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DIAGNOSIS OF DISEASES ASSOCIATED WITH 
METABOLISM 

FIELD OF THE INVENTION 

[0001] The levels of observation that have been Well 
studied by the methodological developments of recent years 
in molecular biology, are the genes themselves, the transla 
tion of these genes into RNA, and the resulting proteins. The 
question of Which gene is sWitched on at Which point in the 
course of the development of an individual, and hoW the 
activation and inhibition of speci?c genes in speci?c cells 
and tissues are controlled is correlatable to the degree and 
character of the methylation of the genes or of the genome. 
In this respect, pathogenic conditions may manifest them 
selves in a changed methylation pattern of individual genes 
or of the genome. 

[0002] The present invention relates to nucleic acids, 
oligonucleotides, PNA-oligomers and to a method for the 
diagnosis and/or therapy of diseases Which have a connec 
tion With the genetic and/or epigenetic parameters of genes 
associated With metabolism and, in particular, With the 
methylation status thereof. 

PRIOR ART 

[0003] Metabolism is the sum of chemical changes that 
occur in living organisms. The thousands of different chemi 
cal reactions are carried out simultaneously by a cell are 
closely coordinated. A variety of control mechanisms regu 
late the activities of key enZymes in response to changing 
conditions in the cell. One very common form of regulation 
is a rapidly reversible feedback inhibition exerted on the ?rst 
enZyme by the ?nal product of that pathWay. Alonger lasting 
form of regulation involves the chemical modi?cation of one 
enZyme by another. Combinations of regulatory mechanisms 
can produce major and long lasting changes in the metabo 
lism of the cell. Common metabolic diseases are diabetes, 
cancer, hyperlipidaemia and atherosclerosis. Cancer, for 
example, is a multistep disease With a multifactorial aetiol 
ogy. For some genotoxic carcinogens the sequence of events 
leading to tumour formation is Well understood from expo 
sure, to metabolism and ultimately to speci?c mutations in 
transformation-associated genes. In the Widespread ?eld of 
metabolic diseases, enZymes, Which play a central role in 
glucose metabolism, like Human hexokinase, are contribut 
ing to diseases like pre-non-insulin-dependent diabetes mel 
litus (Diabetes 1995 March;44(3):347-53 Identi?cation of 
four amino acid substitutions in hexokinase II and studies of 
relationships to NIDDM, glucose effectiveness, and insulin 
sensitivity. EchWald S M, Bjorbaek C, Hansen T, Clausen J 
O, Vestergaard H, Zierath J R, PrintZ R L, Granner D K, 
Pedersen O). Other metabolism based disorders are peroxi 
somal disorders (EnZyme 1987;38(1-4):161-76 Genetic dis 
eases caused by peroxisomal dysfunction. NeW ?ndings in 
clinical and biochemical studies. Schutgens R B, Wanders R 
J, Nijenhuis A, van den Hoek C M, Heymans H S, 
Schrakamp G, Bleeker-Wagemakers E M, Delleman J W, 
Schram AW, Tager J M, et al.). Those disorders are a group 
of genetic diseases caused by peroxisomal dysfunction. 
Alcohol-induced oxidative stress, another metabolic disease, 
is linked to the metabolism of ethanol (J Biomed Sci 2001 
January-February;8(1)159-70, Oxidative stress, metabolism 
of ethanol and alcohol-related diseases. Zima T, Fialova L, 
Mestek O, Janebova M, Crkovska J, Malbohan I, Stipek S, 
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Mikulikova L, Popov P). Three metabolic pathWays of 
ethanol have been described in the human body so far. Some 
other described metabolic diseases are hereditary tyrosine 
mia type I, Which is the most severe metabolic disease of the 
tyrosine catabolic pathWay mainly affecting the liver 
(FASEB J 1999 December;13(15):2284-98 Cyclin B-depen 
dent kinase and caspase-1 activation precedes mitochondrial 
dysfunction in fumarylacetoacetate-induced apoptosis. 
Jorquera R, Tanguay R M), methylmalonic acidemia (Hum 
Gene Ther 1994 September;5(9):1095-104 Overexpression 
of human methylmalonyl CoA mutase in mice after in vivo 
gene transfer With asialoglycoprotein/polylysine/DNA com 
plexes. Stankovics J, Crane A M, AndreWs E, Wu C H, Wu 
G Y, Ledley F D) or propionic acidemia (Hum Genet 1991 
May;87(1):41-4 Genetic heterogeneity of propionic aci 
demia: analysis of 15 Japanese patients. Ohura T, Miyaba 
yashi S, NarisaWa K, Tada K Department of Pediatrics, 
Tohoku University School of Medicine, Sendai, Japan). 

[0004] The high incidence of metabolic diseases has given 
rise to the development of methods of treatment and diag 
nosis targeted speci?cally to metabolic pathWays. The fur 
ther development of such methods Would have considerable 
beni?ts. For example, cancer Where current therapies may 
have unWanted side effects or fail to provide effective 
treatment. Conventional methods such as chemotherapy, 
Which With their massive side effects, sometimes result in 
unacceptable morbidity or lead up to the death of the patient. 
In practice, the unWanted side effects associated With cancer 
therapies frequently limit the treatment Which could help a 
patient. 
[0005] 5-methylcytosine is the most frequent covalent 
base modi?cation in the DNA of eukaryotic cells. It plays a 
role, for example, in the regulation of the transcription, in 
genetic imprinting, and in tumorigenesis. Therefore, the 
identi?cation of 5-methylcytosine as a component of genetic 
information is of considerable interest. HoWever, 5-methyl 
cytosine positions cannot be identi?ed by sequencing since 
5-methylcytosine has the same base pairing behavior as 
cytosine. Moreover, the epigenetic information carried by 
5-methylcytosine is completely lost during PCR ampli?ca 
tion. 

[0006] A relatively neW and currently the most frequently 
used method for analyZing DNA for 5-methylcytosine is 
based upon the speci?c reaction of bisul?te With cytosine 
Which, upon subsequent alkaline hydrolysis, is converted to 
uracil Which corresponds to thymidine in its base pairing 
behavior. HoWever, 5-methylcytosine remains unmodi?ed 
under these conditions. Consequently, the original DNA is 
converted in such a manner that methylcytosine, Which 
originally could not be distinguished from cytosine by its 
hybridiZation behavior, can noW be detected as the only 
remaining cytosine using “normal” molecular biological 
techniques, for example, by ampli?cation and hybridiZation 
or sequencing. All of these techniques are based on base 
pairing Which can noW be fully exploited. In terms of 
sensitivity, the prior art is de?ned by a method Which 
encloses the DNA to be analyZed in an agarose matrix, thus 
preventing the diffusion and renaturation of the DNA 
(bisul?te only reacts With single-stranded DNA), and Which 
replaces all precipitation and puri?cation steps With fast 
dialysis (Olek A, OsWald J, Walter J. A modi?ed and 
improved method for bisulphite based cytosine methylation 
analysis. Nucleic Acids Res. 1996 Dec. 15 ;24(24):5064-6). 
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Using this method, it is possible to analyze individual cells, 
Which illustrates the potential of the method. However, 
currently only individual regions of a length of up to 
approximately 3000 base pairs are analyZed, a global analy 
sis of cells for thousands of possible methylation events is 
not possible. HoWever, this method cannot reliably analyZe 
very small fragments from small sample quantities either. 
These are lost through the matrix in spite of the diffusion 
protection. 
[0007] An overvieW of the further knoWn methods of 
detecting 5-methylcytosine may be gathered from the fol 
loWing revieW article: Rein, T., DePamphilis, M. L., Zorbas, 
H., Nucleic Acids Res. 1998, 26, 2255. 

[0008] To date, barring feW exceptions (e.g., Zeschnigk 
M, Lich C, Buiting K, Doer?er W, Horsthemke B. A 
single-tube PCR test for the diagnosis of Angelman and 
Prader-Willi syndrome based on allelic methylation differ 
ences at the SNRPN locus. Eur J Hum Genet. 1997 March 
April;5(2):94-8) the bisul?te technique is only used in 
research. AlWays, hoWever, short, speci?c fragments of a 
knoWn gene are ampli?ed subsequent to a bisul?te treatment 
and either completely sequenced (Olek A, Walter J. The 
preimplantation ontogeny of the H19 methylation imprint. 
Nat Genet. 1997 November;17(3):275-6) or individual 
cytosine positions are detected by a primer extension reac 
tion (GonZalgo M L, Jones P A. Rapid quantitation of 
methylation differences at speci?c sites using methylation 
sensitive single nucleotide primer extension (Ms-SNuPE). 
Nucleic Acids Res. 1997 Jun. 15;25(12):2529-31, WO 
Patent 95/00669) or by enZymatic digestion (Xiong Z, Laird 
P W. COBRA: a sensitive and quantitative DNA methylation 
assay. Nucleic Acids Res. 1997 Jun. 15;25(12):25324). In 
addition, detection by hybridiZation has also been described 
(Olek et al., WO 99/28498). 
[0009] Further publications dealing With the use of the 
bisul?te technique for methylation detection in individual 
genes are: Grigg G, Clark S. Sequencing 5-methylcytosine 
residues in genomic DNA. Bioessays. 1994 June;16(6):431 
6, 431; Zeschnigk M, SchmitZ B, Dittrich B, Buiting K, 
Horsthemke B, Doer?er W. Imprinted segments in the 
human genome: different DNA methylation patterns in the 
Prader-Willi/Angelman syndrome region as determined by 
the genomic sequencing method. Hum Mol Genet. 1997 
March;6(3):387-95; Feil R, Chariton J, Bird A P, Walter J, 
Reik W. Methylation analysis on individual chromosomes: 
improved protocol for bisulphite genomic sequencing. 
Nucleic Acids Res. 1994 Feb. 25;22(4):695-6; Martin V, 
Ribieras S, Song-Wang X, Rio M C, Dante R. Genomic 
sequencing indicates a correlation betWeen DNA hypom 
ethylation in the 5‘ region of the pS2 gene and its expression 
in human breast cancer cell lines. Gene. 1995 May 
19;157(1-2):261-4; WO 97/46705, WO 95/15373 and WO 
97/45560. 

