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ABSTRACT 

The present invention provides methods and compositions 
for sequence-speci?c isolation of polynucleotide molecules 
from nucleic acid populations and subsequent ampli?cation 
of isolated polynucleotide molecules or fragments thereof. 
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METHOD FOR NUCLEIC ACID ISOLATION AND 
AMPLIFICATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/599,903 ?led Aug. 9, 2004, 
Which is incorporated herein by reference in its entirety. 

STATEMENT OF GOVERNMENT SUPPORT 

[0002] This invention Was made With US. government 
support under NIH/NIAID grant numbers 1) R43 AI 51036 
01 A2 and 2) R44AI 51036-02. The government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The invention relates generally to methods and 
compositions for isolating and amplifying nucleic acid mol 
ecules. 

[0005] 2. Description of the Related Art 

[0006] One major area of current clinical research is the 
correlation of an individual’s genetic pro?le to a suscepti 
bility to disease and/or response to drug therapy. This area 
of research, Which has been labeled pharmacogenomics, 
offers a strategy for targeting drugs to individuals, and for 
elucidating genetic predispositions and risks. In addition, 
pharmacogenomics provides for the possibility for an 
improved drug discovery process based on a better under 
standing of the molecular bases of complex diseases. 

[0007] Identi?cation of an individual’s genetic pro?le can 
require the identi?cation and ampli?cation of particular 
nucleic acid sequences in the individual’s genome. These 
particular nucleic acid sequences can include those that 
differ by one or a feW nucleotides among individuals in the 
same species. For example, single-nucleotide polymor 
phisms (SNPS) are common variations in the DNA of 
individuals that are used to track inherited genetic patterns. 

[0008] Current methods for isolating, amplifying and 
identifying nucleic acid polymorphisms can be labor-inten 
sive, expensive, and not sensitive. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention provides methods and com 
positions for isolating and amplifying nucleic acid mol 
ecules. A polynucleotide molecule of interest may be ?rst 
isolated from other nucleic acid molecules in a nucleic acid 
population based on a speci?c sequence in the polynucle 
otide molecule and then isothermally ampli?ed. In certain 
embodiments, the present invention alloWs for the isolation 
of relatively long polynucleotide molecules (e.g., about 50 
kb or longer) and subsequent ampli?cation of the isolated 
molecules or fragments thereof. The ampli?ed polynucle 
otide molecules or fragments thereof may be further ana 
lyZed. 
[0010] In one aspect, the present invention provides a 
method for amplifying a polynucleotide molecule of interest 
or a fragment thereof, comprising: (a) isolating a polynucle 
otide molecule from a nucleic acid population using an 
immobiliZable separation group to provide an isolated poly 
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nucleotide molecule, and (b) isothermally amplifying the 
isolated polynucleotide molecule or a fragment thereof. 

[0011] In certain embodiments, (A) the nucleic acid popu 
lation comprises the polynucleotide molecule of interest, (B) 
one strand of the polynucleotide molecule comprises a target 
nucleic acid sequence and a distinguishing element, (C) the 
target nucleic acid sequence is Within 100 nucleotides of the 
distinguishing element in the one strand of the polynucle 
otide molecules, and (D) step (a) comprises: contacting 
the nucleic acid population With a targeting element that 
binds speci?cally to the target nucleic acid sequence in the 
polynucleotide molecule, (ii) selectively attaching the 
immobiliZable separation group to the targeting element 
bound to the target nucleic acid sequence in the polynucle 
otide molecule to form a targeting element-separation group 
complex, (iii) immobiliZing to a substrate via the separation 
group the targeting element-separation group complex to 
Which the target nucleic acid sequence in the polynucleotide 
molecule is bound, and (iv) removing the immobiliZed 
targeting element-separation group complex to Which the 
target nucleic acid sequence in the polynucleotide molecule 
is bound, thereby isolating the polynucleotide molecule 
from the nucleic acid population. 

[0012] In certain embodiments, (1) the targeting element 
comprises an oligonucleotide, (2) the separation group com 
prises an immobiliZable nucleotide, and (3) the separation 
group is attached to the targeting element by extending the 
oligonucleotide in the presence of the immobiliZable nucle 
otide, thereby forming an extension product that comprises 
the immobiliZable nucleotide. 

[0013] In certain embodiments, (4) the 3‘ terminus of the 
oligonucleotide is complementary to the distinguishing ele 
ment or a portion thereof in the polynucleotide molecule, (5) 
the immobiliZable nucleotide is non-terminating, and (6) the 
extension product comprises multiple separation groups. 

[0014] In certain other embodiments, (4) the target nucleic 
acid sequence is immediately 3‘ to the distinguishing ele 
ment, and (5) the immobiliable nucleotide is terminating and 
complementary to the distinguishing element or a portion 
thereof. 

[0015] In certain embodiments, (A) the nucleic acid popu 
lation comprises the polynucleotide molecule of interest, (B) 
one strand of the polynucleotide molecule comprises a target 
nucleic acid sequence and a distinguishing element, (C) the 
target nucleic acid sequence is Within 100 nucleotides of the 
distinguishing element in the one strand of the polynucle 
otide molecule, and (D) step (a) comprises: contacting the 
nucleic acid population With a targeting element-separation 
group complex, Wherein the targeting element-separation 
group complex binds speci?cally to the target nucleic acid 
sequence in the polynucleotide molecule, (ii) selectively 
stabiliZing the binding of the targeting element-separation 
group complex to the target nucleic acid sequence in the 
polynucleotide molecule, (iii) immobiliZing to a substrate 
via the separation group the stabiliZed targeting element 
separation group complex to Which the target nucleic acid 
sequence in the polynucleotide molecule is bound, and (iv) 
removing the immobiliZed stabiliZed targeting element 
separation group complex to Which the target nucleic acid 
sequence in the polynucleotide molecule is bound, thereby 
isolating the polynucleotide molecule from the nucleic acid 
population. 
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[0016] In certain embodiments, (1) the targeting element 
comprises an oligonucleotide, and (2) the 3‘ terminus of the 
oligonucleotide is complementary to the distinguishing ele 
ment or a portion thereof in the polynucleotide. 

[0017] In certain embodiments, the selective stabilization 
is performed by ligation. In certain other embodiments, the 
selective stabiliZation is performed by extension of the 
oligonucleotide using the polynucleotide molecule as a 
template. 

[0018] In certain embodiments, step (b) is performed by 
strand displacement ampli?cation. 

