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(57) ABSTRACT 

A method of comparing genomic DNA from two individuals 
who share a phenotype, cutting the DNA into fragments long 
enough to contain on average one or Several polymorphisms, 
combining the fragments under hybridisation conditions and 
recovering mismatch-free heterohybrids, wherein adapters 
resistant to nuclease digestion are ligated to the ends of the 
genomic fragments. A related method uses pooled genomic 
DNA from individuals with a common phenotype. Another 
related method uses restricted nucleic acid fragments likely 
to contain on average leSS than one natural polymorphism. 
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GENOMIC ANALYSIS METHOD 

0001 Linkage mapping of genes involved in disease 
Susceptibility and other traits in humans, animals and plants 
has in recent years become one of the most important 
engines of progreSS in biology and medicine. The develop 
ment of polymorphic DNA markers as landmarks for linkage 
mapping has been a major factor in this advance. However, 
current methods that rely on these markers for linkage 
mapping in humans are laborious, allowing Screening of 
only at most a few markers at a time. Furthermore, their 
power is limited by the Sparsity of highly-informative mark 
erS in many parts of the human genome. 

0002 Genomic mismatch scanning (GMS) is a positional 
cloning Strategy that has no requirement for conventional 
polymorphic markers or gel electrophoresis. It isolates frag 
ments of identity-by-descent (IBD) between two related 
individuals based on the formation of extensive mismatch 
free hybrid molecules. The GMS technique is described in 
U.S. Pat. No. 5,376,526, and is illustrated in FIG. 1 of the 
drawings accompanying this specification. 

0.003 Dam methylation of one sample prior to hybridi 
sation permits discrimination of homohybrid duplexes by 
Virtue of methylation-Sensitive restriction endonucleases 
that cleave only fully methylated or fully umnethylated 
DNA. The MuthLS methyl-directed mismatch repair pro 
teins cleave mismatched heteroduplexes on the unmethy 
lated strand. Except for mismatch-free heterohybrid mol 
ecules, all DNA is eliminated by a combination of 
Exonuclease III digestion and physical Separation of Single 
stranded DNA using binding columns. The selected mol 
ecules are amplified by inter-Alu PCR using combinations 
of generic primers, and Subsequently identified by hybridi 
sation to an ordered array of DNA Samples representing 
intervals of the genome. 

0004. Because natural polymorphisms occur on average 
once every several hundred bp i.e. at least once every 1000 
bp, heterohybrids that are Several kilobases in length and 
mismatch-free are likely to be IBD. Similarly, non-IBD 
alleles in Sufficiently large heteroduplexes are likely to 
contain one or more mismatches and will be cleaved by the 
mismatch repair proteins. 

0005. The IBD maps from multiple pairs of affected 
relatives are combined and the resulting composite map 
Searched for loci where genotypic concordance occurs more 
frequently than would be expected by chance. These loci 
represent candidate regions that may harbour the target 
mutation(s). 
0006. The relative recovery of DNA from a locus when 
the two genomes share an allele IBD compared to the 
recovery from that locus when the two genomes are not IBD 
dictates the reliability of the technique. For analyses involv 
ing human genomic DNA, enrichment by a factor of 1-2 for 
50% of IBD fragments and by a factor of 2-5 for 35% of IBD 
fragments has been reported. Only 15% of IBD fragments 
are reported to be enriched by a factor of >5. Furthermore, 
the yield of DNA after GMS selection is very poor such that 
amplification of the Selected fragments prior to hybridisation 
to the array is required. 
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0007 Enrichment of Fragments of IBD in Two Individu 
als with Common Ancestry. 
0008. It is one object of the present invention to provide 
novel methods of performing genetic analysis to obtain 
enrichment of fragments of IBD. Thus in one aspect this 
invention provides a method of performing genomic analy 
sis by: 

0009 a) digesting genomic DNA to be compared 
from two different Sources to provide genomic frag 
ments whose average length is greater than the 
average Spacing between natural polymorphisms; 

0010 b) combining under hybridisation conditions 
Single Strands of the genomic fragments from the two 
SOurceS, 

0011 c) separating heterohybrids from homohy 
brids; and 

0012 d) separating mismatch-free heterohybrids 
from hybrids with mismatches; 

0013 which method comprises ligating an adapter 
to each end of each genomic fragment produced in 
Step a), said adapter being, in double-stranded mis 
match-free form, resistant to nuclease digestion. 

0014. The method involves comparing genomic DNA 
from two different sources, generally two different viral or 
prokaryote or eukaryote (e.g. human, animal or plant) indi 
viduals who share a particular phenotype which may have 
been acquired from a common ancestor. Phenotypes are 
observable or measurable characteristics displayed by an 
organism under a particular Set of environmental and/or 
genetic influences. Hybridisation conditions may depend on 
the genomic fragments being analysed and will be well 
known to the skilled reader. AS noted, natural polymor 
phisms occur in human genomic DNA on average once 
every several hundred bp i.e. at least once every 10000 bp. 
The genomic DNA of the two individuals to be compared is 
cut into fragments that are in general longer than this. Thus 
each genomic fragment contains on average one or more 
polymorphisms. This may be effected by use of a restriction 
enzyme (or two or more restriction enzymes) that cuts 
relatively infrequently. Suitable restriction enzymes include 
those of type. II and also those of type IIS. It would 
alternatively be possible to effect restriction of the genomic 
DNA by physical or chemical as opposed to enzymatic 
CS. 

0015. An adapter is ligated to each end of each fragment. 
An adapter is an at least partly double-Stranded polynucle 
otide, generally oligonucleotide, having if required an over 
hang complementary to the overhang generated by the 
restriction enzyme. Alternatively, both the fragments and the 
adapter may have blunt ends for ligation. The adapters may 
comprise oligonucleotides of an arbitrary Sequence that does 
not render them prone to Secondary Structure, liable to 
hinder efficient ligation, amplification, or Selection on the 
basis of mismatch discrimination. Primers, comprising all or 
part of an adapter Sequence, used for amplifying DNA under 
analysis, are further examined to ensure non-specific ampli 
fication is avoided. When in double-stranded mismatch-free 
form, the adapter is resistant to nuclease digestion, that is to 
Say more resistant than is ordinary DNA. Such resistance 
can be conferred by providing modified internucleotide 
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linkages e.g. phosphorothioate or methyl phosphonate link 
ages, or by the use of nucleotide analogues that confer 
nuclease resistance. Preferably however a first adapter 
ligated to fragments of genomic DNA from the first Source 
contains a mismatch; and a Second adapter ligated to frag 
ments of genomic DNA from the Second Source also con 
tains a mismatch; the two adapters being So designed that the 
forward strand of one adapter will hybridise to the backward 
Strand of the other adapter to form a mismatch-free hetero 
hybrid. A heterohybrid comprises two strands from different 
individuals and is contrasted with a homohybrid which 
comprises two strands from the same individual. The two 
systems are described in more detail below with reference to 
FIGS. 2 and 3 of the accompanying drawings, in which: 
0016 FIG. 2 shows the use of two adapters each having 
a mismatch within a Section comprising phosphorothioate 
linkages, and 
0017 FIG.3 shows the use of two different adapters each 
having a mismatch outside a Section having phosphorothio 
ate linkages. 
0.018. The modified method for affected-pair analyses 
involves restriction digestion of both genomic DNA Samples 
and ligation of adapter Sequences to each. These adapters 
contain mismatched regions that persist after hybridisation 
in the homoduplex molecules. By contrast, the adapter 
Sequences are fully complementary in heteroduplexes. Sub 
Sequent use of a mismatch recognition protein e.g. T4 
endonuclease VII and nuclease digestion results in the 
elimination of all molecules possessing mismatches. Mis 
match-free heteroduplex molecules are resistant to digestion 
e.g. due to the inclusion of phosphorothioate or methyphoS 
phonate linkages in the adapter Sequences that convey 
protection. These molecules can be amplified efficiently and 
conveniently with a Single primer pair prior to analysis as 
discussed below. 

