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Figure l (C)I
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Figure l (C) II Molecular



CpG



Cleavage



Mass in Da



island



product



Cleavage product composition and origin



324.208



position OOMR



type MAIN



5OH-C-3p @449; 5OH-C-3p @430



524.192 653.417 869.401 93 2.601 1214.61 1236.8 1889.03 2547.45 2889.83 2892.66 3237.87 3623.03 135810



OOMR OOMR OOMR OOMR OOMR OOMR A B C C D E OOMR



ACYC MAIN ACYC MAIN ACYC MAIN DBLC ACYC MAIN ACYC ACYC MAIN MAIN



5PPP-G-3OH @0 5OH-AC-3p @447 5PPP-GG-3OH @0 SOI-L'ITC-Iip @431 5PPP-GGG-3OH @0 SOH-TI'I‘C-3p @434 SPPP-GGGAGAAGGC-3 p @0 5PPP-GGGAGAA-3OH @0 SOH-TATAGTGTC-Iip @438 derived from PCR primer tag 5PPP-GGGAGAAG-3OH @0 SPPP-GGGAGAAGG-3OH @0 SPPP-GGGAGAAGGC-Iip @0 derived from PCR primer tag SOH-TGGGTI'I‘GGGAGAGTITGTGAGG'I'I‘G'I'ITA'I'I'G'I'I'I‘G'ITAGT



Cleavage product characterization legend: MAIN = regular cleavage product OOMR = out of mass range



(molecular mass either too low or too high to



be detected within the automated data acquisition) DBLC = double charged molecular ion species (at half mass of parent



molecular ion) ACYC = Abortive cycling (incomplete transcription products generated during the first 10 nt of transcription)
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Figure 3
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Figure 5
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Figure 7
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METHODS AND COMPOSITIONS FOR PHENOTYPE IDENTIFICATION BASED ON NUCLEIC ACID METHYLATION



assessment to a single cytosine position per analysis. Often



times they require large amounts of high quality genomic



RELATED APPLICATIONS



Since DNA methylation has a variety diagnostic uses, there is a need for reliable, cost effective, high throughput DNA methylation analysis tools and methods to evaluate potential



This application is a continuation-in-part of US. provi sional patent application No. 60/556,632 to Mathias Ehrich



methylated sites, to associate methylation sites With disease, and to develop prognostic methylation markers. Therefore it



DNA and are labor intensive.



is an object herein to provide methylated nucleotide identi?



and Dirk Van den Boom ?led 26 Mar. 2004, entitled “BASE SPECIFIC CLEAVAGE OF METHYLATION-SPECIFIC AMPLIFICATION PRODUCTS IN COMBINATION WITH MASS ANALYSIS;”. These applications are related to subject matter in US. application Ser. No. 10/272,665 to Andreas Braun, Christian Jurinke and Dirk van den Boom, ?led Oct. 15, 2002, entitled “METHODS FOR GENERAT ING DATABASES AND DATABASES FOR IDENTIFY ING POLYMORPHIC GENETIC MARKERS.”



region (upper spectral analysis is the methylated template; loWer spectral analysis is the non-methylated template). (B)



FIELD OF THE INVENTION



CpG sequence is methylated (upper sequence) and the same



cation methods, and products therefor. BRIEF DECRIPTION OF THE DRAWINGS



FIG. 1: (A) displays mass signals generated by cytosine speci?c cleavage of the forWard transcript of the IGF2/H19 shoWs the IGF2/H19 RNA transcript sequence Wherein each 20



(loWer sequence). (C) shoWs the cleavage products of mass



The present invention relates to diagnostic applications in the ?eld of medicine and biotechnology. More speci?cally to methods and compositions for identi?cation of an organism, tissue or cell phenotype based on the methylation state of nucleic acids.



signals generated by cytosine speci?c cleavage of the forWard transcript of IGF2/H19 in both the methylated (I) and non



methylated (II) transcript sequences. 25



modi?cations is methylation of cytosine nucleotides, particu larly cytosines adjacent to guanine nucleotides in “CpG”



FIG. 3: is an overlay of mass spectra generated by uracil speci?c cleavage of the reverse transcript of the IGF2/H19 30