[0010] An overvieW of the Prior Art in oligomer array 
manufacturing can be gathered from a special edition of 
Nature Genetics (Nature Genetics Supplement, Volume 21, 
January 1999), published in January 1999, and from the 
literature cited therein. 

[0011] Fluorescently labeled probes are often used for the 
scanning of immobiliZed DNA arrays. The simple attach 
ment of Cy3 and Cy5 dyes to the 5‘-OH of the speci?c probe 
are particularly suitable for ?uorescence labels. The detec 
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tion of the ?uorescence of the hybridiZed probes may be 
carried out, for example via a confocal microscope. Cy3 and 
Cy5 dyes, besides many others, are commercially available. 

[0012] Matrix Assisted Laser Desorption IoniZation Mass 
Spectrometry (MALDI-TOF) is a very ef?cient development 
for the analysis of biomolecules (Karas M, Hillenkamp F. 
Laser desorption ioniZation of proteins With molecular 
masses exceeding 10,000 daltons. Anal Chem. 1988 Oct 
15;60(20):2299-301). An analyte is embedded in a light 
absorbing matrix. The matrix is evaporated by a short laser 
pulse thus transporting the analyte molecule into the vapor 
phase in an unfragmented manner. The analyte is ioniZed by 
collisions With matrix molecules. An applied voltage accel 
erates the ions into a ?eld-free ?ight tube. Due to their 
different masses, the ions are accelerated at different rates. 
Smaller ions reach the detector sooner than bigger ones. 

[0013] MALDI-TOF spectrometry is excellently suited to 
the analysis of peptides and proteins. The analysis of nucleic 
acids is someWhat more dif?cult (Gut I G, Beck S. DNA and 
Matrix Assisted Laser Desorption IoniZation Mass Spec 
trometry. Current Innovations and Future Trends. 1995, 1; 
147-57). The sensitivity to nucleic acids is approximately 
100 times Worse than to peptides and decreases dispropor 
tionally With increasing fragment siZe. For nucleic acids 
having a multiply negatively charged backbone, the ioniZa 
tion process via the matrix is considerably less ef?cient. In 
MALDI-TOF spectrometry, the selection of the matrix plays 
an eminently important role. For the desorption of peptides, 
several very ef?cient matrixes have been found Which pro 
duce a very ?ne crystalliZation. There are noW several 
responsive matrixes for DNA, hoWever, the difference in 
sensitivity has not been reduced. The difference in sensitiv 
ity can be reduced by chemically modifying the DNA in 
such a manner that it becomes more similar to a peptide. 
Phosphorothioate nucleic acids in Which the usual phos 
phates of the backbone are substituted With thiophosphates 
can be converted into a charge-neutral DNA using simple 
alkylation chemistry (Gut I G, Beck S. A procedure for 
selective DNA alkylation and detection by mass spectrom 
etry. Nucleic Acids Res. Apr. 25, 1995;23(8):1367-73). The 
coupling of a charge tag to this modi?ed DNA results in an 
increase in sensitivity to the same level as that found for 
peptides. A further advantage of charge tagging is the 
increased stability of the analysis against impurities Which 
make the detection of unmodi?ed substrates considerably 
more difficult. 

[0014] Genomic DNA is obtained from DNA of cell, 
tissue or other test samples using standard methods. This 
standard methodology is found in references such as Fritsch 
and Maniatis eds., Molecular Cloning: A Laboratory 
Manual, 1989. 

DESCRIPTION 

[0015] The object of the present invention is to provide the 
chemically modi?ed DNA of genes associated With metabo 
lism, as Well as oligonucleotides and/or PNA-oligomers for 
detecting cytosine methylations, as Well as a method Which 
is particularly suitable for the diagnosis and/or therapy of 
genetic and epigenetic parameters of genes associated With 
metabolism. The present invention is based on the discovery 
that genetic and epigenetic parameters and, in particular, the 
cytosine methylation pattern of genes associated With 



US 2004/0067491 A1 

metabolism are particularly suitable for the diagnosis and/or 
therapy of diseases associated With metabolism. 

[0016] This objective is achieved according to the present 
invention using a nucleic acid containing a sequence of at 
least 18 bases in length of the chemically pretreated DNA of 
genes associated With metabolism according to one of Seq. 
ID No.1 through Seq. ID No.64 and sequences complemen 
tary thereto and/or oligonucleotide- and/or a chemically 
pretreated DNA of genes according to the sequences of 
genes according to table 1 and sequences complementary 
thereto. In the table, after the listed gene designations, the 
respective data bank numbers (accession numbers) are 
speci?ed Which de?ne the appertaining gene sequences as 
unique. GenBank Was used as the underlying data bank, 
Which is located at the National Institute of Health at the 
internet address http://WWW.ncbi.nlm.nih.gov. 

[0017] The chemically modi?ed nucleic acid could here 
tofore not be connected With the ascertainment of genetic 
and epigenetic parameters. 

[0018] The object of the present invention is further 
achieved by an oligonucleotide or oligomer for detecting the 
cytosine methylation state in chemically pretreated DNA, 
containing at least one base sequence having a length of at 
least 13 nucleotides Which hybridiZes to a chemically pre 
treated DNA of genes associated With metabolism according 
to Seq. ID No.1 through Seq. ID No.64 and sequences 
complementary thereto and/or oligonucleotide- and/or a 
chemically pretreated DNA of genes according to the 
sequences of genes according to table 1 and sequences 
complementary thereto. The oligomer probes according to 
the present invention constitute important and effective tools 
Which, for the ?rst time, make it possible to ascertain the 
genetic and epigenetic parameters of genes associated With 
metabolism. The base sequence of the oligomers preferably 
contains at least one CpG dinucleotide. The probes may also 
eXist in the form of a PNA (peptide nucleic acid) Which has 
particularly preferred pairing properties. Particularly pre 
ferred are oligonucleotides according to the present inven 
tion in Which the cytosine of the CpG dinucleotide is the 
5 -9th nucleotide from the 5‘-end of the 13-mer; in the case 
of PNA-oligomers, it is preferred for the cytosine of the CpG 
dinucleotide to be the 4th-6th nucleotide from the 5‘-end of 
the 9-mer. 

[0019] The oligomers according to the present invention 
are normally used in so called “sets” Which contain at least 
one oligomer for each of the CpG dinucleotides of the 
sequences of Seq. ID No.1 through Seq. ID No.64 and 
sequences complementary thereto and/or oligonucleotide 
and/or a chemically pretreated DNA of genes according to 
the sequences of genes according to table 1 and sequences 
complementary thereto. Preferred is a set Which contains at 
least one oligomer for each of the CpG dinucleotides from 
one of Seq. ID No.1 through Seq. ID No.64 and sequences 
complementary thereto and/or oligonucleotide- and/or a 
chemically pretreated DNA of genes according to the 
sequences of genes according to table 1 and sequences 
complementary thereto. 

[0020] Moreover, the present invention makes available a 
set of at least tWo oligonucleotides Which can be used as 
so-called “primer oligonucleotides” for amplifying DNA 
sequences of one of Seq. ID No.1 through Seq. ID No.64 and 
sequences complementary thereto and/or oligonucleotide 
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and/or a chemically pretreated DNA of genes according to 
the sequences of genes according to table 1 and sequences 
complementary thereto, or segments thereof. 

[0021] In the case of the sets of oligonucleotides according 
to the present invention, it is preferred that at least one 
oligonucleotide is bound to a solid phase. 

[0022] The present invention moreover relates to a set of 
at least 10 n (oligonucleotides and/or PNA-oligomers) used 
for detecting the cytosine methylation state in chemically 
pretreated genomic DNA (Seq. ID No.1 through Seq. ID 
No.64 and sequences complementary thereto and/or oligo 
nucleotide- and/or a chemically pretreated DNA of genes 
according to the sequences of genes according to table 1 and 
sequences complementary thereto). These probes enable 
diagnosis and/or therapy of genetic and epigenetic param 
eters of genes associated With metabolism. The set of 
oligomers may also be used for detecting single nucleotide 
polymorphisms (SNPs) in the chemically pretreated DNA of 
genes associated With metabolism according to one of Seq. 
ID No.1 through Seq. ID No.64 and sequences complemen 
tary thereto and/or oligonucleotide- and/or a chemically 
pretreated DNA of genes according to the sequences of 
genes according to table 1 and sequences complementary 
thereto. 