0019. The ligation of adapters to all fragment ends pro 
vides a convenient opportunity to Selectively digest homo 
hybrid molecules that are produced by hybridisation of the 
two DNA samples, and to amplify efficiently the enriched 
fragments with an appropriate adapter primer. The presence 
of phosphorothioate or methyphosphonate linkages, or other 
inhibitory features, at the adapter's ends provides protection 
against nuclease digestion. The adapter Sequences are 
designed judiciously to be fully complementary on forma 
tion of heterohybrid molecules. In homohybrid molecules, 
however, the mismatch persists. Strand cleavage of the 
mismatch at a position proximal to the phosphorothioate or 
methyphosphonate linkages creates Vulnerability to Subse 
quent nuclease digestion and culminates in the elimination 
of the homohybrid molecules. Phosphorothioate or methy 
phosphonate protection in heterohybrid molecules persists, 
however, Since Strand cleavage does not occur in the absence 
of a mismatch. 

0020. A number of types of mismatched adapter would be 
appropriate for this purpose and include 'Y' shaped adapters 
with non-complementary ends (FIG. 2), and adapters with 
one or more mismatched nucleotides at a position along the 
adapter's length (FIG.3). In the former case, a single strand 
Specific endonuclease may be used to achieve Strand cleav 
age, while T4 endonuclease VII would cleave the mismatch 
in the latter case. If a 3'-5' exonuclease is used Subsequently 
to digest the cleaved molecules, oligonucleotide phospho 
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rylation is necessary to ensure that both adapter Strands form 
covalent bonds with each genomic fragment. However, if a 
5' to 3' exonuclease is employed this may not be necessary. 
The use of mismatched adapters for Selective elimination of 
homohybrid duplexes as an inherent feature of the mismatch 
discrimination procedure obviates the need for dam methy 
lation of one genomic Sample and Subsequent digestion of 
the hybrid molecules by methylation sensitive restriction 
enzymes. 

0021 Strand scission by the MuthLS mismatch recog 
nition proteins (as used in U.S. Pat. No. 5,376,526) has an 
absolute requirement for at least one (GATC) site within the 
mismatched duplex that should be at least 150 base pairs 
from the fragment end to achieve maximal activity. Only the 
unmethylated Strand is cleaved in a hemimethylated duplex, 
and the efficiency of this depends on the nature of the 
mismatch and the context of the Surrounding Sequence. The 
enzyme System fails to recognise CC mismatches and 
insertion/deletion loops of more than four nucleotides. By 
contrast, T4 endonuclease VII is a mismatch recognition 
protein that is capable of discriminating all Single base 
mismatches as well as insertion/deletion loops of all sizes. 
Fragments up to 4 kbp have been digested Successfully and 
maximal efficiency of cleavage is achieved when the mis 
match is separated from a fragment end by at least nine 
nucleotides. Suitable buffers include Tris, pH 8, and more 
preferably phosphate buffers. Although Sequence context 
and the nature of the mismatch also affects the efficiency of 
T4 endonuclease VII digestion, Significant benefits may be 
achieved by replacement of the MuthLS proteins with this 
enzyme. Other mismatch recognition/repair proteins maybe 
suitable including Cell and T7 endonuclease I. The choice of 
methods for Separation of mismatched fragments from 
matched fragments is not limited to the use of enzymes, but 
may also be accomplished by chemical or physical means. 
0022. It is likely that elimination of cleaved duplexes by 
nuclease digestion will be more efficient than relying on 
their physical Separation with Single Stranded DNA binding 
columns. One or more enzymes that provide Single-Strand 
specific endonuclease activity and either 5'-3' or 3'-5' exo 
nuclease activity may be appropriate. In addition, Since T4 
endonuclease VII may in Some circumstances create Single 
Strand Scission, it is important that the exonuclease is active 
at a nick. Furthermore, in order to preserve the heteroduplex 
molecules, the exonuclease must be inhibited by phospho 
rothioate or other modifiedlinkages. Suitable candidates for 
use either Singularly or in combination include, but are not 
limited to, Ba3I nuclease, S I nuclease, Mung bean 
nuclease, T7 gene 6 exonuclease, Exonuclease III and the 
3'-5' exonuclease activity of polymerases, such as T4 DNA 
polymerase. 
0023 Selective Enrichment of Common Sequences in 
Pooled Samples: Enrichment of Fragments IBD in the 
Pooled Genomes of Individuals with Common Ancestry 
0024. Identification of candidate disease loci using the 
existing GMS method typically requires the analysis of more 
than 200 affected pairs and the hybridisation of the enriched 
fragments to an array of genomic clones. The candidate 
region is determined by Scrutiny of the composite map of 
enriched fragments, constructed from the cumulative data of 
all affected-pair analyses, and identification of regions 
where genotypic concordance occurs more frequently than 
would be expected by chance. 
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0.025 The need for the numerous separate pair-wise 
analyses and Subsequent hybridisation Steps could be 
avoided if a large number of affected individuals was 
analysed en masse. Accurate diagnosis of phenotype would 
be an important preliminary Step. However, provided that 
the same Sequence variant was common to all, e.g. because 
all, or the majority, of the affected individuals had acquired 
their phenotype through common ancestry, a candidate 
region could be identified in a Single analysis. 
0026. It is another object of this invention to meet this 
need. In this aspect the invention provides a method of 
performing genomic analysis by: 

0027 i) providing genomic DNA, pooled from a 
plurality of individuals that share a phenotype; 

0028 ii) digesting the genomic DNA to provide 
genomic fragments whose average length is greater 
than the average Spacing between natural polymor 
phisms; 

0029) iii) ligating an adapter to each end of each 
genomic fragment produced in Step ii), said adapter 
being, when in double-Stranded mismatch-free form, 
resistant to nuclease digestion; 

0030) iv) denaturing and re-annealing the mixture of 
adapter-terminated genomic fragments produced in 
Step iii); 

0031 v) removing from the mixture produced in 
Step iv) hybrids containing mismatches and if 
required amplifying mismatch-free hybrids; 

0032 vi) and repeating steps iv) and v) to recover 
one or a few mismatch-free hybrids associated with 
the phenotype. 

0.033 Reference is directed to the accompanying FIG. 4 
which is a diagram showing this technique. 
0034. A suitable protocol involves the pooling of 
genomic DNA samples of affected individuals e.g. of pre 
Sumed common ancestry and restriction digestion of the 
genome pool. A Single adapter, comprising complementary 
oligonucleotides that convey phosphorothioate or meth 
ylphosphonate or other protection, is ligated to all fragments 
prior to denaturation and re-annealing of the pool. Provided 
that a large number of individuals contributed to the pool, 
most fragments will form heteroduplexes on hybridisation. 
Mismatched molecules are eliminated by use of a mismatch 
repair protein e.g. T4 endonuclease VII and nuclease diges 
tion. The remaining molecules are amplified using a single 
primer appropriately designed to complement the adapter 
Sequence. The amplified products are Subjected to reiterated 
rounds of mismatch discrimination, resulting in depletion of 
mismatched heteroduplex molecules and enhanced enrich 
ment of IBD fragments. The number of cycles may depend 
on the number and similarity (or relatedeness) of the indi 
viduals involved. Finally, the Selected fragments may be 
analysed further e.g. by hybridisation to reference Sequences 
of nucleic acid. Alternatively, if the enrichment of IBO 
fragments by reiterated mismatch discrimination is Sufficient 
to effectively exclude all non-informative fragments, the 
Selected molecules may be directly cloned and Sequenced. In 
addition to eliminating the need for multiple affected-pair 
analyses, therefore, the requirement for an array of genomic 
clones would be abolished. 
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0035) In another aspect, this invention provides a set of 
four oligonucleotides, wherein each oligonucleotide of the 
Set: is complementary to a first other oligonucleotide of the 
Set and forms therewith a hybrid that is resistant to nuclease 
digestion; and is Substantially complementary to a Second 
other oligonucleotide of the Set. Preferably each oligonucle 
otide comprises one or more phosphodiester bonds Selected 
from phosphorothioate and methylphosphonate. 
0036). In another aspect, this invention provides a kit for 
performing a method as defined, which kit comprises this Set 
of four oligonucleotides together with a ligase and a 
nuclease. 

