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(57) ABSTRACT 

The invention provides methods and nucleic acids for 
detecting, differentiating or distinguishing between colon 
cell proliferative disorders by analysis of one or more of the 
genes Versican, TPEF, H-Cadherin, Calcitonin, and EYA4. 
The invention further provides novel nucleic acid sequences 
useful for the cell proliferative disorder specific analysis of 
said genes as well as methods, assays and kits thereof. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 

es 

S. 
d 

O 
p 

V 
Y? 

o 
2 

O 
al 
did 
p 
L 

O 
0.4 0.6 

True Positive (sensitivity) 

  



Patent Application Publication Oct. 19, 2006 Sheet 7 of 23 US 2006/0234224 A1 

FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 
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FIGURE 12 
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FIGURE 13 

OO 0.2 O.A. 0.6 0.8 

1-spec: Calcitonin HM 

  



Patent Application Publication Oct. 19, 2006 Sheet 14 of 23 US 2006/0234224 A1 

Figure 14 
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Figure 15 
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Figure 16 
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FIGURE 17 
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A B 
46-A ; : 0.0459877 
54-B ; - 0.041957 
O-D if 0.0317302 

29-C ... . . . . . . . . . . . . . . .'; .O23B425 

36-8 O.OASS5 

23-E C.O. 9245 

49-A OOAS75 

25- O.O9A15 

39-B O.Of 112 

24-D 0.0071012 
52-C OOO41422 

12-A O.O.3386 

24-B 0.0029865 

20-C o.OO16688 
2-C lo,0004913 
SO-C O,O1955 

54-C RoOOO1124 
2, 19e-D5 

  



US 2006/0234224 A1 Patent Application Publication Oct. 19, 2006 Sheet 19 of 23 

FIGURE 19 

24 

  



Patent Application Publication Oct. 19, 2006 Sheet 20 of 23 US 2006/0234224 A1 

FIGURE 20 
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FIGURE 21 
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METHOD AND NUCLECACDS FOR THE 
ANALYSIS OF COLON CELL PROLIFERATIVE 

DISORDERS 

FIELD OF THE INVENTION 

0001 Colon cancer is the fourth leading cause of cancer 
mortality in men and women. The 5-year survival rate is 
61% over all stages with early detection being a prerequisite 
for curative therapy of the disease. Up to 95% of all 
colorectal cancers are adenocarcinomas of varying differen 
tiation grades. 
0002 Sporadic colon cancer develops in a multistep 
process starting with the pathological transformation of 
normal colonic epithelium to an adenoma which consecu 
tively progresses to invasive cancer. The progression rate of 
colonic adenomas is currently predicted based on their 
histological appearance, location, degree of spread and 
extent of bowel involvement. For example, tubular-type 
benign adenomas rarely progress to malignant tumours, 
whereas villous benign adenomas, particularly if larger than 
2 cm in diameter, have a significant malignant potential. 
0003. During progression from benign proliferative 
lesions to malignant neoplasms several genetic and epige 
netic alterations are known to occur. Somatic mutation of the 
APC gene seems to be one of the earliest events in 75 to 80% 
of colorectal adenomas and carcinomas. Activation of 
K-RAS is thought to be a critical step in the progression 
towards a malignant phenotype. Consecutively, mutations in 
other oncogenes as well as alterations leading to inactivation 
of tumor Suppressor genes accumulate. 
0004 Aberrant DNA methylation within CpG islands is 
among the earliest and most common alterations in human 
cancers leading to abrogation or overexpression of a broad 
spectrum of genes. In addition, abnormal methylation has 
been shown to occur in CpG rich regulatory elements in 
intronic and coding parts of genes for certain tumours. In 
contrast to the specific hypermethylation of tumour Suppres 
sor genes, an overall hypomethylation of DNA can be 
observed in tumour cells. This decrease in global methyla 
tion can be detected early, far before the development of 
frank tumour formation. Also, correlation between hypom 
ethylation and increased gene expression was reported for 
many oncogenes. In colon cancer, aberrant DNA methyla 
tion constitutes one of the most prominent alterations and 
inactivates many tumour Suppressor genes such as p14ARF, 
p16INK4a, THBS1, MINT2, and MINT31 and DNA mis 
match repair genes such as hMLH1. 
0005. In the molecular evolution of colorectal cancer, 
DNA methylation errors have been suggested to play two 
distinct roles. In normal colonic mucosa cells, methylation 
errors accumulate as a function of age or as time-dependent 
events predisposing these cells to neoplastic transformation. 
For example, hypermethylation of several loci could be 
shown to be already present in adenomas, particularly in the 
tubulovillous and villous Subtype. At later stages, increased 
DNA methylation of CpG islands plays an important role in 
a subset of tumours affected by the so called CpG island 
methylator phenotype (CIMP). Most CIMP+ tumours, 
which constitute about 15% of all sporadic colorectal can 
cers, are characterized by microsatellite instability (MIN) 
due to hypermethylation of the hMLH1 promoter and other 
DNA mismatch repair genes. By contrast, CIMP-colon 
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cancers evolve along a more classic genetic instability 
pathway (CIN), with a high rate of p53 mutations and 
chromosomal changes. 
0006. However, the molecular subtypes do not only show 
varying frequencies regarding molecular alterations. 
According to the presence of either micro satellite instability 
or chromosomal aberrations, colon cancer can be subclas 
sified into two classes, which also exhibit significant clinical 
differences. Almost all MIN tumours originate in the proxi 
mal colon (ascending and transversum), whereas 70% of 
CIN tumours are located in the distal colon and rectum. This 
has been attributed to the varying prevalence of different 
carcinogens in different sections of the colon. Methylating 
carcinogens, which constitute the prevailing carcinogen in 
the proximal colon have been Suggested to play a role in the 
pathogenesis of MIN cancers, whereas CIN tumours are 
thought to be more frequently caused by adduct-forming 
carcinogens, which occur more frequently in distal parts of 
the colon and rectum. Moreover, MIN tumours have a better 
prognosis than do tumours with a CIN phenotype and 
respond better to adjuvant chemotherapy. 

0007. The identification of markers for the differentiation 
of colon carcinoma as well as for early detection are main 
goals of current research. 
0008. The alpha-calcitonin gene encodes a small family 
of peptides: calcitonin, katacalcin, and calcitonin gene 
related peptide (CGRP). Calcitonin is concerned with skel 
etal integrity, the secretion of calcitonin is, in part, oestrogen 
dependent, and it appears likely that a postmenopausal 
decline in calcitonin secretion is a factor in the development 
of postmenopausal osteoporosis. 
0009 Investigation of the Calcitonin gene has revealed 
that hypermethylation of the promoter region of the gene is 
present in neoplastic cells of several cancer types, particu 
larly acute leukemias. The major part of said research was 
carried out using methylation sensitive enzyme based meth 
ods, this identified the general phenomenon of hypermethy 
lation within the promoter and first exon regions of the gene 
in multiple types of cancers. However said methods do not 
allow for a targeted analysis of selected CpG positions. The 
observations of hypermethylation were enabled only by the 
assumption of comethylation within the region. Comethy 
lation is a phenomenon whereby methylation of one CpG 
position is taken as indicative of methylation of all CpG 
positions within the region. Examples of research carried out 
using restriction enzyme based methods include the follow 
1ng: 

0010 Hiltunen MO, Koistinaho J. Alhonen L, Myohanen 
S. Marin S. Kosma V M, Paakkonen M. Janne J. Hyperm 
ethylation of the WT1 and calcitonin gene promoter regions 
at chromosome 11p in human colorectal cancer. BrJ Cancer. 
1997: 76(9): 1124-30. 
0011 Silverman AL, Park J. G. Hamilton S R, Gazdar A 
F. Luk G. D. Baylin S. B. Abnormal methylation of the 
calcitonin gene in human colonic neoplasms. Cancer Res. 
1989 Jul. 1; 49(13):3468-73 
0012. The gene Versican, (NM 004385) also known as 
CSPG2 encodes a large chondroitin sulfate proteoglycan. 
This gene is known to exhibit aberrant methylation patterns 
and conflicting opinions on this matter have been published. 
For instance Adany R and lozzo RV. (Altered methylation 
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of versican proteoglycan gene in human colon carcinoma. 
Biochem Biophys Res Commun 1990 Sep. 28; 171(3):1402 
13) observed a correlation between hypomethylation and 
colonic neoplasms. However, more recently Issa et. al. 
(Accelerated Age-related CpG Island Methylation in Ulcer 
ative Colitis Cancer Research 61,3573-3577, May 1, 2001) 
described an observed hypermethylation of dysplastic 
mucosa as compared to non-UC control mucosa (58% 
versus 31%, P=0.01) or compared with adjacent uninvolved 
mucosa (58% versus 35%, P=0.06). Therefore it would seem 
that although aberrant methylation of this gene has been 
observed in colorectal cell proliferative disorders, the char 
acterisation of this aberrant methylation is as yet not obvious 
and it would appear that the commonly held assumption of 
comethylation does not hold in the case of this gene. 
0013 The gene TPEF (also known as TMEFF2) 
NM 016192 encodes a transmembrane protein containing 
EGF and follistatin domains. It was initially identified on the 
basis of its methylation properties by Jones et. al. (The 
Gene for a Novel Transmembrane Protein Containing Epi 
dermal Growth Factor and Follistatin Domains Is Frequently 
Hypermethylated in Human Tumor Cells Cancer Research 
60, 4907-4912, Sep. 1, 2000). It was therein shown that the 
5' region of the gene contained a CpG island, a 3' region of 
which was shown to exhibit significant hypermethylation in 
tumor cell lines. Although significant said onbservation was 
carried out by means of arbitrarily primed PCR, a method 
ology that is not suitable for application in a clinical or 
diagnostic setting. 

0014 EYA4 is the most recently identified member of the 
vertebrate Eya (eyes-absent) gene family, a group of four 
transcriptional activators that interact with other proteins in 
a conserved regulatory hierarchy to ensure normal embryo 
logic development. The EYA4 gene is mapped to 6q22.3 and 
encodes a 640 amino acid protein. The structure of EYA4 
conforms to the basic pattern established by EYA1-3, and 
includes a highly conserved 271 amino acid C-terminus 
called the eya-homologous region (eyaHR; alternatively 
referred to as the eya domain or eya homology domain 1) 
and a more divergent proline-serine-threonine (PST)-rich 
(34-41%) transactivation domain at the N-terminus. EYA 
proteins interact with members of the SIX and DACH 
protein families during early embryonic development. Muta 
tions in the EYA4 gene are responsible for postlingual, 
progressive, autosomal dominant hearing loss at the 
DFNA10 locus (Wayne S, Robertson N G, DeClau F, Chen 
N. Verhoeven K, Prasad S. Tranebjarg L. Morton C C, Ryan 
A F, Van Camp G. Smith R J: Mutations in the transcrip 
tional activator EYA4 cause late-onset deafness at the 
DFNA10 locus. Hum Mol Genet 2001 Feb. 1; 10(3):195 
200 with further references). A link between the Methylation 
of Cytosine positions in the EYA 4 gene and cancer has not 
yet been established. 
0.015 The cadherins are a family of cell surface glyco 
proteins responsible for selective cell recognition and adhe 
sion. Several family members, including CDH1 (E-cad 
herin) and CDH13 (H-cadherin, NM 001257) are located 
on the long arm of chromosome 16, while another gene 
cluster resides on the short arm of chromosome 5. The 
chromosomal locations of several of the cadherins are sites 
of frequent loss of heterozygosity in many tumor types. 
Deletions of 16q are frequent in breast, lung, and other 
carcinomas. Loss of expression of cadherins has been 
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described in many epithelial cancers, and it may play a role 
in tumour cell invasion and metastasis CDH 13 expression is 
diminished in breast and lung cancers. In ovarian tumours, 
the combination of deletion and aberrant methylation has 
been reported to inactivate CDH13. Aberrant methylation of 
CDH13 has also been reported in lung cancers. 
0016 5-methylcytosine is the most frequent covalent 
base modification 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 
identification of 5-methylcytosine as a component of genetic 
information is of considerable interest. However, 5-methyl 
cytosine positions cannot be identified by sequencing since 
5-methylcytosine has the same base pairing behaviour as 
cytosine. Moreover, the epigenetic information carried by 
5-methylcytosine is completely lost during PCR amplifica 
tion. 

0017. A relatively new and currently the most frequently 
used method for analysing DNA for 5-methylcytosine is 
based upon the specific reaction of bisulfite with cytosine 
which, upon Subsequent alkaline hydrolysis, is converted to 
uracil which corresponds to thymidine in its base pairing 
behaviour. However, 5-methylcytosine remains unmodified 
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 
hybridisation behaviour, can now be detected as the only 
remaining cytosine using “normal molecular biological 
techniques, for example, by amplification and hybridisation 
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 defined by a method which 
encloses the DNA to be analysed in an agarose matrix, thus 
preventing the diffusion and renaturation of the DNA 
(bisulfite only reacts with single-stranded DNA), and which 
replaces all precipitation and purification steps with fast 
dialysis (Olek A, Oswald J. Walter J. A modified and 
improved method for bisulphite based cytosine methylation 
analysis. Nucleic Acids Res. 1996 Dec. 15: 24(24):5064-6). 
Using this method, it is possible to analyse 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 analysed, a global analy 
sis of cells for thousands of possible methylation events is 
not possible. However, this method cannot reliably analyse 
very small fragments from Small sample quantities either. 
These are lost through the matrix in spite of the diffusion 
protection. 

0018. 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. 

0019. To date, barring few exceptions (e.g., Zeschnigk 
M, Lich C. Buiting K, Doerfler 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 bisulfite technique is only used in 
research. Always, however, short, specific fragments of a 
known gene are amplified Subsequent to a bisulfite treatment 
and either completely sequenced (Olek A, Walter J. The 
pre-implantation ontogeny of the H19 methylation imprint. 
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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 specific sites using methylation 
sensitive single nucleotide primer extension (Ms-SNuPE). 
Nucleic Acids Res. 1997 Jun. 15; 25(12):2529-31, WO 
95/00669) or by enzymatic digestion (Xiong Z, Laird PW. 
COBRA: a sensitive and quantitative DNA methylation 
assay. Nucleic Acids Res. 1997 Jun. 15:25(12):2532-4). In 
addition, detection by hybridization has also been described 
(Olek et al., WO 99/28498). 
0020) Further publications dealing with the use of the 
bisulfite 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. Doerfler 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. Charlton 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 and WO95/15373. 
0021. 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. 

0022 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 specific probe 
are particularly suitable for fluorescence labels. The detec 
tion of the fluorescence of the hybridized probes may be 
carried out, for example via a confocal microscope. Cy3 and 
Cy5 dyes, besides many others, are commercially available. 
0023 Matrix Assisted Laser Desorption Ionisation Mass 
Spectrometry (MALDI-TOF) is a very efficient development 
for the analysis of biomolecules (Karas M, Hillenkamp F. 
Laser desorption ionisation 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-ab 
Sorbing 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 ionised by 
collisions with matrix molecules. An applied Voltage accel 
erates the ions into a field-free flight tube. Due to their 
different masses, the ions are accelerated at different rates. 
Smaller ions reach the detector Sooner than bigger ones. 
0024 MALDI-TOF spectrometry is excellently suited to 
the analysis of peptides and proteins. The analysis of nucleic 
acids is somewhat more difficult (Gut I G. Beck S. DNA and 
Matrix Assisted Laser Desorption Ionisation 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 
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having a multiply negatively charged backbone, the ionisa 
tion process via the matrix is considerably less efficient. In 
MALDI-TOF spectrometry, the selection of the matrix plays 
an eminently important role. For the desorption of peptides, 
several very efficient matrixes have been found which pro 
duce a very fine crystallisation. 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. 1995 Apr. 25; 23(8): 1367-73). The 
coupling of a charge tag to this modified 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 unmodified substrates considerably 
more difficult. 

0.025 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 Sam 
brook, Fritsch and Maniatis eds., Molecular Cloning: A 
Laboratory Manual, 1989. 

DESCRIPTION 

0026. The invention provide a method for the analysis of 
biological samples for features associated with the develop 
ment of colon cell proliferative disorders, characterised in 
that the nucleic acid of at least one member of the group 
comprising Versican, TPEF, H-Cadherin, Calcitonin and 
EYA4 is/are contacted with a reagent or series of reagents 
capable of distinguishing between methylated and non 
methylated CpG dinucleotides within the genomic sequence 
of interest. 

0027. The genes that form the basis of the present inven 
tion may also be used to form a "gene panel”, i.e. a 
collection comprising the particular genetic sequences of the 
present invention and/or their respective informative methy 
lation sites. The formation of gene panels allows for a quick 
and specific analysis of specific aspects of breast cancer 
treatment. The gene panel(s) as described and employed in 
this invention can be used with Surprisingly high efficiency 
for the the improved diagnosis, treatment and monitoring of 
colon cell proliferative disorders. 
0028. The invention provides significant improvements 
over the state of the art in that there are currently no markers 
used to detect colorectal cancer from body fluid samples. 
Current methods used to detect and diagnose colon cell 
proliferative disorders include colonoscopy, sigmoidoscopy, 
and fecal occult blood colon cancer. In comparison to these 
methods, the disclosed invention is much less invasive than 
colonoscopy, and as, if not more sensitive than sigmoidos 
copy and FOBT. Compared to the previous descriptions of 
these markers in the literature, the described invention 
provides significant advantages in terms of sensitivity and 
specificity due to the advantageous combination of using a 
gene panel and highly sensitive assay techniques. 
0029. The present invention makes available a method 
for ascertaining genetic and/or epigenetic parameters of 
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genomic DNA. The method is for use in the improved 
diagnosis, treatment and monitoring of colon cell prolifera 
tive disorders, more specifically by enabling the improved 
identification of and differentiation between subclasses of 
said disorder and the genetic predisposition to said disor 
ders. The invention presents improvements over the state of 
the art in that it enables a highly specific classification of 
colon carcinomas, thereby allowing for improved and 
informed treatment of patients. 
0030. In one aspect of the invention, the disclosed mat 
ters provides novel nucleic acid sequences useful for the 
analysis of methylation within said gene, other aspects 
provide novel uses of the gene and the gene product as well 
as methods, assays and kits directed to detecting, differen 
tiating and distinguishing colon cell proliferative disorders. 
The method and nucleic acids according to the invention 
may be used for the analysis of colon cell proliferative 
disorders taken form the group comprising adenocarcino 
mas, polyps, squamous cell cancers, carcinoid tumours, 
sarcomas and lymphomas. 
0031. In one embodiment the method discloses the use of 
one or more genes selected from the group comprising 
Versican, TPEF, H-Cadherin, Calcitonin and EYA4 as mark 
ers for the differentiation, detection and distinguishing of 
colon cell proliferative disorders. Said use of the gene may 
be enabled by means of analysis of the methylation status of 
one or more genes selected from the group comprising 
Versican, TPEF, H-Cadherin, Calcitonin and EYA4 and their 
promoter or regulatory elements. 
0032. The objective of the invention may be achieved by 
analysis of the methylation state of the CpG dinucleotides 
within one or more of the genomic sequence according to 
SEQ ID NO 1 to SEQID NO 5 and sequences complemen 
tary thereto. SEQ ID NO 1 to SEQ ID NO 5 disclose the 
nucleic acid sequences of the genes from the group consist 
ing of Versican, TPEF, H-Cadherin, Calcitonin and EYA4 
and their promoter and regulatory elements, wherein said 
fragment comprises CpG dinucleotides exhibiting a disease 
specific methylation pattern. Due to the degeneracy of the 
genetic code, the sequence as identified in SEQID NO 1 to 
SEQ ID NO 5 should be interpreted so as to include all 
Substantially similar and equivalent sequences upstream of 
the promoter region of a gene which encodes a polypeptide 
with the biological activity of that encoded by the genes 
Versican, TPEF, H-Cadherin, Calcitonin and EYA4. 

0033. In a preferred embodiment of the method, the 
objective of the invention is achieved by analysis of a 
nucleic acid comprising a sequence of at least 18 bases in 
length according to one of SEQID NO 6 to SEQID NO 25 
and sequences complementary thereto. 

0034) The sequences of SEQID NO 6 to SEQID NO 25 
provide modified versions of the nucleic acid according to 
SEQ ID NO 1 to SEQ ID NO 5, wherein the conversion of 
said sequence results in the synthesis of a nucleic acid 
having a sequence that is unique and distinct from SEQID 
NO 1 to SEQ ID NO 5 as follows. (see also the following 
TABLE 1): SEQ ID NO 1 to SEQ ID NO 5, sense DNA 
strand of Versican, TPEF, H-Cadherin, Calcitonin and EYA4 
and their promoter and regulatory elements: SEQ ID NO 6 
to SEQ ID NO 15, converted SEQID NO 1 to SEQ ID NO 
5 and complementary sequences, wherein “C” or “T,” but 
“CpG' remains “CpG” (i.e., corresponds to case where all 
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“C” residues of CpG dinucleotide sequences are methylated 
and are thus not converted): SEQID NO 16 to SEQID NO 
25, converted SEQ ID NO 1 to SEQID NO 5 and comple 
mentary sequences, wherein “C” converted to “T” for all 
“C” residues, including those of “CpG' dinucleotide 
sequences (i.e., corresponds to case where, for SEQID NO 
1 to SEQ ID NO 5, all “C” residues of CpG dinucleotide 
sequences are unmethylated); 

TABLE 1. 

Description of SEQ ID NO 1 to SEQ ID NO 25 

Relationship to 
SEQ ID NO 1 to 

SEQ ID NO SEQ ID NO 5 
Nature of cytosine 
base conversion 

SEQ ID NO Sense strand (Versican, 
1 to SEQ ID TPEF, H-Cadherin, 
NO 5 Calcitonin and 

EYA4 including 
promoter and regulatory 

None; untreated sequence 

elements) 
SEQ ID NO Converted methylated “C"to"T, but “CpG remains 
6 to 15 strand “CpG (all “C” residues 

of CpGs are methylated) 
C to T' for a C resides 

(all “C” residues of CpGs are 
unmethylated) 

SEQ ID NO Converted sense strand 
16 to 25 

0035) Significantly, heretofore, the nucleic acid 
sequences and molecules according to SEQID NO 6 to SEQ 
ID NO 25 were not implicated in or connected with the 
ascertainment of colon cell proliferative disorders. 

0036) The described invention further disclose an oligo 
nucleotide or oligomer for detecting the cytosine methyla 
tion state within pretreated DNA, according to SEQID NO 
6 to SEQ ID NO 25. Said oligonucleotide or oligomer 
comprising a nucleic acid sequence having a length of at 
least nine (9) nucleotides which hybridizes, under moder 
ately stringent or stringent conditions (as defined herein 
above), to a pretreated nucleic acid sequence according to 
SEQ ID NO 6 to SEQID NO 25 and/or sequences comple 
mentary thereto. 

0037 Thus, the present invention includes nucleic acid 
molecules (e.g., oligonucleotides and peptide nucleic acid 
(PNA) molecules (PNA-oligomers)) that hybridise under 
moderately stringent and/or stringent hybridisation condi 
tions to all or a portion of the sequences of SEQ ID NO 6 
to SEQ ID NO 25, or to the complements thereof. The 
hybridising portion of the hybridising nucleic acids is typi 
cally at least 9, 15, 20, 25, 30 or 35 nucleotides in length. 
However, longer molecules have inventive utility, and are 
thus within the scope of the present invention. 
0038 Preferably, the hybridising portion of the inventive 
hybridising nucleic acids is at least 95%, or at least 98%, or 
100% identical to the sequence, or to a portion thereof of 
SEQ ID NO 6 to SEQ ID NO 25, or to the complements 
thereof. 

0039) Hybridising nucleic acids of the type described 
herein can be used, for example, as a primer (e.g., a PCR 
primer), or a diagnostic and/or prognostic probe or primer. 
Preferably, hybridisation of the oligonucleotide probe to a 
nucleic acid sample is performed under Stringent conditions 
and the probe is 100% identical to the target sequence. 
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Nucleic acid duplex or hybrid stability is expressed as the 
melting temperature or Tm, which is the temperature at 
which a probe dissociates from a target DNA. This melting 
temperature is used to define the required stringency con 
ditions. 

0040 For target sequences that are related and substan 
tially identical to the corresponding sequence of SEQID NO 
1 to SEQID NO 5 (such as allelic variants and SNPs), rather 
than identical, it is useful to first establish the lowest 
temperature at which only homologous hybridisation occurs 
with a particular concentration of salt (e.g., SSC or SSPE). 
Then, assuming that 1% mismatching results in a 1° C. 
decrease in the Tm, the temperature of the final wash in the 
hybridisation reaction is reduced accordingly (for example, 
if sequences having >95% identity with the probe are 
sought, the final wash temperature is decreased by 5° C.). In 
practice, the change in Tm can be between 0.5° C. and 1.5° 
C. per 1% mismatch. 
0041 Examples of inventive oligonucleotides of length 
X (in nucleotides), as indicated by polynucleotide positions 
with reference to, e.g., SEQ ID NO 1 to SEQ ID NO 5, 
include those corresponding to sets of consecutively over 
lapping oligonucleotides of length X, where the oligonucle 
otides within each consecutively overlapping set (corre 
sponding to a given X value) are defined as the finite set of 
Z oligonucleotides from nucleotide positions: 

0042 in to (n+(X-1)); 
0.043 where n=1, 2, 3, ... (Y-(X-1)); 
0044 where Y equals the length (nucleotides or base C 9. 
pairs) of SEQ ID NO 1 to SEQ ID NO 5; 

0045 where X equals the common length (in nucle 
otides) of each oligonucleotide in the set (e.g., X=20 for 
a set of consecutively overlapping 20-mers); and 

0046 where the number (Z) of consecutively overlap 
ping oligomers of length X for a given SEQID NO of 
length Y is equal to Y-CX-1). For example Z=2,785 
19=2,766 for either sense or antisense sets of SEQ ID 
NO 1 to SEQ ID NO 5, where X=20. 

0047 Preferably, the set is limited to those oligomers that 
comprise at least one CpG, TpG or CpA dinucleotide. 
0.048. The present invention encompasses, for each of 
SEQ ID NO 6 to SEQ ID NO 25 (sense and antisense), 
multiple consecutively overlapping sets of oligonucleotides 
or modified oligonucleotides of length X, where, e.g., X=9, 
10, 17, 20, 22, 23, 25, 27, 30 or 35 nucleotides. 
0049. The oligonucleotides or oligomers according to the 
present invention constitute effective tools useful to ascer 
tain genetic and epigenetic parameters of the genomic 
sequence corresponding to SEQID NO 1 to SEQID NO 5. 
Preferred sets of such oligonucleotides or modified oligo 
nucleotides of length X are those consecutively overlapping 
sets of oligomers corresponding to SEQID NO 1 to SEQID 
NO 25 (and to the complements thereof). Preferably, said 
oligomers comprise at least one CpG, TpG or Cp A dinucle 
otide. Included in these preferred sets are the preferred 
oligomers corresponding to SEQ ID NO 11 to SEQ ID NO 
15. 

0050 Particularly preferred oligonucleotides or oligo 
mers according to the present invention are those in which 
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the cytosine of the CpG dinucleotide (or the thymine of the 
TpG or the adenosine of the Cp A dinucleotide) sequences is 
within the middle third of the oligonucleotide; that is, where 
the oligonucleotide is, for example, 13 bases in length, the 
CpG, TpG or Cp A dinucleotide is positioned within the fifth 
to ninth nucleotide from the 5'-end. 

0051. The oligonucleotides of the invention can also be 
modified by chemically linking the oligonucleotide to one or 
more moieties or conjugates to enhance the activity, stability 
or detection of the oligonucleotide. Such moieties or con 
jugates include chromophores, fluorophors, lipids such as 
cholesterol, cholic acid, thioether, aliphatic chains, phospho 
lipids, polyamines, polyethylene glycol (PEG), palmityl 
moieties, and others as disclosed in, for example, U.S. Pat. 
Nos. 5,514,758, 5,565,552, 5,567,810, 5,574,142, 5,585, 
481, 5,587,371, 5,597.696 and 5,958,773. The probes may 
also exist in the form of a PNA (peptide nucleic acid) which 
has particularly preferred pairing properties. Thus, the oli 
gonucleotide may include other appended groups such as 
peptides, and may include hybridization-triggered cleavage 
agents (Krol et al., BioTechniques 6:958-976, 1988) or 
intercalating agents (Zon, Pharm. Res. 5:539-549, 1988). To 
this end, the oligonucleotide may be conjugated to another 
molecule, e.g., a chromophore, fluorophor, peptide, hybridi 
sation-triggered cross-linking agent, transport agent, 
hybridisation-triggered cleavage agent, etc. 

0052 The oligonucleotide may also comprise at least one 
art-recognised modified Sugar and/or base moiety, or may 
comprise a modified backbone or non-natural internucleo 
side linkage. 

0053. The oligomers according to the present invention 
are normally used in so called “sets” which in one embodi 
ment contain at least one oligomer for analysis of each of the 
CpG dinucleotides of a genomic sequence comprising SEQ 
ID NO 1 to SEQ ID NO 5 and sequences complementary 
thereto or to their corresponding CG, TG or CA dinucleotide 
within the pretreated nucleic acids according to SEQID NO 
6 to SEQ ID NO 25 and sequences complementary thereto. 
Preferred is a set which contains at least one oligomer for 
each of the CpG dinucleotides within one or more genes 
selected from the group comprising Versican, TPEF, H-Cad 
herin, Calcitonin and EYA4 and their promoter and regula 
tory elements in both the pretreated and genomic versions of 
each gene, SEQ ID NO 1 to SEQ ID NO 25 respectively. 
However, it is anticipated that for economic or other factors 
it may be preferable to analyse a limited selection of the 
CpG dinucleotides within said sequences and the contents of 
the set of oligonucleotides should be altered accordingly. 
Therefore, the present invention moreover relates to a set of 
at least 4 oligonucleotides and/or PNA-oligomers used for 
detecting the cytosine methylation state in pretreated 
genomic DNA (SEQ ID NO 6 to SEQ ID NO 25 and 
sequences complementary thereto) and genomic DNA (SEQ 
ID NO 1 to SEQ ID NO 5 and sequences complementary 
thereto). These probes enable diagnosis and/or therapy of 
genetic and epigenetic parameters of cell proliferative dis 
orders. The set of oligomers may also be used for detecting 
single nucleotide polymorphisms (SNPs) in pretreated 
genomic DNA (SEQ ID NO 6 to SEQ ID NO 25, and 
sequences complementary thereto) and genomic DNA (SEQ 
ID NO 1 to SEQ ID NO 5, and sequences complementary 
thereto). 
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0054 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 6 to SEQ ID NO 25 and 
sequences complementary thereto, or segments thereof. 
0055. In the case of the sets of oligonucleotides according 
to the present invention, it is preferred that at least one and 
more preferably all members of the set of oligonucleotides 
is bound to a solid phase. 
0056. 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 may also 
be used. 

0057 Therefore, a further subject matter of the present 
invention is a method for manufacturing an array fixed to a 
carrier material for analysis in connection with cell prolif 
erative disorders, 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 U.S. Pat. No. 5,744,305 by means of 
Solid-phase chemistry and photolabile protecting groups. 
0.058 A further subject matter of the present invention 
relates to a DNA chip for the analysis of cell proliferative 
disorders. DNA chips are known, for example, in U.S. Pat. 
No. 5,837,832. 
0059. The present invention further provides a method 
for conducting an assay in order to ascertain genetic and/or 
epigenetic parameters of one or more genes selected from 
the group comprising Versican, TPEF, H-Cadherin, Calci 
tonin and EYA4 and their promoter and regulatory elements. 
Most preferably the assays according to the following 
method are used in order to detect methylation within one or 
more genes selected from the group comprising Versican, 
TPEF, H-Cadherin, Calcitonin and EYA4 wherein said 
methylated nucleic acids are present in a solution further 
comprising an excess of background DNA, wherein the 
background DNA is present in between 100 to 1000 times 
the concentration of the DNA to be detected. Said method 
comprises contacting a nucleic acid sample obtained from a 
Subject with at least one reagent or a series of reagents, 
wherein said reagent or series of reagents, distinguishes 
between methylated and non-methylated CpG dinucleotides 
within the target nucleic acid. 
0060 Preferably, said method comprises the following 
steps: In the first step, a sample of the tissue to be analysed 
is obtained. The Source may be any suitable source, prefer 
ably, the source of the sample is selected from the group 
consisting of histological slides, biopsies, paraffin-embed 
ded tissue, bodily fluids, stool, blood, serum, plasma, urine, 
sputum and combinations thereof. Preferably, the source is 
biopsies, bodily fluids, urine, or blood. 
0061 The DNA is then isolated from the sample. Extrac 
tion may be by means that are standard to one skilled in the 
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art, including the use of detergent lysates, Sonification and 
Vortexing with glass beads. Once the nucleic acids have been 
extracted, the genomic double stranded DNA is used in the 
analysis. 

