A Met hod for Screening Cancer BACKGROUND OF THE I NVENTION 5 1. FIELD OF THE
| NVENTI ON The invention relates to the cancer screening nethod, cancer
screeni ng bi omarker, and use therof. In particular, to the cancer screening
met hod using nethyl ated DNA as the biomarker. 10 2. DESCRI PTI ON OF THE

PRI OR ART Cervi cal cancer has been one of the main causes of death in
femal es worl dw de and in Taiwan. Based on the statistical survey by the
Wrld Heal th Organi zati on WWRthiod #R0%reeaENE €@in&ancer was the second
maj or di sease responsi ble for the death of wonen 15 worl|l dw de, second to
breast cancer. Regul ar cervical cancer screening is the best way to prevent
cervical cancer. Conventional cervical cancer screening includes two
approaches: the nost gammERelXOSRD @PW];N\WTIW“ papi | | oma virus
testing (HPV testing). Pap snear consists of sanpling secreta from cervix
uteri, exam ning under 20 m croscope whether there is cancerous

pat hol ogi cal change in the exfoliated epithelial cell, so as to detect

cervi cal 5canf_eﬂlgﬁﬂ OF FygEh ?tmgnmd, HPV testing consists of exam ning

whet her human papill oma virus I'sS present in the specinen by using

pol ynerase chai mhiedateanon PidRicar tdthe | chricapt 4breenida TR&ItRod!r @anbOever,
many undesired properties of Pap snear. For one, it requires sanpling by a
physi ci an, angdeanaby dismbyke, nael agle th@odmnenapasak 0 Sthe Wahed i s a

hi gh cost of nmanpower that poses difficulty on pronoting the test in many
devel opi ng cuadriinganeMmbusiRgimstiBdatciddNa hi ghe badiaerlagoati ve rate which
del ays di agnosi s and proper treatnent prior to cancerous pathol ogical
change. As for HPV 5 testing, although it is highly sensitive, it tends to
create a high false positive rate, which not only | eaves patients worry in
vain, byp alzpatRIPTUCINOY THE qu@ﬁg KRN exam nations follow up to
t hose fal se positive patients. Accordingly, one of the inportant topics in
pronoti ng cervi dadrviedicesn@rahaddiceanoniel dfeshomancraasénaftdethOinaccur acy
and conveni ence of cervical cancer exam nation method. Genom ¢

del eti ons hdemdlengvdréewidonadder Baivian. déagni bnpbetantstiadtwrven by
tunorigenesis. For a long tinme, we have been accustoned to the i1dea that

t he codi ng pheeWoiral Hefalthh®rgenmatohi @ H®) in 200 envavxdemeet: ofast he f our
A T, G C bases. The two-hit theory proposed 15 as early as in 1970s

i ndi cat es cdheonitamd majat | dissasyr mspensibhes Gfr ghee deatinl @yousntcuanor
suppressor genes may cause or predi spose to cancer devel opnent. However,
addi ti onal iwerdwade.oseconal toalbfoast sapfeenBegpkraanyhel shocedsdimening nodi fi ed
base 5-nethyl cytosine. 5-Methylcytosine is found in manmmals in the context
of the 20 pa$ilhgr beplc wayuenpeeEntCpGvacal MosecerCpGodienitdrat cdevipairs are
met hylated in mammal i an cells except sonme areas called "CpGisland." CpG

i sl ands ar e cBOCChHAEICHBE ilBdluges dsvppapmchrs mdheyost «anmemUglused ocat ed
inthe vicinity of genes and often found near the prompter of widely
expressed géiids STO@.08nAehBany papilymaceans testiag t 1P Bnessym)hdsips, by
enzymatic transfer of a thyl ,group fromthe nethyl donor

S- adenosy| mSHHiAEHoRS1EtS of Fantd beGelol P 68MaK WtloSkaminmgeurdety mat i ¢
reaction is perforned b%ﬁENA met hyl transferases (DNMIs). DNMI1 is the main
met hyl t FRnsFBICARECANe Mebetars thary 1§ canespusipsliolpgical hehansa 1nefbici cat i ve
restoration of. hem -nethylated sites to full methylation, referred to as
mai nt enanceeﬁé?lﬁ%egt‘?@melb@ﬁé‘ﬁi]asgomﬂe% COKINIESB canect sdilyhont Bepe 5

invol ved prinarily i yl ating new.sites, a process called isol ated
met hyl at i onOther }{5&?2 gﬁgﬂet‘q’ﬁﬂ%& | GHISKYLS Cﬁ% %ﬁ‘?ﬂgémé‘@t i%]é%t&lef . Bumagener al
hyponet hyl ati o was .t he f'P t. epi genetic abnor nal }oti es identified in
cancer cel | ®3PHASFHIUG &é‘tg e%‘d@tmft FSPBGIICH DY USA3E PeSneraseo

i ncreasi ng apparent .th Lte- cific hypernethylation, e.g., sonme tunor
suppr essor ﬁgﬁ&{echlo a@)c@?;%%? i Cfa&éeof function which may provide
sel ecti advan es duni ng carcinogenesi.s. . Dense .nmet hyl ati on of. CpG

i sl andsygt promtg%%}e F‘é%ikb%"ge‘é%n maey &e%lﬁﬁdoﬁh(f}?fﬁtl%&gﬁi@g HYSRhEStgh

hi st one nodi fi.cafi. W sequent ;gene 15 silenci.ng. Therefore, in
addi 1 on oot ShbSBReRt Ser e B or pdShTen Aol AR Sy o Biscki o
silencing of tunor suppressor genes by pronoter hypernethylation is
comonly seen in human cancer.



Epi dem ol ogi ¢ studi es have recently shown the correlation of serumfolate

| evel , a major source of nethyl group, with the infection 20 and cl earance
of HPV. GCenetic polynorphisns of enzynmes in the netabolismof nethyl cycle
were al so reported to be associated with the devel opnent of cervical
intraepithelial |lesions. As the concept of epigenetics evol ves, studies
exploring the association between DNA nethylation and cervical cancer are
al so booni ngex@nutirgzmtbélaphe, 28hiwht key kahighn cost oérmacpbwearthetr pases

accunul ating, which showed the potential of using nethylation as markers in
cervi cal screédficnby ol pHomesingathe éessfint maniyndevdlapmbeduseresgekladi cs and
environnment, the prevalence of nmethytation in tunor suppressor genes
varies in di PrReremardeises higll faigef eegativpopiel whiahhdeldapsediognosist araf

met hyl at or phenotypes with different di sease behaviors was proposed wth
cont r over sy. PITHRET EQaiIcat grigsHenetygssons peshalogidal ciavee. AsdlcrtlIPy
interaction with HPV genot,%/pes,sti Il remai ns unknown. What genes are

speci fical | yiegdngy pihadgn il cemighly sensitee, dnigndsvionesptygentghafadse equired
to achieve clini.cal application will remain a blossonm,ng issue in the

conmi ng fut urROSIENG ok eWheh 8Pt il lappes paticals wadry iinerinebat iale pat ent
10 applications in Tajwan &g\/ Pat. Pub, No. 200_831900% Chi na(CN Appl . No.
200810094659W2§t65n@l‘l&bsm&é oi9888ELS Hh@xardprdans Uslipst uppim thegs
20080311570) .. (Hereinafter referyed ior applications). Conparjng with
prior appli cRtioReSI e PAHGRIF o CHAL “flg md’%r?@ thev ERPEHABELORESekNi ng

bi omar ker and cancer screerii ng 15 nmethod using the same. SUMVARY OF THE

| NVENTI ON  PTOGHQURS; SEEVIEt! (RECPHy BRMARAEQN ¢ (S0t elN&TeasINgG cHIE cancer

Screeni gg nmet hod as the first |line cervi cancer screening. 20 Anot her

t ol al
obj ect af 1 FRESTIRRRARD FONLeRisnsE Gl iHEY iFal SRuFeia A RIBIONGBP R ng et hod,
characterized in~that.s ifi)netrl%? can be used not only,in the first line
cervical cancer r@%?(%‘@h? ﬁﬁ,‘“t"é)ﬁ]ts o' Sﬁ%n §88§)ﬁ8r‘?({]%b@é’tr\/’i”&%‘i’“%%%cer
screeni ng tog st uncertain spear,result in order to

g(t:) _hiea/eo ][m{ e agiﬁozr'u' %&ugﬁ{g\é/g%ﬁ?ec%&fqg%ﬁ?: é?nggi@gg?}vfgt;%‘éegii?ﬁlapi‘;ssoﬁgt ©anot her
chjar acteri ch i i et%hgbﬁsgll% ér%cpﬁédﬁggeﬁ}tﬂaé ﬁget i mEPRRC é%ﬁeg’ﬁ?ﬁa’ g’fe cervi cal
cancer . ool oh et AR RIS el £ ChERS, TRl S ePl B Gl
soroen N 5 b1 ouy i T b7 70s ificaltit Bbh O Gat dnfi St WBISTBIREL, ¢ he

[1 sk of haviggnCARGRIoTbEs FARBELuBEIEARAL METELIRALIA o CBR AGHIRYE the

above-nentio obj ect ein on*conprises 0 i*ng t he

met hyl ati on &ater 0&6\{&?8@\1&%&995{%99@( bh&g@{( (rlj)i rhi8ohelarSREELAEN and

use the testing result as a screening in Indicate the risk of 10

having cancafher@fifh®aidh M MOckLOTRI URESmb@h i Bikes SRR PIGRytne P OV di NG

a isolated test specinen; step etecting the nethylatio ate of CpG

sequence in ANE@IRyt8HAet 85 9E6uLENE Mﬁdlhﬁqatweirgeggéﬂgggg@ g&rfi;; jed t est

speci nen, wherein sdid target gene conprising 15DB and

ZNF582; 2and sl eRirdimidedeqiu@hpl Ny -wheler MBI €4 GateRiotRle PafsCARCEr ous
pat hol ogi cal change or not in the specinen based on the nethylation rate in

Ergfkte ?r get geethylfedush Ntas@ind]iBRt RIS e@Bep@ison®! 4rdhgetalgRNe(@SGPr 0gNnosi s
island.” CpG islands are GC- and CpG-rich areas of approximately 1
kb, usually located in the vicinity of genes and often found near the
promoter of widely expressed genes. Cytosine methylation occurs
25  after DNA synthesis, by enzymatic transfer of a methyl group from the

methyl donor S-adenosylmethionine to the carbon-5 position of

cytosine. The enzymatic reaction is performed by DNA

2



20 wherein said test specinmen conprising a cervical scraping, a ovarian
cancer tissue, ascites, blood, urine, feces, sputum oral nucous nenbrane
cell, gastric juices, bile, cervical epithelial cell, and post-surgery
cancer tissue; wherein testing nethods for the nmethylation state
of CpG 25 sequence in said target gene conprising nethylation-specific
pol ynerase chain reaction (MSP), quantitative nethylation-specific

pol yner ase chethylireasterases( VS shi BNY¥ITtleis 8guerdnnge(iBransferasmar r ays,
mass spectronmetry, denaturing high-performance |iquid chromatography

(DEI PLO) ; S5vibemaimmmelse angl jetesgonsitbacor has pphbrcnﬂmmb»tei dstemgoance as
depicted in SEQID No: 1; . wherein the target gene PDES8B has the

nucl eoti de dujnemahylatadpitesda full seghybting, referred to as malrgeramed he
target gene PTPRR has the nucl eotide sequence as 10 depicted in SEQ I D No:
3; and vhetbilalione whergas oWl IiMessrd HadINié Bhuek ethtawghtseydence as

depicted in SEQID No: 4., . I n addition, the above-described screening
i ndex and sdP¥ERIGfGPHRGEY ivamabby liéieg newt@s, RiProResserléehiisdastd cer vi cal
cancer, and 15col on cancer. The invention provides further a ovarian

cancer scredREHY!ABORod, characterized in that said nethod tests the
thyl ati t ft t . f. test specinen, and uses said
o o e b e P e el g
o ovi di g a RGIIAr G THUAT: Sel ok cBas e rOBPIg Lk IABtH(iRE: Pon T at e
f G i I t t t i.t hin the .genom c DNA of said
Cest Speci mEADCRhArlSn AN Chr G Gord domsr T nietmed! IBFPRRCAME ZNFS8D.
d, t 3. det i ni t .th LA ari an, cancer or cancero
o o SRt e AT ERSe b IRV AT caner of caneerous
e ker - Cownapair SloriiRl S BpE M eBiet Pl lsogih (B A0h e Bih faabe 0 %' ©
ascites, bl - urine 4] ost-surger ancer tissue; . wherein testin
rr:t IhopI:_ f or %}?ﬁgl%et h%ﬁl%%“g%Ps?‘i‘faéﬂgge%%d?@éa%ep%lqlﬂog‘?a‘?ec?“f'ar gé?nsﬁene )
Guant i £ a P AT R BTG e R TR S FaoRs (R He2he el titee)
bisulfit i i . . turi
by sul 112 SeOBIRIG. (iRl L85 Wi EBRedP S oty e

\lA/BerNgi: ni5he RREEL IANGRREL iRasiIdifibn rtUCAiﬁ‘BHo%%lﬁaq%@QﬁSng%rdﬁ&{eﬁced in SEQ

mutations, epigenetic silencing of tumor suppressor genes by
promoter hypermethylation is commonly seen in human cancer.

Epidemiologic studies have recently shown the correlation of

serum folate level, a major source of methyl group, with the infection

20 and clearance of HPV. Genetic polymorphisms of enzymes in the

metabolism of methyl cycle were also reported to be associated with

the development of cervical intraepithelial lesions. As the concept of

epigenetics evolves, studies exploring the association between DNA

methylation and cervical cancer are also booming. Studies of DNA

25 methylation in cervical cancer are accumulating, which showed the

potential of using methylation as markers in cervical screening. With

the nature of the interface between genetics and environment, the

(]



15wherein the target gene PTPRR has the nucl eoti de sequence as depicted in
SEQ ID No: 3; and wherein the target gene ZNE582 has the nucl eoti de
sequence as depicted in SEQID No: 4. Term "test specinen” refers herein to
i sol ated test specinmen, and 20 said isolated test specinen conprising the
above-descri bed cervical scraping, ascites, blood, urine, feces, sputum
oral nucous nenbrane cell, gastric juices, bile, cervical epithelial cell,
post - sur ger ypreaabwcet iods uecthytatosthem swint@bl sipppessoregendhevanyentd ve
cancer screening nethod is useful to test the nmethylation state of target
genes in saidifBesbpanesiandslifépeni pepslatomd. (descemtaptnet mdthyiaom stat e of
bi omarker as a screening index of various types of cancer. The cancer
screeni ng rnEdisdyperd wHE stiffesentnglibentex hwi/labiamamr popvkekdwith t he
invention can be enpl oyed by the researcher to performthe test in the

| abor at ory. Controvopger éhﬁ?, methglatps kplwindigpe ngl cancien! caefcer saritbriti n to t he
5 percentage of being cancer, the risk of getting cancer in future, or the
presence Sor 1AGragHoR atBr PV gonpsypss sl eiemaias nstknavani Svhatt geaesof t ar get
gene (bi omarker) bejng higher coppare with suitable control, the risk of
havi ng canceéfCwhgr '1%&%@%&&%%@%@@@%@%&@@&@mw}hgmwaret he

i nvention prpvidga_fur her the cancey, s¢reening biomarker or a kit containg
sai d bi omar KEAUHEALEAsEIE el imea 9?3&?%%0%Wﬁﬁéﬁ@ﬁuﬂé%@Kﬁsgﬁhégcﬁﬂ@narker)
in isolated.teﬁt s?eci n for determning the risk of having cancer.

These f eat urB<NEFEHIEI{EGes of the present invention will be fully 15

under st ood and reci ated fromthe fol.l owing detajled description of the
acconpanyi ng Dr %g@.vcﬁ%‘Elf)%E@@l PP ERRleen T D%&V&N ative patgure | A

e 8 A B MR
by per T orm 0P8 sPt (0 Seetoch) ¢ AdphRGUPBOSRSD) i KBitvican * "
et hod,  25P Al e 1. CHGus Pne2 RS0 {1 SV RSB Ash ARG a5 U1 o
Poess 1 tne PHSRRENVe CaRtba BT RohcimBR T e B 1840w he
L S O LS

cervical specrnens usi a tar
screeni Rg et hody L%ilpg'ﬁ% LER.DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

SUMMARY OF THE INVENTION
One object of the invention is to provide a cervical cancer
screening method as the first line cervical cancer screening,

20 Another object of the invention is to provide a cervical cancer
screening method, characterized in that said method can be used not
only in the first line cervical cancer screening, but also in the second
line cervical cancer screening to assist HPV testing or uncertain smear
result in order to achieve more accurate cervical cancer screening

25 effect.

Yet another object of the invention is to provide a cancer

screening method, characterized in that said method can be used in the



The invention will be illustrated nore detailed with the follow ng 10
exanpl es, but the invention is not |limted thereto. Exanple 1 Materials and
Met hods 1. Materials Test naterials conprises a series of full cervical

| esi on specinens, 15 including: squanous cell carcinoma (SCC, n = 20),
adenocar ci noma (AC, n=20), and normal cervical specinmen (n=10). Al of
these cervical specinen, ovarian specinen, and colon cancer specinen were
obt ai ned fr geraenisgrafi e vGalerateHos piel hig iMticpwirgeMOg, offaidier sprcénen was
subjected to genom c DNA extraction by neans of 20 Q Aanp DNA Kit (Q AGEN),
and was used [Phcxpmpionpuaiisncaaaer, avabysiancer aplheelilhy) it asmistctedi ti on

W thin genong-w de DNA nethylation. Prior to the analysis, the quality of
genoni ¢ DNA n@i’rié(ﬂf@@rwnﬁiééﬂ%lmﬁl@ér (Agilent). In this exanple, 101g of
fragnented DNA was subj %(;t ed to MeDI P, (Methyl DNA IP) assay. 25 2. DNA
met hyl at i on anab‘y“sqtgeb@ WD tHAdNCRTi PR IS PFGSe phe peneer sereankie

Genom ¢ DNA was fragnented. to the size ranging from 300 to 1,000 bp by

Bi or upt of' TS BEG Qluaagén%%ﬁimvg st ppwopketitei saeed the fisk @ver ni ght
at 4 Cwith,30.1 of polyclonal Anti-5-nethyl cytosine antibody (Abean) in
a final vol JH&1E 44 qr-ﬁﬁmv Baceerserecning, sishododiwti com achigpe 4%onM Nacl
1 mM EDTA, 0,5 mM EGIA, 10 M Tris and 0.1% BSA). W ingcybated the m xture
with 120 p1 a@fovﬁfl?i’ffgflﬁnéééé@ﬁa‘rsogiﬂ’(%ﬁ%\‘"‘é’ﬁ&?ﬁ CPBIPISaY %ﬁcH@WC@@%a washed
it twice with til m ..l ow ga{%&,_ hi %h salt buffer, | i_thi_u_H1 chloride and TE
buffer. ve theRviaton dats oF dherREgraing Rbiemdtkatlkpidhe depuspesimeio, Sps,

0. 1M NaFl CO3) f 5 mn. at t t .and ered th t hyl at ed
DA by phendPdchiolat vl B ratt rom FOFEBUSaIB elh e pr B Bkl on The
15 [ d t hyl at ed ' t DNA l.ified by Wole Ce
Aol 111 ot 1 GRRT CRafgnap BT ridlBEY sRihnGren o s TR | abel ed wi th Oy5
and Cy3, respectively, and co-hybridized to the CpG I sl and- Pl us- Pronot er

Arrays desi gnedsipdl sy ptiesiizgd ibylabdridseepeciByat;ens, Inc. This array
cont ai ned 385, 000 50-75 bp 20 oligonucleotides tiled every 100 bp across
the 24,659 HG 18 _.RefSec] t.eLs r d strean
and 28, 226 pG ggﬁa?ds?%?@iﬁt@énmgﬁgﬁia@g{lg%%%é)gﬁ@ﬁjtggtséageg% tlﬁ\é\é}array has
a correspondi ng scaled |og2-ratio. The log2-ratio is normalization to
center the ratio data afatinangdawget generwihimdhe garemicopNAof saidata, a
fixed-1ength wi ndow (500 bp) is placed around each consecutive probe and

the one-sided Kol mogortey- Spetitgvn,( ket sdig @59@_[3@ %&O.C@%@qml e whet her
the probes are drawn froma significantly nore posSitive distribution than

those in.the rest of t g ~TRe JE tin ore for, each probe is the
-1 og 101?)-val ue frothngﬁ%mgB’Kgﬁggk @%@Wi@atwﬁr obe 5 (Scacheri et
al, 2006). W detected enriched peaks by searching for at |east 2 probes

above a p- val uesigpn? hurdatetaffing - whgthee) theie s ¢wales wi phécaBoéchs of each
other are nerged. Differential nmethylation regions between SCC AC and

nornmal cervix within 2 ¥ s Y A el r.-Sif.es were
sel ected for future 10%\%%(?%5%{%%%&%&%3?}@1 lg-@g%@gb a%lg%\?gé@\(/){l?}v%d usi ng

Signal Map (NinmbleGen). 3. Bisulfite nodification, nethylation-specific
polgyrrer age( chai n ) methyllation rate m the target’ gene, Yor us(l)ng Said

methylation rate of target gene as prognosis marker;

20 wherein said test specimen comprising a cervical scraping, a
ovarian cancer tissue, ascites, blood, urine, feces, sputum, oral mucous
membrane cell, gastric juices, bile, cervical epithelial cell, and
post-surgery cancer tissue;

wherein testing methods for the methylation state of CpG

25 sequence in said target 'gene comprising methylation-specific



reaction (MSP) and bisulfite sequencing (BS) 15A DNA nodification kit

(Chem con, Ternecula, CA) was used according to the manufacturer's
reconmendations to convert 1 g aliquots of genomic DNA with sodi um
bisutfite to preserve the nethylated cytosines. The final precipitate was
eluted with 70 1 A of pre-warnmed (55C) TE buffer for MSP. 20Normal DNA of
human peri pheral bl ood was taken and subjected to bisulfite nodification,
whi ch was uspelyasertbe oham redctgmouMiSR), nguartitadt byhathydatipn-opet dic
sequence. MSP was perforned according to prior art. In short, 1 1,11 of
nodi fi ed DNApelsiempti theih usiastjoNsRPVISRY s bisudfite $3qudratin®s (BSaci fical ly
recogni zed the nethyl ated gene sequences present in the bisulfite-converted
DNA. Met hyl ani@wasses) fiassPgRoisndoye denatringtaghyperfmmanfce2Bquid
containing 1 I A of nodified tenplate DNA, 1.5 pnol of each priner, 0.2
mol / L deoxyduemasoetphyt (IPHEdghkt es, and | unit of Gold Tag DNA pol ynerase
(Applied Biosystens, Foster City, CA). MSP reactions were subjected to an
initial ©ncubativherpindbe fsgeszeneilABGlolhaswide byclestidyciapicote 9BC for 30
s, and annealing at. the approprjate tenperature for 30 s and at 72C for 30
s. The fi nald@é@t@%slinoﬁE%ﬁBMel;at 72C for 5 min. Anplification products
were visualized on 2.5% agarose gel caontai ning ethidiumbrom de and

i || umi nat ed unde¥hesgipit ﬁtt@r&qﬁmeePDE&fﬁeh%Segmﬁ@@b@%ﬁdemmc&ea% Gene

ULt ct egt 1SBHESIgaRRa 13 % Zgel cf cget ot cget At tact cget 3
wherein the target gene PTPRR has the nucleotide sequence as
10 depicted in SEQ ID No: 3; and

wherein the target gene ZNF582 has the nucleotide sequence as
depicted in SEQ ID No: 4.