[0023] According to the present invention, it is preferred 
that an arrangement of different oligonucleotides and/or 
PNA-oligomers (a so-called “array”) made available by the 
present invention is present in a manner that it is likeWise 
bound to a solid phase. This array of different oligonucle 
otide- and/or PNA-oligomer sequences can be characteriZed 
in that it is arranged on the solid phase in the form of a 
rectangular or hexagonal lattice. The solid phase surface is 
preferably composed of silicon, glass, polystyrene, alu 
minium, steel, iron, copper, nickel, silver, or gold. HoWever, 
nitrocellulose as Well as plastics such as nylon Which can 
eXist in the form of pellets or also as resin matrices are 
possible as Well. 

[0024] Therefore, a further subject matter of the present 
invention is a method for manufacturing an array ?Xed to a 
carrier material for analysis in connection With diseases 
associated With metabolism in Which method at least one 
oligomer according to the present invention is coupled to a 
solid phase. Methods for manufacturing such arrays are 
knoWn, for eXample, from US. Pat. No. 5,744,305 by means 
of solid-phase chemistry and photolabile protecting groups. 

[0025] A further subject matter of the present invention 
relates to a DNA chip for the analysis of diseases associated 
With metabolism Which contains at least one nucleic acid 
according to the present invention. DNA chips are knoWn, 
for eXample, for US. Pat. No. 5,837,832. 

[0026] Moreover, a subject matter of the present invention 
is a kit Which may be composed, for eXample, of a bisul?te 
containing reagent, a set of primer oligonucleotides contain 
ing at least tWo oligonucleotides Whose sequences in each 
case correspond or are complementary to an 18 base long 
segment of the base sequences speci?ed in the appendix 
(Seq. ID No.1 through Seq. ID No.64 and sequences 
complementary thereto and/or oligonucleotide- and/or a 
chemically pretreated DNA of genes according to the 
sequences of genes according to table 1 and sequences 
complementary thereto), oligonucleotides and/or PNA-oli 
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gomers as Well as instructions for carrying out and evalu 
ating the described method. However, a kit along the lines 
of the present invention can also contain only part of the 
aforementioned components. 

[0027] The present invention also makes available a 
method for ascertaining genetic and/or epigenetic param 
eters of genes associated With the cycle cell by analyZing 
cytosine methylations and single nucleotide polymorphisms, 
including the folloWing steps: 

[0028] In the ?rst step of the method, a genomic DNA 
sample is chemically treated in such a manner that cytosine 
bases Which are unmethylated at the 5‘-position are con 
verted to uracil, thymine, or another base Which is dissimilar 
to cytosine in terms of hybridiZation behavior. This Will be 
understood as ‘chemical pretreatment’ hereinafter. 

[0029] The genomic DNA to be analyZed is preferably 
obtained from usual sources of DNA such as cells or cell 

components, for example, cell lines, biopsies, blood, spu 
tum, stool, urine, cerebral-spinal ?uid, tissue embedded in 
paraf?n such as tissue from eyes, intestine, kidney, brain, 
heart, prostate, lung, breast or liver, histologic object slides, 
or combinations thereof. 

[0030] The above described treatment of genomic DNA is 
preferably carried out With bisul?te (hydrogen sul?te, dis 
ul?te) and subsequent alkaline hydrolysis Which results in a 
conversion of non-methylated cytosine nucleobases to uracil 
or to another base Which is dissimilar to cytosine in terms of 
base pairing behavior. 

[0031] Fragments of the chemically pretreated DNA are 
ampli?ed, using sets of primer oligonucleotides according to 
the present invention, and a, preferably heat-stable poly 
merase. Because of statistical and practical considerations, 
preferably more than ten different fragments having a length 
of 100-2000 base pairs are ampli?ed. The ampli?cation of 
several DNA segments can be carried out simultaneously in 
one and the same reaction vessel. Usually, the ampli?cation 
is carried out by means of a polymerase chain reaction 

(PCR). 
[0032] In a preferred embodiment of the method, the set of 
primer oligonucleotides includes at least tWo olignonucle 
otides Whose sequences are each reverse complementary or 
identical to an at least 18 base-pair long segment of the base 
sequences speci?ed in the appendix (Seq. ID No.1 through 
Seq. ID No.64 and sequences complementary thereto and/or 
oligonucleotide- and/or a chemically pretreated DNA of 
genes according to the sequences of genes according to table 
1 and sequences complementary thereto). The primer oli 
gonucleotides are preferably characteriZed in that they do 
not contain any CpG dinucleotides. 

[0033] According to the present invention, it is preferred 
that at least one primer oligonucleotide is bonded to a solid 
phase during ampli?cation. The different oligonucleotide 
and/or PNA-oligomer sequences can be arranged on a plane 
solid phase in the form of a rectangular or hexagonal lattice, 
the solid phase surface preferably being composed of sili 
con, glass, polystyrene, aluminium, steel, iron, copper, 
nickel, silver, or gold, it being possible for other materials 
such as nitrocellulose or plastics to be used as Well. 

[0034] The fragments obtained by means of the ampli? 
cation can carry a directly or indirectly detectable label. 

Apr. 8, 2004 

Preferred are labels in the form of ?uorescence labels, 
radionuclides, or detachable molecule fragments having a 
typical mass Which can be detected in a mass spectrometer, 
it being preferred that the fragments that are produced have 
a single positive or negative net charge for better detect 
ability in the mass spectrometer. The detection may be 
carried out and visualiZed by means of matrix assisted laser 
desorption/ionization mass spectrometry (MALDI) or using 
electron spray mass spectrometry (ESI). 

[0035] The ampli?cates obtained in the second step of the 
method are subsequently hybridiZed to an array or a set of 
oligonucleotides and/or PNA probes. In this context, the 
hybridiZation takes place in the manner described in the 
folloWing. The set of probes used during the hybridiZation is 
preferably composed of at least 10 oligonucleotides or 
PNA-oligomers. In the process, the ampli?cates serve as 
probes Which hybridiZe to oligonucleotides previously 
bonded to a solid phase. The non-hybridiZed fragments are 
subsequently removed. Said oligonucleotides contain at 
least one base sequence having a length of 13 nucleotides 
Which is reverse complementary or identical to a segment of 
the base sequences speci?ed in the appendix, the segment 
containing at least one CpG dinucleotide. The cytosine of 
the CpG dinucleotide is the 5th to 9th nucleotide from the 
5‘-end of the 13-mer. One oligonucleotide exists for each 
CpG dinucleotide. Said PNA-oligomers contain at least one 
base sequence having a length of 9 nucleotides Which is 
reverse complementary or identical to a segment of the base 
sequences speci?ed in the appendix, the segment containing 
at least one CpG dinucleotide. The cytosine of the CpG 
dinucleotide is the 4th to 6th nucleotide seen from the 5‘-end 
of the 9-mer. One oligonucleotide exists for each CpG 
dinucleotide. 

[0036] In the fourth step of the method, the non-hybrid 
iZed ampli?cates are removed. 

[0037] In the ?nal step of the method, the hybridiZed 
ampli?cates are detected. In this context, it is preferred that 
labels attached to the ampli?cates are identi?able at each 
position of the solid phase at Which an oligonucleotide 
sequence is located. 

[0038] According to the present invention, it is preferred 
that the labels of the ampli?cates are ?uorescence labels, 
radionuclides, or detachable molecule fragments having a 
typical mass Which can be detected in a mass spectrometer. 
The mass spectrometer is preferred for the detection of the 
ampli?cates, fragments of the ampli?cates or of probes 
Which are complementary to the ampli?cates, it being pos 
sible for the detection to be carried out and visualiZed by 
means of matrix assisted laser desorption/ionization mass 
spectrometry (MALDI) or using electron spray mass spec 
trometry (ESI). 

[0039] The produced fragments may have a single positive 
or negative net charge for better detectability in the mass 
spectrometer. The aforementioned method is preferably used 
for ascertaining genetic and/or epigenetic parameters of 
genes associated With metabolism. 

[0040] The oligomers according to the present invention 
or arrays thereof as Well as a kit according to the present 
invention are intended to be used for the diagnosis and/or 
therapy of diseases associated With metabolism by analyZing 
methylation patterns of genes associated With metabolism. 
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According to the present invention, the method is preferably 
used for the diagnosis and/or therapy of important genetic 
and/or epigenetic parameters Within genes associated With 
metabolism. 

[0041] The method according to the present invention is 
used, for example, for the diagnosis and/or therapy of solid 
tumors and cancer 

[0042] The nucleic acids according to the present inven 
tion of Seq. ID No.1 through Seq. ID No.64 and sequences 
complementary thereto and/or oligonucleotide- and/or a 
chemically pretreated DNA of genes according to the 
sequences of genes according to table 1 and sequences 
complementary thereto can be used for the diagnosis and/or 
therapy of genetic and/or epigenetic parameters of genes 
associated With metabolism. 

[0043] The present invention moreover relates to a method 
for manufacturing a diagnostic agent and/or therapeutic 
agent for the diagnosis and/or therapy of diseases associated 
With metabolism by analyZing methylation patterns of genes 
associated With metabolism, the diagnostic agent and/or 
therapeutic agent being characteriZed in that at least one 
nucleic acid according to the present invention is used for 
manufacturing it, possibly together With suitable additives 
and auxiliary agents. 