[0019] In certain embodiments, step (b) is generic ampli 
?cation. In certain other embodiments, step (b) is sequence 
speci?c ampli?cation (e.g., locus-speci?c ampli?cation). In 
certain other embodiments, step (b) is sequence-biased 
ampli?cation (e.g., locus-biased ampli?cation). 

[0020] In certain embodiments, step (b) ampli?es all of the 
regions of the isolated polynucleotide molecule. In certain 
other embodiments, step (b) ampli?es a particular region of 
the isolated polynucleotide molecule. 

[0021] In certain embodiments, step (b) is performed in 
the presence of a ?rst set of speci?c primers each of Which 
is at least substantially complementary to the particular 
region in the strand of the polynucleotide molecule that 
comprises the target nucleic acid sequence. 

[0022] In certain related embodiments, step (b) is per 
formed further in the presence of a second set of speci?c 
primers each of Which is at least substantially complemen 
tary to the particular region in the strand of the polynucle 
otide molecule that does not comprise the target nucleic acid 
sequence. 

[0023] In certain embodiments, the ?rst set of speci?c 
primers are about 0.5 kb apart from their neighboring 
primers When annealing to the strand of the isolated poly 
nucleotide molecule that comprises the target nucleic acid 
sequence. 

[0024] In certain embodiments, the second set of speci?c 
primers are about 0.5 kb apart from their neighboring 
primers When annealing to the strand of the isolated poly 
nucleotide molecule that does not comprise the target 
nucleic acid sequence. 

[0025] In certain embodiments, step (b) is performed 
further in the presence of a set of random primers. In certain 
embodiments, the random primers are about 2 kb apart from 
their neighboring primers. 

[0026] In certain embodiments, step (b) is performed in 
the presence of end-speci?c primers. In certain embodi 
ments, the average distance betWeen neighboring end-spe 
ci?c primers are betWeen 50 and 250 nucleotides. 

[0027] In certain embodiments, step (b) is performed 
further in the presence of center-speci?c primers. In certain 
embodiments, the distances betWeen neighboring center 
speci?c primers are betWeen 100 and 5000 nucleotides. 

[0028] In certain embodiments, the center-speci?c primers 
are sequence-speci?c. In certain other embodiments, the 
center-speci?c primers are degenerate primers. 

[0029] In certain embodiments, the method according to 
the present invention further comprises: (c) characteriZing 
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one or more sites in the ampli?ed polynucleotide molecule 
or fragment thereof that constitute a haplotype. Such a 
method may further comprise: (d) assembling information of 
the characteriZed sites. 

[0030] In certain related embodiments, the method accord 
ing to the present invention further comprises: (c) charac 
teriZing one or more polymorphic sites in the ampli?ed 
polynucleotide molecule or fragment thereof. Such a method 
may further comprise: (d) assembling information of the 
characteriZed sites to determine a haplotype. 

[0031] In another aspect, the present invention provides a 
method for amplifying multiple polynucleotide molecules of 
interest from a population of nucleic acid molecules, com 
prising: (a) isolating multiple polynucleotide molecules 
from a nucleic acid population using one or more immobi 
liZable separation groups to provide isolated polynucleotide 
molecules of interest, and (b) isothermally amplifying the 
isolated polynucleotide molecules or fragments thereof. 

[0032] In certain embodiments of multiplexed nucleic acid 
isolation and ampli?cation, step (a) comprises: (A) contact 
ing a nucleic acid population that comprises multiple poly 
nucleotide molecules of interest With multiple targeting 
elements so that each targeting element binds speci?cally to 
a target nucleic acid sequence of its corresponding poly 
nucleotide molecule, Wherein the target nucleic acid 
sequence is located Within 100 nucleotides of a distinguish 
ing element in one strand of the polynucleotide molecule, 
and (ii) the distinguishing element distinguishes the poly 
nucleotide molecule from another nucleic acid molecule that 
is nearly identical to the polynucleotide molecule, (B) selec 
tively attaching separation groups to the multiple targeting 
elements bound to the target nucleic acid sequences of 
corresponding polynucleotide molecules to form targeting 
element-separation group complexes, (C) immobiliZing to 
substrate(s) via the separation groups the targeting element 
separation group complexes to Which the target nucleic acid 
sequences in the polynucleotide molecules are bound, and 
(D) removing the immobiliZed targeting element-separation 
group molecules are bound to isolate the polynucleotide 
molecules from the population of nucleic acid molecules. 

[0033] In certain embodiments of multiplexed nucleic acid 
isolation and ampli?cation, step (a) comprises: (A) contact 
ing a nucleic acid population that comprises multiple poly 
nucleotide molecules of interest With multiple targeting 
elements to Which separation groups are attached so that 
each targeting element binds speci?cally to a target nucleic 
acid sequence of its corresponding polynucleotide molecule, 
Wherein each target nucleic acid sequence is located 
Within 100 nucleotides of the corresponding distinguishing 
element in one strand of the polynucleotide molecule, and 
(ii) each distinguishing element distinguishes a speci?c 
polynucleotide molecule from other nucleic acid molecules 
that are nearly identical to the polynucleotide molecule, (B) 
selectively stabiliZing the binding of the targeting elements 
to the target nucleic acid sequences of their corresponding 
polynucleotide molecules to form stabiliZed targeting ele 
ment-separation group complexes to Which the target 
nucleic acid sequences in the polynucleotide molecules are 
bound, (C) immobiliZing to substrate(s) via the separation 
groups the targeting element-separation group complexes to 
Which the target nucleic acid sequences in the polynucle 
otide molecules are bound, and (D) removing the immobi 
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liZed targeting element-separation group complexes to 
Which the target nucleic acid sequences in the polynucle 
otide molecules are bound to isolate the polynucleotide 
molecules from the population of nucleic acid molecules. 

[0034] In certain embodiments, different separation 
groups are attached to different targeting elements. In certain 
other embodiments, identical separation groups are attached 
to different targeting elements. 

