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(57) ABSTRACT 
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METHOD FOR DETERMINING THE 
NUCLEOTIDE SEQUENCE OF A 

POLYNUCLEOTIDE 

FIELD OF THE INVENTION 

[0001] The present invention relates to nucleic acid chem 
istry, and more speci?cally to a method for determining the 
nucleotide sequence of a polynucleotide. The invention 
further relates to apparatus and kits that embody or employ 
such a method. 

BACKGROUND OF THE INVENTION 

[0002] The determination of the nucleotide sequence of a 
polynucleotide has substantial utility in medicine, forensics, 
biomedical research, and in the determination of paternity 
and identity. Several methods for determining the nucleotide 
sequence of a polynucleotide have been identi?ed. 

[0003] 
[0004] Initial attempts to determine the sequence of a 
DNA molecule Were extensions of techniques Which had 
been initially developed to permit the sequencing of RNA 
molecules (Sanger, F., J. Mol. Biol. 131373 (1965); BroWn 
lee, G. G. et al.,]. Mol. Biol. 341379 (1968)). Such methods 
involved the speci?c cleavage of DNA into smaller frag 
ments by (1) enZymatic digestion (Robertson, H. D. et al., 
Nature New Biol. 241138 (1973); Ziff, E. B. et al., Nature 
New Biol. 241134 (1973)); (2) nearest neighbor analysis 
(Wu, R., et al., J. Mol. Biol. 571491 (1971)), and (3) the 
“Wanderings Spot” method (Sanger, F., Proc. Natl. Acad. 
Sci. (U.S.A.) 7011209 (1973)). 

[0005] The most commonly used methods of nucleic acid 
sequencing are the “dideoxy-mediated chain termination 
method,” also knoWn as the “Sanger Method” (Sanger, F., et 
al., J. Molec. Biol. 941441 (1975); Prober, J. et al. Science 
2381336-340 (1987)) and the “chemical degradation method, 
”“also knoWn as the “Maxam-Gilbert method” (Maxam, A. 
M., et al.,Proc. Natl.Acaa'. Sci. (USA) 741560 (1977), both 
references herein incorporated by reference). 

[0006] A. Dideoxy-Mediated Chain Termination Method 
Of DNA Sequencing 

[0007] In the dideoxy-mediated or “Sanger” chain termi 
nation method of DNA sequencing, the sequence of a DNA 
molecule is obtained through the extension of an oligonucle 
otide primer Which is hybridiZed to the nucleic acid mol 
ecule being sequenced. In brief, four separate primer exten 
sion reactions are conducted. In each reaction, a DNA 
polymerase is added along With the four nucleotide triph 
osphates needed to polymeriZe DNA. Each of the reactions 
is carried out in the additional presence of a 2,3‘ dideoxy 
derivative of the A, T, C, or G nucleoside triphosphates. 
Such derivatives differ from conventional nucleotide triph 
osphates in that they lack a hydroxyl residue at the 3‘ 
position of deoxyribose. Thus, although they can be incor 
porated by a DNA polymerase into the neWly synthesiZed 
primer extension, the absence of the 3‘ hydroxyl group 
causes them to be incapable of forming a phosphodiester 
bond With a succeeding nucleotide triphosphate. Thus, the 
incorporation of a dideoxy derivative results in the termi 
nation of the extension reaction. Since the dideoxy deriva 
tives are present in loWer concentrations than their corre 
sponding, conventional nucleotide triphosphate analogs, the 
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net result of each of the four reactions is to produce a set of 
nested oligonucleotides each of Which is terminated by the 
particular dideoxy derivative used in the reaction. By sub 
jecting the reaction products of each of the extension reac 
tions to electrophoresis, it is possible to obtain a series of 
four “ladders.” Since the position of each “rung” of the 
ladder is determined by the siZe of the molecule, and since 
such siZe is determined by the incorporation of the dideoxy 
derivative, the appearance and location of a particular 
“rung” can be readily translated into the sequence of the 
extended primer. Thus, through an electrophoretic analysis, 
the sequence of the extended primer can be determined. 

[0008] One de?ciency of the dideoxy-mediated sequenc 
ing method is the need to optimiZe the ratio of dideoxy 
nucleoside triphosphates to conventional nucleoside triph 
osphates in the chain-extension/chain-termination reactions. 
Such adjustments are needed in order to maximiZe the 
amount of information Which can be obtained from each 
primer. Additionally, the ef?ciency of dideoxy nucleotide 
incorporation in a particular target molecule is partially 
dependent upon the primary and secondary structures of the 
target. 

[0009] The dideoxy-mediated method thus requires 
single-stranded templates, speci?c oligonucleotide primers, 
and high quality preparations of a DNA polymerase (typi 
cally the KlenoW fragment of E. coli DNA polymerase I). 
Initially, these requirements delayed the Wide spread use of 
the method. HoWever, With the ready availability of syn 
thetic primers, and the availability of bacteriophage M13 
and phagemid vectors (Maniatis, T., et al., Molecular Clon 
ing, a Laboratory Manual, 2nd Edition, Cold Spring Harbor 
Press Cold Spring Harbor, NY. (1989), herein incorporated 
by reference), the dideoxy-mediated chain termination 
method is noW extensively employed. 

[0010] B. The Maxam-Gilbert Method Of DNA Sequenc 
ing 

[0011] The Maxam-Gilbert method of DNA sequencing is 
a degradative method. In this procedure, a fragment of DNA 
is labeled at one end and partially cleaved in four separate 
chemical reactions, each of Which is speci?c for cleaving the 
DNA molecule at a particular base (G or C) at a particular 
type of base (A/G, C/T, or A>C). As in the above-described 
dideoxy method, the effect of such reactions is to create a set 
of nested molecules Whose lengths are determined by the 
locations of a particular base along the length of the DNA 
molecule being sequenced. The nested reaction products are 
then resolved by electrophoresis, and the end-labeled mol 
ecules are detected, typically by autoradiography When a 32p 
label is employed. Four single lanes are typically required in 
order to determine the sequence. 

[0012] The Maxam-Gilbert method thus uses simple 
chemical reagents Which are readily available. Nevertheless, 
the dideoxy-mediated method has several advantages over 
the Maxam-Gilbert method. The Maxam-Gilbert method is 
extremely laborious and requires meticulous experimental 
technique. In contrast, the Sanger method may be employed 
on larger nucleic acid molecules. 

[0013] Signi?cantly, in the Maxam-Gilbert method the 
sequence is obtained from the original DNA molecule, and 
not from an enZymatic copy. For this reason, the method can 
be used to sequence synthetic oligonucleotides, and to 
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analyze DNA modi?cations such as methylation, etc. It can 
also be used to study both DNA secondary structure and 
protein-DNA interactions. Indeed, it has been readily 
employed in the identi?cation of the binding sites of DNA 
binding proteins. 

[0014] Methods for sequencing DNA using either the 
dideoxy-mediated method or the Maxam-Gilbert method are 
Widely knoWn to those of ordinary skill in the art. Such 
methods are, for example, disclosed in Maniatis, T., et al., 
Molecular Cloning, a Laboratory Manual, 2nd Edition. 
Cold Spring Harbor Press, Cold Spring Harbor, NY. (1989), 
and in Zyskind, J. W., et al., Recombinant DNA Laboratory 
Manual, Academic Press, Inc. New York (1988), both herein 
incorporated by reference. 

[0015] Both the dideoxy-mediated method and the 
Maxam-Gilbert method of DNA sequencing require the 
prior isolation of the DNA molecule Which is to be 
sequenced. The sequence information is obtained by sub 
jecting the reaction products to electrophoretic analysis 
(typically using polyacrylamide gels). Thus, a sample is 
applied to a lane of a gel, and the various species of nested 
fragments are separated from one another by their migration 
velocity through the gel. The number of nested fragments 
Which can be separated in a single lane is approximately 
200-300 regardless of Whether the Sanger or the Maxam 
Gilbert method is used. Those of great skill in the art can 
separate up to 600 fragments in a single lane. Thus, in order 
to sequence large DNA molecules, it is necessary to frag 
ment the molecule, and to sequence the fragments in sepa 
rate lanes of the sequencing gel. The sequence of the entire 
molecule is obtained by orienting and ordering the sequence 
data obtained from each fragment. 

[0016] TWo approaches have been employed by those of 
skill in this art to accomplish this goal. In a random or 
shotgun sequencing approach, sequence data is collected by 
subcloning fragments of the target DNA molecule. No 
attempt is initially made to determine the linear orientation 
or order of the subclones With respect to the intact target 
DNA molecule. Instead, the accumulated data are stored and 
ultimately arranged into order by a computer (Staden, R., 
Nucleic Acids Res. 14:217 (1986); Anderson, S. et al., 
Nature 290:457 (1981); Gingeras, T. R., J. Biol. Chem. 
257:13475 (1982); Sanger, F. et al., J. Mol. Biol. 162:729 
(1982), and Baer, R. et al., Nature 310:207 (1984)). As Will 
be appreciated, such random shotgun approaches often 
result in the multiple sequencing of the same oligonucleotide 
fragment, and thus are often inef?cient in terms of time and 
materials. 

[0017] In contrast, directed approaches have been 
employed in Which sequences of the target DNA are 
obtained in a systematic fashion. For example, the target 
DNA molecule may be ordered by restriction mapping using 
the methods described above, and the discrete restriction 
fragments sequenced. Alternatively, the target molecule may 
be sequenced by sequencing nested sets of deletions Which 
begin at one of its ends. The use of such nested fragments 
progressively brings more and more remote regions of the 
target DNA into range for sequencing. Lastly, sequence 
information obtained from a particular target molecule can 
be used to prepare a primer Which can then be used in a 
subsequent sequencing reaction in order to obtain additional 
sequence information. As Will be perceived, a directed 
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sequence analysis of a target DNA molecule often requires 
substantial a priori information regarding the sequence. 
Moreover, for large target molecules (of siZes on the order 
of kilobases) such as Would be encountered in the sequenc 
ing of eukaryotic (and in particular, mammalian) chromo 
somes, directional sequencing is quite arduous. 

[0018] II. Microsequencing and GBATM Genetic Analysis 

[0019] In contrast to the “Sanger Method” and the 
“Maxam-Gilbert method,” Which identify the sequence of 
all of the nucleotides of a target polynucleotide, “microse 
quencing” methods determine the identity of only a single 
nucleotide at a “predetermined” site. Such methods have 
particular utility in determining the presence and identity of 
polymorphisms in a target polynucleotide. 

[0020] The GBATM Genetic Bit Analysis method dis 
closed by Goelet, P. et al. (WO 92/15712, herein incorpo 
rated by reference) is a particularly useful microsequencing 
method. In GBATM, the nucleotide sequence information 
surrounding a predetermined site of interrogation is used to 
design an oligonucleotide primer that is complementary to 
the region immediately adjacent to, but not including, the 
predetermined site. The target DNA template is selected 
from the biological sample and hybridiZed to the interrogat 
ing primer. This primer is extended by a single labeled 
dideoxynucleotide using DNApolymerase in the presence of 
at least tWo, and most preferably all four chain terminating 
nucleoside triphosphate precursors. 