[0044] A further subject matter of the present invention 
relates to a diagnostic agent and/or therapeutic agent for 
diseases associated With metabolism by analyZing methyla 
tion patterns of genes associated With metabolism, the 
diagnostic agent and/or therapeutic agent containing at least 
one nucleic acid according to the present invention, possibly 
together With suitable additives and auxiliary agents. 

[0045] The present invention moreover relates to the diag 
nosis and/or prognosis of events Which are disadvantageous 
to patients or individuals in Which important genetic and/or 
epigenetic parameters Within genes associated With metabo 
lism said parameters obtained by means of the present 
invention may be compared to another set of genetic and/or 
epigenetic parameters, the differences serving as the basis 
for a diagnosis and/or prognosis of events Which are disad 
vantageous to patients or individuals. 

[0046] In the context of the present invention the term 
“hybridization” is to be understood as a bond of an oligo 
nucleotide to a completely complementary sequence along 
the lines of the Watson-Crick base pairings in the sample 
DNA, forming a duplex structure. To be understood by 
“stringent hybridiZation conditions” are those conditions in 
Which a hybridiZation is carried out at 60° C. in 2.5><SSC 
buffer, folloWed by several Washing steps at 37° C. in a loW 
buffer concentration, and remains stable. 

[0047] The term “functional variants” denotes all DNA 
sequences Which are complementary to a DNA sequence, 
and Which hybridiZe to the reference sequence under strin 
gent conditions and have an activity similar to the corre 
sponding polypeptide according to the present invention. 

[0048] In the context of the present invention, “genetic 
parameters” are mutations and polymorphisms of genes 
associated With metabolism and sequences further required 
for their regulation. To be designated as mutations are, in 
particular, insertions, deletions, point mutations, inversions 
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and polymorphisms and, particularly preferred, SNPs 
(single nucleotide polymorphisms). 

[0049] In the context of the present invention, “epigenetic 
parameters” are, in particular, cytosine methylations and 
further chemical modi?cations of DNA bases of genes 
associated With metabolism and sequences further required 
for their regulation. Further epigenetic parameters include, 
for example, the acetylation of histones Which, hoWever, 
cannot be directly analyZed using the described method but 
Which, in turn, correlates With the DNA methylation. 

[0050] In the folloWing, the present invention Will be 
explained in greater detail on the basis of the sequences and 
examples With respect to the accompanying ?gure Without 
being limited thereto. 

[0051] Sequences having odd sequence numbers (e.g., 
Seq. ID No. 1, 3, 5, . . . ) exhibit in each case sequences of 
the chemically pretreated genomic DNAs of different genes 
associated With metabolism. 

[0052] FIG. 1 

[0053] FIG. 1 shoWs the hybridisation of ?uorescent 
labelled ampli?cates to a surface bound olignonucleotide. 
Sample I being from a pilocytic astrocytoma tumor sample 
and sample II being from an oligodenrogliome grade II 
tumor sample. Flourescence at a spot shoWs hybridisation of 
the ampli?cate to the olignonucleotide. Hybridisation to a 
CG olignonucleotide denotes methylation at the cytosine 
position being analysed, hybridisation to a TG olignonucle 
otide denotes no methylation at the cytosine position being 
analysed. It can be seen that Sample I had a higher degree 
of methylation than Sample II at position 514. 

[0054] Sequence ID Nos. 1 to 64 

[0055] Sequence ID Nos. 1 to 64 shoW sequences of the 
chemically pretreated genomic DNAs of different genes 
associated With metabolism. In particular, sequences having 
odd sequence numbers (e.g., Seq. ID No. 1, 3, 5, . . . ) exhibit 
in each case sequences of the chemically pretreated genomic 
DNAs of different genes associated With metabolism. 
Sequences having even sequence numbers (e.g., Seq. ID No. 
2, 4, 6, . . . ) exhibit in each case the sequences of the 
chemically pretreated genomic DNAs of genes associated 
With metabolism Which are complementary to the preceed 
ing sequences (e.g., the complementary sequence to Seq. ID 
No.1 is Seq. ID No.2, the complementary sequence to Seq. 
ID No.3 is Seq. ID No.4, etc.). 

[0056] Seq. ID No. 65 to seq. ID No. 68 shoW speci?c 
oligonucleotide sequences as used in Example 1. 

[0057] The folloWing example relates to a fragment of a 
gene associated With metabolism, in this case, OAT in Which 
a speci?c CG-position is analyZed for its methylation status. 

EXAMPL 1 

Methylation Analysis of the Gene OAT Associated 
With Metabolism. 

[0058] The folloWing example relates to a fragment of the 
gene OAT in Which a speci?c CG-position is to be analyZed 
for methylation. 

[0059] In the ?rst step, a genomic sequence is treated 
using bisul?te (hydrogen sul?te, disul?te) in such a manner 
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that all cytosines Which are not methylated at the 5-position 
of the base are modi?ed in such a manner that a different 
base is substituted With regard to the base pairing behavior 
While the cytosines methylated at the 5-position remain 
unchanged. 
[0060] If bisul?te solution is used for the reaction, then an 
addition takes place at the non-methylated cytosine bases. 
Moreover, a denaturating reagent or solvent as Well as a 
radical interceptor must be present. A subsequent alkaline 
hydrolysis then gives rise to the conversion of non-methy 
lated cytosine nucleobases to uracil. The chemically con 
verted DNA (sequence ID 159) is then used for the detection 
of methylated cytosines. In the second method step, the 
treated DNA sample is diluted With Water or an aqueous 
solution. Preferably, the DNA is subsequently desulfonated 
(10-30 min, 90-100° C.) at an alkaline pH value. In the third 
step of the method, the DNA sample is ampli?ed in a 
polymerase chain reaction, preferably using a heat-resistant 
DNA polymerase. In the present case, cytosines of the gene 
OAT are analyZed. To this end, a de?ned fragment having a 
length of 572 bp is ampli?ed With the speci?c primer 
oligonucleotides TGGAGGTGGATTTAGAGGTA 
(Sequence ID 65) and AACCAAAACCCCAAAACAAC 
(Sequence ID No. 66). This ampli?cate serves as a sample 
Which hybridiZes to an oligonucleotide previously bonded to 
a solid phase, forming a duplex structure, for example 
GTGTATTCGGTTGTTTTT (Sequence ID No. 67), the 
cytosine to be detected being located at position 514 of the 
ampli?cate. The detection of the hybridiZation product is 
based on Cy3 and Cy5 ?uorescently labelled primer oligo 
nucleotides Which have been used for the ampli?cation. A 
hybridiZation reaction of the ampli?ed DNA With the oli 
gonucleotide takes place only if a methylated cytosine Was 
present at this location in the bisul?te-treated DNA. Thus, 
the methylation status of the speci?c cytosine to be analyZed 
is inferred from the hybridiZation product. 

[0061] In order to verify the methylation status of the 
position, a sample of the ampli?cate is further hybridiZed to 
another oligonucleotide previously bonded to a solid phase. 
Said olignonucleotide is identical to the oligonucleotide 
previously used to analyZe the methylation status of the 
sample, With the exception of the position in question. At the 
position to be analysed said oligonucleotide comprises a 
thymine base as opposed to a cytosine base i.e GTG 
TATTTGGTTGTTTTT (Sequence ID No. 68). Therefore, 
the hybridisation reaction only takes place if an unmethy 
lated cytosine Was present at the position to be analysed. The 
procedure Was carried out on cell samples from 2 patients, 
sample I being from a pilocytic astrocytoma tumor sample 
and sample 11 being from an oligodenrogliome grade II 
tumor sample. 

[0062] From the results (FIG. 1) it can be seen that 
Sample I had a higher degree of methylation than Sample II 
at position 514. 
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EXAMPLE 2 

Diagnosis of Diseases Associated With Metabolism 

[0063] In order to relate the methylation patterns to one of 
the diseases associated With metabolism, it is initially 
required to analyZe the DNA methylation patterns of a group 
of diseased and of a group of healthy patients. These 
analyses are carried out, for example, analogously to 
Example 1. The results obtained in this manner are stored in 
a database and the CpG dinucleotides Which are methylated 
differently betWeen the tWo groups are identi?ed. This can 
be carried out by determining individual CpG methylation 
rates as can be done, for example, in a relatively imprecise 
manner, by sequencing or else, in a very precise manner, by 
a methylation-sensitive “primer extension reaction”. It is 
also possible for the entire methylation status to be analyZed 
simultaneously, and for the patterns to be compared, for 
example, by clustering analyses Which can be carried out, 
for example, by a computer. 

[0064] Subsequently, it is possible to allocate the exam 
ined patients to a speci?c therapy group and to treat these 
patients selectively With an individualiZed therapy. 

[0065] Example 2 can be carried out, for example, for 
metabolic diseases, solid tumours and cancer. 