[0035] In another aspect, the present invention provides a 
method for amplifying a genomic DNA molecule of interest 
or a fragment thereof, Wherein the genomic DNA molecule 
of interest comprises a polymorphic sequence, comprising: 
(a) contacting a genomic DNApopulation that comprises the 
genomic DNA molecule of interest With an oligonucleotide, 
Wherein the oligonucleotide comprises a sequence at least 
substantially complementary to a target nucleic acid 
sequence in one strand of the genomic DNA molecule of 
interest, (ii) the target nucleic acid sequence is located 
immediately 3‘ to the polymorphic sequence in the one 
strand of the genomic DNAmolecule of interest, and (iii) the 
3‘ portion of the oligonucleotide is complementary to the 
polymorphic sequence or a portion thereof When annealing 
to the one strand of the genomic DNA molecule of interest, 
(b) extending the oligonucleotide in the presence of an 
immobiliZable nucleotide using the one strand of the 
genomic DNA molecule of interest to Which the oligonucle 
otide anneals as a template to provide an extension product, 
(c) immobiliZing to a substrate via the immobiliZable nucle 
otide the extension product to Which the genomic DNA 
molecule of interest is bound, (d) removing the immobiliZed 
extension product to Which the genomic DNA molecule of 
interest is bound to thereby isolate the genomic DNA 
molecule of interest from the genomic DNA population, (e) 
optionally elute the genomic DNA molecule of interest from 
the substrate, and isothermally amplifying the isolated or 
eluted genomic DNA molecule of interest or a fragment 
thereof. 

[0036] In another aspect, the present invention provides a 
method for assembling a haplotype comprising: (a) provid 
ing a nucleic acid population from an organism for Which a 
haplotype is of interest; (b) separately isolating polynucle 
otide molecules by haplotype-speci?c extraction using mul 
tiple substrates, Wherein polynucleotide molecules are 
isolated at multiple extraction sites using each substrate, (ii) 
no polynucleotide molecules isolated at one extraction site 
using one substrate comprise a polymorphic site also present 
in polynucleotide molecules isolated at other extraction sites 
using the same substrate, (iii) one or more polynucleotide 
molecules isolated at one extraction site using one substrate 
comprise a polymorphic site also present in polynucleotide 
molecules isolated at a neighboring extraction site using 
other substrates, (c) separately characteriZing polymorphic 
sites in polynucleotide molecules isolated using each sub 
strate; (d) assembling a haplotype based on the character 
iZation of polymorphic sites present in polynucleotide mol 
ecules isolated using more than one substrate. 

[0037] In certain embodiments, the method for assembling 
a haplotype further comprises isothermally amplifying poly 
nucleotide molecules isolated using the multiple substrates 
prior to step 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1A is a graphical representation of the num 
ber of DNA molecules vs. length distribution for an isolated 
sample of nucleic acid molecules. Fragments are targeted at 
an extraction point characteriZed by a distinguishing element 
(in conjunction With a nearby or an overlapping target 
nucleic acid sequence) that uniquely identi?es the fragments 
of interest. As an example, randomly sheared fragments Will 
get captured along With any connected segments of the 
fragments that are located up- or doWn-stream of the extrac 
tion point, provided that they contain the unique sequence 
element (i.e., the distinguishing element in conjunction With 
a nearby or overlapping target nucleic acid sequence). The 
copy number of available captured templates for any given 
locus connected to the extraction point Will decrease With 
increasing distance from the extraction point based on the 
overall siZe distribution of the fragments. 

[0039] FIG. 1B is a graphical representation of the num 
ber of DNA molecules vs. length distribution for an isolated 
sample of nucleic acid molecules shoWing linkage betWeen 
an Extraction Point and Locus A. The detection threshold 
and thus the directly achievable linkage distance are deter 
mined by the minimum number of template molecules that 
are required to obtain a detectable signal at a distant locus 
With a given assay. 

[0040] FIG. 1C is a graphical representation of the num 
ber of DNA molecules vs. length distribution for an isolated 
sample of nucleic acid molecules shoWing linkage betWeen 
an Extraction Point, Locus A, and Locus B after an ampli 
?cation of all captured material is performed. The overall 
template copy number has been increased and can lead to an 
effective loWering of the detection threshold and an increase 
in detectable linkage distance. 

[0041] FIG. 2A is a graphical representation of the num 
ber of DNA molecules vs. length distribution folloWing 
non-biased (generic) ampli?cation of captured DNA. 

[0042] FIG. 2B is a graphical representation of the num 
ber of DNA molecules vs. length distribution folloWing 
biased ampli?cation (combination of generic and locus 
speci?c ampli?cation) of captured DNA. 

[0043] FIG. 2C is a graphical representation shoWing a 
haplotype isolated and assembled using three separate 
extractions. 

[0044] FIG. 3 is a sequence-speci?c oligonucleotide 
probe (SSOP) signal generated for a diploid control sample 
(“Diploidz B14, B44”) and a haplo-separated sample before 
(“Haploidz B*14”) and after Whole-DNA ampli?cation 
(“Haploidz B*14 after WGA”). 

[0045] FIG. 4 is a diagram of an apparatus for integrated 
haplo-extraction, ampli?cation and DNA analysis on a glass 
slide With a silicone cover. 

[0046] FIG. 5 shoWs a relative probability distribution versus nucleotide position for the presence of ampli?ed 

outer and inner regions of a 10 kb long fragment after 
multiple strand displacement ampli?cation using random 
primers that bind approximately every 500 nucleotides. 
Inner regions are preferentially ampli?ed compared to outer 
regions that are located near the 5‘- or 3-‘ends of the 
fragment. 
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[0047] FIG. 6A shows ampli?cation primers that are 
preferentially located near the ends of the target fragment 
and directional (5‘Q3‘) toWards the center of the target 
fragment. 
[0048] FIG. 6B shoWs a relative probability distribution 
(p) versus nucleotide position for the sequence representa 
tion of different regions of a 10 kb DNA fragment after 
multiple strand displacement ampli?cation using 10 primers 
chosen to be speci?c to each terminus of the DNA fragment; 
With the distances betWeen adjacent primers being 50 nucle 
otides. 

[0049] FIGS. 7A-7C are graphical representations shoW 
ing interlaced multiplexing of sequence-speci?c extraction, 
Which solves potential problem associated With physically 
overlapping polymorphic sites among different extraction 
products. For a single set of beads, multiplexed extraction 
sites are chosen so far apart that extracted fragments of 
extreme length still do not give rise to any detectable 
haplotype signal under certain given conditions (FIG. 7A). 
Multiple sets of beads (i.e., 3 sets—beads A, beads B, and 
beads C) may be used, but preferably each captured locus 
has been extracted by only one targeting element (also 
referred to as a “sequence-speci?c extraction probe”) (FIG. 
7B). Overlapping polymorphic sites are then typed for each 
batch of multiplexed beads and the contiguous haplotype is 
assembled based on the information from consecutive mul 
tiplexed extractions (FIG. 7C) 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] The present invention provides methods and com 
positions for isolating and amplifying nucleic acid mol 
ecules based on certain speci?c sequences (e.g., haplotype 
speci?c or locus-speci?c) in the polynucleotide molecules. 
The isolated polynucleotide molecules may be subsequently 
isothermally ampli?ed using generic, sequence-speci?c 
(e.g., locus-speci?c), or sequence-biased (e.g., locus-biased) 
ampli?cation. In certain embodiments, the present invention 
is useful for isolating relatively large polynucleotide mol 
ecules (e.g., about 50 kb or longer) folloWed by amplifying 
the isolated polynucleotide molecules or portions thereof. 