[0021] Additional, primer-guided, nucleotide incorpora 
tion procedures for assaying polymorphic sites in DNA have 
also been described (Komher, J. S. et al, Nucl. Acids. Res. 
17:7779-7784 (1989); Sokolov, B. P., Nucl. Acids Res. 
18:3671 (1990); Syvanen,A. -C., et al., Genomics 8:684-692 
(1990); KuppusWamy, M. N. et al., Proc. Natl. Acad. Sci. 
(U.S.A.) 88:1143-1147 (1991); PreZant, T. R. et al., Hum. 
Mutat. 1:159-164 (1992); UgoZZoli, L. et al., GAIA 9:107 
112 (1992); Nyrén, P. et al., Anal. Biochem. 208:171-175 
(1993); and Wallace, WO89/10414). These methods differ 
from Genetic BitTM Analysis in that they all rely on the 
incorporation of labeled deoxynucleotides to discriminate 
betWeen bases at a polymorphic site. In such a format, since 
the signal is proportional to the number of deoxynucleotides 
incorporated, polymorphisms that occur in runs of the same 
nucleotide can result in signals that are proportional to the 
length of the run (Syvanen, A. -C., et al., Amer. J. Hum. 
Genet. 52:46-59 (1993)). Such a range of locus-speci?c 
signals could be more complex to interpret, especially for 
heteroZygotes, compared to the simple, ternary (2:0, 1:1, or 
0:2) class of signals produced by the GBATM method. In 
addition, for some loci, incorporation of an incorrect deoxy 
nucleotide can occur even in the presence of the correct 
dideoxynucleotide (Komher, J. S. et al., Nucl. Acids. Res. 
17:7779-7784 (1989)). Such deoxynucleotide misincorpo 
ration events may be due to the Km of the DNA polymerase 
for the mispaired deoxy-substrate being comparable, in 
some sequence contexts, to the relatively poor Km of even 
a correctly base paired dideoxy-substrate (Komberg, A., et 
al., In: DNA Replication, Second Edition (1992), W. H. 
Freeman and Company, NeW York; Tabor, S. et al., Proc. 
Natl. Acad. Sci. (USA) 86:4076-4080 (1989)). This effect 
Would contribute to the background noise in the polymor 
phic site interrogation. 
[0022] Mundy, C. R. (US. Pat. No. 4,656,127) discusses 
alternative microsequencing methods for determining the 
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identity of the nucleotide present at a particular polymorphic 
site. Mundy’s methods employ a specialized exonuclease 
resistant nucleotide derivative. A primer complementary to 
the allelic sequence immediately 3‘-to the polymorphic site 
is permitted to hybridize to a target molecule obtained from 
a particular animal or human. If the polymorphic site on the 
target molecule contains a nucleotide that is complementary 
to the particular exonucleotide-resistant nucleotide deriva 
tive present, then that derivative Will be incorporated by a 
polymerase onto the end of the hybridized primer. Such 
incorporation renders the primer resistant to exonuclease, 
and thereby permits its detection. Since the identity of the 
exonucleotide-resistant derivative of the sample is knoWn, a 
?nding that the primer has become resistant to exonucleases 
reveals that the nucleotide present in the polymorphic site of 
the target molecule Was complementary to that of the 
nucleotide derivative used in the reaction. The Mundy 
method has the advantage that it does not require the 
determination of large amounts of extraneous sequence data. 
It has the disadvantages of destroying the ampli?ed target 
sequences, and unmodi?ed primer and of being extremely 
sensitive to the rate of polymerase incorporation of the 
speci?c exonuclease-resistant nucleotide being used. 

[0023] Cohen, D. et al. (French Patent 2,650,840; PCT 
Appln. No. WO91/02087) discuss a solution-based method 
for determining the identity of the nucleotide of a polymor 
phic site. As in the Mundy method of US. Pat. No. 4,656, 
127, a primer is employed that is complementary to allelic 
sequences immediately 3‘- to a polymorphic site. The 
method determines the identity of the nucleotide of that site 
using labeled dideoxynucleotide derivatives, Which, if 
complementary to the nucleotide of the polymorphic site 
Will become incorporated onto the terminus of the primer. 

[0024] In contrast to the method of Cohen et al. (French 
Patent 2,650,840; PCT Appln. No. WO91/02087) the 
GBATM method of Goelet, P. et al. can be conducted as a 
heterogeneous phase assay, in Which the primer or the target 
molecule is immobilized to a solid phase. It is thus easier to 
perform, and more accurate than the method discussed by 
Cohen. The method of Cohen has the signi?cant disadvan 
tage of being a solution-based extension method that uses 
labeled dideoxynucleoside triphosphates. In the Cohen 
method, the target DNA template is usually prepared by a 
DNA ampli?cation reaction, such as the PCR, that uses a 
high concentration of deoxynucleoside triphosphates, the 
natural substrates of DNA polymerases. These monomers 
Will compete in the subsequent extension reaction With the 
dideoxynucleoside triphosphates. Therefore, folloWing the 
PCR, an additional puri?cation step is required to separate 
the DNA template from the unincorporated dNTPs. Because 
it is a solution-based method, the unincorporated dNTPs are 
dif?cult to remove and the method is not suited for high 
volume testing. 

[0025] III. Sequencing Via Hybridization To Ordered Oli 
gonucleotide Arrays 

[0026] In response to the difficulties encountered in 
employing gel electrophoresis to analyze sequences, alter 
native methods have been developed. Macevicz (US. Pat. 
No. 5,002,867), for example, describes a method for deter 
mining nucleic acid sequence via hybridization With mul 
tiple mixtures of oligonucleotide probes. In accordance With 
such method, the sequence of a target polynucleotide is 
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determined by permitting the target to sequentially hybridize 
With sets of probes having an invariant nucleotide at one 
position, and a variant nucleotides at other positions. The 
Macevicz method determines the nucleotide sequence of the 
target by hybridizing the target With a set of probes, and then 
determining the number of sites that at least one member of 
the set is capable of hybridizing to the target (i.e. the number 
of “matches”). This procedure is repeated until each member 
of a sets of probes has been tested. 

[0027] 
[0028] Several factors may limit the use of conventional 
methods in the analysis of the nucleotide sequence of a 
target molecule. Typically, each lane of a sequencing gel can 
resolve only about 300 different fragments. Thus, in order to 
determine the nucleotide sequence of a large DNA molecule, 
multiple sequencing gels are often needed. This, in turn, 
limits the amount of neW sequence information Which can be 
readily obtained per day. For a large nucleic acid molecule, 
a substantial number of technically demanding and time 
consuming steps must be performed. In particular, since the 
above-described techniques are capable of analyzing only 
one’set of nested oligonucleotides per sample, the sequenc 
ing of large DNA molecules requires the use of multiple 
sequencing gels each having a large number of lanes. The 
electrophoretic analysis step in the sequencing process thus 
comprises a signi?cant limitation to the amount of sequence 
information Which can be obtained and the rate With Which 
it can be processed. 

[0029] In summary, a method Which Would permit accu 
rate nucleotide sequencing Without gel analysis Would be 
highly desirable. Indeed, for the analysis of very large 
genomes, such as the human genome, the development of 
such methods may be essential. 

IV. Limitation Of Conventional Methods 

SUMMARY OF THE INVENTION 

[0030] The invention provies a solid phase sequencing 
method for determining the sequence of nucelic acid mol 
ecules (either DNA or RNA). In detail, the invention pro 
vides a method for determining the nucleotide sequence of 
a nucleic acid molecule Which comprises the steps of: 

[0031] (A) arraying a set of nested primer oligonucle 
otides onto a solid support, each array position 
containing a different array member having a prede 
termined sequence; 

[0032] (B) incubating oligonucleotides of the array in 
the presence of a preparation of the nucleic acid 
molecules, a polymerase and at least one chain 
terminator nucleotide; Wherein the incubation is 
under conditions sufficient to permit DNA hybrid 
ization to occur betWeen the oligonucleotides of the 
incubation and the nucleic acid molecules; Wherein 
the incubation is conducted in the substantial 
absence of any non-chain terminator nucleotides; 

[0033] (C) (1) in the case Wherein the 3‘ terminal 
nucleotide of an oligonucleotide is hybridized to the 
nucleic acid molecule, permitting oligonucleotides 
hybridized to nucleic acid molecules to be extended 
by polymerase-mediated incorporation of a single 
chain terminator nucleotide residue onto the 3‘ ter 
minus of the hybridized oligonucleotide, Wherein for 
each hybridized oligonucleotide being so extended, 
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the incorporated nucleotide residue is complemen 
tary to the nucleotide residue immediately 5‘ to the 
nucleotide residue of the nucleic acid molecule that 
is hybridized With that oligonucleotide’s 3‘ terminal 
nucleotide residue; then performing step (D); 

[0034] (2) in the case Wherein the 3‘ terminal 
nucleotide of an oligonucleotide is not hybridized 
to the nucleic acid molecule, either: 

[0035] (a) not permitting oligonucleotides 
hybridized to nucleic acid molecules to be 
eXtended by polymerase-mediated incorpora 
tion of a single chain terminator nucleotide 
residue onto the 3‘ terminus of the hybridized 
oligonucleotide, or 

[0036] (b) permitting the removal of any non 
hybridized nucleotide residues from the 3‘ ter 
minus of the hybridized oligonucleotides, so as 
to form a truncated primer oligonucleotide 
Whose 3‘ terminus is hybridized to the nucleic 
acid molecule, and then permitting polymerase 
mediated incorporation of a single chain termi 
nator nucleotide residue onto the 3‘ terminus of 
the hybridized truncated oligonucleotide, 
Wherein for each hybridized truncated oligo 
nucleotide being so extended, the incorporated 
nucleotide residue is complementary to the 
nucleotide residue immediately 5‘ to the nucle 
otide residue of the nucleic acid molecule that is 
hybridized With that truncated oligonucle 
otide’s 3‘ terminal nucleotide residue; then per 
forming step (D); 

[0037] (D) determining, at each array position at 
Which an oligonucleotide has incorporated a single 
chain terminator nucleotide residue, the identity of 
the incorporated chain terminator nucleotide residue; 
and 

[0038] determining the nucleotide sequence of 
the nucleic acid molecule from the determined iden 
tity of the incorporated nucleotide of primer oligo 
nucleotides of the array, and knoWn sequence of the 
oligonucleotide at each array position. 

[0039] The invention particularly concerns embodiments 
in each array position contains a primer oligonucleotide that 
is capable of hybridizing to a region of the nucleic acid 
molecule, and/or Wherein in step (C), at least some array 
positions contain nucleic acid molecules hybridized to oli 
gonucleotides the Whose 3‘ terminal nucleotide is not hybrid 
ized to the nucleic acid molecule, and Wherein step (C)(1) is 
conducted for such oligonucleotides. 

[0040] Either a Thermosequenase class polymerase or a 
KlenoW class polymerase may be employed in the method. 

[0041] The invention particularly includes the embodi 
ments in Which the array is a random oligonucleotide array, 
and in Which the array is a nested oligonucleotide array 
(especially one containing oligonucleotide members having 
all possible permutations of nucleotides over a region of 
from 1 to 20 bases. 

[0042] The invention is particularly adaped for conducting 
the method in the presence of at least four chain terminator 
nucleotide species, at least one of Which is labeled, and more 
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preferably Wherein all of the chain terminator nucleotide 
species are labeled, and Wherein the label of any such 
species can be distinguished from the label of any other 
species present. 

[0043] The invention particularly provides a method of 
sequence determination for genomic DNA of a human or 
non-human mammal, and is especially adapted for use in 
determining the sequence of DNA suspected to contain a 
genetic variation associated With a disease (e.g., cancer or 
cystic ?brosis), and in Which the method is employed to 
determine Whether the DNA contains the variation. 

[0044] In a preferred embodiment of the method, the 
oligonucleotides are immobilized onto the solid support, 
such as plastic or glass). 

[0045] The invention also provides a kit for determining 
the sequence of a nucleic acid molecule Which comprises a 
solid support containing an array of spaced apart receptacles 
for oligonucleotides, each receptacle containing a different 
primer oligonucleotide. The kit may additionally contain at 
least four chain terminator nucleotide species, at least one of 
Which is labeled. Ahighly preferred kit contains at least four 
chain terminator nucleotide species, Wherein all of the chain 
terminator nucleotide species are labeled, and Wherein the 
label of any such species can be distinguished from the label 
of any other species present. 

[0046] The kit is particularly suited for determining the 
nucleotide sequence of DNA suspected to contain a genetic 
variation associated With a disease, and to provide a deter 
mination of nucleotide sequence sufficient to determine 
Whether the DNA contains the variation. 

