 
otide sequence, if the particular nucleotide sequence is 
present, so as to form a duplex betWeen the primer and the 
particular nucleotide sequence. 

[0059] The duplex of primer and the particular nucleotide 
sequence, if any, is then contacted With a reagent containing 
four terminators, only one of the terminators having a 
detectable marker. The duplex of primer and the particular 
nucleotide sequence, if any, is contacted With the reagent 
under conditions permitting base pairing of a complemen 
tary terminator present in the reagent With the unpaired 
template nucleotide base doWnstream of the 3‘ end of the 
primer, the primer being hybridiZed With the particular 
nucleotide sequence in the template, and the occurrence of 
a template-dependent, primer extension reaction. The net 
result is the incorporation of the terminator at the 3‘ end of 
the primer. 

[0060] The original duplex of primer and the particular 
nucleotide sequence, if any, is then contacted With three 
different reagents, With a different one of each of the four 
terminators being labeled in each of the four parallel reac 
tion steps. Next, the products of the four parallel, template 
dependent, primer extension reactions are examined to 
determine Which, if any, of the products have detectable 
markers. The absence or presence and identity of the detect 
able marker indicates Whether the primer has hybridiZed to 
the template. If no detectable marker is present in any of the 
products, the primer did not hybridiZe to the template, and, 
therefore, the particular nucleotide sequence Was not present 
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in the sample of nucleic acids. If a detectable marker is 
present in any of the products, the primer did hybridize to the 
template, and, therefore, the particular nucleotide sequence 
Was present in the sample of nucleic acids. 

[0061] Different versions of the method for determining 
the identity of a nucleotide base at a speci?c position in a 
nucleic acid of interest and the method for determining the 
presence or absence of a particular nucleotide sequence in a 
sample of nucleic acids are possible. In the ?rst version, the 
template is a deoxyribonucleic acid, the primer is an oli 
godeoxyribonucleotide, oligoribonucleotide, or a copolymer 
of deoxyribonucleotides and ribonucleotides, and the tem 
plate-dependent enZyme is a DNA polymerase. This version 
gives a DNA product. In a second version, the template is a 
ribonucleic acid, the primer is an oligodeoxyribonucleotide, 
oligoribonucleotide, or a copolymer of deoxyribonucle 
otides and ribonucleotides, and the template-dependent 
enZyme is a reverse transcriptase. This version gives a DNA 
product. In a third version, the template is a deoxyribo 
nucleic acid, the primer is an oligoribonucleotide, and the 
enZyme is an RNA polymerase. This version gives an RNA 
product. In a fourth version, the template is a ribonucleic 
acid, the primer is an oligoribonucleotide, and the template 
dependent enZyme is an RNA replicase. This version gives 
an RNA product. 

[0062] Preferably, before the primer extension reaction is 
performed, the template is capped by the addition of a 
terminator to the 3‘ end of the template. The terminator is 
capable of terminating a template-dependent, primer exten 
sion reaction. The template is capped so that no additional 
labeled terminator Will attach at the 3‘ end of the template. 
The extension reaction should occur on the primer, not on 
the template. A dideoxynucleotide can be used as a termi 
nator for capping the template. 

[0063] Another modi?cation of the method for determin 
ing the identity of a nucleotide base at a speci?c position in 
a nucleic acid of interest is to separate the primer from the 
nucleic acid of interest after the extension reaction by using 
appropriate denaturing conditions. The denaturing condi 
tions can comprise heat, alkali, formamide, urea, glyoxal, 
enZymes, and combinations thereof. The denaturing condi 
tions can also comprise treatment With 2.0 N NaOH. 

[0064] The nucleic acid of interest can comprise non 
natural nucleotide analogs such as deoxyinosine or 7-deaZa 
2‘-deoxyguanosine. These analogues destabiliZe DNA 
duplexes and could alloW a primer annealing and extension 
reaction to occur in a double-stranded sample Without com 
pletely separating the strands. 