FIG. 4: depicted are mass spectra representing all four



Numbers correspond to the CpG positions Within this target 35



dinucleotides. Covalent addition of methyl groups to cytosine



40



45



tude thereof) represent methylation events. The area-under the-curve ratio of methylated versus non-methylated template approximates to 1, as one expects for hemi-methy FIG. 6: ShoW the results of a tWo-Way hierarchical cluster



DNA methylation has been linked to mammalian develop ment, imprinting and X-Chromosome inactivation, suppres



analysis of the relative methylation of 76 CpG fragments (columns) measured on 96 tissue samples from 48 lung can 50



cer cases (roWs). Tissue samples are identi?ed on the right



vertical axis as the patient number (1-48) and the tissue type (N:normal, T:U.1II1OI‘). CpG fragments are identi?ed at the bottom horizontal axis as the gene and the fragment number Within the gene. The relative methylation of each fragment



(1999)). Detected changes in the methylation status of DNA can serve as markers in the early detection of neoplastic



events (Costello et al., Nature Genet. 24: 132-38 (2000)). Studies demonstrating the practical use of DNA methyla



FIG. 5: depicted are mass spectra generated by uracil spe ci?c cleavage of the reverse transcript of the IGF2/H19 region. Genomic DNA Was used for ampli?cation. Dotted lines mark the position of mass signals representing non methylated CpG’s. Signals With 16 Dalton shift (or a multi



lated target regions.



silencing of the associated gene. Transcriptional silencing by sion of parasitic DNA and numerous cancer types (see, e.g., Li et al., Cell 69:915-26 (1992); Okano et al., Cell 99:247-57



region. ArroWs point at the mass signals that indicate the presence of a methylated Cytosine at the marked position. All methylated CpG’ s in the selected region can be identi?ed by one or more mass signals.



erally under represented, and many of the CpG dinucleotides occur in distinct areas called CpG islands. A large proportion of these CpG islands can be found in promoter regions of genes. The conversion of cytosine to 5'-methylcytosine in promoter associated CpG islands has been linked to changes in chromatin structure and often results in transcriptional



region. base-speci?c cleavage reactions of the IGF/H19 amplicon.



Within CpG dinucleotides is catalyZed by proteins from the DNA methyltransferase (DNMT) family (Amir et al., Nature Genet. 23:185-88 (1999); Okano et al., Cell 99:247-57 (1999)). In the human genome, CpG dinucleotides are gen



FIG. 2: is an overlay of mass signal patterns generated by



cytosine speci?c cleavage of the forWard transcript of the IGF2/H19 region.



BACKGROUND



Genetic information is stored not only in the sequential arrangement of four nucleotide bases, but also in covalent modi?cation of selected bases (see, e.g., Robertson et al., Nature Rev. Genet. 1:11-19 (2000)). One of these covalent



RNA transcript sequence Where none of the CpG sequences



55



Within each sample is presented in the central image plot With



tion analysis in a clinical environment are scarce. This is due,



values ranging from Zero (black or dark grey) to one (White or



at least in part, to the technical limitations facing DNA methy



light grey). Note that missing values are represented as grey.



lation research. A feW DNA methylation analysis techniques



FIG. 7: Is a tree-based classi?er constructed to use relative



have been used, but each method has its limitations. See, for example, US. Pat. No. 6,214,556 directed to methods for



CpG fragment methylation to discriminate normal from 60



tumor tissue. Internal nodes are represented as ovals and



65



terminal nodes as rectangles. The numbers of normal and tumor samples are indicated Within each node. The CpG fragment that best discriminates the normal from tumor tis sues Within each internal node is indicated beloW the node, as are the selected relative methylation values. For example,



producing complex DNA methylation ?ngerprints. The methods of this patent amplify fragments of genomic DNA that have been treated With bisul?te using With degenerated oligonucleotides or oligonucleotide that are complimentary to adaptor oligonucleotides that have been ligated to the frag mented genomic DNA. Methods such as these are prone to



false positive results and are limited in accurate methylation



unclassi?ed samples (root node) are optimally discriminated by dividing them according to relative methylation values for
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