In addition, the above-described screening index and screening
method can be used further in the screening of cervical cancer, and

15 colon cancer.

The invention provides further a ovarian cancer screening method,
characterized in that said method tests the methylation state of the
target gene of test specimen, and uses said methylation state as a
screening index to determine the risk of having ovarian cancer, and

20 said method comprises following steps:
step 1:  providing a isolated test specimen;
step 2:  detecting the methylation rate of CpG sequence in at
least one target gene within the genomic DNA of said
test specimen, wherein said target gene comprising

25 DBCI, PTPRR and ZNF582; and,



(SEQ ID No: 5) (SEQ ID No: 6) PDES8B M Forward (P) Reverse (R) 5
tgtgtatgcgegttttttegttc 3" 5 acctatatatccgccgetccgte 3' (SEQ ID No: 7)
(SEQ ID No: 8) PTPRR M Forward (F') Reverse (R) 5
eggcgttgggi atgtttagtagte 3' 5 aattacgaat aaaaaaaacaaaaacgcte 3' (SEQ I1)
No: 9) (SEQ ID No: 10) ZNI 2582 M Forward ft') Reverse (R) 5

tgacggttuttgutattcggttattc 3" 5 cgaacgcaaacgtacetacgc 3' (SEQ I D No:
(SEQ I D No: 12)

10

15

20

step 3:  determining whether there is ovarian cancer or cancerous
pathological change or not in the specimen based on the
methylation rate in the target gene, or using said
methylation rate of target gene as prognosis marker;
wherein said test specimen comprising ovarian cancer tissue,
ascites, blood, urine, and post-surgery cancer tissue;

wherein testing methods for the methylation state of CpG
sequence in said target gene comprising methylation-specific
polymerase chain reaction (MSP), quantitative methylation-specific
polymerase chain reaction (QMSP), bisulfite sequencing (BS),
microarrays, mass spectrometry, denaturing high-performance liquid
chromatography (DHPLC), and pyrosequencing.

wherein the target gene DBCI has the nucleotide sequence as
depicted in SEQ ID No: 1;

wherein the target gene PTPRR has the nucleotide sequence as
depicted in SEQ ID No: 3; and

wherein the target gene ZNF582 has the nucleotide sequence as
depicted in SEQ ID No: 4.

Term “test specimen” refers herein to isolated test specimen, and
said isolated test specimen comprising the above-described cervical
scraping, ascites, blood, urine, feces, sputum, oral mucous membrane
cell, gastric juices, bile, cervical epithelial cell, post-surgery cancer
tissue, or other suitable specimen. The inventive cancer screening
method is useful to test the methylation state of target genes in said
isolated test specimens, and uses said methylation state of biomarker

as a screening index of various types of cancer. The cancer screening

1)



M The primers can specifically recognize the nethyl ated gene sequences
present in the bisulfite-converted DNA. Al MSP data were derived from at

| east two i ndependent nodifications of DNA. The absence of signal in
duplicate experinents was scored as negative nethylation. PCR product

obtai ned by using 15 MSP prinmer (M that can recognize specifically

nmet hyl ati on gene sequence was constructed into a pCR4- TOPO vect or

(1 nvitrogen, m€thodband G .scBe¢mdgpendent oL | lnoasarker epselided ety anik wer e
subjected to bisultite sequenci ngj (BS). Priners used in bisulfite _
sequenci ng (BISEnienecdn be eployTdbhetl. reBeswhii te peefpurantdianteshas thar ri ed
out using 377 Auto-sequencer (Applied Biosystens, Foster Cty, CA).
Sequenced r ekboraiower e shown in Sequence List. Sequence numbers in
bisulfite 5 sequencing were: DBC IBS (SEQ I D No: 21), PDESBBS (SEQ I D No:
22), PTPRRBS (SE¥heareNe: “t®) msld oNAs82BS C8ECE!D tRers2hpreinedpethé vel y.
Tabl e 2. The sequences_of, bisulfite se_%l(Jenci ng primers_ GenePrinmer Sequence
(SEQ | D No: RYFe(BEQ ¢DONaY qancorsto risk g:2elBng ((SEQeT D1 Katurespr (I8EQ | D No:
17) (SEQ ID No: 18) (SEQ I.D No: 19) (SEQ IIIl No: 20) 10Example 2 Screening
of met hyl at dFCEaREEPT §ehOT FANGRT vi cal cancer

Wherein when the methylation state of target gene (biomarker)
being higher compare with suitable control, the risk of having cancer
would be higher,

10 According said screening method, the invention provides further
the cancer screening biomarker or a kit containg said biomarker to
screen the methylation state of target gene (biomarker) in isolated test

specimen for determining the risk of having cancer.

These features and advantages of the present invention will be fully
15 understood and appreciated from the following detailed description of

the accompanying Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows the result obtained by performing bisulfite
20 sequencing (BS) analysis on various cervical specimens using a target
gene PTPRR in the inventive cancer screening method;

Figure 1B shows the result obtained by performing bisulfite
sequencing (BS) analysis on various cervical specimens using a target
gene ZNF582 in the inventive cancer screening method;

25 Figure 1C shows the result obtained by performing bisulfite

sequencing (BS) analysis on various cervical specimens using a target



After screened by CpG island-Plus-Pronoter arrays, four target genes that
m ght have been highly nethylated in the cervical cancer cell were
screened, nanely, DBClL (SEQ ID No: 1), PDE8B (SEQ ID 15 No: 2), PTPRR ( SEQ
I D No: 3) and ZNF582 (SEQ ID No: 4), respectively. Their detailed
informati on was shown in Table 3. It could be seen from Table 3 that, anong
these four genes, except DBCl that was known to be associated with bl adder
cancer, |ittgaesPBSRip tle datenthadcaneeeatednime mathadj amd of t hose genes to
cervical cancer. Table 3. Characteristics of nethylated genes in cervical
cancer that weré&igdentlilDi ghbwsi iy ae G olhied- PlyupePfoomngr bisudfitar r ay.
Chronmosomal GeneUnj Genel ocationFull nameSEQ | D No = DBCINM

0146189q32- (f83denetedBh) Bnalyger on ameimus KSEQcabsNocimerBDEEBg NMarget
003719504. 1phosphodi esterase 8BSEQ I D No: 2 _PTPRR NM 002849 protein

tyrosi ne phd&pkapsel intossrEntiyenancer sewsping mathed. R ZNF582 NM
14469019(113.43zinc finger protein 582SEQ ID No: 4 5 Exanple 3 The anal ysi s
of methylsation state of target gene in

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention will be illustrated more detailed with the following

10 examples, but the invention is not limited thereto.

Example1 Materials and Methods

1. Materials
Test materials comprises a series of full cervical lesion specimens,
15 including: squamous cell carcinoma (SCC, n = 20), adenocarcinoma
(AC, n=20), and normal cervical specimen (n=10). All of these
cervical specimen, ovarian specimen, and colon cancer specimen were
obtained from Tri-service General Hospital, Taipei, ROC. Each
specimen was subjected to genomic DNA extraction by means of
20 QIAamp DNA Kit (QIAGEN), and was used in the comparison and
analysis of DNA methylation condition within genome-wide DNA
methylation. Prior to the analysis, the quality of genomic DNA was
checked by Bioanalyzer (Agilent). In this example, 10ug of
fragmented DNA was subjected to MeDIP (Methyl DNA IP) assay.
25



cervical |esion specinmen by bisulfite sequencing (BS) The target gene PTPRR
Test specinmen groups: 10l. HeLa 0: HelLa cervical cancer cell line; 2. HelLa

| OD: HelLa cervical cancer cell line (HeLa 0) treated

wi t h101. .t MDNAnet hyl t r ansf erasei nhi bitor 5' -aza-2'-deoxycyti di ne (AZC);

3. HelLa_DT: HelLa cervical cancer cell line (HeLa 0) treated 15w th both of
10 RM DNA net hyl transferase inhibitor 5 -aza-2' deoxycytldlne (AZC) and

gdgﬁogagc:\ﬂngrré Sb%gm rre%é?gg/?@&’ %WHX%LOUH{%WN&GPQH card; :l\édjrﬁeipeci men;

6. Control gr oup ﬁor mal ): normal cervical blood DNA as the control gr oup
W t hout net hiy Jagrd-dHus- Pror&atﬁr ibﬂ‘c’(}ffsose test specinens descri bed above was
subj ected to bisulfite i ficatj t hen blsulfltesquencmg(BS) to

anal yze 5 whet hBCHORECt tWga éagimm#@ ) 1 e st raingpbensAOhEs been

hyper net hyl or not. The result was s 1, V\/nere bl ack

i ndi cat ed a]{ ﬁgpat i BR e@(on ﬁ‘é’hﬁp\ml te Pﬁgécgggd u@%ﬁ?dfﬁl onWeegi on.
The target gene PTPRR.had not been nethyl ate n.the control group and the
adenocagJ ngﬁﬁnu\‘iﬁpieé”?ﬂ@tetda}l for @@h@@%ﬁﬁﬁ %Qﬁd goj}@[ ﬁﬁ/]@@l}?fﬂﬂﬂg lated in

carci dm el AR amed) oy tesHeuamay (A PRETan iy ikt st 61 JPORTPRR coul d
e used as r.or not. In
ndd thon- i HTO (0, BESTRST V‘a‘lﬁe?l dx‘ ﬂ@@w?@m@?ﬁ;ﬁ BIVCRE TS tar get
gmi{"ﬁyi e+ on 05 R BGLAPEG) M8 0B fadrond B}g@ %edc B hgTen A
Gy The o B8 AR A R R B SR LB BB YD suh 11t e
FR“: [LE3h) OnRndHNGIIEY FLES SRAUPISH | caﬁ%gdﬁéha@ Bl f%ﬂf%%woﬂaF v

BTPRR 11 ¢ e ot égzt%afﬁ%ﬁf@fé"ew. B afifle ‘@?F(M%Lﬁ’%& Y o part
of region beamide- By 7l o SBRTT haiashaliie i )( T5A) 155l g?&glacetv'

(HDAC) i nhi bltors uséd to | ower or’ de rade ne rate.

HeLa cervi cgly %Eecelénd' Ng. 6—@&1 D7) ¢ th%{h (heat ed]jN h bet,h AZC and

TSA. The result shown in Fig. cate onpar ed W ce vi cal

e oo ST BRECLER (SO0 BELai SRR 9L 11
cancer ggll chirR@etHekthHMeNBNACEY input DNA were amplified by Whole
Genome Amplification Kit (Sigma). Enriched and total DNA was
end-labeled with Cy5 and Cy3, respectively, and co-hybridized to the
CpG  Island-Plus-Promoter Arrays designed and synthesized by
NimbleGen Systems, Inc. This array contained 385,000 50-75 bp
20 oligonucleotides tiled every 100 bp across the 24,659 HG18 RefSeq
promoters (800 bp upstream to 200 bp down stream) and 28,226 CpG
islands, present in duplicate.
Each feature on the array has a corresponding scaled log2-ratio.
The log2-ratio is normalization to center the ratio data around zero.

25 From the scaled log2-ratio data, a fixed-length window (500 bp) is

placed around each consecutive probe and the one-sided



5 highly de-nethyl at ed. In summary, the above-described results had
confirnmed that the target gene PTPRR in cervical cancer specinmen had been
met hyl at ed t hrough DNA net hyl ati on. 10The target gene : ZNF582 Test

speci nen groups: 1. HeLa_0O: HelLa cervical cancer cell I|ine; 2. HelLa

| OD: the HelLa cervical cancer cell line (HeLa_0) treated with 10 t.il\A DNA
nmet hyl t ransferase i nhi bitor 155'-aza-2'-deoxycytidine (AZC); 3. HelLa DT:

the HeLa cerkbbabgoamecdmicedy (K9p t¢dteisaa®licd eatdatemnine bdtcbhaf tHO ! AM DNA
met hyl transferase inhibitor 5 -aza-2'-deoxycytidine (AZC) and 0.33 W TSA;
4. SCC 1: Ceprobealarsqlramusonelal sigaiGcardhy nspecpositive; dis@hut®eCtigan Cer vi cal
squanous cel | carcinoma specinen 2; 6. The control group (nornal): nornal
cervical bl db@sONA the resieolUhenaray| Bhe onswloimgrssorgfoupach prodhes dian

cervical squanous cell carcinoma specinmen 1 and speci nen 2 were speci nens
obt ai ned fronogl§ peyalne geamerihe. veBdpvesk Késttespesioves thent poried above
were subjected to hisuffite sequencing (BS) to analyze whether the target
gene (ZNP58Apcagheah aled@0eh e maiceiad turhadypenlssbhyeacbioionat . The
result sho in Fig, 1B indicated that, conpared_with the control group,
the target Waéﬁ%t ZNES8SS iaboy 8 iPc Rl UsqupBuE N enioté 4rlogh Birefsheleaten 1
(SCCO), cervi cahsqﬁ@i_ us cell carcinoma specinen 2 (SCC) and HeLa cervi cal
cancer cel | YiHE mpihadrhadhehyper maragd al ddferentadngugbrlation ¢ he

The tar got  GERIS PSRRI Sse C43bci B GRBURS: Ceor'k SvIgin: I8k bber vi cal
e -t ORI, )RS BH AR o ST S b B Ve ne
e T e
el | carci naRIM OB In - 5. 7S0C 2: Cervi cal squamous cel | carcinoma
specinmen 2; 6. The control group (normal): normal cervical blood DNA used

3. Bisulfite modification, methylation-specific polymerase chain

reaction (MSP) and bisulfite sequencing (BS)

15 A DNA modification kit (Chemicon, Ternecula, CA) was used
according to the manufacturer’s recommendations to convert 1 pg
aliquots of genomic DNA with sodium bisulfite to preserve the
methylated cytosines. The final precipitate was eluted with 70 pl of
pre-warmed (55°C) TE buffer for MSP.

20 Normal DNA of human peripheral blood was taken and subjected
to bisulfite modification, which was used as the control group having
un-methylation promoter sequence.

MSP was performed according to prior art. In short, 1 ul of
modified DNA was amplified using MSP primers (table 1) that

25 specifically recognized the methylated gene sequences present in the

bisulfite-converted DNA. Methylation-specific PCR was done in a



20as un-net hyl ati on control group; wherein cervical squanous cell
carci noma specinen 1 and specinen 2 were speci nens obtained fromdifferent
patients. Those test speci mens descri bed above were subjected to
bisulfite sequencing (BS) to analyze whether the target gene (PDE8B) in
each 25 test speci men had been hypernethylated or not. The result shown in
Fig. ICindicated that, conpared with the control group, the target gene
PDESB i n certntglavolguamb s pelcbntantigone spemidiiad te(CRelDNA, ¢ef vi cal
squanous cell carcjnoma specinen 2 (SCC 2) and Silt cervical cancer cell
line (SiHa oymieddiirseh pyipwrnBthynaodd. devngagleniidy friphesplatgetagbne PDESB
in cervical cancer_specinmens would be highly methylated. S The target gene
: DBC 1 Test ugpeet pohd dragupBiA polenepase: (Agiplied Beospistathschaster Gief,| | i ne;
2. SiHa | OD, SiHa cervical cancer cell line (SiHa 0) treated
10wi t h10j i MNAne MY teagisans wees anbjsictast topan dxisiab inadokipeyat A He fenze) ; 3.
SiHa DT: SiHa cervical cancer cell line £Si Hai% treated with both of 10
O DNA fet hyfinadeflersskeby nhi syelss of 98%G- r-HbsxyodtdmtiaadingaAzCiheand 0. 33
pl\4 TSA; 154. SCC 1: Cervical sqguampus cell carcinoma specinen 1; S. SCC
2: Cervical &RJUSRBaEL dempesdiuEs nowa3Qpednsent 272°6. Phe3@ont The fhalp
(normal): nornal .cervical bloo ”meg as .the un-net hyl ation control group;
wher ei n” cer ECENSI@RUAAS HOTKe Pt /@akciPlordnEhed mMRiHIdatpm predees nenr wer e
speci nens obt.ai ned roml%dégferer[t (gatients.. . T‘Qae teEt sp&ci mens
descri bed abdved Y 1 2 ¢t e BSGi &5l FPRIIgBguEHEN YN ( BEymide a4l yze
whet her the .t.ar get ne . Ln each test specinen had been
hyper net hyl dﬁlé] . n‘ﬁ?gie’r‘%@éﬂljﬁ%shghﬂ in Fig. 1D indicated that, compared with
the control group, the target gene DBC | 25 in cervical squanous cell
carci nortfl spechaie 11 ThsaequencespiMSP pstuarsous cel | carci noma speci nen 2
a¥a¥a a¥a ()

(SCC 2) and SiHa=saadtalcancotocollLipne (SiHa _0) _had boon

hyper net hy! at e LALget cervical cancer
SpECI mens ol - J4—eHa— a3 LWA RN 5 . R +-e—4—Nbl.n ,,____,_..___g_!___z_ !-_;____.:M SOt NE
target gene i BB((::?r Vi I\(/:IaI[-‘oE;sz.c.('.t'aroE’¢r spegitprgtitttcgtcggagate 3° (SEQ ID No: 5)
Reverse (R 5’ getetegetetegetattacteget 37 (SEQ ID No: 6)
Forward (F' 57 tgtetatgegegtittttegtic 3° SEQ ID No:
PDESB M (£ gigtatgegegttttitegtic (SEQID No: 7)
Reverse (R") 53" acctatatatcegecgetecgte 37 (SEQ ID No: 8)
Forward (I 57 cggepttggatatptttaptagte 3° SE :
PTPRR M () ggeptiggtatptitagtagte (SEQ 1D No: 9)
Reverse (R") 5’ aaltacgaataaaaanaacaaaaacgcic 3 (SEQ ID No: 10)
Forward (I 57 tgacgpttttttgtitattcggttatic 3° SEQ ID No:
INESSY M (I gacggtittitg ggliatte 3 (SEQ o: 1)

' cgaacgeaaacgtacetacge 3° (SEQ ID No: 12)

M: The primers can specifically recognize the methylated gene sequences present in the
bisulfite-converted DNA,

All MSP data were derived from at least two independent
modifications of DNA. The absence of signal in duplicate experiments
was scored as negative methylation. PCR product obtained by using

15 MSP primer (M) that can recognize specifically methylation gene
sequence was constructed into a pCR4-TOPO vector (Invitrogen,

Carlsbad, CA). 5 independent clones were selected and were subjected



Met hyl ati on-specific PCR (MSP) was used to anal yze the nethyl ation state of
said four target genes in cervical squanous cell carcinoma (SCC) specinens.
The nethylation state analysis result shown in Table 4 indicated that, in
normal cervical specinmen, 10 nethylation frequency of DBCl, PDE8B, PTPRR
and ZNF582 was 11% 0% 9% and 6% respectively; in cervical squanous cell
carci noma speci men, the nethylation frequency of DBCl, PDE8B, PTPRR and
ZNF582 was 1@0bgsulinggsegoentiagd BY P rimspectddvi isul fitecamufudnbmgk®sn from
these results that, in cervical squanous cell 15 carcinona speci nens, said
four genes vigeee sl \n Trelbley? .ol &dil fiGo sspuanemg wyasnedariddadiionsingt3 of  DBCL,
PDE8B, PTPRR and ZNF582 coul d be used indeed as the screening index in
screeni ng cefteaeqeenesr (Agpbeé BivsyRidras.i baster aCeyakalysSsquéndtdie t ar get
gene in cervical 20 squanous cell carcinonma specimens Target Genes CG

met hyl at i on tegels (wgre shewiein PagsacsEs!t iSesuenca+8onbeoBCn biwlfit0% PDESB
0% 47% PTPRR 9% 100% ZNF5826%97% Example 5 Met hyl ation anal ysis of the
target gene SeﬁiL@Vﬁmgaweﬂ'@Fn@B(sbﬁBSﬁ@En&blth@Iti?b -Rp&&iB i BSRERQ NBP) was

used to analyze thylation state of the target gene in ovarian tunor
speci nmens. uﬁphﬁgﬁfﬂﬁ&ﬁ%ﬁmmmé’émw ANFD m@%@@@ﬂﬁ)é‘tﬂol he

anal ysi s of thyl ati.on states of three genes DBCl, PTPRR and ZNF582 in
ovarian mal idhaktSReGHEEDSpeci men and ovarian benign tumor speci men. The

results indicated that, the nethylation frequency of
Table 2. The sequences of bisulfite sequencing primers

Gene Primer Sequence

DRCI Forward () $*gortaagittititityggygtagtt 3° (SEQ 1D No: 13)

Reverse (R') 5’tactcectetaccteccractetete 37 (SEQ ID No: 14)

PDESE Forward (F)  5*ygtagyatagaggattattagtitggt 3° (SEQ ID No: 15)
Reverse (R') 5’ctaaaaacrcaaccecatceete 3° (SEQ ID No: 16)

— Forward (') 5°goaattetattiteanatttttigtt 3° (SEQ ID No: 17)
Reverse (R') 5 ceccactitcaaataaaatactattaaaaaaaac 3° (SEQ [D No: 18)

INF58 Forward (F') S’tagtgayggtitittgtitatty ggttatt 3° (SEQ ID No: 19)
Reverse (R') 5’taaacrtaaaaacaacaacceracet 3’ (SEQ ID No: 20)

10 Example 2 Sereening of methylated target gene in cervical

cancer
After screened by CpG island-Plus-Promoter arrays, four target

genes that might have been highly methylated in the cervical cancer

cell were screened, namely, DBCI (SEQ ID No: 1), PDESB (SEQ ID

15 No: 2), PTPRR (SEQ 1D No: 3) and ZNF582 (SEQ ID No: 4),
respectively. Their detailed information was shown in Table 3. It could

be seen from Table 3 that, among these four genes, except DBC1 that



10 DBC1, PTPRR and ZNF582 in ovarian malignant tunor specinmen was 50. 3%
50. 0% and 56. 3% respectively; the nethylation frequency of DBCl, PTPRR and
ZNF582 in ovarian benign tunor specinen was 2.5% 0.0% and 12. 5%
respectively. The differential nethytation |evel was 53.8% 50.0% and
43.8% respectively. 15 Consequently, conpared with ovarian benign tunor
speci men, nethyl ation levels of said three genes in ovarian malignant tunor
speci men wer&as émamdate peisghainiedmmethebladder nendey] Httilostudatep o6 dBRCL, PTPRR
and ZNF582 coul d be used indeed as the screening index in screening ovarian
cancer. 20 hgskrdveaied thavealagomed shovBeengnioeryica?8pnoe28) Dif f erenti al

Met hyl ation_| evel DBCl 56. 3%2. 5% 53. 8% PTPRR 50. 0%0). 0% 50. 0% ZNF582

56. 3%4.2. 5% 4Bald% Ex &fipirect6rivitdydramicoitylanal yehss ah ¢diQid-Araicepqhsg: i n col on
cancer speci nen

were identified using a CpG island-Plus-Promoter microarray.