[0051] In certain embodiments, the methods according to 
the present invention have one or more of the folloWing 
advantages: (1) facilitating the creation of haploid, re-usable 
genomic DNA libraries from existing DNA sources, (2) 
reducing complexity of nucleic acid analysis, thus increas 
ing read-out sensitivity and resolution, (3) extending the 
directly achievable linkage distance per extraction and 
increasing the robustness of subsequent manipulations by 
increasing the amount of available template, (4) permitting 
the unambiguous typing of potentially dif?cult diploid 
samples With allele pair combinations that fail to be resolved 
by conventional sequence-based typing (SBT) or sequence 
speci?c oligonucleotide probes (SSOP), and (5) alloWing for 
typing of haplo-separated samples With multiple polymor 
phisms over large linkage distances. 

[0052] The detailed description of the methods according 
to the present invention and their associated advantages are 
provided beloW: 

A. Nucleic Acid Extraction 

[0053] Sequence speci?c extraction is described generally 
in Us. Patent Application Publication No. 20010031467 
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and PCT Application Publication No. WO 01/042150. In 
general, sequence speci?c extraction is a method for sepa 
rating a polynucleotide molecule of interest from a popula 
tion of nucleic acid molecules based on a speci?c sequence 
of the polynucleotide molecule of interest. 

[0054] In certain embodiments, the nucleic acid extraction 
method comprises: (1) contacting a nucleotide acid popula 
tion that comprises a polynucleotide molecule of interest 
With a targeting element, Wherein (a) one strand of the 
polynucleotide molecule comprises a target nucleic acid 
sequence and a distinguishing element, (b) the target nucleic 
acid sequence is Within 100 nucleotides of the distinguishing 
element in the one strand of the polynucleotide molecules, 
and (c) the targeting element binds speci?cally to the target 
nucleic acid sequence in the polynucleotide molecule of 
interest, (2) selectively attaching an immobiliZable separa 
tion group to the targeting element bound to the target 
nucleic acid sequence in the polynucleotide molecule to 
form a targeting element-separation group complex, (3) 
immobiliZing to a substrate via the separation group the 
targeting element-separation group complex to Which the 
target nucleic acid sequence in the polynucleotide molecule 
is bound, and (4) removing the immobiliZed targeting ele 
ment-separation group complex to Which the target nucleic 
acid sequence in the polynucleotide molecule is bound, 
thereby isolating the polynucleotide molecule from the 
nucleic acid population. 

[0055] In certain other embodiments, the nucleic acid 
extraction method comprises: (1) contacting a nucleotide 
acid population that comprises a polynucleotide molecule of 
interest With a targeting element-separation group complex, 
Wherein (a) one strand of the polynucleotide molecule 
comprises a target nucleic acid sequence and a distinguish 
ing element, (b) the target nucleic acid sequence is Within 
100 nucleotides of the distinguishing element in the one 
strand of the polynucleotide molecules, and (c) the targeting 
element-separation group complex binds speci?cally to the 
target nucleic acid sequence in the polynucleotide molecule 
of interest, (2) selectively stabiliZing the binding of the 
targeting element-separation group complex to the target 
nucleic acid sequence in the polynucleotide molecule, (3) 
immobiliZing to a substrate via the separation group the 
targeting element-separation group complex to Which the 
target nucleic acid sequence in the polynucleotide molecule 
is bound, and (4) removing the immobiliZed stabiliZed 
targeting element-separation group complex to Which the 
target nucleic acid sequence in the polynucleotide molecule 
is bound, thereby isolating the polynucleotide molecule 
from the nucleic acid population. 

[0056] 1. Sources of Nucleic Acids 

[0057] Any nucleic acid specimen, in puri?ed or non 
puri?ed form, can be utiliZed as the starting nucleic acid or 
acids, provided it contains, or is suspected of containing, a 
polynucleotide molecule of interest. Thus, the process may 
employ, for example, genomic DNA, plasmid DNA, ampli 
?ed DNA, cDNA, total cellular RNA, hnRNA, and polyA 
containing RNA. Nucleic acids can be from a single uni 
cellular or eukaryotic organism. For example, the nucleic 
acid can be obtained from a mammalian organism such as a 
human. A mixture of nucleic acids may also be used. 

[0058] The nucleic acid-containing sample may be from 
any source, including biological ?uids or tissues (e.g., blood, 
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serum, urine, stool, saliva, milk, ductal ?uid, tears, buccal 
swap samples, and semen). The sample may alternatively be 
from an organ such as liver, brain, colon, urogenital, 
hematopoietic, thymus, testis, ovarian, uterine, prostate, 
breast, colon, lung and renal tissue, as Well as a tumor 
associated With any of these tissues. Nucleic acid molecules 
can be extracted by a variety of techniques including those 
described by Sambrook and Russell (Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor, NY, 3rd Ed. Pp 
6.4-6.32, 6.63 and 6.64, 2001). 

[0059] In general, nucleic acid populations directly iso 
lated from biological samples may be used for sequence 
speci?c extraction Without being ?rst ampli?ed. Direct 
extraction Without prior ampli?cation (e.g., With random 
primers) may reduce background during extraction and 
subsequent ampli?cation and analysis of the polynucleotide 
molecules of interest. HoWever, if desired under certain 
circumstances, the population of nucleic acids can be ampli 
?ed using PCR or another ampli?cation technique, either in 
its entirety or selectively for the fragment(s) of interest, prior 
to performing sequence-speci?c extraction. 

[0060] The siZes of nucleic acid molecules in a nucleic 
acid population depend on the source of the nucleic acid 
population (e.g., plasmid, viral genomes, bacterial genomes, 
eukaryotic genomes), the method used in preparing the 
population from a biological sample, and conditions under 
Which the biological sample is stored prior to nucleic acid 
isolation. For example, fresh or Well-stored samples gener 
ally contain less damaged nucleic acid molecules than those 
stored under non-conservative conditions or in samples that 
have been modi?ed such as paraf?n embedded tissues. 