TABLE 1 

List of preferred genes associated With metabolism 
according to the invention 

Genbank Entry No. 
Gen (http://WWW.ncbi.nlm.nih. gov) 

DUSP2 NMiOO4418 
EPHX2 NMiOO1979 
QDPR NMiOOO32O 
SGSH NMiOOO199 
SHMI‘2 NMiOO5412 
SLC7A2 NMiOO3046 
SLC7A4 NMiOO4173 
T'YMS NMfOOl O71 

Diagrams 
[0066] FIG. 1 

[0067] FIG. 1 shoWs the hybridisation of ?uorescent 
labelled ampli?cates to a surface bound olignonucleotide. 
Sample I being from a pilocytic astrocytoma tumor sample 
and sample II being from an oligodenrogliome grade II 
tumor sample. Flourescence at a spot shoWs hybridisation of 
the ampli?cate to the olignonucleotide. Hybridisation to a 
CG olignonucleotide denotes methylation at the cytosine 
position being analysed, hybridisation to a TG olignonucle 
otide denotes no methylation at the cytosine position being 
analysed. It can be seen that Sample I had a higher degree 
of methylation than Sample II at position 514. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 68 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 6149 

<2l3> ORGANISM: Artificial Sequence 
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-continued 

<220> FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400> SEQUENCE: l 

gtgttgggat tataggtttg agttattata tttggttttt aagagatata ttagagtttt 60 

aattcgaagt atttatgaat gtgattattt ggaaatagag aatttgtagg tgtaattaaa 120 

ttaagatgag gttataattg gatttggatg ggttttaaat ttaatgatta gtgtttttat 180 

agtaagagtg gagaaaaagt tatatatagg ggagaagata ggggttggat tgatgttttt 240 

ataaagttag gaatattaag gatttttaat aattattacg attttggaga gaggtatgga 300 

atagattttt cgttagaatt tatagaaaga attaattttg ttaatatttg gattttggat 360 

tttagttttt agaattgtaa gaaaatatat tttttttgtt ttaagttatt tagttggtgg 420 

taatttgttg ttgtaatttt aggaaataaa tatagatttt ggtattgaaa agtggggtgt 480 

tgttatatta atatatataa atatggaagt gtttttatta atagattggg gtgatgggta 540 

gaggaagaag tttgaggtat atgatagatt aagtttagat tgttttgaag agaaagtggg 600 

tggaaatgtg agtgttttat ttttataaaa aataaaaatt aggtgggtat ggtgatatac 660 

gtgtagtttt agttatttgg aaggttgagg taggaggatt atttgagttt aggaggttgt 720 

agtgagttat gatcgtatta ttgtatttta gtttgggtga tagagtaagg ttttgttttt 780 

tttttttttt ttttttttgg agatagagtt ttgttttgtc gtttaggttg gagtatagtg 840 

gtacgatttc gatttattgt aatttttatt ttttgggttt aagcgatttt tttgttttag 900 

ttttttgagt agttgggttt atagaagttt attattatat ttagttaatt ttttgtattt 960 

ttattagaga tagggtttta ttatgttagt cgggttggtt tggaattttt gattttaggt 1020 

gatttgtttt ttttggtttt ttaaagtgtt agaattatag gtatgagtta ttatatttgg 1080 

ttagagattt tgttttttaa ataaatatat tttttggaag gatattgttt aacgtagtat 1140 

aacgagttat tttagtagtt taagtttgat agaagttgtt cgttgtagaa gaatttattt 1200 

ggaaatgaat attaaatatt tttgtattat aaatataata tttataagtt ttttttaaat 1260 

gtttttaatt ttttattagt tttttgttgt gaaaatattg ttttaatatt tttaaaatta 1320 

atttttattt ttagaaagtt attttgggtt ttatggatat tttagagggt tttattttat 1380 

taatatttta ataatatttt gtaagattta agtttttatt tataagtttg ttattagatg 1440 

gaggtattga ttagattttt ttgataaatg taataaattt tagataaatt attttttgag 1500 

tagtttttta ttaatatatt tgtttagata ttattgtttg ttatgatagg aatgataatt 1560 

taaagttata aatttagata tgtaaaaaat gtttttaaat tttttttttg gttaggtgtg 1620 

gtggtttata tttgtaattt tagtattttg ggagattgag ggaggattgt ttgggtttag 1680 

gagttggaga ttagtttggg taatatagtg agaatttgtg tttattaaaa tattagtatt 1740 

aataataata aattttaaaa tataaataaa aataattttt ttttaattgt atttaatttt 1800 

tattttaata ttttattttt attttataga agaaatgtta atttagttat tttttttttt 1860 

ttttttgaga cggagtttcg ttttgttatt taggttgtag tgtagtgata cgattttggt 1920 

ttattgtaag tttcgttttt tgggtttacg ttattgtttt attttagttt tttaggtagt 1980 

tgggattata ggtggttttt tttatgttta gttaattttt tgtattttta gtagagatag 2040 

ggttttatcg tgttaggatg gtttcgattt tttgattttg tgattcgttt gttttggttt 2100 

tttaaagtgt tgggattata ggcgtgagtt atcgcgttcg gttaagtttt agatttttaa 2160 
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atgaaattat tagttatatt tttgtttggt gtttatattg gtgataaagt tatttttatt 2220 

tttttgaagt ttagttttaa agagtagttt gtttgttgta gttttagaaa taaatgtatt 2280 

attttttttt ttttaatgtt tttaaatgtt tttgaatttt tttagaagtt gttttgatga 2340 

atatagtggt attttttttt ggtagtgttt ttgatggtag aattgtttaa ttatagttga 2400 

tttttatgtt tttagttagg ttttttttag ggtaggtgtt ttttaagata taattagtgt 2460 

agtgagtgtt tagaagttta gatttagtaa ttagattgtt tagattttaa ttgtaattgt 2520 

gttattaatt attagttttg tgtttttgga taaatttttg gaaaatgtgg ataatgttat 2580 

tttttaattt agtggatttt tgggagaatt aaaattaaat tgtaaaagaa ttggtttata 2640 

ttaagaatta tgtatatagt tatgtaatta gttttttttt tttttttttt tttttgagat 2700 

atagttttat tttgttgttt aggttggagt gtagtggtgt gattttagtt tattgtaatt 2760 

tttatttttt aggtttaagt aatttttttg ttttagtttt ttgagtagtt gggattatag 2820 

gtgtttatta ttatgtttag ttaatttttg tatttttagt agagatgggg ttttgttatg 2880 

ttggttaggt tgtttttaat ttttgatttt aaatgattta tttatttggg ttttttaaag 2940 

tgttgtgatt ataggcgtga gcgattacgt ttagtttaat tagttatttt ttattgtgtg 3000 

atattttagt tattagtttt ggttttttat aattggtaat ttttatgagg ttagattttt 3060 

agttttttga gttatttttt taataattta atttttttag ttagaaatat ttgttttttt 3120 

tttttttttt tttttttata tatatatata tataaagttt aaatattgat atataatgta 3180 

atgatttttt tttaataatt ttcgaagtag tttagtatga aaaatatttg tttttggttt 3240 

ttggtagaag ggaaaggtgt gagtgtgata ttttaaggaa ggaggtaggt tttggtgagt 3300 

tgttgaatag agaggttttt cggtgtagga attatagggg attttaaggg ataaatttgg 3360 

agtgatgggg aaattaaaga tagggtgtta tattaaaaaa ttattttggt cgcgtgtagt 3420 

ggtttacgtt tgtaatttta gtattttggg aggtttagtg ggggcggatt gcgtgagttt 3480 

aggagtttga gattagtttt tgggtaatat ggtgaaaatt cgtttttatt aaaatataaa 3540 

agattagtta ggtttggtag cgtgcgtttg taattttagt tattcgtgag gttgaggcga 3600 

atttaggagg tagaggttgt agtgagttaa gatcgcgttt gggtgataag tgcgagattg 3660 

ttttaaaaaa aaaaattatt tttaaataga tttatttagg tggtttatgt ttataatatt 3720 

tgtgttttgg gaggttaagg ttagaagatt ttttaaggtt aggagtttga gattagtttg 3780 

ggtaatatag taagattttt tttttatata aaataaaaat taaaaaaatt agtatggtgg 3840 

agtatgtttg tagttttagt tacgtagtta tttgggaagt agagatagga ggatttttta 3900 

gttatttggg aggtagagat aggaggattt tttgagatta ggagtttgag gttgtagtga 3960 

gatatgattg tattattgta ttttagattg ggtgataaga gcgagatttt attttaaaaa 4020 

aaaaaaatat tttaaaatat aatggtttaa aataataatt tattgttttt tttcgttttt 4080 

gtggattatg aatttagata gtatggtggg tatggtttgt ttttgtttta tgatgtttgg 4140 

ggttttagtt ggagtggttg aaggttgggg attggaatta tttgaggttt tttatttata 4200 

tttgtatttg gattgagttt ggaatttgat tgttttaaaa tatttttacg gttgggtgtg 4260 

atggtttacg ttcgttattt tcgtattttg agaggttgag tttggttttt tgtttgagtt 4320 

tcggagttag ttattcgttt atggttatat agggagattt agtttttatt aaaaaaaaaa 4380 

aatataataa tttgttgggc gtggtcgttt gcgtttgtaa ttttagtatt ttgggaggtc 4440 
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gaaaatttaa gttttattaa ttatattttg aaggttttta tttatttttg aggttttgtt 300 