0062. In the second step of the method, the genomic DNA 
sample is treated in Such a manner that cytosine bases which 
are unmethylated at the 5'-position are converted to uracil, 
thymine, or another base which is dissimilar to cytosine in 
terms of hybridisation behavior. This will be understood as 
pretreatment herein. 

0063. The above described treatment of genomic DNA is 
preferably carried out with bisulfite (hydrogen sulfite, dis 
ulfite) 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 behaviour. Enclosing the DNA to be analysed 
in an agarose matrix, thereby preventing the diffusion and 
renaturation of the DNA (bisulfite only reacts with single 
Stranded DNA), and replacing all precipitation and purifi 
cation steps with fast dialysis (Olek A, et al. A modified and 
improved method for bisulfite based cytosine methylation 
analysis, Nucleic Acids Res. 24:5064-6, 1996). It is further 
preferred that the bisulfite treatment is carried out in the 
presence of a radical trap or DNA denaturing agent. 

0064. In the third step of the method, fragments of the 
pretreated DNA are amplified. Wherein the source of the 
DNA is free DNA from serum, or DNA extracted from 
paraffin it is particularly preferred that the size of the 
amplificate fragment is between 100 and 200 base pairs in 
length, and wherein said DNA source is extracted from 
cellular sources (e.g. tissues, biopsies, cell lines) it is pre 
ferred that the amplificate is between 100 and 350 base pairs 
in length. It is particularly preferred that said amplificates 
comprise at least one 20 base pair sequence comprising at 
least three CpG dinucleotides. Said amplification is carried 
out using sets of primer oligonucleotides according to the 
present invention, and a preferably heat-stable polymerase. 
The amplification of several DNA segments can be carried 
out simultaneously in one and the same reaction vessel, in 
one embodiment of the method preferably two or more 
fragments are amplified simultaneously. Typically, the 
amplification is carried out using a polymerase chain reac 
tion (PCR). The set of primer oligonucleotides includes at 
least two oligonucleotides whose sequences are each reverse 
complementary, identical, or hybridise under stringent or 
highly stringent conditions to an at least 18-base-pair long 
segment of the base sequences of SEQ ID NO 6 to SEQ ID 
NO 25 and sequences complementary thereto. 

0065. In an alternate embodiment of the method, the 
methylation status of preselected CpG positions within the 
nucleic acid sequences comprising SEQID NO 6 to SEQID 
NO 25 may be detected by use of methylation-specific 
primer oligonucleotides. This technique (MSP) has been 
described in U.S. Pat. No. 6,265,171 to Herman. The use of 
methylation status specific primers for the amplification of 
bisulfite treated DNA allows the differentiation between 
methylated and unmethylated nucleic acids. MSP primers 
pairs contain at least one primer which hybridizes to a 
bisulfite treated CpG dinucleotide. Therefore, the sequence 
of said primers comprises at least one CpG, TpG or Cp A 
dinucleotide. MSP primers specific for non-methylated 
DNA contain a “T” at the 3' position of the C position in the 
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CpG. Preferably, therefore, the base sequence of said prim 
ers is required to comprise a sequence having a length of at 
least 18 nucleotides which hybridizes to a pretreated nucleic 
acid sequence according to SEQID NO 6 to SEQID NO 25 
and sequences complementary thereto, wherein the base 
sequence of said oligomers comprises at least one CpG, TpG 
or CpA dinucleotide. In this embodiment of the method 
according to the invention it is particularly preferred that the 
MSP primers comprise between 2 and 5 CpG, TpG or CpA 
dinucleotides. It is further preferred that said dinucleotides 
are located within the 3' half of the primer e.g. wherein a 
primer is 18 bases in length the specified dinucleotides are 
located within the first 9 bases form the 3' end of the 
molecule. In addition to the CpG, TpG or CpA dinucleotides 
it is further preferred that said primers should further com 
prise several bisulfite converted bases (i.e. cytosine con 
verted to thymine, or on the hybridizing strand, guanine 
converted to adenosine). In a further preferred embodiment 
said primers are designed so as to comprise no more than 2 
cytosine or guanine bases. 
0066. In one embodiment of the method the primers may 
be selected from the group consisting of SEQID NO 34 to 
SEQ ID NO 49, 96, 97, 101, 102, 106 and 107. 
0067. The fragments obtained by means of the amplifi 
cation can carry a directly or indirectly detectable label. 
Preferred are labels in the form of fluorescence labels, 
radionuclides, or detachable molecule fragments having a 
typical mass which can be detected in a mass spectrometer. 
Where said labels are mass labels, it is preferred that the 
labelled amplificates have a single positive or negative net 
charge, allowing for better detectability in the mass spec 
trometer. The detection may be carried out and visualised by 
means of, e.g., matrix assisted laser desorption/ionisation 
mass spectrometry (MALDI) or using electron spray mass 
spectrometry (ESI). 
0068. Matrix Assisted Laser Desorption/Ionization Mass 
Spectrometry (MALDI-TOF) is a very efficient development 
for the analysis of biomolecules (Karas & Hillenkamp, Anal 
Chem., 60:2299-301, 1988). 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 
vapour phase in an unfragmented manner. The analyte is 
ionised by collisions with matrix molecules. An applied 
voltage accelerates the ions into a field-free flight tube. Due 
to their different masses, the ions are accelerated at different 
rates. Smaller ions reach the detector Sooner than bigger 
ones. MALDI-TOF spectrometry is well suited to the analy 
sis of peptides and proteins. The analysis of nucleic acids is 
somewhat more difficult (Gut & Beck, Current Innovations 
and Future Trends, 1:147-57, 1995). The sensitivity with 
respect to nucleic acid analysis is approximately 100-times 
less than for peptides, and decreases disproportionally with 
increasing fragment size. Moreover, for nucleic acids having 
a multiply negatively charged backbone, the ionisation pro 
cess via the matrix is considerably less efficient. In MALDI 
TOF spectrometry, the selection of the matrix plays an 
eminently important role. For the desorption of peptides, 
several very efficient matrixes have been found which pro 
duce a very fine crystallisation. There are now several 
responsive matrixes for DNA, however, the difference in 
sensitivity between peptides and nucleic acids has not been 
reduced. This difference in sensitivity can be reduced, how 
ever, by chemically modifying the DNA in such a manner 
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that it becomes more similar to a peptide. For example, 
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 & Beck, Nucleic Acids Res. 23: 
1367-73, 1995). The coupling of a charge tag to this modi 
fied DNA results in an increase in MALDI-TOF 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 makes the detection of 
unmodified substrates considerably more difficult. 
0069. In a particularly preferred embodiment of the 
method the amplification of step three is carried out in the 
presence of at least one species of blocker oligonucleotides. 
The use of such blocker oligonucleotides has been described 
by Yu et al., BioTechniques 23:714-720, 1997. The use of 
blocking oligonucleotides enables the improved specificity 
of the amplification of a Sub-population of nucleic acids. 
Blocking probes hybridised to a nucleic acid suppress, or 
hinder the polymerase mediated amplification of said 
nucleic acid. In one embodiment of the method blocking 
oligonucleotides are designed so as to hybridise to back 
ground DNA. In a further embodiment of the method said 
oligonucleotides are designed so as to hinder or Suppress the 
amplification of unmethylated nucleic acids as opposed to 
methylated nucleic acids or vice versa. 
0070 Blocking probe oligonucleotides are hybridised to 
the bisulfite treated nucleic acid concurrently with the PCR 
primers. PCR amplification of the nucleic acid is terminated 
at the 5' position of the blocking probe, such that amplifi 
cation of a nucleic acid is Suppressed where the comple 
mentary sequence to the blocking probe is present. The 
probes may be designed to hybridize to the bisulfite treated 
nucleic acid in a methylation status specific manner. For 
example, for detection of methylated nucleic acids within a 
population of unmethylated nucleic acids, Suppression of the 
amplification of nucleic acids which are unmethylated at the 
position in question would be carried out by the use of 
blocking probes comprising a TpG at the position in 
question, as opposed to a CpG. In one embodiment of the 
method the sequence of said blocking oligonucleotides 
should be identical or complementary to molecule is 
complementary or identical to a sequence at least 18 base 
pairs in length selected from the group consisting of SEQID 
NO 6 to SEQID NO 25, preferably comprising one or more 
CpG, TpG or Cp A dinucleotides. In one embodiment of the 
method the sequence of said oligonucleotides is selected 
from the group consisting SEQID NO 85 to SEQID NO 87, 
98, 103 and 108 and sequences complementary thereto. 

0071 For PCR methods using blocker oligonucleotides, 
efficient disruption of polymerase-mediated amplification 
requires that blocker oligonucleotides not be elongated by 
the polymerase. Preferably, this is achieved through the use 
of blockers that are 3'-deoxyoligonucleotides, or oligonucle 
otides derivitized at the 3' position with other than a “free” 
hydroxyl group. For example, 3'-O-acetyl oligonucleotides 
are representative of a preferred class of blocker molecule. 
0072 Additionally, polymerase-mediated decomposition 
of the blocker oligonucleotides should be precluded. Pref 
erably, Such preclusion comprises either use of a polymerase 
lacking 5'-3' exonuclease activity, or use of modified blocker 
oligonucleotides having, for example, thioate bridges at the 
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5'-terminii thereof that render the blocker molecule 
nuclease-resistant. Particular applications may not require 
such 5' modifications of the blocker. For example, if the 
blocker- and primer-binding sites overlap, thereby preclud 
ing binding of the primer (e.g., with excess blocker), deg 
radation of the blocker oligonucleotide will be substantially 
precluded. This is because the polymerase will not extend 
the primer toward, and through (in the 5'-3' direction) the 
blocker—a process that normally results in degradation of 
the hybridized blocker oligonucleotide. 
0073) A particularly preferred blocker/PCR embodiment, 
for purposes of the present invention and as implemented 
herein, comprises the use of peptide nucleic acid (PNA) 
oligomers as blocking oligonucleotides. Such PNA blocker 
oligomers are ideally Suited, because they are neither 
decomposed nor extended by the polymerase. 
0074. In one embodiment of the method, the binding site 
of the blocking oligonucleotide is identical to, or overlaps 
with that of the primer and thereby hinders the hybridisation 
of the primer to its binding site. In a further preferred 
embodiment of the method, two or more such blocking 
oligonucleotides are used. In a particularly preferred 
embodiment, the hybridisation of one of the blocking oli 
gonucleotides hinders the hybridisation of a forward primer, 
and the hybridisation of another of the probe (blocker) 
oligonucleotides hinders the hybridisation of a reverse 
primer that binds to the amplificate product of said forward 
primer. 

0075. In an alternative embodiment of the method, the 
blocking oligonucleotide hybridises to a location between 
the reverse and forward primer positions of the treated 
background DNA, thereby hindering the elongation of the 
primer oligonucleotides. 
0076. It is particularly preferred that the blocking oligo 
nucleotides are present in at least 5 times the concentration 
of the primers. 
0077. In the fourth step of the method, the amplificates 
obtained during the third step of the method are analysed in 
order to ascertain the methylation status of the CpG dinucle 
otides prior to the treatment. 
0078. In embodiments where the amplificates were 
obtained by means of MSP amplification and/or blocking 
oligonucleotides, the presence or absence of an amplificate 
is in itself indicative of the methylation state of the CpG 
positions covered by the primers and or blocking oligonucle 
otide, according to the base sequences thereof. All possible 
known molecular biological methods may be used for this 
detection, including, but not limited to gel electrophoresis, 
sequencing, liquid chromatography, hybridisations, real 
time PCR analysis or combinations thereof. This step of the 
method further acts as a qualitative control of the preceding 
steps. 

0079. In the fourth step of the method amplificates 
obtained by means of both standard and methylation specific 
PCR are further analysed in order to determine the CpG 
methylation status of the genomic DNA isolated in the first 
step of the method. This may be carried out by means of 
based-based methods such as, but not limited to, array 
technology and probe based technologies as well as by 
means of techniques such as sequencing and template 
directed extension. 
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0080. In one embodiment of the method, the amplificates 
synthesised in step three are Subsequently hybridised to an 
array or a set of oligonucleotides and/or PNA probes. In this 
context, the hybridisation takes place in the following man 
ner: the set of probes used during the hybridisation is 
preferably composed of at least 2 oligonucleotides or PNA 
oligomers; in the process, the amplificates serve as probes 
which hybridise to oligonucleotides previously bonded to a 
Solid phase; the non-hybridised fragments are Subsequently 
removed; said oligonucleotides contain at least one base 
sequence having a length of at least 9 nucleotides which is 
reverse complementary or identical to a segment of the base 
sequences specified in the SEQ ID NO 2 to SEQ ID NO 5: 
and the segment comprises at least one CpG, TpG or Cp A 
dinucleotide. 

0081. In a preferred embodiment, said dinucleotide is 
present in the central third of the oligomer. For example, 
wherein the oligomer comprises one CpG dinucleotide, said 
dinucleotide is preferably the fifth to ninth nucleotide from 
the 5'-end of a 13-mer. One oligonucleotide exists for the 
analysis of each CpG dinucleotide within the sequence 
according to SEQ ID NO 1 to SEQ ID NO 5, and the 
equivalent positions within SEQID NO 6 to SEQID NO 25. 
Said oligonucleotides may also be in the form of peptide 
nucleic acids. The non-hybridised amplificates are then 
removed. The hybridised amplificates are detected. In this 
context, it is preferred that labels attached to the amplificates 
are identifiable at each position of the solid phase at which 
an oligonucleotide sequence is located. In one embodiment 
of the method said oligonucleotides may be selected from 
the group comprising SEQ ID NOS 50-77, 88 and 89. 
0082 In yet a further embodiment of the method, the 
genomic methylation status of the CpG positions may be 
ascertained by means of oligonucleotide probes that are 
hybridised to the bisulfite treated DNA concurrently with the 
PCR amplification primers (wherein said primers may either 
be methylation specific or standard). 
0083. A particularly preferred embodiment of this 
method is the use of fluorescence-based Real Time Quanti 
tative PCR (Heidet al., Genome Res. 6:986-994, 1996; also 
see U.S. Pat. No. 6,331,393). There are two preferred 
embodiments of utilising this method. One embodiment, 
known as the TaqManTM assay employs a dual-labelled 
fluorescent oligonucleotide probe. The TaqManTM PCR 
reaction employs the use of a nonextendible interrogating 
oligonucleotide, called a TaqManTM probe, which is 
designed to hybridise to a GpC-rich sequence located 
between the forward and reverse amplification primers. The 
TaqManTM probe further comprises a fluorescent “reporter 
moiety' and a “quencher moiety' covalently bound to linker 
moieties (e.g., phosphoramidites) attached to the nucleotides 
of the TaqManTM oligonucleotide. Hybridised probes are 
displaced and broken down by the polymerase of the ampli 
fication reaction thereby leading to an increase in fluores 
cence. For analysis of methylation within nucleic acids 
subsequent to bisulfite treatment, it is required that the probe 
be methylation specific, as described in U.S. Pat. No. 
6,331.393. (hereby incorporated by reference in its entirety) 
also known as the MethylLightTM assay. The second pre 
ferred embodiment of this technology is the use of dual 
probe technology (LightcyclerTM), each carrying donor or 
recipient fluorescent moieties, hybridisation of two probes in 
proximity to each other is indicated by an increase or 
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fluorescent amplification primers. Both these techniques 
may be adapted in a manner suitable for use with bisulfite 
treated DNA, and moreover for methylation analysis within 
CpG dinucleotides. In one embodiment of the method the 
sequence of said probe oligonucleotides may be selected 
from the group comprising SEQID NO 78-84, 90,99, 100, 
104, 105, 109 and 110. 
0084. In a further preferred embodiment of the method, 
the fourth step of the method comprises the use of template 
directed oligonucleotide extension, such as MS-SNuPE as 
described by Gonzalgo & Jones, Nucleic Acids Res. 
25:2529-2531, 1997. In said embodiment it is preferred that 
the Ms-SNuPE primer is identical or complementary to a 
sequence at least nine but preferably no more than twenty 
five nucleotides in length of one or more of the sequences 
taken from the group of SEQ ID NO 2 to SEQ ID NO 5. 
0085. In yet a further embodiment of the method, the 
fourth step of the method comprises sequencing and Subse 
quent sequence analysis of the amplificate generated in the 
third step of the method (Sanger F., et al., Proc Natl Acad Sci 
USA 74:5463-5467, 1977). 
0.086 Additional embodiments of the invention provide a 
method for the analysis of the methylation status of genomic 
DNA according to the invention (SEQ ID NO 1 to SEQ ID 
NO 5 ) without the need for pretreatment. 
0087. In the first step of such additional embodiments, 
the genomic DNA sample is isolated from tissue or cellular 
sources. Preferably, such sources include cell lines, histo 
logical slides, body fluids, or tissue embedded in paraffin. 
Extraction may be by means that are standard to one skilled 
in the art, including but not limited to the use of detergent 
lysates, Sonification and Vortexing with glass beads. Once 
the nucleic acids have been extracted, the genomic double 
stranded DNA is used in the analysis. 
0088. In a preferred embodiment, the DNA may be 
cleaved prior to the treatment, and this may be by any means 
standard in the state of the art, in particular with methyla 
tion-sensitive restriction endonucleases. 

0089. In the second step, the DNA is then digested with 
one or more methylation sensitive restriction enzymes. The 
digestion is carried out such that hydrolysis of the DNA at 
the restriction site is informative of the methylation status of 
a specific CpG dinucleotide. 
0090. In the third step, which is optional but a preferred 
embodiment, the restriction fragments are amplified. This is 
preferably carried out using a polymerase chain reaction, 
and said amplificates may carry Suitable detectable labels as 
discussed above, namely fluorophore labels, radionuclides 
and mass labels. 

0091. In the final step the amplificates are detected. The 
detection may be by any means standard in the art, for 
example, but not limited to, gel electrophoresis analysis, 
hybridisation analysis, incorporation of detectable tags 
within the PCR products, DNA array analysis, MALDI or 
ESI analysis. 
0092. The present invention enables diagnosis and/or 
prognosis of events which are disadvantageous to patients or 
individuals in which important genetic and/or epigenetic 
parameters within the Versican, TPEF, H-Cadherin, Calci 
tonin and EYA4 and their promoter or regulatory elements 
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may be used as markers. 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 disadvantageous to patients or individuals. 
0093 Specifically, the present invention provides for 
diagnostic and/or prognostic cancer assays based on mea 
surement of differential methylation of Versican, TPEF, 
H-Cadherin, Calcitonin and/or EYA4 CpG dinucleotide 
sequences. Preferred gene sequences useful to measure Such 
differential methylation are represented herein by SEQ ID 
NO 1 to SEQ ID NO 25. Typically, such assays involve 
obtaining a tissue sample from a test tissue, performing an 
assay to measure the methylation status of at least one of the 
inventive Versican, TPEF, H-Cadherin, Calcitonin and/or 
EYA4 specific CpG dinucleotide sequences derived from the 
tissue sample, relative to a control sample, and making a 
diagnosis or prognosis based thereon. 
0094. In particular preferred embodiments, inventive oli 
gomers are used to assess Versican, TPEF, H-Cadherin, 
Calcitonin and/or EYA4 specific CpG dinucleotide methy 
lation status, such as those based on SEQID NO 1 to SEQ 
ID NO 25, including the representative preferred oligomers 
corresponding to SEQ ID NOS: ALL OLIGOS, or arrays 
thereof, as well as a kit based thereon are useful for the 
diagnosis and/or prognosis of cancer and/or other prostate 
cell proliferative disorders. 
0095 The present invention moreover relates to a diag 
nostic agent and/or therapeutic agent for the diagnosis 
and/or therapy colon cell proliferative disorders, the diag 
nostic agent and/or therapeutic agent being characterised in 
that at least one primer or probe based on SEQ ID NO 1 to 
SEQ ID NO 25 is used for manufacturing it, possibly 
together with Suitable additives and ancillary agents. 
0096. Moreover, an additional aspect of the present 
invention is a kit comprising, for example: a bisulfite 
containing reagent as well as at least one oligonucleotide 
whose sequences in each case correspond, are complemen 
tary, or hybridise under stringent or highly stringent condi 
tions to a 18-base long segment of the sequences SEQ ID 
NO 1 to SEQ ID NO 5. Said kit may further comprise 
instructions for carrying out and evaluating the described 
method. In a further preferred embodiment, said kit may 
further comprise standard reagents for performing a CpG 
position-specific methylation analysis, wherein said analysis 
comprises one or more of the following techniques: MS 
SNuPE, MSP. MethyLight, Heavy MethylTM COBRA, and 
nucleic acid sequencing. However, a kit along the lines of 
the present invention can also contain only part of the 
aforementioned components. 
0097. Typical reagents (e.g., as might be found in a 
typical COBRA-based kit) for COBRA analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); 
restriction enzyme and appropriate buffer; gene-hybridisa 
tion oligo; control hybridisation oligo; kinase labelling kit 
for oligo probe; and radioactive nucleotides. Additionally, 
bisulfite conversion reagents may include: DNA denatur 
ation buffer; sulfonation buffer; DNA recovery reagents or 
kits (e.g., precipitation, ultrafiltration, affinity column); des 
ulfonation buffer; and DNA recovery components. 
0098. Typical reagents (e.g., as might be found in a 
typical Methylight-based kit) for Methylight analysis may 
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include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); 
TaqMan(R) probes; optimized PCR buffers and deoxynucle 
otides; and Taq polymerase. 
0099 Typical reagents (e.g., as might be found in a 
typical Ms-SNuPE-based kit) for Ms-SNuPE analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); 
optimised PCR buffers and deoxynucleotides; gel extraction 
kit; positive control primers; Ms-SNuPE primers for specific 
gene; reaction buffer (for the Ms-SNuPE reaction); and 
radioactive nucleotides. Additionally, bisulfite conversion 
reagents may include: DNA denaturation buffer; sulfonation 
buffer; DNA recovery regents or kit (e.g., precipitation, 
ultrafiltration, affinity column); desulfonation buffer; and 
DNA recovery components. 
0100 Typical reagents (e.g., as might be found in a 
typical MSP-based kit) for MSP analysis may include, but 
are not limited to: methylated and unmethylated PCR prim 
ers for specific gene (or methylation-altered DNA sequence 
or CpG island), optimized PCR buffers and deoxynucle 
otides, and specific probes. 
Definitions: 

0101 The term “CpG island” refers to a contiguous 
region of genomic DNA that satisfies the criteria of (1) 
having a frequency of CpG dinucleotides corresponding to 
an "Observed/Expected Ratio's 0.6, and (2) having a “GC 
Content'>0.5. CpG islands are typically, but not always, 
between about 0.2 to about 1 kb in length. 
0102) The term “methylation state' or “methylation sta 
tus’ refers to the presence or absence of 5-methylcytosine 
(“5-mCyt”) at one or a plurality of CpG dinucleotides within 
a DNA sequence. Methylation states at one or more particu 
lar palindromic CpG methylation sites (each having two 
CpG CpG dinucleotide sequences) within a DNA sequence 
include “unmethylated.”“fully-methylated” and “hemi-me 
thylated.” 
0103) The term “hemi-methylation” or “hemimethyla 
tion” refers to the methylation state of a palindromic CpG 
methylation site, where only a single cytosine in one of the 
two CpG dinucleotide sequences of the palindromic CpG 
methylation site is methylated (e.g., 5'-CCGG-3' (top 
strand): 3'-GGCC-5' (bottom strand)). 
0104. The term “hypermethylation” refers to the average 
methylation state corresponding to an increased presence of 
5-mCyt at one or a plurality of CpG dinucleotides within a 
DNA sequence of a test DNA sample, relative to the amount 
of 5-mCyt found at corresponding CpG dinucleotides within 
a normal control DNA sample. 
0105 The term “hypomethylation” refers to the average 
methylation state corresponding to a decreased presence of 
5-mCyt at one or a plurality of CpG dinucleotides within a 
DNA sequence of a test DNA sample, relative to the amount 
of 5-mCyt found at corresponding CpG dinucleotides within 
a normal control DNA sample. 
0106) The term “microarray” refers broadly to both 
“DNA microarrays, and DNA chip(s), as recognised in the 
art, encompasses all art-recognized solid Supports, and 
encompasses all methods for affixing nucleic acid molecules 
thereto or synthesis of nucleic acids thereon. 
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0.107 “Genetic parameters' are mutations and polymor 
phisms of genes and sequences further required for their 
regulation. To be designated as mutations are, in particular, 
insertions, deletions, point mutations, inversions and poly 
morphisms and, particularly preferred, SNPs (single nucle 
otide polymorphisms). 
0.108 “Epigenetic parameters' are, in particular, cytosine 
methylations. Further epigenetic parameters include, for 
example, the acetylation of histones which, however, cannot 
be directly analysed using the described method but which, 
in turn, correlate with the DNA methylation. 
0.109 The term “bisulfite reagent” refers to a reagent 
comprising bisulfite, disulfite, hydrogen Sulfite or combina 
tions thereof, useful as disclosed herein to distinguish 
between methylated and unmethylated CpG dinucleotide 
Sequences. 

0110. The term “Methylation assay” refers to any assay 
for determining the methylation state of one or more CpG 
dinucleotide sequences within a sequence of DNA. 
0111. The term “MS.AP-PCR (Methylation-Sensitive 
Arbitrarily-Primed Polymerase Chain Reaction) refers to the 
art-recognised technology that allows for a global scan of 
the genome using CG-rich primers to focus on the regions 
most likely to contain CpG dinucleotides, and described by 
Gonzalgo et al., Cancer Research 57:594-599, 1997. 
0.112. The term “Methylight” refers to the art-recognised 
fluorescence-based real-time PCR technique described by 
Eads et al., Cancer Res. 59:2302-2306, 1999. 
0113. The term “HeavyMethyl assay, in the embodiment 
thereof implemented herein, refers to a HeavyMethylTM 
MethylLight assay, which is a variation of the Methyl 
LightDassay, wherein the MethylLight assay is combined 
with methylation specific blocking probes covering CpG 
positions between the amplification primers. 
0114. The term “Ms-SNuPE (Methylation-sensitive 
Single Nucleotide Primer Extension) refers to the art-rec 
ognised assay described by Gonzalgo & Jones, Nucleic 
Acids Res. 25:2529-2531, 1997. 
0115 The term “MSP' (Methylation-specific PCR) refers 
to the art-recognized methylation assay described by Her 
man et al. Proc. Natl. Acad. Sci. USA 93:9821-9826, 1996, 
and by U.S. Pat. No. 5,786,146. 
0116. The term “COBRA” (Combined Bisulfite Restric 
tion Analysis) refers to the art-recognized methylation assay 
described by Xiong & Laird, Nucleic Acids Res. 25:2532 
2534, 1997. 

0.117) The term “hybridisation' is to be understood as a 
bond of an oligonucleotide to a complementary sequence 
along the lines of the Watson-Crick base pairings in the 
sample DNA, forming a duplex structure. 
0118 “Stringent hybridisation conditions, as defined 
herein, involve hybridising at 68° C. in 5xSSC/5x Den 
hardt’s solution/1.0% SDS, and washing in 0.2xSSC/0.1% 
SDS at room temperature, or involve the art-recognised 
equivalent thereof (e.g., conditions in which a hybridisation 
is carried out at 60° C. in 2.5xSSC buffer, followed by 
several washing steps at 37°C. in a low buffer concentration, 
and remains stable). Moderately stringent conditions, as 
defined herein, involve including washing in 3xSSC at 42 
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C., or the art-recognised equivalent thereof. The parameters 
of salt concentration and temperature can be varied to 
achieve the optimal level of identity between the probe and 
the target nucleic acid. Guidance regarding Such conditions 
is available in the art, for example, by Sambrook et al., 1989, 
Molecular Cloning, A Laboratory Manual, Cold Spring 
Harbor Press, N.Y.; and Ausubel et al. (eds.), 1995, Current 
Protocols in Molecular Biology, (John Wiley & Sons, N.Y.) 
at Unit 2.10. 

0119) “Background DNA” as used herein refers to any 
nucleic acids which originate from Sources other than colon 
cells. 

LEGENDS TO FIGURES 

0120 FIG. 1 shows the level of methylation determined 
by different MSP Methylight assays and Heavy Methyl 
Methylight assays. The Y-axis shows the degree of methy 
lation. Tumor samples are represented by white points, and 
normal colon tissue samples by black points. A significantly 
higher degree of methylation was observed in tumor samples 
than in healthy tissue samples. 

0121 FIG. 2 shows the Receiver Operating Character 
istic curve (ROC curve) of the EYA4-MSP-Methyl-Light 
Assay for adenocarcinomas according to Example 1. The 
AUC for the MSP-Methyl-Light-Assay is: 0.94. 

0122 FIG. 3 shows the Receiver Operating Character 
istic curve (ROC curve) of the EYA4-HM-Methyl-Light 
Assay for Adenocarcinoma according to Example 2. The 
AUC for the HM-Methyl-Light-Assay is: 0.91. 

0123 FIG. 4 shows the level of methylation determined 
by a EYA4-Heavy Methyl MethylightTM assay according to 
example 2, testing an additional set of colon samples (25 
adenocarcinoma, 33 normals, and 13 adenomas). The Y-axis 
shows the degree of methylation within the region of the 
EYA4 gene investigated. Adenocarcinoma samples are rep 
resented by white squares, and normal colon tissue samples 
by black diamonds. A significantly higher degree of methy 
lation was observed in tumor samples than in healthy tissue 
samples. The level of significance as measured using a t-test 
was 0.00424. 

0124 FIG. 5 shows the Receiver Operating Character 
istic curve (ROC curve) of the EYA4-HM-Methyl-Light 
Assay for Adenocarcinoma and Adenoma according to 
Example 2 (additional sets of samples). The area under an 
ROC curve (AUC) is a measure for the accuracy of a 
diagnostic test. The AUC for the HM-Methyl-Light-Assay is 
O.81. 

0125 FIG. 6 shows the Receiver Operating Character 
istic curve (ROC curve) of the EYA4-HM-Methyl-Light 
Assay for Adenocarcinoma only according to Example 2 
(additional sets of samples). The area under an ROC curve 
(AUC) is a measure for the accuracy of a diagnostic test. The 
AUC for the HM-Methyl-Light-Assay is: 0.844. 

0126 FIG. 7 shows the Receiver Operating Character 
istic curve (ROC curve) of the EYA4-HM-Methyl-Light 
Assay for Adenenomas according to Example 2 (additional 
sets of samples). The area under an ROC curve (AUC) is a 
measure for the accuracy of a diagnostic test. The AUC for 
the HM-Methyl-Light-Assay is: 0.748. 
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0127 FIG. 8 shows the level of methylation in different 
tumor and healthy tissues determined by a EYA4-HeavyM 
ethyl MethylightTM assay according to example 3. The 
Y-axis shows the degree of methylation within the region of 
the EYA4 gene investigated. Besides the colon cancer 
samples only one of the two breast cancer tissues were 
methylated. 

0128 FIG. 9 shows the level of methylation in different 
breast cancer tissues determined by a EYA4-Heavy Methyl 
MethylightTM assay according to example 3. Only one was 
methylated. 

0129 FIG. 10 shows the level of methylation in serum 
samples determined by a EYA4-Heavy Methyl Meth 
yLightTM assay according to example 4. The Y-axis shows 
the degree of methylation within the region of the EYA4 
gene investigated. 

0130 FIG. 11 shows the Receiver Operating Character 
istic curve (ROC curve) of the Calcitonin-MSP-Methyl 
Light-Assay according to Example 5. The area under an 
ROC curve (AUC) is a measure for the accuracy of a 
diagnostic test. The AUC for the HM-Methyl-Light-Assay 
is: 0.85. 