0037 Selective Enrichment of Common Sequences by 
Subtractive Hybridisation of Affected and Wild Type 
Genomic Fragments 
0038. Using the original GMS method, large tracts of 
identical-by-descent DNA can be enriched. Considerable 
effort is required Subsequently to analyse these candidate 
Sequences and identify any Sequence variants that they may 
contain. The larger the candidate Sequences, the greater is 
the effort required to Scrutinise them for Sequence variants. 
A method that generates very short candidate Sequences, 
therefore, will provide considerable advantage. Moreover, 
the method would be especially suited to the analysis of all 
sequence differences in both DNA and RNA. 
0039. It is another object of this invention to meet this 
need. In this aspect the invention provides a method of 
performing genomic analysis by: 

0040 i) providing first nucleic acid, pooled from a 
plurality of individuals that share a phenotype; 

0041) ii) digesting the said first nucleic acid to 
provide fragments who's average length is about 
equal to or less than the average spacing between 
natural polymorphisms; 

0042 iii) ligating an adapter to each end of each 
fragment produced in Step ii) to form adapter-termi 
nated nucleic acid fragments which are, when in 
double-Stranded mismatch-free form, resistant to 
nuclease digestion; 

0043 iv) denaturing and re-annealing the mixture of 
adapter-terminated nucleic acid fragments produced 
in Step iii); 

0044 v) removing from the mixture produced in 
Step iv) hybrids containing mismatches and if 
required amplifying mismatch-free hybrids; 

0045 vi) repeating steps iv) and v) to recover a first 
mixture of mismatch-free hybrids; 

0046 vii) providing second nucleic acid pooled 
from a plurality of individuals that do not share the 
Same phenotype, 

0047 viii) Subjecting the nucleic acid of vii) to the 
said steps ii) to vi) to recover a second mixture of 
mismatch-free hybrids; 

0048 ix) combining under hybridisation conditions 
Single Strands of the Said first mixture of mismatch 
free hybrids and the said second mixture of mis 
match-free hybrids; 
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0049 x) and recovering nucleic acid fragments that 
do not form mismatch-free hybrids and are associ 
ated with the phenotype. 

0050 Step ii) may be effected by the use of at least one 
restriction enzyme that cuts relatively frequently. Thus the 
majority of fragments will not contain any natural polymor 
phism. 

0051 Reference is directed to FIG.5 which is a diagram 
showing this technique. 
0.052) If the genomes of affected individuals are restricted 
with one or more enzymes that cleave nucleic acid fre 
quently, a pool of very short fragments will result. The 
number fragments generated in this way will exceed the total 
number of polymorphic Sequences within the genome. AS 
Such, when dissociated and allowed to re-anneal, most 
fragments will form perfectly matched heteroduplex mol 
ecules. It is preferred to have as close to one polymorphism 
per restriction fragment, but preferably no more, as achiev 
able. With smaller fragments the proportion of identical 
fragments that contribute noise’, from which the informa 
tive fragments mismatched between the two pools must be 
differentiated, in the method increases. With larger frag 
ments the proportion of fragments with greater than one 
polymorphism increases and hence the likelihood of losing 
fragments that contain the informative Sequence change: 
because the neighbouring polymorphism(s) in the same 
fragments may not be identical in the pool of individuals. 
0.053 A single adapter, containing phosphorothioate or 
methylphosphonate linkages to provide protection to 
nuclease digestion, is ligated to all nucleic acid fragments. 
These fragments are dissociated and re-annealed, and mis 
matched molecules are cleaved by a mismatch repair protein 
e.g. T4 endonuclease VII. The cleaved molecules are elimi 
nated by one or more nucleases that provide endonuclease 
and 5' to 3 or 3 to 5 exonuclease activities. This process of 
Strand dissociation and re-annealing, followed by mismatch 
discrimination using T4 endonuclease VII and appropriate 
nucleases is reiterated. 

0054) Nucleic acid of wild type individuals is pooled, 
restricted, ligated to adapters and Subjected to reiterated 
mismatch discrimination, in a similar manner to that of the 
affected individuals. In each Separate pool, therefore, only 
fragments that contain Sequences common to all individuals 
in the pool should persist. 
0.055 The enriched fragments of the affected pool are 
hybridised to an excess of the enriched fragments of the wild 
type pool. Provided that the individuals contributing nucleic 
acid to each pool were taken from the same population e.g. 
who share the Same ethnic origin, the vast majority of 
fragments should form perfectly matched duplexes. Only the 
fragment that harbours the causative mutation distinguishing 
the phenotypes should form a mismatched duplex on 
hybridisation. These mismatched molecules are Selected. 
Completion of the protocol, therefore, culminates in very 
Short genomic fragments potentially containing the 
Sequence variant of interest. These Selected fragments can 
then be analysed with relative ease, e.g. by hybridisation to 
reference Sequences of nucleic acid, to identify the infor 
mative Sequence change. 
0056. The methods described above are preferably car 
ried out with genomic DNA that represents part or all of a 
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genome. A genomic Subset may be generated for analysis by 
one of a number of approaches known to the skilled indi 
vidual including, but not limited to, Selective amplification 
by techniqueS Such as interAlu-PCR, or confining an analy 
sis to fragments, produced by restriction enzyme digestion, 
that lie within a predefined size range. A fraction of the 
genome to be analysed may be selected on the basis of 
expression in tissueS of interest. In this instance mRNA may 
first be converted to conA using conventional methods 
prior to analysis as described above. Alternatively, RNA 
may be Subjected to analysis as described above. 
0057 Cloning and sequencing is the preferred method for 
analysing Is Sequences that remain at the end of the methods. 
It is, however, also possible to perform this analysis by 
hybridisation to reference Sequences of nucleic acid includ 
ing genomic DNA, cDNA or oligonucleotide representations 
thereof. Examples include hybridisation to arrays of nucleic 
acid Sequences comprising of BAC or cDNA clones, oligo 
nucleotides or chromosomes (See Boyle, et al. (1990) 
Genomics 7:127-130; Lichter, et al (1990) Proc. Natl. Acad. 
Sci. USA 87:6634-6638; Schena, et al. (1995) Science 
270:467-470; Lockhart, et al. (1996) Nature Biotechnology 
14:1675-1680). 
0058 Reference is directed to the accompanying draw 
ings in which: 
0059 FIG. 1 is a diagram of the known GMS system, 
entitled “Enrichment of fragments identical-by-descent 
(IBD) in two individuals of common ancestry”. 
0060 Each of FIGS. 2 to 5 is a diagram of a different 
genomic analysis method described herein. Each of FIGS. 2 
and 3 is entitled “Enrichment of fragments IBD in two 
individuals with common ancestry'. 
0061 FIG. 4 is entitled “Enrichment of fragments IBD in 
the pooled genomes of individuals with common ancestry'. 

0062 FIG. 5 is entitled “Subtractive enrichment of infor 
mative fragments using pooled nucleic acid of affected and 
wild-type individuals”. 
0063 FIG. 6 is a diagram of the system used in Example 
3. 

0064 FIG. 7 is a diagram of the system used in Example 
4. 

0065. In the experimental section which follows, 
Examples 1 and 2 show the preparation and characterisation 
of different Sets of four oligonucleotides according to the 
invention. Examples 3 and 4 relate to genomic analysis 
methods according to the invention, performed using com 
binations of those oligonucleotides as adapters. 

Experimental Data 

EXAMPLE 1. 