BRIEF DESCRIPTION OF THE FIGURES 

[0047] FIG. 1 shoWs the result of a nested GBATM 
(N-GBATM) experiment. 
[0048] FIG. 2 shoWs the four major p53 mutational hot 
spot regions containing most cited p53 mutations are indi 
cated by the black bars marked A-D: A=codons 132-143, 
B=codons 174-179, C=codons 236-258 and D=codons 272 
282 (del=deletion; ins=insertion). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] The present invention provides a method of 
sequencing Which provides the advantages of micro- and 
nano-sequencing and has the ability to sequence polynucle 
otide regions. In brief, the method employs ordered arrays of 
linear primers that are capable of hybridizing to a target 
molecule and reporting the identity of the single nucleotide 
that is present in the hybridized molecule immediately 5‘ to 
the 3‘ terminus of the primer. By employing a suitable array 
of such primers, the invention permits one to ascertain he 
complete nucleotide sequence of a target polynucleotide. 
There are thus tWo central aspects to the present invention: 
the method of sequence analysis, and the nature of the 
primer array. 

[0050] I. GBATM Sequence Analysis 

[0051] The most preferred method of the present invention 
employs a modi?cation of the GBATM method of analyzing 
a predetermined site as the means for accomplishing 
sequence analysis. The GBATM method can be conducted in 
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a variety of Ways. In particular, such interrogation can be 
accomplished via a polymerase-mediated analysis or by a 
ligase-mediated analysis. 
[0052] A. Polymerase-Mediated Analysis 

[0053] The polymerase-mediated analysis is more fully 
described by Goelet, P. et al. (PCT Application WO92/ 
15712, herein incorporated by reference). In this assay, a 
puri?ed oligonucleotide having a de?ned sequence (comple 
mentary to an immediate proximal or distal sequence of a 
polymorphism) is bound to a solid support, especially a 
microtiter dish. A sample, suspected to contain the target 
molecule, or an ampli?cation product thereof, is placed in 
contact With the support, and any target molecules present 
are permitted to hybridiZe to the bound oligonucleotide. 

[0054] In one preferred embodiment, an oligonucleotide 
having a sequence that is complementary to an immediately 
distal sequence of a polymorphism is prepared using the 
above-described methods (and preferably that of Nikiforov, 
T. (US. patent application Ser. No. 08/005,061, herein 
incorporated by reference). The terminus of the oligonucle 
otide is attached to the solid support, as described, for 
example by Goelet, P. et al. (PCT Application WO 
92/15712), such that the 3‘-end of the oligonucleotide can 
serve as a substrate for primer extension. 

[0055] The immobiliZed primer is then incubated in the 
presence of a DNA molecule (preferably a genomic DNA 
molecule) having a single nucleotide polymorphism Whose 
immediately 3‘-distal sequence is complementary to that of 
the immobiliZed primer. Preferably, such incubation occurs 
in the complete absence of any dNTP (i.e. dATP, dCTP, 
dGTP, or dTTP), but only in the presence of one or more 
chain terminating nucleotide triphosphate derivatives (such 
as a dideoxy derivative), and under conditions suf?cient to 
permit the incorporation of such a derivative on to the 
3‘-terminus of the primer. As Will be appreciated, Where the 
polymorphic site is such that only tWo or three alleles exist 
(such that only tWo or three species of dNTPs, respectively, 
could be incorporated into the primer extension product), the 
presence of unusable nucleotide triphosphate(s) in the reac 
tion is immaterial. In consequence of the incubation, and the 
use of only chain terminating nucleotide derivatives, a single 
dideoxynucleotide is added to the 3‘-terminus of the primer. 
The identity of that added nucleotide is determined by, and 
is complementary to, the nucleotide of the polymorphic site 
of the polymorphism. 

[0056] In this embodiment, the nucleotide of the polymor 
phic site is thus determined by assaying Which of the set of 
labeled nucleotides has been incorporated onto the 3‘-termi 
nus of the bound oligonucleotide by a primer-dependent 
polymerase. Most preferably, Where multiple dideoxynucle 
otide derivatives are simultaneously employed, different 
labels Will be used to permit the differential determination of 
the identity of the incorporated dideoxynucleotide deriva 
tive. 

[0057] B. Polymerase/Ligase-Mediated Analysis 

[0058] In an alternative embodiment, the identity of the 
nucleotide of the polymorphic site is determined using a 
polymerase/ligase-mediated process. As in the above 
embodiment, an oligonucleotide primer is employed, that is 
complementary to the immediately 3‘-distal invariant 
sequence of the polynucleotide being analyZed. A second 
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oligonucleotide, is tethered to the solid phase via its 3‘-end. 
The sequence of this oligonucleotide is complementary to 
the 5‘-proximal sequence of the predetermined site being 
analyZed, but is incapable of hybridiZing to the oligonucle 
otide primer. 

[0059] These oligonucleotides are incubated in the pres 
ence of DNA containing the single nucleotide polymorphism 
that is to be analyZed, and at least one 2‘, 5‘-deoxynucleotide 
triphosphate. The incubation reaction further includes a 
DNA polymerase and a DNA ligase. 

[0060] The tethered and soluble oligonucleotides are thus 
capable of hybridiZing to the same strand of the single 
nucleotide polymorphism under analysis. The sequence con 
siderations cause the tWo oligonucleotides to hybridiZe to 
the proximal and distal sequences of the polynucleotide site 
that ?ank the predetermined site; the hybridiZed oligonucle 
otides are thus separated by a “gap” of a single nucleotide at 
the precise position of the predetermined site. 

[0061] The presence of a polymerase and a deoxynucle 
otide complementary to the nucleotide of the gap permits 
ligation of the primer extended With the complementary 
deoxynucleotide to the immobiliZed oligonucleotide 
complementary to the distal sequence, a deoxynucleotide 
triphosphate that is complementary to the nucleotide of the 
polymorphic site permits the creation of a ligatable sub 
strate. The ligation reaction immobiliZes the deoxynucle 
otide and the previously soluble primer oligonucleotide to 
the solid support. 

[0062] The identity of the polymorphic site that Was 
opposite the “gap” can then be determined by any of several 
means. In a preferred embodiment, the deoxynucleotide of 
the reaction is labeled, and its detection thus reveals the 
identity of the complementary nucleotide of the predeter 
mined site. Several different deoxynucleotides may (and 
preferably Will) be present, each differentially labeled. Alter 
natively, separate reactions can be conducted, each With a 
different deoxynucleotide. In an alternative sub-embodi 
ment, the deoxynucleotides are unlabeled and a labeled 
dideoxynucleotide is employed, and the second, soluble 
oligonucleotide is labeled. Separate reactions are conducted, 
each using a different unlabeled dideoxynucleotide. The 
reaction that contains the complementary nucleotide permits 
the ligatable substrate to form, and is detected by detecting 
the immobiliZation of the previously soluble oligonucle 
otide. 

[0063] C. Signal-Ampli?cation 
[0064] The sensitivity of nucleic acid hybridiZation detec 
tion assays may be increased by altering the manner in 
Which detection is reported or signaled to the observer. Thus, 
for example, assay sensitivity can be increased through the 
use of detectably labeled reagents. A Wide variety of such 
signal ampli?cation methods have been designed for this 
purpose. Kourilsky et al. (US. Pat. No. 4,581,333) describe 
the use of enZyme labels to increase sensitivity in a detection 
assay. Fluorescent labels (Prober, J. et al. Science 2381336 
340 (1987); Albarella et al., EP 144914), chemical labels 
(Sheldon III et al., US. Pat. No. 4,582,789; Albarella et al. 
US. Pat. No. 4,563,417), modi?ed bases (Miyoshi et al., EP 
119448), etc. have also been used in an effort to improve the 
ef?ciency With Which hybridiZation can be observed. 

[0065] It is preferable to employ ?uorescent, and more 
preferably chromogenic (especially enZyme) labels, such 



US 2002/0192662 A1 

that the identity of the incorporated nucleotide can be 
determined in an automated, or semi-automated manner 
using a spectrophotometer. 

[0066] D. Use of GBATM Analysis in the Methods of the 
Present Invention 

[0067] GBATM Was developed as a solid-phase single 
nucleotide polymorphism genotyping method based on 
single-base extension of an interrogation primer across a 
target base of interest. In contrast to gel-based testing, a 
solid-phase array can be manufactured in a standardiZed Way 
With quality control, thereby ensuring that variation in 
performance of the test is more a factor of input DNA quality 
and less of operator expertise. The present invention extends 
this method to a N-GBATM format, With the complementary 
interrogation primers nested at one (or more) base intervals 
across the target sequence, and thus enables detailed 
sequence analysis of a complex target DNA sequence. While 
GBATM is Well suited to single-base interrogations, the 
N-GBATM method of the present invention is ideally suited 
to analysis of intermediate length (10-100 base) DNA target 
sequences. Application of the N-GBATM method in a 
Sequence Con?rmation/composition AN alysis (SCAN TM)— 
chip prototype (a miniaturiZed array of interrogation primers 
on a glass slide) is the most preferred embodiment of the 
method, and permits standardiZed (through manufacture of 
the oligonucleotide interrogation primer arrays), loWer cost 
(through miniaturiZation of the test) and accurate (through 
use of the GBATM biochemistry) scanning for p53 muta 
tions. 

[0068] The solid-phase format of the present invention 
also provides advantages in processing, since reagents can 
be added by hand at small scales, or by robots on a larger 
scale, Without changes to the test. The siZe of the arrays can 
be controlled as Well, so that the advantages of miniaturiZa 
tion can be realiZed: thus a 30 pl PCR reaction can be 
hybridiZed simultaneously to hundreds or thousands of 
oligonucleotides in an array only a feW millimeters in 
diameter. In this Way, processing can be performed at a 
“macro” scale, using standard pipetters, and information 
extracted at a “micro” or “nano” scale using ?uorescent 
imaging. These advantages provide a loWer cost test having 
much more reproducible performance. Unlike methods that 
rely on hybridiZation as the method of analysis, the methods 
of the present invention exploit the use of primer extension 
biochemistry for nucleotide-by-nucleotide analysis and its 
application to a solid-phase oligonucleotide array format. 
The addition of primer extension to solid-phase analysis 
adds signi?cant increases in test accuracy and differential 
sensitivity over hybridiZation-based approaches While 
exploiting the advantages of solid-phase-based testing over 
gel-based tests. 

[0069] This strategy of nesting the GBATM across a region 
of interest eliminates any need to “expect” (i.e., guess in 
advance) a particular mutation. Nesting eliminates any need 
to limit analysis to a speci?c nucleotide. Current GBATM 
detection technology is a “tWo-result” system (distinguish 
ing Wild-type from mutant). An additional innovation of the 
preferred embodiments of the present invention involves the 
use of a “four-result” system, Which, by parallel detection of 
all four possible DNA bases for each site in the sequence, 
provides enhanced accuracy. With this innovation, the 
change of any nucleotide in the target region to any other 
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possible base Will be detectable in a base-speci?c fashion, 
thus any mutation in a proposed target hot-spot Will be 
identi?able, including novel mutations. 

[0070] In one embodiment, this is accomplished by sepa 
rating the arrays into four identical array spots to Which PCR 
or other ampli?ed product can hybridiZe equally. The 
GBATM extension is thus preferably divided into four reac 
tion mixes, each containing a different haptenated dideoxy 
nucleotide triphosphate (ddNTP). The four spots represent 
the four possible bases: G, A, T and C, and incorporation of 
each possible base can be evaluated for each oligonucleotide 
in the array and from this the sequence composition of the 
target fragment deduced. The SCAN TM-chip format, utiliZ 
ing N-GBATM biochemistry, Will thus enable: highly accu 
rate mutation detection due to the sensitivity of primer 
extension to hybridiZation mismatch at the 3‘ (extended) end 
of the interrogation primer; increased informativeness since 
the mutation is detected in a highly localiZed fashion; 
relatively standardiZable and simple testing due to the 
SCAN TM format; and cost-effectiveness due to miniaturiZa 
tion of the arrays. 

[0071] In accordance With the methods of the present 
invention, the target polynucleotide (i.e., the nucleic acid 
molecule that is to be sequenced) is provided to each array 
position of a spacially separated array of oligonucleotide 
primers in single-stranded form, under conditions suf?cient 
to permit hybridiZation to occur. As used herein, an array of 
oligonucleotides is said to be “spacially separated” if an 
oligonucleotide of one sequence is separated from an oli 
gonucleotide of another sequence. In the microminiaturiZed 
method described beloW, each oligonucleotide species of the 
array is provided to a separate microtiter Well. In contrast, in 
the nanominiaturiuZed method, each oligonucleotide species 
of the array is provided to a distinct region of a surface, such 
as a glass slide, etc. As used herein, the term “array” is 
intended to de?ne a tWo dimensional or three dimensional 
matrix having a de?nition of X,Y or X,Y,Z, such that, for 
example, at array position 1,1 a particular oligonucleotide is 
found; an oligonucleotide of different sequence is found at 
array position 1,2 or 2,1, etc. For each array, the oligonucle 
otide found at each array position is de?ned and knoWn in 
advance of any reaction. 