0131 FIG. 12 shows the ROC curve of the Calcitonin 
HM-Methyl-Light-Assay according to Example 6. The AUC 
is: 0.81. 

0132 FIG. 13 shows the ROC curve of the Versican 
MSP-Methyl-Light-Assay according to Example 9. The 
AUC is: 0.84. 

0.133 FIG. 14 shows the ROC curve of the TBEF-MSP 
Methyl-Light-Assay according to Example 10. The AUC is: 
O.80. 

0134 FIG. 15 shows the ROC curve of the Cadherin 
MSP-Methyl-Light-Assay according to Example 12. The 
AUC is: 0.94. 

0135 FIG. 16 shows the differentiation of healthy tissue 
from non healthy tissue wherein the non healthy specimens 
are obtained from either colon adenoma or colon carcinoma 
tissue (Example 13). The evaluation is carried out using 
informative CpG positions from 27 genes. Informative CpG 
positions from the genes Versican, TPEF, EYA4 and H-Cad 
herin are further described in Table 3. 

0.136 FIG. 17 shows the differentiation of healthy tissue 
from carcinoma tissue using informative CpG positions 
from 15 genes (Example 13). Informative CpG positions 
from the genes Versican, TPEF, EYA4 and H-Cadherin are 
further described in Table 4. 

0.137 FIG. 18 shows the differentiation of healthy tissue 
from adenoma tissue using informative CpG positions from 
40 genes (Example 13). Informative CpG positions from the 
genes Versican, TPEF, EYA4 and H-Cadherin are further 
described in Table 5. 

0138 FIG. 19 shows the ROC curve of the TPEF-MSP 
Methyl-Light-Assay according to Example 11 (first sample 
set). The AUC is: 0.93. 

0.139 FIG. 20 shows the ROC curve of the TPEF-MSP 
Methyl-Light-Assay according to Example 11 (second 
sample set). The AUC is: 1. 
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0140 FIG. 21 shows the ROC curve of a combined 
EYA4-Calcitonin-Heavymethyl-Methyl-Light-Assay 
according to Example 6. The AUC is: 0.97. 
0141 FIG. 22 shows the regression plot of the percent 
age methylation within the EYA 4 gene calculated in each 
sample using the MSP and HeavyMethyl variants of the 
Methylight assay. 
0142 FIG. 23 shows the regression plot of the percent 
age methylation within the Calcitonin gene calculated in 
each sample using the MSP and Heavy Methyl variants of the 
Methylight assay. 

EXAMPLES 

0143. The following examples describe the analysis of 
the methylation status of the genes EYA4, Calcitonin, TPEF, 
H-Cadherin and Versican in healthy and sick colon cell 
proliferative disorder samples. The initial link between said 
genes and colon cell proliferative disorders was initially 
carried by means of hybridisation analysis as described in 
examples 13 onwards. The genes EYA 4, Calcitonin, TPEF, 
H-Cadherin and Versican were then selected from the larger 
set of genes analysed in said examples, and the correlation 
between methylation status and colon cell proliferative 
disorder states was validated by analysis of samples using 
other methylation analysis techniques, namely the MSP 
Methylight and Heavy Methyl Methylight assays. Please 
not that the term Methylight is used to describe real time 
PCR analysis of bisulfite treated DNA using probes of both 
the Taqman ingle sprobe) and Lightcycler (dual probe) 
technologies. 

Example 1 

0144 Analysis of methylation within colon cancer using 
an MSP-Methylight assay (EYA4) DNA was extracted from 
33 colon adenocarcinoma samples and 43 colon normal 
adjacent tissues using a Qiagen extraction kit. The DNA 
from each sample was treated using a bisulfite Solution 
(hydrogen Sulfite, disulfite) according to the agarose-bead 
method (Olek et al 1996). The treatment is such that all non 
methylated cytosines within the sample are converted to 
thymidine. Conversely, 5-methylated cytosines within the 
sample remain unmodified. 
0145 The methylation status was determined with a 
MSP-Methylight assay designed for the CpG island of 
interest and a control fragment from the beta actin gene 
(Eads et al., 2001). The CpG island assay covers CpG sites 
in both the primers and the Taqman style probe, while the 
control gene does not. The control gene is used as a measure 
of total DNA concentration, and the CpG island assay 
(methylation assay) determines the methylation levels at that 
site. 

0146 Methods: The EYA4 gene CpG island assay was 
performed using the following primers and probes: Forward 
Primer: CGGAGGGTACGGAGATTACG (SEQ ID 
NO:40); Reverse Primer: CGACGACGCGCGAAA (SEQ 
ID NO:41); and Probe: CGAAACCCTAAATATC 
CCGAATAACGCCG (SEQ ID NO:81). The corresponding 
control assay was performed using the following primers 
and probes: Primer: TGGTGATGGAGGAGGTTTAG 
TAAGT (SEQ ID NO:91); Primer: AACCAATAAAAC 
CTACTCCTCCCTTAA (SEQ ID NO:92); and Probe: 
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ACCACCACCCAACACACAATAACAAACACA (SEQ 
ID NO:93) The reactions were run in triplicate on each DNA 
sample with the following assay conditions: Reaction solu 
tion: (900 nM primers: 300 nM probe; 3.5 mM Magnesium 
Chloride; 1 unit of taq polymerase: 200 uM dNTPs; 7 ul of 
DNA, in a final reaction volume of 20 ul); Cycling condi 
tions: (95° C. for 10 minutes; then 50 cycles of 95° C. for 
15 seconds; 60° C. for 1 minute). 
0147 The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). 
Results. The mean PMR for normal samples was 0.15, with 
a standard deviation of 0.18. The mean PMR for tumour 
samples was 17.98, with a standard deviation of 18.18. The 
overall difference in methylation levels between tumour and 
normal samples is significant in a t-test (p=0.00000312). The 
results are shown in FIG. 1. A Receiver Operating Charac 
teristic curve (ROC curve) of the assay was also determined. 
A ROC is a plot of the true positive rate against the false 
positive rate for the different possible cutpoints of a diag 
nostic test. It shows the tradeoff between sensitivity and 
specificity depending on the selected cutpoint (any increase 
in sensitivity will be accompanied by a decrease in speci 
ficity). The area under an ROC curve (AUC) is a measure for 
the accuracy of a diagnostic test (the larger the area the 
better, optimum is 1, a random test would have a ROC curve 
lying on the diagonal with an area of 0.5; for reference: J. P. 
Egan. Signal Detection Theory and ROC Analysis, Aca 
demic Press, New York, 1975). The AUC for the MSP 
Methyl-Light-Assay is: 0.94 (FIG. 2) 

Example 2 

0.148 Methylation within colon cancer was analysed 
using a EYA4-HeavyMethyl Methylight assay. The same 
DNA samples were also used to analyse methylation of the 
CpG island with a HeavyMethyl MethyLight (or HM Meth 
yLight) assay, also referred to as the HeavyMethyl assay. 
The methylation status was determined with a HM Meth 
yLight assay designed for the CpG island of interest and the 
same control gene assay described above. The CpG island 
assay covers CpG sites in both the blockers and the Taqman 
style probe, while the control gene does not. 
0.149 Methods. The CpG island assay (methylation 
assay) was performed using the following primers and 
probes: 

Forward Primer: 
GGTGATTGTTTATTGTTATGGTTTG (SEQ ID NO:44) 

Reverse Primer: 
CCCCTCAACCTAAAAACTACAAC (SEQ ID NO: 45) 

Forward Blocker : 
GTTATGGTTTGTGATTTTGTGTGGG (SEQ ID NO : 87) 

Reverse Blocker : 
AAACTACAACCACTCAAATCAACCCA (SEQ ID NO: 86) 

Probe: 
AAAATTACGACGACGCCACCCGAAA (SEQ ID NO: 84) 

0150. The reactions were each run in triplicate on each 
DNA sample with the following assay conditions: 
0151 Reaction solution: (400 nM primers; 400 nM 
probe; 10 uM both blockers; 3.5 mM magnesium chloride; 
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1XABI Taqman buffer; 1 unit of ABI TaqGold polymerase: 
200 uM dNTPs; and 7 ul of DNA, in a final reaction volume 
of 20 Jul); 
0152 Cycling conditions: (95DC for 10 minutes); 
(95°OC. for 15 seconds, 64° C. for 1 minute (2 cycles)); 
(95°C. for 15 seconds, 62° C. for 1 minute (2 cycles); (95° 
C. for 15 seconds, 60° C. for 1 minute (2 cycles)); and (95° 
C. for 15 seconds, 58° C. for 1 minute, 60° C. for 40 seconds 
(41 cycles)). 

0153. Results. The mean PMR for normal samples was 
1.12 with a standard deviation of 1.45. The mean PMR for 
tumour samples was 38.23 with a standard deviation of 
33.22. The overall difference in methylation levels between 
tumour and normal samples is significant in a t-test 
(p=0.000000326). The results are shown in FIG. 1. 

0154 A ROC curve of the assay was also determined. 
The AUC for the MSP-Methyl-Light-Assay is 0.91 (FIG. 3) 

0155 The assay was tested on an additional set of colon 
samples (25 adenocarcinoma, 33 normals, and 13 
adenomas). The results showed a significant difference again 
(FIG. 4). The ROC are shown in FIG. 5-7. 
0156 The MSP and HeavyMethyl variants of the Meth 
yLight assay were determined to be equivalent for the 
analysis of methylation in the gene EYA4, FIG. 22 shows 
the regression plot of the percentage methylation detected in 
each sample using the two methods. 

Example 3 

0157. The EYA4-HeavyMethyl-Methylight-assay was 
also tested against a panel of other tissues (FIG. 8). Besides 
the colon cancer samples only one of the two breast cancer 
tissues were methylated. However, on a panel of 21 addi 
tional breast tumours (different stages), only one was methy 
lated (FIG. 9). So the marker is specific for colon tumour 
samples. All primers, probes, blockers and reaction condi 
tions were identical to those used in the analysis of the colon 
cancer samples (Example 2). 

Example 4 

0158 Twelve of the colon tissues analysed by real-time 
PCR also had paired serum taken before surgery. We 
extracted DNA from 1 ml of that serum using a Qiagen 
UltraSensO DNA extraction kit, bisulfite treated the DNA 
sample, and ran the EYA4-HeavyMethyl-Methylight-assay 
on those samples. The control gene did not amplify for three 
of the cancer serum samples and three of the normal serum 
samples, so we can conclude that the sample preparation did 
not work in these cases. In the other cases, there was 
evidence of higher methylation in the cancer samples than 
the normal samples (FIG. 10). 

Example 5 

0159 Analysis of methylation within colon cancer using 
a Calcitonin-MSP-Methylight Assay The colon cancer 
samples described in Example 1 were also analysed using a 
Calcitonin-MSP-Methylight Assay, with a Taqman(R) style 
probe. The sample preparation was carried out as described 
above (Example 1) The assay was performed using the 
following primers and probes: 
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Primer: 
AGGTTATCGTCGTGCGAGTGT; (SEQ ID NO:34) 

Primer: 
TCACTCAAACGTATCCCAAACCTA; (SEQ ID NO:35) 
and 

Probe: 
CGAATCTCTCGAACGATCGCATCCA (SEQ ID NO: 78) 

0.160 The corresponding control assay was performed as 
described above (Example 1) 

0.161 The reactions were run in triplicate on each DNA 
sample with the following assay conditions: 

0162 Reaction solution: (900 nM primers: 300 nM 
probe; 3.5 mM Magnesium Chloride; 1 unit of taq poly 
merase: 200 uM dNTPs; 7 ul of DNA, in a final reaction 
volume of 20 Jul); 

0163 Cycling conditions: (95°C. for 10 minutes: 95DC 
for 15 seconds; 67° C. for 1 minute (3 cycles)): (95° C. for 
15 seconds, 64° C. for 1 minute (3 cycles)): (95° C. for 15 
seconds, 62° C. for 1 minute (3 cycles)); and (95°C. for 15 
seconds, 60° C. for 1 minute (40 cycles)). 

0164. The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). 

0.165 Results. The mean PMR for normal samples was 
0.19, with a standard deviation of 0.79. None of the normal 
samples was greater than 2 standard deviations about the 
normal mean, while 18 of 33 tumour samples reached this 
level of methylation. The overall difference in methylation 
levels between tumour and normal samples is significant in 
a t-test (p=0.002). The results are shown in FIG. 1. Signifi 
cantly, the tumour samples are substantially hypermethy 
lated relative to normal control tissue. A ROC curve of the 
assay was also determined. The AUC for the MSP-Methyl 
Light-Assay is 0.80 (FIG. 11) 

Example 6 

0166 Methylation within colon cancer was analysed 
using a Calcitonin-Heavy Methyl Methylight assay. The 
same DNA samples were also used to analyse methylation of 
the Calcitonin-CpG island with a Heavy Methyl Methylight 
assay using a Taqman R style probe (see Example 2). 

0.167 The CpG island assay (methylation assay) was 
performed using the following primers and probes: 

Primer: 
GGATGTGAGAGTTGTTGAGGTTA; (SEQ ID NO: 46) 

Primer: 
ACACACCCAAACCCATTACTATCT; (SEQ ID NO: 47) 

Probe: 
ACCTCCGAATCTCTCGAACGATCGC; (SEQ ID NO: 83) 
and 

Blocker : 
TGTTGAGGTTATGTGTAATTGGGTGTGA (SEQ ID NO: 85) 
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0168 The reactions were each run in triplicate on each 
DNA sample with the following assay conditions: 

0169. Reaction solution: (300 nM primers; 450 nM 
probe; 3.5 mM magnesium chloride; 2 units of taq poly 
merase: 400 uM dNTPs, 5uM blocker; and 7 ul of DNA, in 
a final reaction volume of 20 ul); 
0170 Cycling conditions: (95° C. for 10 minutes); (95° 
C. for 15 seconds, 67° C. for 1 minute (3 cycles)): (95° C. 
for 15 seconds, 64° C. for 1 minute (3 cycles): (95°C. for 
15 seconds, 62° C. for 1 minute (3 cycles)); and (95°C. for 
15 seconds, 60° C. for 1 minute (40 cycles)). 
0171 The corresponding control assay was performed as 
described above (Example 2) 

0172 Results. The mean PMR for normal samples was 
0.13 with a standard deviation of 0.58. None of the normal 
samples was greater than 2 standard deviations about the 
normal mean, while 19 of 33 tumour samples reached this 
level of methylation. The overall difference in methylation 
levels between tumour and normal samples is significant in 
a t-test (p=0.0004). The results are shown in FIG.1. A ROC 
curve of the assay was also determined. The AUC for the 
HM-Methyl-Light-Assay is 0.84 (FIG. 12) 

0173. In order to estimate the sensitivity and specificity 
of a real time assay analysing a gene panel comprising the 
genes Calcitonin and EYA 4, the ROC of said assay was in 
sillico determined by combining the ROCs of the 2 genes (as 
described above) using a logistics model. The AUC of said 
curve (FIG. 21) is 0.97. 

0.174. The MSP and HeavyMethyl variants of the Meth 
yLight assay were determined to be equivalent for the 
analysis of methylation in the gene Calcitonin, FIG. 23 
shows the regression plot of the percentage methylation 
detected in each sample using the two methods. 

Example 7 

0175 Serum analysis with Calcitonin-HM Methylight 
assay. Twelve of the colon tissues analysed by real-time PCR 
also had paired serum taken before surgery. We extracted 
DNA from 1 ml of that serum using a Qiagen UltraSens(R) 
DNA extraction kit, bisulfite treated the DNA sample, and 
ran the HeavyMethyl-Methylight-assay on those samples 
(see Example 3). Calcitonin was not methylated in all 
tumours, but of the five patients with the highest levels of 
methylation in the tumours, we were able to detect methy 
lation in the serum of four of them. In contrast, we did not 
detect methylation in any of the 11 serum samples taken 
from healthy donors. 

Example 8 

0176) Identification of the methylation status of a CpG 
site within the Calcitonin Gene. A fragment of the upstream 
region of the calcitonin gene (SEQID NO: 1) was amplified 
by PCR using the primers CCTTAGTCCCTACCTCTGCT 
(SEQ ID NO:94) and CTCATTTACACACACCCAAAC 
(SEQ ID NO:95). The resultant amplificate, 378 bp in 
length, contained an informative CpG at position 165. The 
amplificate DNA was digested with the methylation sensi 
tive restriction endonuclease Nar I; recognition motif 
GGCGCC. Hydrolysis by said endonuclease is blocked by 
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methylation of the CpG at position 165 of the amplificate. 
The digest was used as a control. 
0.177 Genomic DNA was isolated from the samples 
using the DNA wizzard R. DNA isolation kit (PromegaO). 
Each sample was digested using Nar I according to manu 
facturer's recommendations (New England Biolabs). 
0.178 About 10 ng of each genomic digest was then 
amplified using PCR primers CCTTAGTCCCTACCTCT 
GCT (SEQ ID NO. 94) and CTCATTTACACACAC 
CCAAAC (SEQ ID NO: 95). The PCR reactions were 
performed using a thermocycler (Eppendorf GmbH) using 
10 ng of DNA, 6 pmole of each primer, 200 uM of each 
dNTP 1.5 mM MgCl2 and 1 U of Hotstart(RTaq (Qiagen 
AG). The other conditions were as recommended by the Taq 
polymerase manufacturer. 
0.179 Using the above mentioned primers, gene frag 
ments were amplified by PCR performing a first denatur 
ation step for 14 min at 96° C., followed by 30-45 cycles 
(step 2: 60 sec at 96° C., step 3: 45 sec at 52° C., step 4: 75 
sec at 72°C.) and a subsequent final elongation of 10 min 
at 72° C. The presence of PCR products was analysed by 
agarose gel electrophoresis. 
0180 PCR products were detectable, with Nar I-hydro 
lyzed DNA isolated wherein the tissue in question contained 
upmethylated DNA, when step 2 to step 4 of the cycle 
program were repeated 34, 37, 39, 42 and 45 fold. In 
contrast, PCR products were only detectable with Nar I-hy 
drolysed DNA isolated from down methylated tissue when 
steps 2 to step 4 of the cycle program were repeated 42- and 
45-fold. 

Example 9 
0181 Analysis of methylation within colon cancer using 
a Versican-MSP-Methylight Assay. The colon cancer 
samples described in Example 1 were also analysed using a 
Versican-MSP-Methylight Assay with a Taqman(R) style 
probe. The sample preparation was carried out as described 
above (Example 1) The assay was performed using the 
following primers and probes: 

Forward Primer: 
TGGGATTAAGATTTTCGGTTAGTTTC (SEQ ID No 36) 

Reverse Primer: 
CACTACAACGCTACGCGACTAAA (SEQ ID No. 37) 

Probe: 
TCGACGTTACCCAAACGAATCACATAAAAAAC (SEQ ID No 79) 

0182. The corresponding control assay was performed as 
described above (Example 1) 
0183 The reactions were run in triplicate on each DNA 
sample with the following assay conditions: 
0184 Reaction solution: (900 nM primers: 300 nM 
probe; 3.5 mM magnesium chloride; 1 units of taq poly 
merase: 200 uM dNTPs, 5uM blocker; and 7 ul of DNA, in 
a final reaction volume of 20 ul); 
0185. Cycling conditions: 95°C. for 10 minutes; (95°C. 
for 15 seconds, 60° C. for 1 minute) 50 cycles 
0186 The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). 
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0187. Results. The results are shown in FIG.1. The mean 
PMR for normal samples was 3.93, with a standard devia 
tion of 3.57. The mean PMR for tumour samples was 23.06. 
with a standard deviation of 20.23 The overall difference in 
methylation levels between tumour and normal samples is 
significant in a t-test (p=0.000003063). The ROC curve of 
the assay is shown in FIG. 13. The AUC is 0.84. 
0188 This was further confirmed using a Versican 
HeavyMethyl Methylight assay, using dual Lightcycler 
probes. 
0189 Methods. The CpG island assay (methylation 
assay) was performed using the following primers and 
probes: 

Forward Primer: 
TGGATAGGAGTTGGGATTAAGATTTT (SEQ ID NO: 96) 

Reverse Primer: 
CTTATTACAATTTAAAAAAAAAATTCACTACAA (SEQ ID NO:97) 

Blocker : 
AAATTCACTACAACACTACACAACTAAATTCAAC (SEQ ID NO: 98) 
ATTAC 

Probe: 
TTTTCGTATTTTTTTTCGGGTTATTACGTTTT- (SEQ ID NO: 99) 
Fluor 

Probe: 
LC64 O-ATGTGATTCGTTTGGGTAACGTCGA- (SEQ ID NO : 100) 
Phos 

0190. The reactions were each run in triplicate on each 
DNA sample with the following assay conditions: 
0191 Reaction conditions: 
0.192 500 nM primers 
0193 10 uM blocker 
0194 250 nM probes 
LightCycler FastStart Hybridization Probes Mix 
0.195 4 mM Magnesium Chloride 
0196) Cycling profile: 
0197) 95 degree denaturation for 10 minutes 
0198 50 cycles: 95 degrees 10 seconds, 57 degrees 30 
seconds, 72 degrees 20 seconds 

Example 10 
0199 Analysis of methylation within colon cancer using 
a TPEF-MSP-Methylight Assay. The colon cancer samples 
described in Example 1 were also analysed using a TPEF 
MSP-Methylight Assay with a Taqman(R) style probe. The 
sample preparation was carried out as described above 
(Example 1) The assay was performed using the following 
primers and probes: 

Forward Primer: 
TTTTTTTTTCGGACGTCGTTG (SEQ ID No 38) 

Reverse Primer: 
CCTCTACATACGCCGCGAAT (SEQ ID No. 39) 
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-continued 
Probe: 
AATTACCGAAAACATCGACCGA (SEQ ID No 80) 

0200. The reactions were run in triplicate on each DNA 
sample with the following assay conditions: 

0201 Reaction solution: (900 nM primers: 300 nM 
probe; 3.5 mM magnesium chloride; 1 units of taq poly 
merase: 200 uM dNTPs, 5uM blocker; and 7 ul of DNA, in 
a final reaction volume of 20 ul); 
0202 Cycling conditions: 95°C. for 10 minutes; (95°C. 
for 15 seconds, 60° C. for 1 minute) 50 cycles 
0203 The corresponding control assay was performed as 
described above (Example 1) 
0204 The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). 

0205 Results. The results are shown in FIG.1. The mean 
PMR for normal samples was 3.04, with a standard devia 
tion of 4.21. The mean PMR for tumour samples was 21.38, 
with a standard deviation of 24.08 The overall difference in 
methylation levels between tumour and normal samples is 
significant in a t-test (p=0.0000101973). The ROC curve of 
the assay is shown in FIG. 14. The AUC is 0.80. 
0206. This was further confirmed using a TPEF 
Heavy Methyl Methylight assay (using dual labeled Light 
cycler probes. 

0207 Methods. The CpG island assay (methylation 
assay) was performed using the following primers and 
probes: 

Forward Primer: 
GTAGGGTTATTGTTTGGGTTAATAAAT (SEQ ID NO : 101) 

Reverse Primer: 
TAAAAAAAAAAAAAAAACTCCTCTACATAC (SEQ ID NO : 102) 

Blocker : 
AACTCCTCTACATACACCACAAATAAATT (SEQ ID NO : 103) 

Probe: 
CGAAAACATCGACCGAACAACG-Fluor (SEQ ID NO : 104) 

Probe: 
LC640-GTCCGAAAAAAAAAAAACGAACTCC- (SEQ ID NO : 105) 
Phos 

0208. The reactions were each run in triplicate on each 
DNA sample with the following assay conditions: 

0209 Reaction conditions: 

Forward primer: 600 nM 
Reverse primer: 300 nM 
Blocker: 10 M 
Probes: SOOM 
Taq polymerase: 0.1 Uful 
dNTPs: 0.2 mM each 
Magnesium Chloride: 4 mM 
BSA: 0.25 mg/ml 
Roche buffer with no MgCl: 1x 
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0210 Cycling conditions: 

0211 95-degree denaturation for 10 minutes 

0212 50 cycles: 95-degrees for 10 seconds, 57-degrees 
for 25 seconds, 72 degrees for 10 seconds 

Example 11 

0213 Analysis of methylation within colon cancer using 
a TPEF-MSP-Methylight Assay. An additional assay for 
TPEF was tested on colon samples. The assay was tested on 
two sets of tissues, each with 12 colon adenocarcinomas and 
12 normal adjacent tissue samples. 

0214) The sample preparation was carried out as 
described above (Example 1) The assay was performed 
using the following primers and probes: 

Forward Primer: 
GGACGTTTTTTATCGAAGGCG (SEQ ID No. 48) 

Reverse Primer: 
GCCACCCAACCGCGA (SEQ ID No 49) 

Probe: 
ACCCGAAATCACGCGCGAAAAA (SEQ ID No. 90) 

0215. The reactions were run in triplicate on each DNA 
sample with the following assay conditions: 

0216) Reaction solution: (900 nM primers: 300 nM 
probe; 3.5 mM magnesium chloride; 1 units of taq poly 
merase: 200 uM dNTPs, 5uM blocker; and 7 ul of DNA, in 
a final reaction volume of 20 ul); 

0217 Cycling conditions: 95°C. for 10 minutes: (95°C. 
for 15 seconds, 60° C. for 1 minute) 50 cycles 
0218. The corresponding control assay was performed as 
described above (Example 1) 

0219. The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). In 
both cases, TPEF was significantly more methylated in the 
cancer samples The ROC curves of the assays are shown in 
FIG. 19-20. The AUC are 0.93 and 1. 

Example 12 

0220 Analysis of methylation within colon cancer using 
a H Cadherin-MSP-Methylight Assay The colon cancer 
samples described in Example 1 were also analysed using a 
H Cadherin-MSP-Methylight Assay. The sample prepara 
tion was carried out as described above (Example 1) The 
assay was performed using the following primers and 
probes: 

Forward Primer: 
GACGGATTTTTTTTTAACGTTTTTTC (SEQ ID No. 42) 

Reverse Primer: 
AAATAAAATACCACCTCCGCGA (SEQ ID No. 43) 

Probe: 
GCTCCTCGCGAAATACT CACCCCG (SEQ ID No. 82) 
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0221) The reactions were run in triplicate on each DNA 
sample with the following assay conditions: 
0222 Reaction solution: (900 nM primers: 300 nM 
probe; 3.5 mM magnesium chloride; 1 units of taq poly 
merase: 200 uM dNTPs, 5uM blocker; and 7 ul of DNA, in 
a final reaction volume of 20 ul); 
0223 Cycling conditions: 95°C. for 10 minutes; (95°C. 
for 15 seconds, 60° C. for 1 minute) 50 cycles 
0224. The corresponding control assay was performed as 
described above (Example 1) 
0225. The data was analysed using a PMR calculation 
previously described in the literature (Eads et al 2001). 
0226 Results. The results are shown in FIG. 1. The mean 
PMR for normal samples was 2.25, with a standard devia 
tion of 2.42. The mean PMR for tumour samples was 25.67, 
with a standard deviation of 17.57 The overall difference in 
methylation levels between tumour and normal samples is 
significant in a t-test (p=0.00000000118). The ROC curve of 
the assay is shown in FIG. 15. The AUC is 0.94 
0227. This was further confirmed using a H Cadherin 
HeavyMethyl Methylight assay, using dual Lightcycler 
probes using Lightcycler style dual probe technology. 
0228 Methods. The CpG island assay (methylation 
assay) was performed using the following primers and 
probes: 

Forward Primer: 
GTTAGTTAGTTAATTTTTTAAATAGATTAGTAG (SEQ ID NO : 106) 

Reverse Primer: 
CAAAAAAACAAATAAAATACCACCTCC (SEQ ID NO : 107) 

Blocker : 
CCTCCACAAAACT CACTCCTCACAAAATAC (SEQ ID NO : 108) 

Probe: red 640 
TTTCGTTTTGTATGGTAGATACGGGGTGA- (SEQ ID NO : 109) 
phosphate 

Probe: 
ATTAATGGTTTTATAAGACGGATTTTTTTTTAAC (SEQ ID NO : 110) 
GT-fluorescine 

0229. The reactions were each run in triplicate on each 
DNA sample with the following assay conditions: 
0230 Reaction conditions: 

Forward primer: 600 nM 
Reverse primer: 300 nM 
Blocker: 10 M 
Probes: SOOM 
Taq polymerase: 0.1 Uful 
dNTPs: 0.2 mM each 
Magnesium Chloride: 4 mM 
BSA: 0.25 mg/ml 
Roche buffer with no MgCl: 1x 

0231 Cycling conditions: 
0232 95-degree denaturation for 10 minutes 
0233 50 cycles: 95-degrees for 10 seconds, 57-degrees 
for 25 seconds, 72 degrees for 10 seconds 
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Example 13 
0234) Multiplex-PCR of colon cancer samples. In the first 
step the genomic DNA was isolated from the cell samples 
using the Wizzard kit from (Promega). The isolated genomic 
DNA from the samples are treated using a bisulfite solution 
(hydrogen sulfite, disulfite). The treatment is such that all 
non methylated cytosines within the sample are converted to 
thiamine, conversely 5-methylated cytosines within the 
sample remain unmodified. The treated nucleic acids were 
then amplified using multiplex PCRs, amplifying 8 frag 
ments per reaction with Cy5 fluorescently labelled primers. 
PCR primers used are described in Table 1. PCR conditions 
were as follows. 

0235 Reaction solution: 
0236) 10 ng bisulfite treated DNA 
0237) 3.5 mM MgCl2 
0238 400 uM dNTPs 
0239) 2 pmol each primer 
0240 1 U Hot Star Taq (Qiagen) 
0241 Forty cycles were carried out as follows. Denatur 
ation at 95°C. for 15 min, followed by annealing at 55° C. 
for 45 sec., primer elongation at 65° C. for 2 min. A final 
elongation at 65° C. was carried out for 10 min. 
0242 All PCR products from each individual sample 
were then hybridised to glass slides carrying a pair of 
immobilised oligonucleotides for each CpG position under 
analysis. Each of these detection oligonucleotides was 
designed to hybridise to the bisulphite converted sequence 
around one CpG site which was either originally unmethy 
lated (TG) or methylated (CG). See Table 2 for further 
details of all hybridisation oligonucleotides used (both infor 
mative and non-informative) Hybridisation conditions were 
selected to allow the detection of the single nucleotide 
differences between the TG and CG variants. 

0243 5 ul volume of each multiplex PCR product was 
diluted in 10xSsarc buffer (10xSsarc: 230 ml 20xSSC, 180 
ml sodium lauroyl sarcosinate solution 20%, dilute to 1000 
ml with dH2O). The reaction mixture was then hybridised to 
the detection oligonucleotides as follows. Denaturation at 
95° C., cooling down to 10° C., hybridisation at 42° C. 
overnight followed by washing with 10xSsarc and dH2O at 
42O C. 

0244 Fluorescent signals from each hybridised oligo 
nucleotide were detected using genepix Scanner and soft 
ware. Ratios for the two signals (from the CG oligonucle 
otide and the TG oligonucleotide used to analyse each CpG 
position) were calculated based on comparison of intensity 
of the fluorescent signals. 
0245. The data was then sorted into a ranked matrix (as 
shown in FIGS. 16 to 18) according to CpG methylation 
differences between the two classes of tissues, using an 
algorithm. The most significant CpG positions are at the 
bottom of the matrix with significance decreasing towards 
the top. Black indicates total methylation at a given CpG 
position, white represents no methylation at the particular 
position, with degrees of methylation represented in gray, 
from light (low proportion of methylation) to dark (high 
proportion of methylation). Each row represents one specific 
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CpG position within a gene and each column shows the 
methylation profile for the different CpGs for one sample. 
On the left side a CpG and gene identifier is shown this may 
be cross referenced with the accompanying tables (Table 1 
to 6) in order to ascertain the gene in question and the 
detection oligomer used. On the right side p values for the 
individual CpG positions are shown. The p values are the 
probabilities that the observed distribution occurred by 
chance in the data set. 

0246 For selected distinctions, we trained a learning 
algorithm (support vector machine, SVM). The SVM (as 
discussed by F. Model, P. Adorjan, A. Olek, C. Piepenbrock, 
Feature selection for DNA methylation based cancer clas 
sification. Bioinformatics. 2001 June; 17 Suppl 1:S157-64) 
constructs an optimal discriminant between two classes of 
given training samples. In this case each sample is described 
by the methylation patterns (CG/TG ratios) at the investi 
gated CpG sites. The SVM was trained on a subset of 
samples of each class, which were presented with the 
diagnosis attached. Independent test samples, which were 
not shown to the SVM before were then presented to 
evaluate, if the diagnosis can be predicted correctly based on 
the predictor created in the training round. This procedure 
was repeated several times using different partitions of the 
samples, a method called crossvalidation. Please note that all 
rounds are performed without using any knowledge obtained 
in the previous runs. The number of correct classifications 
was averaged over all runs, which gives a good estimate of 
our test accuracy (percent of correct classified samples over 
all rounds). 