tgataatttg tggtgcgtat ttttttgttt acgtatgtgg agaataaatt ttttgagatt 360 

ttgtttttgt tgtgtttttt aaatataacg gttagaagag cgatagtttt tggaacgttt 420 

ttagtatgtg agttttgttt atatgttaag tataatttat tgtattattt gagtagttat 480 

ttgttttttt tgataaattt taggttgttt taaaaaatat ttgttatgat tatatggtgt 540 

tttttttttt tgtatgttta atgattattt attgtattaa aaaagaaaag gaattttttt 600 

tgataataac gtatataaat atgttttaaa gaaaatttcg ggagtagttg tataggtttg 660 

taaagagatt tttttcgatt ttatcgttta ggtcgggtta gcgttaattt tggcggtttt 720 

gttcgtttag atacgtgttt ttgtttgata tattagtaac gtttattaag atgattacgt 780 

cgagattttg gaagtagaaa cgcgttgtaa aaataggcga gttttgggtg ttatcggagt 840 

atttaggcgg tttttggatt agaattcgtc gcgtgattgt tttggggttt aagtcgcgcg 900 

ttcgggtcgc gggagtcgta acggtcgcgg gttggaagtt ttcgaggcgg ggatttttcg 960 

tatttcgggt ttgagtgttg tggggacgaa tttcgtttat ttgtattagt tttcggagta 1020 

gggggttgcg gttgcgggcg tcgttgcgta gaagtgtcgt tagtatagtt atggtcgtag 1080 

agggttgagt atcggtttta taggcgtaga ttagcggttt tttttttaat ttcgtatttt 1140 

tagcggttcg gcgcgggtat cgtttatttc gtttttttta atagtcgttt tttagtcggc 1200 

ggcgattggt cggtagttaa gggcggggcg gagtttggcg ttgggatatc gtagtttggg 1260 

ttaggaaagg ttgacgagtg aaggacgtgg atggagatat tggcgttggg gttaacgagt 1320 

atttgatacg ttgttggttt tcgtgtttat taagtttaat ttgtcggggt cggtggttta 1380 

tgtgtaattc gagatttttc gatttattga gtatgttttt tttaggttta tttagtataa 1440 

atttatgaaa atattttagg attttttttt ttttttggaa aaagggtttt attttgttat 1500 

ttaagttgag tgtagtgacg tgattatagt ttattgtaat ttcgattatt agggtttaag 1560 

cgattttttt tttttagtta ttttagtagt tgagattata ggcgaaagtt tttataatta 1620 

gataattttg tattttttgt ggagacgggg ttttattatg ttggttagat tggttttgaa 1680 

tttttggatt taagtgagtt ttttttttcg gttttttaaa gtgttgggat tataggcgta 1740 

ggcgattacg tttagtaaat tgttgtattt tttttttttg gtagagatta ggttttttta 1800 

tgtggttata ggcgggtggt tgatttcggg gtttaagtag agggttagat ttagtttttt 1860 

aaagtgcggg gataacgggc gtgagttatt atatttagtc gtgaaaatat tttgaagtaa 1920 

ttaaatttta ggtttagttt agatataaat atgggtaaaa ggttttaggt gattttagtt 1980 

tttaattttt aattatttta gttgagattt tagatattat ggagtagaga taagttatat 2040 

ttattatgtt gtttgaattt atggtttata gaaacgagag aaaataatgg gttgttattt 2100 

taggttatta tgttttggag tatttttttt ttttaagata gggtttcgtt tttgttattt 2160 

agtttggagt atagtggtgt aattatattt tattgtagtt ttaaattttt ggttttaggg 2220 

gatttttttg tttttgtttt ttaagtagtt aggggatttt tttgtttttg ttttttaagt 2280 

agttacgtag ttaggattat aggtatgttt tattatgtta atttttttaa tttttatttt 2340 

atatagagaa ggggttttgt tatgttgttt aggttggttt taaatttttg gttttaagag 2400 

attttttggt tttggttttt taaagtatag atattatagg tataagttat ttaaataggt 2460 

ttgtttgggg gtaatttttt tttttgagat agtttcgtat ttgttattta ggcgcgattt 2520 
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tgatttattg taatttttgt tttttgagtt cgttttagtt ttacgagtag ttgggattat 2580 

aggcgtacgt tgttaagttt ggttaatttt ttgtatttta gtagagacgg gtttttatta 2640 

tgttgtttag aggttggttt taaatttttg agtttacgta attcgttttt attaggtttt 2700 

ttaaagtatt gggattatag gcgtgagtta ttgtacgcgg ttagggtaat tttttaatat 2760 

agtattttgt ttttaatttt tttattattt taggtttgtt ttttaaagtt ttttgtgatt 2820 

tttgtatcga agaatttttt tatttaatag tttattaagg tttatttttt tttttggaat 2880 

gttatattta tatttttttt ttttattaga ggttaaagat aaatattttt tatattgggt 2940 

tgtttcgaga attattgaaa ggaagttatt atattgtatg ttagtgttta aattttgtgt 3000 

gtgtgtgtgt gtgagagaga gagagagaga gagaaataga tatttttaat tgaaaaagtt 3060 

gaattgttaa agaaatgatt tagaaaatta aaggtttggt tttatagaga ttattagttg 3120 

tgagaggtta aagttgatga ttagggtatt atatagtaaa agatgattgg ttaggttggg 3180 

cgtggtcgtt tacgtttgta attatagtat tttgggaggt ttaggtgagt ggattatttg 3240 

aagttaggag ttaaaagtag tttggttaat atagtaaaat tttattttta ttaaaaatat 3300 

aaaaattagt tgggtatggt agtgggtatt tgtgatttta gttatttagg aggttgaggt 3360 

aggagaattg tttaaatttg ggaggtggag gttgtagtga attgagatta tattattgta 3420 

ttttagtttg ggtaatagaa tgagattgtg ttttaaaaaa agaagaaaaa aaaaaagatt 3480 

ggttatatag ttatgtatat agtttttaat atgaattagt ttttttatag tttaatttta 3540 

atttttttaa aaatttattg aattagggag tagtattatt tatatttttt agaagtttgt 3600 

ttaagggtat aaagttagta gttagtgata tagttgtaat tggaatttag gtagtttggt 3660 

tgttaggttt aggtttttag gtatttatta tattagttgt gttttaggag atatttgttt 3720 

taggagaaat ttaattagga atatagaagt tagttgtaat tggataattt tgttattaga 3780 

ggtattatta ggaaaaagtg ttattatgtt tattaggata gtttttagag aagtttagag 3840 

atatttagga gtattgaggg gagaagaata gtatatttat ttttggagtt atagtaggta 3900 

agttgttttt taaaattaaa ttttaaaaaa ataagagtag ttttattatt aatatgagta 3960 

ttaggtaaaa atgtagttaa taattttatt taagaattta ggatttggtc gggcgcggtg 4020 

gtttacgttt gtaattttag tattttagga ggttaaggta ggcggattat aaggttagga 4080 

gatcgagatt attttaatac ggtgaaattt tgtttttatt aaaaatataa aaaattagtt 4140 

gggtatggag ggggttattt gtagttttag ttatttggga ggttgaggta ggatagtggc 4200 

gtgaatttag gaagcggagt ttgtagtgag ttaagatcgt gttattgtat tatagtttgg 4260 

gtgatagagc gagatttcgt tttaaaaaaa aaaaagaaag tgattagatt aatatttttt 4320 

ttgtgaaata gaaatggagt gttggaatga aaattaaata taattaagag agaattattt 4380 

ttgtttgtat tttaaaattt attattatta gtattagtat tttggtagat ataggttttt 4440 

attatgttgt ttaggttggt ttttaatttt tgggtttaag taattttttt ttagtttttt 4500 

aaagtgttgg gattataggt gtgagttatt atatttggtt aaagaaaaaa tttaaaaata 4560 

ttttttgtat atttgaattt gtggttttgg attattattt ttgttatagt aggtaatagt 4620 

gtttggatag atgtattaat gaagagttat ttaaaaagtg gtttatttgg gatttattat 4680 

atttgttaag gagatttagt taatattttt atttagtggt aaatttgtaa gtggagattt 4740 

aggttttgta aagtattatt aaaatattga taaaataaag ttttttgaaa tgtttatgag 4800 
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atttagagtg gttttttaga agtagaagtt agttttagga atattagagt aatattttta 4860 