[0065] The sample of nucleic acids can be from any 
source. The sample of nucleic acids can be natural or 
synthetic (i.e., synthesiZed enZymatically in vitro). The 
sample of nucleic acids can comprise deoxyribonucleic 
acids, ribonucleic acids, or copolymers of deoxyribonucleic 
acid and ribonucleic acid. The nucleic acid of interest can be 
a deoxyribonucleic acid, a ribonucleic acid, or a copolymer 
of deoxyribonucleic acid and ribonucleic acid. The nucleic 
acid of interest can be synthesiZed enZymatically in vivo, 
synthesiZed enZymatically in vitro, or synthesiZed non 
enZymatically. The sample containing the nucleic acid or 
acids of interest can comprise genomic DNA from an 
organism, RNA transcripts thereof, or cDNA prepared from 
RNA transcripts thereof. The sample containing the nucleic 
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acid or acids of interest can also comprise extragenomic 
DNA from an organism, RNA transcripts thereof, or cDNA 
prepared from RNA transcripts thereof. Also, the nucleic 
acid or acids of interest can be synthesiZed by the poly 
merase chain reaction. 

[0066] The sample can be taken from any organism. Some 
examples of organisms to Which the method of the subject 
invention is applicable include plants, microorganisms, 
viruses, birds, vertebrates, invertebrates, mammals, human 
beings, horses, dogs, coWs, cats, pigs, or sheep. 

[0067] The nucleic acid of interest can comprise one or 
more moieties that permit affinity separation of the nucleic 
acid of interest from the unincorporated reagent and/or the 
primer. The nucleic acid of interest can comprise biotin 
Which permits affinity separation of the nucleic acid of 
interest from the unincorporated reagent and/or the primer 
via binding of the biotin to streptavidin Which is attached to 
a solid support. The sequence of the nucleic acid of interest 
can comprise a DNA sequence that permits affinity separa 
tion of the nucleic acid of interest from the unincorporated 
reagent and/or the primer via base pairing to a complemen 
tary sequence present in a nucleic acid attached to a solid 
support. The nucleic acid of interest can be labeled With a 
detectable marker, this detectable marker can be different 
from any detectable marker present in the reagent or 
attached to the primer. 

[0068] The oligonucleotide primer can be an oligodeox 
yribonucleotide, an oligoribonucleotide, or a copolymer of 
deoxyribonucleotides and ribonucleotides. The oligonucle 
otide primer can be either natural or synthetic. The oligo 
nucleotide primer can be synthesiZed either enZymatically in 
vivo, enZymatically in vitro, or non-enZymatically in vitro. 
The oligonucleotide primer can be labeled With a detectable 
marker; this detectable marker can be different from any 
detectable marker present in the reagent or attached to the 
nucleic acid of interest. In addition, the oligonucleotide 
primer must be capable of hybridiZing or annealing With 
nucleotides present in the nucleic acid of interest, immedi 
ately adjacent to, and upstream of, the nucleotide base to be 
identi?ed. One Way to accomplish the desired hybridiZation 
is to have the template-dependent primer be substantially 
complementary or fully complementary to the knoWn base 
sequence immediately adjacent to the base to be identi?ed. 

[0069] The oligonucleotide primer can comprise one or 
more moieties that permit af?nity separation of the primer 
from the unincorporated reagent and/or the nucleic acid of 
interest. The oligonucleotide primer can comprise biotin 
Which permits affinity separation of the primer from the 
unincorporated reagent and/or nucleic acid of interest via 
binding of the biotin to streptavidin Which is attached to a 
solid support. The sequence of the oligonucleotide primer 
can comprise a DNA sequence that permits affinity separa 
tion of the primer from the unincorporated reagent and/or 
the nucleic acid of interest via base pairing to a comple 
mentary sequence present in a nucleic acid attached to a 
solid support. 

[0070] The subject invention also provides a method of 
typing a sample of nucleic acids Which comprises identify 
ing the base or bases present at each of one or more speci?c 
positions, each such nucleotide base being identi?ed using 
one of the methods for determining the identity of a nucle 
otide base at a speci?c position in a nucleic acid of interest 






