[0072] The sequence of each oligonucleotide of each array 
position is selected such that it Will be shorter in length than 
the target polynucleotide being sequenced. Most preferably, 
such nucleotides Will be less that 30 bases in length, and 
most preferably less than 10 bases. Oligonucleotides of 5 
bases in length are preferred. As such, if an oligonucleotide 
of N residues hybridiZes to the target polynucleotide, its 3‘ 
terminus (residue N) Will hybridiZe to a nucleotide of the 
target polynucleotide, and can be extended via a template 
dependent polymeriZation reaction to incorporate an “inter 
rogation nucleotide” as residue N+1 of that oligonucleotide. 
The identity of the “interrogation nucleotide” is dependent 
upon (and is complementary to) the nucleotide species of the 
target polynucleotide that is present immediately 5‘ adjacent 
to the nucleotide that hybridiZes to the 3‘ terminus of the 
oligonucleotide, prior to the polymeriZation reaction. 

[0073] Each array position additionally contains more 
than one different nucleotide specie, such that nucleotide 
species are present that are complementary to at least tWo, 
and in the most preferred embodiment, all four of the 
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nucleotide species of DNA (i.e., adenosine, cytosine, thy 
midine and guanosine, designated A, C, T and G, respec 
tively). The nucleotide species present are “chain termina 
tor” nucleotides. Although such nucleotide species can be 
incorporated onto the 3‘ terminus of an oligonucleotide by a 
DNA polymerase, the resultant extended oligonucleotide 
cannot be further extended by a polymerase, even in the 
presence of non-terminator nucleotides. The most preferred 
chain terminator nucleotide species of the present invention 
are 2‘-deoxynucleoside 5‘-triphosphates. The chain termina 
tor nucleotide species are detectably labeled, such that an 
extension reaction that results in the incorporation of a 
nucleotide complementary to one of the nucleotide species 
of DNA can be distinguished from an extension reaction that 
results in the incorporation of a nucleotide complementary 
to a different nucleotide species of DNA. Any of the 
conventionally used radioisotopic, enZymatic, ?uorescent or 
chemiluminescent labels may be used in accordance With the 
methods of the present invention. In lieu of such labels, 
haptenic labels, such as biotin or other labels such as ligands, 
antigens, etc. may be used. Suitable labels are disclosed, for 
example, by Kourilsky et al. (US. Pat. No. 4,581,333), 
Prober et al. (Science 238:336-340 (1987)); Albarella et al., 
(EP 144914), Sheldon III et al. (US. Pat. No. 4,582,789), 
Albarella et al. (US. Pat. No. 4,563,417), and Miyoshi et al. 
(EP 119448). 
[0074] It is hoWever, preferred to employ the enZyme 
mediated ?uorescence precipitation method (Huang, Z. et 
al., Anal Biochem 207:32-39 (1992), herein incorporated by 
reference). In this method of detection, a ?uorogenic signal 
is determined by precipitation at a localiZed reaction site. 
This novel detection chemistry actually combines the poW 
ers of enZymatic ampli?cation, rapid in situ product pre 
cipitation, high contrast of ?uorescence signal over (glass) 
background, and quantitation of ?uorescent signal. The 
method thus provides greater sensitivity than direct ?uores 
cence detection and is operationally compatible With a high 
density oligonucleotide glass array format. 

[0075] A polymerase, and suitable salts and buffers are 
also provided to each array position. The reaction conditions 
are maintained such that the oligonucleotides stably and 
speci?cally hybridiZe to the target polynucleotide, and so 
that the 3‘-terminus of the oligonucleotides are extended by 
addition of single chain terminator nucleotide (i.e., the 
interrogation nucleotide). As used herein, “stable” hybrid 
iZation refers to a hybridiZation that has a Tm greater than 
the temperature under Which the interrogation assay is to be 
run (generally 20-40° C.). The term “speci?c” hybridiZation 
denotes that the length and/or sequence complexity of the 
oligonucleotides involved in the hybridiZation are suf?cient 
to preclude non-desired spurious hybridiZation (as might 
occur, for example, betWeen sequences that are only par 
tially complementary). The hybridiZation is usually carried 
out for 15 to 30 minutes at room temperature in a solution 
containing 1.5 M NaCl and 10 mM EDTA. Other hybrid 
iZation conditions can alternatively be used. The sequence of 
the immobilized oligonucleotide is selected such that it Will 
hybridiZe to the invariant sequence that ?anks the polymor 
phic site of the polymorphism that is to be interrogated. 

[0076] If the ligase/polymerase mediated GBATM interro 
gation method is to be employed, the methods of Nikiforov 
et al. (US. patent application Ser. No. 08/192,631, herein 
incorporated by reference) are preferably employed. 
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[0077] Most preferably, the oligonucleotides present at 
each array position are immobiliZed to the solid surface of 
the array support. Such a support may be a microtiter dish, 
test tube array, etched glass surface, etc. 

[0078] II. Nature of the Oligonucleotide Array 

[0079] The nature of the oligonucleotide array may vary 
depending upon the amount of prior sequence information 
available concerning the target molecule. In one embodi 
ment of the invention, the array is “non-random.” As used 
herein, a “non-random” oligonucleotide array is a set of 
oligonucleotides Whose members do not contain all possible 
permutations of nucleotides. A non-random array is prefer 
ably employed When determining the nucleotide sequence of 
a polynucleotide for Which some a priori sequence informa 
tion is available. Thus, for example, non-random arrays 
Would be employed in sequencing those genes of a patient 
for Which the sequence of “normal” alleles had been previ 
ously determined. In contrast, a “random” array of oligo 
nucleotides is a set of oligonucleotides Whose members do 
contain all possible permutations of nucleotides. A random 
array is preferably employed When determining the nucle 
otide sequence of a polynucleotide for Which little or no a 
priori sequence information is available. 

[0080] Primer design is preferably facilitated through the 
use of the GBATM Primer 1.0 program (Molecular Tool, Inc.) 
Primer stability (measured in —kcal/mol) and potential 
sequence-based sources of noise are evaluated by this pro 
gram. A number of sequence-based features can lead to 
GBATM noise for a particular target site. The most common 
source of noise is template-independent noise (TIN) and 
results from self-priming by the GBATM primer. To elimi 
nate TIN, GBATM primers may be modi?ed by a base 
substitution With C3 linker or by shortening the primer at the 
5‘ end Without sacri?cing hybridiZation stability of the 
template strand. In the N-GBATM system, a set of GBATM 
primers Which complement the target sequence and are 
staggered by one base Will be designed according to the 
standard GBATM primer design strategies described above. 
An example of N-GBATM primer design Was shoWn in a 
model study described in the relevant experience section. 

[0081] A. Non-Random Nested Arrays 

[0082] In circumstances in Which the part of the sequence 
of the target molecule (or of a normal or reference sequence) 
has been previously determined, the oligonucleotide array 
can comprise a set of non-random nested oligonucleotides. 

[0083] In the simplest embodiment, the nested primer 
array Will contain all possible divergent sequences over the 
region Whose sequence is to be determined. The maximum 
number of primers needed to determine the sequence of N 
nucleotides is given by the equation: 

l 

[0084] As such, the maximum number of sequences 
needed to obtain the sequence of even a relatively small 
region rises rapidly When non-random arrays are employed, 
the method is not preferred When more extensive sequencing 
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is desired. For example, a maximum of 349,525 primers 
Would be needed to obtain 10 nucleotides of sequence 
information by this method. Hence, for obtaining such (or 
even more extensive) sequence information, the random 
array method described beloW is preferably employed. 

[0085] Thus, to sequence four nucleotides in the simplest 
embodiment, a set of (1+4+16+64=) 85 primers Would be 
needed. This aspect of the invention is illustrated in Table 1, 
Which shoWs the sequences of four arrays of nested non 
random 25-mer oligonucleotides (“oligos”), comprising all 
possible permutations of sequence on the ?nal 3 nucleotides. 
The extent of nesting shoWn in Table 1 is one nucleotide, 
hoWever, the array oligonucleotides can be nested by more 
than one nucleotide if desired. By using each oligonucle 
otide of a set as a GBATM primer in a GBATM reaction (either 
in the presence of three unlabeled terminator nucleotides and 
one labeled chain terminator nucleotide or in the presence of 
four differentially labeled chain terminator nucleotides), it is 
possible to determine the nucleotide sequence of the par 
ticular nucleic acid molecule of a sample that is comple 
mentary to the set of primers. 

[0086] In some circumstances feWer primers may be 
employed. For example, if it Were knoWn that only one of 
tWo nucleotide candidates Were possible at position 27 (e. g., 
either A or C, but not T or G), only (1+2+8=) 11 primers 
Would be needed to sequence the three nucleotide positions 
of any particular target molecule. 

TABLE 1 

SEQ ID Nucleotide Sequence Position 
N0 of Positions l—25 sequenced 

l CTTGTGCTGACTTACCAGATGGGAC 2 6 

2 TTGTGCTGACTTACCAGATGGGACA 2 7 
3 TTGTGCTGACTTACCAGATGGGACC 

4 TTGTGCTGACTTACCAGATGGGACT 

5 TTGTGCTGACTTACCAGATGGGACG 

6 TGTGCTGACTTACCAGATGGGACAA 2 8 
7 TGTCCTGACTTACCAGATGGGACAC 

8 TGTGCTGACTTACCAGATGGGACAT 

9 TGTGCTGACTTACCAGATGGGACAG 

l O TGTGCTGACTTACCAGATGGGACCA 
l l TGTGCTGACTTACCAGATGGGACCC 
l 2 TGTGCTGACTTACCAGATGGGACCT 

l 3 TGTGCTGACTTACCAGATGGGACCG 
l 4 TGTGCTGACTTACCAGATGGGACTA 
l 5 TGTGCTGACTTACCAGATGGGACTC 

l 6 TGTGCTGACTTACCAGATGGGACTT 
l 7 TGTGCTGACTTACCAGATGGGACTG 
l 8 TGTGCTGACTTACCAGATGGGACGA 
l 9 TGTGCTGACTTACCAGATGGGACGC 

2 O TGTCCTGACTTACCAGATGGCACGT 
2 l TGTGCTGACTTACCAGATGGGACGG 

2 2 GTGCTGACTTACCAGATGGGACAAA 2 8 

[0087] HoWever, and as discussed above, the GBATM 
reaction exploits the ability of the 3‘ terminus of the GBATM 
primer to hybridiZe to the target molecule being interro 
gated. This characteristic of the present invention permits 
sequence determinations With far feWer primers, depending 
upon the class of polymerase being employed in the GBATM 
reaction. In general, there are tWo classes of polymerases. 
One class, typi?ed by the KlenoW fragment of E. coli DNA 
polymerase I (KlenoW class) possess 3‘ to 5‘ exonuclease 
activity, and are able to correct 3‘ base mismatches in the 
extended primer. The second class, typi?ed by the thermo 
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stable polymerase, Thermosequenase (USB), (Thermose 
quenase class) do not possess 3‘ to 5‘ exonuclease activity, 
and are thus unable to correct 3‘ base mismatches in the 
extended primer. Polymerases of either class can be 
employed in accordance With the present invention. The 
characteristics of polymerases are shoWn in Table 2. 