[0061] In certain embodiments Where extraction and 
ampli?cation of large polynucleotide molecules is desirable, 
methods for obtaining biological samples and subsequent 
nucleic acid isolation from such samples that maintain the 
integrity (i.e., minimiZe the breakage or shearing) of nucleic 
acid molecules are preferred. Exemplary methods include, 
but are not limited to, lysis methods Without further puri? 
cation (e.g., chemical or enZymatic lysis method using 
detergents, organic solvents, alkaline, and/or proteases), 
nuclei isolation With or Without further nucleic acid puri? 
cation, isolation methods using precipitation steps, nucleic 
acid isolation methods using solid matrices (e.g., silica 
based membranes, beads, or modi?ed surfaces that bind 
nucleic acid molecules), gel-like matrices (e.g., agarose) or 
viscous solutions, and methods that enrich nucleic acid 
molecules With a density gradient. In certain embodiments, 
prior to sequence-speci?c extraction of polynucleotide mol 
ecules of interest, isolated nucleic acid molecules may ?rst 
be ligated to repair nicks generated during nucleic acid 
isolation, Which in turn prevents single-stranded regions to 
fully denature and break into smaller fragments during 
optional denaturation steps of sequence-speci?c extraction. 
Exemplary methods for large polynucleotide isolation and 
puri?cation may be found in Dear and Cook, Biochem J. 273 
(Pt 3):695-9, 1991; Gurrieri and Bustamante, Biochem J. 
326 (Pt 1):131-8, 1997; Upcroft and Upcroft, J Chromatogr. 
618(1-2):79-93, 1993; Park etal., Clin Chem. 51(8):1520-3, 
2005; Rook et al., Am J Pathol. 164(1):23-33, 2004; Hum 
melshoj et al., Biotechniques 38(4):605-10, 2005; Vester and 
Wengel, Biochemistry 43(42):13233-41, 2004; Dean et al., 
Proc Natl Acad Sci USA. 99(8):5261-6, 2002; Hosono et al., 
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Genome Res. 13(5):954-64, 2003; and Kotler et al., Proc 
Natl Acad Sci USA. 90(9):4241-5, 1993. 

[0062] 2. Targeting 

[0063] In certain embodiments, the isolation of a poly 
nucleotide molecule of interest is based on a speci?c 
sequence (referred to herein as a “target nucleic acid 
sequence” in conjunction With a “distinguishing element”) 
in the polynucleotide molecule. A “distinguishing element” 
is a nucleotide sequence in a polynucleotide molecule of 
interest capable of uniquely distinguishing the polynucle 
otide molecule of interest from other molecules that do not 
comprise the nucleotide sequence. The distinguishing ele 
ment can be, for example, a polymorphism (such as a 
polymorphic oligonucleotide sequence, a single nucleotide 
polymorphism, a haplotype ‘tag’ single nucleotide polymor 
phism (tag SNP), a short tandem repeat), a deletion, an 
insertion, an inversion, a duplication, a translocation or 
another form of chromosomal rearrangement. The distin 
guishing element can also be, for example, a restriction site, 
a methylated restriction site, a methylated sequence motif, a 
protein binding site, a site, region or sequence found to be 
encoding SiRNA or targeted for silencing by SiRNA, or a 
sequence With a speci?c secondary structure. 

[0064] In certain embodiments, the distinguishing element 
is allele-speci?c. As knoWn in the art, “allele” refers to one 
of several alternative forms of a gene occupying a given 
locus on a chromosome. “Allele-speci?c” refers to a speci?c 
sequence capable of distinguishing a particular allele from 
the other alternative alleles. “Allele-speci?c extraction” 
refers to isolation of a polynucleotide molecule of interest 
based on an allele-speci?c sequence in the polynucleotide 
molecule. 

[0065] In certain embodiments, the distinguishing element 
is haplotype-speci?c. Also as knoWn in the art, “haplotype” 
refers to a set of alleles or markers of closely linked genes 
that are usually inherited together. 

[0066] “Haplotype-speci?c” refers to a speci?c sequence 
capable of distinguishing betWeen different haplotypes of a 
gene, for example betWeen a copy of the gene of maternal 
origin from that of a paternal origin at a heteroZygous site. 
“Haplotype-speci?c extraction” refers to the isolation of a 
polynucleotide molecule of interest based on a haplotype 
speci?c sequence in the polynucleotide molecule. 

[0067] In certain other embodiments, the distinguishing 
element is locus-speci?c. As knoWn in the art, “locus” refers 
to a position on a chromosome at Which the gene for a 
particular trait resides. Alocus may be occupied by any one 
of the alleles for the gene. “Locus-speci?c” refers to a 
speci?c sequence capable of distinguishing a particular 
locus from another locus. In general, the locus-speci?c 
sequence is a sequence shared by substantially all of the 
alleles (i.e., more than about 80% of all of the alleles) 
occupying the locus, but different from sequences at another 
locus. In certain embodiments, a locus-speci?c sequence is 
a sequence shared by more than about 90%, 95%, or 98% of 
all the allele occupying a locus of interest. “Locus-speci?c 
extraction” refers to isolation of a polynucleotide molecule 
based on a locus-speci?c sequence in the polynucleotide 
molecule. 

[0068] In certain embodiments, the distinguishing element 
is capable of distinguishing a polynucleotide molecule of 
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interest from another nucleic acid molecule that is nearly 
identical to the polynucleotide molecule. A nucleic acid 
molecule is “nearly identical” to a polynucleotide molecule 
if they share over 95% sequence identity. In certain embodi 
ments, the distinguishing element is capable of distinguish 
ing a polynucleotide molecule of interest from another 
nucleic acid molecule that is more than 96%, 97%, or 99% 
identical to the polynucleotide. 

[0069] In addition to a distinguishing element, a strand of 
a polynucleotide of interest also comprises a target nucleic 
acid sequence to Which a targeting element is able to bind. 
In certain embodiments, the distance betWeen the target 
nucleic acid sequence and the distinguishing element is 
betWeen 100 nucleotides and 0 nucleotide (including any 
integer value betWeen 100 and 0, such as 50, 20, 25, 10, 8, 
7, 6, 5, 4, 3, 2, and 1). In different embodiments, the 
distinguishing element can be part of the target nucleic acid 
sequence, and preferably be located at or near the 5‘ terminus 
of the target nucleic acid sequence. The distance betWeen a 
target nucleic acid sequence is calculated based on (1) the 
number of nucleotides betWeen the 5‘ terminus of the target 
nucleic acid sequence and the 3‘ terminus of the distinguish 
ing element if the target nucleic acid sequence is located 3‘ 
to the distinguishing element, and (2) the number of nucle 
otides betWeen the 3‘ terminus of the target nucleic acid 
sequence and the 5‘ terminus of the distinguishing element 
if the target nucleic acid sequence is located 5‘ to the 
distinguishing element, except that in the embodiments 
Where the distinguishing element is part of the target nucleic 
acid sequence, the distance betWeen the distinguishing ele 
ment and the target nucleic acid sequence is regarded as 0 
nucleotide. 