) Chromosomal ) -
Gene UniGene _ Full name SEQ ID No
location

DBCI NM 014618 9q32-q33 deleted in bladder cancer 1 SEQ ID No: 1

PDESB  NM 003719 5q14.1 phosphodiesterase 813 SEQ ID No: 2

protein tyrosine phosphatase,
PTPRR  NM_ 002849 12q15 SEQ ID No: 3
receptor type, R

ZNF582 NM 144690 19q13.43 zinc finger protein 582 SEQ ID No: 4
5
Example 3 The analysis of methylation state of target gene in
cervical lesion specimen by bisulfite sequencing (BS)
The target gene : PTPRR
Test specimen groups:
10 l. HeLa_0: Hel.a cervical cancer cell line;

2. Hela 10D: Hel.a cervical cancer cell line (HeLa 0) treated
with 10 uM  DNA  methyltransferase  inhibitor
5"-aza-2’-deoxycytidine (AZC);

3. HelLa DT: Hela cervical cancer cell line (HeLa 0) treated

15 with both of 10 uM DNA methyltransferase inhibitor

3’-aza-2’-deoxycytidine (AZC) and 0.33 uM TSA (Sigma
Chemical Co., St. Louis, MO);
4. AC: Cervical adenocarcinoma specimen;

5. SCC: Cervical squamous cell carcinoma specimen;



SMet hyl ation-specific PCR (MSP) was used to analyze the nethylation state
of the target gene in colon cancer specinen. The nethyl ation state anal ysis
result in Table 6 reported the nethylation state of four genes, DBCI,
PDE8B, PTPRR and ZNF582, in colon cancer specinen. The result indicated
that, nethylation frequencies of DBCl, PDE8B, PTPRR and ZNE582 in col on
cancer specinmen was 100.0% 100.0, 100.0% and 100.0% respectively; while
met hyl ati on freduefoingsl ofroDBC(HornRDES BorPEPRRraitd] ZNB682DINA noy tied  col on
ti ssue specinmen were 25.0% 25.0% 25.0% and 25.0% respectively. _
Consequent |y, conpapedohitdumeniheiut cotthryldtiesue speci men, 15 met hyl ation
| evel s of said four genes in colon cancer speci men were renarkably higher.
Therefore, nethytaah o thasesesfsPBEDenPRESBYibRTRRR N tvaENREg2cedutcd be used
i ndeed as the screening index in screening colon cancer. Table 6
Met hyl at i on Bisktieteamadyration amk ther Jésuljdnscanenoingn(BSh teransper men
Target CGenes CGA nethylation rate (% Normal colon tissueCol on cancer
speci men s peWhEBIer ( Hie2431gRE2pneDECT FHIR.D 6960 RS B2S 98 /00% RTPRR2 5900 %
ZNF58225%100% 5The capcer screeni ng net hod provided by the invention has
hypermethylated or not. The result was shown 1n Fig. 1, where black
indicated methylation region, and white indicated un-methylation
region. The target gene PTPRR had not been methylated in the control
group and the adenocarcinoma, while the target gene PTPRR had been
10 hypermethylated in Hela cervical cancer cell line (HeLa 0) and
cervical squamous cell carcinoma specimen (SCC). Consequently, the
methylation rate of PTPRR could be used as biomarker to screen
whether there was cervical cancer or not.
In addition, in order to ascertain whether methylation rate of the
15 target gene in cervical cancer specimen could be regulated through
DNA methylation, Hel.a cervical cancer cell line was treated with 10
UM DNA methyltransferase inhibitor 5’-aza-2’-deoxycytidine (AZC)
(Sigma Chemical Co.). The DNA specimen extracted from said cell
was subjected to bisulfite modification and then bisulfite sequencing
20 (BS). Result shown in Fig. 1A indicated that, compared with the
cervical squamous cell carcinoma specimen (SCC) and Hela
cervical cancer cell line (HeLa 0), the target gene PTPRR in the
AZC-treated HeLa cervical cancer cell line (HeLa 10D) had part of
region been de-methylated.
25 Trichostatin A (TSA) is histone deacetylase (HDAC) inhibitors,
and can be used to lower or degrade methylation rate. HeLa cervical

cancer cell line (Hel.a_DT) has been treated with both AZC and TSA.



fol |l owi ng advant ages over the above-described conventional techniques:

| . The cancer screening nethod, bionmarker and use therof, provided by the
invention uses the nethylation rate of a particular 10 gene in a isolated
speci nen as the biomarker to determine the risk of having cancer, and as
conmpared with conventional nethods such as cervical scraping and human
papi |l oma virus testing (HPV testing), both of sensitivity and specificity
of the inventhwegesalicgrowerisediigg Inendiodtear ehdtj glerparkdnwhithoseratat he two
above-descri bed nethods. 15 2. The cancer screening nethod, bionmarker and
use therof, speveedcel aareirniomespeomaeand Sbd used Met.a awlryicas caheerf i r st

| ine cervical cancer screening, but also in conbination with or assisting
human papi | 1%he e u§Hebst Dhg thePvargest poig) BSPRIR sectnd AZE:  aet vi cal
cancer screening, so as to achieve nore accurate cervical cancer screening
ef fect. BSAthieaigdnétala coassimahgeanseriod!] blitaere(tikelra dad) uked t hearof |

provi ded by the invention can be applied on not only the screening of 5
cervi cal Scartghly Betmeihadalgd. t he screening of other cancer (for exanpl e:
ovari an cancer, _colon cancer and the like) to assist the dia%nosis of
abnor mal speci nﬁﬂ.summ%n&ecﬁhﬂﬁj@ﬁieé%b dpsyleahpd reoninmed thaloths

descri bed enbodi nent ﬁﬁwﬁﬂf.inventi n can, of course, be carried out

wi thout 10 dBfE&H8HG FLERR AR uypal rerebspadmsignad beent dehatnde t he
progress in scienc nd the useful arts, the invention is disclosed and is
i nt ended t o 'BEOYS BRINY1BYORhe scope of the appended claims. SEQUENCE
LI STING <110> Hung- Cheng Lai <120> Cancer Screening Method <130> <140>
<141> <160> 24 <210> 1 <211> 5000 <212> DNA <213> Homp sapi ens

10 The target gene : ZNF582

Test specimen groups:

I. HeLa 0: Hel.a cervical cancer cell line;

2. Hela_10D: the HelLa cervical cancer cell line (HeLa 0)
treated with 10 uM DNA methyltransferase inhibitor

15 5’-aza-2’-deoxycytidine (AZC);

3. HelLa_DT: the HeL.a cervical cancer cell line (Hel.a_0) treated
with both of 10 uM DNA methyltransferase inhibitor
5’-aza-2’-deoxycytidine (AZC) and 0.33 UM TSA;

4. SCC 1: Cervical squamous cell carcinoma specimen 1;

20 5. SCC 2: Cervical squamous cell carcinoma specimen 2;

6. The control group (normal): normal cervical blood DNA as
the un-methylation control group;

Wherein cervical squamous cell carcinoma specimen 1 and

specimen 2 were specimens obtained from different patients.
25 Those test specimens mentioned above were subjected to bisulfite
sequencing (BS) to analyze whether the target gene (ZNF582) in each

test specimen had been hypermethylated or not. The result shown in



gagagagaaa
ccttctgaga
taactcatta
attttgatt

gct ct gcact
ttattttcat
agggagaaat
gtgcget gt g
t ggaagt aga
gct gact cct
cat gagcagt
t gggaat t at
t et cagct gg
cctcattggg
cact cact dg
cat acgaggg
gggat gat gg
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gggcaact cc

10

15

25

ggt gggt ggg agaact gacc agaaagttgc tgggtttgtg aggct gagaa
ctctttgtcg ccattttgtt gcctccctgg catacaatgg gcagtctaag
aacagacaag gactccaacc acatttect taatettcag agtaaacaaa tgatcagga
agaaagaaag agaaggagtg tggggaacct ccaagaaaaa gctggagagc
gaattgaggc tactggagc atgacttcct gggactaggg cataccaaat agaggcccta
ctaacagtca ggacgaataa gaggagaggc tgtgtggtgg gtgttcaaga
t i cyB gudigaied g ceompargh ggitla thtgeantrok erows,otic cateat agecat t g
tgttagcage gtcttagtcc tcccacagc gaggttacgt agagacgcgc
a@@ﬁagbﬂgﬁﬁﬁgag@w@tswwa ¢ai centigaawcimpcimenak (5GQ),
cctctccat ctegatgtct ttcccagttc attagttcac catcctttga atgcactgag
SR gbauaGOgat teld acarstgemec specinyet agctSCENgantt diptla
cccagegtge ctgtaccctce ttctcecctcc gggetctcge agacacaaac 24
iat R agange ceglbodinet dgteen (g st chermabypgaein hgad.
tectetccce, tcfoctetct atcactcaaa tggctcc tag attaaaaaac
c‘ﬁala&wfygétiattafgeatg%amii% igctaviaadccangat goteitnoens aaat caga
att caggc ccecttqcc tacatcctgec ctacacaccg ggacccacac
dﬁﬁ&ggg%g&ggb%%FQE@Q@x%atcaaagtc caagggaaag aat cgct gac
tcagtcctga ttetccettt catttctctt attgttctag aaacaaaaaa
ttgcatatat tattctatta acagctacag atattccaac tattcttgec

ctifattttc attgc _cgcctctggt ctacgtagag agagaaacaa
i&"_ﬁi@g% hﬁ%%o 420

Test specimen groups:

I. SiHa 0: SiHa cervical cancer cell line;

2. Silda_10D: SiHa cervical cancer cell line (SiHa 0) treated
[0 uM DNA
5’-aza-2’-deoxycytidine (AZC);

with methyltransferase  inhibitor
3. SiHa_DT: SiHa cervical cancer cell line (SiHa_0) treated with
both  of 10 uM DNA methyltransferase

5’-aza-2’-deoxycytidine(AZC) and 0.33 uM TSA;

inhibitor

4. SCC 1: Cervical squamous cell carcinoma specimen 1;

5. SCC 2: Cervical squamous cell carcinoma specimen 2;

6. The control group (normal): normal cervical blood DNA used

as un-methylation control group;

wherein cervical squamous cell carcinoma specimen 1 and
specimen 2 were specimens obtained from different patients.

Those test specimens described above were subjected to bisulfite
sequencing (BS) to analyze whether the target gene (PDESB) in each
test specimen had been hypermethylated or not. The result shown in
Fig. 1C indicated that, compared with the control group, the target

gene PDESB in cervical squamous cell carcinoma specimen 1 (SCC 1),
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aacactectc
ggaccagcga
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tt ccggagece
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agagcgcagg2100
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cgagacaaaa acactcaggt tttgcgcgta cccagaccca aggeggcctc
toccccattc gccgcectceccc tcgetccegg cgagcgaacc agccgggagg
ccacgcctgc ttcccaccga ctccaggtaa ccgggccgca ccgectcttca
cgcgctoccg geggcgtcgt gggaggggtg tttgtacgta ttacacggaa
tatttagccc cactgggacc ctgtcacttt tggatagtgg aaagtctggg

asay mueanougggagbg:amigmma cipecimercat (R Egayamah&iggagat ct a
ccaagggcag ctttcttctt ttggtactgt aaaggcttgc cteggcaget

Cfat\ft}tg‘gt seaceracelt adinsc agg)gt drd abgmyct hapeteethglatgdt

gt cgccggcet cgcggegceac tgcaaact a_ggagagageg agtgaccgcc
d@gﬂ@ﬁﬂéﬁ@yaébég%@gQQgg@@dﬂ@@@gﬁ1ncnﬁgﬁ@,Kmncegﬁpgcnm@ns

cat ggt ggga tgcgt gtcctataa tgt gt gccct act at aggat
dg@ﬂﬁbg&g@gbbﬂ@ﬁg§8m§ :t gggcagac aagggggaag accctgcatc

ctcatccatc atatggaagg caggcgggga gttaggggga agagagaggg
ggtttgcace gaggaatctc cctgggagge ctctggggec aaaaat gctg

gcggeegtgg agtcacgett tcgtgegeat ccccagecca
t genp pAMEEd tt ggacttcc tctggcgege agcgagcaac

atga

gogt tie %?eate%g&w" RO COto0tat ot cot act 1acq cot grgt ett
Pttg 35’%@&3@3%@ e GaBuat 60!l dfsecocaga tat gagaga
cacagect it a@?@géﬁﬁ@ R e sadodeac Ba T ndbatmalel
ct Sﬁ?éét cdlicagill codotdhagamebi hostor it coataat o C
L0000t bE %Zg%tegéygat 2B 028de toat gouaat gacett ta?ﬁgat caacagag

catgacaga

R R R e Ve e R
o conibac 020t égﬁgfeﬁa‘is‘éég‘iﬁﬁﬂa Cgec2046
5’-aza-2’-deoxycytidine (AZC) and 0.33 uM TSA,;
4. SCC 1: Cervical squamous cell carcinoma specimen 1;
5. SCC 2: Cervical squamous cell carcinoma specimen 2;
6. The control group (normal); normal cervical blood DNA as
the un-methylation control group;
wherein cervical squamous cell carcinoma specimen 1 &
specimen 2 were specimens obtained from different patients,
Those test specimens described above were subjected to bisulfite
sequencing (BS) to analyze whether the target gene (DBC1) in each
test specimen had been hypermethylated. The result shown in Fig, 1D
indicated that, compared with the control group, the target gene DBC1
in cervical squamous cell carcinoma specimen | (SCC 1), cervical
squamous cell carcinoma specimen 2 (SCC 2) and Sila cervical

cancer cell line (SiHa_0) had been hypermethylated. Consequently,



agagcgagag2160 cctgtectcg2220 ccaggtaccc2280 ctotcccaag2340 cggacatt ga2400
ggacccggcc2460 gcaccett gt 2520 ggagggggtt 2580 t gt gt ceccg2640 gtttgcegt gt 2700
gtgtgtgtaa2760 tgtgtgcatg2820 tctaccagc2880 cgctgtggac2940 gat ggcacct 3000
aat ect get a3060 aaat gagacg3120 ttggagacac3180 tggggcttgg3240 cocctccggec3300
gggaaaggag3360 aggaaatttc3420 taagacagat 3480 ctaaat at gc3540
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the target gene DBC1 in cervical cancer specimens would be highly

methylated.

Example 4 Methylation analysis of the target gene in cervical

cancer specimens

Methylation-specific PCR (MSP) was used to analyze the
methylation state of said four target genes in cervical squamous cell
carcinoma (SCC) specimens. The methylation state analysis result
shown in Table 4 indicated that, in normal cervical specimen,
methylation frequency of DBCI, PDE8B, PTPRR and ZNF582 was
[1%, 0%, 9% and 6%, respectively; in cervical squamous cell
carcinoma specimen, the methylation frequency of DBC1, PDESB,
PTPRR and ZNF582 was 100%, 47%, 100% and 97%, respectively. It
could be known from these results that, in cervical squamous cell
carcinoma specimens, said four genes were highly methylated.
Consequently, methylation rate of DBCI, PDE8B, PTPRR and
ZNF582 could be used indeed as the screening index in screening

cervical cancer.
Table 4 Methylation state analysis of the target gene in cervical

squamous cell carcinoma specimens

Target Genes CGI methylation rate (%)

Normal (n=54) SCC tissue (n=30)
DBCl 1% 100%
PDESB 0% 47%
PTPRR 9% 100%



gt ggagaggg3600 t cagt act ga3660 at gt ggcagt 3720 caaaat act g3780 t caaggccct 3840
ccaccct ggc3900 gcectgectctt 3960 ggettccagad020 gcagggaggc4080 agcacggagg4140
aaaaaat gt a4200 cacatatatt cacacacatg gccetagtgg ctgatacctc tcagggcaga
atttttggga gaatattaaa acattcagta gatcaatacc cccctatctt tcaaacttca
aagagaaaag acacacacac gagagacaga ctaggaagat tgttcatatt gtgggttcta

aggct gaagc gctecctgga actgcctcat gagcagaaag gtgggttagt attccactc gccaacctgc
cattttcaga atéﬂ&ﬁﬁggc acacacac#&bogagagaacat at at at abdts ct ggggagag

cct gcaggca cCtterssgm=ay—rrotetpggaeiiropetuybun@agaati-eimgasad-geaaa=al0CCagcaa
at at at at at at aaaagcaa cttgcagaca ccacagagaa tagggggtac tcctaattca
gt ggcct aaa ggactagaat tatacactct caatcacaca acatgtattt taccattctc
tctecttcag tagggccaag cagacgat cg gagggaatga ctaggcttat aggact gt at

caatcgcttg tBEkaimggead abVRahgheont 29408H009 (HeR¢ALRAaE8NStiAJBRAFGN
t gt ccagagg gaaact cat g gaggagaccc aaactggaag gaatteccca caatcagcta attgaccca

tcttccetca c@lﬁgpgﬁéglﬁgﬁcacacac aggact gaga

Methylation-specific PCR (MSP) was used to analyze the
5 methylation state of the target gene in ovarian tumor specimens.
Methylation state analysis results in Table 5 reported the analysis of
methylation states of three genes DBCI, PTPRR and ZNF582 in
ovarian malignant tumor specimen and ovarian benign tumor
specimen. The results indicated that, the methylation frequency of
10 DBCI, PTPRR and ZNF582 in ovarian malignant tumor specimen
was 50.3%, 50.0% and 56.3%, respectively; the methylation
frequency of DBCI, PTPRR and ZNF582 in ovarian benign tumor
specimen was 2.5%, 0.0% and 12.5%, respectively. The differential
methylation level was 53.8%, 50.0% and 43.8%, respectively.
15 Consequently, compared with ovarian benign tumor specimen,
methylation levels of said three genes in ovarian malignant tumor
specimen were remarkably higher. Therefore, methylation rate of
DBCI, PTPRR and ZNF582 could be used indeed as the screening
index in screening ovarian cancer.