TABLE 2 

3‘ to 5‘ Ability to 
Exonuclease Correct Possible Outcome 

Enzyme Activity Mismatch (Signal:Noise) 

KlenoW Fragment Strong Strong LoW 
Exo(—) KlenoW None Moderate Moderate 
Sequenase None Moderate Moderate 
AmpliTaq None Weak High 
Bst Polymerase None Weak High 
Thermosequenase None Weak High 

[0088] Since Thermosequenase class polymerases do not 
possess 3‘ to 5‘ exonuclease activity, unless a priori sequence 
information is available, it is preferable to employ each 
oligonucleotide in a nested set of all possible permutations. 
Nevertheless, in many circumstances incomplete sets of 
oligonucleotides may be employed in concert With Ther 
mosequenase class polymerases. For example, if SEQ ID 
N011, SEQ ID NO:2, SEQ ID N016 and SEQ ID NO:22 
Were employed to sequence a target having a sequence other 
than GTTT at positions 25-28, one or more of the oligo 
nucleotides Would fail to hybridiZe its 3‘ terminus to the 
target, and minimal nucleotide incorporation Would result. 
Hence a result indicating that GBATM reactions on a par 
ticular target molecule led to the incorporation of a label for 
SEQ ID NO:1 and SEQ ID NO:2, but not for SEQ ID NO:6 
or SEQ ID NO:22 Would indicate that the nucleotides at 
positions 27-28 Were not Ts. In one embodiment, such an 
observation of impaired incorporation is a useful indication 
that the sequence of the target molecule differs from that of 
the reference allele. As such, this embodiment is useful in 
identity and paternity analysis, and in genetic screening. 

[0089] In contrast, since KlenoW class polymerases can 
correct mismatches as Well as extend primers, When such 
polymerases are employed in the GBATM reaction, incorpo 
ration of label may re?ect primer repair as Well as primer 
extension. Thus, the use of KlenoW class polymerases in the 
present invention has a salient advantage. Instead of needing 
to provide all permutations of the sequence to be deter 
mined, one need provide only one oligonucleotide for each 
position to be determined. Thus, to determine the sequence 
of positions 2629 in the example shoWn above, one Would 
need to provide at most 4 oligonucleotides (i.e. an oligo 
nucleotide, such as SEQ ID NO:1 ending at position 26, an 
oligonucleotide, such as SEQ ID NO:2 ending at position 
27, an oligonucleotide, such as SEQ ID NO:6 ending at 
position 28, and an oligonucleotide, such as SEQ ID NO:22 
ending at position 29. 

[0090] Thus, When KlenoW class polymerases are 
employed, tWo possibilities exist With respect to such an 
array: a particular nucleotide may become labeled by exten 
sion, or it may become labeled by primer mismatch repair. 
In general, only a single unambiguous sequence Will be 
obtained. For example, Table 3 gives the results that Would 
be obtained from the use of SEQ ID NO:1, SEQ ID NO:2, 
SEQ ID NO:6 and SEQ ID NO:22 to evaluate a particular 
target molecule having the sequence CAT GCG at nucleotide 
positions 25-30. 
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TABLE 3 
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Position No . 

SEQ ID Nucleotide Sequence of Nucleotide 
N0. of Positions l—25 Sequenced by Nucleotide 
23 CCGTACTCCCATCTCGTAAGTCAGCACAAG Array Reported 

1 CTTGTGCTGACTTACCAGATGGGAC 25 c 

2 TTGTGCTGACTTACCAGATGGGACA 25 G 

6 TGTGCTGACTTACCAGATGGGACAA 2 8 c 

22 GTGCTGACTTACCAGATGGGACAAAA 28 c 

[0091] In the case of SEQ ID NO:1, the incorporation of 
G re?ects the removal of the 3‘ terminal C residue, and the TABLE 4-continued 
incorporation of a G (as the nucleotide complementary to the 
C at position 25 in the target). In the case of SEQ ID NO:2, SEQ ID I I 
the incorporation of G re?ects the removal of the 3‘ terminal NO 01190 Nudeotlde sequence 
A and C residues, and the incorporation of a G (as the 
nucleotide complementary to the C at position 25 in the 36 CF549+1 AAAGAAATTCTTGCTCGTTGACCTC 
target). In the case of SEQ ID NO:6, the incorporation of T 37 CF549+2 AAGAAATTCTTGCTCGTTGACCTCC 
re?ects the hybridization of the 3‘ terminus of the primer to 38 CF549+3 AGAAATTCTTGCTCGTTGACCTCCA 

. . . 3 9 CF5 4 9+4 GAAATTCTTGCTCGTTGACCTCCAC 

the target, and the extension of the primer by one nucleotide 40 CF5 49+5 AAATTCTTGCTCGTTGACCTCCACT 
(C, the nucleotide complementary to the C at position 25 in 
the target. In the case of SEQ ID NO:22, the incorporation 41 CF549-l TTCTTGGAGAAGGTGGAATCACACT 
of C re?ects the removal of the 3‘ terminal A and Aresidues, 42 CF54 9-2 TCTTGGAGAAGGTGGAATCACACTG 
and the incorporation of a C (as the nucleotide complemen- 43 CF549-3 CTTGGAGAAGGTGGAATCACACTGA 
tary to the G at position 28 in the target). 44 CF549-4 TTGGAGAAGGTGGAATCACACTGAG 

4 5 CF5 4 9-5 TGGAGAAGGTGGAATCACACTGAGT 

[0092] Such sequence assignments ?ow from the known 
rules of base pairing. In the above-example, the incorpora 
tion of G, G, C and C could not mean that positions 26-29 
of the target were CCGG, because such a nucleotide 
sequence is incompatible with the (known) sequence of the 
3‘ terminus of SEQ ID NO:22. In a similar manner, consid 
eration of the known sequences of the oligonucleotides 
reveals the nucleotide position being reported by a particular 
nucleotide of the array. In a preferred embodiment, such 
consideration is facilitated by performing separate sequence 
determinations with both a nucleotide array and its comple 
ment (such that the sequences both strands of a target 
molecule are obtained). 

[0093] Table 4 illustrates typical oligonucleotide arrays by 
displaying sets of oligonucleotides su?icient to permit 
sequence analysis of exon 23 of the human BRCAl gene 
(E23) and cystic ?brosis (CF) (at the locus of nucleotide 
549) genes with a Klenow class polymerase. In the Table, 
the sign (+/—) indicates the strand of the target being 
sequenced; the number (1-6) indicates the position of the 
target being interrogated. 

TABLE 4 

SEQ ID 
NO Oligo Nudeotide Sequence 

2 4 E 2 3 + l CTTGTGCTGACTTACCAGATGGGAC 

2 5 E 2 3 +2 TTGTGCTGACTTACCAGATGGGACA 

2 6 E 2 3 + 3 GTGCTGACTTACCAGATGGGACAC 

2 7 E 2 3 + 4 TGCTGACTTACCAGATGGGACACT 

2 8 E 2 3 +5 TGCTGACTTACCAGATGGGACACTC 
2 9 E2 3+6 GCTCACTTACCAGATGGGACSCTCT 

3 O E 2 3 — l GTCATTATGCTATGCAGAAAATCT 

3 l E 2 3 —2 TCATTAATGCTATGCAGAAATCTT 
3 2 E 2 3 — 3 CATTAATGCTATGCAGAAATCTTA 

3 3 E 2 3 — 4 ATTAATGCTATCCAGAAATCTTAG 

3 4 E 2 3 —5 TTAATGCTATGCAGAAATCTTAGA 
3 5 E 2 3 — 6 TATGCTATGCAGAAAATCTTAGAG 

[0094] As will be recognized, the use of a Klenow class 
polymerase permits sequence determinations using far fewer 
than the maximum number of oligonucleotides that would 
otherwise be required. Nevertheless, because repair of mis 
matches may complicate analysis, Thermosequenase class 
polymerases are the preferred polymerases of the present 
invention. Since such polymerases do not repair mis 
matches, they are preferably used in embodiments in which 
oligonucleotides having all possible permutations of 3‘ 
sequence are provided, or more preferably, in embodiments 
in which two oligonucleotide arrays are employed (one 
complementary to one strand, and the other complementary 
to the second strand). 

[0095] B. Random Nested Arrays 
[0096] Whereas the non-random nested array method 
described above is predicated on providing the target mol 
ecule with hybridization oligonucleotides that possess the 
exact -sequence of the target, the random nested array 
method is predicated on deriving sequence information from 
the pattern of oligonucleotides of the array that are extended 
in the GBATM reaction as well as from the identity of the 
nucleotide added to each extended oligonucleotide. 

[0097] In the method, an array of oligonucleotide primers 
is employed. The lengths of the primers are most preferably 
uniform, and can vary from 6-20 nucleotides in length. For 
an array of N nucleotides, there are 4N possible sequence 
permutations. However, because each oligonucleotide can 
(if hybridized to target in a GBATM reaction) be extended by 
one nucleotide, the use of an array of random primers of N 
nucleotides in length can generate sequence information for 
4N+1 nucleotides. Hence, an array of 4,096 oligonucleotides 
(comprising a random permutation of all possible 6-mers) 
could simultaneously sequence 16,384 bases of a target 
molecule. 

[0098] The random array method may be illustrated as 
follows. An array of all possible 6-mers is prepared such that 
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the x,y array location and sequence of -each oligonucleotide 
of the array is known. Each array position is incubated With 
the same target polynucleotide, and a GBATM reaction is 
conducted for each array position. These parallel (or sequen 
tial) reactions lead to the formation of a sequence signature 
consisting of array positions Whose oligonucleotides have 
not been extended, and those Whose oligonucleotides have 
been extended by addition of A, T, C or G. 

[0099] One array position for an extended oligonucleotide 
is selected at random (although, in a preferred automated 
mode, multiple positions may be processed in parallel). The 
sequence of the extended oligonucleotide at the selected 
array position is determined using the oligonucleotide’s 
initial (prede?ned 6-mer sequence) and the identity of the 
labeled nucleotide added to the oligonucleotide’s 3‘ terminus 
in the GBATM reaction. This determination de?nes a second 
6-mer oligonucleotide (consisting of nucleotides 2-7 of the 
selected oligonucleotide). The array location of this second 
6-mer position is identi?ed, and the extension product 
formed by the oligonucleotide at that array position is 
determined. Such sequence information de?nes a third 
6-mer oligonucleotide (consisting of nucleotides 2-7 of the 
second selected oligonucleotide). In like manner, the entire 
sequence stored in the array can be deduced. 

[0100] A salient feature of the use of the GBATM reaction 
in accordance With the methods of the present invention is 
the capacity to miniaturiZe such methods, resulting in a 
savings of space, reagents, and time, and providing 
increased throughput and reliability. 

[0101] III. MicrominiaturiZed Analysis Method 

[0102] In one embodiment, a microminiaturiZed analysis 
format is employed. As used herein, a microminiaturiZed 
reaction is one conducted in a reaction volume of greater 
than 50 pl, but less than 200 pl, and most preferably less than 
100 pl. Such analysis is most preferably conducted in 96 
Well microtiter Well plates, using the indirect ?uorescent 
colorimetry method of Huang, Z. et al. (Anal Biochem 
207:32-39 (1992)), and the use of liquid handling robots to 
deliver reagents. 

[0103] A preferred format involves designing the GBATM 
primers so that they are associated With biotinylated spacer 
arms suf?cient to permit them to become bound to a glass or 
plastic support (such as a glass slide, etc.). This attachment 
approach has the advantage of high speci?city and results in 
minimal nonspeci?c backgrounds during attachment and 
hybridiZation. Apreferred glass slide support for oligonucle 
otide immobiliZation has Wells of exposed glass surrounded 
by a hydrophobic Te?on coating (Cel-line Associates, Inc.). 
The plates have 12 Wells (7 mm in diameter), and are 
designed such that solutions can be dispensed With standard, 
multichannel pipetting instruments, and signals can be read 
on existing plate readers. Avidin Will be covalently attached 
onto a glass-slide using our proprietary attachment chemis 
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try. A 50 pl solution of 0.4 pm biotinylated oligonucleotide 
Will then be added to each Well, and incubated for 2 hrs, then 
rinsed With TNTW (10 mM Tris-HCl, pH7.5, 150 mM NaCl, 
0.05% Tween-20). 
[0104] IV. NanominiaturiZed Analysis Method 

[0105] In an alternate embodiment, a nanominiaturiZed 
analysis format is employed. As used herein, a micromin 
iaturiZed reaction is one conducted in a reaction volume of 
less than 50 pl, and most preferably less than 10 pl In a 
preferred nanominiaturiZed embodiment, the support Will be 
an etched glass plates that Will hold several hundred to 
several thousand nanoWells (0.1-5 pl volume per Well), such 
that entire arrays can be evaluated simultaneously. The 
determination of the result of the GBATM reaction Will most 
preferably be performed via a automated processing using, 
for example a pixel by pixel CCD camera equipped to 
distinguish the labels of the nucleotides being employed. 
Detection of the extension may be accomplished using a 
variety of labels, hoWever, tWo detection schemes are pre 
ferred i) direct ?uorescence detection on glass, and ii) 
enZyme-mediated ?uorescence detection. 