0066 Four oligonucleotides were synthesised Genosys 
Biotechnologies (Europe) Ltd. for ligation to Pstl digested 
DNA that would allow selective elimination of homohybrid 
molecules by nuclease digestion while heterohybrid duplex 
DNA remained intact. Where appropriate, phosphorylation 
(phosphate-) and phosphorothioate linkages (S) were 
included in the Synthesis of each oligonucleotide. The 
Sequences were as follows: 
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Oligo A: CATTCGGATGTTGATCGCGGCCGCTTGTCTGCA 

Oligo B: 5' Phosphate-GACAAGCGGCCGCGATCAAGTAGGCTTAC 

Oligo C: 5' GTAAGCCTACTTGATCGCGGCCGCTTGTCTGCA 

Oligo D: 5' Phosphate-GACAAGCGGCCGCGATCAACATCCGAATG 

0067 Oligos A+D and oligos B+C are complementary, 
whereas oligos A+B and oligos C+D are only partially 
complementary. 

0068 If oligos A+B were annealed and ligated to Pstl 
digested DNA a mismatched adapter would result at each 
fragment end. Similarly, mismatched adapters could be 
ligated to another source of Pst1 digested DNA if oligos C+D 
were annealed. Hybridisation of the two Sources of digested 
and differentially ligated DNA, therefore, would result in 
homoduplex molecules possessing mismatched adapter 
Sequences and heteroduplexes for which the adapters were 
mismatch-free. Subsequent nuclease digestion would Selec 
tively eliminate the homoduplex DNA, while heteroduplex 
molecules retained their phosphorothioate protection and 
remained intact. 

0069. To investigate the effect of matched and mis 
matched adapters on nuclease digestion, plasmid DNA was 
digested to completion using Pstl Amersham Pharmacia 
Biotech and microconcentrated Microcon-30: Amicon). 
Adapters were prepared by combining oligos A+B or oligos 
A+D in equimolar amounts and incubating them in 1x T4 
DNA ligase buffer Amersham Pharmacia Biotech for 1 
hour over a range of temperatures from 50° C. to 10° C. With 
adapter in a 50x molar excess, Pstl digested DNA was 
ligated to each adapter type by overnight incubation at 1600 
in the presence of T4DNA ligase. In each case, the adapter 
ligated plasmid DNA was gel purified QlAquick Gel 
Extraction Kit: Qiagen prior to nuclease digestion. At a 
concentration of 35 ng/ul, each of the two gel purified DNAS 
were subjected to Bal31 nuclease Amersham Pharmacia 
Biotech digestion under a variety of reaction conditions. It 
was found that incubation at 20° C. for 40 minutes in the 
presence of 0.2 units/ul Bal31 nuclease resulted in digestion 
of the DNA ligated to mismatched adapters, while that 
ligated to mismatch-free adapters was resistant to nuclease 
attack. It was concluded, therefore, that it would be feasible 
to Selectively eliminate homoduplex molecules from a mix 
ture containing heteroduplex DNA using appropriately 
designed adapters. 

EXAMPLE 2 

0070 Demonstrating Nuclease Resistance Conferred by 
the Presence of Methyl Phosphonate Linkages and Their 
Utility in Selecting Fragments Bearing Non-Mismatched 
Aadapters. 

0071 Exonuclease III and S1 will digest linear DNA 
fragments. The following experiment was performed to 
demonstrate the protection from enzymatic digestion con 
ferred on DNA by methylphosphonate modified adapters. 
All reagents in this and Subsequent examples were from 
Amersham Pharmacia Biotech unless otherwise stated. 

0072 Primer I and primer J (obtained from Genosys) 
were used to amplify a 129bp dog genomic DNA fragment, 
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(SEQ ID NO: 1) 

(SEQ ID NO: 2) 

(SEQ ID NO: 3) 

(SEQ ID NO: 4) 

31A, that had been cloned into plasmid pT3/T7. These 
primerS also amplified short Stretches of plasmid Sequences 
flanking the insert. PCR amplification was performed in the 
presence of 100 pmol of each primer I and J, 1.5 mM MgCl, 
0.2 mM dNTPs, 2.5 units of Taq polymerase and 1xTaq 
reaction buffer in a final volume of 100 ul. P-dATP was 
included in the PCR-reaction to internally radiolabel the 
amplification product. The resulting amplified fragment of 
185bp was purified with GFX-PCR purification kit and the 
amount of DNA was quantified on an 1% agarose gel using 
Vistra GreenTM staining. 
0.073 Primers I and J (Genosys) were as follows: 

Primer I: 5' p-GTTTCTTCTGCAGGTCGACTCTAGAGGA 3 

Primer J: 5' p-GTTTCTTCTATAGGGAATTCGAGCTCGG 3 

0074) 

CACTTGGGACTTTGGATTGGTCACTACTGACATTTTGTATGCAGCAGC 

CACCTGTTCTGGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTCTT 

GTTTGTTTTAATGCAAGCAAGAATGGAAACAAAGAC 3' 

0075 PCR-amplification with Taq polymerase results in 
the addition of extra A-residues to the 3' ends of the 
amplified molecules. This property was utilized to create 
complementary ends on the amplified fragment 31 A for 
adapters KL and KM. The adapter KL was formed by 
annealing together oligonucleotides K and L, which are 
partially complementary at one end to permit ligation, but 
mismatched at the other end, and when annealed together 
will form a Y shaped Structure. Annealing oligonucleotides 
K and M, which are fully complementary to each other 
results in non-mismatch adapter KM. In both adapters a 1 bp 
overhang exists that is complementary to Taq-amplified 
DNA fragments. 
0076 The oligonucleotides K, L and M (Interactiva Bio 
technologie GmbH) were as follows: 

Oligonucleotide K: 
5' AAAGCCTACAACTAGCCGTCCGCTTGTCT 3' 

Oligonucleotide L. : 
5' GACAAGCGGACGCGATCAACATCC 655A 3' 

Oligonucleotide M: 
5' GACAAGCGGACGGCTAGTTGTAGG788T 3' 

0077. Where 
0078 5 represents dA-methylphosphonate 

0079 6 represents dG-methylphosphonate 
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0080 7 represents dC-methyiphosphonate 

0081 8 represents dT-methylphosphonate 

0082. A 20-fold molar excess of adapters KL and KM 
were separately ligated with 64 ng of PCR-amplified frag 
ment 3 IA. These reactions were performed at 37 C. for 2 
hours in the presence of 1xligase buffer and 1 unit of T4 
ligase in a volume of 10 ul. 

0.083. The success of ligation was verified by analyzing 1 
All aliquots of ligation reactions on a 6% denaturing poly 
acrylamide-gel. The gel was fixed in 10% acetic acid, dried 
and exposed to a phosphor Screen. AS compared to unligated 
fragment 31A, both ligation reactions resulted in the appear 
ance of fragments that had a higher molecular weight, which 
corresponded to increase in size by 56 bp, i.e. the combined 
length of two adapters. This confirmed that 31 A-fragments 
were Successfully ligated to an adapter at both ends. 

0084. Both adapters KL and KM have three methylphos 
phonate linkages in the 3' end that does not participate in the 
ligation event. The ability of these linkages to protect against 
digestion by Exonuclease III and S1 nuclease was analyzed 
as follows. Fragments 31A were either ligated to mismatch 
containing Y-shaped adapter KL, to non-mismatch contain 
ing adapter KM, or that were free of adapters, were inde 
pendently incubated at 37 C. for 60 minutes with 10 units 
of Exonuclease III and 25 units of S1 nuclease in a buffer 
containing 50 mM Tris-HCl pH 7.5, 20 mM MgCl, and 50 
mM NaCl at a final volume of 10 ul. The reactions were 
Stopped by a dding 4-ul of Stop Solution containing 20 mM 
EDTA, 95% formamide, 0.01% bromphenol blue and 0.01% 
Xylene cyanol. Aliquots of 7 ul were analyzed on a 6% 
denaturing PAGE gel. The gel was fixed in 10% acetic acid, 
dried and exposed to a phosphor Screen. 

0085. The results showed that 31 A-fragments that had 
been ligated at both ends with adapter KM were the only 
ones to Survive the digestion. This result demonstrates that 
DNA fragments can be protected from Exonuclease III and 
S1 nuclease digestion by ligating them to adapters that 
contain 3' methylphosphonate linkages. 

0.086 A similar strategy was used separately to demon 
Strate that by including methylphosphonate linkages in the 5' 
end of the adapters, the DNA fragments could be protected 
against digestion by T7 gene 6-product. 