20

Table 5 Methylation state analysis of the target gene in ovarian tumor
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<210> 2 <211> 5000 <212> DNA <213> |l onp sapi ens

tggt caattt
t aagaat gaa
acagcagttg
cct gggcet gt
aat acagcat
tttatctccc
tcttagggga
t caagcttgc
ccagt cacat

agggaaggcc

t ccogggt gt
caggt t agct

t gaaaat cgg
t caagggt gc
ct gcagggat
ttctctatga
cagcacagct
ct gggggaag
t aaacaccat
gt gecttgca
ctttctgttc
aagaggggct
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<400> 2 agaacaactc
cacaaatgtt ctcagaatct tccattaaaa tcaaaaaaag ccctgtataa agtatttg
ttaagcctct gaccatctaa cagtgactga gaacagcagc atgcctcacc

t aaggaagag ttgccttgga atccottggc gggtcaccat catgaggtct

t gt gaaaat g t gaagcat ca ctccctagc gactacaaga gettctagga
agw@@maaac ctgaatttgg aagtcttcat aaaaaaacaa atgttactgc

ag gcccctg tcccacettc
gcacttecta icveage cOxgact t Ben égaagaga% Hereyidat
aaaacaaacc cottgtccgt cgt gccattg gt gt ct cgca aaggcatt ct
ctggacggga gggegadsyc acytal gt gi-xacoal oAGIRNIAGGHAGLR)
ccat t t cggg—agaatceteceectocetecat—anaageeteetgt-geagaaa
agbds@ygt a gat &#tc3¥gc
gctgtaactc toctctoctc
t dJeiRRRgga ggcgur ooy
tecctecctt ctctgcctge
tzmaﬁﬁﬁhga ata@%i&%at
aagcaaat gc tggt gtttag catcagggg gcct gaggct tatttectec
aatttgcctg tttttttgta gttagactct aatttagaaa aaaaggaaaa
tcattetta ctugggaac agggaaggat cagtagtgc agtgtgagga tagtgacacc

61%)8:912\%9(1: Ot g 934lioRIFATHSRP GBI 894 8HP Sl 59858

cancer specimen

acaaacttcc CC actcagc ctccatcact

ccaagagt ¢gg5¥4 aaaatt gg aga®@geaact
ttgttgactg tagaaaccag caagaaccat

gt t gagagdcO®ggggcctec cspasgcage 26
ttttatgagc ggagat ggag gaagaat aag
ct agat aaag 5%aggaat t a agageytaca

Methylation-specific PCR (MSP) was used to analyze the
methylation state of the target gene in colon cancer specimen. The
methylation state analysis result in Table 6 reported the methylation
state of four genes, DBCI, PDE8B, PTPRR and ZNF582, in colon
cancer specimen. The result indicated that, methylation frequencies of
DBCI, PDESB, PTPRR and ZNF582 in colon cancer specimen was
100.0%, 100.0, 100.0% and 100.0%, respectively; while methylation
frequencies of DBCI, PDE&B, PTPRR and ZNF582 in normal colon
tissue specimen were 25.0%, 25.0%, 25.0% and 25.0%, respectively.
Consequently, compared with normal colon tissue specimen,
methylation levels of said four genes in colon cancer specimen were
remarkably higher. Therefore, methylation rates of DBCI, PDESB,

PTPRR and ZNF582 could be used indeed as the screening index in



300 360 420 480 540 600 660 720 780 840 900 960 1020 1080 1140 1200 1260
1320  ggggcgct gg gaggagggga gccgagecge aggggcgcag agggt gggag ggcaggeggg
ggt egaget g gagcgtgttt tgtatgcgcg cgcgecggtcc cacaggccgg agegggt geg

gagggat ggg act oggacga ccctgccogg egggaccecc gcgegggttc gcagcgccga
ggcacacgcc gcggagttgg cttttcattt gggtcctgga gaagcaggtg aggaagaggg

agcact gagc at agt gcccc ggaaccgagc ggagcagagt gacagaattg cgtggtttcc

cagagagt gg at t ac tttcctttca tcctaatgtc atggattatt
gat gaaggca g%@géélcga%lgéggggg{’tg ccattatagt toctaactat aggatttatg

gctatacttt Wéﬁl@%%éthgi@@@ﬁ 9988t aﬁlzﬂﬂﬁé‘t(ﬂaﬂfegtagg&chHQ% 318 I9hesC
gggcacgctc tgecectgtcg tggggeccgg geggctgegg cgagggdggg aggggacggg

caggegggcy ogneeeehdd ggcggcggeg ggggecgege ggggegecge ggcggggagg accoccgct
cggggaggaa cR4gaggel.c..gacaa. feaTeTalaTotaTeTaTet:-INat M =ToTataTeToTa T arus on o [0 10} M oY ox oY BN
gcggccegegg
cagaccgacg cagcgtagcc cgcgt ccgget (hagsC0GE ngabgtaanceate (YPccgagact
Dg0at o0y a1 artccgnt CagRRaLOct. focaceceat Gocagtt oot faadqagecen

gga gcg atattccgat cagagcg. cgt ggg _

gctggtcctg ttectecttg ttgggﬁéggfxﬁéiggﬁéiag ttﬁ?gﬁ%?%a“x%§§8§863591380

ccgoggeggald440 ggaggggcggl500 aggaggaaggl560 agaaggt gcal620

specimen (n=2 (n=20)
DBC1 25% 100%
PDESB 25% 100%
PTPRR 25% 100%

ZNF582 25% 1060%

5 The cancer screening method provided by the invention has
following advantages over the above-described conventional
techniques:

I. The cancer screening method, biomarker and use therof,
provided by the invention uses the methylation rate of a particular

10 gene in a isolated specimen as the biomarker to determine the risk of
having cancer, and as compared with conventional methods such as
cervical scraping and human papilloma virus testing (HPV testing),
both of sensitivity and specificity of the inventive cancer screening
method are higher than those of the two above-described methods.

15 2. The cancer screening method, biomarker and use therof,
provided by the invention can be used not only as the first line
cervical cancer screening, but also in combination with or assisting

human papilloma virus testing (HPV testing) as the second line

b
|



agcccggcgale80 gaggcgecgggl740 cggggceget g1800 tggggt gacgl860 gcggcggacal920
t gcaggt ggc1980 gagcccggec2040 tactgeccggg2100 ccggeggcac2160 agccgcgegt 2220
agcggt agca2280 cactgctgca2340 gccccgegcet 2400 gggggcet ccg2460 gaggagtttaz2520
gcccct ggag2580 agcgcagaag2640 tggtttatgc2700 at gaaat ct g2760 accaggat ag2820
tct cagcaca2880 at gt gggaac2940 ctgcatccta3000 cgt gagggga3060

10

cervical cancer screening, so as to achieve more accurate cervical
cancer screening effect.

3. The cancer screening method, biomarker and use therof,
provided by the invention can be applied on not only the screening of
cervical cancer, but also on the screening of other cancer (for example:
ovarian cancer, colon cancer and the like) to assist the diagnosis of

abnormal specimen.

Many changes and modifications in the above described
embodiment of the invention can, of course, be carried out without
departing from the scope thereof. Accordingly, to promote the
progress in science and the useful arts, the invention is disclosed and

is intended to be limited only by the scope of the appended claims.



ctgatcttcc3120 cagtcgctaa3180 cccgtatgtt3240 ctgggtatt3300 aaaaaaat ac3360
gaaccattcc3420 gtcttcattg3480 gatcaatct3540 attgtttaac3600 atcataatca3660
aagattet c3720 actagagtct 3780 tgtgctgaac3840 acaaagttag3900 aagttgggat 3960
ttgtgacagc tttgttttct tttgttcagt tcaaga%gct ttagcagctt ttgacctggg
taattcactc acactacttt gagttatttargPRCEdtlbTNGt gt t ct gt gc agact aagca
ccccaccact> Hagagiggtigi at gaagtgta gcttgatctc tgaggcatta  tcatgaactt agaat at
et a agaagaaaga gcttagagac gtataaactt taggagttta taacccatta gcattgtgtg
tgcaaatctt aggcctgtga ccttttgttg ttatttttt ttccaaagca gaaggttgta tcctcattat
t ct ct ct9te tyrepreaeaing Yeigad actt taatctcagt atactgaatg caaat gaagt
gtattaatct actcattttg ctgggaatgt gatctcagaa acagaattat cteggtgttg

ct gagat@ag, gccgt aagag cacaggtgga atagtttcca ctacttggcc ttttctagca

tttttgg< g(% ttagtacttg aacccattct aaaaactgaa cattgctact ctttatcaag
tggaaat(tﬁ' agtatatatt tatcacagaa tattgtcttt tttataaaaa tttgagatag

aaaat addal> ccccetcccc tctggtattc ataattcatc

<160> 24

210> 1
<211> 5000
<212> DNA

<213> Homo sapiens

<400> 1

ggtcttcace tgaagttgee tgactacgtt gtetcagatt galttcagaa ctgcattate 60
agecagggeag ctgtigecta ctaacagtca tggaagtaga tctcagetgg ggeatgatgg 120
ggaaacaaag agaaagatag ggacgaataa aggaaggaal ggggeacaga cagaaagaga 180
gagagagaaa agaaagaaag gaggagagge aagagataglt gacctgggsgt ttlcataccge 240
getlgggtegg agaaggagly tgtgteggisge gegtattict tegtggteag aatcaaagtc 300
agaacigacc tggggaaccl glgticaaga cctgaacclg gaccagaage caagggaaag 360
agaaagilge ccaagaadas agggagaaal tlccaccagg cgagaataga aatcgetgac 420
tgggtttgty getggagage tgtecgiggt getgactecet cetcattiggg attccagtga 480
aggclgagaa getetgeact ggetgetect cetetecett tectetecece teagtectga 5440
cctictgaga cccaggatea tictggetag ctegatgtet tctecetetet ttetecettt 600
ctetttigticg attaaataat ttticcegag ttcccagttc atcactcaaa catttctelt 660
ceattitigit tcaagactice tettecteca attagttcac tggetectag attgttctag 720
geeteectgg tggteacate tetetettat catectttga attasaaaac asacaaaaaa 780
catacaalgg caatcataaa agcagacaac atgcactgag cactcactag glgtcaggga &40
geagtictaag tgeetttgea tacattaact catgagcagt ctaagtgeet ttgcatatat 900
taactcatta caattccaca tcaaccctat tagatgggta gatatattat tatictatta 960
aacagacaag geattgagge ttaaggegla agtgatitca ccaagaccag acagctacag 1020
gactccaace tetetggage ctgeacttetl actgaatctg getettitac atattccaac 1080
acctiiteet atgactteet geecctecat ctggtagect taatgetite tattcttgee 1140
taatcttcag gggactaggg atctgeatlig ctgatttggl ttaaatcaga agggaagcas 1200
agtaaacasa cataccaaat gtgegetgtg tgggaattat catacgaggg citiatttte 1280
tgcltcagga agaggeccta tgttageage cecageelge attcaggetg attgeagagt 1320
attitgettt ttatittcat gtettagtee ctgtacccte geceettece cgectetggt 1380
gelctlccaga gaacticgtg tccecteage tictecectee tacatectge ctacglagag 14490
aageticttge tteattelgg gaggttacgt gggctetege ctacacaccg agagasacaa 1500
acaglgicaa acactcacag agagacgege agacacaaac ggacccacac gggeaactce 1560
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cct gaagcag ctccagagaa gcaactotag gtacattttt gggacaatga tggcttaagt
aagattecca acccctggtt tgaagtgaaa ctgccetaat tacaatcgt ctttacattc ttgctaggca
ctttaccatt ctggccattt cccagagtgc tcattaagct tagttcaaaa attgtgaatt
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gg? ca’? tggggggg?ggac?%gggga 5a%§8%§“§t§%ﬁ‘fg &t &f%&? g%géc%céggﬁc&ﬁgct gt C%O
ctt cct §ERECAEEHe ARGEHC UL tHBEataa !t cHFetCaasCigetestpgoaaserragat aaa2as)
agagaaagatgcdac atztacag2B ceptgachaactheddget ag&gekéaggégﬁ@ttb@@%g;?t g;{%zﬁo; ot ca
ttett
Dct agat or ARy o ot aalieah ARERANS, ITRAAT e %ééji?a?@%é@%%&%amc 20 Jaaaa

tctagatct gttgt act gt
ccagcc&?@%ag&gég%d@ﬁég%c%t GEHCEC JEAEGREGE AL BYFRGciEacEtasaE aagt a2460

gt gaat caggeccgat dgagadscaygggct@gac adagt @eat ctecgageicgaagact @tgdggt cc2520
ttcacagage dilod (RICESRIGRGEL R L 9232033L A8 LagaALE gL 61291 9T 99t H50)

cctgtgeelg gggeleaaag ggetaattige gegtitgagt gagtggegtg tgtgtececeg 2640
cgegeleeeg acglgtgeac catggtggea actigatgtg gtgetagtet gtttgegtgt 2700
geggegtegt tigegttiga tgegtgtgtt cglgglgtgt gtgtgtgtee gtgtgtgtaa 2760
gegaggegty aagagagage ggtectataa cclacttacg gegegatglg tgltgtgcatg 2820
tttgtacgta tgtgtitgta tgtgtgeeet cglgtgtett tttaattagg tctctccage 2880
ttacacggaa tgggaccctt actataggat cacgtagtca ccgggeaace cgetgtggac 2940
ttectettgg ggetetggae ttgeggettity gggaggatta tgggectgla gatggeaccet 3000
tatttagecee aatgttggta cgeltgaagg aaaatticcete caaacggtgg aatectgeta 3060
cactgggacc cacagctlaa tatgaaagag acalggeccaa ccoccgagge aaatgagacg 3120
ctgleacttl amattctaca ctgggcagac tccaagattc tgatgggaat tiggagacac 3180
tggatagigg gigacagaga aagggggaag tcagegglgg getecttate tggpgeltgg 3240
aaagltelggg atagggattl accetgeate cecgtttgea atcaacagag cccetecgge 3300
ttctgtiggt titggggagg atctggeaag Lttgeatgga tceecccelcag gggaasaggag 3360
aaagegicet cggggacttg cteatccate acagtigeaa agggtcicag aggaaatite 3420
atctgggegep getgtggatg atatggaageg agalggatgg ggeactitee taagacagat 3480
tegtetttetl ticcccattt caggegggga ageecccaga gagtetetee ctaaatatge 3540
ctetecatgg cleccctgga gltaggggga tallgagaga aggcagagag glggagaggsg 3600
agagagagag agcaagageg agagagaggg agacagagag agagagtgtt tcagtactga 3660
gggagalcta caattigaaa aggggelgtg aglgtggaac ccatgacaga atgtggeagt 3720
aattgactta aactgctglec ggtitgeace tcgegtetet cactiggele caaaatactg 3780
ccaagggeag gegeggergtly gagpaalete agecaggaag gtagtitiggg tcaaggececot 3840
ctttettctt fectecatet cetggeagge tetitaggta ggicceltgg ccaccetgge 3900
tiggtactgt tgggetlggg ctetgggeee agecatigat ttgattceca getgectett 3960
aaaggcttge cctactcage aaaaatgetlg agttttactg ctgttageat ggeticcaga 4020
ctcggeaget gttactttict caaggtaage ggeageegtt ctgetcteag geagggagge 4080
taggagaaga caagggcetgt gacgetggga cacagectet tgtctagetc ageacggage 4140
ggeegetgaa aagecctett aggggaaaaa agtggaaata tatttggeet aaaasatgia 4200
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ctgccttggg tectgtaggec teggtecacg gtcatcagct accccacctt ccgcacttcc ctactaget
ttgcctcgtg tgggctggecg aggcatttge ctctctocct actgctctge ggetattct tcaatgcaaa

Lot ag00ans Anca g T o gty TAeetacta
ttgaggg%g%x%%gggégggga%ggFgé@Fgggdgﬁﬁaﬁﬁﬁ@tm%%ﬁ@ﬂﬁédﬁﬁg%ﬁFFéaagcaﬂﬁe

gt t ct g&&at L5t gt #éasdld cle gt geEryc ttagageegyacttigéct tayeqp gt gagggéiyo

cttgat tcn;gektmt:ccz@@ge%gtaaw@tgt@@?bg mtggz?ég%{t({tg&@@ﬁgt@@a&%ttgc?cca{l 440

ggaaga _ gacaaccGt g cagtgagact, t gaggaagca cat acatagc, .
cacacaﬁg%%%%g%g?%?%é%g%$§?§§5§@g&é%%@gggﬁagu@gﬁggﬁé S8EHCET t at t 10

t t aaagdgt ot 'R8&Y GHRHAC Cyt gatedrtt deatafdra wasterigaggaatidngagt ca Hdgagaage
aaaga?ggg@tttiam gettmcaar GaageRagt 4aagt agaagaeanchotaht 4ceaat t cccigyp ot
agcagt gage: & . t . GOLL0 . 1 gctac aaccacagca aghgtetcce
Caccaccﬁéé%?g%&%%@%ﬁ% 0P aatete MELRAT RGN aee TG00t gcth0
ttctggé@&?m‘ﬁgbé g CECHc A6EtBERA et geralt € asBEGcal g teddeagact g Hdbagaagac
cctt ggegyttatgylagtidect {paceacoizacgagt geeizga clsgcédcaag c.coct @t geat g ag@tgggaaa
aagaaagesdackist a : G 6t ” t aaaat g

cgect eqcet ecot p?;%ga‘%ef ?%TE%%?C §§ égkaﬂigggﬂi%%@%%ﬁ%ﬁ@%%?g% ot t gg 860

t ggaccaeHtP e T §EcEdas Yyt et Pgﬁ HgeE Ecgtircaadcacaaatect ct 14920
aaaaaadtddcactadeddaacyyttagygeatc teghoncicgg g cgangeaaaicaliaagd agat 4a8cctt ggga

agt accpgagaaget chadhhcaat gcagaca tgaaccaaaa taaaatatgg atgcagtagt5OOO
cctgtaacaa atcacacata tccattcatt ggtaatgagt aaaaataatt gtgggtgaat
tttattctct cagctaacgc tattatttaa 1140 1200 1260 1320 1380 1440 1500 1560
1620 1680 1740 1800 1860 1920 1980 2040 2100 2160 2220 2280 2340 2400 2460
2520 28580>2640 2700 2760 2820 2880 2940 3000 3060 3120 3180 3240 3300 3360
3420 3480, 3p4d) 3600 3660 3720 atgtatcatg acatgttaat attttgagaa
tgaattattt cattgggttg cagaaaaatc gtgtagtcat ttgagtaatt tttactgtag

acct agidgé "Yecaat ccaa attaatcaac ttgcaagata acagcagatt aattttaaac

t ot aat €H6a liget keiiaiac aagatattaa ctcagaacag taactgtaaa ctggtggaac
gtaagtgttc aatcttttga tgttataatt gtagaaaata cgttaccaca agttttattt
tcaattﬁééa‘ttttteaaaa atatcttaaa atgaatattc ctgtagccct tccatctcta
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caattttd8t “ctattcattg gtaagtttaa agcaatttgt ttgttagggc
agaacaactc lgaagcatca t(cccacctle agaatcctece clgcagggat geetgagget 60
tggtecaattl ctececetetge tcaagettge clecccteeat teectecctt tatttectec 120
cacaaatglt gactacaaga gcacttceta aaaagectec ctetgeetge taaacaccat 180
clcagaatct gettctagga ggacccaace tgtgeagaaa ttttatgage aatttgecetg 240
tceattaaaa aatacageat agacttitic caggttaget ggagatggag tittittgta 300
itcaaaaasag agagctaaac tgagaagaga agcaaaggta gaagaatsag gtiagactet 360
ccctgtataa ctgaastitgg gattgggaat gatatcttge ttetetatga satttagaaa 420
ctgtctitlg aagtctteat ccagtcacat ccaagaglgg tccaggaaga aaaaggaasaa 480
taagaatgaa aaaaaaacaa aaaacaaacc ttaaaattgg atacttcttt gtgecttgea 540
ttaagcetel atgttactge ccltgtecgt ataageaact ctagatasas tcctitetta 600
gaccatctlaa tttatcteee cglgecattiyg tgaaaatcgg geaggaatia ctgcgggaac 660
cagtgactga atgggcagig glgtctegea getgtaactc agagtitaca agggaaggat 720
gaacagcage catccttcta aaggeattet tectetecte cageacaget cagtetgtge 780
atgectecace aaggagaalg agggaaggec ttgttgactg cccageccag agtgigagga 840
acagcagllg acatgggegg ctggacggga tagaaaccag catgaacatt tagtgacace S0
laaggaagag glgaaaalgg gggagaaage caagaaccat cagacagelt ctttetgtic 960
ttgeettgga tettagggea acgtatglgt tcaagggtge cttecteege agggectece 1020
atccetigge acaaacttce aaacgatgag tagacalgga algggettct tctgaagact 1080
gggtcaccal ccaactcage cllcggagta ggegglggge ctgggggaag aggacggaac 1140
catgaggictl ctcecatcact tceeggglgt gttgagagge aagcaaatge ggtggelegg 1200
cctgggetgl agggeceetyg ceatitegge aggggectee lgglgtttag ctetgggatg 1260
tgtgaaaatlg Lgiltggtgaa aagegagagg cltacacage ccttcagggg aagaggggcet 1320



gcaaataatg atgatgttat gctatgactt tacaattett atagtattgc ctaaggtagc
ctaacat ata agttat aaat gggat gagaa agattttacc ettcaacttt ttaataagaa
tattcatatt tattatagtt gggtcacaag ttttcatcag cataggatta attgtggagt

gat t at teaacgaat grrggeec dtit agdsaatag g aaiggaiddhaagasagdyt Mdga@gcﬂgg aagci3go

t ot caa, Gt ai.cat cag
aact aasace <0 008! 600 Gadl (¢ é 0 gIRsR QA Tl dE Bg Pdyigar oo
t t aaagCtabeaTEC e %[g Fa1tgtctc 42 HEGERYGAT oAt GREE cEReEEgfGECt geclD

aagat cacags@rot Jagapace tdqget cake cozaggagt sased@cat Agabid-gat t tt al560

att aaa@%&én@@@@%%ﬁgé@gég 08698293, %&Eléc%%ggaaafg@éfég%

t ag aaadca

gaggaa
aacaat

aaa

Kt Sacahf LRRGLGE L Sradiil

aat gcatet ¢2IgE EaERgELELeE tAFgLetrage tazaagmaat Eragadaeht tlzecaggect ot t 1740

ccéﬁﬁ

aca

gl 3620023 9
h&%&%&%&a@éﬁg@m&ﬂt t at c1680

ct gctt bagerigt aacgggaiccge 36303840 3 &a 8QL§ 4 Qég}ZgO 4158% 4<1320>
a8 30 SN0 S0R0 it olba1ad ot dhed e Hact b a0 o

actt at &8¢8°2Bt ¢t @Pé@%’(gct«@c&@é%&%@g@@cﬂa@m@ﬁ@%acmgatgdge«gggagacCaagwg(}
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1ght cat CalcRp