[0070] The terms “3‘” and “5‘” are used herein to describe 
the location of a particular site Within a single strand of a 
nucleic acid molecule. When a location in a nucleic acid 
molecule is “3‘to” or “3‘of” a reference nucleotide or a 

reference nucleotide sequence, this means that the location 
is betWeen the 3‘ terminus of the reference nucleotide or the 
reference nucleotide sequence and the 3‘ hydroxyl of that 
strand of the nucleic acid. Likewise, When a location in a 
nucleic acid is “S‘to” or “S‘of” a reference nucleotide or a 
reference nucleotide sequence, this means that it is betWeen 
the 5‘ terminus of the reference nucleotide or the reference 
nucleotide sequence and the 5‘ phosphate of that strand of 
the nucleic acid molecule. Further, When a nucleotide 
sequence is “directly 3‘ to” (also used interchangeably With 
“immediately 3‘ to”) or “directly 3‘ of” (also used inter 
changeably With “immediately 3‘ of”) a reference nucleotide 
or a reference nucleotide sequence, this means that the 5‘ 
terminus of the nucleotide sequence is immediately next to 
the reference nucleotide or the 3‘ terminus of the reference 
nucleotide sequence. Similarly, When a nucleotide sequence 
is “directly 5‘ to” (also used interchangeably With “imme 
diately 5‘ to”) or “directly 5‘ of” (also used interchangeably 
With “immediately 5‘ of”) a reference nucleotide or a refer 
ence nucleotide sequence, this means that the 3‘ terminus of 
the nucleotide sequence is immediately next to the reference 
nucleotide or the 5‘ terminus of the reference nucleotide 
sequence. 

[0071] In certain embodiments, a target nucleic acid 
sequence is located 3‘ to a distinguishing element in one 
strand of a polynucleotide molecule of interest. In certain 
embodiments, a target nucleic acid sequence is located 
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immediately 3‘ to a distinguishing element in one strand of 
a polynucleotide molecule of interest. 

[0072] To isolate a polynucleotide molecule of interest 
from a nucleic acid population, a targeting element is used 
to bind to a target nucleic acid sequence in the polynucle 
otide molecule. A “targeting element” (also referred to as a 
“sequence-speci?c extraction probe” or “sequence-speci?c 
probe”) refers to a molecule that binds speci?cally to a target 
nucleic acid sequence of a polynucleotide molecule of 
interest in a population of nucleic acid molecules. A mol 
ecule that “binds speci?cally to” a target nucleic acid 
sequence if under certain given conditions (e.g., in a nucleic 
acid extension reaction mixture), the molecule binds to a 
polynucleotide molecule that comprises the target nucleic 
acid sequence, but does not bind to nucleic acid molecules 
that do not comprise the target nucleic acid sequence. 

[0073] In some embodiments, the targeting element is a 
nucleic acid, or a nucleic acid derivative that hybridiZes to 
a complementary target nucleic acid sequence in a poly 
nucleotide molecule of interest. Examples of nucleic acid 
based nucleic acid derivatives include, e.g., an oligonucle 
otide, an oligo-peptide nucleic acid (PNA), an oligo-LNA, 
or a riboZyme. The targeting element can alternatively be a 
polypeptide or polypeptide complex that binds speci?cally 
to a target nucleic acid sequence. Examples of polypeptide 
based targeting elements include, e.g., restriction enZymes, 
transcription factors, RecA, nucleases, and other sequence 
speci?c DNA-binding proteins. The targeting element can 
alternatively be a hybrid, complex or tethered combination 
of one or more of individual targeting elements. 

[0074] The binding of a targeting element to a target 
nucleic acid sequence can occur as part of a discrete chemi 
cal or physical association. For example, association can 
occur as part of an enZymatic reaction, a chemical reaction, 
physical association, polymeriZation, ligation, restriction 
cutting, cleavage, hybridiZation, recombination, crosslink 
ing, or a pH-based cleavage. 

[0075] In certain embodiments, the targeting element is an 
oligonucleotide that is at least substantially complementary 
to a target nucleic acid sequence in a polynucleotide mol 
ecule of interest. An oligonucleotide is “at least substantially 
complementary to” a target nucleic acid sequence When the 
oligonucleotide is able to anneal to the target nucleic acid 
sequence in a given reaction mixture (e.g., a nucleic acid 
extension mixture). In certain embodiments, the targeting 
element is exactly or completely complementary to the 
target nucleic acid sequence, that is, each nucleotide of the 
targeting element is complementary to the nucleotide of the 
target nucleic acid sequence at its corresponding position. 

[0076] In certain embodiments, a target nucleic acid 
sequence is immediately 3‘ to a distinguishing element in 
one strand of a polynucleotide molecule of interest, and a 
targeting element binds to the target nucleic acid sequence 
in that strand of the polynucleotide molecule so that the 3‘ 
terminal nucleotide of the targeting element binds to the 5‘ 
terminal nucleotide of the target nucleic acid sequence. As 
described in more detailed beloW, extension of the oligo 
nucleotide in the presence of a terminating and immobiliZ 
able nucleotide complementary to a nucleotide in the dis 
tinguishing element alloWs for distinction betWeen the 
polynucleotide molecule of interest and other nucleic acid 
molecules that do not contain the distinguishing element. 
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[0077] In certain embodiments, a target nucleic acid 
sequence is immediately 3‘ to a distinguishing element in 
one strand of a polynucleotide molecule of interest, and a 
targeting element binds to both the target nucleic acid 
sequence and the distinguishing element (or at least a 
portion of the distinguishing element) in that strand of the 
polynucleotide molecule so that the 3‘ terminal nucleotide of 
the targeting element binds to a nucleotide in the distin 
guishing element of the target nucleic acid sequence. Also as 
described in detail beloW, selective extension of the oligo 
nucleotide using the strand of the polynucleotide molecule 
that comprises both the target nucleic acid sequence and the 
distinguishing element alloWs for distinction betWeen the 
polynucleotide molecule of interest and other nucleic acid 
molecules that do not contain the distinguishing element. 