0087 Model System Used in Example 3 (FIG. 6) and 
Example 4 (FIG. 7). 

0088 DNA fragments were used to demonstrate the 
enrichment of a common fragment relative to fragments 
which contain mismatches from two populations of DNA 
(example 3) or one pool of DNA (example 4). The fragments 
were Spiked into a background of human genomic DNA or 
E. coli genomic DNA. The use of spikes avoided the 
extensive genotyping that would have been required if two 
different genomes from the same organism had been com 
pared, and also facilitated the analysis of the experiments. 
The examples below utilised the recognition of a Single base 
mismatch in a DNA duplex. 
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0089. The fragments used were as follows (the sequences 
are shown in appendix 1): 

0090) 1. A 1700 bp Pstl fragment excised from lambda. 
0091) 2. A 1000 bp fragment amplified by PCR from a 
plasmid pSD1. 

0092) 3. A 10000 bp fragment amplified by PCR from 
a plasmid pES3, 
0093 where pSD1 and pES3 differed only by a 
single base change of G to C, 200 bases from the 5' 
end of the fragment. 

p fragment amplified by O O094. 4. A 1000 bp f lified by PCR f 
plasmid, pFS4, 
0.095 where ES4 differed from SD1 and ES3 by a 
single base deletion 200 bases from the 5' end of the 
fragment. 

0096 5. A 1000 bp fragment amplified by PCR from a 
plasmid, pFS1, 
0097 where ES1 differed from SD1 by a single base 
change of G to A 200 bases from the 5' end of the 
fragment. 

0098. The following oligonucleotides were used to pre 
pare 20 adapters: 

oligonucleotide E 
88CGGCCGATGACCGTCGTTGTCTGCA 

oligonucleotide F 
phosphate-GACAACGACGGTGTAGCCGG7887C 

oligonucleotide G 
6655GCCGGCTACACCGTCGTTGTCTGCA 

oligonucleotide H 
phosphate-GACAACGACGGTCATCGGCC6556G 

0099. Where 
0100 5 represents dA-methylphosphonate 
0101 6 represents dG-methylphosphonate 
0102 7 represents dC-methylphosphonate 
0.103 8 represents dT-methylphosphonate 

0104. In example 3 adapters were ligated to two different 
samples of DNA, as follows: 

0105 Sample 1: Equimolar quantities of fragments 
SD1 and lambda 1700 were ligated to an adapter 
comprising oligonucleotides E and F that were 
complementary at the end which permits ligation but 
are mismatched at the other. The adapters also 
included a region of methylphosphonate linkages. 

0106 Sample 2: Equimolar quantities of fragments 
ES3 and lambda 1700 were ligated to an adapter 
comprising oligonucleotides G and H that were 
complementary at one end to permit ligation, but 
mismatched at the other. The adapters also included 
a region of methylphosphonate linkages. 

0107 Sequences E and F were fully complementary to H 
and G, respectively. When Samples 1 and 2 were combined, 
denatured and allowed to reanneal, a mixture of different 
duplexes was anticipated comprising: 
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0108) 1. Matched homoduplexes of lambda or SD1, 
with adapters containing terminal mismatches, formed 
when the fragments from Sample 1 reasSociate. 

0109 2. A mixture of homoduplexes of lambda or ES3, 
with adapters containing terminal mismatches, formed 
when the fragments from Sample 2 reasSociate. 

0110) 3. Heterohybrids of ES3 and SD1 fragments that 
contained a single base mismatch, but with perfectly 
matched adapters. 

0111. 4. Homoduplexes of lambda with matched adapt 
erS formed when complementary Strands, one each 
from Samples 1 and 2 reanneal. The adapters in these 
molecules were also fully complementary. 

0112 The whole mixture was digested with T4 endonu 
clease VII, which will cleave one or both Strands of DNA at 
a mismatch of one or more bases. In addition it will also 
cleave one Strand of the terminally-mismatched adapters. A 
Subsequent exonuclease III and S1 nuclease digestion will 
digest any duplexes cleaved by T4 endonuclease VII. Exo 
nuclease III is a 3' to 5' exonuclease which, as shown in 
example 2, cannot digest DNA with methylphosphonate 
containing nucleotides. S1 is an endonuclease which spe 
cifically digests single stranded DNA. In this way, DNA 
which was not cleaved by T4 endonuclease VII would be 
protected from digestion by exonuclease III and S1 nuclease 
due to the presence of methylphosphonate nucleotides at the 
3' ends of each duplex. Following the digestion steps, the 
remaining DNA could be amplified using an adapter Specific 
primer. 

0113. In example 4 fragments SD1, ES1, ES3, ES4 and 
lambda 1700 were combined and the adapter formed by 
combining oligonucleotides E and H was ligated to them. In 
this way, the ends of the fragments were all protected by 
matched methylphosphonate containing adapters. The mix 
ture was denatured and hybridised. A mixture of matched 
homoduplexes of lambda, SD1, ES1, ES3 or ES4 with 
perfectly matched adapters was anticipated when the frag 
ments reasSociate. In addition, mismatched duplexes with 
perfectly matched adapters were anticipated for the follow 
Ing: 

SD1 with ES1 S1 with ES3 
SD1 with ES3 S1 with ES4 
SD1 with ES4 S3 with ES4 

0114. The mixture was subjected to mismatch cleavage as 
described for example 3 above. Lambda 1700 fragments 
were expected to be resistant to digestion while any of the 
fragments forming mismatches were expected to be elimi 
nated. 

0115 The post-digestion products were amplified, and 
Subjected to a further round of denaturation, hybridisation, 
digestion and amplification. The amount of lambda 1700 
fragments were anticipated to be increasingly enriched rela 
tive to the SD1/ES1/ES3/ES4 fragments, with each succes 
Sive round of repetition of these StepS. 
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EXAMPLE 3 

0116 Method 
0117 Southern Blot Hybridisation Analysis 

0118. The DNA samples removed at each stage of the 
procedure were analysed on an agarose gel Stained with 
Vistra GreenTM and viewed using a Fluorimager 595. The 
DNA from the gel was then transferred to Hybond-N+nylon 
(Amersham Pharmacia Biotech) membrane according to the 
instructions provided by the manufacturer, and probed with 
a radio-labelled SD1 probe that hybridises to ES3. The 
membrane was then stripped and probed with a lambda 1700 
probe of similar specific activity to the SD1 probe. 

0119 Ligation Reactions 

0120) The Lambda 1700 fragment and fragment SD1 
were mixed in equimolar amounts and adapter comprising of 
oligonucleotides E and F was ligated to the fragments. The 
reaction was composed of 3.2 mM each oligonucleotide and 
1x T4 ligase buffer. The concentration of the fragments in 
the reaction was 100 ng/ul. Similarly lambda 1700 and ES3 
fragment were mixed in equimolar amounts. Adapters, com 
prising oligonucleotides G and H, were ligated to the mix 
ture of fragments in a reaction with 4 mM each oligonucle 
otide, 1x T4 ligase buffer; the concentration of fragments in 
the reaction was 1200 ngful. In parallel, adapters comprising 
oligonucleotides E and F or G and H were each indepen 
dently ligated to human genomic DNA (67 ngful) that had 
been previously cut with Pstl. These reactions comprised 6.7 
mM each oligonucleotide, 1x T4 ligase buffer. The reactions 
were set up without ligase, incubated at 65 C. and allowed 
to cool slowly to 40° C. T4 DNA ligase was added to each 
reaction to a final concentration of 0.1 Units/ul and the 
reactions were incubated overnight at 37 C. Unligated 
adapters were removed using a microSpin S-400 column. A 
100% recovery of the fragments was assumed. 

0121 Denaturation and Hybridisation of Fragments 

0.122 The hybridisation reactions were set up such that, 
assuming a 100% recovery as above, they contained 0.15 
pmol each lambda 1700 bp and SD1 fragments and 500 ng 
of human genomic DNAligated to adapter EF, together with 
0.15 pmol each lambda 1700 bp and ES3 fragments and 500 
ng human genomic DNA ligated to adapters GH. 