agaa
eLassibigaeld taprana Lepl a0 ngnonel, oLt L psonans
agcaaa{’g g%&gg@%ﬁéc%f’ataé?%@&éb%dﬂ cgeagag cggegigate tacigeeggg 2100
actcggacga gtccageteg cccegecaga ceaccagegt glegeaggge ceggeggeac 2160
ccetgeeegg cetettegte cagaccgacg cegeegacge catecceccg ageegegegt 2220
cgggacceee cagegtagee cgegleegea gggecegeac cgagetggge ageggtagea 2280
gegegggtic cgeageecee geegegacca ccagragggs ccggaggege cactgetgca 2340
gcagegeega ggeegagact cagacctget acaccagegt gaaggtaaat geccegeget 2400
ggcacacgee glgggggeeg teegeeceegt cggeggeset cgeacgggta ggggscteeg 2460
gcggagttigy gtgaccgtga ggegeliegel tiggagaggl tglcactaag gaggagttia 2520
cttttcattl gtggagatga lgggagecca ggaaalglge tcagaaaaag geccctggag 2580
gggleetgga agegtectta gelggtecty gggpactggg CEERRaaggR agegeagaag 2640
gaagcaggtlg ggetggecty ttectectty agggeaggaa ggetgtgget tggtitatge 2700
aggaagaggg glggggacca tilgagageat teggtggeca glectgttga atgasatetg 2760
ageactgage tggatitgeg tgectiglag gtgaclggtlg cagtigeage accaggatag 2820
atagigcece atatteegat tittacetgg gattaccage caggetggag tctcageaca 2880
ggaaccgage gltagggatit glgaatgaat gagtgtitegt gtitiaagag atgtgegaac 2940
ggagcagagl ggaacctglt gittgtcact gtaacgtitc tctgggttgg ctgeatecta 3000
gacagaattg agagaaccgg geecatgagll cggagtgtea geagagecac cglgagggga 3060
cgtggttitee agtgeagtac agetgictga ggatgattict gcacatacaa ctgatecitcee 3120
cagagaglgg gatttigagg aagtggaaaa aatigtitag atggttaaag cagtcgctas 3180
atatitatit ctiaaagaca gaaganaaat aattatltaa atagtgtect ccegtatgtt 3240
Ctcaaagtac cgttaaatcc aagaggelit tcattglgta aatetgggea ctgggtettt 3300
tttectiteca geaaacaaga taacaatgge atatcclatt gtacagagag asasaaatac 3360
tcetaatgle agatagaate acagecttta cetggteaat aggttaccaa gaaccattcc 3420
atggattatt tgtcaaagac acattigtat ttttaatagl tassaacttg gtettcattg 3480
galgaaggca gceccacagtyg gaggagigag gagaaggata acatgltttg gettecaatcet 3540
ggaagtccaa aagttittta atgaacctat tttttittta acagecatetg attgtttaac 3600
atgaagettg actgatgtitt getigtggtt geagtglite tetgecagta atcataatea 3660
ccattatagl asaaacatcg tttatigage acctactatg tgccaggagt aagetitcte 3720
tcctaactatl tgaatgttaa cagtgtgatc ttageatage atgtctgaag actagagtet 3780
aggatttalg acagtacaaa cctaccagi{ gcccattcgt tacagaggea tgtgetgaac 36840
getatacitt gettttgtica agetetetet cteteeccect cectgttcac acaaagttag 3900
ctitaggagc aattttcagg gatgaaaatg ttaasalllgg tgaaaatalt aagttgggat 3960
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cactcaacac agtgggatgt taaagggaaa ctagagccac tcgccecttc ccaagat cag360
agaacat agg aaagatgatg actttttgca tetaccctet cctcttgaac tcgcaacact 420
gtettgaacc acaaat aagg tcaagtagga taaatctaca actgtctcct caactgtccg480
ct cacaagtygtdagaaabpeaatccatic ofdcdga tegaagid-gh q,cttg&ig@ag agd% L BOlaat cagchso

t. Leatt C aca60
N s e e S e )
aaccgaggﬁ%'ﬁg %6@qucéééﬁﬁﬁﬂééétﬂdﬁé¥ é&ﬁKQ@Q%ﬁﬁggéachw@a@atctgmzo
t ct aat it tal taaayegtgriagt ceaccmodg teacegaac ogtaa@caagga@aa@h@@@gect ci080

t acce! asgn 80331 aleadhaARIAN0G %tat%% tg&% ff% (agg@%cé‘&%%%‘% cttt8an,s0
fH%éﬁE%tgé§Q§@€bﬁl a@%@ﬁ@cgaa& 20

t ct { canat ggdcaaactg

ot oot gabaogr b éﬁ‘tgzt%@c dabaate: o

caat ot tégectggy taggagitta acteattttyg cittatcaag aagattccca aataagaget 4380
taaticactc taacccatta clgggaatgl tggasatgaa acccctggtt catlgactta 4440
acactactlt geattgtgtg gatctcagaa agtatatatl tgaagtgaaa tttgagacca 4500
gagitattta tgcaaatctt acagaattat tatcacagaa clgecctaal atatttaata 4560
gtatcctlitt aggeetgtga cteggtlgttg tattgtettt tetcaategt aaagticaca 4620
tgtteiglge cettiigtiig ctgagataal tttataasaa ctttacattc attittitgt 4680
agactaagea ttettttitt gecgtaagag titgagatag ttgetaggca cgtoglegtle 4740
ccccacceet Liccaaagea cacaggtgga aasataaaat clttaccatt tggtectgit 4800
tacagtggtg gaaggttgla atagtttcca ccecectecece ctggeeattt tacatcaatt 4860
atgaagigta tcctcattat ctactiggee tetggtatic cccagagtge aaaaatgtgt 4920
gcltgatete tetetetete ttttetagea ataattcate tcattaaget tttagaatga 4980
tgaggeatta tgatgtcaaa 5000
<210> 3
<211> 5000
<212> DNA
<{Z213> Homo sapiens
<400> 3
aagananata gacctattgl aaglgggata caattattit tccctaacct ccageectge 60
agecatticta gtaacagatg tlagatgaga agagttattc ttctaagett tacagaatge 120
taaatsaall atclcaaagg tlgactcagt aagaattica aagagtltaat tgtcagtattl 180
gaaclitgtc aactatcatt ttcatitatt cattittgag tatctatitt geatgaggea 240
ttgetetagg gagttgggac atatcaataa agtcatcaaa gticticaac attggagete 300
asattclglt tigegeeggs gagtagggaa atagatacta aacaatagat tttataagla 360
attatttigg ttigttagaa agtgatacge gasaagcaaa clggaggaca gtgaatcagg 420
aataggagaa gaggtlgeag cttagaglgg ttigggatga aatgatagtg ccacagaaat 480
ggagtgtgee acacgeatgg gggaglaggg ggtggageac gttgetagag aggggetaga 540
catggagata tgtctctatt ttcagcagag aaggceeigle aagatattaa aagtacatet 600
cattglcece ticteeccact tgtiggaglg cttcctggee ttgtetetea gagetgaaga 660
tgacataaat cataaaagaa ataaatggta ccgectggge tetetgatet tataaggtcee 720
cacctaattt aagetclggt ggatagecta tttcccatta gttgtctcaa ttcacagagg T80
alggagaaag aaagcactga atgagatgtg cagctcaact caatgggeac ttgttagece 840
caattatttg getaggacaa ctitattcaa gttaatggaa tacaaaactc ageagttctt 900
atggagactt caatgigelg tagaacaaac cacagataaa tgaactgtict gaaagaataa 960
tatgaggecac ggctaaacaa gtgtigtega agagaaagat cactglaatc tagagitagt 1020
tagagltagg getttelgga aaagtgagac caacattaca ccttegasasa ctaglgtggt 1080
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caacgaccca tgacggcccc gatagcacac gcactectec atccggettc ctgeggegec
ccggct gcge gegeggecge caggeget ct agaacgcaga cccgecggee ccaggt geat
tgttttgcat ttcatgaggt aacttatact tgagtggatc ttataaaagt aattatttca
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t aacccacatcafge rregda crggyancgirac amegtacs adog bgma ¢
gggact aga@g@@@@%@@mg%tc@wﬁég&@ati;ggg%%%@tgﬁtggﬁ%et@gagg%gggggt ©740 Ccagcaat .
StcLS??%E%%C?%E%QQ?%%M?@S“E%gééa IDAEE e el e g r cag®)
tt ggcatg&ﬁ‘(’:m@%%‘ctcéﬁﬁ (ct 8 tagtl i g8 degtrrerge g labggoat guttcagatt t ggcglsso
agagagmbaamtgtagggﬂhnggggﬂgg&ﬁ@tg@@@gﬁﬂggﬁchéﬁﬁggﬁkgght@?%9 tgggﬁﬁggca
3600 C%@%%&%g%?c@@ﬁ%cEQQQBE&gﬁcag%%cg&gggg%agmmmcgaCt%ggt G ]%80

ggceuggagac telget cgéégﬁ%gcc gctaagacce ggagaagegg asatitcactt tgaaaticcce 2040
ttgeetegtg agggecggeg ctgggealge teagtagecg cggegetget getggeetge 2100
tgggetggeg cggagtecac cetgeegtel cegeettgge ttctgggegt ccagaaggece 2160
aggcatilge cgectetgag cgetictgtt ceccttacee geaacctect actgetotic 2220
cteteteeet ctettaggga gatigaaget ggtgetggtlt tetgtegges ccacagactg 2280
actgetetge aaaccecage cgaggacctg aatcccggag actagaagac cettigeegat 2340
ggetetitet aatageactt tacctgaagl gggetlegteg tggagtitet cctocaccte 2400
tcaatgeaaa cactatgegg agageagtcet getteectge getgigeetg cteettaate 2460
ttcacgetge aggtaagggg tigecaggel tagageegga getgtgeatg agatgggaaa 2520
ctgeacalge ttaaggactc taggaaaage ttgecttgeg aagaaagect ttctaanaag 2580
gtaasaacagg acagtacclg acagggaagg ggigagggag tegtgeacct gttggaaaac 2640
tgaggeegaa aacttaacct aasaatlaget cttgatittt ctttacttta tacgaaaata 2700
glgaacatlit tcaatatgaa tacaggitig cteccecett cgecteccet cegtetagat 2760
Leeetgetet tgtttetagg ctatgeactt aactgicaat tilicaggag agggataaga 2820
catcctgeta gatgtaacet tttetactge ageggetact acattcataa ggtetettgg 2680
tetagegage geteatagga aggeattgge tgtlaacctga tggaccacat ctccgeccaa 2940
aagalcgaaa tacalggttc acatlagtga tgetgeacca ggeteetitg geccetgete 3000
ttgtcacteg aattiictaa gecaataaga ggaagaaaag gittcanata gaatectett 3060
gtctetttea geacegtgge tagegteege tggeatatta asasanasas aasaaanaaa 3120
ddadaanaaa acaatlacag itccaaaget gacaaccctg ggtitagegcac tgiceetogg 3180
acagalilga taagglgtaa ccaagagtaa cagigagact gctcccaaat ataaatagat 3240
tigaggeace agaatcaata tcaagtctcg tgaggaagea aacctiggga agtacctgag 3300
agatatiata tgtggigtce ctgettittg catacatage acctectattt asatgeagaca 3360
gacttgetag getgaattee ttatcattgt cacacacaca tgaaccaaaa taaaatatgg 3420
cagggagall itagaaacce taclgtgaca geagttgtce atgecagtagt cetgtaacaa 3480
Cccagagacga ggcatittee ctgaglglge ttctcateca atcacacata tceatteatt 3540
ccticaagea acatttgetg agtgtatact atgtictagg ggtaatgagl asaaataatt 3600
glictgaaat tacaatcctt geagtatctt ttttaaaaga gtgggtgaat tttattetet 3660
glgtacaata gtaggagtga aatatggtac tttcttatic cagctaacge tattatttaa 3720
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4020 ggagcaatca 4080 tggtacagtg 4140 ggaatccatc 4200
aggat ggt ga 4320 ggaaaagcct 4380 gttgtttcac 4440 tgaagaaaaa

4560 ataaaatatt 4620 at agaagtga

3960 gtatgaaatg
t gaat ct ggg 4260
4500 cttgacttac

atgtatcatg aatctittga geaaataatg cataggatta ttaaagctat tattaaatac 3780
acatgltaat tgttataatt atgatgttat attgtggagt tttcaatagt tctitggeac 3840
attttigagaa gtagasaata getatgactt gattattaaa Ltattigeaa acagctgtag 3900
tgaattattt cgttaccaca tacaattctl caatgctgas atglgggatg aasaacataca 3960
cattgggttig agttttattt atagtattge ttaataatag actgacacaa acattcatta 4020
cagaaaaalc tcaattctta ctaaggtage aatgatttag ctggtetgee aacaatatea 4080
gtgtagtcat tttticaaaa ctaacatata aaasaagttta asgatcacat ttgatacatc 4140
ttgagtaall atatcltaaa agttataaat asactgaage atgtgzaaaa catgtetiga 4200
tttactglag atgaatattc gggatgagaa aaatgaggac titigctcat cagatgapaa 4260
acctagaage ctgtageect agattttace tggagttcty ccaaagggia tattaccaaa 4320
gceaalccaa tccatcteta cttcaacttt ttaattigea aaacasagat aazaaglaag 4380
attaatcaac caatittaat ttaataagaa aatgcattta aggacattit tatatttcaa 4440
tlgcaagata ctaticatig tattcatatt taatatagta asatacattg gtgttitate 4500
acagcagatt gtaagtttaa taltatagit ctcttgecaa tttcatttta aatgeatitt 4560
aatlttaaac agcaatttgt gggtcacaag ctgtecaicag attasaattt atcacagtta 4620
tctaataace tigttaggge tittcatcag aactaaaaca aacacagete cttggtctaa 4680
getictatac atttggagat taagaaaata agtggatggg atgaceaaga tcaagaaatc 4740
asgatattaa tctctacttg tigaaggtet gagtttgtta cttitatgga agacttttct 4800
ctcagaacag aggclgactt catasagasg ggasatgaat tctatacatt caggeetett 48690
taactgtaaa getaattgat ccatittggt tacgcccagg gtatcagcaa ctgetittatg 4920
clggtggaac tgatgacacc ttataatge! ttagagatgg gaggaatgtg ctaacgggat 4980
gtaagtgtte tttitageta 5000
210> 4

<211> 5000

<212> DNA

<213> Homo sapiens

<400 4

gacgacccetlg aatgatcecl gecteetagt acttatacte ttgtgtagee tecacctact 60
tagactcaca getgattttg tgaccaagag tataatggtg tatgacttca gaggeltget 120
tcagagtcag aagtggecat tteatecatee tetaaatite tetttggeag attaatgaat 180
glgagaaagl aaaaatggta tagaagaaag ttageclgag agatggetgg ctttgltaccet 240
gritggtetl tttcettect ticctecata ageasatact gacgeatgta catatagaca 300
cactcaacac agtgggatgt laaagggaaa ctagagecac tegececttc ccaagatcag 360
agaacatagg aaagatgatg actttttgea tetacectet cetettgaac tegecaacact 420
glcttgaace acaaataagg tcaagtagga taaatctaca actgtetcct caactgtecg 480
ctcacaagtg tgaaattcaa ccatectige tgaagittgte ttitaatate agtaatcage 540
aataaccaac ctetgagett tgettatatt attaaatcat tttatttgac cctecaggaca 600
aagclgeaag cccageatta caticttect tltatggaca aaaasaasaa ascaaaacas 660
eaccgagata ggcacgaaga aaclaataaa tggetgaeat getatttgas tecacatcetg 720
{ctaattctla aaagtgtget tlccaccaca tcaccgeace tacaaggaaa atgecagecte 780
taccctetee tgaagaatgt gtaaagagge gtttigeganaa aagcatcttt 840

aatatggtgt
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act gt gaacc 4980
artificial

gcagaaagaa
ttttacatat
actticaaat
agtcttagag
aggttigageg
ggacasactg
gtectgaceg
gtgtaaagtc
alttaacaact
titacatett
atagatgtaa
tcetticgaaa
caatctteca
caacgaccca
tgacggeece
gatagcacac
gecactcetec
atceggettc
ctgeggegece
ceggetgege
gegeggeege
caggegetet
agaacgcaga
CCCECCELe
ccaggtgecat
tgtttigeat
ttcatgaget
aactiatact
tragtggate
ttataaaagt
aattatttca
tacteetltta
actgcegaata
tgtgttagte
ctitgettgt
tgtgecaaaa
ttcagticte
tatggaagga
ctcttactgt
gecatlgcacaa
gagccaggla
cclggaaagg
tggcligagg
gceeteagea

5000

agcattaget
cagttactce
glggagaccg
atggttaagg

gaaacaggat

ttccacceteg
gcatetggea
cagggettct
acctacggeg
tataacgtit
tgittaaaat
ccttctigeta
cagecgeaca
cgeggaglea
ttgeccacte
ccagceaccac
gegeactgeg
aaggeceggge
ggcectatea
acggegaate
gegtggeactt
gggglecage
cgltetegecet
ctegeggegt
ggaccectita
tcactgtiat
tctcagagag
tgggaacatt
acaggecate
ggtcataata
cttacacgtt
cagagtactt
ctigggtgtt
agtttgactt
cagtttitga
atgattcaac
ctatttagea
cacatttiatg
tecttecaac
agecteagtt
gactttcaaa
ctttattcta
gaagcecice
teectgtett

sequence forward priner

tcagtcatat
tcecccaacaa
aggcacatet
gticacactc
caaatcaaaa
gacagggaga
cteggactee
cacatttigat
gtetgatatt
ttattttgcg
tagttaccag
aaactgtigt
cagitgtgta
gaagctacca
ggtcactege
agaccecagg
caggeacgee
tgetgeettt
tggcgeagea
caccggtace
ggacccgagg
aggagetggt
catcgteget
gegetitetg
gelgggtgeg
gegtgeetit
ttacaagacce
ttatatgttce
cittgtaaat
aggaaaaget
acttagaacc
ctigtitaac
ttttettcea
ctitttgety
tagtcatttt
ctettggeta
aatattattg
tgetigataat
tetateecat
tgggetgtag
getgttatat
ggetggeget
ttgteettga
agacttgecat

<400> 5
tagecatecett
ctcaatgaat
cltaagactgg
ttaaccattt
gagticactca
gllitcegeat
caatcatact
gacaccaaag
tgcccaagag
ttctectica
ataaactett
tccacggaaa
tcecacegeta
ccacacactg
ccacaatctc
aagcaaccca
tgegtecgge
acgcctaaag
tcggtetact
gtggtggaag
aggcggeagsg
geeegggeeg
ctglggett:
gegeeeecett
caggggicte
tttittttts
ccagaagact
anatictatlg
aggatategt
gceetattaca
aaatgtitgt
agtgagctea
atttttitegt
aatgttctes
tgatagtcac
ctigtggact
gacatgcage
ggagcacltgg
ttgttgatge
ageittttat
ttgetgeagg
atgcaaatga
ggtaacatgt

ttgcagecaaa
31

atccageage
tagatgeceac
agttcaggca
attacaccat
ggactccagt
tctgagacce
ggatcacact
cegectaaaa
atgecegeccece
taacccacat
acgcticeaa
tgggaacgta
aacgglcecea
tcaaaatcac
tocgetagaga
gggactcgaa
tecaccectgaa
actatgtitce
tigigecgtet
cgegeeetgg
tgagaggtiic
gttgggtete
accggegtga
tetgeticea
cgacceeetyg
aatctgagag
tagaaccget
tecagecaatg
gcagitaata
tecatattaag
aatgcagtag
agaactggtt
tttgtittet
aaggattcag
ttggcateee
tgectactta
ttigtgeact
geglgetgtlg
aaggecatget
atatttggeg
agagagltaa
tgecaggeett
ggelcteagt
acagaaccac

agtagcatta
aatcatccte
ttetggetcee
agagctlcace
cetecactceaa
agcataacag
ggctcgggat
acaagagaga
ataaaactcc
ttaactcacc
actttaaggt
acggatgagg
gltcatacatt
gecacacacag
atcacacgea
cacacgaaca
acatcgegag
ccggaagaca
gegecatett
gelgeeggee
cggagettte
aggcelgaga
gactacatte
geeteatage
aaattpegga
gaaatcttgt
agttiagaaa
gEgaaacact
caaataatge
caacattcat
gecaccttata
aaatgacaac
ttitageetg
tagttaatat
attatatgge
cgtactaatt
getgtgtete
tgtaatttgt
ccatgaaglg
gtigggaaaa
atggectagt
ctatgeteec
cactagaaca
tggatgttia

O tgattatta 4740 catoccagac 4800 tgatcattct 4860 ttengttca 4.920
Aot ] <218> <211> <212> <213> <220> <223>

5 27 DNA

900

960
1620
1080
1140
1200
1260
1320
1380
1446
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480



gttttcgtcg tttttcgttc ggagatc27 <210> 6 <211> 25 <212> DNA <213> artificial
sequence <220> <223> reverse primer <400> 6 gctctcgctc tcgctattac tcgcet 25
<210> 7 <211> 23 <212> DNA <213> artificial sequence <220> <223> forward

prlnergﬁé@ﬁ%iﬁgQﬁ&g&@&@@guﬁgéiéﬁit&Qmii&%@ ﬁ%&&ﬁmgbﬂ%éﬁg't ( <212>DINA <213>

gltttegteg tttttegtic ggagate

210> 6
211> 25
<212> DNA

(213> artificial sequence

2200

32

27

2(rzzgl:];lggttcc ggggge@gg&%léég > a8t ek SR e & B TR LAY i te ngtgggcat atat 3600
gagggeaage agglggggac tlgtaactig geattctagg aactgtgagg caagectage 3660
cteteatgtt tgetetttee tececcaget ctacegtege aggactctge cclttecececaa 3720
Eagaggadce agaaggagga cclatcagee cttgaaatte tasaagtcat gtececttgtlg 3780
agltittaaa teccataaat alttgettte cttatcttga aactttccac ctgggttcca 3840
{ccagaaalt tggttetcag acttteccatl (ttagggaat aaaaggacca ggeaggaglc 3500
teetetecca tigtectete ceetctgaca aatgeccaca gattiatict ctatagcatt 3960
ctgeatetee tgatggtitt cglctgetag gaggagaasc tcattteoect gtatgaaatg 4020
agagcatect ttgtaagaac tgasglilga agagatggaa tgaatgetta ggagcaatca 4080
catatagaaa agcaggggag gtegtgtige tiggtitcag tttcagegea tggltacagty 4140
tectgetityg ggaatgatta atgattggat atgtaattga getitggetg ggaalccate 4200
asadatitga igccagaatt aaagtctagl tigacgttgg acagageatt tgaatctggg 4260
acatcctcea tlagtttett tagetlaaga ggaagaanag tacagagetg aggatggtga 4320
gcgatglage aagtgagalg atcatcltagg tgggtgaglg gteaggeett ggasaagecet 4380
tagagatctg atccaacctc gggatccaaa atasgaggat gtttgagtea gitgtitcac 4440
ttgatagaaa atigtgcact caataaaagt tatctccatg gttittccca Tgaagaaaaa 4500
tgettgtglt atgttccaac ataatgatga actticatet ccaagasatt cttgacttac 4560
atgaaaatcc tgtatctaag atagaaaaca tgittccata attttasaaa atassatatt 4620
tggggaaaat ccalcagaaa tattttttgt tgttattgtt attccaaaag atagaagtga 4680
tagglctcac ctigagaatt tattgtatge caagtataga glgggeagtyg tgetttatta 4740
cactglitet taacaataag gaaaactcca titagettga ttttaatttt catcccagac 4800
ctglacacag agcatigalt tgcagttasma aggaatgttt gagaacaatti tgatcattct 4860
gittttactca tccecatitic ttetgicace tttcacatte agtoccacee ticttgtica 4920
acaaaacaac cccccctece geaaagacet gecccatete ctticatece actgtgaace 4980
attgaaatac atatatatca 5000
210> 5
211> 27
212> DNA
213> artificial sequence
<220>
(223> forward primer
<400> 5