TABLES 

Table 1: PCR primers and products 

Gene Primers Amplificate length 

Versican GGATAGGAGTTGGGATTA 414 

(SEQ ID NO 2) AGAT 
AAATCTTTTTCAACACCA 
AAAT 

EYA4 GGAAGAGGTGATTAAATG 226 

(SEQ ID NO 3) GAT 
CCCAAAAATCAAACAACA 
A. 

H-Cadherin TTTGTATTAGGTTGGAAGT 286 
(SEQ ID NO 4) GGT 

CCCAAATAAATCAACAAC 
AACA 

TPEF TTGTTTGGGTTAATAAATG 295 

(SEQ ID NO 5) GA 
CTTCTCTCTCTCCCCTCT 
C 

0247 

Table 2: Hybridisation oligonucleotides 

Gene Oligomer sequence 

AAGATTTTCGGTTAGTTT 

(SEQ ID NO 88) 
Versican 
(SEQ ID NO 2) 
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-continued 

Table 3: Oligonucleotides used in differentia 
tion between colon adenomas or carcinoma tissue 

and healthy colon tissue. 

Gene Oligo : 

AAAAATTTGTGAGTTTAG 

(SEQ ID NO 55) 
Versican 

(SEQ ID NO 2) 

AAGATTTTCGGTTAGTTT 

(SEQ ID NO 88) 
Versican 

(SEQ ID NO 2) 

AAGATTTTTGGTTAGTTT 

(SEQ ID NO 89) 
Versican 

(SEQ ID NO 2) 

TPEF 

(SEQ ID NO 5) 
ATTTGTTTCGATTAATTT 

(SEQ ID NO 72) 

TPEF 

(SEQ ID NO 5) 
ATTTGTTTTGATTAATTT 

(SEQ ID NO 73) 

0249 

TABLE 4: OLIGONUCLEOTIDES USED IN DIFFERENTIA 
TION BETWEEN COLON CARCINOMA TISSUE AND 

HEALTHY COLON TISSUE 

Gene Oligo : 

H-Cadherin AATGTTTCGTGATGTTG 

(SEQ ID NO 4) (SEQ ID NO 70) 

H-Cadherin AATGTTTTTGTGATGTTG 

(SEQ ID NO 4) (SEQ ID NO 71) 

TPEF AATTTGCGAACGTTTGGG 

(SEQ ID NO 5) (SEQ ID NO 76) 

TPEF AATTTGTGAATGTTTGGG 

(SEQ ID NO 5) (SEQ ID NO 77) 

H-Cadherin AAGGAATTCGTTTTGTAA 

(SEQ ID NO 4) (SEQ ID NO 68) 

H-Cadherin AAGGAATTTGTTTTGTAA 

(SEQ ID NO 4) (SEQ ID NO 69) 

Versican GGGTAACGTCGAATTTAG 

(SEQ ID NO 2) (SEQ ID NO: 52) 

Versican GGGTAATGTTGAATTTAG 

(SEQ ID NO 2) (SEQ ID NO: 53) 

EYA4 AGTGTATGCGTAGAAGGT 

(SEQ ID NO 3) (SEQ ID NO 58) 

EYA4 AGTGTATGTGTAGAAGGT 

(SEQ ID NO 3) (SEQ ID NO 59) 

EYA4 AAGTAAGTCGTTGTTGT 

(SEQ ID NO 3) (SEQ ID NO 62) 

EYA4 AAGTAAGTTGTTGTTGT 

(SEQ ID NO 3) (SEQ ID NO 63) 

TPEF ATAGGTTACGGGTTGGAG 

(SEQ ID NO 5) (SEQ ID NO 74) 
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-continued 

TABLE 4: OLIGONUCLEOTIDES USED IN DIFFERENTIA 

TION BETWEEN COLON CARCINOMA TISSUE AND 

HEALTHY COLON TISSUE 

Gene Oligo : 

TPEF ATAGGTTATGGGTTGGAG 

(SEQ ID NO 5) (SEQ ID NO 75) 

0250) 

Table 5: Oligonucleotides used in differentia 
tion between colon adenoma tissue and healthy 

colon tissue. 

H-Cadherin AATGTTTTCGTGATGTTG 

(SEQ ID NO 4) (SEQ ID NO: 70) 

H-Cadherin AATGTTTTTGTGATGTTG 

(SEQ ID NO 4) (SEQ ID NO: 71.) 

TPEF AATTTGCGAACGTTTGGG 

(SEQ ID NO 5) (SEQ ID NO 76) 

TPEF AATTTGTGAATGTTTGGG 

(SEQ ID NO 5) (SEQ ID NO 77) 

TPEF ATAGGTTACGGGTTGGAG 

(SEQ ID NO 5) (SEQ ID NO 74) 

TPEF ATAGGTTATGGGTTGGAG 

(SEQ ID NO 5) (SEQ ID NO 75) 

Versican GGGTAACGTCGAATTTAG 

(SEQ ID NO 2) (SEQ ID NO: 52) 

Versican GGGTAATGTTGAATTTAG 

(SEQ ID NO 2) (SEQ ID NO: 53) 

H-Cadherin AAGGAATTCGTTTTGTAA 

(SEQ ID NO 4) (SEQ ID NO 68) 

H-Cadherin AAGGAATTTGTTTTGTAA 

(SEQ ID NO 3) (SEQ ID NO 69) 

EYA4 AAGTAAGTCGTTGTTGT 

(SEQ ID NO 3) (SEQ ID NO 62) 

EYA4 AAGTAAGTTGTTGTTGT 

(SEQ ID NO 3) (SEQ ID NO 63) 

EYA4 AGTGTATGCGTAGAAGGT 

(SEQ ID NO 3) (SEQ ID NO 58) 

EYA4 AGTGTATGTGTAGAAGGT 

(SEQ ID NO 3) (SEQ ID NO 59) 

Versican AAAAATTCGCGAGTTTAG 

(SEQ ID NO 2) (SEQ ID NO 54) 

Versican AAAAATTTGTGAGTTTAG 

(SEQ ID NO 2) (SEQ ID NO 55) 
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cattatgcto 

actgaaaata 

cc.gc.cctgcc 

ttcagtttgt 

Ctgtggggag 

aatctittgat 

aaagatagog 

gagc catttg 

totcct citcg 

atagttctgt 

tgaacaggac 

aacattttga 

aatgtttitat 

actitcgggitt 

tittaagaata 

gaga attcaa 

aaaattatga 

agtacattitt 

gcc tag gacc 

ggaatcttgt 

atcaataaaa. 

tgaagataat 

ttggcttgct 

agg cacatag 

gctittattta 

gatttalaagg 

aatggacaaa 

aaaacttctg 

tittctdttga 

gactictatto 

taga cagota 

tittcattitta 

aagttcaaaga 

toctitaagttc 

gaagttctatt 

aacataaatg 

to cattatat 

atgggcatta 

cittgtc.tc.gg 

aacago aact 

toattgatto 

cittgcttcag 

agaagaaaaa 

tdaatttagt 

tttittgatgc 

gct gcc ttga 

gCagc.ccggC 

cgtgatgtag 

atttacagoa 

tittgggggtt 

ggctittctaa 

aaag cacaat 

aaaagaaggc 

agtgctggat 

cacaatctta 

taatctgtag 

agt cagat.ca 

catcccitaga 

aaggagaagt 

aaaatticcict 

gcc cct gagc 

cittctggctt 

tacct g g g at 

ggg acticaca 

taaatacaat 

atagittttgt 

tgaaggaaag 

taaatatago 

gaggggaaag 

gttatctgat 

agagaaaaga 

agccct gaga 

ggcattaaaa 

aaaa.catcto 

acagatggca 

atctgctatt 

toccactgta 

gcaaaagttt 

taagatctot 

toaga caaat 

gactittgaga 

tgg actdtgt 

totgctccag 

ggaccggctC 

citctic cocatc. 

atggtotttc 

Caggagaaaa 

ggaga.gcaaa 

ggaaatttgt 

gagattgc.ca 

aataaag acc 

gaaatgtctg 

gaggataggc 

cattactgta 

aggagttgaa 

gcago: aatag 

citgaaatgta 

ggagacacat 

totago caaat 

atggitttctt 

cittggagttt 

gaataatatt 

tittagttata 

caggcattgg 

toattaaaaa. 

tgg tatgttt 

totg.ccctag 

agcctgaaga 

caggcagttt 

aagtgcctitt 

gaalactaaaa 

agaatgtaaa 

ttatttatag 

agttgcttgt 

gtotaattaa 

tgcctcittaa 

accgctitcct 

gctittataaa 

aagtgactaa 

totttatgcc 

gcago citccc 

agaga.gc.citc 

acticcatgtt 

agittaagttc 

aaaaattitat 

aacticalatat 

citgttgtttaa 

ccatcactitt 

titatatttct 

toccitaattit 

titcottitt to 

to atc.ca.gtg 

actaagctdt 

atgatgc cat 

atcctaaaga 

citgccatcta 

toccaaagac 

ttaga cacaa 

to acaaagaa 

ttaattactg 

aaacctgaaa 

agaatcagaa 

cagttacata 

to cittitt tot 

agatagaaag 

agtatttaat 

aaagcttittc 

gtoctotaga 

attittggagg 

aagtatctaa 

tgaatgttaa 

ttctgatcta 

22 

-continued 

ataaatggala acggg tagtic 

gaaaccttct gcattgtatt 

tgtgttcaga aaccagactic 

aatgaccitat atttittcaga 

ggagggagta agagtgatac 

titcatcttitt totttataaa. 

agggtgagtg Cagatgtgct 

tottctdact aatgaagttca 

ggaacttggc tittggcttgc 

tagagaaatc toc to aacca 

taaaacaaat attittactgt 

citgatgtctg ggaaaaatct 

tittatcagag caatttatat 

gccttittgca agatttctitt 

gcc tittccita gaaag.ccaaa 

gcagtgttitt atttaaaaaa 

Cagggtottt gaaagttaaa 

aggataattit gcttagttgt 

ttctgaattt gaatggg act 

gtotaagaac actitcaccitg 

accitcagaag gaggtttaga 

cacctittcct citccaagttca 

aagatcaaag caaggaagca 

gcattgttgaa talagat citt 

tat coccagt acaaggatgt 

tittgattcat acttgagtgt 

aatatatatt titcc cattca 

ataaatgctc. tctdattittc 

gaaataataa tacaact gta 

tittittatcca ttctic cattt 

aagatat coa togggtataa 

tittctgaata ataatgttac 

aacattgttgc atattotaat 

agtatttggt caagtgttgt 

attagagaat caaatttggc 

cccatcactt toaatcatgt 

citattaa.cat titc.cctaaaa. 

gttcticcittt gttgaaaggit 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

282O 

2880 
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agaaaatatg citgattgtta cataggtotg tattttacca gaaaacacaa agcatgtact 978O 

citcc citgatt toggaatcaga aaagggggat tagatatgga tigtc.ttggcc aagcticcatt 984 O 

tdaattagtg aatttittgcc agitttcctct totagcctag acttggtaaa ttacatatat 9900 

ataaagttctg tdtgttgttgttg toggggtgcgt gtgtgttgttgt atgtatacag g gtttittaaa 996 O 

cactgctaag ttcttaccat tdaatgtgtt agaggtogtt gtatttcaga ggtoagtaca OO20 

aagaatctitt gtttaatgtg toagttctgt titcctgaaac acaccitctgg gtagatttac OO8O 

caactataaa aggatacaaa totatatact titccacatct gtatacatcc tacctcattc O 140 

ttctaaggat tittaagaggit gtttatgtct ataaaatgag attacatatt ttacaataaa O2OO 

catatttgat aaattataat citttittatta ttaaattatt gatttgatat tacttgaggit O260 

atagtggaat gag cactaga cittggaatca gaaagtttga gttgg acto a citagctgaga O320 

aalaccalagca aagatattac ttittggacct ttagtgtcat aatct attaa atgaatatgc O38O 

agittataaag atcaaaagag taagtactitt gaaaaactat acaaaaaagg gatgataata 04 40 

tattatgtct toggattcat attgatctaa ttctataatt ttaataataa citgcattacc O5 OO 

caagcc atgt agtttctact gaatctataa aataaatcag agagggg cat attgttittaa O560 

aaattgttta gtttcattaa totagalagaca gattacagaa attgacticca atgaagttgg O 620 

acattcagtg gaaaggaaga attattoa at aaatggitttc agg acaattig atggg to cat O 680 

gcaaaataag aatcagtcto tacct gattt CtcatCctaa aagaaatata agatgaatca Of 40 

aatatgaaat gtagggaata acttitttaca aaatgataaa agaaaatcat gggattaaaa O8OO 

aaaataagtt aggaatagag aaacctgttc taagcaaaac ataaaacco a gtgcc attct O 860 

aggaaatact gataggtotg actaagtaaa aattacacaa aag caaataa tatatttgga O920 

aaac atctac gacatttgag agacaaaaag citaataacto ttgatattoc atggacittitt O98O 

atgaataact ttgaaaagtc. cacatctato aaaatatgag caaaaattat gtacagg tag O4. O 

tggcagaaag agaCatagag ttittaaaatt atagaaaaaa togcticago C to atctgtaa 100 

ttaaataaat agtaattaaa acaccalatga tatgctacac catttitt to a ccaatcagag 160 

gagtaacaaa aaaaaataat tttitttctitt tttittitttitt ttgagatgga gitotgttact 220 

caggttggag togcagtggca C gatctoagc ticactgcaac citcc.gc.citt C caggttcaag 280 

caattcto cit gtgtcago: ct coctagtagc tigggattato ggc acco acc accatgcttg 34 O 

gctaattittc gtgtttittag tagagtgggg titt caccato ttggc catgg cagttgatct 400 

tgaacticcitg accitcaagtg attcaccolac citcagoctoc caaagtgct g g gattacagg 460 

catgagccac totgcctggc aaaaatgaaa ttaaaaagtt to atgcaagt ttgttgttggc 52O 

caggttgttgg agaaactggg totcticatat actgttgtat gaaagtaaat aggttcc tot 58O 

acttcaaaaa ataatttggc aatcacttitt ttittgattot ttatcaaaag tittittaaaag 640 

atgtatatac totttgattc agcaatticca cittctogaca ttattatatg gatggatatt FOO 

ggtaccalata to accolaaga caaatggaca aggatgttct ttgcago att gottctaaga 760 

gcaaat atct ggaaac agtg taa.caggotc atcat aggga accatttaaa taaaagttgc 820 

tgitatccacci taatggaaaa citatgcagot gttcaaaaata acatggaaaa attgtatttg 88O 

citgatttgga acattctoca aaatatattg tattotalagt gaaaaaattig atagataaaa 940 

citgagtatat attatacatc taattatgta aaatgggtgt atattoattc titttaacaaa 2OOO 
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tatt tact ga gtgttctagg cattgtggat acaggagtga acaaaa.catc aaagacit gct 2060 

citgttggaac titt tactato gtaggtagag aaaggcaatt cocaatcaca tatgcaaaat 2120 

ggtgatatgt gctaggatga aaatagagca toggaaaggg aatagagtac agtatgtc.tt 218O 

aggtagagta atgagaaagg agttcaccag gCagagalaca gaggagtgct a agggg.cgac 2240 

aatgttgaaaa agcttagcca agtcc aggtt cagga attca catgatgcta ttacittgtat 2300 

gaagtaaatt catgaaattt cqcaccitaaa toacgtgatt totcitctgct gtacaatgat 2360 

totttctgtg agaaagaacc agtgagcaat atgatatgtg atgct catta catcc actitt 2420 

gtagctgaag tatcctagaa agttggttgt citagg gtacc taattagcag aatggtggac 24.80 

aaaaccaccg tdtctotgtc. cittaagttcac cccittgtcag citgagct tcc ccaaaatcaa 2540 

gggagaatac taalatatota tittaatagaa tottggctitt citctoggagg citgcc catcc 2600 

citggtgttgtc. ccttatcc to cotgcagaca tttct catgg ataggagttc cattgaccitt 2660 

gtotttitatgtctoccaggc aattaaacag totcagtacc citgitacctgg attgttcaat 2720 

gactittctitc cctitct catt gacitt cactg gagtagaagg citaaatatag goatt cactic 2780 

toatat citct caggtott to catgcagaca gagttgttat cactagtaga C ggtgctitat 284 O 

aagagaga.ca toggaaaagtg gaagaatgga aatagggatt toggagtggtg citaaaaacaa 29 OO 

agaaag aggc titctgaaagc titt coattta atatgat caa acatagaaga caaaagatgt 2960 

aacttaatga CCaaggatag ggacatagcc ttgagaaaat tacagaagtg gaatgaacgt. 3020 

cittggacitcc aaagaagagg gaatggaaat gcagttctga ggcagotaaa gttcaataaag 3O8O 

ccctctgata tatttact.gt agaaataaat gatcatcttt taattcaagg tittgcaaact 314 O 

taggtacta Cagggg.cgag gCatggagtg galaatgggta agagactaag togggggcagt 3200 

aatggc ctitg agcacacaga cittaagggga gag actogcto cittggittaat gct catgatc 326 O 

agcc agct ga aatatagact tagtgttgct agaccittctg attttittgaa agaagttaga 3320 

gattittatat ttagtgtaaa cagtctaatt tittaaattga gtaacttatt caaacatatt 3380 

tatgcaactt attcaaatgt atttagagca totctgatct cotccttgta ttcttaccta 34 40 

gtottagggg taatcttaag gaaagtgatg cqtat acttg ttgtacctat gtagatggag 3500 

gaccattcto citctocccaa caaaagacac ttittataagg attgagtgt g g cacaaagag 356 O 

titcgatttitt agtatttaaa ttgagtagga aactcaaata cagaagatcc titt cotgggit 362O 

cacaccitttg gtttittittaa atgagatttg actictataga tattgacaaa catcatatta 3 680 

ttgggtoatg gtaaatcttcaagtggactg attcaaaagt gttcaaaagt atttcaggtg 3740 

ttaaggaatt gttggcacgg agtttcaaag gtgtttctgc ataagaaata gaggc gttga 38 OO 

totatgtattt gatctacaaa cattccitcaa gqatataccc tigaac citggc aatgaagaaa 3860 

tattgtggga attattaagt togaataaagt act agctctg. cct tccagaa goctact gtt 392 O 

citacagagga gattagacat gtttacagat aatttgaagt acatago: aat aaattatagg 398O 

atgatttatt coaa.gcataa agtgtatatt gctactatag togta acct a ggittata att 4040 

ttcaaatgta agag.ccccaa atactattot ttttactictt agtgatatga aactatgtta 41 OO 

gaac atctgc agaaagtctg aattagta at tittaataata aatattgagt actgatatat 416 O 

tgtatatoac tdagattitat tittatataca ttattittatc aatticcitatg atcactitcgg 4220 

taagtactaa ttittcacaac taagtagtga cagaaaatga ggtttagaga gatatagitat 428O 
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tttacccaaa gtcacagaat ataagtagag aatgcagaac ttgcattctg. g.gctatttga 434 O 

cagtggagcc cagacittitta aaattaggct tataaagatt toctoggaaaa aaagaaaaat 4 400 

aaaaaataga gaacaa attt toctogaagaa aagtaggaaa ttatt attta taagtataat 4 460 

taaagagaga totttaattt citttittttitt tttittttittg agacggagtc. tcgctctgtc 4520 

gcc.caggcgc aatcto agct cactgcaa.cc toccaccitccc gggttcatgc cataaagaaa 4580 

gtttctattt gattggtocg acctgattgt citact agaac ataggctitt C cagtagg gtt 4 640 

aacaagttcat aac agttcta gtgatataag ataaatacaa actaataata aggttaattit 47 OO 

agaattatca acatatgttt ttcattgttga attatcagtt gotctataga tiggaaaatat 476 O 

aagatatata atgtattago ttaaaaaatg citcttcagag agtgtctaga attatagaat 482O 

ttaaaaattt tattittgaaa aggtotaatt cittatttcaa aatatataaa gaaatcaaat 488 O 

gcaaaaaaat taagagaaaa got cittaatt aattaaatgc tigtacaactic caag.cccitat 494. O 

titatgttcaa gatcagttitt gtaattitatg actaattitca gcattagctt gttittcaatc 5 OOO 

taggtttgct aaataatata gaatttcttt to caatgaag tttitt caggg toccagotga 5060 

aaaatatata ccagttagga tigctttcaac totaaggaac aaaaagttcac gattittattg 5 120 

ggitttaaa.ca ataatgacat ttataatcto atataaaatg aagttcaaag goatggtoca 5 18O 

citctaggtot aatccittaag gacittacgcc ttgcctttgc tigattctittc. tcagottcat 5240 

titccagaggit atctoactta citcatggatg caaaatccct acaacagttc cag cagaaag 15300 

attccagoat gataatgtcc agg gaagaaa act gaccacc tottcctttgttctottcto 536 O 

aggatgaatc tat cittitc.cc agg gaccott cactggagga agagatc.ccc to acatcto a 542O 

citggccaaaa citatattata tactgttcca aatccaatca ttggaaaagg gaatggtacc 54.80 

totata attg acttaggata totaggatcat cocttgggct ggggtttgac ccaggattct 554. O 

ccaaagtatg tdactgaggg taggcactag aatggalacca gagttgttgtt agaaaggaga 5 6.OO 

aacgcatggc tattatagaa tagttctaaa tyctacc gag gaggg cacaa citgtaaaaac 566 O 

caaataatct tittgcc attc titttgaagtt g g cactittga tittctagatg gttcc.ccaac 572O 

acaggttctt citccitcctica to attatago toccittgaaa tittgagctgg aagggaacat 578O 

totgaga.ccc agattgttaa atgtc.ttt to caaagtcatg caataaatta aatggcaaag 584 O 

ccaggg cagt ttcttgactic agtacagggit attittctittc attctttact cittgagacitt 59 OO 

tagaactgtt got act gott taaaattcat ggcaagaact ggtoactittt gtaattaa.ca 596 O 

ccitccittata atacatttgt tttgtttgct tagcc agcta gaalactacat ggagtctgtg 6O20 

citttaaaaag cct gcc galag to cittattot citgttittggit attatgtgca togaaccacca 608 O 

attggttcct tctdaccitta cacttgatga agatgcctitt citttcaacat citttctotat 614 O 

tgctcc.ccat cittctottgc tictatttatg atcagotgtc. tatttctaaa tag actttgt 62OO 

gg to acco at ttcttitttgt gccagotcct atccactagt tacttgaact gtggtotcta 6260 

ttgttcttca tacagoctac toacttgttgg ttgtcacaca catccacatt gttatatgtt 632O 

cc caaactgt attctggaat gattittggta atggctdcat toggatgagat toaaactaat 6,380 

aattaaag cattgagatago ttctgctatt acaagtttac toctdtttitt atagtccaag 6 440 

aggagctact tcttctactic titattactta atgcttaata citaccctitat tacatacaat 6500 
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aagtaggcta 

aaattatact 

citttaatttg 

tittatgtatt 

ccactaccat 

attgttatta 

caga catatt 

acatgtacaa 

totgtgaaaa 

acct tactitc. 

tittctgaatc 

attcatatga 

aagtttgggc 

atacgttccc 

gtgacittatg 

tgacgagatt 

ataaaatgag 

atgttctato 

ttattgaagc 

taitotitatitt 

caag coccct 

aaaaaaaaat 

totaacaact 

tgttctagot 

caaatacatg 

cagttcatag 

gttaaag.cac 

agtctaaata 

agtgatgttc 

actatalacac 

ttgcttcaaa 

agttacaacc 

gaagag cata 

gtttitcctct 

agcaggtoct 

gtttcaagca 

aaatgacatg 

ccttctotgc 

gaaattalaga 

gtactitcatt 

tacatctitta 

tatttattoa 

taalaccatac 

citcacattitt 

agaagcttaa 

cagotcatct 

citgagcaaaa 

to caacaagg 

cctgatagtg 

totalaccaggit 

cittact gcgg 

agittagtttc 

tottgttgcto 

tgtttcttgg 

attaatattoct 

citacatggca 

aatcagaaag 

toccaggttc 

actitaagctg 

gttcttaagt 

ggacitctgct 

caagaagatt 

gtatgattgt 

act talaattit 

taatccalatt 

atgtatatat 

ttctg.ccact 

taagtacaga 

citgtttaata 

agtaattaac 

tattattaga 

gctaagaggt 

gtttcattat 

tgacittattt 

titotoattct 

tgaaag.cctg 

tatgagttat 

atcaataatc. 

actatttitta 

taccticcatt 

atttittattit 

acaaatgagg 

tacatatttg 

ttacactgag 

atc gaggitat 

atgaatattg 

ggaCttggaa 

to agaaatca 

citccacagaa 

cccitctoaga 

tgaagtCagg 

ggcaagttgc 

ttgttctoata 

caatgcct ga 

tatgaaatca 

atttattitat 

tgagtaatct 

tittctggaga 

cctctgcatc 

gaaagtaaat 

gtoatattac 

aattictaata 

gctaatgcag 

titt tatttac 

tggtggtgct 

gtaagtgcaa 

atttalaagga 

toctittggag 

aagtatgc.ca 

totctaaaat 

cataattact 

tdataag.cct 

citgct gtaga 

tag cqaaaga 

taagtatgag 

aa.catatact 

attatgtgta 

cact tattta 

taatctittag 

aaattgttcta 

gtgaacatat 

taaaagctitt 

cottt cattt 

aaatgtggat 

tttgttctatt 

citggatctta 

agggcaaatg 

agctaac agg 

cagaattitca 

citgatgctitt 

ggggtgttitt 

caccitaagaa 

tgaaggagat 

cittaalactat 

cacactititat 

aaatatatoct 

aattctagag 

atggtatagt 

tag caatcat 

agtaaactoga 

tottgttctac 

atattoagta 

tgccagtttc 

caaaattgca 

ccitctgtgga 

ttittaactta 

aaaattitact 

totacttaca 

gcataaacac 

gattagttac 

gttgttaaat 

aattitctaat 

32 

-continued 

atgttalaggt gtggggittag 

tdaatat cac atacatttaa. 

taaatataag tacacacatc 

tataggggat coccc.caaat 

aacaagCCC a ggagg Caggit 

cagtcacaaa gttactgttgt 

gcataaaaac agagaga cag 

taacctgtct cagaaacctc 

gtoatatagg tataggtggit 

cc caaggcc c aactccagat 

gtttcaaagt ttctoaagga 

ttgcc galagt ttgagaatta 

aagtatcat g g acagaactg 

cagdaataca gcagaaatta 

cagagtc.cca gcagtgtcac 

caaag.ccata titcctttitat 

aaagattaaa taaaaataac 

gcaaaggata catcttacct 

aag agttctg attgg cagtg 

tottgttgga gaataacto c 

aatgatgttc titt.ccatgag 

gcact atttic tactgaaaaa 

tgtatatgcc acaaataaag 

attittaaaat aagaattittg 

atgatacgca atgcaaagta 

ttittgccittg citggggaaaa 

ttctittggta cotagtgaca 

atacaattct citgctcaatg 

aga atttgtt tottggtggc 

gcattcc cat tdaaaaggct 

agcaa.ccgca tttgtta acc 

cittittggcaa aacgtottag 

tag cagaaaa ttcaaaaa.ca 

tagccaaact citgaaatcct 

ttittaaggac tittgcctitta 

cacaccago C ttgctatoga 

cittgatctat atttatgttg 

to cittgttitt gcaat attag 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

282O 

2880 

2.940 
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taatgagcaa aaaataaaaa taaaaaaaaa acaggaag.ca aatgttaa.gc titt cattcac 756 O 

cactgtcagt attaacgcaa gotttaaaaa atago actat cagaaaagga tactaaagga 762O 

gaattgacta gaaaagaatt gtggaaaatg gaaacgaata ttgat cactt aactagattit 768O 

tgaggittatc agtag acagt gaccittgcag tacagotata gttgttggat ttaaaattta 774. O 

ggacaagtat tittaaagctt caaagtag to citttitttittg ttaaaaatct gtaagatgtt 7800 

ttaatgactg gagtgttcto tittgaatttg agg 78.33 

<210> SEQ ID NO 6 
&2 11s LENGTH 965 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 6 

gattaattaa gog tattitta gaagttaggc gttitt.cgttg tttitttittga gtacggaggit 60 

tattaattitt tagggggaag agatgtag cq cqagg tagg g g totcgtgtt aagaaattitc 120 

gacgtttittg gggatt gagg ataaaggtgc ggatacgatt togggg tatt toggagtttcg 18O 

tgattogcgt tacggacggit atatttaggg gttaatttitt gttttgttitt aaagaattitt 240 

aagttagagt ttttgttt to gtttatagitt togggatgtc. gttgttgcgt ttatcgtata 3OO 

ggtagc gttc ggatcggttg tagtagat.cg cqc gttgcgc gttittatcgg gagatggtgg 360 

agacgttgaa aagtttittitt tttgttattt togac gttgt ggg.cggtaag cqttittagtt 420 

tittattitttgttgagttgaa cigtttaggta tagtggaatt gaaattcggit tttittattitt 480 

tgttgagttgaac gtttagg tatagtggaa ttgaaattcg gttittgcggg atgtgagagt 540 

tgttgaggitt acgc.gtaatt goggtotgatg gaggg.cgttt gttcgtgatg totgtaggitt 600 

tgatgtaagt aggttatcgt cqtgc gagtg tdtggatgcg atc gttc gag agatticggag 660 

gtaggtttgg gatacgtttg agtgaatatt ttaggatatt tttittggitta gtatttgttt 720 

tittagtgttt gtgatttaga gtgggtatat gttgg gagat agtaatgggt ttgggtgtgt 78O 

gtaaatgagt gtgatcggaa gogagtgttga gtttgattta gg tagggatt atatagtatt 840 

gttatatttgtttgttttitt agtagaggat tdaagtgcgg gggtgggggt acggggtogg 9 OO 

aatagaatgt ttittgggata ttittggtaaa tagtag togg aagtaaagg g g tagttgttgt 96.O 

aaacg. 965 

<210 SEQ ID NO 7 
&2 11s LENGTH 965 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 7 

cgtttgtata gttgttttitt tatttitcggit tattgtttgt taagatgttt tagagatatt 60 

ttattitcggit titcgtattitt tatttitcgta ttittagtttt ttattaaaga gtagg taggit 120 

gtgatagtgttgttgttggittt ttgtttagat taagtttata titcgtttitcg gttatattta 18O 

tittatatata tittaaattta ttattgttitt ttaatatgttg tittattittga attatagata 240 

ttaaaaaata gatattggitt agaagagtat tittgaggtgt ttatttaaac gtgttittaag 3OO 
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tttgttitt.cg agtttittcgg gcggtogt at ttatatatto gtacgacgat gatttgtttg 360 

tattaaattt gtatatatta cqaatagg.cg ttttittatta tatttaatta cqcgtgattit 420 

taatagittitt tatattitcgt agaatcgggt tittagttitta ttgttgtttga gcgtttagtt 480 

tagtag aggt agg gaatcgg gttittagttt tattgttgttt gag.cgtttag tittagtagag 540 

gtagggatta aggcgtttgt c gtttatago gtttagagtg gtaagaaaga agttttittag 600 

cgtttittatt atttitt.cggt ggaacgc.gta gcgc.gc.gatt tottgtag to ggttcggg.cg 660 

ttgtttgttgc ggtgagcgta gtagcggitat titcggggttg toggg.cggagg taaggattitt 720 

agtttgaggit tttittgaggit agagtagaaa ttagtttitta ggtgtgtcgt togtggcgc.g 78O 

agttacggaa ttittaggitat titcggggtcg tottcgtatt tttgtttitta gtttittagaa 840 

gcgtcgaaat tttittagtac gatatttittg tittc.gc.gitta tatttitttitt ttittaggggit 9 OO 

tggtggttitt cqtgtttaaa gagg tag.cg ggaac gttta atttittaaga tigtttittaat 96.O 

tgatt 965 

<210 SEQ ID NO 8 
&2 11s LENGTH 16579 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400> SEQUENCE: 8 

tgttttittaa aatgatgttt agttgaatta gttaatggag ataaaaatat ttatatataa 60 

ttttitttitta agtttattag titattittata gattagttat aattittggitt attittaatga 120 

gttaatttitt ttittagagat attataaatt ttittaaagat ggaaaataat tigittatttitt 18O 

ttgaataatg tittattattt aaaataatgt atataaaagt tatttaataa attitttgttg 240 

aattgagaga aaatataaaa aattgaaagt agtttgtttg taataagtgt ttgttaagtt 3OO 

ttatagattt tttitttittitt ttggaattat tigtaataaat atttgattitt tdatttgtag 360 

gattaaaatg tdatttittta tattittaata ggagtaagta ttagttttgt aatttitttitt 420 

gttaatagaa taaaaatgga atgtatgttt gttgtttitta tatgtcggitt gat atttatg 480 

ttgaatattt tttittataac gtagaggttt ttttgtttitt tattittgcgt tittatttittg 540 

tittattatag agatattaat gatgttatgt gtttittttgt attattagtig tag tagttitt 600 

tattatgttt tttgtttcgg titttattgta gtttaattaa ataaatggaa acggg tagtt 660 

attgaaaata aatagtaatt gtaaaagttt tatttitttaa gaaattittitt gtattgtatt 720 

togttttgtt ttattgattt taagatttitt atcgtttittt tatgtttaga aattagattit 78O 

tittagtttgt tttgttittag titagataaat gttittataaa aatgattitat attittittaga 840 

ttgtggggag agaagaaaaa gattittgaga aagtgattaa gagggagta agagtgatat 9 OO 

aatttittgat ttaatttagt toggattgttgt tttittatgtt tittatttittt tttittataaa 96.O 

aaagatagog tttittgatgt tttgttittag gtagttttitt agggtgagtg tagatgtgtt 1020 

gagittatttg gttgttittga ggatcggttt agagagttitt tttittittatt aatgaagtta 1080 

tttitttittcg gtagttcggit tttittittatt attittatgtt ggaatttggit tittggitttgt 1140 

atagttttgt cqtgatgtag atggttttitt agittaagttt tagagaaatt totttaatta 1200 

tgaataggat atttatagta taggagaaaa aaaaattitat taaaataaat attittattgt 1260 
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aatattittga tittgggggitt goagagtaaa aatttaatat ttgatgtttg ggaaaaattit 320 

aatgttittat g gttttittaa ggaaatttgt ttgttgtttaa tittattagag taatttatat 38O 

attitcgggitt aaagtataat gagattgtta ttattattitt gtttitttgta agattitttitt 4 40 

tittaagaata aaaagaaggit aataaagatt ttatatttitt gtttitttitta gaaagttaaa 5 OO 

gaga atttaa agtgttggat gaaatgtttgtttittaattt gtagtgttitt atttaaaaaa 560 

aaaattatga tataattitta gaggataggit tttitttittitt tagggitttitt gaaagttaaa 62O 

agtatattitt taatttgtag tattattgta ttatttagtg aggataattt gtttagttgt 680 

gtttaggatt agittagatta aggagttgaa attaagttitt ttittgaattt gaatgggatt 740 

ggaattttgt tatttittaga gtagtaatag atgatgttat gtttaagaat attittatttg 800 

attaataaaa aaggagaagt ttgaaatgta attittaaaga attittagaag gaggtttaga 860 

tgaagataat aaaattittitt g gagatatat ttgttattta tatttitttitt ttittaagtta 920 

ttggtttgtt gtttittgagt ttagttaa at ttittaaagat aagattaaag taaggaagta 98O 

aggtatatag tttittggttt atggttttitt ttagatataa gtattgttgaa toaagattitt 20 40 

gttittattta tatttggg at tittggagttt ttataaagaa tatttittagt ataag gatgt 2100 

gatttalaagg gggatttata gaataatatt ttaattattg tittgattitat atttgagtgt 216 O 

aatggataaa taaatataat tittagttata aaatttgaaa aatatatatt tttittattta 2220 

aaaatttittg atagittttgt tagg tattgg agaattagaa ataaatgttt ttittatttitt 228O 

tttitttittga tigaaggaaag titattaaaaa tagttatata gaaataataa tataattgta 234. O 

gattittattt taaatatagt togg tatgttt tttittitttitt tttittattta titttittattt 24 OO 

tagatagitta gaggggaaag tttgttittag agatagaaag aagatattta toggggtataa 2460 

ttittattitta gttatttgat agtttgaaga agtatttaat tttittgaata ataatgttat 252O 

aagttaaaga agagaaaaga tagg tagttt aaagttttitt aatattgttgt atattittaat 258O 

tttittaagtt agttittgaga aagtgtttitt gttttgtaga agtatttggit taagtgttgt 264 O 

gaagtttatt got attaaaa gaaattaaaa attittggagg attagagaat taaatttggit 27 OO 

aatataaatgaaaatattitt agaatgtaaa aagtatttaa tittattattt ttaattatgt 276 O. 