0123 The volume of each sample was made up with 
water to 45 ul and to each tube 1.2 til 10% (v/v) Tween-20 
(Pierce), 58 ul 2x hybridisation buffer (2.4M Sodium thio 
cyanate (Sigma), 0.2 M Phosphate pH 7.4, 4 mM EDTA pH 
8.0) and 11.5ul 90% (v/v) phenol (Sigma) was added. The 
Samples were mixed and the Solution appeared slightly 
turbid. 

0.124 Samples were placed in a block preheated to 75 C. 
and incubated for 2 min. The tubes were then mixed to give 
a homogeneous Solution. Samples were cycled as follows. 
95° C. for 2 min followed by 70 cycles of 15 mm at 22°C. 
and 2 min at 65 C. After cycling the reactions were 
transferred to a 1.5 ml tube containing 400 ulaqueous 0.1% 
Tween-20. 0.5 ml Phenol/chloroform/IAA (Sigma) was 
added, Samples were Vortexed and centrifuged for 5 min at 
12000 rpm on a tabletop microcentrifuge. The aqueous 
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phase was transferred to a fresh tube and washed with one 
Volume of chloroform. Samples were then centrifuged at 
12000 rpm for 5 min and the aqueous phase transferred to a 
fresh tube. 1 til 1 mg/ml glycogen, 40 ul 3M Sodium acetate 
pH 5.2 and 0.7 volumes of isopropanol (Aldrich) were added 
and mixed. The Samples were incubated at room temperature 
for 30 min before centrifugation at 12000 rpm for 10 min at 
room temperature. The pellets were then washed with 70% 
ice cold ethanol. After spinning for 5 min at 1200 rpm the 
ethanol was discarded and the pellet allowed to air dry. Each 
pellet was resuspended in 48 til 1X Tacq polymerase buffer. A 
5 ul aliquot was removed for analysis. 

0125 T4 Endonuclease VII Digestion 

0.126 T4 endonuclease VII digestion was performed, in 
accordance with the manufacturers instructions, in a final 
volume of 50 ul with a 1000 Units of enzyme for at 37° C. 
for 15 min. 

0127. Following this digestion, an additional band of 800 
bp was detected. This corresponded to the size of the larger 
Specific cleavage product expected from the cleavage of 
ES3/SD1 heteroduplexes at the site of the mismatch. 

0128 Exonuclease Ill Digestion 

0129. For each reaction, Exonuclease III digestion was 
performed by adding 4 til 250 mM NaCl, 1.6 ul buffer 
containing 0.1 M Tris-HCl pH 8.0 and 0.5 M MgCl, 1.2 ul 
water and 1.3 ul exonuclease III (250 units)and incubating 
at 37 C. for 10 minutes. Following digestion, a 15 ul aliquot 
was removed for analysis. 

0130. There was a considerable loss of DNA following 
the exonuclease III step, both ES3/SD1 fragments and 
lambda 1700 fragments appeared to have been digested to 
Some extent. However, while the lambda 1700 band could 
Still easily be seen on a blot of an agarose gel probed with 
SD1 and lambda probes, the SD1/ES3 band was not 
detected. 

0131 S1 Nuclease Digestion 

0132) For the final digestion step, 1.2 ul S1 nuclease (16 
units) was added to the Exonuclease III digested Samples 
and the reaction was incubated at 37 C. for 15 minutes. 

0133) Following the S1 nuclease step it was difficult to 
detect any DNA on the agarose gel, however, on the blot of 
the gel, probed with lambda 1700 and SD1 probes, a clear, 
strong lambda 1700 band was present, while no SD1/ES3 
fragment was detected. The expected outcome, i.e. the 
digestion of mismatched fragments concurrent with the 
conservation of identical fragments was therefore demon 
strated. The final product could also be amplified by PCR 
using oligonucleotide G as a primer. 

0134) The above example has also been performed using 
a background of ' DNA with the same result: lambda 
1700 fragment is retained while 1000 bp fragment is no 
longer detected at the end of the experiment. 
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0.135 The results for example 3 are summarised in tabu 
lated form in Table 1. 

TABLE 1. 

Summary of the results for example 3: 

Expected result Actual result 

SD1/ES3 lambda 1700 SD1/ES3 lambda 1700 
fragment fragment fragment fragment 

With human -- -- 
genomic 
DNA background 
With E.coli genomic -- -- 
DNA background 

0.136) + indicates that the fragment described could be 
detected on a Southern is blot of the end products of 
example 3. The probe used for detection was specific 
for the fragments, either 1000 bp fragment (ES3 and 
SD1) or lambda 1700 fragment. 

0.137 - indicates that the fragment of interest could not 
be detected on a Southern blot of the end products of 
example 3. The probe used for detection was specific 
for the fragments, either 1000 bp fragment (ES3 and 
SD1) or lambda 1700 fragment. 

EXAMPLE 4 

0138 Method 
0139 Generation of Fragments 
0140) SD1, ES1, ES2, ES3 and ES4 PCR 1000 bp frag 
ments and lambda 1700 bp fragment were ligated to adapters 
comprising oligonucleotides E and H essentially as 
described for example 3 using a 100-fold excess of the 
oligonucleotides. Approximately 0.5 ng of each of the 
ligated fragments were amplified by PCR using 20 pmoles 
oligonucleotide E as a primer in a 1000 ul reaction contain 
ing 200 uM dNTPs and 5 units Taq polymerase in 1x Taq 
polymerase reaction buffer. After an initial denaturation Step 
for 3 minutes at 94 C., twenty-five cycles of amplification 
were performed as follows;94 C. for 30 seconds, 72 C. for 
2 minutes. The reactions were purified on GFX columns and 
the products quantified using picogreen (Molecular probes) 
in accordance with manufacturers instructions. 

0.141. Denaturation and Hybridisation of Fragments 
0.142 A pool of an equimolar amount of each of the five 
1000 bp PCR products described above was prepared. A 25 
ng aliquot of this pool was then mixed with an equimolar 
quantity of the lambda 1700 bp PCR product. This mixture 
of DNA fragments in a final volume of 30 ul of 1x Taq 
polymerase reaction buffer was denatured for 5 min at 95 
C., cooled to 4 C. for 4 minutes before hybridisation at 65 
C. for 30 minutes in an MJ Research thermal cycler. Fol 
lowing hybridisation an additional 20 ul of 1x Tad poly 
merase reaction buffer was added to each tube. A 2 ul aliquot 
of each reaction was removed for analysis. 
0143) T4 Endonuclease VII Digestion 
0144. The remaining hybridisation reactions were 
supplemented with 1 til of 2 tug/ul Pstl digested E. coli DNA 
and digested, in accordance with the manufacturers instruc 
tions, with 2000 Units of T4 Endonuclease VII in a final 
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volume of 58 ul at 37 C. for 15 min. A 5.8 til sample was 
removed from each reaction for analysis. 
0145 Exonuclease Digestion 
0146 An 8 ul aliquot of enzyme mix comprising 125 mM 
NaCl, 50 mM Tris pH 8, 15 mM MgCl, 12.5 units/ul T7 gene 
6 exonuclease was added to the remaining amount of each 
T4 endonuclease VII digest. The reactions were then mixed 
and incubated for 10 min at 37 C. A 13.2 til aliquot was 
removed from each reaction for analysis. 
0147 S1 Nuclease Digestion 
0.148. To the remaining amount of each reaction, 1.2 til S1 
nuclease (16 units) was added. The reactions were then 
incubated for 15 min at 37 C. and terminated by the 
addition of 5ul 0.5M EDTA pH 8.0. A 15.1 ul aliquot was 
retained for later analysis. 
0149 Samples removed after each enzymatic step were 
run on a 1% agarose gel alongside Serial dilutions of the ES2 
1000 bp fragment and 1700 bp lambda fragment. The gel 
was post-stained with VistraGreen (1:10000) for 15 min and 
analysed on the Fluorlmager 595. 
0150 PCR Amplification for the Second Round of 
Hybridisation and Enzymatic Digestion 
0151 Duplicate tubes of products resulting from the first 
round of hybridisation and enzymatic digest described 
above, were combined and purified on GFX columns 
according to the manufacturers instructions. The Samples 
were eluted in 100 ul of water and a 20 ul aliquot of this 
eluate was then used as template in a 100 lul PCR reaction 
containing 20 pmoles oligonucleotide G as primer, 200 ul 
dNTPs and 5 units Taq polymerase in 1x Taq polymerase 
reaction buffer. Following an initial denaturation step of 3 
minutes at 94 C., twenty cycles of amplification were 
performed using the following conditions: 94 C., 30 sec 
onds; 72 C. 2 minutes. The reactions were analysed by 
Separating 15 ul of each reaction on a 1% agarose gel, 
Stained and Visualised as described above. 