tagtaggaaa ttagtggaaa attaaaaata tttaagaaaa atttgtgggt attatattta 4920 

taatataaag atgtttgata tttattttta agtaagtttt tttataacga ataatttttg 4980 

ttaaatttag attattggaa taattcgttg tattacgtta aatagtgttt ttttaaaaga 5040 

tatgtttgtt taagggatag ggtttttggt taggtgtggt ggtttatgtt tgtaatttta 5100 

gtattttggg aggttaagga gggtagatta tttgaggtta ggagttttag attagttcgg 5160 

ttaatatggt gaaattttgt ttttagtaaa aatataaaaa attagttggg tgtggtgatg 5220 

ggtttttgta agtttagtta tttaggaggt tgaggtaaga gaatcgtttg aatttaggag 5280 

gtggaggttg tagtgagtcg agatcgtgtt attgtatttt agtttgggcg atagagtaaa 5340 

attttgtttt taaaaaaaaa aaaaaagaga gagatagagt tttgttttgt tatttaggtt 5400 

ggagtgtagt ggtgcgatta taatttattg tagtttttta agtttaagta atttttttgt 5460 

tttagttttt taagtagtta agattatacg tgtgttatta tgtttattta atttttattt 5520 

tttgtagaga tggggtattt atatttttat ttattttttt tttaaggtaa tttaggttta 5580 

gtttattatg tgttttaaat tttttttttt gtttattatt ttaatttatt aataaaggta 5640 

tttttatgtt tgtgtatatt aatatggtag tattttattt tttagtatta aaatttgtat 5700 

ttgtttttta agattgtagt agtaaattat tattaattgg gtggtttaaa ataaaagaaa 5760 

tgtatttttt tatagttttg gaggttggag tttaagattt aggtgttggt aggattggtt 5820 

ttttttgtgg gttttaacgg agagtttgtt ttatgttttt ttttaagatc gtggtggttg 5880 

ttggaaattt ttggtatttt tggttttgta gaggtattag tttaattttt gttttttttt 5940 

ttgtgtgtgg tttttttttt atttttgtta taaggatatt ggttattgga tttagggttt 6000 

atttaaattt aattatgatt ttattttaat ttgattatat ttgtaagttt tttattttta 6060 

aatagttata tttataggta tttcgagtta agattttaat atatttttta ggggttaggt 6120 

gtggtggttt aggtttgtaa ttttagtat 6149 

<2 10> SEQ ID NO 3 
<211> LENGTH: 5770 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400> SEQUENCE: 3 

ttttatttta aattgatacg cgttaggcgt taagttttgc gataagtttt taggatatag 60 

aagtgaataa gagttttatt tttattttga gaaatttgaa gttgtggaga aaatagattt 120 

agaagtagat taaattagta agtattagaa agagggagga gtagagggag tgatcgattt 180 

ggtttgggat tttaaaaaaa ggtatcgtta tatcgaatta tagagaataa ggggattttt 240 

ttagatagaa ggtataagag aaatatttga ggaattagga attgagaatt ataatttata 300 

taaatcggat tatttttttg tgggaagaaa tttttaggta ggaagtgaag ggaataaaat 360 

aaatatatat tattatgatt ggtattcgta cgggcggtta ttttattgtt tttttatatg 420 

ttcgaaaatt gattgcgata atttgataat ttaagtaagt tagaataaag gatttagaaa 480 

aaaaagaatt tgaagtacga gtttttgttt taggaaatgt tttttagatg ggtaagagaa 540 

aggagaatta tattagtgta tttaaattgg tatatgataa taattgattt ttggtagatt 600 
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gaggttgttt gtgtagtatt gcgtatgtaa gttaaatatt ttatttaaat gtatcgtata 660 

aggtaaatgg aaagagtgtt tttttatggt ttttatttgt acgggttatg ttacgggtta 720 

tgttagtatt taatgtaggt tttaagtcgg ttttagttta ggttgttgga ggttagagtt 780 

aaggttagtt ttttagacgg cgggatttgt gtagatgtat agggattata tatagaagat 840 

ttttattttg tttaatgttt tattggtatt atttgtaaat ttttaataat tttatttttg 900 

aatttgtgtt ttggatttga agtttaatac gatatagaat atgtgaatga gtagaggaga 960 

taggtataat gtttatgttt gtagttttta gatgttatat gtataatatt ggcgatgttt 1020 

aggagtatag aatttttgta gtttatgatg agtggtattc ggtgatattt aaattaagta 1080 

tacggtaagt atatgttata tttgtgttag agtaataggg tatcgatagt tttaggagtt 1140 

atattttgta ttttaattag aatttttttt taaagtaatg aaaggaatat aaaagattaa 1200 

ggaattttat tatgttcgtt atgattcgtg ttattttgtt ttaattagtt agttatatag 1260 

aaaatagtga ggtagaagga aaagtaaaga gagggtttta tattattttt tgtttttttt 1320 

attttttttt atttattagt aagttaaagg tagagagtgt tatagaatgt gtatatatta 1380 

ggaggaaata aaaataggtg agttagtgtt gtacggtgtt tttatttttt tggtaggaat 1440 

aaaatatttt tgtacgattt gtaaattatg tattgtgtta ttattagtga gtttttatat 1500 

gagttaaatg tttttatatt tgtattgaaa attagtatta cggtaaggcg ttgtggttta 1560 

tatttgtaat tttagtattt gggaaggttg aggtgggcgg attatttgag gttaggggtt 1620 

cgagataagt ttggtttata tggtgaaatt ttatttttat taaaaatata aaagttagtt 1680 

gggtgtggtg gtatacgttc gtagttttag ttatttggga ggttgaggta ggagaatcgt 1740 

ttgaatttgg gaggtagagg ttgtagtgag tcgagatcgt gttattgtat tttagttttt 1800 

ttagtttggg cgatagagta agattttatt ttaaaaaaaa aaaaaaaaaa agaaaagaaa 1860 

agaaaagaaa attattattg tataatataa agatgaatgt taaaattaat gttagtaatt 1920 

taaattttaa attatttttt ttttagaatg gtattaaata gtaaataaaa atattgtgaa 1980 

aagttaagag aggttgtgaa aatatagtaa aggtttatat tttagtattt ttaatggttt 2040 

tttttttttg ttttttgaat aagggatatt atatttttat tttgtattgt gttttgtaaa 2100 

ttatgtatat agtttttgtg tgaatttatg gtttttaata tatataaata tagaaataaa 2160 

tgtagttgta tttgtttgat atatgtatat atgtatatat atgtatattt atatatatat 2220 

ttatgtatgt atatatatgt atatttatat atgtatgtat gtatatatat gtatatttat 2280 

atatgtatgt atgtatatat atgtatattt atatatgtat gtatgtatat atatgtatat 2340 

ttatatatgt atgtatgtat atatatgtat atttatatat gtatgtatgt atatatttgt 2400 

atatttatat atgtatgtat atatatgtat atttatatat gtatgtatat atatgtatat 2460 

ttatatatgt atgtatatta ttgtatttta gtttgggtga tagagcgaga tttcgtttta 2520 

aaaaaaaaaa aaaaattttt tttttttttt ttatttatta tttttagttt ttgtttgttt 2580 

tatatgagta gataattata tgagtagtta taatgaggat tttttagggg atagattttg 2640 

tttggttatt tagtagaagt atgtaattat ttttttaaga ttggttttta aatttatttt 2700 

agatagagtt tttaggtagg aaattttata ttttttggtt ttagaagaat atatttatat 2760 

ttatttaaat gtgttaggta ttggttataa agaatattgg tgtttattta taattgttta 2820 

taatgtgtta ggagttgtgt ataaagtagt gtaataggat tattttggaa agtttatgta 2880 
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cgagttcggt tcgcggcggg ttttagtata gttttgatgg gtttttttgt tttcggcggt 1380 