tittattatat atagatggta ttatttatag tdaatgttaa ttattaatat tttitttaaaa 282O 

atggg tatta atttgttatt agttgtttgt ttittgattta gtttittttitt gttgaaaggit 2880 

tittattta at totattataa agggataaaa gqgtaaaaga taataagttt tittagattgg 2.940 

tagatttgtt atttataaaa taggittittggg taggittattt gaattittittg aaatttaatt 3OOO 

agatttattt aaatttalaga atgagaatat aaatttatat tittgaagtgt tittatagaaa 3060 

ggtttattitt aatgtttgga gtatatattt taatgaatat ttattittatt ttatttittitt 312 O 

ttatttittga attaagtaat tittgaattta aagttgttat gattagtatt gaaaagatta 318O 

ttggattatt aattgttgttga titttgggata gtaattittitt gtattittagt ttgtttatat 324 O 

gttatatatg aag gttgaag tittgattittg ttttgttgatt attattittaa atatttgatg 33OO 

aaattaaatt ttagtgtttg gaatgg tagt ataataaatt tattaagaat aaataattta 3360 

ttgtaaaaat atattgattt ttaaatgatg taattgatag titatattatt gtagagggitt 342O 

gataaataat aaaagaaatgaaagatgitat atggtgagaa ttgaaattat tittgataagt 3480 

tttittatttgtttattattt aaaattaatg attatgttga atgtttataa attataaaat 354. O 
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ataaaagaaa ttittataaat gcg tatgtat aggagtttaa gtt attaaaa gttittaaagt 3600 

ataagtttaa attaaattaa ttaaagaagt tdagaggaaa aattggttitt tatttittaat 3660 

tatt attgtt ttgaggttitt atgtttaata taattittitta agtag aggtt ttagagagaa 372 O 

gagttgtgag gat atttitta tatttgttgta gaaggaaaag tttgttattt attittagtat 378 O. 

ttittagtgtt atattgatgt gitattittgga tittattttgt ttittattgta taaatttata 384 O 

tittgattitta aagaaaagga aaatttaaag tittttitttitt tta aggggat agaaatttitt 39 OO 

tgttgttaatt gtttgattitt tttittttgta aggttittatt ggaaatttitt totaatataa 396 O 

tgtaggggat ttttittatgt gttgatgttg tittatatagt ggggtgg gtt to attgaaga 4020 

aaaaaaatcg tatatacgta togaaagatta togttittatt titcggaaagt atgaaaggtg 408 O 

attgatattt ttaagaagtt tttgttattt aggaaaatta ttaaatattt tatttagaga 414 O 

tatttggaaa gattgaagga aaggaagaac gaagaaagta gaatttagat titatgtgggg 4200 

agagatttgt ggtagaggaa aagtatttitt tittgaattcg ataagggatt totttggggg 4260 

aattittttgt ttagttttitt attattaggg ttttittgaag togggitttitt tattggg tag 4320 

ttttittggga gtgtag togg gaatttittat atttitttittt taggtttitcg aaggattitcg 4.380 

tttittittagt gtttitttitta ggttggtagg agttittgagt ttgatattitt tttittgatgg 4 440 

gataggtaag titttgttgggc gcgtaaatac gttgtaatta agtttitttgttgattittata 4500 

gttttgttgtg tttitcgagaa gaagtgatcg tatttaattg tittattgttg gtttgtttitt 45 60 

taag agtttg g g g gttttitt ttttittaatt tagaattagt totacggggg gcggggaagt 462O 

gggggtgggg aaggagtggg aggg tagtgg tttitcgc gag tagagcgatgttattgagtg 4680 

agtttittgaa toggggagcgt tdttgtttitt aagtcgattg gtatttitttgttaggaagaa 474. O 

acgttalagag gtgggagtgt ttggggaggg agg tagg.cgg tttittatcgt aggcgcgggg 4800 

agttgtttitt togtttitttc gtttgtttitt taagtttgga tttittaggag tagttgaagt 4860 

tg.cggagcgt ttittggagitt tdtgaatgaa tttittttittt tttitttittitt tttitttittcg 4920 

ttgagtttitt tttitcggttt togacggtata gtgatataat gatgatgggt gttataattic 4.980 

gtatttgaat ttgtagg.cga gttgtttcga gtttittittgg ggaagaattt tagg.cgtgcg 5040 

gacgtaatag to gaga at at taggtgttgt ggataggagt toggattaag attitt.cggitt 51OO 

agttitcgitat tttittcgitat tttittagtat cqttitcgitat tttitcgtatt ttttittcggg 5 160 

ttattacgtt ttt tatgtga titcgtttggg taacgtogaa tittagtc.gcg tag.cgttgta 5220 

gtgaatttitt tttittaaatt gtaataagttc gttttittaag gtaattacgt titttitttgtt 528 O 

tttitttittaa aaaataaaaa taaaaaattt atagaaaaaa attc.gc.gagt ttagaaaaaa 5340 

gaagtaattg gtagaaggitt ttaattaagg taaag agttg taaggcgaag ttaagaaaat 5 400 

gtagg tattt aaaaaatgta ggtaatttitt ataaaggttt ttggggagag gtatatagag 546 O 

ggattittggt gttgaaaaag atttagataa aagaaattta gggtggggtg g g g gtaaaat 552O 

gattaacgga attgggggaa goggagggaat aaattgtaaa gaaattatag aaaagtggtg 558 O 

ggitttittgag ttggagagaa gagagggatt tittgg tattt to attitttitt gttgttgttg 5640 

tttittaatac gttcgaggta aaagtttgaa toggggattat taagatttgt tatagataag 5700 

ttitt.cgaagt cqttittgg to taggittattt gotttitt tag tttittggtgt gtggittagtg 576 O. 

tittggtgttt ttggaaagtt attitt.cgggit agtttittgat agtgc gattic gg.cgtttaag 582O 
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ttittatttitt gtttgtttitt toggagtggit aggaggggta togtotttitt gttittgaggit 81 60 

aggggagagg ttaaaattta ttttalagtaa atttitttgtt agaaaaatga gattittatat 8220 

cgitattittat ttgttgattt tittaaatata tittaggittat tittaaagttt atttittagtt 828O 

aattaataga ttaattitcgt tittagattgt tataaag agt togtttggaa togtaaatat 8340 

tgttattoga taagattaat agaattittat gggggtaaat atggaagggit togc gagtgta 84 OO 

attgaggttt ttgttgttitta atgaggaatt ttagcgggga tittgg.cgggg attggaagtt 84 60 

tag tatttat ttagggagtg attgagttgg aaatttggag aagtttggtg tag acgagac 852O 

ggtgttttitt agagttgtat tittaagttitt tittattttgttgtatattgg aagaattgga 858O 

ttittaaag at tttittittatt attittagatt ttgtagittaa tagttacgitt tttitttittitt 864. O 

tgtttgttga aagttgttgat ttaattgttt taagtattitt ttgataattt cqttaaattit 87 OO 

attittgaaaa tatttatata aagttittaaa ataggatgtt gtgagtgtaa tataaaaata 876O 

ggaagg tatt aatggaagta ataattagtg ttittgagata gaag.cggttt ttagtttgta 882O 

atttggaaat gttaagagta gtatattagg gagaaggttt ttaag agttt gatttitttgt 888O 

tittgagttitt gagtaaagaa agaaatatgt tagaattgta ttgtttgttc gtagtaatat 894 O 

tgtaaagggit tittaatgg at tittaatgttga ttgagtaatt atttitttitta gtattaagtt 9 OOO 

tatagitttitt aattitttittg tdagaagatt agg taggaag cqggatgaga tittaagataa 9 O60 

ttatttagga tittatagittag aatttaaagt tittgattittt ttggtagata aaaatagagt 912 O 

tggttittaaa ttgtatttitt totttittaaa aaaacgaggit ttgaaaggaa tttittittaga 918O 

tittatatagg tittatagatg taagttttitt tttitttittitt gtgtttgtaa attggaggga 924 O 

gatgtttittg atattittaga atatttgtat ttatatattt gtaaattittg ttaggaaagg 93OO 

atttaaatag ttaaattaaa ggtgattatg attaatgtta aagatattat ttattgttitt 936 O 

ttttitttgtt gtattattag gtttaaatat tittggagitta atgattggitt atttaattga 9420 

gtaatagagt ttittgaga.gc gtaaagatta attaattittg ttttittaaag tittggtaatt 94.80 

aagtttittitt tttittggtga gatttaaata tttttgttga cigttattitat ggataaatat 954. O 

cggtaaat at totatttalaa atgggatatt gttttgttgat ggagtagaat tttittaagat 96.OO 

atatggittitt tittgaaagaa agaattaatg attgtag taa g g tatttittt tattatttac 9 660 

gtag agaaat tagttagg at tdataaat at ttattgttgg gagittatttgttittggtttg 972 O 

agaaaatatgttgattgtta tataggtttg tattittatta gaaaatataa agtatgtatt 978O 

ttttittgatt to gaattaga aaagggggat tagatatgga tigttittggitt aagttittatt 984 O 

ttaattagtg aattitttgtt agtttitttitt totagtttag atttggtaaa ttatatatat 9900 

ataaagtttg tdtgttgttgttg toggggtgcgt gtgtgttgttgt atgtatatag g gtttittaaa 996 O 

tattgttalag tttittatt at togaatgttgtt agaggtggitt gtattittaga ggittagtata 10020 

aagaatttitt gtttaatgtg ttagttttgt tttittgaaat atatttittgg gtagattitat 10080 

taattataaa aggatataaa totatatatt ttittatattt gtatatattt tattittattt 10140 

ttittaagg at tittaag aggt gtttatgttt ataaaatgag attatatatt ttataataaa 10200 

tatatttgat aaattataat titttittatta ttaaattatt gatttgatat tatttgaggit 10260 

atagtggaat gagtattaga tittggaatta gaaagtttga gttggattta ttagttgaga 10320 

aaattaagta aagatatt at ttittggattt ttagtgttat aatttattaa atgaatatgt 10380 
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agittataaag 

tattatgttt 

taagttatgt 

aaattgttta 

atatttagtg 

gtaaaataag 

aatatgaaat 

aaaataagtt 

aggaaatatt 

aaatatttac 

atgaataatt 

tggtagaaag 

ttaaataaat 

gagtaataaa 

taggttggag 

taatttittitt 

gttaattittc 

tgaatttittg 

tatgagttat 

taggttgttgg 

attittaaaaa. 

atgtatatat 

gg tattaata 

gtaaatattt 

tgtatttatt 

ttgatttgga 

ttgagtatat 

tatttattga 

ttgttggaat 

ggtgatatgt 

aggtagagta 

aatgttgaaaa 

gaagtaaatt 

titttitttgttg 

gtagttgaag 

aaaattatcg 

gggaga at at 

ttggtotgtt 

attaaaagag 

tgggattitat 

agtttittatt 

gttittattaa 

gaaaggaaga 

aattagttitt 

gtagggaata 

aggaatagag 

gataggtttg 

gatatttgag 

ttgaaaagtt 

agatatagag 

agtaattaaa 

aaaaaataat 

tgtagtggta 

gtgttagttt 

gtgtttittag 

attittaagtg 

tgtgtttggit 

agalaattggg 

ataatttggit 

tttittgattit 

ttatttaaga 

ggaaatagtg 

taatggaaaa 

a tattittitta 

attatatatt 

gtgttittagg 

ttittattatg 

gttaggatga 

atgagaaagg 

agtttagtta 

tatgaaattit 

agaaagaatt 

tattittagaa 

tgttitttgtt 

taalatattta 

titt tatttitt 

taagtattitt 

attgatttaa 

gaatttataa 

ttagaagata 

attatttaat 

tatttgattt 

attittittata 

aaatttgttt 

attaagtaaa 

agataaaaag 

tatatttatt 

ttittaaaatt 

atattaatga 

tittitttittitt 

cgattittagt 

ttittagtagt 

tagagtgggg 

atttattitat 

aaaaatgaaa 

titttittatat 

aattatttitt 

agtaattitta 

taaatggata 

taataggttt 

titatgtagitt 

aaatatattg 

taattatgta 

tattgttggat 

gtaggtagag 

aaatagagta 

agttt attag 

agtttaggitt 

cgitatttaaa 

agtgagtaat 

agttggttgt 

tittaagttat 

tittaatagaa 

tttgtagata 

gaaaaattat 

ttittata att 

aataaattag 

gattatagaa 

aaatggttitt 

tittattittaa. 

aaatgataaa 

taagtaaaat 

aattatataa. 

ttaataattit 

aaaatatgag 

atagaaaaaa 

tatgttatat 

tittitttittitt 

ttattgtaat 

tgggattatg 

ttittattatg 

tittagtttitt 

ttaaaaagtt 

attgttgitat 

ttittgattitt 

tttittcgata 

aggatgttitt 

attataggga 

gttaaaaata 

tattittaagt 

aaatgggtot 

ataggagtga 

aaaggtaatt 

tgggaaaggg 

gtagagaata 

tagga attta 

ttacgtgatt 

atgatatgtg 

ttaggg tatt 

ttitttgttag 

ttittggittitt 

ttttittatgg 
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ataaaaaagg gatgataata 

ttaataataa ttgtattatt 

agaggggitat attgttittaa 

attgattitta atgaagttgg 

aggataattig atgggttitat 

aagaaatata agatgaatta 

agaaaattat gggattaaaa 

ataaaattta gtgttattitt 

aagtaaataa tatatttgga 

ttgatattitt atggatttitt 

taaaaattat gtatagg tag 

togtttagtt ttatttgtaa 

tatttittitta ttaattagag 

ttgagatgga gtttgttatt 

tittcgtttitt taggitttaag 

gg tatttatt attatgtttg 

ttggittatagg tagttgattt 

taaagtgttg ggattatagg 

tgatgtaagt ttgttgttggit 

gaaagtaaat aggtttittitt 

ttattaaaag tttittaaaag 

ttattatatg gatggatatt 

ttgtag tatt gtttittaaga 

attatttaaa taaaagttgt 

atatggaaaa attgtatttg 

gaaaaaattig atagataaaa 

a tatt tattt ttittaataaa. 

ataaaatatt aaagattgtt 

tittaattata tatgtaaaat 

aatagagtat agtatgttitt 

gaggagtgtt aagggg.cgat 

tatgatgtta ttatttgtat 

tttittttgtt gtataatgat 

atgtttatta tatttattitt 

taattagtag aatggtggat 

ttgagtttitt ttaaaattaa 

tttitcggagg ttgtttattt 

ataggagttt tattgattitt 

04 40 
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O560 
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Of 40 
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O4. O 

100 

160 

220 

280 

34 O 

400 

460 

640 

FOO 

760 

820 

940 

2060 

2120 

218O 

2240 

2300 

2360 

2420 

24.80 

2540 

2600 

2660 
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gtttitttatg 

gattittttitt 

titatatttitt 

alaga.gagata 

agaaagaggt 

aatttaatga 

tittggattitt 

ttttittgata 

tagg to atta 

aatggttittg 

agittagttga 

gattittatat 

tatgtaattit 

gttittagggg 

gattatttitt 

titcg atttitt 

tatatttittg 

ttgggittatg 

ttaaggaatt 

titatgtattt 

tattgtggga 

ttatagagga 

atgatttatt 

tittaaatgta 

gaatatttgt 

tgtatattat 

taagtattaa 

tittatttaaa. 

tagtggagtt 

aaaaaataga 

taaagagaga 

gtttagg.cgt. 

gtttittattt 

aataagttat 

agaattatta 

aagatatata 

ttaaaaattit 

gtaaaaaaat 

ttttittaggit 

titttitt tatt 

taggittttitt 

tggaaaagtg 

ttittgaaagt 

ttaaggatag 

aaagaagagg 

tatttattgt 

tagggg.cgag 

agtatataga 

aatatagatt 

ttagtgtaaa 

atttaaatgt 

taattittaag 

titttittittaa. 

agtatttaaa 

gtttittittaa 

gtaaatttitt 

gttggtacgg 

gatttataaa 

attattaagt 

gattagatat 

ttaagtataa 

agagttittaa 

agaaagtttg 

tgagattitat 

tittittataat 

gttatagaat 

tag atttitta 

gaataaattit 

tittittaattit 

aattittagtt 

gattggttcg 

aatagittitta 

atatatgttt 

atgtattagt 

tgttittgaaa 

taagagaaaa 

aattaaatag 

gattittattg 

tatgtagata 

gaagaatgga 

tittittattta 

ggatatagitt 

gaatggaaat 

agaaataaat 

gtatggagtg 

tittaagggga 

tagtgttgtt 

tagtttaatt 

atttagagta 

gaaagtgatg 

taaaagatat 

ttgagtagga 

atgagatttg 

aagtggattg 

agttittaaag 

tattittittaa. 

tgaataaagt 

gtttatagat 

agtgtatatt 

a tatt attitt 

aattagtaat 

tittatatata 

taagtagtga 

ataagtagag 

aaattaggitt 

ttittgaagaa 

tittitttittitt 

tattgtaatt 

atttgattgt 

gtgatataag 

tittattgttga 

ttaaaaaatg 

aggtttaatt 

ggittittaatt 

ttittagtatt 

gagtagaagg 

gagttgttat 

aatagggatt 

atatgattaa 

ttgagaaaat 

gtagttittga 

gattatttitt 

gaaatgggta 

gagattgttg 

agattittittg 

tittaaattga 

tgtttgattt 

cgtatatttg 

ttittataagg 

aatttalaata 

attittittaga 

atttaaaagt 

gtgttitttgt 

ggatatattt 

attagttittg 

aatttgaagt 

gtt attatag 

titt tatttitt 

tittaataata 

titattittatt 

tagaaaatga 

aatgtagaat 

tataaagatt 

alagtaggaaa 

titttitttittg 

tittatttitto 

ttattagaat 

ataaatataa. 

attattagtt 

ttttittagag 

tittattittaa. 

aattaaatgt 

42 
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ttgtatttgg attgtttaat 

ttaaatatag gtatttattt 

tattagtaga C ggtgttitat 

tggagtggtg ttaaaaataa 

atatagaaga taaaagatgt 

tatagaagtg gaatgaacgt. 

ggtagittaaa gttaataaag 

taatttaagg tttgtaaatt 

agagattaag toggggg tagt 

tittggittaat gtttatgatt 

attttittgaa agaagttaga 

gtaatttatt taaatatatt 

titttitttgta tttittattta 

ttgtattitat gtagatggag 

attgagtgtg gtataaagag 

tagaagattt ttttittgggit 

tattgataaa tattatatta 

gtttaaaagt attittaggtg 

ataagaaata gaggc gttga 

tgaatttggit aatgaagaaa 

ttttittagaa gtttattgtt 

atatagtaat aaattatagg 

tggtaattta ggittata att 

agtgatatga aattatotta 

aatattgagt attgatatat 

aatttittatg attatttcgg 

ggitttagaga gatatagitat 

ttgtattittg g gttatttga 

ttittggaaaa aaagaaaaat 

ttattattta taagtataat 

agacggagtt togttttgtc 

gggitt tatgt tataaagaaa 

ataggtttitt tagtagg gtt 

attaataata aggttaattit 

ggitttataga tiggaaaatat 

agtgtttaga attatagaat 

aatatataaa gaaattaaat 

tgtataattt taagtttitat 

2720 

2780 

284 O 

29 OO 

2960 

3020 

314 O 

3200 

326 O 

3320 

3380 

34 40 

3500 

356 O 

362O 

3 680 

3740 

38 OO 

3860 

392 O 

398O 

4040 

41 OO 

416 O 

4220 

434 O 

4 400 

4 460 

4520 

4580 

4 640 

47 OO 

476 O 

482O 

488 O 

494. O 
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titatgtttaa gattagttitt gtaattitatg attaattitta gtattagttt gtttittaatt 5 OOO 

taggitttgtt aaataatata gaattitttitt tittaatgaag titttittagg g ttittagttga 5060 

aaaatatata ttagttagga tigtttittaat totaaggaat aaaaagttac gattittattg 5 120 

ggitttaaata ataatgat at ttataattitt atataaaatg aagtttaaag gtatggttta 5 18O 

ttittaggittt aatttittaag gatttacgitt ttgttitttgttgattitttitt ttagtttitat 5240 

ttittagaggt attittattta tittatggatg taaaatttitt ataatagittt tagtagaaag 53OO 

attittagtat gataatgttt agg gaagaaa attgattatt tttitttitttgtttittitttitt 536 O 

aggatgaatt tatttitttitt agggatttitt tattggagga agagatttitt ttatattitta 542O 

ttggittaaaa ttatattata tattgttitta aatttaatta ttggaaaagg gaatgg tatt 54.80 

tittata attg atttaggata ttaggattat tttittgg gtt goggtttgat ttaggattitt 554. O 

ttaaagtatg tattgaggg tagg tattag aatggaatta gagttgttgtt agaaaggaga 5 6.OO 

aacg tatggit tattatagaa tagttittaaa tottatc gag gagggtataa ttgtaaaaat 566 O 

taaataattt tttgttattt ttittgaagtt g g tattittga tttittagatg gttttittaat 572O 

ataggitttitt tttittttitta ttattatagt tattittgaaa tittgagttgg aagg gaatat 578O 

tittgagattt agattgttaa atgttitttitt taaagttatg taataaatta aatggtaaag 584 O 

ttaggg tagt tttittgattt agtatagggit atttitttittt attttittatt tittgagattit 59 OO 

tagaattgtt gg tattgttt taaaattitat ggtaagaatt ggittatttitt gtaattaata 596 O 

tttittittata atatatttgt tttgtttgtt tagittagitta gaaattatat ggagtttgttg 6O20 

ttittaaaaag tttgtcgaag tittittattitt ttgttittggit attatgttgta tdaattatta 608 O 

attggitttitt ttittattitta tatttgatga agatgtttitt tttittaatat tttitttittat 614 O 

tgttttittat tttitttttgt tittatttatg attagttgtt tatttittaaa tag attttgt 62OO 

ggittatttat tttitttttgt gttagtttitt atttattagt tatttgaatt gtggitttitta 6260 

ttgtttittta tatagitttat ttatttgttgg ttgttatata tatttatatt gttatatgtt 632O 

tittaaattgt attittggaat gattittggta atggttgtat toggatgagat ttaaattaat 6,380 

aattaaagta ttgagatagt titttgttatt ataagttitat ttttgtttitt atagitttaag 6 440 

aggagittatt ttttittattt ttattattta atgtttaata ttatttittat tatatataat 6500 

gtataaaaag tatgttgattt atgatttatt ttaaatttga atgtttgttga tittattttgt 656 O 

gtttittttitt atttittagg 65.79 

<210 SEQ ID NO 9 
&2 11s LENGTH 16579 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 9 

tittagaaatg aagaaaaata taaagtaa at tataagtatt taggtttaaa gtgggittata 60 

aattatatgt tttttgttgta ttgtatgtaa taagg gtagt attaagtatt aagtaataag 120 

agtagaagaa gtagttttitt ttggattata aaaataggag taaatttgta atagtagaag 18O 

ttattittaat gttittaatta ttagtttgaa ttittatttaa totagittatt attaaaatta 240 

ttittagaata tagtttggga atatataata atgtggatgt gtgtgataat tataagtgag 3OO 
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taggttgtat 

taaaaagaaa 

talagagalaga 

alaggtgagaa 

titcgg taggit 

taaatgitatt 

agtagt atta 

agittaagaaa 

taataatttg 

gaggaggaga 

aatggtaaaa 

tittataatag 

ttittagittat 

attittaagtt 

ataatatagt 

ggaaagatag 

gatatt atta 

aagtgagata 

ttaaggatta 

tgttattatt 

tittaattggit 

a tattattta 

aaattgattt 

titttittittaa. 

tittaaaataa. 

ttaatatatt 

aatatatgtt 

agaattgtta 

ggattaatta 

gttgagattg 

aattaaagat 

aatttgttitt 

aaaagtttgg 

ttttgttgatt 

ttgttgaaaat 

taaattittag 

agatttitttg 

tggggtttitt 

gaagaataat 

tgggtoatta 

tggggagtaa 

ggaattaatt 

tttittaaagt 

atalaggaggt 

atagittittaa 

ttgttittggit 

ggittittagaa 

aga atttgtg 

gattatttgg 

titatgcgttt 

atattittgga 

aattatagag 

tittggittagt 

atttattittg 

tgttggaatt 

tttittggaaa 

gatttagagt 

gtttaaattit 

attatatttitt 

gtaaatttag 

tgaatataaa 

titttitttgta 

aatttittaala 

attatattitta 

gataattitta 

tgatttgtta 

aatagaaatt 

Cgtttggg.cg 

titttittittaa. 

titattittitta 

gttittattgt 

ttgggtaaaa 

tag tattitat 

tgatatataa 

tagatgttitt 

atatttgaaa 

agagattata 

taaagttitat 

tagagaaaga 

ggtggttitat 

atagattitta 

gttaattata 

agttttalaga 

tttgttattt 

tgtttitttitt 

ttggggaatt 

tttittatagt 

tittittittitta 

gaattittggg 

gtattattitt 

gagatgtgag 

agalagaga at 

ttitttgttgg 

tgaagttgag 

ggattatgtt 

aataaaatcg 

tagttgggat 

attgaaaata 

tagggitttgg 

tittgatttitt 

ttittataatt 

tatttittitat 

aattaattitt 

attittattgg 

ttttittatgg 

atagagcgag 

ttatattitat 

tittitttittitt 

taaatagittt 

tattatattit 

cgaagtgatt 

tatattagta 

aatatagittt 

attataattit 

gtttalagtaa 

ttagaaatag 

tgttgaaaga 

gtatataata 

tgtagtttitt 

aaagtgatta 

gtaaagaatg 

aatttattgt 

tagtttaaat 

atttagaaat 

tgttgttttitt 

attataattitt 

ttaaattitta 

tittittittaat 

gggattittitt 

alaaggaagag 

aattgttgta 

aaagaattag 

tittgaattitt 

tgattittittg 

tittgaaaaat 

agittaatgtt 

agttgtatag 

ttatatattit 

ttagatattt 

ttatagatta 

attattagtt 

aaagtttatg 

tatgaattcg 

attitcgttitt 

aaataataat 

tttittaggaa 

agaatgtaag 

ttittaaattit 

ataggaattg 

tittaatattit 

tat attatta 

aggittattat 
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ttagtggata ggagttggta 

atagttgatt ataaatagag 

aagg tattitt tattaagtgt 

ttaaaataga gaataaggat 

agttggittaa gtaaataaaa 

gttitttgtta tdaattittaa 

aaagaaaata ttttgtattg 

atgattittgg aaaagatatt 

tittaaggtag titataatgat 

taaagtgtta attittaaaag 

togg tagtat ttagaattat 

ggittittattt tagtgttitat 

gtttalaggga tigattittgat 

gattggattt gaatagitat 

tttittagtga agg gtttittg 

gtggittagtt tttittttittg 

gggattttgt atttatagagt 

taaaggtaag gogtaagttt 

attittatatg agattataaa 

ttttittatag titgaaagtat 

tittattggala aagaaattitt 

gaaattagtt ataaattata 

tatttaatta attaagattit 

tgaaataaga attagattitt 

tittgaagagt attttittaag 

attgataatt tataatgaaa 

tgtatttatt ttatattatt 

ttittagtaga taattaggto 

ggaggtggag gttgtagtga 

aaaaaaaaaa aaaaaaaaga 

tttittattitt tttittaggaa 

atttittataa gtttaattitt 

ttttgtattt tittatttata 

tatttitttgt tattatttag 

ataaaataat gtatataaaa 

attattaaaa ttattaattit 

agagtaaaaa gaatagtatt 

tatagtagta atatatattt 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 
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tatgtttgga ataaattatt ttataattta ttgttatgta ttittaaatta tttgtaaata 264 O 

tgtttaattt tttttgtaga atagtaggitt tittggaaggt agagittagta ttittatttaa 27 OO 

tittaataatt tittataatat titttittattg ttaggitttag g gtatattitt tdaggaatgt 276 O. 