[0078] The folloWing provides detailed description of 
binding of an exemplary targeting element (i.e., an oligo 
nucleotide) to a target nucleic acid sequence of a polynucle 
otide molecule of interest. 

[0079] The targeting of a target nucleic acid sequence in a 
polynucleotide molecule With an oligonucleotide is straight 
forWard When both are present in single-stranded form. A 
melting temperature can be calculated for each oligonucle 
otidc-targct nucleic acid sequence complcx below which 
hybridiZation occurs. It is possible to adjust the hybridiZa 
tion conditions (mainly temperature and salt/cation concen 
tration) such that only a perfectly matched oligonucleotide 
binds to the target nucleic acid sequence. Considerable 
literature and protocols exist on the polymerase chain reac 
tion (PCR), dyeterminator sequencing reactions as Well as 
mini-sequencing or primer extension reactions, Which are of 
similar nature as the enZymatic distinction reaction in this 
invention (Molecular Cloning: A Laboratory Manual. Sam 
brook et al., Third Edition 2001, Cold Spring Harbor Labo 
ratory Press, N.Y.; AmpliTaqTM product sheet, Perkin Elmer/ 
Roche, Branchburg, N.J., and references therein). Single 
stranded DNA can be generated in several Ways, for 
instance, by heating and subsequent quenching on ice, 
NaOH denaturation or physical separation based on bioti 
nylated PCR-primers that get incorporated into only one 
copy of a PCR product (Molecular Cloning: A Laboratory 
Manual. Sambrook et al., Third Edition 2001, Cold Spring 
Harbor Laboratory Press, N.Y.; Mitchell and Merril, Anal 
Biochem. 1989 May 1; 178(2):23942) 

[0080] If the polynucleotide molecule of interest is present 
in a nucleic acid population as a double-stranded nucleic 
acid, such as genomic or plasmid DNA, the target nucleic 
acid sequence in the polynucleotide molecule of interest has 
to be rendered accessible in order for the oligonucleotide to 
bind to the sequence. This can be accomplished by thermal 
denaturation, that is, heating the sample to a temperature 
(e.g., higher than 65° C., 80° C. or 95° C.) at Which the DNA 
begins to melt and form loops of single-stranded DNA. 
Thermal denaturation can be substituted by other methods 
that facilitate the binding of the targeting element to the 
target nucleic acid sequence, such as chemical denaturation 
(e. g., by alkaline incubation of polynucleotide molecules) or 
enZymatic strand separation (e.g., using helicase, RecA, 
etc.). 
[0081] Under annealing conditions and typically in an 
excess of oligonucleotide relative to the polynucleotide 
molecule of interest, the oligonucleotides Will, due to mass 
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action as Well as their usually smaller siZe and thus higher 
diffusion coefficient, bind to homologous regions before 
renaturation of the melted fragment strands occurs. Oligo 
nucleotides are also able to enter double-stranded fragments 
at homologous locations under physiological conditions 
(37° C.) (lyer et al., J Biol. Chem. 1995 Jun 16, 
270(24):14712-7 and references cited therein). 

[0082] This is relevant since the possibility of cross 
hybridiZation betWeen opposite strands of different alleles 
can lead to the extraction of a mismatched double-stranded 
hybrid of tWo alleles. It is usually undesirable to generate 
fully single-stranded template DNA due to this reason, 
although the likelihood for cross-hybridiZation to occur in a 
sample of genomic DNA is small. A robust link of the 
separation group and the distinguishing element, as dis 
cussed beloW, is able to retain the polynucleotide molecule 
that comprises the distinguishing element even under harsh 
denaturation and Washing conditions. 

[0083] Methods and kits have been developed to facilitate 
the sequence-speci?c introduction of oligonucleotides into 
double-stranded targets such as genomic or plasmid DNA 
and may be used in connection With the present invention 
(lyer et al., J Biol. Chem. 270(24):14712-7, 1995) and 
references cited therein; TeintZe et al., Biochem Biophys Res 
Commun. 211(3):804-11, 1995; Honigberg et al., Proc Natl 
Acad Sci USA. 83(24):9586-90, 1986; Rigas et al., Proc 
Natl Acad Sci USA. 83(24):9591-5, 1986; Hakvoort et al., 
Nucleic Acids Res. 24(17):3478-80, 1996; Hakvoort et al., 
Gene Cloning and Analysis by RT-PCR, Edited by Siebert 
and Larrick, Biotechniques Books 1998, Natick, Mass.; 
ClonCaptureTM cDNA Selection Kit, Clontech, Palo Alto, 
Calif.; and Welcher et al., Nucleic Acids Res. 14(24): 
10027-44, 1986). A coating of oligonucleotides With DNA 
binding proteins such RecA (e.g., E. coli recombination 
protein “A”) or staphylococcal nuclease speeds up their 
incorporation several orders of magnitude compared to the 
introduction of analogous unmodi?ed oligonucleotides at 
higher concentration and signi?cantly increases the stability 
of such complexes (Cunningham et al., Cell 24(1):213-23, 
1981; Belotserkovskii et al., Biochemistry. 38(33):10785 
92, 1999; and Sena and Zarling, Nat Genet. 3(4):365-72, 
1993), While still permitting enZymatic elongation of the 
introduced oligonucleotide (lyer et al., J Biol. Chem. 
270(24):14712-7, 1995 and references cited therein). In 
certain embodiments, polymerases With a strand displace 
ment activity (e.g., Phi29 DNA polymerase and Obeta 
replicase) and 3‘-exonuclease protected targeting elements 
may be used. For example, due to its strand displacement 
activity, Phi29 DNApolymerase may extend olionucleotides 
or polynucleotides using a largely or completely double 
stranded (i.e., not denatured) DNA as a template. The ability 
of Phi29 DNA polymerase to use non-denatured DNA as a 
template prevents breakage of template DNA during dena 
turation. HoWever, because Phi29 DNApolymerase also has 
a proof-reading activity (i.e., an activity that corrects mis 
matched 3‘-end of primers and then extend them), 3‘-exo 
nuclease protected primers (by using phosphorothioate 
bonds betWeen the bases or by the incorporation of LNAs) 
are preferably used. OtherWise, the elimination of the mis 
matched 3‘-end of primers Would interfere With distinction 
among different polynucleotide molecules as discussed in 
detailed beloW. 