ttcgggaggt tttatgcgtt ttttttggcg ttagttattc gttcgcgtga ggggtttgtt 1440 

aggagcgttt cggtgcgagt tttttgtttt ttaagattaa ttttggttgt gaacgggtga 1500 

ggacgtcggg agcgttttag cgttataaaa gtttttttgg ttgacgtttg gatagtgaaa 1560 

ggagtatgta ataagtgggg ttagttttgt ttaaaatttt ttttgatttt ttagtttttt 1620 

attgggtaaa gtttataatt tttttgagtt ttttagggtt tttaggtaag tttatgaggg 1680 

gttatcgtta tagtaatttg ttgggaatat ttggatagtg gaataagaaa gttttgttat 1740 

aaagttatga aggggaaaat tgttgacgga tttggagaat ttttttgaag aattttaaag 1800 

ttgattgaaa gaattattaa attttggaaa tttatattaa gattttgtag agatatgcgg 1860 

atgggttaga taaattagag aaggtaaaga gtgtaggttt tagaggtggg gtaatagaga 1920 

aggaaaaaaa ttgtataata gtgtaatttt aggagaaatt tttagggttt ggaatagtgg 1980 

tgaaattagt tgtttatttt gttaagaatt tagtagtata ttgaagtttt tttagttgtt 2040 

tttaatgtgt tttttgtttt ttaatatatt tgagtttaag gaatttaagg aatgtttttc 2100 

gtggtttttg ttttatttta ttttattttt tttttatttt ttggttattt ttgagttttt 2160 

gtgggtttat ttttatattt ttttaatatg ttttttaagg tttttatttt gtattagttt 2220 

tttgggtaat attagttatt tttacggtat taattattat ttgtatattg ataagtttga 2280 

aatttttata tttaatttcg ttttttaagt tgattgattt tttttattta aatttttata 2340 

agtatattag gtcgggtatt ttggtttata tttgtaattt tagtattttg ggaggtcgag 2400 

gagggcggat tatttgaggt tagtagtttg atattagttt ggttaatatg gtgatatttc 2460 

gtttttatta taaaatagaa aaattagtcg ggcgtggtgt cgtgcgtttg taattttagt 2520 

tattggggag gttgatatgg gaaaatcgtt tgaatttagg aggtagaggt tttagtgagt 2580 

cgagattata ttattgtatt ttagtttgag cgatagagag aaattgtttt aaataaataa 2640 

aattttttat aagtatatta aatttgatat attgaaatta aattttttta gtttgttttt 2700 

tttgtaattt tagtgagtag tgaaattatt ttttgttaat taaattagaa atttattttt 2760 

gaaatttttt ttaaatatta ttttttttag aaaaattttt taattttttg tatttggtgt 2820 

agtattttat ttttaatttt tttttttaat ttattatgta atttttagtt tatttgtttt 2880 

ttttattgat tatataagtt ttttaagatg attttgttat attgttttat gtatagtttt 2940 

tagtatatta taggtagtta tgaatgaata ttaatatttt ttatggttag tgtttagtat 3000 

atttgaatga gtatgaatat atttttttgg agttaaggga tatagagttt tttgtttgaa 3060 

ggttttattt agagtaagtt taggagttaa ttttgagaag gtaattgtat gtttttgttg 3120 

agtggttaaa tagaatttgt tttttgagga gtttttatta tagttattta tatgattatt 3180 

tatttatatg agatagatag agattaagaa taatgaatga aggaaagaag aggaattttt 3240 

tttttttttt tgagacggag tttcgttttg ttatttaggt tggagtgtag tggtatatat 3300 

atatgtatag atatatatat gtatatatat atgtatagat atatatatgt atatatatat 3360 

gtatagatat ataggtgtat atatatatat atgtatagat atatatatgt atatatatat 3420 

atatgtatag atatatatat gtatatatat atatatgtat agatatatat atgtatatat 3480 

atatatatgt atagatatat atatgtatat atatatatat gtatagatat atatatgtat 3540 

atatatatag atatatgtat agatatatat atgtatatat atatatatat attagataaa 3600 
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tatagttata tttattttta tatttatata tattgaaaat tatgaattta tataagagtt 3660 

gtgtatataa tttgtaaggt atagtgtaaa atgaaaatgt ggtgtttttt gtttaaaaag 3720 

tagaaaaaaa gggttattaa aggtattgaa atatagattt ttgttgtatt tttatagttt 3780 

tttttagttt tttatagtat ttttgtttgt tatttagtgt tattttaagg aaagaataat 3840 

ttaaaattta aattattagt attaatttta atatttattt ttatgttgtg tagtgatagt 3900 

tttttttttt tttttttttt tttttttttt ttttttttga gatggagttt tgttttgtcg 3960 

tttaggttgg agaggttgga gtgtagtggt acgatttcgg tttattgtaa tttttgtttt 4020 

ttaggtttaa acgatttttt tgttttaatt ttttaagtag ttgggattac gggcgtgtgt 4080 

tattatattt agttaatttt tgtattttta gtagagatgg ggttttatta tgtaggttag 4140 

gtttatttcg aatttttgat tttaggtgat tcgtttattt tagttttttt aagtgttggg 4200 

attataggtg tgagttatag cgttttgtcg taatgttagt ttttaatgta aatataagag 4260 

tatttaattt atatggggat ttattgataa tgatataatg tataatttgt agatcgtata 4320 

ggagtatttt gtttttatta gaaaggtgga aatatcgtat agtattaatt tatttgtttt 4380 

tatttttttt tgatgtatgt atattttatg atattttttg tttttggttt attgatgagt 4440 

aagggaggat ggaaaggata aggaatgatg tggagttttt tttttgtttt tttttttatt 4500 

ttattatttt ttgtgtagtt ggttggttaa aataaaataa tacgagttat aacgaatatg 4560 

atagggtttt ttggtttttt gtgttttttt tattattttg gaaaaaggtt ttagttgaaa 4620 

tgtagagtgt ggtttttgga gttgtcggtg ttttgttatt ttgatataaa tgtggtatgt 4680 

atttgtcgtg tatttggttt gggtgttatc gaatgttatt tattatgggt tataggaatt 4740 

ttgtgttttt gggtatcgtt aatgttatgt atgtgatatt tgggaattgt agatatgggt 4800 

attgtgtttg ttttttttgt ttatttatat gttttgtgtc gtgttggatt ttaagtttaa 4860 

aatataagtt taaagataaa attattaagg atttgtagat ggtgttagta gagtattaaa 4920 

taaagtaagg attttttgtg tatggttttt gtgtatttgt ataggtttcg tcgtttaaga 4980 

agttggtttt ggttttggtt tttaataatt tggattaaaa tcggtttgaa atttgtatta 5040 

gatgttgata tgattcgtga tatgattcgt gtaagtggga attatggaaa aatatttttt 5100 

ttatttgttt tgtacgatat atttgagtag agtatttagt ttatatacgt agtattgtat 5160 

aggtagtttt aatttgttag ggattagttg ttattatatg ttaatttgaa tgtattggta 5220 

tagttttttt tttttttatt tatttagaaa atatttttta aggtaagaat tcgtgtttta 5280 

agtttttttt tttttgaatt ttttgttttg atttatttag gttattaggt tgtcgtagtt 5340 

agttttcgga tatgtgaagg ggtagtaggg taatcgttcg tgcgaatgtt aattatgatg 5400 

gtgtgtattt attttatttt ttttattttt tgtttgggag ttttttttta taagaaggta 5460 

attcgatttg tgtaagttat aatttttaat ttttgatttt ttaaatgttt tttttgtgtt 5520 

ttttgtttgg gaaaattttt ttattttttg tgattcggtg taacggtgtt tttttttgag 5580 

gttttaggtt aaatcgatta ttttttttgt tttttttttt ttttggtatt tgttggttta 5640 

atttgttttt aggtttgttt tttttataat tttaagtttt ttagggtggg aatggggttt 5700 

ttatttattt ttgtgttttg aaagtttatc gtagggtttg gcgtttagcg cgtgttaatt 5760 

taaaatgggg 5770 
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<210> SEQ ID NO 5 
<211> LENGTH: 6032 
<2 12> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 
<220> FEATURE: 

<22l> NAME/KEY: unsure 

<222> LOCATION: ( 1079 , 1084 , 1090 . . 1091, 1093 ) 

<400> SEQUENCE: 5 

tgggtatggt ggtttatatt tgtggtttta gttatttagg aggttgatat gagaggatcg 60 

tttgagttcg taagattaag gttgtagtga gttatgatta tattattgta tttaatttgg 120 

gtgatagagt gagattttgt tttaaaaaag aaaaaagaaa atatggtata tatatatggt 180 

agaatattat ttatttttaa atagaattgt tgtttttaat attatggatg gaatggaggt 240 

tattatgtta agtgaagtaa gttaagtaga gagagataaa ttttgtatgt ttttatttat 300 

ttgagggaat taaaaaattt aaaaattgaa tttatggaga tagagagtag aataatggtt 360 

gttagaattt gggaagggta gttggggatg agtaagaagt ggggttggtt aatgggtatg 420 

aaaatataat taaatagaat gaataagatt tagtatttgg tagtataata gggtgattat 480 

agttaataat aatttattgt atattttaaa ataattaaag gaatataatt ggattgtttg 540 

taatacgaaa gaagaaatgt ttgaggtgat gaatatttta tttattttga tgtgattatt 600 

atggattgta tgtttgtatt aaaatatttt atgtatttta tgaatatata tatttagtat 660 

gtatttataa aaattaaaat gaaaaaagga aaatatagat aaattggatt ttataaaaat 720 

ttaaaatttg tatattaatg agtattttta atagagatta gaaaaagtaa atatataggt 780 

ggggtgtagt ggtttatgtt tgtaatttta gtattttggg aggttaagat gggagaattg 840 

tttgaggata agagtttaag attagtttgg gtagtataaa gaggcgttat tgttatagaa 900 

aaattaaaaa ttagttaggt atggtggtag gtgtttttag ttttaattat ttaggaagtt 960 

gaggtatgag gatgaggatt atttgaggtt aagaggttga ggttgtaatg agttatgatt 1020 

atgttagtgt attttagttt ggttaataga gtgagatttt atttttaaaa aaaaaaaana 1080 

aaanaaaaan nnnaaaaggt aatatataga atggatgtga gaaaatattt gtaaattatt 1140 

tatttaatta gggatttaga atgtatagaa tttttaaaat ttaataataa aaaaataaat 1200 

aattttattt aaaaaggggt aaaagagttg aatagatatt tatataaaag tatatatgaa 1260 

gggttaataa ttatatgaaa agatgtttaa tattattaat tattagaaaa atgtaaatta 1320 

aaattataat aagatattat tttaaattta ttaggatgat tattaataaa aaattagaaa 1380 

ataataattg ttagtaagga tgtgttgaaa ttgaaatttt tgtgtattgt tagtggtaat 1440 

ataaaatagt atagttattg taaaaaatag tatggtagtt atttaaaaaa ttaaaaatag 1500 

gacgggtgtt gttattttag tattttggaa gattaaggtc ggtgtattat ttgaggttaa 1560 

gagttcgaga ttagtttgat taatatggta aaattttgtt tttattaaaa atataaaata 1620 

attaggtgtg gtggtaggcg tttgtaattt tagttattta ggaggttgag gtaggagaat 1680 

tgtttgaatt taggaggtgg aagttatagt gagttaagat tatattattt tatttttttt 1740 

tgggcgatag agtgagattt tgtttaaaaa aaaaaaaaaa aaaaattaaa aatataatga 1800 

ttatttaatt tatttttggg tatataattg aattttaaaa taattaaaag taggatttta 1860 

aagagatatt tgtatatgta tgtttatagt agtattattt acgatagtta aaatatggaa 1920 


















































































































































































































































































































































