ttgtag atta aatatatgat taacgtttitt attttittatg tagaaatatt tittgaaattit 282O 

cgtgttaata atttitttaat atttgaaata tttittgaata tttittgaatt agtttatttg 2880 

aagatttatt atgatttaat aatatgatgt ttgttaatat ttagagagtt aaattittatt 2.940 

taaaaaaatt aaaggtgttga tittaggaaag gatttitttgt atttgagttt tittatttaat 3OOO 

ttaaatatta aaaatcgaat tittttgttgtt atatttaatt tittataaaag tatttitttgt 3060 

tggggagagg agaatggttt tittatttata taggtataat aagtatacgt attattttitt 312 O 

ttaagattat ttittaagatt aggtaagaat ataaggagga gattagatat gttittaaata 318O 

tatttgaata agttgtataa atatgtttga ataagttatt taatttaaaa attagattgt 324 O 

ttatattaaa tataaaattt ttaattittitt ttaaaaaatt agaaggttta gtaatattaa 33OO 

gtttatattt tagttggttg attatgagta ttaattaagt agtagtttitt ttttittaagt 3360 

ttgttgttgttt aaggittatta ttgtttittat ttagtttittt atttatttitt attittatgtt 342O 

togttitttgt agittatttaa gtttgtaaat tittgaattaa aagatgatta tittatttitta 3480 

tagtaaatat attagagggit tittattgatt ttagttgttt tagaattgta tttittattitt 354. O 

ttttitttittg gagtttaaga cigtttattitt attitttgtaa tttittittaag gttatgttitt 3600 

tatttittggit tattaagtta tatttitttgt tttittatgtt tdattatatt aaatggaaag 3660 

tttittagaag titttittttitt tatttittagt attattittaa atttittattt ttatttittitt 372 O 

atttittittat gtttitttitta taagtatcgt ttattagtga taataattitt gtttgtatgg 378 O. 

aaagatttga gagatatgag agtgaatgtt tatatttagt tttittattitt agtgaagtta 384 O 

atgaga aggg aagaaagtta ttgaataatt taggtatagg gtattgagat tdtttaattg 39 OO 

tittgggagat ataaaagata aggttaatgg aatttittatt tatgagaaat gtttgtaggg 396 O 

aggataaggg atatattagg gatggg tagt titt.cgagaga aagttaagat titt attaaat 4020 

agatatttag tatttitttitt to attittggg gaagtttagt togataagggg to atttalagg 408 O 

atagagatac ggtggittttgtttattattt tattaattag gtattittaga taattaattit 414 O 

tittaggatat tittagttata aagtggatgt aatgagtatt atatattata ttgtttattg 4200 

gtttittttitt atagaaagaa ttattgtata gtagaga gaa attacgtgat ttaggtgcga 4260 

aattittatga atttattitta tataagtaat agtattatgt gaatttittga atttggattit 4320 

ggittaagttt ttittatattg togttttitta gtatttittitt gtttitttgtt tdgtgaattit 4.380 

tttittittatt attittattta agatatattg tattittattt tttitttittat gttittattitt 4 440 

tattittagta tatatt atta titttgtatat gtgattggga attgtttittt tittatttatt 4500 

atagitaaaag titttaataga gtagtttittg atgttttgtt tattitttgta tittataatgt 45 60 

ttagaatatt tagtaaatat ttgttaaaag aatgaatata tatttattitt atataattag 462O 

atgtataata tatatttagt tittatttatt aattitttitta tittagaatat aatatattitt 4680 

ggagaatgtt ttaaattagt aaatataatt tttittatgtt atttittgata gttgtatagt 474. O 

tttittattag gtggatatag taatttittat ttaaatggitt ttittatgatg agtttgttat 4800 

attgtttitta gatatttgtt tittagaagta atgttgtaaa gaatatttitt gtttatttgt 4860 
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tittgggtgat 

aattaaagag 

ttalaattatt 

ttagttttitt 

ttaggtatag 

atttgaggitt 

taaaaatacg 

ggttgatata 

gttattgtat 

titatttittitt 

ttaattatta 

tittatgttitt 

atttitt taala 

ttaaatgtcg 

agatttatta 

tittatttitta 

attittittata 

agattgattt 

ttitttitttitt 

taatgaaatt 

gtagaaatta 

tgaattittaa 

titttittgatt 

taatatttitt 

ttagtgttta 

ttataattta 

titttittaaaa. 

ttgtatttitt 

a tattaaata 

tggtaagaat 

attatatatat 

gtaaaaattit 

ttgattittaa 

aataattagt 

ttittaattgg 

titttittaaaa. 

ttaaatatag 

tattaggaaa 

attggt atta 

tatatatatt 

ttittgaagta 

tataatttgg 

tggitttatgt 

aggagtttaa 

aaaattagtt 

ggagaattgt 

tittaatttga 

ttgttattitt 

tittatttaat 

ttitttgttat 

gttatttata 

tagatgttitt 

gtatttittta 

atttatttitt 

titttatattit 

ttattttgta 

attgaatgtt 

aaataattitt 

tatggitttgg 

gatataatat 

tittataattg 

gtttggittitt 

titt tattata 

ttaaatatgt 

tttittagaag 

ttatagttgg 

aagattittitt 

ttagtagtgt 

agattittata 

attaattgaa 

attagg gaga 

a tatttittitt 

tttittttacg 

gaattatgtg 

tgtttatcga 

ggagggittta 

a tatt tattt 

ttittaaaaat 

gagga attta 

ttaatataaa. 

ttgtaattitt 

gattaattgt 

aagtatggtg 

ttgaatttgg 

gtaatagatt 

tittgattggit 

tatagatgag 

tatttgtata 

aaagtttatg 

ttaalatatat 

gaatgg tatt 

tittaattitta 

gatttattitt 

tggatttatt 

taattittatt 

taaaataata 

gtaatgtagt 

attattattt 

tatatttatt 

tittagttagt 

ttittaagtaa 

ttattgtaaa 

aatgaggtag 

talaatttatt 

gtattgattt 

ttaaaaattit 

tatatgtaat 

atggagtttg 

gtatatgttt 

agattagagt 

tgggtggtga 

ttittgagaag 

tgtttgttta 

gttgttagat 

attataataat 

ttittgataaa 

tittatttitta 

tttgtattaa 

agtattittgg 

tatggittaat 

gtgggtgttt 

aaggcggagg 

ttattittaaa. 

gaaaaaatgg 

gttgagc gat 

taattitttgt 

gaatattaag 

tatttgttitt 

gggttittatg 

tgattitttitt 

a tatttittitt 

aattgttittg 

ggagittaatt 

tgtttitttitt 

tattattaaa. 

titttitttgta 

taatagatta 

gagtttaatt 

tattalaatta 

atatgtaatt 

gatgtatata 

tagaggtgtg 

ttgaaatata 

tgtatatata 

ttattaagtt 

gttaagatat 

tgttgttttitt 

aagtaattitt 

aaaaatattt 

titttgttitta 

tgaatgacgt. 

tittgg gagat 

46 

-continued 

gtoga galagt ggaattgttg 

gaattaaaaa aaagtgattg 

tataatagta tatgagagat 

attittittaat tittatttittg 

gaggttgagg togggtgaatt 

atggtgaaat tittatttitat 

ataattittag titattaggga 

ttgtagt gag titgagat.cgt. 

aaaaaaaaaa aagaaaaaaa 

tgtagtatat tattggtgtt 

tittittittata attittaaaat 

ttatattittgatagatgttgg 

agittattagt tittttgttitt 

tgttgtaattt ttatttagtt 

ttttgtttag aataggittitt 

ttattattitt gtaaaaagtt 

taggatgaga aattagg tag 

aaattattta ttgaataatt 

tttgtaattt gttttittgat 

tgatttattt tatagattta 

attatagaat tagattaata 

tagttttitta aagtattitat 

tgatattaaa gqtttaaaag 

taaattittitt gattittaagt 

ataatttaat aataaaaaga 

ttattittata gatataaata 

gatgtggaaa gtatatatat 

ttittaggaaa tagaattgat 

attatttitta atatatttaa. 

tatatatata cqtatttitat 

taggittataa gaggaaattg 

titatatttaa titttittittitt 

ggtaaaatat agattitatgt 

taataatgag totttgttag 

tattatagitt attaatttitt 

ttatagg gta atattittatt 

taataaaaat gtttaaattit 

agagittagtt gatttittgcg 

4920 

4.980 

5040 

5 160 

5220 

528 O 

5340 

5 400 

546 O 

552O 

558 O 

5640 

5700 

576 O. 

582O 

588 O 

594 O 

6 OOO 

6060 

61.20 

618O 

624 O 

6300 

6360 

642O 

64.80 

654. O 

6600 

6660 

678 O. 

6840 

69 OO 

696 O 

708O 

714. O 
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tttittaaagg ttttgttatt taattaagtg attaattatt aattittaaag tatttaagtt 72OO 

taataatata ataaaagaga gaataatggg tag tatttitt aat attaatt atggittattt 726 O 

ttggitttagt tatttaggitt tttittittagt agaatttata agtgtataga tatagg tatt 732O 

ttggaatatt aaagg tattt ttttittagtt totaaatata gggaaaaaga agaaattitat 738O 

atttgtaaat titatgtaaat ttaggggg at tttittittaaa tittcgtttitt ttgaaagtag 440 

gaaatataat ttaaaattaa ttttgtttitt atttattaaa agaattaaaa ttittgaattit 7500 

tgatataaat tittaaatgat tigttittgaat tittattitcgt tttittattta atttitttitat 756 O 

aagaagatta aggattgtgg atttggtgtt gaggaagta attgtttaat tatattggaa 762O 

tittattggaa ttttittataa tattattgcg g g tagataat ataattittaa tatatttittt 768O 

tttittattta gagtttagaa taagaagtta gatttittgga gatttitttitt ttgatgtatt 774. O 

gtttittaata tttittaagtt ataaattggg aatcgtttitt attittagaat attaattgtt 7800 

gtttittattg gtatttittitt atttittatat tatatttata atattittatt ttaggattitt 786 O 

atgtgaat at ttittaggatg g gtttggcga aattgttaag aagtgtttaa aataattagg 7920 

ttatagttitt tagtagataa aaagaaaaag acgtggttgt tagttataga atttgaggtg 798O 

atggaaaaga tttittaaaat ttagttttitt taatatgtag taaaatggga ggatttaaaa 804. O 

tgtagttitta agaagitatcg tittcgtttgt attaagtttt tittaggittitt tagtttagtt 8100 

atttitttaaa taggtgttga gtttittagtt titcgittaggit tittcgittaag gttttittatt 81 60 

gaggtatagg aattittagtt atattogtag tittttittatgtttgtttitta tdaaattitta 8220 

ttagttttgt cqaatggtag tatttgttat tittaggc gaa tttitt tatga tagtttggaa 828O 

cgaaattaat ttgttaattg attaagaatg g gttittagag to atttgaat gtatttaaaa 8340 

agittaataaa toggaatacgg tataaagttt tatttittittg ataaaaagtt totttggagt 84 OO 

aaattittaat tttitttitttgttittaaaata aaagtacgat gtttitttitta ttatttittaa 84 60 

gaagtaagta aaaataaaat aaaataaaat aaaatttaaa tagttttitta ataagagtgt 852O 

ttagcgttgt ttggatggaa titcgggittag ttittagaagt agtcggtttc gaattitcggg 858O 

gg.cgaggitta titcggitttitt toggttaagt tdggittttgt tttitttcgtt togtttittat 864. O 

tggtttcggt gggtgggggit titcggttgcg toggtogttt gtgcggttgt attgtag titt 87 OO 

ttgagtttag gaagttatat togtttcggit toggagtcga agc gttaatt tacgtgg.cgg 876O 

ttggittaatt tagtcgttgc ggggagcgtt cqttgcgggt tttitttittgg cqc gaggtga 882O 

gc gagtgggg gcgggttitta gatttagttt ttittggg.cgg ggttggatta tttitcgtttg 888O 

tittagtttitt ttittatttitt ttattitcggit acgttitttgt agittatattt gttgtcgttg 894 O 

ggaaagggaa aagagtattt taaaacgagt titcgaaattt agatttaaat titcgaaacga 9 OOO 

atttitttcgg titcgtttittg gttgtttgaa tattatttgt tittatttitcg tttittitttitt 9 O60 

titttittittitt tttittacggit tittittitttitt tittatttittt tttittittittt tttitttittitt 912 O 

tttittattgttcgtttittitt tittattttitt cqttcgacgt togttittgaa gttgaggaag 918O 

tittaagttitt gattaggag tittttitttitt gtaatattitt goggcggggt tittatcgttg 924 O 

ggitttalagtg gttatgggitt ttgagagtac gg tatgtgta ttatttittitt taaagacgtt 93OO 

tagg gtgg.cg cqtttagatt titcgaaattt gottt tattt cqgttatgtg cqttcgttta 936 O 

ttaag.cgg.cg aattggattt agggcgtogc gtgcgttitta gtcgatticgc gagaaggitat 9420 





US 2006/0234224 A1 

gttittaaaag 

gagggg.cgga 

tatttittatt 

cgttttittat 

titatttittitt 

aggagtttitt 

tittcgggagt 

tittatagagt 

gaaagagata 

ttattgitatt 

alaaggttgga 

tttitttgtta 

tttittagttt 

atttitttgga 

gc gtatatgc 

tatggalagag 

gggittaaata 

ttitttitttitt 

tattagtata 

gaaagtattt 

ggattittaaa 

tagtttggitt 

tittataagat 

agtgataaat 

atttitttittg 

aattaatgtg 

aaatattgaa 

tittaattittit 

tatata atta 

ttgtttgatt 

ttagatatta 

tittaaatttg 

tttgtaagtg 

tatgatatag 

atagtagatt 

gttatttgta 

agatgtttitt 

tittaatgtta 

cgtttcgtag 

aaggtag titt 

ttittgg.cgitt 

ttagggattt 

tittatttitta 

aggtttittag 

attataaaatt 

ttgtttgttt 

ttgagaaaac 

tittagg gaat 

taggaaattit 

talaattittitt 

ttittaagtat 

agtattaatt 

gatttitttitt 

tttitttgtat 

gttgatataa 

gaagttaagt 

atattaggga 

ttataattitt 

atagtagtga 

taaattitatg 

tittittittata 

aggtagalaga 

ttattt atta 

ttitttgtagt 

atttgattitt 

atgtataata 

atagtttagt 

taggaatgga 

agatagattt 

agtaaattta 

atagatttgt 

ttaagtaaaa 

aatgtttatt 

tataatggaa 

atttatgttg 

atagattitta 

ttittagttat 

titc.gc.gtttg 

tttittittgat 

atttagtaat 

tttittitcgtt 

gggg taggitt 

gtaaaattag 

tattaaaggg 

gag atttittc 

tgtttaatgg 

ttittaggtaa 

tittatataag 

ttittgagtag 

attittittatg 

ttittagttag 

tgtgttataa 

aggatttittg 

atgagttitat 

tattagaatg 

tttittittgaa 

ttaaagatga 

ttittaaaatt 

ttttgtaatt 

tttgttagga 

gtttitttgta 

gaattattta 

attagatgtt 

tgtaaataaa 

ggtttittitta 

gagaaataaa 

ttttgttgaaa 

gttgagttitt 

tagtttgaaa 

titttittaata 

tittagggaaa 

tatgattgaa 

ttaaatttga 

taatatttga 

ttttalagagt 

Cgg tagg gat 

aagaagtatt 

atcgttttgt 

titt.cgtgtag 

agtaatagat 

taaagaattit 

aagtgttagg 

ggggatttag 

ggagttcggit 

atttitttgtc 

tittagattitt 

aatatttgat 

tttittcggaa 

gtttattitta 

aag atttitta 

tttittittaga 

ataataggaa 

gatggtaaat 

gtttittattt 

aagttaattit 

tittagtaatt 

tgtagg tatt 

taattittagt 

gtaatataat 

tttittagtaa 

tagaatgata 

ttalaggtgta 

gtgttaatta 

ataaaatgaa 

tattittaaga 

aaagagttta 

agtttattat 

aaggaga att 

tgttaatagt 

agtgatgggt 

titttittaatt 

ttaalatattit 

49 
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ttaggitttgg aaagtagg.cg 

cgtttgttitt tttittittagg 

aatcggtttg gggatagtag 

togcggaaat tattgtttitt 

ttagttittgg gttaggggaa 

aattgagtac gattatttitt 

ggittatagog totttacgc.g 

tittaaggittt ttgttaattit 

agggaaagtg taagaattitt 

tittaaaagat tittggtaata 

ggatttaaag agaatattitt 

gtttitttitcg tttittitttitt 

aattitttittg agtaataggg 

ataag attat aattitttitat 

ttgttgtaaat agtattaata 

ataggattitt atagagaaaa 

aaagagggat tittggattitt 

taaaataaat ttalaggtgta 

tittitttittitt atataaatat 

agaaaattat attaaatata 

tttitttittaa tttittittgat 

tag atttittg tatatgcgta 

tag tatggitt attgattitta 

ttittattatg totatttittt 

tgttagttat attatttgga 

atttattgta ttattattitt 

gttatagagt agaattagat 

gaaagttatt gttittaaagt 

tagtaattitt agatttalaga 

tgtttattga aatatatatt 

tgttggatttg tatttittatt 

agtaatttgt ttalaggittat 

tttittattitt tttgttttitt 

agattagaaa taagtaatta 

taatattitat tataaataat 

tagatattitt ttatattittg 

ttittaaaatt tittagtttitt 

ttataggata aagg tattitt 

1760 

1820 

1880 

1940 

2060 

2120 

218O 

2240 

2300 

2360 

2420 

24.80 

2540 

2600 

2660 

2720 

2780 

284 O 

29 OO 

2960 

3020 

314 O 

3200 

326 O 

3320 

3380 

34 40 

3500 

356 O 

362O 

3 680 

3740 

38 OO 

3860 

392 O 

398O 
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tittagg gttg atttaaggaa ttagaatatg tataatgttgaaaagttitta aattgtttgt 4040 

tttitttittitt ttittgatttg taatattatt atttagaaaa ttaaatattt ttittaggitta 41 OO 

ttagataatt aaaatgaaat tatatttitat ggatatttitt tttittattitt tagg gtagat 416 O 

tttitttittitt agttgtttaa aatggagaat ggataaaaaa gaaaaaggaa aatat attag 4220 

ttatatttag aatagagttt atagttgtat tattatttitt atgtaattgt ttittaatgat 428O 

tttitttittat taagagaaag aaaatgagag agtatttatt tittgatttitt taatgtttga 434 O 

taaaattatt agaagtttitt gaatgggaaa atatatattt tittaggttitt ataattaaaa 4 400 

ttgtatttat ttgtttatta tatttaagta tdaattaaat agtaattaaa atattattitt 4 460 

gtgagtttitt ttittaaatta tattitttgta ttggggatat tttttgttgaa aattittaaga 4520 

ttittaggitat aaataaagta agatttittat ttataatgtt tatgtttaaa agaaattata 4580 

agittagaagt tatgttgttitt gtttittttgt tittgattittg tttittgg gaa tittggttgag 4 640 

tittaggggta gtaagttaat gatttggaga ggaaaggtgt agatggtaga tigtgtttitta 47 OO 

gggaattitta ttatttittat ttaaatttitt ttittgaggitt ttittaggatt atattittaga 476 O 

tttitttittitt tittattgatt aggtgaagtg tttittagata tag tattatt tattgttgtt 482O 

ttagg gatga taagattitta gttittattta aatttagaaa gagtttagtt ttaattittitt 488 O 

gatttgattg gttittaggta taattaagta aattatttitt attggatgat atagtaatgt 494. O 

tatagattaa aaatgtattt ttaatttitta aagattittgg aaaaaggaag tittattttitt 5 OOO 

aagattgttgt tataatttitt tttittaaata aaatattgta aattagg gat agatattitta 5060 

tittagtattt tdaattittitt ttggittttitt aggaaaggta gaaatataag gtttittattg 5 120 

tttitttittitt atttittaaaa aagaaattitt gtaaaaggta aagtgatggit ggtaattitta 5 18O 

ttgttgttitta attcgaagta tataaattgt tittgataaat taaatataga taaattittitt 5240 

tagaaagtta taaaatatta gatttitttitt agatattaga tattgagttt ttgttttitta 53OO 

atttittaaat taaaatgtta tagtaaaata tttgttittaa taaatttittt tttittitttgt 536 O 

gttgtaaatg ttttgtttat g gttgagtag atttittittag aatttaattgaaagattatt 542O 

tatattacga tagaattato taagttaaag ttaagttitta atatggagtg atgggagagg 54.80 

togggttgtc gagaggagat gattittatta gtgagaagag aggttttittg agtcggttitt 554. O 

taaggtagtt aaatggttta gtatatttgt atttattittg g gaggttgtt toggagtagag 5 6.OO 

tattaaaaac gttatttittt ttataaagaa aaagatgaag gtataaagaa tatagtttaa 566 O 

ttaaattgaa ttaaag attg tattatttitt atttitttittt tagittattitt tittaaagttt 572O 

tttitttittitt tttittatagt ttgaaaaata taggittattt ttataaagta tttgtttgat 578O 

tgaagtaaga taaattgaag agtttggttt ttgaatataa goaa.gc.ggta gagattittag 584 O 

aattaatgag gtaggg.cgga atataatgta galaggtttitt taagaggtaa aattitttgta 59 OO 

gttgttgttt atttittagtg attattogitt tittatttatt taattagatt atagtgg gat 596 O 

cgagataagg agtataatga aagttgttgt attgatggtg taaaaagata tatgg tatta 6O20 

ttaatgttitt totggtgagt aaaggtagaa cqtaagatag aaaataagga aatttittgcg 608 O 

ttgtaagaaa agtgtttagt atggg tatta atcgg tatgt agaagtagta agtatatatt 614 O 

ttatttittat tittattgata aaaagaattig taggattaat gtttgtttitt attaaaatat 62OO 

gagaaattat attittaattt tataaattaa aggttaaata tttgttgtaa taattittaaa 6260 
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aaaaag agaa gatttgtaag atttagtaaa tatttattat aaatagattg tttittaattt 16320 

tittatattitt tttittaattit aataaaagtt tattgagtag tttittatgttg tattgttitta 16380 

gatagtaggit attatttaaa aaagtaataa ttattittitta tttittaagga gtttataatg 16440 

tttittagaaa gaaattaatt tattggagta gttaaagtta taattgattt ataaaatgat 16500 

tagtgaattt agaggaaaat tatatataaa tattitttgtt tittattggitt g gtttagtta 16560 

gatattattt taaaaaata 16579 

<210> SEQ ID NO 10 
&2 11s LENGTH 3000 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 10 

atatttaaat tigtatatttg gtttgtaata tattatatat ttaaaagaat tattatttitt 60 

ttgaat atta ttaatattaa taatagtatt atagtgatta agagtggatt taaataaagg 120 

ttggitttgaa atttaggittt gttatttatt agtaagtttt taaaaattitt gagitttittag 18O 

tttittittata tdtgaaatgg agaaaataaa tttgtaaaat taattaaatt tatttattta 240 

tatttitttitt tittagtgitat attaattggit atttittcgtt aggttagaat gtgtttittaa 3OO 

titatgttitta aattcgttitt gtgttaattt tattgttaga atttitttitta ttittgagaat 360 

tagaaaagga aat attatgt ttggtaatgt ttatatttitt taaaataaat ttgtaggaaa 420 

gaatatttag taagtgatga gagtagtaac gattgtttitt attattittaa atttataata 480 

ttatttittitt tag agtttitt taagtattgt agataattitt ttatttatta aaaaataaat 540 

tgtaattata agtatttagg gttgatattg tttittgaatt agatagtgtt tatattagtt 600 

gtataagatt aatttaaagt agaggatgaa atttitttittt toga atttittt ttagaacgta 660 

atttagtgaa tatattaaaa ttaaatttitt tittgaatggg agtaatttitt acggattaat 720 

ttgtaattitt ttagattata tttalaggtaa totagaggitt gttgtattat aggttttgttg 78O 

attagagatt attggatttgtttittggaaa agittattitat gatttitttgg gttittggittt 840 

ttittatttitt tatatoggtt taataatgat tatcgtagag ttgttatgga agittaaatga 9 OO 

atttatgtat tataagtgat taatataatg attgatattt agtgattitat taataaatta 96.O 

aaatattt at tattaatatg atagagaagg totcgittaaa atagataata ggitttittgga O20 

agaggtgatt aaatggatgt aaaattitatg gattgttitat titcgtttatt tttgttgttgt O8O 

tttittggttg togtatatat acgtgtgggt ataaaatcgt aaattittatg tag to go.gta 14 O 

gtgitatgcgt agaaggttta gatacgaaat gttattittag taatgtgttt agagaagttt 200 

tgacgtcgtt ttggaagtaa gtcgttgttg tittgatttitt go.gc.gtttgg gacggatgtt 260 

tatatttgta tittagtagta ttggaagggg tittaggitttt togtagtata gtttatttitt 320 

agatcgttta gttttittata atatatattt ttacggaaaa g g g tatttitt tittcgittaga 38O 

aaaag.cgttt tagtttggitt toggttggitt tittattttac gttgttgtaa gtagg.cgaag 4 40 

ttttittttgt tttitttittitt goggtaagtg gaaaggagtt cqgtaggggg titcgtag togg 5 OO 

tttgtatagg ggaattgggit agc gagagag ttittaggtaa titt.cgggggit tottttatag 560 

alagtaggtgg ggatcgatag toggtttitt.cg gtttagg gag gaga.gc.gcgg togcgggttt 62O 







US 2006/0234224 A1 Oct. 19, 2006 
54 

-continued 

tttittattta agtttattitt tagittattgt gatgttatta ttagtattaa tagg tatttag 2.940 

aaaaatagta atttittittaa atatgtaata tattataagt taaatatgta atttaaatgt 3OOO 

<210> SEQ ID NO 12 
&2 11s LENGTH 1984 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (9, 17, 18, 33, 41, 49, 50, 52 5 4, 62, 80, 84, 127, 

157, 159) 
<223> OTHER INFORMATION: unknown base 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (175, 207 . . 209, 214, 1181) 
<223> OTHER INFORMATION: unknown base 

<400 SEQUENCE: 12 

agttittagnt attattnnta tttittattaa tonttittggg nittatagginn gingnttttitt 60 

gnittaaatag tagttaatgn aggnattitta aaaggtatat tattittatat ttatttagtg 120 

gttatgntat tatttaattt ttattataat tttgttgngnt tagtataatt tdtgnttitta 18O 

ttittatttgt gaataaatgg aggtagnnnt ttgngtaatt tataagtaag togtagattic 240 

gggggttgttg tittagataat gtggittittag atttitttgtt tttittttgtt ttttgttgta 3OO 

ttittgattga gtttagttat ttatttittitt aatatatatt aattgttgtt tittatgttitt 360 

aggttttgttg ttagatgtta gaaatatatt tittatttatt ggattittggit atggitttatt 420 

gtttagtgtt ttgttatgtt acgtgttata taatgitattt attitcggitat ttagtttatg 480 

gaaaataatg ttgaaagata ttgtatgtat gtttittataa taaaattatg taattitatgt 540 

tttittittatt gttittggitta ttaggaagtt tittatttaaa ttagagtaaa tatattagaa 600 

tittgggitttgttattittagt ttgttgaatt tttittttittg gtttagattt tittattittgg 660 

tittataaatt ttattgtata aatgttttitt attgtaaaat attittaaatt tttitttaagg 720 

galaggttgta toggaaatgat atagtaaggt tttittttgta tttittittaga tttitt attag 78O 

ggaagg taga tittagatgtt ttttittattt ttagttittaa agttttittat ttataaaatt 840 

ttittaagtag tdattattgttgttittgagt atttggaggit agtttagagt ttittgaaagg 9 OO 

taaaattitat atataaaaag aagtttittitt cqatttagat tittagttittg gtgttagatg 96.O 

tatatttgag gagtaggtgg ttagttagat ttittatttga gtagittaata aaatttattg O20 

ttttittaatg gaattitttitt totaagttcg aattgatttgttattitttgt gatttgttgag O8O 

atgg taggga agtattaaat attattatga tittgggittat agtggtggga aaaaaggaaa 14 O 

aaagaaaaaa aaaatttatt gttaagttitt gttagg.cgta naaagggttg gaattgttgg 200 

ggittattitta tittgattitat tdgaaataga gtggattitta ttaat attitt aataaag aga 260 

atttittttgt attaggttgg aagtggtogt tagtttittcg totaattitta titttittggaa 320 

aagtggaatt agttgg tatt gtttagcgtg atttgtgagg ttgagttitta atagtttaaa 38O 

gaagtaaatg g gatgttatt titcgcggggit togtttittcg cq aggtgttt attitcgtatt 4 40 

tgttatgtaa aac gagggag cqttaggaag gaattic gttt totaaagtta ttggttittgg 5 OO 

ttattagttt ttatttaatg tttitcgtgat gttgttgttg atttatttgg gaagttggitt 560 

ggttgg.cgag gtagagttitt tttittaaagt ttggtttitta cqgaaaatat gtttagt gta 62O 
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gtogcgtgta togaatgaaaa C gtcgtoggg cqtttittagt cqgataaaat gtagt cq aga 1680 

attitcgttcg ttttgttgcgt tttitttgttt tagg taggga agaggggttg toggg.cgc.gt 1740 

tittgcgtttc gttitttgt at toggatcgtt cqgtacgggit agggtgaggg ggtttitcggg 1800 

gggtcggggt titt.cggtogC gg.cgg.cgaag atagatcggg gttcggtagg gaggittattt 1860 

cgagtttaga gattittaggt attttittata tataggittitt tattittggcg td.cgtgcgtg 1920 

tgtgtgttgtg totgtgtgtg totgtgttgttg tdtgttgttgtg totgtacgtt cqttaacggg 1980 

agga 1984 

<210> SEQ ID NO 13 
&2 11s LENGTH 1984 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (804, 1771, 1776. . 1778, 1810, 1826, 1828, 1858, 1901, 

1905) 
<223> OTHER INFORMATION: unknown base 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (1923, 1931, 1933, 1935, 1936, 1944, 1952, 1967, 1968, 