[0106] Having noW generally described the invention, the 
same Will be more readily understood through reference to 
the folloWing examples Which are provided by Way of 
illustration, and are not intended to be limiting of the present 
invention, unless speci?ed. 

EXAMPLES 

Example 1 

Nested GBATM Analysis 

[0107] In order to demonstrate the biochemical feasibility 
of adapting GBATM technology to determine all 4 bases at 
each nucleotide position Within a string of sequence, the 
folloWing N-GBATM experiment Was conducted. A target 
polynucleotide having the sequence: 

SEQ ID NO: 46 
(Wild-type) 5 ' CCAGAAGAAA GGGCCTTCAC AG'I‘G'I‘CCTT 

ATGTAAGAAT GATATAACC-3 ' 

or 

SEQ ID NO: 47 
(Mutant) 5 ' CCAGAAGAAA GGGCCTTCAC AGGG'I‘CCTTT 

ATGTAAGAAT GATATAACC-3 ' 

[0108] Was interrogated With a set of primers that had been 
immobiliZed on to the surface of a 96 Well microtiter plate 
in order to type the central ?ve bases (shoWn in boldface) of 
the “Wild-type” sequence (AGTGT) and of a single-base 
“mutant” sequence (AGGGT). The primers used had the 
folloWing sequence: 

SEQ ID NO:48 (Primer l) 5 ' GGTTATATCATTCTTACATAAAGG 3 ' 

SEQ ID NO:49 (Primer 2) 5 ' GTTATATCATTCTTACATAAAGGA 3 ' 

SEQ ID NO:5O (Primer 3) 5 ' TTATATCATTCTTACATAAAGGAC 3 ' 

SEQ ID NO:5l (Primer 4) 5 ' TATATCATTCTTACATAAAGGACA 3 ' 

SEQ ID NO:52 (Primer 5) 5 ' ATATCATTCTTACATAAAGGACAC 3 ' 
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[0109] TWo commercially available DNA polymerases, 
the KlenoW fragment of E. coli DNA polymerase I and the 
thermostable Thermosequenase (USB), Were used for the 
single-base extension reaction. Primers Were immobilized 
onto polystyrene plate via cationic detergent (Octyldimethy 
lamine) promoted passive adsorption (Nikiforov, T. T. et al., 
Anal Biochem 227:201-209 (1995)) at de?ned locations. The 
Wild-type and mutant templates Were hybridized to the 
immobiliZed GBATM primers, and the 3‘ end of the GBATM 
primers Were extended by a single ?uorescent labeled chain 
terminator ddNTP by either KlenoW or Thermosequenase. 
EnZyme-mediated ?uorescence signal Were obtained using 
the Cyto?uor II ?uorescent plate reader. The results of the 
experiment are shoWn in Table 5. 

[0110] As shoWn in Table 5, the ?nal colorimetric readouts 
from the extensions of KlenoW fragment and Thermoseque 
nase With the matching primer set and Wild-type template 
Were consistent With the true base sequence. When the 
mutant template Was present, hoWever, the tWo DNA poly 
merases gave quite different readout patterns. KlenoW, 
knoWn for its 3‘ to 5‘ exonuclease activity, Was able to 
correct the 3‘ base mismatches of Primers 4 and 5 With the 
mutant template and extend only the C base from these 
primers. On the other hand, Thermosequenase could not 
repair and extend at any of these mismatches, resulting a 
lack of signal for both Primers 4 and 5. Either enZyme could 
produce very distinct and differential patterns of colorimet 
ric readout for the Wild-type and mutant templates, demon 
strating the use of this N-GBATM approach to screen for 
mutations. 

TABLE 5 

Base Extended 

Template Primer Used A G T C 

Polymerase 
KlenoW 

Wild-type Primer 1 2.0 0.43 0.15 0.24 
Primer 2 0.94 0.42 0.16 2.0 
Primer 3 2.0 0.30 0.15 0.79 
Primer 4 0.50 0.15 0.19 1.9 
Primer 5 0.28 0.14 1.7 0.55 

Mutant Primer 1 0.96 0.45 0.15 0.16 
Primer 2 0.88 0.43 0.17 1.1 
Primer 3 0.55 0.33 0.23 1.8 
Primer 4 0.26 0.16 0.10 1.3 
Primer 5 0.25 0.15 0.11 1.3 

Thermosequenase 

Wild-type Primer 1 2.2 0.28 0.11 0.14 
Primer 2 0.33 0.18 0.15 2.1 
Primer 3 2.1 0.16 0.12 0.22 
Primer 4 0.20 0.11 0.15 2.1 
Primer 5 0.15 0.12 2.2 0.16 

Mutant Primer 1 1.2 0.19 0.11 0.12 
Primer 2 0.23 0.19 0.18 1.3 
Primer 3 0.22 0.14 0.13 1.5 
Primer 4 0.10 0.10 0.10 0.16 
Primer 5 0.10 0.10 0.15 0.14 

[0111] Overall, this data reveals tWo important points: 1) 
Thermosequenase reduced template dependent noise due to 
its better S:N ratios When compared to KlenoW, and 2) 
Thermosequenase did not extend at a non-speci?c base (i.e., 
it stopped When the primer overlapped the non-speci?c 
base), thus clearly indicating a mismatch Which can be used 
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to locate the position of the mutation. These advantages 
suggest that the exonuclease-free Thermosequenase enZyme 
is better suited to the N-GBATM technology, hoWever, since 
Thermosequenase does not give false data at a mismatch, 
SCAN TM must also be performed from the other strand to 
determine the sequence that folloWs the mutation. 

EXAMPLE 2 

Nested GBATM Analysis On Glass Slides 

[0112] The feasibility of conducting nested GBATM 
(N-GBATM) reactions on glass slides Was evaluated. For this 
purpose, 25-mer GBATM primers Were 5‘ speci?cally 
attached onto the surface of a glass slide via avidin-biotin 
af?nity interactions. The glass slides had Wells of exposed 
glass surrounded by hydrophobic Te?on coating (Cel-line 
Associates, Inc.). The 12 Wells Were 7 mm in diameter, and 
Were designed such that solutions could be dispensed With 
standard, multichannel pipetting instruments, and signals 
could be read on existing plate readers. A 50 pl solution of 
0.4 pm biotinylated oligonucleotide Was added to each Well, 
incubated for 2 hrs (1.5 mM NaCl, 10 mM EDTA, and 0.5 
pM target synthetic template strands), and then rinsed With 
TNTW (10 mM Tris-HCl, pH7.5, 150 mM NaCl, 0.05% 
Tween-20). 
[0113] GBATM biochemistry (Nikiforov, T. T. et al., Nucl 
Acids Res 22:4167-4175 (1994); Nikiforov, T. T. et al., PCR 
Methods and Apps 3:285-291 (1994), both herein incorpo 
rated by reference) Was used to analyZe the synthetic tem 
plates; each synthetic template Was split into four different 
Wells, and each Well Was treated With extension mix con 
taining all the extension reaction components, exonuclease 
free KlenoW fragment of E. coli polymerase, and each of 
four ?uorescein-labeled ddNTPs and co-ddNTPs. EnZyme 
mediated ?uorescence signal Were obtained using the Cytof 
luor II ?uorescent plate reader. Synthetic template 1 Was 
designed to give a GBATM signal in base A, and synthetic 
template 2 Was designed to give a GBATM signal in base G. 

[0114] The GBATM extension reactions are detected using 
the enZyme-mediated ?uorescence precipitation method 
(Huang, Z. et al., Anal Biochem 207:32-39 (1992); Huang, 
Z. et al., J Histochem Cytochem 41:313-317 (1993)). The 
glass slide containing the ?uorescein GBATM signal are 
incubated for about 30 minutes With anti-?uorescein alkaline 
phosphatase solution under a blocking condition commonly 
used in ELISA or histochemical procedures. After Washing, 
a droplet of an alkaline phosphatase ?uorogenic precipitat 
ing substrate solution (Molecular Probes) is applied to either 
individual reaction Wells or the entire slide. FolloWing a 15 
minute incubation and Wash, the GBATM signal can be 
immediately visualiZed under a conventional ?uorescent 
microscope equipped With a 360 nm excitation ?lter and a 
530 nm emission ?lter, or quantitated by a ?uorescence 
microtiter plate scanner (Cyto?uor II) equipped With the 
same ?lter set. 

[0115] The results of this experiment are shoWn in FIG. 1. 
The results Were as expected: both templates gave strong 
signals in correct bases With virtually no noise in other bases 
observed (the SN ratio ranged from 28 to 14.2). This 
experiment demonstrated the feasibility of performing 
GBATM biochemistry on glass, and detection of GBATM 
signal using sensitive enZyme-mediated ?uorescence detec 
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tion using a commercially available ?uorescent plate reader, 
the Cyto?uor II. The high quality of the results strongly 
suggest that the proposed N-GBATM biochemistry should 
perform very Well on glass surface When combined With the 
enZyme-mediated ?uorescence detection, and puts us on the 
path toWards a loW-cost miniaturiZable GBATM processing 
format. 

Example 3 

Nested GBATM Analysis of the BRCA1 Gene 

[0116] The feasibility of utiliZing the nested GBATM 
(N-GBATM) approach to accurately identify mutations in 
exon 23 of the human BRCA1 gene Was evaluated. 

[0117] Mutations in the human BRCA1 gene have been 
implicated as correlated With familial breast cancer. In 
particular, a mutation located at position 354-359 of the 
normal (Wild-type) sequence (TAGAGT) has been corre 
lated With familial breast cancer. Primers having the 
sequences SEQ ID Nos: 24-29 and 30-35 Were used to 
sequence sample BRCA1 genes (Table 6). 

TABLE 6 

SEQ ID NO Nudeotide Sequence of E23 
53 OligO TCTTAGAGTGTCCCATCTGGTAAGTCAGCACAAG 

24 E23+1 CTTGTGCTGACTTACCAGATGGAC 
25 E23+2 TTGTGCTGACTTACCAGATGGACA 

26 E23+3 TGTGCTGACTTACCAGATGGACAC 
27 E23+4 GTGCTGACTTACCAGATGGACACT 

28 E23+5 TGCTGACTTACCAGATGGACACTC 
29 E23+6 GCTGACTTACCAGATGGACACTCT 

SEQ ID NO Nucleotide Sequence 
54 OligO GACACTCTAAGATTTTCTGCATAGCATTAATGAC 

3O E23-l GTCATTAATGCTATGCAGAAAATCT 

3l E23-2 TCATTAATGCTATGCAGAAAATCTT 
32 E23-3 CATTAATGCTATGCAGAAAATCTTA 
33 E23-4 ATTAATGCTATGCAGAAAATCTTAG 
34 E23-5 TTAATGCTATGCAGAAAATCTTAGA 

35 E23-6 TAATGCTATGCAGAAAATCTTAGAG 

[0118] 
[0119] Thus, nested GBATM reactions Were performed 
using KlenoW and exo-KlenoW polymerase, and ?uorocein 
labeled ddNTPs. The results of this experiment are shoWn in 
Table 7. 