0152 Result of the First Round 
0153. After the first round of hybridisation and enzymatic 
digestion of the reaction which initially contained a mixture 
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of five different 1000 bp fragments and the 1700 bp lambda 
fragment, a 1700 bp product could be clearly Seen corre 
sponding to the lambda fragment. A faint 1000 bp band was 
also just detectable on the agarose gel corresponding to the 
ES1/ES2/ES3/ES4/SD1 fragments. In a control reaction, 
containing ES1 only, a clear band of 1000 bp was observed. 
These results demonstrated that following one round of 
hybridisation and enzymatic mismatch cleavage, the 1000 
bp fragments that were capable of forming duplexes con 
taining mismatches, were depleted relative to the lambda 
fragment which could only form perfectly matched 
duplexes. 

0154) Second Round of Hybridisation and Mismatch 
Digestion 

O155 The amplified material that survived the first round 
of hybridisation and enzymatic digestion was Subjected to a 
Second round essentially as described above. In the Second 
round, however, 80 units T7 gene 6 exonuclease was added 
to each reaction instead of 100 units. Following S1 nuclease 
digestion, the products of the Second round of the procedure 
were purified on GFX columns and cluted in 100 ul of water. 
A 40 ul aliquot was then used as a template for PCR 
amplification as described above. 

0156 Result of the Second Round 
O157 Following the second round of hybridisation and 
enzymatic digestion, the band corresponding to the 1700 bp 
lambda fragment was clearly visible following agarose gel 
electrophoresis. In contrast, a very faint band corresponding 
to the 1000 bp ES1/ES2/ES3/ES4/SD1 fragments was 
barely detectable. In the control reaction (starting population 
of ES 1 1000 bp only) a clear 1000 bp band was detected 
following amplification. 

0158 Quantification of the agarose gel bands, corre 
sponding to the 5 end products of the first and Second rounds 
of hybridisation and enzymatic digestion, demonstrated that 
the ratio of 1700 bp lambda fragment to total 1000 bp 
fragment showed additional enrichment at the end of the 
Second round compared to the first. 
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AAGCAGCAGATTACSCGCAGAAAAAAAGGATCTCAAGAAGACTTTGATCTTTCACGGGGTC' 
GACGCTCAGTGGAA CGAAAACTCACGTTAAGGGATTTGGTCATGAGATTATCAAAAAGGATCTTC 
ACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGG 
TCTGACAGTTACCAATGCTTAATCAGTGAGGCAC CTATCTCAGCGATCTGTCTATTTCGITCATCC 
ATAGTTGCCTGACTGCCCGTCGTGAGATAACTACGATACGGGAGGGSCTTACCATCTGGCCCCACT 
GCTGCAATGATACCGCGAGAccoacGCTCAccesGCTCCAGATTTATCAGCAATAAAccAGCCAGCC 
GGAAGGGCCGAGCGCAGAAGTGGTCCTCCAACTTATCCGCCTCCATCCAGTCTATTAATTGTTGC 
CGGGAAGCTAGAGTAAGTACTTCGCCAGTTAATAGITGCGCAACGTCTTGCCATTGCACAGGC 
ATCGGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGA 
GTTACATGATCCCCCA GTTGTGAAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCACA 
AGTAAGTTGGCCGCAGTGTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCAG 
CCATCCGTAAGATCCTTTTCTGTGACTGGGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATG 
CGGCGACCGAGTFGCTCTTGCCCGGCGTCAAFACGGGATAATACCGCGCCACATAGCAGAATTA 
AAAGGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGA 
TCCAGTTCGATGTACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTCACCAGCGTT 
TCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGT 
TGAATACTCATACTCTTCCTTTTTCAAATTATTGAAGCATTTAT3AGGGTTATTGTCTCATGAGC 
GGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAA 
GTGCCACCTGGGTCCTTTTCATCACGTGCTATAAAAATAATTATAATTTAAATTTTTTAATATAAA 
TATATAAATTAAAAATAGAAAGTAAAAAAAGAAATAAAGAAAAAATAGTTTTGTTTTCCGAAGA 
TGTAAAAGACTCTAGGGGGATCGCCAACAAATACTACCTTTTATCTTGCTCTTCCTGCTCTCAGGT 
ATTAATGCCGAAITGTTTCATCTTGTCTGTGTAGA AGACCACACACGAAAATCCTGTGATTTTACA 
TTTTACTTATCGTAATCGAATGTATATCTATTTAATCTGCTTTCTTGTCTAATAAATATATATG 
TAAAGTACGCTTTTGTTGAAATTTTTTAAACCTTTGT"iTATTTTTTTTTCTTCATTCCGFAACTC 
TTCTACCTTCTTTATTTACTTTCTAAAATCCAAATACAAAACATAAAAATAAATAAACACAGAGTA 
AATTCCCAAATTATTCCATCATTAAAAGATACGAGGCGCGTGTAAGTTACAGGCAAGCGATCCGTC 
CTAAGAAACCATTAITATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC 
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0159. The sequences of the other plasmids vary only at 0160 The sequence of the primers used to amplify 1000 
the series of six bases 91 GATATO' shown in bold and larger bp fragments with ends including Pstl sites from all of the 
font size than the rest of the Sequence, on the Sequence plasmids were as follows. Their positions in the plasmid are 
above. These variations are as follows: underlined: 

Forward GAACTGCAGCTAGATTCCGATGCTGACTTGCT 
SD1 GATATC 
ES1 AATATC Reverse: TCCCTGCAGGGTTCCGATTTAGTGCTTTAC 
ES3 CATATC 
ES4 -ATATC 

<400 

0.161 Following PCR, the products were digested with 
PSt1. 

SEQUENCE LISTING 

NUMBER OF SEQ ID NOS : 18 

SEQ ID NO 1 
LENGTH 33 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Description of Artificial Sequence: Contains 
phosphor othioate linkages 

SEQUENCE: 1 

cattcggatg ttgatc.gcgg cc.gcttgttct gca 33 

<400 

SEQ ID NO 2 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Description of Artificial Sequence: Contains 
phosphor othioate linkages 

SEQUENCE: 2 

gacaag.cggc cqcgatcaag taggcttac 29 

<400 

SEQ ID NO 3 
LENGTH 33 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Description of Artificial Sequence: Contains 
phosphor othioate linkages 

SEQUENCE: 3 

gtaag cctac ttgatc.gcgg cc.gcttgttct gca 33 

<400 

SEQ ID NO 4 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Description of Artificial Sequence: Contains 
phosphor othioate linkages 