1976) 
<223> OTHER INFORMATION: unknown base 

<400 SEQUENCE: 13 

ttttittcgtt aacgaacgta tatatatata tatatatata tatatatata tatatatata 60 

tatatacgta C gtacgittag agtgg gagtt totgttgttggg gggtgtttag gatttittggg 120 

titcggaatga tttittittatc gagtttcg at ttgttitt.cgt cqtc.gc.gatc ggaggtttcg 18O 

atttitt.cgaa agtttittitta ttttgttcgt gtcgggc gat to gaatgtag aaacgggg.cg 240 

tagagc.gc.gt togg tagttt tttittttitta tittgggatag gagaacgitat agaac gag.cg 3OO 

gagtttitcgg ttgtattttgttcgattaga agc gttcggc gg.cgtttitta tittatgtacg 360 

cggttgtatt gagtatattt titcgtgggag ttaggttittg aggagaggitt ttgtttcgtt 420 

agittagttaa ttttittaaat agattagtag tag tattacg aaagtattgg gtagaggttg 480 

atgattagga ttaatggittt tataagacgg atttittttitt aacgttttitt cqttttgtat 540 

ggtagatacg g g g togagtat titcgc gagga gcgagtttcg cqgaggtggt attittatttg 600 

tttittittgga ttgttggggt ttagtttitat aaattacgitt g g g taatgtt agttgattitt 660 

atttittittag agaatggaat tdtacggggg attgg.cggitt atttittagtt tagtgtaaaa 720 

agattitttitt tattaaaatg ttaataag at ttattittatt tittaataaat tagataaaat 78O 

ggittittagta gttittagttt tittntacgitt taggtaaggitt togtagtgga titttittttitt 840 

tttitttittitt tttitttittat tattgttggitt taagttatga tiggtgtttgg tatttittittg 9 OO 

ttattittata aattataaag atgatagatt aattic gagtt totagaaaaa attittattaa 96.O 

ggggtaatag attittattaa ttgtttaggit gagagtttga ttagttattt attttittaaa 1020 

tgtgtatttg gtattaaagt toggatttgg atcggaagga atttittttitt gtatatggat 1080 

tittattittitt agaagttittg aattatttitt agg tatttag aatagtagta gttattgttt 1140 

aagggattitt ataaatgggg g gttittggga ttgagggitaa gagggatatt taggtttgtt 1200 

ttttittaata ggaatttaag aaaatgtagg gaagattitta ttgtattatt tittatgtagt 1260 
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tttitttittag aaagaattta aggtotttta taataaagga tatttgttgta atagaattta 320 

tgaattaaaa tagaaaattt goggittagaag gaaaagttta gtaaattgaa atgataagtt 38O 

taaattittaa totatttgtt ttgatttgga taagagtttt ttgatagitta aagtaataaa 4 40 

agaaatataa gttatatagt tttgttgtag aaatatgtat ataatgttitt ttagtattat 5 OO 

tttittatggg ttaaat atcg gaataaatgt attatgtaat acgtaatata gtaggatatt 560 

gagtaatgga titatgttaag atttagtgga tiggggatgta tttittagtat ttggtatagg 62O 

gtttggaata toggagatagt aattagtgtg tdttaaagaa atagatggitt agatttaatt 680 

aagatgtagt agaagg tagg gaggggtaag gagtttggag titatattgtt taggtatagt 740 

tittcggattt gttatttatt totaaattat intaaannintt gtttittattt gtttatagat 800 

aaaatgaaan tataaattgt attgantnta talaggttgttg gtgaggatta agtgatgnta 860 

taattattga ataaatataa agtgatgttgt tttittaagat ntttntattg gttgttgttt 920 

ggntagaagg intntinnitttg togntttalag gntattgata aagatgnnag tdatgnttga 98O 

agitt 984 

<210> SEQ ID NO 14 
&2 11s LENGTH 7833 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 14 

gtttittggtg agatatgtgt tittataagtt ttaatggaga aaaatgtaag tattittattt 60 

tittgaaattt gottatttga gtaatgagaa aatagittatt ttttittagga tagtggttitt 120 

taattatggit tatgttgttitt tittaggaaaa ttittaaaaat atatatatat taatgtttitt 18O 

gtgttattitt tagggattitt aagtttittga atacgaattt totattagta titttittaatt 240 

atttaggtga ttgttgatgtg aaattatgat tdagttittat tdttittaaga tigaaataaat 3OO 

tttittittagt attgaaatta taaatttaaa ttattaaaat taattaaggg tatgg gaatt 360 

aataaggitat agg gaagttt ttatattata aaattattitt tittaaattat agtttattgt 420 

ttatatgtta tttgttattg tagaaaaggg taaaaaata gtaaatttaa ttatttittag 480 

tittgaaaaat tatttagaaa togalagatgac gattittgaaa tattgttaat attatttgat 540 

ttataaataa tattittaata tatttattat atattgatag atatttittitt atatgaatat 600 

tatatattaa aattaaggta ataatgtatt tagaatattt tatttatatt tatgtattitt 660 

aagtaggitta gaaattaaga tatgagttat taagtatgag atgttalaggt gtggggittag 720 

aaattatatt gtattittatt attaataatt aatatatatt ttaatattat atatatttaa 78O 

ttittaatttg tatatttitta attatttitta attatgttgta taaatataag tatatatatt 840 

tittatgtatt tatttattta tatttittatt tatttattta tataggggat tttitttaaat 9 OO 

ttattattat taaattatat atttittattt taatttittag aataagttta g gagg taggit 96.O 

attgttatta tittatattitt ataaatgagg aaattgttta tagittataaa gttattgtgt 1020 

tagatatatt agaagtttaa tatatatttg gtgaatatat gtataaaaat agagagatag 1080 

atatgtataa tagtttattt ttatattgag taaaagttitt taatttgttt tagaaattitt 1140 

tttgttgaaaa ttgagtaaaa atc gaggitat ttttittattt gttatatagg tataggtggit 1200 
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attittattitt tittaataagg atgaatattg aaatgtggat tittaaggittt aattittagat 260 

tttittgaatt tittgatagtg ggatttggaa tttgtttatt gttittaaagt tttittaagga 320 

atttatatga ttaattaggit ttagaaatta ttggattitta ttgtc. galagt ttgagaatta 38O 

aagtttgggt tittattgcgg ttittatagaa agggtaaatg aagtatt at g gatagaattg 4 40 

atacgtttitt agittagttitt tttittittaga agittaatagg tagtaatata gtagaaatta 5 OO 

gtgattitatgttttgttgttt togaagttagg tagaattitta tagagttitta gtagtgttat 560 

tgacgagatt tatttitttgg g gtaagttgt ttgatgtttt taaagttata tttitttittat 62O 

ataaaatgag ataatattitt ttgttittata ggggtgttitt aaagattaaa taaaaataat 680 

atgttittatt ttatatggta taatgtttga tatttaagaa gtaaaggata tattittattt 740 

ttattgaagt aattagaaag tatgaaatta taaggagat aagagttittg attgg tagtg 800 

tattittattt ttittaggittt atttatttat tittaaattat ttttgttgga gaataattitt 860 

taagttttitt atttaagttg tdagtaattt tatatttitat aatgatgttt tttittatgag 920 

aaaaaaaaat gtttittaagt tttittggaga aaatatattt gtattattitt tattgaaaaa 98O 

tittaataatt ggattttgtt tttttgtatt aattittagag totatatgtt ataaataaag 20 40 

tgttittagtt taagaagatt gaaagtaaat atggtatagt attittaaaat aagaattittg 2100 

taaatatatg gtatgattgt gttatatt at tagtaattat atgatacgta atgtaaagta 216 O 

tagtttatag atttaaattit aattittaata agtaaattga titttgttttgttggggaaaa 2220 

gttaaagtat taatttaatt gttaatgtag titttgttitat ttttittggta tittagtgata 228O 

agtttaaata atgtatatat ttittatttat atatttagta atataattitt ttgtttaatg 234. O 

agtgatgttt ttttgttatt toggtggtgtt tottagttitt agaatttgtt ttittggtggit 24 OO 

attataat at taagtataga gtaagtgtaa taaaattgta gtatttittat tdaaaaggitt 2460 

ttgttittaaa ttgtttaata atttaaagga tittttgttgga agtaatcgta tttgttaatt 252O 

agittataatt agtaattaat ttttittggag titttaattta tttittggitaa aacgttittag 258O 

gaagagtata tattattaga aagtatgtta aaaatttatt tagtagaaaa tittaaaaata 264 O 

gtttittttitt gttaag aggt tttittaaaat tittatttata tagittaaatt ttgaaattitt 27 OO 

agtaggittitt gttittatt at tataattatt gtataaatat ttittaaggat tttgtttitta 276 O. 

gttittaagta to atttattt ttataagttt gattagttat tatattagtt ttgttatgga 282O 

aaatgatatgtttittattitt ttgttgtaga gttgttaaat tittgattitat atttatgttg 2880 

ttttittttgttgaaagtttg tag.cgaaaga aatttittaat tttttgttitt gtaatattag 2.940 

ttgg tagttt tatttaatgg gtattttgtt tttittaaaga atttagttgt tttgtttaga 3OOO 

agtcgattitt ttgatgttitt taacgtttgg tittaattgat ttgttittaat ggagtttitcg 3060 

toggtogagga gcgagatgtt atcgattaga atgttgggat ttgttgttta attgttagga 312 O 

gtgagagata ttgagattta galaatttittg gaggtgggag gggagaggga tagtttcgga 318O 

cggaggcgga gatgtaagat aaagg gatgg attittatata ggaaaaaaaa aaagattitcg 324 O 

ttgagg tatt gaggtgttgt acgattatat tttittaaagg agaagttaaa aagtaaggaa 33OO 

gtgg gaggag gttggaggitt aaagtattta aaaggattat togggtataa tttgttttitt 3360 

tgttggtgtt totaaaggat agatagtttc gtttittaaag tatatgaatg tttitttittaa 342O 

gtgattggga atggat atta attgtttgtt aaatgttatt aaatgtttitt ttaaatttag 3480 
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gggtagaaag totaggtota gtaggaaatt tttgtatgtt togc gtttata ttggagttgc 582O 

gaggattittg agaaat atta aacgg gatgg ttttittgggit ttattgttitt gaaagagtat 588 O 

taattittagg ggaaatattgaaatagaagt tttgttatta ttaaagaaaa aagttittatt 594 O 

aggatgagga agaaataatt titatgaga aa gaatgag cqa gaaagtaata aattaaatgg 6 OOO 

tgattgtagg ggaatcgttg atttittggta aaggtgttat gaggtogtalt togtttittcg 6060 

ttgaagatta ggittatatag attittagagg agttgggttt taatagaatt tttittitttitt 61.20 

titttittittitt titttittittitt titttittittitt tittittittatt tatt tattitt ttittittittitt 618O 

ttatttittitt tttittittagg cqgtaaaaga tattggittitt gtagtttaga tatgttttitt 624 O 

tttttgttitt tittaagttitt aaggtagitat aggggagttg agaaaaagaa tattittgcgg 6300 

gttttittagg toggagtggg tatgattgag gttggittagg titt tatgtag gogagtc gag 6360 

ggcggaatcg attittagtgg gcgttgattt ttittatttitt goataggttt ttgttggagtg 642O 

ggittaggitat tttittttgtt cqttcgggitt tttittagatt ttgacgg.cga acgtttggta 64.80 

ggitttcgttt togttgaagtt ttittaattaa atagggittag aggatgg gag ttgttgtatt 654. O 

tittagttggt atagtattog gtttgatagt ttgtagtata gggtgitatgt aattitttitat 6600 

ttitttgttgaa tataattittg ttgtagittaa atttggittitt gaataaagtig titttittaaag 6660 

atgtatataa gttgaagtgt atgtaattitt agagaggagg gaatgattaa ttgtaattta 672O 

gggtgaaagt ttgtatagitt tittagttatt attgatgtaa atgttaaaag gaaaattatt 678 O. 

atgtattatt ttaatttatt ttittataaag ataagttgag atatgtaatt ttattagatt 6840 

tgggittaata gattgtttitt ttttittggta gtttittaaat ttgg tattitt aataaaattit 69 OO 

aatatgttitt tataatttitt to atttatgc gtatatgtgt gttgtttittgaaagaataag 696 O 

ttittattttgttattgttta attattttitt agatgttitta titatggtaat aattatgagt 7 O2O 

ttgtaaaaat aatttittgga aatgttgatg gttttgtagt ttaatataga ttggtttgtt 708O 

ttatttittag tittttgtatt gttittaggaa ataattaatt taaatgttgaa gttgatattt 714. O 

gtaattaaga aattatatat ttattagata ttittaaaggg gattgtataa attaaag aga 72OO 

ataaattggit tttgtagata ggttgttaag aatttggitat titcgtttitta tittttgttaa 726 O 

tittagaggtg attaatttitt atttgagtta aatagattat tatagaaaat attgttgtttg 732O 

tittatttitta ttattgaggit tttgttttitt ttttgtttgg atatattitta aataaggggit 738O 

tgttittagtc gttgaagtaa aagaataatt aaagatgggg aaatggtaaa aggg tattta 440 

gagattatta ttagttttitt tittaaaatgt ggagttttgt ggittataaat attgtttatt 7500 

taatgagtaa aaaataaaaa taaaaaaaaa ataggaagta aatgttalagt ttittattitat 756 O 

tattgttagt attaac gitaa gttittaaaaa atagt attat tagaaaagga tattaaagga 762O 

gaattgatta gaaaagaatt gtggaaaatg gaaacgaata ttgattattt aattagattit 768O 

tgaggittatt agtagatagt gattttgtag tatagittata gttgttggat ttaaaattta 774. O 

ggataagtat tittaaagttt taaagtag td tttittittttgttaaaaattt gtaagatgtt 7800 

ttaatgattg gagtgtttitt tittgaatttg agg 78.33 

<210 SEQ ID NO 15 
&2 11s LENGTH 7833 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 15 

ttittaaattit aaagagaata ttittagttat taaaatattt tatagattitt taataaaaaa 60 

aagtattatt ttgaagttitt aaaatatttgttittaaattt taaatttaat aattatagitt 120 

gtattgtaag gttattgttt attgataatt ttaaaattta gttaagttgat taatattogit 18O 

ttittatttitt tataatttitt ttittagttaa tttittttitta gtatttittitt ttgatagtgt 240 

tattittittaa agtttgcgtt aatattgata gtggtgaatgaaagtttaat atttgtttitt 3OO 

tgtttitttitt ttatttittat tittttgttta ttaggtggat aatatttatg attataaaat 360 

tittatattitt ggaaaagagt tagtgatgat ttittgaatat ttttittatta tttittittatt 420 

tittaattgtt tttttgttitt aacgattgaa ataattittitt atttgaaatg tatttagata 480 

aagaggaaat aaagttittaa taataaagat aaataggitat agtgttttitt gtgatggttt 540 

gtttggttta aatgaagatt gattatttitt aagttaatag gggtggaagc ggggtgttaa 600 

gtttittgata atttatttgt aaaattagtt tatttitttitt agtttatgta gtttitttitta 660 

aaatatttgg taaatatgta atttitttgat tigtaaatgtt aattittatat ttaagttagt 720 

tattttittaa aataatgtaa goggittaggaa taagtaaat tagtttgttgttggattataa 78O 

agittattaat atttittaaaa attgtttittg taggitttata attattatta taataaagta 840 

tittaaaaagt gattaggtaa tagtaaagtgaaatttattt ttittaaaaat aatatatatg 9 OO 

tacgitatgaa ttaagaagtt atagaaatat gttgagttitt attaaaatgt taaatttaga 96.O 

aattgttaaa aaa.gagaata atttattgat ttaaatttaa tagggttgta tattittaatt O20 

tgttitttgta aaggataaat tagaatgatg tataataatt tttitttittgg tatttatatt O8O 

agtaataatt aggaattata taggitttitta ttittgagtta tagttggitta tttittitttitt 14 O 

tittaaagtta tatatattitt agtttatata tatttittgaa agatattitta tittagagitta 200 

gatttaatta tagtaaaatt atatttatag aagatgaaaa attatatata ttittatatta 260 

taggttgtta aatcgaatgt tatgttagtt aggagtgtag taatttittat tttittggttt 320 

tatttaatta ggaagttitta gtagagcgaa gtttgttaag cqttcgtcgt tagaatttga 38O 

agga attcga gcgagtaaga agagtgtttg atttattitta tagaagtttgtttagaaatg 4 40 

gaggagittag cqtttattga agtcggtttc gttitt.cggitt cqtttatatg gagtttgatt 5 OO 

agttittagtt atgtttattt cqgtttggga gattcgtaaa gtgtttittitt ttittaattitt 560 

tttgtatt at tittgaagttt agg galagtaa agagaggggt atatttggat totaaaatta 62O 

atgtttitttgtcgtttagga gagaagggaa tagaga gag agagagatag atagatagag 680 

agaga.gagag agaga.gagag agaga gagag agagaga gag agaaattitta ttgaaattta 740 

gtttittittag aatttgttgttg atttggttitt taacgggaga ttagtgc gat tittatggitat 800 

ttttgttagg aattagcg at tttitttgtag titattatttg atttattgtt tttitcgttta 860 

ttttitttitta taaagttatt tttitttittat tittagtaaga titttitttittt taatgatgat 920 

aaagtttittg ttittagtgtt ttttittagga ttggtgttitt tittaaaatag tdaatttaga 98O 

aaattattitc gtttaatatt ttittaaaatt titcgtagttt taatgtaagc gitaagtatgt 20 40 

aaag gtttitt tattatattt gtatttitttgtttattittag aattatttitt tatttitcggg 2100 

tttgtaatag titttittttgt titttittggat a gaggtgggt ggt attagg g gtttagg gta 216 O 
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aacgggatta tittattttitt gtagatatta gtagaaaaat aaattgtatt cqagtaattit 4500 

ttittaagtat tittaatttitt aatttitttitt tatttittttgttttittaatt tttitttittga 45 60 

gagatgtgat cqtgtagitat tittagtgttt taacgaaatt tttitttittitt ttttgttgtga 462O 

aatttattitt tittattittat atttitcgttt togttctgaga ttgtttittitt tttitttittat 4680 

ttittaaag at ttittgaattt tagtgtttitt tatttittggit aattaagtag tag attittag 474. O 

tattittagtc. g.gtgg tattt cqttttittat cqacgaagat tittattaaaa tag attaatt 4800 

agattagacg ttggaggitat tagaaaatcg gtttittagat agagtagitta aattittittaa 4860 

ggaaatagaa tatttattag atagagttgt taattaatat totaaaataa gaattagaa 4920 

atttittitt.cg ttataggttt ttagtagaga aggtaatata aatatagatt aagatttaat 4.980 

aattittatag tagagaatga gaatatgtta ttttittatag talaggttggt gtggtaatta 5040 

attaggttta toaaaataag titatgtttga aattaaaggit aaagtttitta aaagttgttta 51OO 

tgtagtaatt atgataatga aataggattt gttaggattt tagagtttgg titatgtaagt 5 160 

agaattittag agaattittitt agtagaggaa aattgtttitt gaattittttgttaagtaaat 5220 

ttittggtata ttttittaata atatatgttt tttittaagac gttttgttaa aagtaagtta 528 O 

aaattittaaa gagittaatt attggttgta attggittaat aaatgcggitt gtttittatag 5340 

aggttttitta aattattaaa tagtttgaag taaagtttitt ttaatgggaa tottgtaatt 5 400 

ttgttgitatt tattttgtat ttagtgttat agtgttatta agaaataaat tittgaaattg 546 O 

gtaagtatta ttaagtggta gaagaatatt atttatt gag tagagaattig tattattgaa 552O 

tatgtaaata aaaatatata tattatttag atttgttatt agg tattaaa gaagtagata 558 O 

agattgtatt agtaattgga ttagtgttitt aatttitttitt tagtaaggta aaattagttt 5640 

atttattaga attaaattta agtttatgaa ttgtattittg tattgcgitat tatatgattg 5700 

ttagtaatat gatataatta tattatgtat ttgtaaaatt tittattittaa aatattatat 576 O. 

tatatttatt tittaatttitt ttgagttaga atattittatt tdtggtatat atattittaga 582O 

attgatgtag aggagtagag tittagttgtt agattittitta gtagaaatag totagatata 588 O 

tttitttittag aaaatttaag aatatttittt ttttittatgg aaagaatatt attataaagt 594 O 

gtgagattat ttatagttta agtagggggt ttgggagitta ttttittaata agaatagttt 6 OOO 

aagataaata aatgaatttg ggaaaataag atatattgtt aattagaatt tittattttitt 6060 

titatgattitt atatttitttg attgttittaa taaaggtaag atgitatttitt tatttitttag 61.20 

gtgttaggta ttgttgttatg taggatagaa tatgttattt ttatttaatt tittaaaatat 618O 

ttittatgaga taaagaat at tattittattt tatataaaag gaatatggitt ttgaaagtat 624 O 

taggtaattt gttittaagaa ataaattitcg ttagtgatat tdttgggatt ttgttgaaatt 6300 

ttgtttgatt ttagagtata agatataagt tattaattitt tattgtattg ttgtttgtta 6360 

gtttittgaga ggggaaatta attgggaacg tattagttitt gtttatgata ttittatttgt 642O 

ttttitttgttg gag togtagt aag gtttaaa ttittaattitt taaattitcgg taataagatt 64.80 

tagtgattitt taatttggit to attatatgaatttitttga gaaattittga aataatagat 654. O 

aaattittaag titt tattatt agggatttag aaaatttgga gttgg gttitt goggatttata 6600 

ttittaatatt tattitttgtt g gagaagitaa g g tattattt atatttatat gataaatgaa 6660 

aggatattitc gattitttgtt tagtttittat agagaggttt ttgagatagg ttaaaagttt 672O 
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ttatttagtig taaagatgag ttgttgtata tatttgtttt tttgtttitta totatatgtt 678 O. 

tattaaatat gtattaagtt tittaatatgt ttgatatagt aattttgttga ttgtagataa 6840 

tttittittatt totaaaatgt gagtaataat aatatttgtt ttittgggittt gttittaaaga 69 OO 

ttaaaataaa aatgitatggit ttaatggtag toggatttggg gggattittitt atataaataa 696 O 

gtgaatggag gtatgaataa ataaatatat aaagatgtgt gtatttatat ttatatatat 7 O2O 

aattaaaaat agittaaagat gtataaatta aagttaaatg tatgtgatat tdaagtatat 708O 

gttgattatt gataatgaag tatagtataa tttittaattt tatattittaa tattittatat 714. O 

ttaataattt atattittaat ttittagttta tittaagatat atagatatag atagaatgtt 72OO 

ttaaatgitat tattgttitta gttittaatgt ataatattta tatgaaaaag tatttattag 726 O 

tgtgtagtaa atgtattaga atatt attta taggittaaat gatattgata atgttittaga 732O 

gtogittattt ttatttittgg ataattittitt aaattgagag taattaaatt tattatttitt 738O 

ttatttittitt ttataatggit aaataatata taaataatga gttgttgattit aaagaaataa 440 

ttittataatg taaaagttitt tittatgttitt attgatttitt atgtttittaa ttaattittgg 7500 

tagtttaagt ttgttgattitt agtgttgagg aaagtttatt ttattittaga gtagtggggit 756 O 

ttagttatga tttitat atta taattatttg gataattaaa gaatattgat gtagagttcg 762O 

tatttaaaga tittggaattt ttagaagtga tatagaagta ttggtatata tatatttitta 768O 

aagtttittitt goagaaatat atagittatga ttgagaatta ttgttittggg gaaagtgatt 774. O 

atttittittat tatttaaata gttaagttitt aggaggtaaa atatttatat tttitttittat 7800 

taaaatttgt aaaatatata ttittattaaa gat 78.33 

<210> SEQ ID NO 16 
&2 11s LENGTH 965 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 16 

gattaattaa gog tattitta gaagttaggt gttitttgttg tttitttittga gtatggaggit 60 

tattaattitt tagggggaag agatgtag to tagg tagg g g tottgttgtt aagaaattitt 120 

gatgtttittg gggatt gagg ataaaggtgt ggatatgatt ttgggg tatt toggagttittg 18O 

tgatttgttgt tatggatggit atatttaggg gttaatttitt gttttgttitt aaagaattitt 240 

aagttagagt titttgtttitt gtttatagitt ttgg gatgtt gttgttgttgt ttattgtata 3OO 

gg tagtgttt goattggttg tagtagattg totgttgttgt gttittattgg gagatggtogg 360 

agatgttgaa aagtttittitt tttgttattt to gatgttgt gggtggtaag tdttittagtt 420 

tittattitttgttgagttgaa tatttaggta tagtggaatt gaaatttggit tttittattitt 480 

tgttgagttgaatgtttagg tatagtggaa ttgaaatttg gttttgttggg atgtgagagt 540 

tgttgaggitt atgtgtaatt goggtotgatg gagggtgttt gtttgttgatg totgtaggitt 600 

tgatgtaagt aggttattgttgttgtgagtg tdtggatgtg attgtttgag agatttggag 660 

gtaggtttgg gatatgtttg agtgaatatt ttaggatatt tttittggitta gtatttgttt 720 

tittagtgttt gtgatttaga gtgggtatat gttgg gagat agtaatgggt ttgggtgtgt 78O 

gtaaatgagt gtgattggaa gtgagtgttga gtttgattta gg tagggatt atatagtatt 840 
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gttatatttgtttgttttitt agtagaggat tdaagtgtgg gggtgggggt atggggttgg 9 OO 

aatagaatgt ttittgggata ttittggtaaa tagtagttgg aagtaaagg g g tagttgttgt 96.O 

aaatg 965 

<210 SEQ ID NO 17 
&2 11s LENGTH 965 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 17 

tgtttgtata gttgttttitt tatttittggit tattgtttgt taagatgttt tagagatatt 60 

ttattittggit tttgtattitt tattitttgta ttittagtttt ttattaaaga gtagg taggit 120 

gtgatagtgttgttgttggittt ttgtttagat taagtttata tttgtttittg gttatattta 18O 

tittatatata tittaaattta ttattgttitt ttaatatgttg tittattittga attatagata 240 

ttaaaaaata gatattggitt agaagagtat tittgaggtgt ttatttalaat gtgttittaag 3OO 

tttgtttittg agttttittgg gtggttgtat ttatatattt gtatgatgat gatttgtttg 360 

tattaaattt gtatatatta tdaataggtg ttttittatta tatttaatta tatgttgattit 420 

taatagittitt tatattttgt agaattgggt tittagttitta ttgttgtttga gtgtttagtt 480 

tagtag aggt agg gaattgg gttittagttt tattgttgttt gagtgtttag tittagtagag 540 

gtagggatta aggtgtttgttgtttatagt gtttagagtg gtaagaaaga agttttittag 600 

tgtttittatt atttitttggit ggaatgttgta gtgttgttgatt tottgtagtt gotttgggtg 660 

ttgtttgttgt ggtgagtgta gtagtggitat tittggggttg toggtggagg taaggattitt 720 

agtttgaggit tttittgaggit agagtagaaa ttagtttitta ggtgtgttgt ttgttggtgtg 78O 

agittatggaa ttittaggitat tittggggttg tatttgtatt tttgtttitta gtttittagaa 840 

gtgttgaaat tttittagtat gatatttittg ttttgttgtta tatttitttitt ttittaggggit 9 OO 

tggtggttitt totgtttaaa gagg tagtg g gaatgttta atttittaaga tigtttittaat 96.O 

tgatt 965 

<210> SEQ ID NO 18 
&2 11s LENGTH 16579 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 18 

tgttttittaa aatgatgttt agttgaatta gttaatggag ataaaaatat ttatatataa 60 

ttttitttitta agtttattag titattittata gattagttat aattittggitt attittaatga 120 

gttaatttitt ttittagagat attataaatt ttittaaagat ggaaaataat tigittatttitt 18O 

ttgaataatg tittattattt aaaataatgt atataaaagt tatttaataa attitttgttg 240 

aattgagaga aaatataaaa aattgaaagt agtttgtttg taataagtgt ttgttaagtt 3OO 

ttatagattt tttitttittitt ttggaattat tigtaataaat atttgattitt tdatttgtag 360 

gattaaaatg tdatttittta tattittaata ggagtaagta ttagttttgt aatttitttitt 420 

gttaatagaa taaaaatgga atgtatgttt gttgtttitta tatgttggitt gat atttatg 480 
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ttgaatattt tttittataat gtagaggttt ttttgtttitt tattttgttgt tittatttittg 540 

tittattatag agatattaat gatgttatgt gtttittttgt attattagtig tag tagttitt 600 

tattatgttt tttgttittgg titttattgta gtttaattaa ataaatggaa atggg tagtt 660 

attgaaaata aatagtaatt gtaaaagttt tatttitttaa gaaattittitt gtattgtatt 720 

ttgttttgtt ttattgattt taagatttitt attgtttittt tatgtttaga aattagattit 78O 

tittagtttgt tttgttittag titagataaat gttittataaa aatgattitat attittittaga 840 

ttgtggggag agaagaaaaa gattittgaga aagtgattaa gagggagta agagtgatat 9 OO 

aatttittgat ttaatttagt toggattgttgt tttittatgtt tittatttittt tttittataaa 96.O 

aaagatagtg tttittgatgt tttgttittag gtagttttitt agggtgagtg tagatgtgtt O20 

gagittatttg gttgttittga ggattggttt agagagttitt tttittittatt aatgaagtta O8O 

tttitttitttg gtagtttggit tttittittatt attittatgtt ggaatttggit tittggitttgt 14 O 

atagttttgttgttgatgtag atggttttitt agittaagttt tagagaaatt totttaatta 200 

tgaataggat atttatagta taggagaaaa aaaaattitat taaaataaat attittattgt 260 

aatattittga tittgggggitt goagagtaaa aatttaatat ttgatgtttg ggaaaaattit 320 

aatgttittat g gttttittaa ggaaatttgt ttgttgtttaa tittattagag taatttatat 38O 

attittgggitt aaagtataat gagattgtta ttattattitt gtttitttgta agattitttitt 4 40 

tittaagaata aaaagaaggit aataaagatt ttatatttitt gtttitttitta gaaagttaaa 5 OO 

gaga atttaa agtgttggat gaaatgtttgtttittaattt gtagtgttitt atttaaaaaa 560 

aaaattatga tataattitta gaggataggit tttitttittitt tagggitttitt gaaagttaaa 62O 

agtatattitt taatttgtag tattattgta ttatttagtg aggataattt gtttagttgt 680 

gtttaggatt agittagatta aggagttgaa attaagttitt ttittgaattt gaatgggatt 740 

ggaattttgt tatttittaga gtagtaatag atgatgttat gtttaagaat attittatttg 800 

attaataaaa aaggagaagt ttgaaatgta attittaaaga attittagaag gaggtttaga 860 

tgaagataat aaaattittitt g gagatatat ttgttattta tatttitttitt ttittaagtta 920 

ttggtttgtt gtttittgagt ttagttaa at ttittaaagat aagattaaag taaggaagta 98O 

aggtatatag tttittggttt atggttttitt ttagatataa gtattgttgaa toaagattitt 20 40 

gttittattta tatttggg at tittggagttt ttataaagaa tatttittagt ataag gatgt 2100 

gatttalaagg gggatttata gaataatatt ttaattattg tittgattitat atttgagtgt 216 O 

aatggataaa taaatataat tittagttata aaatttgaaa aatatatatt tttittattta 2220 

aaaatttittg atagittttgt tagg tattgg agaattagaa ataaatgttt ttittatttitt 228O 

tttitttittga tigaaggaaag titattaaaaa tagttatata gaaataataa tataattgta 234. O 

gattittattt taaatatagt togg tatgttt tttittitttitt tttittattta titttittattt 24 OO 

tagatagitta gaggggaaag tttgttittag agatagaaag aagatattta toggggtataa 2460 

ttittattitta gttatttgat agtttgaaga agtatttaat tttittgaata ataatgttat 252O 

aagttaaaga agagaaaaga tagg tagttt aaagttttitt aatattgttgt atattittaat 258O 

tttittaagtt agttittgaga aagtgtttitt gttttgtaga agtatttggit taagtgttgt 264 O 

gaagtttatt got attaaaa gaaattaaaa attittggagg attagagaat taaatttggit 27 OO 

aatataaatgaaaatattitt agaatgtaaa aagtatttaa tittattattt ttaattatgt 276 O. 
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tittattatat atagatggta ttatttatag tdaatgttaa ttattaatat tttitttaaaa 282O 

atggg tatta atttgttatt agttgtttgt ttittgattta gtttittttitt gttgaaaggit 2880 

tittattta at totattataa agggataaaa gqgtaaaaga taataagttt tittagattgg 2.940 

tagatttgtt atttataaaa taggittittggg taggittattt gaattittittg aaatttaatt 3OOO 

agatttattt aaatttalaga atgagaatat aaatttatat tittgaagtgt tittatagaaa 3060 

ggtttattitt aatgtttgga gtatatattt taatgaatat ttattittatt ttatttittitt 312 O 

ttatttittga attaagtaat tittgaattta aagttgttat gattagtatt gaaaagatta 318O 

ttggattatt aattgttgttga titttgggata gtaattittitt gtattittagt ttgtttatat 324 O 

gttatatatg aag gttgaag tittgattittg ttttgttgatt attattittaa atatttgatg 33OO 

aaattaaatt ttagtgtttg gaatgg tagt ataataaatt tattaagaat aaataattta 3360 

ttgtaaaaat atattgattt ttaaatgatg taattgatag titatattatt gtagagggitt 342O 

gataaataat aaaagaaatgaaagatgitat atggtgagaa ttgaaattat tittgataagt 3480 

tttittatttgtttattattt aaaattaatg attatgttga atgtttataa attataaaat 354. O 

ataaaagaaa ttittataaat gtgitatgtat aggagtttaa gtt attaaaa gttittaaagt 3600 

ataagtttaa attaaattaa ttaaagaagt tdagaggaaa aattggttitt tatttittaat 3660 

tatt attgtt ttgaggttitt atgtttaata taattittitta agtag aggtt ttagagagaa 372 O 

gagttgtgag gat atttitta tatttgttgta gaaggaaaag tttgttattt attittagtat 378 O. 