<211> 24 <212> DNA <213> artificial sequence <220> <223> forward priner
<400> 9 cggcgttggg tatgtttagt agtc24 <210> 10 <211> 29 <212> DNA <213>
artificial sequence <220> <223> reverse primer <400> 10 aattacgaat
daaaaaddtdy aaaacgoti2d <210> 11 <211> 28 <212> DNA <213> artificial
sequence <220> <223> forward priner <400> 11 tgacggtttt ttgtttattc
ggttatg%8@><210> 12 <211> 21 <212> DNA <213> artificial sequence <220>
<223> révdr de primer <400> 12 cgaacgcaaa cgtacctacg c21

getetegete tegetattac toget 25

10> 7

211> 23

<212> DNA

<213> artificial sequence
{2200

223> forward primer

400> 7
tgtgtatgeg cglttitteg tic 23

<210> 8

E11> 23

212> DNA

<213> artificial sequence
<2202

223> reverse primer

400> 8
acctatatatl ccgeegetee gte 23

<2100 9

L1 24

<212> DNA

213> artificial sequence
220>

{2235 forward primer

<400> 9
cggegtigge tatgtttagt agtc 24

<2100 10
211> 29
212> DNA
213> artificial sequence

<2200
33



<210> 13 <211> 26 <212> DNA <213> artificial sequence <220> <223> forward
primer <400> 13 ggttaagttt ttttttyggy gtagtt26 <210> 14 <211> 26 <212> DNA
<213> artificial sequence <220> <223> reverse prinmer <400> 14 tactccetct
acctecerac t@bedCPBms210> 15 <211> 28 <212> DNA <213> artificial sequence
<220> <223> forward primer <400> 15 ttgtggygta gaggattatt agtttggt28 <210>
16 <211> 22 <212> DNA <213> artificial sequence <220> <223> reverse priner
<400> 180¢tHaaaacrc aacccatccc tc22 <210> 17 <211> 27 <212> DNA <213>

artifi eidhcgaquensaaca asaacgete 29

210> 11

211> 28

<212> DNA

213> artificial sequence
220>

(223> Torward primer

<400> 11
Lgacggtttt ttgtitaitc ggttattic 28

210> 12

211> 21

<212> DNA

(213> artificial sequence
<220>

{223> reverse primer

400> 12
cgaacgeaaa cgtacctacg c 21

210> 13

211> 26

212> DNA

(213> artificial sequence
220>

223> fTorward primer

400> 13
ggttaagttt titittygey gtagtt 26

<210> 14

Z11> 26

<212> DNA

213> artificial sequence

{2200
34



<220> <223> forward prinmer <400> 17 ggaattttat tttgaaattt ttttgtt27 <210>
18 <211> 33 <212> DNA <213> artificial sequence <220> <223> reverse priner
<400> 18 ccccacttca aa aaaatac tattaaaaaa aac33 <210> 19 <211> 30 <212> DNA
<213> FLLIAf redcate sagwence <220> <223> forward prinmer <400> 19 tagtgayggt
tttttgttta ttyggttatt30 <210> 20 <211> 26 <212> DNA <213> artificial
sequenc% <2iﬁ> <223> reverse prinmer <400> 20 taaacrtaaa aacaacaacc cracct?26
<210> 2192145 5000

tacteeetet accteecerae tetete 26

<2107 15

211> 28

<212> DNA

<2137 artificial sequence
220>

223> forward primer

<400> 15
ttgtegyeta gaggatiatt agtitggt 28

<210> 16

211> 22

<212> DNA

<213> artificial sequence
<220>

<223> reverse primer

400> 16
claaaaacrce aacccatece to 22

216> 17

Q211> 27

212> DNA

<{213> artificial sequence
<2200

223> forward primer

<4000 17
ggaattttat titgaaattt ttitgtt 27

210> 18
<21l1> 33
<212> DNA
<213> artificial sequence

{2207
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<212> DNA <213> unknown <220> <223> bisulfite sequencing of DBCL <400> 21
ggtttttatt agtagggtag ggaaat aaag gagagagaaa ggt gggtggg agaat tgat t
agaaagttgt tgggtttgtg tgaagttgtt ttgttgttta agaaagat ag agaaagaaag
agaaggagty tgeggaatiibrtt aagaaaaa gttggagagt tgattaygtt ttaatagtta
ggaygaat aa gaggagaggt tgtgtggtgg gtgtttaaga agggagaaat tgttygtggt
gttttagatt tggaagtaga aggaaggaat aagagatagt gygtattttt tttgaatttg

ttttat td tgattttt 36 gat t t tagaa ttttagttgg ggggtataga gatttggggt
t ygt gotcdecagt gatastaagaag tdtiygaraaabaga ttttattggg ttgtattatt gggatgatgg

t agaaagaga tttatatygy aattaaagt t taagggaaag aatygttgat attttagtga
aggttgagaa ttttttgaga ttttttgtyg ttattttgtt gtttttttgg tatataatgg
gtagtttaag taatttatta aatagataag gattttaatt attttttttt taatttttag

agt aaat@da tgttttagga attttgtttt ggtttttaga aagtttttgt atagtgttaa
ygagat agga f®t atttaggt tttgygygta tttagattta aggyggtttt aatattttty
ttttttg%f% tygttttty tygttttygg ygagygaatt agtygggagg gga. ttagyga
ttaygttig tttatyga ttttaggtaa tygggtygta tygtttttta tttgtgtttg

ygygt t €3¢ ayyogydtly gtaugggaggggt g tttgtaygta ttatayggaa ttttttttgg
tatttaeddob tattgggatt  ggttgttttt tttttttttt ttttggt tag ttygatgttt

tttttty%?i_tt‘gtrta@"ttt ttttttttta attagtttat ttttt tttat tattttttga
agt agat'aa ' g tatat taa at gagt ag aa at tagatgggta
t t at gt 49 tatat taat t tat tagt ttaattttat t t t

ttaaggggta agtgatttta ttgtattttt attgaatttg gtttt tttat ttggtagttt
atttgtedooy mtgatttggt gtgygtigtg tgggaattat tgttagtagt tttagtttgt
gttttagtt afttty tittittagt tttttttttt gaggttaygt gggtittygt
agaga?%%%%”%EgﬁgpéégﬁaaPéaﬁf?ﬁay gyggtygtgg tatatagtat agttayg?tt
ttttggatgt tygtgygtat tayggtttag

ttttagttta ttttttygtt tttttttttt
tyggygttta gttttttttt gtygtyggtt aagttttttt ygyggygtat ttggattttt
t gt aaatdga sht t ggygygy ggagagagyg

agygagt aat agtgatygtt tttyggagty
ayggttgagt atgagttagg tygtgttygg aatgygagtt aagygtt ttt tygtagtttt
ggtgtagy t Ptygtagttt tttygygttt

ttttgttttt tygt ygtttt taagtttttt
ggt t aat21gy Dygygt t t gagt tatggtggga atttgatgtg tgygtgtgtt ygtggtgtgt ggttt

tataa &ibatiiayed gkt Lt ygtgtgtttt attataggat taygtagtta ttggggtttg
gggaggalfa ygtttgaagg adaatttttt t at gaaagag atatggttaa

<223> reverse primer

<400> 20

taaacriaaa aacaacaace cracct 26

<2105 21

<2i1> 5000

212> DNA

<213> unknown

<2205

{223> bisulfite sequencing of DBCI

<400> 21

ggtttitalt tgaagttgtt tgattaygtt glittagatt gattttagaa ttgtattatt 60
agtagggtag tigltgitta tlaatagita tggaaglaga ttitagttge gggatgateg 120
ggaaataaag agaasagatag ggaygaataa aggaaggaat pggetataga laganagaga 180
gagagagaaa aganagaasag gaggagaggl aagagatagt gatttggegt tttatatygy 240
ggtggetgeg aganggagty tgtglgetee gygtattitt tygtggtiag aattaaagtt 300
agaatigatl tggggaatlt giglttaaga ttigaatitg gattagaagt taagggaaag 360
agaaagligl tlaagaanaaa agggagaaat tittattagg ygaaaataga aatygtigat 420
tgrgtitgly gliggagagt tgtiygtegt tittatiggeg attttagtga 480

gtigattttt
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37 tttttttttt ttagttttga tteeettttt ttttttttet attatttaaa tattettttt
tggtttttag attgttttag at taaaaaat aaataaaaaa tatttattag gtgttazgga
ttaagtgttt ttgtatatat gatatattat tattttatta ttaagattag atagttatag

gtttl ttctg@u@tga@tgttttaagtawagggwhtdut@Lttttfﬁ*@@&tt&tt@@@t&a&% agggaagt aa 44qat

Y ayot agay Lokt atd 8“5‘9\%%%%& et el tgbb e 1?%%@2 Attt 3%6%t e
ygttttégég‘ﬁ%éggﬁéw a@bd{ ﬂfy@@gga@étta@@aﬂ@&t@tt@ﬂaygttttttygggtygt 660
tttttttittygrttbtyglthb@atagatgt ettadatddiygt tvattteaot Makyoligt titagyat ag 720
;;gg%t b Yedehd tﬂg?E %%&9{ tﬁ%‘%’t%tn ?Qg%@&%gggqﬂ%%%a %‘é‘ga?:gég 780

tttttt t@a%w%gg@ L@ah%@ad%&@é@%%%@h o}ﬂ@w@{aﬁﬁt &ai@g@&tﬁgg@a@ laggeat t at yPao0

gt at t t etgetittbagtipt t Edeoyagygoght t gagkaonagt o thgt aittt t g tatght agt gt 900

gttt 9y ghgts@eol %gggxagé qhobalag, %%}ie%t %&;ﬁ%a&a& A8t Lagfﬁlgt La99

aatttt &?tg%?dt F%/f% %8%&%%&3@%%&%3 %@%L 00 1@@@8#’2@8 m@gemc@oo 35@ 1020
1080 1Ra0tU200t E2600gE320 11880 t144 115040115602 11620216801 11146+ 1800 1860 1920
1980 2040:2100: 216012220 %@&qtzééqtég%%%@&%%%%%;;é@ 2700 2460 2820
2880 2940, 30C 0 30 tft ttttgrrggt
aaagyg???%ﬁggﬁigéﬁaﬁag@§§%%kﬁéﬁfgt@#?ygggbdigﬁggégggﬁég @batttg- 00

aat t gatgtereteamadgtidgeat stexatints tivggrataytiadaaggt tigt tattty ggt agt t1260

E ?ggggaégﬂtggéa%’%&@%t Eeggétﬁtg%gt the%@%ttaJL@% gitgiéétg&@igftg %a{gtg :t:::mzo
ttaaatb?ﬁaggg&aH%%%g%ugt iQE g?LQ‘ gié?g tggwﬁgg’ﬂﬁégviﬁﬁkaagaﬂ@@o

aagggg@&h@tﬁ@%%@w@gw tEtgtaest t&tgzgwttgt doaetitygt ddgyeitagag at ggd 440
tttatttagtttatagttgitaatat abggaags: @@Qi%@éﬂ@itb@eﬂ%ﬁ@%@g@aﬁ%é ttagasog

a0t gt ot Yy g???@??*%g%iﬂ B S A Lo P TR b s PR agqt 4500
ttttggefaetaytt Haéaibtyé%aa agity sYeeieaes geptridgeaagyt deramt ygt t1620

tgflygt t gwatagaiagtftytgtygatta?gg?aa@aa agt agaaat @a@@@h@t@tg@huta?g%@t at atj680
gggg at.agaga
ttatttfg%g?ﬁt%gg%gﬁ t_t%?f BHe EPARe %g%&t %? L PTEt ttand 40
RO SR LN LN TR
gat gt atedEeAYggt YAt Lttt aatiayse Lttt tylganagtat@t adataktatatat ayggseo
gt gggaal gt éééa%rtéaﬁt LAnlaoRe: BiiddiiAg. 00 QH{[ e atttttlbzo
gagttt%ﬁt“t ﬁe ﬁﬁg%%% ﬁ%% gt%}ttatﬂata_._ gt ttt
ggttttttgg't 3 Vi gtiEagEatt Pegtlt %‘t‘aéifﬁggtyﬁf%t%fg@t éHYt ggttt

t aat t abbiEAL Bt gtlapragatar DEEYEtat ttegattttlagtt @ggytt aatadiagay gat ygoqo
0aggganlgat Hiagat i algAogalbal al, &@@é@%@ﬁ@aga&g@%@ atatap)

;gg;gg{ggge%?g%ztgt 99298t AL 3480 L 990t L L 90320 L L L Y OgE 00, ! gaaa%?ﬁ%q 3360
aglygggagg tagagggagl agtgatygtt tityggapty gggatltatg titgtitiyg 2220
ggattagyga aggggatttt ayggtigagl atgagttagg ttgttaggag ttaggtatit 2280
Ltaygtttgt agitttygyg tygtettiygg aatgygagtt gtayglaggg tttttttaag 2340
ttittatyga glygaataaa aagygttttt tygtagtitt tygttaaaga yggatattga 2400
tlttaggtas ggyeryglyg ggtgtagygt tiygtagtit yettgtttit ggattvegtt 2460
tygggtygta tlygggeygt titygygttt ttitgttttt tttittatyg gtattttigt 2520
tygttittta titggtlygtt tygtygtttt taagtttttt ttagtititag ggaggpesit 2580
tttgtgttty gagtitanag ggttaattgy gggtttgagt gagtggygtyg tgtgtittyg 2640
ygygttityg aygtgigtat tatgglggga atttgatgtg gtgttagtgt gtttgyvetgt 2700
gyggygtygtl tigygtttga tgygtglgtt ygleggtgtet glgigtgtiy glgtgtgtaa 2760
gggagggety aagagagaga ggttttataa titatttayg gvgygatgtg tgtgtetatg 2820
titgtaygta tgtgtitgta tgtgtgtttt yglgtetttt tttaattagg tttttttagt 2880
tlatayggaa tgggattittt attataggat taygtagtta tygggaaatt ygttgtggat 2940
tittittigg gettitgget tigrgglittg gggaggatta tgeggetigta gatggtattt 3000
tatttagtitt aatgliggta ygtitgaagg aaszatttttt taaayggtgg aattitgita 3060
tatigggatt tatagtttaa tatgasagag tittygaggt aaatgagayg 3120

atatggitaa
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t aagat agat 3480 ttaaat at gt 3540 gt ggagaggg3600 ttagtattga3660 atgtggtagt 3720
taaaatattg3780 ttaaggtttt3840 ttattttggt3900 gttgtttttt3960 ggtttttagad020
gt agggaggt 4080 agt ayggagg4140 aaaaaat gt a4200 t at at at at a4260 gt aggaattt 4320

tgtttagagg4dse: gaaat {laah %gu%gg@gaégﬁzémgga% afaggﬁaggﬁggg-gaattﬁfgtot a4620

tggttaattt trttitttgt ttaagtttgt tittttttat tLtttittit tatttttttt
38

taatta%&g@%%gg %;Ittgg{igtdtgt aeﬁl ggggtata}:tgttcléxtfggagg 25 gqtttggggutgg 3240
asagtitggg atagggattt attitglatt ttygitigta attaatagag ttitttyggt 3300
tittgliggt ttlggggagg atttgglaag tttgtatgga tittttitag gggaaaggag 3360
aaagygllitl ygggeattitg titatitatt atagltgtaa aggettittag aggaaatttt 3420
atlitgggeyg gligtggatg atatggaagg agatggatgg ggtattittt taagatagat 3480
Tygtlititt ttttttattt teggygegea agtititaga gagtttitit ttaaatatgt 3540
ttitttatgg ttttltigga gitaggeega tatigagaga aggtagagag glggagaggg 3600
agagagagag aglaagagyg agagegaggg agatagagag agagagtgtt ttagtattga 3660
gggagatita taalltgaaa aggggllglg agtgtggaat {tatgataga atgtggtagt 3720
aatigaitta aattgttgly gglttgtatt tygyglttit tatitggttit tasaatattg 3780
tlaagggtag gggeeygety gaggaatitt agllaggaag gtagtttgge ttaaggttitt 3840
LTittttitt tetttrattt titgggaggt ttittaggta ggtttittgy ttatittegt 3900
tiggtattgt tggatttggg titigegett agttattgat tigattttta gtlgtttttt 3960
aaaggltigt titatttagt aasaastgitg agtiitattg ttgttagtat ggittttaga 4020
Llyggtagtt gttatttttt taaggtaagy ggtagtygtt tigttittag gtagggaget 4080
taggagaaga taagggtigl gaygtiggga tatagttitt tglitagttt agtayggagg 4140
gglygltgaa aaglttttit aggggaanaaa agtagaaata tatliggttit aasaaatgta 4200
Latatatatt ttaggaagat atatatatat atatatatat taattatata tatatatata 4260
tatatatatg tgtttatatt tiggggagag ataaaagtaa atatgtattt gtaggaattt 4320
gitttagtgg gtggetttia titgtaggta titgtagata tattatitit tgtttagagg 4380
ltgatatttt aggttgaagt ttttatatag ttatagagaa ttttttttag gaaatitatg 4440
(tagggtaga gltitttgga ttattitgge tagegggtat tagggttaag gaggagatit 4500
attttiggga attgtittat tteitteitt ttttaattta tagaygatyg asatiggaag 4560
gaatattaaa gagtagaaag glaggatttt gtgglttaaa gagggaatga gaatittita 4620
atatitagla glgggttagl gglatgttta ggattagast {taggtttal taattagtta 4680
gattaatatt tittttatit tttttagtaa tatatatttt aggattgtat attgtttita 4740
tttttatitt gtiaattigt tattatgatt tttattaaga taatygtitg tttttittia 4800
ttaaatittea tattittaga gatgtatttt aggetititt tatttggaaa tatggttity 4860
aagagaaaag alttaatgilt ttaattatta ttttygasag atatatatat atatatatat 4920
atatatatal atatatatat atatatatat atatataygg tggtgegees aggattigaga 4980
gagagataga gagagaatat 5000
210> 22
<211 5000
<212> DNA
213> unknown
{2200
(223> bisulfite sequencing of PDESB
<400> 22
agaataaltl tgaagtatta ttttattttt agaatttttit ttgtagggat gttigaggtt 60
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at at at at at 4920 aggatt gaga4980 5000 <210> 22 <211> 5000 <212> DNA <213>
unknown <220> <223> bisulfite sequenc ng of PDE8B <400> 22 agaataattt
tgaagtatta ttttattttt agaatttttt ttgtagggat gtttgaggtt60 tggttaattt
tttttt tthgladtbanght tatakt tdebt ttata tdat';lhé{[tttthttutt@éﬁttﬂgt tmfaé%ﬁﬁ@ tatggat gtt

ttt tt ftt t
L apentiddt ok snenchi goascang, 1| ML Ot M L Lasipat g

t
t aaggaéé) it PRty g8 Lat %@%&@g%t ggaet Eet atggﬁa@@@g@mwttwgzggt t gt 300
t gt gaa&é@@?@g@g%m@@d@a%a@%@@d %ymfgy@@aagmgwtg@@a@ggg@ gggag 360
ggtaggxgggnaggyg@g&hgLgﬁgxgﬁ%% RQ&QXEVQJREEEﬁ%{gkﬁtygéggggttt4€%ygttttt