US 2006/0040300 A1 

[0084] Alternatively, or in addition, helper oligonucle 
otides may be used to facilitate opening of double-stranded 
regions and/or secondary structures of polynucleotide mol 
ecules. Such helper oligonucleotides are 3‘-phosphorylated 
and thus Will not be extended if added to a sequence-speci?c 
extraction reaction. HoWever, they can function to help 
hybridization and facilitate opening of secondary structures 
in polynucleotide molecules. Description of helper oligo 
nucleotides useful in the present invention may be found in 
US. Pat. Nos. 6,482,592; 5,387,510; 5,547,843; and 5,731, 
153. 

[0085] All of the methods described above (as Well as 
other knoWn methods) that facilitate the sequence-speci?c 
introduction of oligonucleotides into double-stranded poly 
nucleotide molecules of interest may be particularly useful 
Where the extraction of relatively long polynucleotide mol 
ecules is desirable. Such methods reduce the use of dena 
turation steps, Which may cause fragmentation of polynucle 
otide molecules of interest. 

[0086] 3. Distinction 

[0087] In certain embodiments, the distinction betWeen a 
polynucleotide molecule of interest and other nucleic acid 
molecules in a nucleic acid population is accomplished by 
selectively attaching an immobiliZable separation group to a 
targeting element that binds to a target nucleic acid sequence 
in the polynucleotide molecule of interest. An immobiliZable 
separation group is “selectively attached” to a targeting 
element if the immobiliZable separation group is only 
attached to a targeting element that is bound to a target 
nucleic acid sequence in a polynucleotide molecule of 
interest that contains the distinguishing element, but not to 
any targeting element that is not bound to a target nucleic 
acid sequence in the polynucleotide molecule of interest 
(e.g., any targeting element that is not bound to any nucleic 
acid molecules, or any targeting element that is bound to a 
nucleic acid molecule other than the polynucleotide mol 
ecule of interest). Put differently, the selective attachment of 
an immobiliZable separation group to a targeting element 
depends on Whether or not the nucleic acid molecule to 
Which the targeting element is bound is a polynucleotide 
molecule of interest (i.e., a nucleic acid molecule comprising 
a particular distinguishing element in the strand Where a 
target nucleic acid sequence to Which the targeting element 
binds is located). 

[0088] In certain embodiments, the targeting element is an 
oligonucleotide and the target nucleic acid sequence is 
immediately 3‘ to the distinguishing element in one strand of 
the polynucleotide molecule of interest. In such embodi 
ments, once the oligonucleotide binds to the targeting 
nucleic acid sequence in the polynucleotide molecule, it is 
enZymatically elongated in a 5‘ to 3‘ direction under appro 
priate conditions (e.g., in a nucleic acid extension reaction 
mixture). The elongation takes place by incorporation of 
individual nucleotides, Whereby the identity of the base 
immediately adjacent to the 3‘-terminus of the oligonucle 
otide (complementary to a nucleotide of the distinguishing 
element (e.g., a polymorphic site) establishes a differential in 
the elongated sequence. This differential can be exploited 
such that a unique modi?ed nucleotide is provided contain 
ing a covalently linked separation element, such as biotin. 

[0089] For example, if “A” is provided With a biotin 
moiety attached to it, only the extension product of the 
oligonucleotide bound to a polynucleotide molecule having 
a “T” at the polymorphic site Will have a biotinylated “A”. 
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The oligonucleotides bound to other nucleic acid molecule 
Will also get extended but the ?rst extended nucleotide Will 
not be biotinylated “A”. 

[0090] It is preferable that extension products of oligo 
nucleotides bound to nucleic acid molecules other than the 
polynucleotide molecule of interest do not obtain a separa 
tion group. The incorporation of separation group into 
extension products of oligonucleotides that do not bind to 
the polynucleotide molecule of interest could, for instance, 
take place if further doWnstream to the polymorphic site, 
i.e., in the direction of enZymatic elongation, a nucleic acid 
molecule to Which the oligonucleotide binds possess a “T”, 
in Which case a biotinylated “A” may be incorporated. The 
problem may be eliminated by use of terminating nucle 
otides, such that the elongation of the oligonucleotide stops 
after the ?rst incorporated nucleotide and no separation 
group can be attached unless the base immediately adjacent 
to the 3‘-end of the oligonucleotide leads to its incorporation. 

[0091] Amodi?cation of the above method alloWs the use 
of non-terminating nucleotides. In this case, an oligonucle 
otide is chosen such that it anneals to not only the target 
nucleic acid sequence but also to the distinguishing element 
or at least a portion of the distinguishing element in a 
polynucleotide molecule of interest. Preferably, the 3‘ por 
tion or 3‘ terminus of the oligonucleotide is complementary 
to (and anneals to) the distinguishing element or a portion 
thereof. 

[0092] Conditions may be chosen so that the oligonucle 
otide gets elongated only if it anneals to the polynucleotide 
molecule of interest, but does not get elongated if it anneals 
to other nucleic acid molecules that do not contain the 
distinguishing element in the polynucleotide molecule of 
interest. The lack of the distinguishing element in the other 
nucleic acid molecules results in one or more mismatches 
(preferably at the 3‘ portion or 3‘ terminus of the oligonucle 
otide), Which makes it dif?cult for a polymerase to extend 
the oligonucleotide. Such conditions include those that 
alloWs hybridiZation of a perfectly matched oligonucleotide 
to be highly favored over hybridiZation of the same oligo 
nucleotide to any site containing a mismatch (Woolley et al., 
Nat Biotechnol. 18(7):7603, 2000) and those that prevents a 
polymerase from binding and initiating the polymeriZation if 
the oligonucleotide-nucleic acid complex contains a base 
mismatch (Carver et al., Proc Natl Acad Sci USA. 
91(22):10670-4, 1994). If biotinylated nucleotides are 
present in the reaction, they Will only be incorporated into 
extension products of the oligonucleotides bound to the 
polynucleotide molecule of interest. 

[0093] It is possible to use combinations of terminating 
and non-terminating nucleotides, and it is not in all cases 
necessary that the oligonucleotide binds immediately adja 
cent to the polymorphic site. 

[0094] In this example an intervening sequence is present 
betWeen the binding location of the targeting element and 
the polymorphic site distinguishing the tWo alleles: 

(allele 5 '—GATTACCAAAAATTC . . . 3 ' 

1) 
(SEQ ID NO:l) 

(allele 5 '—GATTACCAAAAAGTC . . . 

2) 
(SEQ ID NO:2) 

[0095] The tWo alleles can be distinguished by use of an 
oligonucleotide that binds at the underlined sequence, in 
