SEQUENCE: 4 

gacaag.cggc cqcgatcaac atcc.gaatg 29 

SEQ ID NO 5 
LENGTH 2.8 
TYPE DNA 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 5 

gtttcttctg caggtogact citagagga 28 

<210> SEQ ID NO 6 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 6 

gtttcttcta tagg gaattic gag citcgg 28 

<210 SEQ ID NO 7 
<211& LENGTH 132 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 7 

cacttgggiac tittggattgg to act actga cattttgtat gcago agc.ca cct gttctgg 60 

tgtgtgttgtg totgtgtgtg totgtgttgttg tdtcttgttt gttittaatgc aag caagaat 120 

ggaaacaaag ac 132 

<210 SEQ ID NO 8 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 8 

aaag.cctaca actago cqtc cqcttgtct 29 

<210 SEQ ID NO 9 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 9 

gacaag.cgga cqc gatcaac atc.cgaaa 28 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 10 
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-continued 

gacaag.cgga cqgctagttg taggctitt 28 

<210> SEQ ID NO 11 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 11 

cctt.cggc.cg atgaccg.tc.g. ttgtctgca 29 

<210> SEQ ID NO 12 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 12 

gacaacgacg gtgtagcc.gg citt.cc 25 

<210> SEQ ID NO 13 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 13 

ggaag.ccggc tacaccgttg ttgtctgca 29 

<210> SEQ ID NO 14 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide containing methyl phosphonate 

<400 SEQUENCE: 14 

gacaacgacg gtcatcggcc galagg 25 

<210 SEQ ID NO 15 
&2 11s LENGTH 1750 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Lambda 

fragment 

<400 SEQUENCE: 15 

CtgCCCtggC tagtgaggc cqaccggcgg CtgcaggtgC agagtgattit gcc.gtggtgg 60 

citggtotgcc gggggacg at tdataagttc cqctgttgttgc cqcatctoac cqggcgg.cgc 120 

tittgag cacg gtgtgacgga citgttacaca citgttcc.ggg atgcttatca totgg.cgggg 18O 

attgagatgc cqgactitt.ca togtgaggat gactggtggc gtaacggcca gaatctotat 240 

citggataatc toggaggcgac ggggctgitat caggtgcc.gt totcagoggc acago.cgggc 3OO 

gatgtgctgc tigtgctgttt togttcatca gtgcc gaatc acgcc.gcaat ttact gciggc 360 
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-continued 

ttaaacctitt gtttatttitt ttttcttcat tcc.gtaactc ttctacctitc tittatttact 51OO 

ttctaaaatc caaatacaaa acataaaaat aaataaacac agagtaaatt cocaaattat 5 160 

to catcatta aaagatacga gg.cgc.gtgta agttacaggc aag.cgatcc.g. tcc taagaaa 5220 

ccattattat catgacatta accitataaaa atagg.cgitat cacgaggccc tittcgto 5277 

<210 SEQ ID NO 17 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 17 

gaactgcago tag attcc ga tigctgacittg ct 

<210> SEQ ID NO 18 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

32 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400 SEQUENCE: 18 

toccitgcagg gttcc.gattt agtgctttac 

1. A method of performing genomic analysis by: 

a) digesting genomic DNA to be compared from two 
different Sources to provide genomic fragments whose 
average length is greater than the average Spacing 
between natural polymorphisms; 

b) combining under hybridisation conditions Single 
Strands of the genomic fragments from the two Sources, 

c) separating heterohybrids from homohybrids; and 

d) Separating mismatch-free heterohybrids from hybrids 
with mismatches, 

which method comprises ligating an adapter to each 
end of each genomic fragment produced in Step a), 
Said adapter being, in double-Stranded mismatch 
free form, resistant to nuclease digestion. 

2. The method of claim 1 wherein the adapter comprises 
one or more phosphodiester bonds, Selected from phospho 
rothioate and methylphosphonate, that are nuclease resis 
tant. 

3. The method of claim 1 or claim 2, wherein the adapters 
of a homohybrid include at least one mismatch, and the 
adapters of a heterohybrid are perfectly matched. 

4. The method of any one of claims 1 to 3, wherein steps 
c) and d) are performed using a mismatch recognition 
protein and an exonuclease/endonuclease combination. 

5. A method of performing genomic analysis by: 

ii) providing genomic DNA, pooled from a plurality of 
individuals that share a phenotype; 

30 

ii) digesting the genomic DNA to provide genomic frag 
ments whose average length is greater than the average 
spacing between natural polymorphisms, 

iii) ligating an adapter to each end of each genomic 
fragment produced in step ii), Said adapter being, when 
in double-Stranded mismatch-free form, resistant to 
nuclease digestion; 

iv) denaturing and re-annealing the mixture of adapter 
terminated genomic fragments produced in Step iii); 

V) removing from the mixture produced in Step iv) hybrids 
containing mismatches and if required amplifying mis 
match-free hybrids; 

Vi) and repeating Steps iv) and V) to recover one or a few 
mismatch-free hybrids associated with the phenotype. 

6. The method of claim 5, wherein the one or a few 
mismatch-free hybrids recovered in Step vi) are analysed by 
hybridisation to reference Sequences of nucleic acid. 

7. The method of claim 5, wherein a mismatch-free hybrid 
resulting from Step vi) is sequenced. 

8. A method of performing genomic analysis by: 

i) providing first nucleic acid, pooled from a plurality of 
individuals that share a phenotype; 

ii) digesting the said first nucleic acid to provide frag 
ments whose average length is about equal to or less 
than the average spacing between natural polymor 
phisms, 

iii) ligating an adapter to each end of each fragment 
produced in step ii) to form adapter-terminated nucleic 
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acid fragments which are, when in double-Stranded 
mismatch-free form, resistant to nuclease digestion; 

iv) denaturing and re-annealing the mixture of adapter 
terminated nucleic acid fragments produced in Step iii); 

V) removing from the mixture produced in step iv) hybrids 
containing mismatches and if required amplifying mis 
match-free hybrids; 

vi) repeating Steps iv) and V) to recover a first mixture of 
mismatch-free hybrids; 

vii) providing Second nucleic acid pooled from a plurality 
of individuals that do not share the same phenotype; 

viii) Subjecting the nucleic acid of Vii) to the said steps of 
ii) to vi) to recover a Second mixture of mismatch-free 
hybrids; 

ix) combining under hybridisation conditions single 
strands of the said first mixture of mismatch-free 
hybrids and the Said Second mixture of mismatch-free 
hybrids; 

X) and recovering nucleic acid fragments that do not form 
mismatch-free hybrids and are associated with the 
phenotype. 

9. The method of claim 8, wherein the nucleic acid 
fragments recovered in step X) are analysed by hybridisation 
to reference Sequences of nucleic acid. 

10. The method of claim 8, wherein the nucleic acid 
fragments receovered in Step X) are sequenced. 

11. The method of any one of claims 8 to 10, wherein the 
nucleic acid is genomic DNA. 

12. The method of any one of claims 8 to 10, wherein the 
nucleic acid represents a Subset of the genome that is 
transcribed in a tissue or tissueS of interest. 
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13. The method of any one of claims 8 to 12, wherein step 
X) is performed by physical separation of mismatched frag 
ments following binding to at least one mismatch specific 
protein. 

14. The method of any one of claims 5 to 13, wherein the 
adapter comprises phosphodiester bonds, Selected from 
phosphorothioate and methylphosphonate, that are nuclease 
resistant. 

15. The method of any one of claims 5 to 14, wherein in 
Step V) hybrids containing mismatches are removed by 
means of a mismatch recognition protein and an exonu 
clease/endonuclease combination. 

16. A set of four oligonucleotides, wherein each oligo 
nucleotide of the Set: is complementary to a first other 
oligonucleotide of the set and forms therewith a hybrid that 
is resistant to nuclease digestion; and is Substantially 
complementary to a Second other oligonucleotide of the Set. 

17. The set of claim 16, wherein each oligonucleotide 
comprises one or more phosphodiester bonds Selected from 
phosphorothioate and methylphosphonate. 

18. A kit for performing the method of any one of claims 
1 to 4, which kit comprises the Set of four oligonucleotides 
together with a ligase and a nuclease. 

19. A kit for performing the method of any one of claims 
5 to 15, which kit comprises a Supply of an adapter which 
is, when in double Stranded form, resistant to nuclease 
digestion, and a ligase and a nuclease. 

20. The kit as claimed in claim 19, wherein the adapter 
comprises one or more phosphodiester bonds Selected from 
the phosphorothioate and methylphosphonate. 

21. The kit of any one of claims 18 to 20, wherein a 
mismatch recognition protein is also present. 

k k k k k 