(yosaseLLy ol astyag sRodeylte sargnlall g8t 1Y Bebdler 0w (]

gygyggé@@$%We@a@ﬂ@E@yi@1agygmmgaLgg&&gﬂggg&nggﬂataygﬁytghgggggtyg540

gyggagtt@ﬁﬂ@tgﬁby@mgaiéiHE%&&R&&L9&9&&%@%@%19@9,HE&QQ@F39¥9'ttttabO%
gaagt agg{t%tg%z—{[ Qg{ Ltt%ﬁgggf‘%%tqg Qgggdﬁygg, giaggadud tt}gygggdat ggatt 6(?0 t

tagtgatiga atgggtagte gtgtttygta gitgtaasttt agagtttata aggraaggal 720
gaalagtagl tatttittta aagglatttt titttttttt tagtatagtt tagtttgtgt 780
atglittalt aaggagaatg agggaaggtt tigtlgattg tttagtttag agigtgagea 840
atagtagiig atatgggygg tlggayggga tagaaattag tatgaatatt tagtgatatt 900
taaggaagag glgaaaatgg gggagaaagt taagaaltat tagatagttt ttttttgttt 960
ttgltitgga ttitagggea ayglatgtegt tlaagggtgt ttttittygt aggglititt 1020
atittttggt atasattitt asaygatgag taegatatgge atgggtttit tttgaagatt 1080
gggitatial ltaatttagt ttlyggagta ggygstegeg ligggegaag aggayggaat 1140
tatgaggtit ttitattatt tilyggetgt gtigagaggt aagtaaatgy gglggetgee 1200
ttigggitgl agggttttitg ttatttygeg aggeetittt tggtgtitag titigggatg 1260
tglgaaaaly tgliggtgaa aagygagagg titatatagt tttttaggeg eagaggggtt 1320
ggegygttgy gegyggyety gggatgagty tagaagagay gagglitity gatagyggag 1380
gaggagegea greystygag gygyggtatt agliglygye tatageggtt tygyggyega 1440
glygagtygy gggtaygtit tgttitglys ggagagtity ggeagygeye gpaggegyeg 1500
agggeygtag Lggggtiyee gygetlgyey lygyggagtly geeglatitg aggaggaagy 1560
aggeglgggag ygaggeagey aggggayger yelagatyga aagtggggaa ageaggtata 1620
gglagegyeee laggyggeyg geygttiigs tttagggtyy yogeleygeg agltivgayga 1680
getygaglig ggypgyeeys gggelygyet ygagggagea EEEEOAZAYE ZABBYEYEER 1740
gagyglglil ggegyslygy geyesggagg gtggyestye Llggtgyeye yeegeyetig 1800
tgtatgygyg tritttygtt yegegaggan gatggtitaa aagggasagl tggagigayg 1860
ygygyggtltt tyggaggtty ggygeegggt atygyggtta gltygaygga gyggyegata 1920
lataggiyeg ggegygygla gilyggeygt ygtygysety gltittitat tgtagetggt 1980
agyegetgyg llgegtttyg gygglygyss gygygesyes gyeygysgeg gagtiygety 2040
gagggalggg Ligygttitt agtatttatg tttygtagag yggygtgatt tatiglyggg 2100
atlyggayga gtttagttyg titygttaga ttattagygt glygtagggt tyggyggtat 2160
tittgttygg tittetygtl tagatygayg tygtygayet tattttttyg agtygyeygtl 2220
ygggattttt tagygtagtt ygygttygta gggttygtat ygagtigggt agyggtagta 2280
Bygyggettt ygtagtttty giygygatta ttaglaggegg tvggaggygt tattgitgta 2340
glagygtyga gglygagatt tagatttgtl ataltagygl gaaggtaaat gtttygygtt 2400
gglataygly gigggeetyg tlyglttygl yggyeggstt yglayggata ggeggtitye 2460
gyggagtigg glgatygtga ggveggttget ttggagaggt tgttattaag gaggagtita 2520
tittttattt glggagatge lgggagttta ggaaatgigg ttagaaaaag gtttttegag 2580
gggtitigga agygtitita gliggtitty ggggattieggs vegegaaggg agyvgtagaag 2640
gaagtaggtly gpttggtitg ttttittity agpgtaggaa ggttgigott tggtttatgt 2700
aggaagagge glgggegatta tigagagtat gttttgttga atgaaatttg 2760

tyggtggtita
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t agattttttt t tgagaagaga g gattgggaat ttagttatat aaaataaatt ttttgttygt
ygtgttattg gtgtttygta aaggtatttt agggaaggtt ttggayggga gggagaaagt
aygt at gt gt aaaygatgag tttyggagta tttygggtgt ttatttyggg aagygagagg

gggat gagtg t@ﬁgvgg;tggmgygtﬁgugwgg QM%QH&Y@%@QQQ% ygeﬂ%g@tggt ttageog

tt
! B0ty G Oy DT Or T ot OB LA (At LB LobEyGerty ot “HEvaRt t gor 850

tgggagtgsff“aw@ﬁswﬂﬂ@&ggﬂ %tatgtu@itg@gttaaga@aggatgttm@gagm@w,@a@ 420 480 540

600 66@zTABzZH0 846: 19901 gz%@u;@e(gtwﬁﬁxm%u 216;§ 14349, 1380 4440 1500
2960 2850 SRR SEMEY He0 vt iE datraa @Sa%qgﬁﬁa%gvg £a270; 2250 £340, 2400

ggaat yéab%ﬁ éf’a‘gg‘@h%&ﬂtgi@bé@ib@é@d ggagatt bt t2lgtatagaatitlgasigagaat yggp120
ygt ggt tegazaatggayt dhatagagagigg g@uéﬂtg@a@gnélé@hhé@tttatgutgﬂta@agat 180

o e sy

t
atgaag%?fﬁaggﬁgéngF@tg&é%g§¥§é¥igéé@&ﬁ&by@a 1$ﬁah#ﬂéggwgaatgtta£300
aggat t thtld tatlagratadaagt ttab ettt gtatdigtt atitdhpggaghaaatht tt ag®360
attatt @Qﬁt@ta@@ﬁahéﬁatghﬂﬁ tl@é@antt@% LU:%{;QE&&G %E%‘Litatt%z% tgtaghatttL%lggaggtBtMO

it tta
ot s Dagtert b bR oAy etar AR att ACHIREL 6 LT GPALE gt gt 480
gagt t abdiEacEfraaht et byt atsdaEt e aggidrtatagatightt tglyte tt tt t gt t g540
agat t aggiaatttdat badttt o td Wt @idik b4 Liit@aagt %Léﬁ%@@%@%&@g&%@@t tgt %600
a9

at gaagl gf. 3.t {4t Lt L3t @t LE gk LLL, TITLLRELIT, 'gggagg{aatag,?aga%ﬂa gtta

ttattatagt aaaaatatyg tttatigagt atitaliatg tgttaggagl sagitttttt 3720
tittaattat tgaatgtltaa taglgtgatt ttagtatagt atgttigaag attagagltt 3780
aggatitalg atagtataaa tttattagit gtttatiygt tatagaggta tgtgttgaay 3840
gtiatatttt gittttgita agtttitttt tittittttt ttitgtttat atasagttag 3900
tittaggagt aatttitagg gatgaaaatg ttaaatttgg tgamaatatt aagilgggal 3960
attattagta aagattattt tittgittga yggligaaga ttigaagtag tagtttaaaa 4020
ttgtgatagt ttatgaattt tgtgatattt titltggttg ttttagagaa attgtgaaty 4080
tttgtittit agaatattta taattttagt ttagtalltg gtaattttag ttattttatg 4140
Lttgtttagt agnagaasga atattigaatg aatttatttt gtatattttt satattittt 4200
ttaagaggtt gtttagagat taaatgaagt aaaaaltgaa gggataatga glttttaatta 4260
ttagtagttt gtataaattt glattaatit tatigttatt tggtttiaagt attaaaaggt 4320
tigattiggg taggagtita attlattttg tittattaasg aagattiitta aataagagtt 4380
taattiatit taatttatta ttgggaatgt tggaaatgaa atttttggtt tattgattta 4440
atattatitt gtatigtgtg galittagaa agtatatatt tgaagtgaaa titgagatta 4500
gagttattta iglaaattit atagaattat tattatagaa ttgltttaat atatttaata 4560
gratttiitt aggtttgtga tlyggtgtty tattgiittt tittaatygt aaagtttata 4620
tgtttigtgt ttititgtig ttgagataat tttataasaa ttttatattt atttitttgl 4680
agatlaagia LitLtttitt glyglaagag tttigagatag ttgttagegta vgtgetggte 4740
ttttattttt tittasagta tataggtgga aaaataaaat ttttattatt tggtittgtt 4800
tatagtgglg gaaggttgte atagtttita ttitttttit ttgettattt tatattaatt 4860
atgaagtgla tttttattal tiatttggtt ttiggtattt tttagagtgt aasaatgtet 4920
glitgatttl ttLitttttt ttttitagta ataatttatt ttaltaagtt tttagaatga 4980
tgaggtatta tgatgttaaa 5000
210> 23

211> 5000

<212> DNA

<213> unknown
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tgttttgtag gtgattggtg ttttatttgg gattattagt gtgaatgaat gagtgttygt
gtttgttatt gtaaygtttt gttatgagtt yggagtgtta agttgtttga ggatgatttt
aagt ggaaaa aattgtttag gaagaaaaat aattatttaa aagaggtttt ttattgtgta
taat aat@gge> atattttatt atagttttta tttggtE??t at?ttigtsz BEEB?SE??E
aggagt gaattt, tttttt ag gt gg
gt?gggé?ggég%%?ﬁgggggfﬁ%gggnggﬁétgggaay2940 ttgtatttta3000 ygt gagggga3060
ttgatttttt3120 tagtygttaa3l80 ttygtatgtt3240 ttgggttttt3300 aaaaaaat at 3360
gaat t attif@®>3420 gtttttattg3480 gttttaattt3540 attgtttaat 3600 attat aatta3660

aagt [t bheiabath dht 2GR LALE0O8 9 LORANIDAR R1ARRP1 PP, Aa0t t oggat 3960

ggg%ﬁygtgg

tagttt:%%%é&é%ita glaatagatg ttagalgega agagttatlil ttttaagttt tatagaatgt 120
tazataaatt atittaaagg ftgatttagt aagaattitta aagagtiaat tgitagtatit 180
gaattitglt aattattatt tttatttatt tatttttgag tatttatitt gtatgaggta 240
tigtittagg gagtigegat atattaataa agttattaaa gititttttaat attggagttt 300
aaatittgtt tlgyggeeeg gagtagggaa altagatatta aataatagat tttataagta 360
altattitgg tilgltagaa agtgataygy gaaaagtasa tiggaggata glgaattagg 420
aataggagas gaggttgtag tttagagtgg titgggatga aatgatagty ttatagaaat 480
ggaglgtglt ataygtatgg gggaglageg ggtggagtay gtigttagag agggettaga 24{)
tatggagata tglitttatt titagtageg aaggtttglt aagatattaa aagtatattt 600
tattgtttit ttrtttatt tgttggaglig ttttttggtt ttgtttitta gagtltgaaga 660
tgatataaat tataaaagas ataaatggta tygtttgggt titttgattt tataaggttit 720
tatttaattt aagtitiggt ggatagttta ttttttatta gitgttttaa Lttatagagg 780
atggagaaag aaagtatiga atgagatgtig tagtitaatt taatgggtat ttegttagtit 840
taattatitg gttaggatas ttttatttaa gttaatggaa tataaaatiit agtaglttttl 900
atggagatlt taatgtgttg tagaataaat tatagataaa tgaattigltt gaaagaataa 960
tatgaggtay ggttaaataa gtgttgtgea agagaaagatl tatigtaatt tagagttagt 1020
tagagitagg glttittgga anagtgagat taatattata ttttygasas ttagtgtggt 1080
ggtggtglaa glggaggaaa atgggazaga gglaatagtg tttataaaga tatagaggta 1140
gaaaggglag aggititggg atagltaaaa gagaagttta gltgaggeat tittigattt 1200
gattaglagl aattagttat gattaataag gtttittata tiitaaagal ttagatggag 1260
ggataaaaaa tlatttaatg gtagattgtlyg gtagtltttt tagagatata gaglttggpty 1320
ggatgagtiit aggtattgay gtgattiall attitttatl ttaaagagta aaagggaaat 1380
taaagttaat tatttlttayg asatasanag gtetitittt gtgttttaat tatatggata 144()
tattitatta gtitaaaagt attittttat tittttttgt tattgtpagg atttgagttia 1500
gaagaaagllt taaatatagl tattgaglly gaaagagtgg aasagageagt aaagagggeg 1560
angltglagy aaggaygaag ttattittaa gatatatggt tattgtttal attaagtaag 1620
Ligttttggg aayglititt tygagtagtl agaatgttta gtagtggaag atattitiat 1680
ttitglagey gagttttgegg aagtiggtta atttgtaaatl gttaatittt agtagtgagt 1740
tyggtttayg tgtaaattaa gatttgggga aagaglaggg tgegltggtatl ggtigataat 1800
gltattagtt trtttttitg atttttgteg tygtgttttt atttatitit atttagttat 1860
attttatitt yggatitglg atggaygttg gglitttagt aattatagta agtgttttit 1920
tygtatittt tottttitta tttttattitt tatttttaat tattatttia gygatggagt 1980
Llatttitgit ttaagtygtly gttaagatty ggagaagygeg aattttatit tgaaattttt 2040
ttgtttygty agggtyggye (tggetatet ttagtagtyg yegygtigtt gttgggttet 2100
tggettlggyg yggagtitat (ttgtygttt tygttttget tttteggygt ttagaaggtt 2160
aggtatttgt ygttttigag ygttttigtt tirtttatty gltaattttit attgtttttt 2220
tiiitetttt tttttaggge getigaagtt ggtgttggit titglygeye tlatagattg 2280
attgittigl aaattttagt ygaggattitg aatttyggag attagaagat tittggyggt 2340
ggltttttlt aatagtattt tatttgaagt tggaglttil tttttatttt 2400



20
attgtgaatt4080 ttattttatg4l40 aatatttttt4200 gtttLaattad4260 attaaaaggt43
aatgagagtt4380 tattgatttad4440 tttgagattad4500 atatttaata4d560 aaagtttatad. 620
atttttttgt 4680 ygtggtggtgd4740 tggttttgtt4800 tatattaatt 4860 aaaaat gt gt 4920

t t t agaatigaso8@a 5000atey2E0magBam21 15112000 p 72423t PNA <243 T  nknown o5220>

titaygttgl aggtaagggy tlgttaggtt lagaglygga gltgtgtatg agatgggaaa 2520
Ligtatatgt ttaaggattt taggaaaagt ttgttttgyg aagaaaglit tittaasaag 2580
gleaaatagg atagtatity atagggaage gglgaggeag tyglglattt gitggaaaat 2640
tgagglygaa aatitaatilt aasaitagtil ttgattiit ttttattitis taygaaaata 2700
glgaatattt ttaatatgaa tataggtitg LLLtLLLiit ygltttittt tygtttagat 2160
terttgttit tgtitttage ttatgtattt aattgttaat titttaggag agggataaga 2820
latttigtta gatgtaattt tttttatigt agyggttatt atattltataa ggtiti{teg 2880
lltagygagy glttatagga aggtatiggt tgtaatttga tggattatat tttygtttas 2940
aagalygaaa tatatggtit atattagtga tgttglatta ggtttttttg gtitttgttt 3000
ttgttatiyg aattititaa gttaataaga pggasgasasg gtittaaata gaattitttt 3060
gtitittita gltatygtggt tagygitygt tggtatatte assasasana asaaanaaas 3120
asaaadasad ataaltatag tiitasagtt gataatitiy ggtiagglat tgtttttyeg 3180
atagatitga taaggtglaa ttaagaglaa tagtgagatt gtttitaaat ataaatagat 3240
tigaggtatt agaattaata ttaagtttyg tgaggaagta aatttiggga agtattigag 3300
agatattata tglggtegttit ttgtitttte tatatatagt atttttattt aatgtagata 3360
gattigttag gttgaatitt ttattattgt tatatatata tgaattasaa taaaatalgg 3420
tagggagall ttagaaattl tattgtgata gtagtigttt atgtagtagt ttigtaataa 3480
ttagagayga ggtattittt ttgaglgtgt tttttatita attatatata tttatttatt 3540
tttttaagia atattigltg agtgtatatt atgtittagg ggtaatgagt aaaaatastt 3600
gtitlgazat tataattttt gltagtatttt tttlaaaaga gtgggigaat tltattttit 3660
glgtataata gtaggagtga aatatggtal ttttttattt tagttaaygt tattatttaa 3720
atgtattatg aatttittga gtaaataatg tatagegatta ttaaagttat taitaaatat 3780
atatgitaat tgttataatt atgatgttat atigtggagt ttttaatagt tttttegtat 3840
atitigagaa gtageaaatla gttatgattt gattattaaa ttattigtaa atagttgtag 3900
tgaattatit ygttattata tataattitt taatgtigaa atgtgggaty aaaatatata 3960
tatiggglty agtttlatil atagtattgt ttaataatag attgatataa atatttatta 4020
tagaaaaalt ttaattttta llaaggtagt aatgattiag ttggltigtt aateatatta 4080
glgtagttat titttiaaaa ttaatatata asaaagtita aagattatat ttgatatatt 4140
tlgagtaatt atatlililaaa agttataaat asattgaagt atgtgasaaa tatgttttga 4200
titaligtag atgaatatly gggatgagaa aaatgaggat ttttgtttat tagatgagaa 41260
attiagaagt ttgtagtttt agattttatt tggagttilg liaaagggta tattattaaa 4320
gitaatttaa tttattitta ttttaatttt ttantitgta aaataaagat aaaaagtaag 4380
attaattaat teatittaal ttaataagaa aatgtattta aggatatitt tatattttaa 4440
{tgtangata ttatitattg talitatatt taatatagta aaatatatig gtgttttatt 4500
atagtagatt gtaagtttaa tatlatagtt titttgttaa tittatttta aatgtatttt 4560
aatitlaaat agtaatitglt gggttataag ttgttattag attasaattt attatagtta 4620
tttaataata ttgttagggl tititattag aatlasaata aatatagtit tliggtttaa 4680
gtitttatat atttggagat taagamaata agtggatggg atgataaaga ttaagaaatt 4740
asgatatiaa tttttatitg ttgaaggtgt gagittglta tttttatgga agattttttt 4800
titagaatag aggttgattt tataaagaag ggaaatgaat titatatatt taggtttttt 4860
taattgtaaa gttaattgat ttattttggt taygtttagg gtattagtaa ttgttttaig 4920
tlggtggaat tgatgatatt ttalaatgtt ttagagatgg gaggaatgtg Ltaaygggat 1980
gtaagtgttt tttttagtta 5000
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<223> bisulfite sequencing of PTPRR <400> 23 at ggagaaag aaagtattga
atgagatgtg tagtttaatt taatgggtat taattatttg gttaggataa ttttatttaa
gttaatggaa tataaaattt atggagattt taatgtgttg tagaataaat tatagataaa
tgaattgttt tatgaggtay ggttaaataa gtgttgtgga agagaaagat tattgtaatt
ttttygaaaa tttataaaga gttgagggat ttttaaagat tagagatata ttaaagagta
gtgttttaat tattgtgagg aaagagaagt tattgtttat gtagtggaag gttaattttt

tgggt ggtat” atttattttt aattatagta tattatttta aattttattt yggygttgtt
ttttgogyotr git@atttttt tttgtyggyg attagaagat tggagttttt t 2460 2520 2580
2640 2790:2;/00 2820 2880 2940 3000 3060 3120 3180 3240 3300 3360 3420 3480
3540 3600,.3660 3720 3780 3840 3900 3960 4020 4080 4140 4200 4260 4320 4380
4440 4§ggp4 074620 4680 4740 4800 4860 4920 4980 5000 <210> 24 <211> 5000
<212> DBRN><213> unknown <220> <223> Insult' e sequencing of ZNF562

aat gat kbtd gt 0akL 4.6, AREL00t hats@aaaat ggta tttttttttt agtgggat gt

aaagat gat g at aaataagg tgaaatttaa ttttgagttt tttagtatta ggtaygaaga

aaagtgtgtt tgaagaatgt agtattagtt tagttatttt gtggagatyg atggttaagg
gaaat agf@ #4ttatttyg gtatttggta tagggttttt atttayggyg tataaygttt
tgtttagaptatttid bhogi@dct aghyot@ba: YOY09a9tt a Lt gt atty ttagtattat .,
oyetattgyq 200tyedat 99N Ahhe, PAOMIBE ateatttta gagettiget 120
tlagagttag aagtggttat tttattattt {itaaatttt titttgptag attaatgaat 180
glgagaaagl aaasatggta tagaagaaag ttagttigag agatggtigg ttttgtattt 240
glitggtitt ttiitttttt titttttata agtasatatt gaygtatgta tatatagata 300
tatttaatat aglgggatsgtl taaagggaaa ttagagttat tygtttittt ttasgattag 360
agaatatagg aaagatgatg atttitigta tttatitttt ttttitgaat tygtaatatt 4290
glitltgaatt ataaataagg ttaagtagga taaatttata attgtttttt taattgtiyg 480
titataagtyg tgaaatitaa ttatttttgl tgaagttigtt ttttaatatt agtaattagtl 540
aataattaal tittgagtit igittatatt attaaattat tttatttgat ttttaggata 600
aagtigtaag tltagtatta tattttititt titatggata aaaazaaaaa aataaanatas 660
aatygagata gglaygaaga aaltaatasa tggitgaaat gttatitgaa tttatattig 720
tttaattita aaagtgtgit tittattata ttatygtatt tataaggasa atglagtttt 780
tatttttitl tgaagaatgt gtaanagaggt aatatggtgt gttitggaaa aagtattttt 340
glagaaagaa agtattagtt tlagttatat tagiattttt atttagtagt agtagtatta 900
tittatatat tagttattit tttttaatas tltaatgaat tagatgitat sattattttt 960
attittaaal glggagatyg aggtatattt ttaagallgg agittaggta (ittggtttt 1020
agtittagag atggttaagg gtitatattt ttaattattt attatattat agagtttatt 1080
aggiilgagg gaaataggat taaattesaa gagtiatita ggattttagt ttttatitaa 1140
ggataaattg ttttatttiyg gatlagggaga gtittygtat titgagattt agtataatag 1200
glittgatyg glatttggta tiyggatttt taattatatt ggattatatt gettygggat 1260
glglaaaglit tagggtttit tatatttgat gatattaaag tygtttasaa ataagagaga 1320
atteataatl altttayggyg gtitgatat? tglttaagag atglygtitt ateaaatttt 1380
titatatttt tataaygttt ttattttgyg ttttttitta taatttatat ttaattitatt 1440
atagatgtaa tgtttasaal tagttattag ataaattitt aygtitttaa attttaaggt 1500
ttttiygaaa tittttggta aaattgitgt tltayggasa tgggaaygta avggatgagg 1560
taatttttita tagtygtata tagttgtgta titatyglta aaygglitta gttatatatt 1620
taaygattta ygyggagtta gaagttatta ttatatattg ttaaaattay gtatatatag 1680
tgayggtttt tigtttatty ggttattygt ttataattit tygttagaga attataygta 1740
gatagtatal ttagtattat agatlttagg aagtaattita gggattygaa tataygaata 1800
glatttitty gygtattgyg taggtaygtt tgvgttyget ttatittgaa atatygygag 1860
atiygglitl aaggtygggl tgltgtittt ayglttaaag attatgtttt tyggaagata 1920
tigyggygly ggttttatta tggygtagta tyggtetgtt tlglgygtit gyattatttt 1980
tyggllgygt ayggygaalt tatyggtaty yeygtittge gtigtygeeg 2040

gtggtggaag
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atttatattt tataatggtg tttaaatttt ttagtttgag agtaaatatt ttagagttat
tttattttit taaatttata tgaagttgtt attaaattat tttatggata tggttgaaat
ttatygtatt aatatggtgt tagtattttt t ' L ' taatgaat ttaagattgg ttaattattt

gagt t atgybagatyt:y t%@k@ﬁatwaégﬁﬁt\%fa@g gﬁtg@éf%iaﬁégtz%at@gg%é@@%%dgﬂ ﬂtttg; E E 39100
iy e %éé‘%% s Eﬁ‘ﬁé? R L B R S ST
attaaté%gfﬂﬂﬁg%dﬁé%bﬂlﬂ 1@%&@dﬁéiﬁﬂ§ @ﬁﬂﬂégﬂﬂggmaa@arﬂt@@ﬁﬁtgtty@ﬁzo

agt aat tlagel gkt t aggeatsxyentaanatiaag tdybat @ittt gk gt@ghtdd tpaghat ttt t2280t t
agt agt at hgaaht %&JBEMLLH tgtag??%gtt%% at%gg%%tti”c tygEitL?ﬂtLEL% aﬁ%@%@:ﬁ :t t§3% yggga