ttittagtgtt atattgatgt gitattittgga tittattttgt ttittattgta taaatttata 384 O 

tittgattitta aagaaaagga aaatttaaag tittttitttitt tta aggggat agaaatttitt 39 OO 

tgttgttaatt gtttgattitt tttittttgta aggttittatt ggaaatttitt totaatataa 396 O 

tgtaggggat ttttittatgt gttgatgttg tittatatagt ggggtgg gtt to attgaaga 4020 

aaaaaaattg tatatatgta togaaagatta togttittatt tittggaaagt atgaaaggtg 408 O 

attgatattt ttaagaagtt tttgttattt aggaaaatta ttaaatattt tatttagaga 414 O 

tatttggaaa gattgaagga aaggaagaat gaagaaagta gaatttagat titatgtgggg 4200 

agagatttgt ggtagaggaa aagtatttitt tittgaatttg ataagggatt totttggggg 4260 

aattittttgt ttagttttitt attattaggg ttttittgaag ttgggitttitt tattggg tag 4320 

ttttittggga gtgtag togg gaatttittat atttitttittt taggtttittg aaggattittg 4.380 

tttittittagt gtttitttitta ggttggtagg agttittgagt ttgatattitt tttittgatgg 4 440 

gataggtaag titttgttgggt gtgtaaatat gttgtaatta agtttitttgttgattittata 4500 

gttttgttgttg tttittgagaa gaagttgattg tatttaattig tittattgttg gtttgtttitt 45 60 

taag agtttg g g g gttttitt ttttittaatt tagaattagt totatggggg gtggggaagt 462O 

gggggtgggg aaggagtggg aggg tagtgg tittttgtgag tagagtgatgttattgagtg 4680 

agtttittgaa toggggagtgt tdttgtttitt aagttgattg gtatttitttgttaggaagaa 474. O 

atgttalagag gtgggagtgt ttggggaggg agg taggtgg tttittattgt aggttgggg 4800 

agttgtttitt ttgtttittitt gtttgtttitt taagtttgga tttittaggag tagttgaagt 4860 

tgttggagtgt ttittggagitt tdtgaatgaa tttittttittt tttitttittitt tttittttittg 4920 

ttgagtttitt tttittggttt togatggtata gtgatataat gatgatgggt gttataattit 4.980 

gtatttgaat ttgtaggtga gttgttittga gtttittittgg ggaagaattt taggtgttgtg 5040 
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atttatgatt atttgaattit aatgg taggg ttttgttitta ggatattgta aaagaagggit 738O 

ttittaattta aaatttaa at ttttittaatt ttagggtggg togttggatgg gaaagtggag 440 

agalaggtggg tagtgggagg aaaaaagaaa gigaaggaag ggaagtggala ggaaagagga 7500 

ttgttggaggg gaggaalaagg agaaaggaat ggagatgggg tagatggitat ttaaatagitt 756 O 

aggaatggat toggaagggitt tottttgggg tittgg gtttgaattittgaga tttgttittag 762O 

gatatttittt tttitttittitt agtggtaata aatgtgattg tag aggtgtg ttgggatgga 768O 

agggtgggaa agaattagat aagtggaggt ggtttagttt totttaaag g g gttgggttt 774. O 

ggggtttgtt tittatttgtt tattttgttgt taagg gagga tttgtaatgg gtgttttittg 7800 

tagtggttgg gttagttagt tottatgtgg gttggtgttt toggtttittag titgagatggg 786 O 

tgtgatttitt toggtttaga gattgtagta tagttgtata ggtggttggt gtagttgagg 7920 

tttittattta ttgaggittaa togggggtggg gtggggaagg tagggitt tag tittaattgag 798O 

agagttgagt ggttttgttt ttgggatttg g g gttggttg tttittggagt tdatttgagt 804. O 

tittatttaga tagtgttgaa tatttittatt aaaaggittat ttaagttitta ttittattitta 8100 

ttittatttitt gtttgtttitt toggagtggit aggaggggta ttgttgtttitt gttittgaggit 81 60 

aggggagagg ttaaaattta ttttalagtaa atttitttgtt agaaaaatga gattittatat 8220 

tgtattittat ttgttgattt tittaaatata tittaggittat tittaaagttt atttittagtt 828O 

aattaataga ttaattttgt tittagattgt tataaag agt ttgtttggaa togtaaatat 8340 

tgttatttga taagattaat agaattittat gggggtaaat atggaagggit totgagtgta 84 OO 

attgaggttt ttgttgttitta atgaggaatt ttagtgggga tittggtgggg attggaagtt 84 60 

tag tatttat ttagggagtg attgagttgg aaatttggag aagtttggtg tagatgagat 852O 

ggtgttttitt agagttgtat tittaagttitt tittattttgttgtatattgg aagaattgga 858O 

ttittaaag at tttittittatt attittagatt ttgtagittaa tagittatgtt tttitttittitt 864. O 

tgtttgttga aagttgttgat ttaattgttt taagtattitt ttgataattt tattaaattit 87 OO 

attittgaaaa tatttatata aagttittaaa ataggatgtt gtgagtgtaa tataaaaata 876O 

ggaagg tatt aatggaagta ataattagtg ttittgagata gaagtggttt ttagtttgta 882O 

atttggaaat gttaagagta gtatattagg gagaaggttt ttaag agttt gatttitttgt 888O 

tittgagttitt gagtaaagaa agaaatatgt tagaattgta ttgtttgttt gtagtaatat 894 O 

tgtaaagggit tittaatgg at tittaatgttga ttgagtaatt atttitttitta gtattaagtt 9 OOO 

tatagitttitt aattitttittg tdagaagatt agg taggaag toggatgaga tittaagataa 9 O60 

ttatttagga tittatgttag aatttaaagt tittgatttitt ttggtagata aaaatagagt 912 O 

tggittittaaa ttgtatttitt tatttittaaa aaaatgaggit ttgaaaggaa tttittittaga 918O 

tittatatagg tittatagatg taagttttitt tttitttittitt gtgtttgtaa attggaggga 924 O 

gatgtttittg atattittaga atatttgtat ttatatattt gtaaattittg ttaggaaagg 93OO 

atttaaatag ttaaattaaa ggtgattatg attaatgtta aagatattat ttattgttitt 936 O 

ttttitttgtt gtattattag gtttaaatat tittggagitta atgattggitt atttaattga 9420 

gtaatagagt ttittgagagt gtaaagatta attaattittg ttttittaaag tittggtaatt 94.80 

aagtttittitt tttittggtga gatttaaata tttttgttga tigittattitat ggataaatat 954. O 

tggtaaat at totatttalaa atgggatatt gttttgttgat ggagtagaat tttittaagat 96.OO 
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gg tatttittt tattattitat 

gagittatttgttittggitttg 

gaaaatataa agtatgtatt 

tgttittggitt aagttittatt 

atttggtaaa ttatatatat 

atgtatatag ggtttittaaa 

gtattittaga ggittagtata 

atatttittgg gtagattitat 

gtatatattt tattittattt 

attatatatt titataataaa. 

gatttgatat tatttgaggit 

gttggattta ttagttgaga 

aatttattaa atgaatatgt 

ataaaaaagg gatgataata 

ttaataataa ttgtattatt 

agaggggitat attgttittaa 

attgattitta atgaagttgg 

aggataattig atgggttitat 

aagaaatata agatgaatta 

agaaaattat gggattaaaa 

ataaaattta gtgttattitt 

aagtaaataa tatatttgga 

ttgatattitt atggatttitt 

taaaaattat gtatagg tag 

ttgtttagtt ttatttgtaa 

tatttittitta ttaattagag 

ttgagatgga gtttgttatt 

ttttgtttitt taggitttaag 

gg tatttatt attatgtttg 

ttggittatgg tagttgattit 

taaagtgttg ggattatagg 

tgatgtaagt ttgttgttggit 

gaaagtaaat aggtttittitt 

ttattaaaag tttittaaaag 

ttattatatg gatggatatt 

ttgtag tatt gtttittaaga 

attatttaaa taaaagttgt 

atatggaaaa attgtatttg 

9 660 

972 O 

978O 

984 O 

9900 

996 O 

OO20 

O 140 

O260 

O320 

04 40 

O5 OO 

O560 

O 620 

O 680 

Of 40 

O 860 

O920 

O4. O 

100 

160 

220 

280 

34 O 

400 

460 

640 

FOO 

760 

820 
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ttgatttgga atatttittta aaatatattg tattittaagt gaaaaaattig atagataaaa 1940 

ttgagtatat attatatatt taattatgta aaatgggtgt atatttattt ttittaataaa 2OOO 

tatttattga gtgttittagg tattgtggat ataggagtga ataaaatatt aaagattgtt 2060 

ttgttggaat ttittattato gtagg tagag aaaggtaatt tittaattata tatgtaaaat 2120 

ggtgatatgt gttaggatga aaatagagta toggaaaggg aatagagtat agtatgttitt 218O 

aggtagagta atgagaaagg agttt attag gtagagaata gaggagtgtt aaggggtgat 2240 

aatgttgaaaa agtttagtta agtttaggitt tagga attta tatgatgtta ttatttgtat 2300 

gaagitaaatt tatgaaattt totatttaaa titatgttgatt tttittttgtt gtataatgat 2360 

ttttitttgttg agaaagaatt agtgagtaat atgatatgttg atgtttatta tatttattitt 2420 

gtagttgaag tattittagaa agttggttgt ttagg gtatt taattagtag aatggtggat 24.80 

aaaattattg tattitttgtt tittaagttat tttttgttag titgagtttitt ttaaaattaa 2540 

gggagaatat taaatattta tittaatagaa ttittggittitt tttittggagg ttgtttattt 2600 

ttggtgttgtt ttittatttitt tttgtagata ttttittatgg ataggagttt tattgattitt 2660 

gtttitttatgttttittaggit aattaaatag titttagtatt ttgtatttgg attgtttaat 2720 

gattittttitt tttittittatt gattittattg gagtagaagg ttaaatatag gitatttattt 2780 

ttatatttitt taggittttitt tatgtagata gagttgttat tattagtaga tiggtgttitat 284 O 

aagagagata toggaaaagtg gaagaatgga aatagggatt toggagtggtg ttaaaaataa 29 OO 

agaaag aggt ttittgaaagt tttittattta atatgattaa atatagaaga taaaagatgt 2960 

aatttaatga ttaaggatag ggatatagitt ttgagaaaat tatagaagtg gaatgaatgt 3020 

tittggattitt aaagaagagg gaatggaaat gtagttittga ggtagittaaa gttaataaag 3O8O 

ttttittgata tatttattgt agaaataaat gattatttitt taatttaagg tttgtaaatt 314 O 

taggtoatta taggggtgag gtatggagtg galaatgggta agagattaag toggggg tagt 3200 

aatggttittg agtatataga tittaagggga gagattgttg tittggittaat gtttatgatt 326 O 

agittagttga aatatagatt tagtgttgtt agattittittg attttittgaa agaagttaga 3320 

gattittatat ttagtgtaaa tagtttaatt tittaaattga gtaatttatt taaatatatt 3380 

tatgtaattt atttaaatgt atttagagta tatttgattt tttittttgta tttittattta 34 40 

gttittagggg taattittaag gaaagtgatg totatatttgttgtattitat gtagatggag 3500 

gattatttitt tttitttittaa taaaagatat ttittataagg attgagtgtg gtataaagag 356 O 

tittgatttitt agtatttaaa ttgagtagga aatttaaata tagaagattt tttitttgggit 362O 

tatatttittg gtttittittaa atgagatttg attttittaga tattgataaa tattatatta 3 680 

ttgggittatg gtaaatttitt aagtggattg atttaaaagt gtttaaaagt attittaggtg 3740 

ttaaggaatt gttgg tatgg agttittaaag gtgttitttgt ataagaaata gaggtgttga 38 OO 

titatgtattt gatttataaa tatttitttaa ggatatattt tdaatttggit aatgaagaaa 3860 

tattgttggga attattaagt tdaataaagt attagttttgttttittagaa gtttattgtt 392 O 

ttatagagga gattagatat gtttatagat aatttgaagt atatagtaat aaattatagg 398O 

atgatttatt ttaagtataa agtgtatatt gttattatag tdgtaattta ggittataatt 4040 

tittaaatgta agagttittaa atattattitt ttittatttitt agtgatatga aattatgtta 41 OO 

gaatatttgt agaaagtttgaattagta at tittaataata aatattgagt attgatatat 416 O 
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tgtatattat tigagattitat tittatatata ttattittatt aatttittatg attattittgg 4220 

taagtattaa tttittata at taagtagtga tagaaaatga ggtttagaga gatatagitat 428O 

tittatttaaa gttatagaat ataagtagag aatgtagaat ttgtattittg ggittatttga 434 O 

tagtggagtt tagatttitta aaattaggitt tataaagatt ttittggaaaa aaagaaaaat 4 400 

aaaaaataga gaataaattt ttittgaagaa aagtaggaaa ttatt attta taagtataat 4 460 

taaagagaga tttittaattt tttittitttitt tttittttittg agatggagtt ttgttttgtt 4520 

gtttaggtgt aattittagtt tattgtaatt tittattttitt g g gtttatgt tataaagaaa 4580 

gtttittattt gattggitttg atttgattgt ttattagaat ataggitttitt tag tagg gtt 4 640 

aataagttat aatagttitta gtgatataag ataaatataa attaataata aggttaattit 47 OO 

agaattatta atatatgttt tittattgttga attattagtt g gtttataga tiggaaaatat 476 O 

aagatatata atgtattagt ttaaaaaatg ttttittagag agtgtttaga attatagaat 482O 

ttaaaaattt tattittgaaa aggtttaatt tittattittaa aatatataaa gaaattaaat 488 O 

gtaaaaaaat taagagaaaa gottttaatt aattaaatgttgtataattt taagtttitat 494. O 

titatgtttaa gattagttitt gtaattitatg attaattitta gtattagttt gtttittaatt 5 OOO 

taggitttgtt aaataatata gaattitttitt tittaatgaag titttittagg g ttittagttga 5060 

aaaatatata ttagttagga tigtttittaat totaaggaat aaaaagttat gattittattg 5 120 

ggitttaaata ataatgat at ttataattitt atataaaatg aagtttaaag gtatggttta 5 18O 

ttittaggittt aatttittaag gattitatgtt ttgttitttgttgattitttitt ttagtttitat 5240 

ttittagaggt attittattta tittatggatg taaaatttitt ataatagittt tagtagaaag 53OO 

attittagtat gataatgttt agg gaagaaa attgattatt tttitttitttgtttittitttitt 536 O 

aggatgaatt tatttitttitt agggatttitt tattggagga agagatttitt ttatattitta 542O 

ttggittaaaa ttatattata tattgttitta aatttaatta ttggaaaagg gaatgg tatt 54.80 

tittata attg atttaggata ttaggattat tttittgg gtt goggtttgat ttaggattitt 554. O 

ttaaagtatg tattgaggg tagg tattag aatggaatta gagttgttgtt agaaaggaga 5 6.OO 

aatgtatggit tattatagaa tagttittaaa tottatt gag gagggtataa ttgtaaaaat 566 O 

taaataattt tttgttattt ttittgaagtt g g tattittga tttittagatg gttttittaat 572O 

ataggitttitt tttittttitta ttattatagt tattittgaaa tittgagttgg aagg gaatat 578O 

tittgagattt agattgttaa atgttitttitt taaagttatg taataaatta aatggtaaag 584 O 

ttaggg tagt tttittgattt agtatagggit atttitttittt attttittatt tittgagattit 59 OO 

tagaattgtt g g tattgttt taaaattitat ggtaagaatt ggittatttitt gtaattaata 596 O 

tttittittata atatatttgt tttgtttgtt tagittagitta gaaattatat ggagtttgttg 6O20 

ttittaaaaag tttgttgaag tittittattitt ttgttittggit attatgttgta tdaattatta 608 O 

attggitttitt ttittattitta tatttgatga agatgtttitt tttittaatat tttitttittat 614 O 

tgttttittat tttitttttgt tittatttatg attagttgtt tatttittaaa tag attttgt 62OO 

ggittatttat tttitttttgt gttagtttitt atttattagt tatttgaatt gtggitttitta 6260 

ttgtttittta tatagitttat ttatttgttgg ttgttatata tatttatatt gttatatgtt 632O 

tittaaattgt attittggaat gattittggta atggttgtat toggatgagat ttaaattaat 6,380 

aattaaagta ttgagatagt titttgttatt ataagttitat ttttgtttitt atagitttaag 6 440 
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aggagittatt ttttittattt ttattattta atgtttaata ttatttittat tatatataat 16500 

gtataaaaag tatgttgattt atgatttatt ttaaatttga atgtttgttga tittattttgt 16560 

gtttittttitt atttittagg 16579 

<210 SEQ ID NO 19 
&2 11s LENGTH 16579 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<400 SEQUENCE: 19 

tittagaaatg aagaaaaata taaagtaa at tataagtatt taggtttaaa gtgggittata 60 

aattatatgt tttttgttgta ttgtatgtaa taagg gtagt attaagtatt aagtaataag 120 

agtagaagaa gtagttttitt ttggattata aaaataggag taaatttgta atagtagaag 18O 

ttattittaat gttittaatta ttagtttgaa ttittatttaa totagittatt attaaaatta 240 

ttittagaata tagtttggga atatataata atgtggatgt gtgtgataat tataagtgag 3OO 

taggttgtat gaagaataat agagattata gtttalagtaa ttagtggata ggagttggta 360 

taaaaagaaa toggtgatta taaagttt at ttagaaatag atagttgatt ataaatagag 420 

taag agaaga tiggggagtaa tagagaaaga t gttgaaaga aagg tattitt tattaagtgt 480 

aaggtgagaa gaattaatt gotggtttat gtatataata ttaaaataga gaataaggat 540 

tittgg taggit tttittaaagt atagattitta totagtttitt agttggittaa gtaaataaaa 600 

taaatgtatt ataaggaggit gttaattata aaagtgatta gttitttgtta toga attittaa 660 

agtagt atta atagttittaa agttittaaga gtaaagaatgaaagaaaata ttttgtattg 720 

agittaagaaa ttgttittggit tttgttattt aatttattgt atgattittgg aaaagatatt 78O 

taataatttg g gttittagaa tatttitttitt tagtttaaat tittaaggtag titataatgat 840 

gaggaggaga agaatttgttg ttggggaatt atttagaaat taaagtgtta attittaaaag 9 OO 

aatggtaaaa gattatttgg tttittatagt tatgttttitt ttggtagitat ttagaattat 96.O 

tittataatag titatgttgttt tttittttitta atataattitt g gttittattt tagtgttitat O20 

ttittagttat atattittgga gaattittggg ttaaattitta gttta aggga tigattittgat O8O 

attittaagtt aattatagag gitattattitt tttittittaat gattggattt ggaatagitat 14 O 

ataatatagt tittggittagt gagatgtgag gggatttittt tttittagtga agg gtttittg 200 

ggaaagatag atttattittg agaagaga at aaaggaagag gtggittagtt tttittttittg 260 

gatatt atta tottggaatt tttttgttgg aattgttgta gggattttgt atttatgagt 320 

aagtgagata tttittggaaa toaagttgag aaagaattag taalaggtaag gtgtaagttt 38O 

ttaaggatta gatttagagt ggattatgtt tittgaattitt attittatatg agattataaa 4 40 

tgttattatt gtttaaattit aataaaattg tdatttitttgttttittatag titgaaagtat 5 OO 

tittaattggit atatatttitt tagttggg at tittgaaaaat tittattggaa aagaaattitt 560 

atattattta gtaaatttag attgaaaata agittaatgtt galaattagtt ataaattata 62O 

aaattgattt togaatataaa tagggitttgg agttgtatag tatttaatta attaagattit 680 

tttitttittaa tttittttgta tittgatttitt ttatatattt tdaaataaga attagattitt 740 

tittaaaataa aatttittaaa ttittataatt ttagatattt tittgaag agt attittittaag 800 
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ttaatatatt atatattitta tatttitttat ttatagatta attgataatt tataatgaaa 1860 

aatatatgtt gataattitta aattaattitt attattagtt totatttatt ttatattatt 1920 

agaattgtta tatttgtta attittattgg aaagtttato ttittagtaga taattaggitt 1980 

ggattaatta aatagaaatt tttitt tatgg tatgaatttg ggaggtggag gttgtag toga 20 40 

gttgagattg tdtttgggtg atagagtgag attttgttitt aaaaaaaaaa aaaaaaaaga 2100 

aattaaag at tttitttittaa ttatatttat aaataataat tttittattitt tttittaggaa 216 O 

aatttgttitt ttatttittta tttitttittitt tttittaggaa atttittataa gtttaattitt 2220 

aaaagtttgg gttittattgt taaatagittt agaatgtaag titttgtattt tittatttata 228O 

ttttgttgatt ttgggtaaaa tattatattt ttittaaattt tatttitttgt tattatttag 234. O 

ttgttgaaaat tag tattt at tdaagtgatt ataggaattg ataaaataat gtatataaaa 24 OO 

taaattittag tdatatataa tatattagta tittaatattt attattaaaa ttattaattit 2460 

agatttitttg tagatgttitt aatatagittt tatattatta agagtaaaaa gaatagtatt 252O 

tggggtttitt atatttgaaa attataattt aggttattat tatagtagta atatatattt 258O 

tatgtttgga ataaattatt ttataattta ttgttatgta ttittaaatta tttgtaaata 264 O 

tgtttaattt tttttgtaga atagtaggitt tittggaaggt agagittagta ttittatttaa 27 OO 

tittaataatt tittataatat titttittattg ttaggitttag g gtatattitt tdaggaatgt 276 O. 

ttgtag atta aatatatgat taatgtttitt attttittatg tagaaatatt tittgaaattit 282O 

tgttgttaata atttitttaat atttgaaata tttittgaata tttittgaatt agtttatttg 2880 

aagatttatt atgatttaat aatatgatgt ttgttaatat ttagagagtt aaattittatt 2.940 

taaaaaaatt aaaggtgttga tittaggaaag gatttitttgt atttgagttt tittatttaat 3OOO 

ttaaatatta aaaattgaat tittttgttgtt atatttaatt tittataaaag tatttitttgt 3060 

tggggagagg agaatggttt tittatttata taggtataat aagtatatgt attattttitt 312 O 

ttaagattat ttittaagatt aggtaagaat ataaggagga gattagatat gttittaaata 318O 

tatttgaata agttgtataa atatgtttga ataagttatt taatttaaaa attagattgt 324 O 

ttatattaaa tataaaattt ttaattittitt ttaaaaaatt agaaggttta gtaatattaa 33OO 

gtttatattt tagttggttg attatgagta ttaattaagt agtagtttitt ttttittaagt 3360 

ttgttgttgttt aaggittatta ttgtttittat ttagtttittt atttatttitt attittatgtt 342O 

ttgttitttgt agittatttaa gtttgtaaat tittgaattaa aagatgatta tittatttitta 3480 

tagtaaatat attagagggit tittattgatt ttagttgttt tagaattgta tttittattitt 354. O 

tttitttitttg gagtttaaga tigtttattitt attitttgtaa tttittittaag gttatgttitt 3600 

tatttittggit tattaagtta tatttitttgt tttittatgtt tdattatatt aaatggaaag 3660 

tttittagaag titttittttitt tatttittagt attattittaa atttittattt ttatttittitt 372 O 

atttittittat gtttitttitta taagtattgt ttattagtga taataattitt gtttgtatgg 378 O. 

aaagatttga gagatatgag agtgaatgtt tatatttagt tttittattitt agtgaagtta 384 O 

atgaga aggg aagaaagtta ttgaataatt taggtatagg gtattgagat tdtttaattg 39 OO 

tittgggagat ataaaagata aggttaatgg aatttittatt tatgagaaat gtttgtaggg 396 O 

aggataaggg atatattagg gatggg tagt ttittgagaga aagttaagat titt attaaat 4020 

agatatttag tatttitttitt to attittggg gaagtttagt togataagggg to atttalagg 408 O 
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tittaggatat 

gtttittttitt 

aattittatga 

ggittaagttt 
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atgtataata 

ggagaatgtt 

tttittattag 

attgtttitta 

tittgggtgat 

aattaaagag 

ttalaattatt 
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ttaggtatag 

atttgaggitt 

taaaaatatg 

ggttgatata 

gttattgtat 

titatttittitt 

ttaattatta 

tittatgttitt 

atttitt taala 

ttaaatgttg 

agatttatta 

tittatttitta 

attittittata 

agattgattt 

ttitttitttitt 

taatgaaatt 

gtagaaatta 

tgaattittaa 

titttittgatt 

taatatttitt 

ttagtgttta 

ggtggttittg 

tittagttata 

atagaaagaa 

atttattitta 

ttittatattg 

attittattta 

tatatt atta 

ttittaataga 

tagtaaatat 

tatatttagt 

ttaaattagt 

gtggatatag 

gatatttgtt 

attggt atta 

tatatatatt 

ttittgaagta 

tataatttgg 

tggitttatgt 

aggagtttaa 

aaaattagtt 

ggagaattgt 

tittaatttga 

ttgttattitt 

tittatttaat 

ttitttgttat 

gttatttata 

tagatgttitt 

gtatttittta 

atttatttitt 

titttatattit 

ttattttgta 

attgaatgtt 

aaataattitt 

tatggitttgg 

gatataatat 

tittataattg 

gtttggittitt 

titt tattata 

tittattattit 

aagtggatgt 

ttattgtata 

tataagtaat 

ttgttittitta 

agatatattg 

ttttgtatat 

gtagtttittg 

ttgttaaaag 

tittatttatt 

aaatataatt 

taattittitat 

tittagaagta 

a tatt tattt 

ttittaaaaat 

gagga attta 

ttaatataaa. 

ttgtaattitt 

gattaattgt 

aagtatggtg 

ttgaatttgg 

gtaatagatt 

tittgattggit 

tatagatgag 

tatttgtata 

aaagtttatg 

ttaalatatat 

gaatgg tatt 

tittaattitta 

gatttattitt 

tggatttatt 

taattittatt 

taaaataata 

gtaatgtagt 

attattattt 

tatatttatt 

tittagttagt 

ttittaagtaa 

tgttaattag 

aatgagtatt 

gtagagagaa 

agtattatot 

gtatttittitt 

tattittattit 

gtgattggga 

atgttttgtt 

aatgaatata 

aattitttitta 

tttittatgtt 

ttaaatggitt 

atgttgtaaa 

attataataat 

ttittgataaa 

tittatttitta 

tttgtattaa 

agtattittgg 

tatggittaat 

gtgggtgttt 

alaggtggagg 

ttattittaaa. 

gaaaaaatgg 

gttgagtgat 

taattitttgt 

gaatattaag 

tatttgttitt 

gggttittatg 

tgattitttitt 

a tatttittitt 

aattgttittg 

ggagittaatt 

tgtttitttitt 

tattattaaa. 

titttitttgta 

taatagatta 

gagtttaatt 

tattalaatta 
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gtattittaga taattaattit 

atatattata ttgtttattg 

attatgtgat ttaggtotga 

gaatttittga atttggattit 

gtttitttgtt tdgtgaattit 

tttitttittat gttittattitt 

attgtttittt tittatttatt 

tattitttgta tittataatgt 

tatttattitt atataattag 

tittagaatat aatatattitt 

atttittgata gttgtatagt 

ttittatgatg agtttgttat 

gaatatttitt gtttatttgt 

gttgagaagt ggaattgttg 

gaattaaaaa aaagtgattg 

tataatagta tatgagagat 

attittittaat tittatttittg 

gaggttgagg togggtgaatt 

atggtgaaat tittatttitat 

ataattittag titattaggga 

ttgtagt gag titgagattgt 

aaaaaaaaaa aagaaaaaaa 

tgtagtatat tattggtgtt 

tittittittata attittaaaat 

ttatattittgatagatgttgg 

agittattagt tittttgttitt 

tgttgtaattt ttatttagtt 

ttttgtttag aataggittitt 

ttattattitt gtaaaaagtt 

taggatgaga aattagg tag 

aaattattta ttgaataatt 

tttgtaattt gttttittgat 

tgatttattt tatagattta 

attatagaat tagattaata 

tagttttitta aagtattitat 

tgatattaaa gqtttaaaag 

taaattittitt gattittaagt 

ataatttaat aataaaaaga 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

45 60 

4680 

474. O 

4800 

4860 

4920 

4.980 

5040 

5 160 

5220 

528 O 

5340 

5 400 

546 O 

552O 

558 O 

5640 

5700 

576 O. 

582O 

588 O 

594 O 

6 OOO 

6060 

61.20 

618O 

624 O 

6300 

6360 
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ttataattta ttaaatatgt ttattgtaaa atatgtaatt ttattittata gatataaata 642O 

ttttittaaaa tttittagaag aatgaggtag gatgtatata gatgtggaaa gtatatatat 64.80 

ttgtatttitt ttatagttgg taaatttatt tag aggtgtg ttittaggaaa tagaattgat 654. O 

atattaaata aagattittitt gtattgattt ttgaaatata attatttitta atatatttaa 6600 

tggtaagaat ttagtagtgt ttaaaaattt totatatata tatatatata totatttitat 6660 

atatatatat agattittata tatatgtaat ttattaagtt taggittataa gaggaaattg 672O 

gtaaaaattt attaattgaa atggagtttg gttaagatat ttatatttaa tttittitttitt 678 O. 

ttgattittaa attagg gaga gtatatgttt totgttttitt gotaaaatat agattitatgt 6840 

aataattagt atatttittitt agattagagt aagtaattitt taataatgag tatttgttag 69 OO 

ttittaattgg tttittittatg tdggtggtga aaaaatattt tattatagitt attaatttitt 696 O 

ttttittaaaa gaattatgtg ttittgagaag titttgttitta ttatagg gta atattittatt 7 O2O 

ttaaatatag tatttattga tigtttgttta tdaatgatgt taataaaaat gtttaaattit 708O 

tattagga aa gqagggittta gttgttagat tittgg gagat agagittagtt gattitttgttg 714. O 

tttittaaagg ttttgttatt taattaagtg attaattatt aattittaaag tatttaagtt 72OO 

taataatata ataaaagaga gaataatggg tag tatttitt aat attaatt atggittattt 726 O 

ttggitttagt tatttaggitt tttittittagt agaatttata agtgtataga tatagg tatt 732O 

ttggaatatt aaagg tattt ttttittagtt totaaatata gggaaaaaga agaaattitat 738O 

atttgtaaat titatgtaaat ttaggggg at tttittittaaa ttttgtttitt ttgaaagtag 440 

gaaatataat ttaaaattaa ttttgtttitt atttattaaa agaattaaaa ttittgaattit 7500 

tgatataaat tittaaatgat tigttittgaat tittattttgt tttittattta atttitttitat 756 O 

aagaagatta aggattgtgg atttggtgtt gaggaagta attgtttaat tatattggaa 762O 

tittattggaa ttttittataa tattattgttg g g tagataat ataattittaa tatatttittt 768O 

tttittattta gagtttagaa taagaagtta gatttittgga gatttitttitt ttgatgtatt 774. O 

gtttittaata tttittaagtt ataaattggg aattgtttitt attittagaat attaattgtt 7800 

gtttittattg gtatttittitt atttittatat tatatttata atattittatt ttaggattitt 786 O 

atgtgaat at ttittaggatg g gtttggtga aattgttaag aagtgtttaa aataattagg 7920 

ttatagttitt tagtagataa aaagaaaaag atgtggttgt tagttataga atttgaggtg 798O 

atggaaaaga tttittaaaat ttagttttitt taatatgtag taaaatggga ggatttaaaa 804. O 

tgtagttitta agaagtattg ttttgtttgt attaagtttt tittaggittitt tagtttagtt 8100 

atttitttaaa taggtgttga gtttittagtt tttgttaggit ttttgttaag gttttittatt 81 60 

gaggtatagg aattittagtt atatttgtag tittttittatgtttgtttitta tdaaattitta 8220 

ttagttttgttgaatggtag tatttgttat tittaggtgaa tttitt tatga tagtttggaa 828O 

tgaaattaat ttgttaattg attaagaatg g gttittagag to atttgaat gtatttaaaa 8340 

agittaataaa toggaatatgg tataaagttt tatttittittg ataaaaagtt totttggagt 84 OO 

aaattittaat tttitttitttgttittaaaata aaagtatgat gtttitttitta ttatttittaa 84 60 

gaagtaagta aaaataaaat aaaataaaat aaaatttaaa tagttttitta ataagagtgt 852O 

ttagtgttgt ttggatggaa tittgggittag ttittagaagt agttggttitt gaattittggg 858O 

ggtgaggitta tittggitttitt ttggittaagt tdggittttgt tttittttgtt ttgtttittat 864. O 




































