TABLE 7 

Nested GBA TM Reaction Using “+” Template Strand of E23 of BRCA1 

A C G T 

Primer Sig- Sig- Sig- Sig 
Used nal TIN nal TIN nal TIN nal TIN 

Nucleotide Extended Using Exo-KlenoW 

E23+1 3.07 0.15 0.93 0.12 0.38 0.19 0.38 0.12 
E23+2 0.94 0.14 2.97 0.15 0.35 0.16 0.45 0.14 
E23+3 0.42 0.11 0.41 0.10 0.26 0.11 2.28 0.10 
E23+4 0.49 0.15 3.21 0.16 0.38 0.34 0.75 0.16 
E23+5 0.37 0.14 0.49 0.14 0.31 0.14 2.70 0.13 
E23+6 3.13 0.22 0.40 0.18 0.62 2.82 0.62 0.16 
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TABLE 7-continued 

Nested GBA TM Reaction Using “+” Template Strand of E23 of BRCA1 

A C G T 

Primer Sig- Sig- Sig- Sig 
Used nal TIN nal TIN nal TIN nal TIN 

Nucleotide Extended Using KlenoW 

E23+1 3.34 0.38 1.38 0.21 0.81 0.21 0.41 0.15 
E23+2 1.55 0.35 2.96 0.15 0.58 0.19 0.44 0.17 
E23+3 1.04 0.38 1.17 0.13 0.52 0.16 3.08 0.12 
E23+4 1.03 0.57 3.35 0.13 0.69 0.45 1.29 0.22 
E23+5 0.57 0.12 1.54 0.15 0.47 0.31 3.34 0.19 
E23+6 3.36 0.31 0.88 0.17 1.41 1.64 1.12 0.18 

[0120] The results shoWn in Table 7 thus shoW that Kle 
noW and Exo-KlenoW gave the same sequence (ACTCTA) 
for the primer extension, thereby indicating that the “+” 
strand of the E23 locus being sequenced had the comple 
mentary sequence (5‘ TAGAGT 3‘). To con?rm this result, a 
nested GBATM reaction Was performed using the “—” tem 
plate strand of E23 of BRCA1. The results of this experi 
ment are shoWn in Table 8. 

TABLE 8 

Nested GBA TM Reaction Using “—” Template Strand of E23 of BRCA1 

A C G T 

Primer Sig- Sig- Sig- Sig 
Used nal TIN nal TIN nal TIN nal TIN 

Nucleotide Extended Using Exo-KlenoW 

E23-1 0.54 0.08 0.28 0.11 0.43 0.22 2.00 0.12 
E23-2 2.04 0.09 0.19 0.08 0.31 0.08 0.68 0.08 
E23-3 0.69 0.11 0.16 0.10 3.29 0.09 0.48 0.08 
E23-4 3.15 0.36 0.18 0.14 0.44 0.10 0.69 0.09 
E23-5 0.26 0.14 0.17 0.09 2.34 0.10 1.00 1.37 
E23-6 0.38 0.10 0.24 0.09 0.47 0.09 2.57 0.24 

Nucleotide Extended Using KlenoW 

E23-1 0.47 1.24 0.78 0.12 0.66 0.37 3.43 0.70 
E23-2 1.78 0.12 0.26 0.08 0.24 0.1 0.96 0.11 
E23-3 1.48 0.16 0.31 0.09 3.42 0.24 0.97 0.51 
E23-4 3.30 0.22 0.29 0.08 0.80 0.15 0.72 0.30 
E23-5 0.53 0.22 0.17 0.09 2.29 0.11 2.57 1.85 
E23-6 0.73 0.14 0.25 0.11 0.95 0.17 3.48 0.42 

[0121] The results shoWn in Table 8 thus shoW that Kle 
noW and Exo-KlenoW gave the same sequence (TAGAGT) 
for the primer extension, thereby indicating that the “—” 
strand of the E23 locus being sequenced had the comple 
mentary sequence (5‘ ACTCTA 3‘). 
[0122] In order to demonstrate the ability of the present 
invention to discern mutations in the E23 locus, tWo addi 
tional experiments Were performed. In the ?rst experiment, 
a target strand having a deletion of the AG nucleotides Was 
analyZed. In the second, a mixture of the normal and AG 
deletion target template Was made, and analyZed via the 
nested GBATM method. The ?rst experiment thus discerns 
the pro?le that Would be presented by an individual having 
a homoZygous mutation in the E23 locus, While the second 
experiment analyZes the pro?le that Would be presented by 
an individual having heterogygosity in this region. The 
results of these experiments are shoWn in Tables 9 and 10. 
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TABLE 9 

Nested GBA TM Reaction Using “AG” Deletion in “+” Template Strand 
of E23 of BRCA1 

Nudeotide F tended 

Primer A Signal C Signal G Signal T Signal 

E23 + 1 2.77 0.13 0.11 0.1 
E23 + 2 0.22 2.45 0.11 0.11 
E23 + 3 0.12 0.13 0.1 1.51 
E23 + 4 2.53 0.1 0.1 0.11 
E23 + 5 1.53 0.1 0.11 0.12 
E23 + 6 0.24 0.11 0.61 0.13 

[0123] The results shown in Table 9 de?ne an extended 
sequence for this sample of ACTAA, thereby indicating that 
the “+” strand of the E23 locus being sequenced had the 
complementary sequence (5‘ TTAGT 3‘) (see SEQ ID 
NO:53). The observed sequence is explained as follows: 
Primers 1-3 sequence bases that precede the deletion, and 
hence report the Wild-type sequence (ACT). Primer 4, Which 
ends just before the deletion, reports the sequence of the ?rst 
nucleotide of the target strand that folloWs deletion (i.e., A). 
Primer 5, When hybridized to the deletion ends With a one 
base mismatch, Which is removed by the polymerase. The 
truncated hybridized primer 5 then sequences the same 
nucleotide as that sequenced by Primer 4. Primer 6, Which 
has a tWo base mismatch is not extended in the reaction. 

TABLE 10 

Nested GBA TM Reaction Using A Mixture Of Templates 
“AG” Deletion And Normal “+” Template Strand of E23 of BRCA1 

Nucleotide F tended 

Primer A Signal C Signal G Signal T Signal 

E23 + 1 3.31 0.39 0.34 0.36 
E23 + 2 0.5 2.87 0.39 0.41 
E23 + 3 0.29 0.35 0.33 1.51 
E23 + 4 1.97 2.53 0.38 0.4 
E23 + 5 0.51 0.38 0.53 1.64 
E23 + 6 3.21 0.4 0.41 0.43 

[0124] Table 10 reveals that Primers 1-3 Were extended as 
expected to yield extension products A, C, and T, respec 
tively for both Wild-type and AG deletion target molecules. 
The presence of Wild-type target results in the extension of 
Primer 4 With a C residue (consistent With the results 
obtained above; see Table 7). Similarly, the presence of the 
Wild-type target causes Primers 5 and 6 to be extended by T 
and A, respectively (see Table 7). The presence of the AG 
deletion target causes. Primer 4 to be extended by an A 
(consistent With the result shoWn in Table 9). Consistent 
With the fact that the target mixture is 1:1 wild-typezmutant, 
the signals of A and C addition for Primer 4 are approxi 
mately equal. Neither Primer 5 nor Primer 6 are extended 
When hybridized to the AG deletion target because their 3‘ 
terminal nucleotides Would not be base-paired With the AG 
deletion target mutant. The failure of Primer 5 to be 
extended When hybridized to the AG mutant re?ects the 
relatively loWer binding avidity of the polymerase for 
Primer 5zmutant duplexes as compared to Primer 51Wild 
type duplexes (in Which there Would be no mismatch). 
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Example 4 

Nested GBATM Analysis of the CF Gene 

[0125] The feasibility of utilizing the nested GBATM 
(N-GBATM) approach to accurately identify mutations in the 
nucleotide 549 locus of the human CF gene Was also 
evaluated. 

[0126] Thus, a set of primers (shoWn in Table 11) Was 
prepared, and used in a nested GBATM reaction to sequence 
a locus of the cystic ?brosis gene (CF) around nucleotide 
549. 

TABLE 1 1 

SEQ ID NO Nucleotide Sequence 
5 5 O l ig O CTGAGTGGAGGTCAACGAGCAAGAATTTCTTT 

36 CF54 9+1 AAAGAAATTCTTGCTCGTTGACCTC 
37 CF54 9+2 AAGAAATTCTTGCTCGTTGACCTCC 

38 CF54 9+3 AGAAATTCTTGCTCGTTGACCTCCA 
39 CF54 9+4 GAAATTCTTGCTCGTTGACCTCCAC 
4O CF54 9+5 AAATTCTTGCTCGTTGACCTCCACT 

SEQ ID NO Nudeotide Sequence 
5 6 O1 igO TCCACTCAGTGTGATTCCACCTTCTCCAAGAA 

4 l CF5 4 9— l TTCTTGGAGAAGGTGGAATCACACT 

42 CF5 4 9-2 TCTTGGAGAAGGTGGAATCACACTG 
4 3 CF5 4 9— 3 CTTGGAGAAGGTGGAATCACACTGA 
4 4 CF5 4 9— 4 TTGGAGAAGGTGGAATCACACTGAG 
4 5 CF 5 4 9 — 5 TGGAGAAGGT GGAAT CACACTGAGT 

[0127] Table 12 shoWs the result of this experiment With 
respect to the “+” strand of this target molecule. 

TABLE 12 

Nested GBA TM Reaction Using “+” Template Strand of CF Gene At 
Locus 549 

A C G T 

Primer Sig- Sig- Sig- Sig 
Used nal TIN nal TIN nal TIN nal TIN 

Nucleotide Extended Using Exo-KlenoW 

CF549+1 0.25 0.09 2.99 0.09 0.20 0.09 0.29 0.09 
CF549+2 3.49 0.10 0.74 0.10 0.19 0.10 0.25 0.10 
CF549+3 1.01 0.31 3.23 0.12 0.26 0.13 0.38 0.12 
CF549+4 0.47 0.19 0.89 0.16 0.56 0.25 2.76 0.14 
CF549+5 0.30 0.11 2.97 0.12 0.21 0.13 0.39 0.12 

Nucleotide Extended Using KlenoW 

CF549+1 0.43 0.15 3.37 0.10 0.29 0.15 0.82 0.64 
CF549+2 3.45 0.36 1.38 0.10 0.33 0.22 0.48 0.14 
CF549+3 1.52 0.13 3.60 0.11 0.36 0.18 0.51 0.11 
CF549+4 1.41 0.17 1.87 0.13 0.92 0.26 3.48 0.15 
CF549+5 0.60 0.11 3.22 0.12 0.28 0.15 0.59 0.11 

[0128] As indicated in Table 12, both KlenoW and Exo 
KlenoW gave nested GBATM extension products of C, A, C, 
T and C, respectively for primers CF549+ through CF549+ 
5. The deduced sequence for the 549 locus of the target is 
therefore GAGTG, as expected. The results obtained above 
Were con?rmed by performing a nested GBATM reaction 
using the “—” CF strand. The results of this experiment are 
presented in Table 13. 
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TABLE 13 

Nested GBA TM Reaction Using “—” Template Strand of CF Gene At 
Locus 549 

A C G T 

Primer Sig- Sig- Sig- Sig 
Used nal TIN nal TIN nal TIN nal TIN 

Nucleotide Extended Using Exo-KlenoW 

CF549—1 0.37 0.11 0.28 0.15 3.09 0.10 0.45 0.13 
CF549—2 3.32 0.11 0.25 0.13 0.52 0.13 0.27 0.12 
CF549-3 1.65 0.12 0.19 0.19 3.88 0.13 1.34 0.19 
CF549—4 0.69 0.09 0.11 0.12 1.16 0.10 2.97 0.09 
CF549—5 1.10 0.12 0.56 0.31 3.45 0.54 1.45 0.15 

Nucleotide Extended Using KlenoW 

CF549—1 1.31 0.13 0.77 0.53 3.37 0.17 1.21 0.21 
CF549—2 3.52 0.13 0.74 0.63 1.36 0.15 0.89 0.21 
CF549-3 1.65 0.12 0.19 0.19 3.88 0.13 1.34 0.19 
CF549—4 0.69 0.09 0.11 0.12 1.16 0.10 2.97 0.09 
CF549—5 1.10 0.12 0.56 0.31 3.45 0.54 1.45 0.15 

[0129] As indicated in Table 13, both KlenoW and Exo 
KlenoW gave nested GBATM extension products of G, A, G, 
T and G, respectively for primers CF549-1 through CF549 
5. The deduced sequence for the 549 locus of the target is 
therefore CACTC, as expected. The results obtained above 
Were con?rmed by performing a nested GBATM reaction 
using the “—” CF strand. The results of this experiment are 
presented in Table 13. KlenoW, Exo-KlenoW and Sequenase 
Were compared for their ability to serve as the polymerase in 
the nested GBATM reaction shoWn in Example 13. The 
enzymes gave equivalent N-GBATM results. 