Sigﬁg?gﬁg@‘§ﬁfht§9gf%l?hﬁgybﬁéﬂétéﬂéﬂyﬁﬁ"’ﬁ%¥y§@3@3¥@ﬂbvggtatttt2m0
gt t gt yd@trieazs0 1120:6080: 2401300t 860a42Q 04802540 v600 660:a620: 780 8480900

960 10&@1&@@91111%@ 200: %%@@atlg%t?@ qla?j@&t%?%%?g?t%a%?%%g&%q 1$680 1749 1800

1860 1

%%’Qgt:}g%d& aggttgyg){%gtgl,gladt dggg%dtygt gtagttaata taaataatgt 2580
ltataaaagl ggttataata aggaaaaglt gittattata ttatattaag teatatttat 2640
aattatttta titataygtt atitagaatt aaatgtiigt aatgltagtag gtattitata 2700
tatitttitta tagagtattt ttigtitaat agtgagttta agaattggltt asatgataat 2760
attgygaala tttgggtgtt ttitttitta attttttigt titgttttet ttttagttty 2820
tgtgttagtg agtttgatit (Llttigltg aatgtittta aaggatttag tagtiaatat 2880
ttitgitigl tagttittga tagttatttt tgatagttat ttggtatttt attatatget 2940
tgtgtiaaaa atgatttaat tittiggtta ttigtggatt tgtitattta ygtattaatt 3000
titagttttt ttatttagta aatattatig gatatgtagt tttgtgtatt gttgtgtttt 3060
tatggaagga tatatttatg tgttgataat ggagtattigg gygtgiltgte tgtaatttgt 3120
tttitattgt tttttttaat titattttat ttgttgatgt aaggtatgtt ttatgaagtg 3180
gtatgtataa agttttagil igggligtag agtitittgt atatttggyg gtigggaasa 3240
gagttaggta gatitttaaa ggtgitatat tlgttgtagg agagagitaa alggittagt 3300
titggaaagg ttttattita ggttgeggtt atgtaaatga tgtaggtttt ttatgttttt 3360
lggttigagg gaagtittitt tigtitttga ggtaatatgl ggettttagt tattagaata 3420
gtittiagla tttttgttit agatttgtat tlgtagtaaa atagaattat tggatgttta 3480
gggpaaalgg gagggaaagg attatiggtt tiittitgtt tigtaglagt taaagtiggt 3540
ttttigegegt tggetgagga tttttttgtt ttrttttttt ttttatittt itgetegeta 3600
gagggtaagl aggtggggal tiglaatilg gtattttagg aattglgagg taaglitagt 3660
tttitatglt tgttttttet ttttttagtt ttatyglygt aggattitgt tittttttaa 3720
gagaggaall agaaggagga tlitatlagit ttigaaallt laaaagttat gttttttgty 3780
agittitaaa ttttataaat atttgiittt tttattitga aattttttat itgggtitta 3840
titagaaatl tggttittag atttttitat tttagggaat aaaaggatta gglaggagtt 3900
ttttittita ttgtttittt ttttttgata aatgtttata gatttattti ttatagtatt 3960
tlgtattity tgatggtttil yglitgttag gaggagaaat ttaltttttt gtatgaaatg 4020
agagtatill ttgtaagaal tgaagtitga agagatggaa tgaatgttta ggagtaatta 40890
tatatagaaa agtagggeag gleggtgltgg ttggitttag ttltagygta tggtatagig 4140
tittgtittg ggaatgaita atgatiggal atgtaattga gegtttggttg ggaatttatt 4200
aaaaaittiga tgttageatt aasagtttagt tlgaygttgg atagagtatt tgastttegg 4260
atatttittia ttagttttit tagiitaaga ggaagaaaag tatagagttg aggalggtga 4320
gygatgtagt aaglgagatg attatttagg tgggtgegly gtlagggttt ggaaaagttt 4380
tagagatltlg atttaattly gggatttaaa ataagaggat gtitgagtta gttgttttat 444()
ttgatagaaa attgtgtatt taataaaagt tatttttatg gtttttttta tgasgaaaaa 4500
tgtitgtgtt atgtittaat ataatgatga atttttattt tlaagasatt titgatttat 4560
atgaaaatlit tglatitaag atagaaaata tgtitttata attitaasaa ataasaatatt 4620
tggegaaast ttattagaaa tattttttgt attitaaaag atagaagtga 4680

tgttattgtt
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taggygtttt ggggtttagt agaaygtaga ygtttygttt ttygtyggtt ttygyggygt
ttaggtgtat ggatttttta tgttttgtat ttattgttat tttatgaggt ttttagagag

aatttatatt tgggaatatt tgagtggatt ataggttatt ttataaaagt ggttataata

aat t at ttagat titthat @y ghgastiat tdttttgté@;tt a@@g&@ﬁhtg@@g oygaata (14agat gtt 4740
t gt gt t agt t t t tagttttt £t ttaat

tttagt?%??g??g%f%%l&ha%gg% SUELGL gﬁ,%ﬁtgﬁ%1§9 P %t?&%P%ttaarﬁmo
gt at gt at'45* Jyee t%ég‘c‘t%ég&& &ggkﬂaldg%ﬁgti@t&téaagdtgﬁ@g@aaawtmwat tttadds0

t ggt t t gAgltagaagtittttat gt ttdtagtaa tt tithgittt tag@@g@aaat@gtg@gﬁgaaagngo

tttttggggg; t t t g ttttt
090003008 ‘aUT L1 aad tT Tt St asat: tFagdhdlr et gHEL Lt ag Bttt

gagagg a a
La ttgtt %%?% ég?g%f%fg tgatggtttt agagtatttt ttgtaagaat tatatagaid
agtaggggag ttttgttttg ggaatgatta aaaaatttga tgttagaatt atatfittta
ttagtttttt gygatgtagt aagtgagatg tagagatttg atttaattty ttgatagaaa
attgtgtatt tgtttgtgtt atgttttaat atgaaaattt tgtatttaag tggggaaaat
ttattagaaa  aggyggtagg gttygggtyg ttgtggtttt gygttttttt taggggtttt
tttttttttt ttagaagatt aaattttatg aggatatygt gtttattata aaatgtttgt
agtgagttta atttttttgt aatgttttta tgatagttat tttgtggatt gatatgtagt
ggagtattgg ttgttgatgt agttttttgt ttgttgtagg atgtaaatga ggtaatat gt
ttgtagtaaa tttttttgtt tttttttttt gtattttagg ttatygtygt tttgaaattt
tttattttga tttagggaat aatgtttata gaggagaaat agagatggaa ttggttttag
atgtaattga ttgaygttgg ggaagaaaag tgggtgagtg ataagaggat tatttttatg
atttttattt tgtttttata tgttattgtt 44 yggagttttt 2100 aggtttgaga2l60
gattatattt 2220 gttttatagt2280 aaattgygga2340 gaaattttgt 2400 agtttagaaa2460
gggaaat att 2520 t aaat aat gt 2580 taatatttat 2640 gtattttata2700 aaat gat aat 2760
ttttagtttg2820
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tagttaat at 2880 att at at ggt 2940 ygtattaatt3000 gttgtgtttt3060 tgtaatttgt3120
ttat gaagt g3180 gttgggaaaa3240 atggtttagt3300 ttatgttttt3360 tattagaata3420
tggatgttta3480 taaagttggt 3540 ttggtgggta3600 taagtttagt3660 ' t ' '
Ltttttaa3720 gttttttgtg3780 ttgggtttta3840 ggtaggagtt3900 ttatagtatt3960

gt at gaaat g4020 ggagt aatt a4080 t ggt at agt g4140 ggaatttatt 4200 tgaa.tttggg4260

What is claimed is:
1. A cancer screening method, based on detecting the methylation
rate of target gene in test specimen, and using the methylation rate
as the screening index to determine the risk of having cancer, the
5 method comprising following steps:
step 1. providing a test specimen;

step 2:  detecting the methylation rate of CpG sequence in at

least one target gene of said test specimen, wherein the

target gene comprising DBCI1, PDESB, PTPRR and

10 ZNF582; and
step 3:  determining whether there is cancer or pre-cancerous

pathological change or not in the specimen based on the
methylation rate in the target gene, or using the
methylation rate of target gene as prognosis marker.

15 2. A cancer screening method as recited in claim 1, wherein the test
specimen is an isolated specimen selected from the group
consisting of cervical smear, ascites, blood, urine, feces, sputum,
oral mucous membrane cell, gastric juices, bile, cervical epithelial
cell, and post-surgery cancer tissue.

20 3. A cancer screening method as recited in claim 1, wherein the
testing method for the methylation state of CpG sequence of the

target gene comprising methylation-specific polymerase chain
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aggat ggt ga4320 ggaaaagttt4380 gttgttttat4440 tgaagaaaaads500 tttgatttat 4560
at aaaat att 4620 at agaagt ga4680 taggttt tat tattgttttt ttgtatatag gttttattta
at aaaat aat attgaaatat tttgagaatt taataataag agtattgatt tttttatttt
ttttttttty atatatatta tattgtatgt gaaaatttta tgtagttaaa ttttgttatt
gtaaagattt taagtataga tttagtttga aggaatgttt ttttatattt gttttatttt
gtgggtagtg tgttttatta ttttaatttt tattttagat gagaataatt tgattatttt

agttttattt tttt t ; aat & i.s.ckal is., J. A
cancer screeni ﬁg%%(%rﬂowgf)@gegﬂ%ﬁﬁ et?&efgt ?Hn%hﬂ%@rle% %ﬂqg?i gﬁﬁﬂﬁ&%ga%ef- t ar get
gene in test specinen, and i the ngthylation rate as the screening

i ndex to det er (filA#! t‘ﬁ%@‘i’%@ﬁ@vﬂﬁéu HRc8qUaNkinS M ho dnes ApiaEs.ng

followi ng steps: step 1. providing a test specinen; step 2:detecting the
met hyl ation rateassf Cpsectequenge i dedbturing  higleastfopnrinicar gefiqgene of
said test specinen, wherein the target gene conprising DBClL, PDE8B, PTPRR
and chromatography (DHPLC), and pyrosequencing.
5 4. Acancer screening method as recited in claim 1, wherein the target
gene DBCI has nucleotide sequence as depicted in SEQ ID No: 1,
the target gene PDE8SB has nucleotide sequence as depicted in
SEQ ID No: 2, the target gene PTPRR has nucleotide sequence as
depicted in SEQ ID No: 3, and the target gene ZNF582 has
10 nucleotide sequence as depicted in SEQ ID No: 4,

5. A cervical cancer screening method, based on detecting the
methylation rate of target gene in test specimen, and using the
methylation rate as the screening index to determine the risk of
having cervical cancer, the method comprising following steps:

15 step 1:  providing a test specimen;
step 2:  detecting the methylation rate of CpG sequence in at least
one target gene of the test specimen, wherein the target
gene comprising DBC1, PDE8B, PTPRR and ZNF582;
and
20 step 3:  determining whether there is cervical cancer or cancerous

pathological change or not in the specimen based on the

methylation rate in the target gene, or using the
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10ZNF582; and step 3:determ ning whether there is cancer or pre-cancerous
pat hol ogi cal change or not in the specinen based on the nethylation rate in
the target gene, or using the nethylation rate of target gene as prognosis
marker. 15 2. A cancer screening nmethod as recited in claim1l, wherein the
test specinen is an isolated speci nen selected fromthe group consisting of
cervical snear, ascites, blood, urine, feces, sputum oral nucous nenbrane
cell, gastric juices, Dhi i i i |1, and post-surgery
cancer tissue. 20 3. %g Cl%ﬁgégirnfeegt&nfit%géér;&e%{fggisa@%@&sfse@a Wlelaim 1,
wherein the testing method for the nethylation state of CpG sequence of the
target gene @orprREYIREl FeResy @ﬁ'@@fﬁngpﬁéﬁfqﬁtaﬁ)(ﬁ@@lm g5 elaimad n wiagaigt i on
(MSP), quantitative nethylation-specific polynmerase chain reaction (QVSP),

bi sul fite sequehgitgg (BSImeni§raalsod¥sd s@%ﬁnéﬁ%‘lé&@@tﬁdﬁn @ﬁ”%ﬁdﬂf j ng
hi gh- performance |iquid chromat ography (DHPLC), and pyrosequencin 54. A

cancer screeni hod as recited in,glai,m1, wherein the, target Qene DBC1
has nucl eot i de%gélgﬁ@rﬁléef’ﬁ&e%ﬁ?ic?‘@&aﬂ nﬁggé" Iulbe”l%:cei\,”“f‘h&pﬁgf’ség Cgéne PDESB
has nucl eoti de sequence as depicted in SEQ ID No: 2, the target gene PTPRR

has nucl éoti deaﬁdql@ﬁﬁelrg@ydamecréidsmm SEQ I D No: 3, and the target gene
ZNE582 has 10nucl eoti de sequence as depicted in SEQID No: 4. 5. A cervical

cancer scr eeni ng caRiitarcaaselrahifgtReiHoial REitef VLRENCS. Wilfogl !t arget

gene in test specinen, and using the nethylation rate as t screeni ng
index to det erm?rll\f he risk of ha in% cervi cal cancer, the nethod
conpri sing fol s ‘?’?E; SEFepIen fss@‘leé’\plpr@ n}?ﬁ&\?ﬂ‘ﬁcﬁbs@e%st speci men; step 2:

detecting the nethylation rate of CpG sequence in at |east one target gene
of the test &pdciemnyvahberarscrémingngethogens reqdml irs chgmDBClhePBRESB, PTPRR
and ZNE582; and 20step 3: determ ning whether there is cervical cancer or

cancerous pat h%é’%%'sg@@ﬁﬁ&? i@rtHEOtH%?(BQﬁaﬁp?%éﬂ?&ngpﬁgﬁ%fgogitfﬁ/e

nmet hylation rate in the target gene, using n“rate of

t ar get qsne as E{anl\%sﬁi‘gf marker. 6. A cervical cancer screening nethod as
recited'Pn cl aFri\ged ePFFCIPHE- t est specimen is an isol ated specinen

sel ected fromthe group consisting of cervical snear, blood, urine,

cervical epi%hdl talvicsl tanceandrqmesig suéhetyas prdeid i 65U 5.7whir&ar vi cal
cancer screening nethod as recited 1n claimb5, wherein the test specinen is

e L N e
virus)-positi V?ai‘ég{: egré/r;ecaclonclgil'iginfgp%%Lmn?/rfétionuspeciﬁc polymerase chain
reaction (MSP), quantitative methylation-specific polymerase
15 chain reaction (QMSP), bisulfite sequencing (BS), microarrays,
mass  spectromelry, denaturing  high-performance  liquid
chromatography (DHPLC), and pyrosequencing,.
10. A cervical cancer screening method as recited in claim 5, wherein
the target gene DBCI1 has nucleotide sequence as depicted in SEQ
20 ID No: 1, the target gene PDEZB has nucleotide sequence as

depicted in SEQ ID No: 2, the target gene PTPRR has nucleotide

sequence as depicted in SEQ ID No: 3, and the target gene
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9. A cervical cancer screening nethod as recited in claim5, wherein the
testing nethod for nethylation state of CpG sequence of the target gene
conpri sing methyl ati on-specific polynerase chain reaction (MSP),
guantitative nethylation-specific polynerase 15chain reaction (QVSP),
bisulfite sequencing (BS), mcroarrays, nassspectronetry, denaturing

hi gh- per f ormancel i qui d chromat ography (DHPLC), and pyrosequenci ng. 10. A
cervical cancer i it i | & i p the target
Gene DEO has. ool eati s ruREoRE: SR B el RS PO YRR 1%t he
target gene EE_)E8B has nucl eoti de sequence as depicted in SEQ.ID No: 2, the
target gene PTPRR!hRQEIIE@ECEHSKaeIaEc 1ehodediaseddon ndgeding the: 3, and
the target gene ZNF582 has nucl eotide sequence as depicted in SEQ I D No:

4. 11. An ovanciuylatéorcentes of e@ngdg ool sfitesbagrdimbn dahactiéing tHe
met hyl ation rate of target gene of test specinen, and using the

ovar an cancer PRy A SEeC APt REH pb gL M B e i i ng o

test specinen; step 2: detecting the nethylation rate of CpG sequence in at
| east oné t ar géaviEhevaian kanees the prathad sonywhesisefotlhevingrsgets: gene
conprising DECI, PTPRR and ZNF582; and 10 step 3: determ ni ng whet her

there is ovari aprBNCeio@idiS@AABECUEcR@LAO! 0gi cal change or not in the
speci nen based on the nmethylation rate in the target gene, or using the

met hyl ati on rate of, target. gepe as. pr.ognosi s I . 12, An ovarian cancer
screeni ng net héﬁepag r g@%@i‘@% Weclingﬁ%{[%g?” 1@% &Egﬂggf‘ AL GCIE ABBE nen i s
an isol ated specinmen selected fromthe group consisting of ovarian cancer
tissue, ascites, bl oodneutarpet, gamd qiodie- st gpeyincancehetdiasthe. targd3. An
ovarian cancer screening nethod as recited in claim1l, wherein the testing

met hod for the mnethyl %téh@% tiﬁn%fD@l@l @Pﬂg?{e%&@%%%@r get gene

conpri sing methyl ati ofi-speci fic pol _ymardsec_ nreac _ quantitative
eSS, B SR e L (R P L
hi gh- performance |iquid chromat ography (DHPLC), and pyrosequenci ng. 14. An
ovarian cancer screenipathoteghad dsngecit rot imtled apskibien based on the
methylation rate in the target gene, or using the
methylation rate of target gene as prognosis marker.
12.An ovarian cancer screening method as recited in claim 11,
15 wherein the test specimen is an isolated specimen selected from
the group consisting of ovarian cancer tissue, ascites, blood, urine,
and post-surgery cancer tissue.
13.An ovarian cancer screening method as recited in claim 11,
wherein the testing method for the methylation state of CpG
20 sequence of said target gene comprising methylation-specific

polymerase chain reaction (MSP), quantitative

methylation-specific polymerase chain reaction (QMSP), bisulfite
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5 wherein the target gene DBCL has nucl eoti de sequence as depicted in SEQ
ID No: 1, the target gene PTPRR has nucl eoti de sequence as depicted in SEQ
I D No: 3, and the target gene ZNF582 has nucl eoti de sequence as depicted in
SEQ I D No: 4. 15. A colon cancer screening nethod, based on detecting the
10net hyl ation rate of target gene of test specinen, and using the

met hyl ation rate as the screening index to determne the risk of having

col on cancer, i 0 nmpri:sing. fall Qwi.ng steps: step,l. providing a
test speci nen; %gﬂgBH@%@dgthesgti h{dg#%gl%&f h%tsi 336?159@%*}" OE@“%@&%% in at
| east 15 one target gene of the test specinmen, wherein the target gene
conpri si ng DBChIg INETPRR aligt ENFsgromnaiegsapty 3: (1REHrG),ni rpdnhet her
there is colon cancer or cancerous pathol ogi cal change or not in the

speci men based 8ol &@ﬁ@g_hyl ation rate in the target gene, or using the
met hyl ati on rate of target gene as prognosis marker. 16. A col on cancer

screening nmeg hod as recited in claim13, erein the test spec nis an
i sol at ed spe]tcjf‘l'r{g% SR eﬁdl}crelinﬁlﬁ@“ﬁ%dﬁ\é\@}ﬂéi% ifhgited s Gligs llpsgces,

bl ood, urine, and post-surgery cancer tissue. 17. A colon cancer screening
net hod a$ reci tvelenem thetargagershBRC h has muvdeotede seguerstehmsdddpmctedhe

nmet hyl ati on state of CpG sequence of the the target gene conprising

met hyl ati on- spegiqp INY &Y i PR (IRR glgﬁﬁqé' i

nmet hyl ati on- spggigf]iig% %&N;f?r‘g?g@% %@t$§r§2&| on %&%Cl i suF%ﬁéeﬁlcgequenci ng
(BS), mcroarrays, nass, s ojet ry, .denaturing high-perforpmance 10liquid
chr omat ogr aphy a%,ﬂm@e,d gﬁﬁ%@rﬁéﬁ@éﬁ’bi ?fgé t&@ﬁ%@%l %‘Pﬂ%%ﬁ@g?%dwéeni ng

nmet hod as recited in claim13, wherein the target gene DBCl has nucl eotide
sequence as depiuctedidascd@nt®ablalepictet ie SEOJE Ngene PDESB has nucl eoti de
sequence as depicted in SEQ ID No: 2, the target gene PTPRR has nucl eoti de

Lssequence as dspi 636 (ArSEQ LBMned nalibd "Bl 98h ARIEAIFSHR has

nucl eoti de sequence as

10 methylation rate of target gene of test specimen, and using the
methylation rate as the screening index to determine the risk of
having colon cancer, said method comprising following steps:
step I:  providing a test specimen;
step 2:  detecting the methylation rate of CpG sequence in at least

15 one target gene of the test specimen, wherein the target

gene comprising DBCI1, PDE8B, PTPRR and ZNF582;
and

step 3: determining whether there is colon cancer or cancerous
pathological change or not in the specimen based on the

20 methylation rate in the target gene, or using the

methylation rate of target gene as prognosis marker.

16. A colon cancer screening method as recited in claim 13, wherein
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the test specimen is an isolated specimen selected from the group
consisting of ascites, feces, blood, urine, and post-surgery cancer
tissue.

17. A colon cancer screening method as recited in claim 13, wherein
the testing method for the methylation state of CpG sequence of
the the target gene comprising methylation-specific polymerase
chain  reaction (MSP), quantitative methylation-specific
polymerase chain reaction (QMSP), bisulfite sequencing (BS),
microarrays, mass spectrometry, denaturing high-performance
liquid chromatography (DHPLC), and pyrosequencing.

18. A colon cancer screening method as recited in claim 13, wherein
the target gene DBC1 has nucleotide sequence as depicted in SEQ
ID No: I, the target gene PDE8B has nucleotide sequence as
depicted in SEQ ID No: 2, the target gene PTPRR has nucleotide
sequence as depicted in SEQ ID No: 3, and the target gene

ZNF 582 has nucleotide sequence as depicted in SEQ ID No: 4.
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