Example 5 

Nested GBATM Analysis of Hot Spots in the p53 
Gene 

[0130] The feasibility of utilizing the nested GBATM 
(N-GBATM) approach to accurately detect p53 mutations 
Was evaluated. 

[0131] The p53 gene encompasses an approximately 19 
kilobase stretch, comprising 11 exons (393 codons), of 
chromosome region 17p13.105-p12. Characterized as a 
tumor antigen in 1979, then as an oncogene, and ?nally as 
a tumor suppressor gene, p53 has received increasing study 
in cancer research. Mutations in the p53 gene are the single 
most common genetic alteration in human cancers and 
generally result in loss of function of the protein. The p53 
protein’s apparent role in regulating cell groWth and apop 
tosis suggests it is a core protein in determination of tum 
origenesis, With mutations in p53 being part of the cascade 
necessary for the development of many tumors. Three 
quarters of colon cancers and half of lung and breast cancers 
have been reported to contain p53 mutations (Levine, A. J ., 
Canc. Surveys 12:59-79 (1992); herein incorporated by 
reference). Since more than 100,000 additional cases of each 
of these cancers is diagnosed each year, the potential appli 
cation of p53 analysis is signi?cant both clinically and 
commercially. The majority of p53 mutations are missense 
(ranging from 75% to more than 90%), tightly clustered 
between codons 118 and 309, the DNAbinding region of the 
protein. Amino acids 175, 248, 249, 273, and 282 account 
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for 40% of the total reported missense mutations, and the 
predominance of these so-called “hot-spots” vary depending 
on the tissue of origin of the cancer. The diversity and 
dispersion of clinically relevant mutations poses a signi? 
cant challenge to the development of routine detection 
strategies. Because of the high prevalence of p53 mutations 
in a Wide variety of common cancers and the large number 
of potential mutations in a de?ned gene region, p53 is an 
excellent target for development of a sequence composition/ 
con?rmation analysis tool such as SCAN TM. 

[0132] Nested GBATM primers Were designed for all DNA 
bases in a hot-spot (codons 272-282) of the target p53 gene. 
FIG. 2 displays the four mutational hot-spot regions of p53 
gene With the Wild-type and knoWn representative mutant 
sequences of codons 272 to 282 (region D) highlighted. 
Speci?cally, three synthetic templates are designed to match 
three DNA samples, each containing a mutation in either 
codon 273, 275, or 281. TWo additional synthetic templates 
are designed to be representative of a deletion mutation 
(codons 266 and 267 deleted) and an insertion mutation (C 
insertion at codon 280). 

[0133] One PCR primer for the each primer set Will have 
four phosphorothioate linkages at its 5‘ end in preparation 
for TargExTM treatment. TargExTM is a method developed to 
quantitatively convert double-stranded PCR product into 
single-stranded DNA by selectively degrading one of the 
strands With bacteriophage T7 gene 6 exonuclease (Niki 
forov, T. T. et al., Nucl Acids Res 22:4167-4175 (1994); 
Nikiforov, T. T. et al., PCR Methods and Apps 3:285-291 
(1994)). Speci?cally, PCR product ampli?ed from human 
genomic DNA using one ?uorescein-labeled, phospho 
rothioated PCR primer and one unmodi?ed primer are 
treated With T7 gene 6 exonuclease (U.S. Biochemical) at a 
?nal concentration of 2 U/pl PCR (diluted in buffer supplied 
by manufacturer). After 1 hr of incubation at room tempera 
ture, NaCl and EDTA are added to a concentration of 1.5M 
and 10 mM, respectively, to stop the exonuclease digestion. 
The mixture is then applied to the immobilized GBATM 
primer for subsequent hybridization and extension. After 
extension, the standard ABI ?uorescent cycle sequencing 
system is used to analyze the reaction. 

[0134] The 5‘ end of the primers are speci?cally attached 
to glass slides to form a SCAN TM array. Synthetic oligo 
nucleotide templates corresponding to portions of the target 
hot-spot and containing various knoWn mutations are used to 
test the array and the GBATM biochemistry to demonstrate 
that robust, unambiguous (loW noise and background) data 
can be obtained from such an analysis. Permutations of the 
standard GBATM biochemistry, in particular the use of 
different DNApolymerases, are evaluated to ensure optimal 
signalznoise (SzN) characteristics for all 4 nucleotides in the 
feasibility test system. 

[0135] Primer pairs Will be quali?ed by ampli?cation of 
human genomic DNA at a concentration of 12.5 pig/ml in 30 
pl reactions in 96 Well V-bottom polycarbonate plates (Cos 
tar). The ?nal concentration of the reaction mixture Will be 
400 pM each dNTP, 50 mM KCl, 10 mM Tris HCl (pH 
8.5),1.5 mM MgCl2, 0.5 pM each primer, 2.5 ng/pl DNA, 
and 0.025 U/pl Taq DNA polymerase (Perkin-Elmer). Each 
reaction Will be overlayed With 30 pl mineral oil and cycled 
in a BioIII thermocycler (Sun BioScience Inc., Branford 
Conn.). FolloWing an initial tWo minute denaturation step at 



US 2002/0192662 A1 

94° C., 35 cycles Will be carried out, each consisting of 
denaturation (1 min at 94° C.), annealing (2 min at 55° C.), 
and extension (3 min at 72° C.). Ten pl of PCR product Will 
be run on 15% non-denaturing polyacrylamide gels at 40 W 
for 40 min to analyze yield. The ampli?cation products Will 
be quanti?ed by comparison With multiple dilutions of a 
Mass Marker (BRL). 

Example 6 

Use of Nested GBATM Primers on PCR-Generated 
Templates 

[0136] The performance of the Nested GBATM method is 
assessed using PCR-ampli?ed genomic DNA as the target 
for analysis. At least tWo overlapping PCR primer pairs are 
designed and tested on Wild-type and mutant-containing 
genomic DNAs (?ve total), and the resultant PCR products 
tested by N-GBATM on the SCANTM arrays produced in 
Example 5. The PCR products Will be evaluated for hybrid 
iZation and extension ef?ciencies relative to the synthetic 
templates of Example 5 to ensure that analysis of PCR 
products is equally robust. 

Example 7 

Analysis of Primer Extension at Position of 3‘ 
Terminal Nucleotide Mismatch 

[0137] An experiment Was performed in order to deter 
mine the capacity of various polymerases to extend a primer 
having a mismatch at its 3‘ terminus. TWo 6-mer primers 
Were prepared and Were separaterly hybridiZed to each 
member of a set of four template molecules Whose 
sequences differed only in the identity of the 6th nucleotide, 
as shoWn in Table 14. In Table 14, “X” denotes the 3‘ 
terminal nucleotide of the primer; “Y” denotes the nucle 
otide of the template that is opposite to “X” When the primer 
and template are hybridiZed to one another. 

TABLE 14 

Nucleotide Nucleotide 

SEQ ID NO. Molecule Sequence X Y 

Primer 4 7 4 8 TATGGC C 
5 7 Template Tl CGGTTACCATA A 
5 8 Template T2 CGGTTCCCATA C 
5 8 Template T3 CGGTTGCCATA G 
6 0 Template T4 CGGTTTCCATA T 

Primer 4 7 4 9 TATGGA A 
5 7 Template Tl CGGTTACCATA A 
5 8 Template T2 CGGTTCCCATA C 
5 9 Template T3 CGGTTGCCATA G 
6 0 Template T4 CGGTTTCCATA T 

[0138] Thus, for each primer, the efficiency and capacity 
of extension Was determined using four parallel reactions, in 
Which three comprise efforts to extend a mismatched 3‘ 
terminus, and one comprised a control in Which the 3‘ 
terminal nucleotide of the primer Was correctly base paired. 
Extension Was determined by GBATM reaction. 

[0139] The results of this experiment are shoWn in Table 
15, With respect to four polymerases: “K” (KlenoW), “exo 
K” (exo-KlenoW), “Bst” (Bst polymerase) and “Therm” 
(Thermosequenase). The data are expressed in optical den 
sity units. 
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[0140] Table 15 shoWs that Thermosequenase did not 
extend primers Whose 3‘ terminal nucleotides Were not based 
paired to the template. In contrast, KlenoW and Exo-KlenoW 
Were both able to incorporate label onto the 3‘ terminus of 3‘ 
terminally mismatched primers, consistent With the data 
presented above. 

TABLE 15 

Labeled DNA Polymerase 

Primer/ Nucleotide Employed 

Template X:Y Present K exo-K Therm Bst 

4748/1‘1 C:A 0.70 1.80 0.40 0.55 

0.30 0.60 0.27 0.25 

0.80 0.30 0.32 0.32 

2.20 0.60 0.45 0.25 

0.70 0.60 0.40 0.28 

0.30 0.65 0.25 0.21 

1.60 0.30 0.47 0.37 

0.50 0.30 0.25 0.20 

2.70 2.80 2.10 2.80 

1.00 0.60 0.40 0.25 

0.90 0.20 0.30 0.20 

0.50 0.30 0.22 0.18 

2.50 2.10 0.75 1.10 

0.30 0.70 0.25 0.21 

1.30 0.40 0.35 0.30 

0.50 0.30 0.15 0.20 

0.80 0.50 0.40 0.30 

0.30 0.50 0.30 0.30 

1.30 0.50 0.40 0.30 

2.10 0.70 0.50 0.30 

1.00 1.10 0.30 0.40 

0.30 0.40 0.30 0.30 

2.30 0.70 0.50 0.50 

0.60 0.40 0.75 0.20 

0.90 0.50 0.50 0.40 

3.00 0.90 0.70 0.30 

1.40 0.60 0.40 0.40 

0.70 0.40 0.30 0.20 

3.00 3.00 2.00 2.40 

0.30 0.30 0.30 0.20 

1.20 0.50 0.30 0.30 

0.60 0.30 0.30 0.20 

[0141] While the invention has been described in connec 
tion With speci?c embodiments thereof, it Will be understood 
that it is capable of further modi?cations and this application 
is intended to cover any variations, uses, or adaptations of 
the invention folloWing, in general, the principles of the 
invention and including such departures from the present 
disclosure as come Within knoWn or customary practice 
Within the art to Which the invention pertains and as may be 
applied to the essential features hereinbefore set forth and as 
folloWs in the scope of the appended claims. 
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SEQUENCE LISTING 

( 1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 6O 

(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

CTTGTGCTGA CTTACCAGAT GGGAC 25 

(2) INFORMATION FOR SEQ ID NO: 2 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 : 

TTGTGCTGAC TTACCAGATG GGACA 25 

(2) INFORMATION FOR SEQ ID NO: 3 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 : 

TTGTGCTGAC TTACCAGATG GGACC 25 

(2) INFORMATION FOR SEQ ID NO: 4 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 : 

TTGTGCTGAC TTACCAGATG GGACT 25 
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(2) INFORMATION FOR SEQ ID NO: 5 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 : 

TTGTGCTGAC TTACCAGATG GGACG 

(2) INFORMATION FOR SEQ ID NO: 6 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 : 

TGTGCTGACT TACCAGATGG GACAA 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 : 

TGTGCTGACT TACCAGATGG GACAC 

(2) INFORMATION FOR SEQ ID NO: 8 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 : 

TGTGCTGACT TACCAGATGG GACAT 

(2) INFORMATION FOR SEQ ID NO: 9 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

25 

25 

25 

25 
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(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YEs 

(xi) SEQUENCE DESCRIPTION: SEQ ID No: 9 : 

TGTGCTGACT TACCAGATGG GACAG 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TGTGCTGACT TACCAGATGG GACCA 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

TGTGCTGACT TACCAGATGG GACCC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TGTGCTGACT TACCAGATGG GACCT 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(c) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

TGTGCTGACT TACCAGATGG GACCG 

25 

25 

25 

25 

25 






























