A Met hod for Screening Cancer BACKGROUND OF THE | NVENTI ON 51. FI ELD
OF THE | NVENTI ON The invention relates to the cancer screening
nmet hod, cancer screening bi omarker, and use therof. In particular, to
t he cancer screening nethod using nethyl ated DNA as the bi omarker. 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 worldw de and in Taiwan. Based on
the statistical survey by thAdvivshod ferScreerdngabangeron (WHO) in
2002, cervical cancer was the second maj or disease responsible for

t he death of wonen 15 worl dwi de, second to breast cancer. Regul ar
cervical cancer screening is the best way to prevent cervical cancer.
Conventional cervi cal BACIGROUND OF THEE JOEENDBIGNr oaches: t he
nost comonly used Pap snear, and human papilloma virus testing (HPV
testing). Pap snear consists of sanpling secreta fromcervix uteri,
exam ni ng under 20 m croscope whether there is cancerous pathol ogi cal
change i nst hg, FFI.DaDIITEPEIINVENTEON , so as to detect cervical
cancer early. On the other hand, HPV testing consists of exam ning
whet her human pagihel drecttionugelates/)toi thapicagesrt screanag spethesdn cageer
usi ng pol ynerase chain reaction (PCR) or I—%bri d Capture. 25There are,
however, mangclaedesg r bipmpatkesr tangs Use thgsobndar partsiulaneto jther eaugstes

sanpling by a physician, and analysis by a nedical, .

exam ner / pat IselesgilRg meWhiogHising anethy fﬁtﬁé;@Nﬁf aﬁr&ﬁ’p@@é@aﬂlﬁét poses
difficulty on pronoting the test in many devel opi ng countries. Al so,
Pap snear has a high fal se negative rate which del ays di agnosis and
proper treatnent prior to cancerous pathol ogi cal change. As for HPV 5
testing, lal t RQUPBESARIBTEOMIQFSEHY PRI€)RIARENnds to create a high

fal se positive rate, which not only | eaves patients worry i ain,,
but al so wastes MEEHIGHRGAWET rlagsobesR oG (\af[)z@}ﬁ HadNo A3USSS| nga/%htlﬁ

th f al iti ients. A di ngl.y, the.i t ant
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identified in cancer cells. Howéver,” during the ‘past few years,
one, it requires sampling by a physician, and analysis by a medical



20 and cl earance of HPV. GCenetic pol ynorphisns of enzymes in the

met abol i sm of nmethyl cycle were also reported to be associated with

t he devel opnent of cervical intraepithelial |esions. As the concept

of epigenetics evolves, studies exploring the associati on between DNA
met hyl ati on and cervical cancer are al so boom ng. Studies of DNA 25
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invention is to provide a cervical cancer screening nethod as the

first ling Cec{c%h%g £ E6AVESEAEE TS erd@aPeat e exabhigGtioffmbRd.

invention is to provide a cervical cancer screening nethod,

characterized i n G&@miadelcfdhl Hhveadnbebaaedondtetl o b8 dnhignpdrtait
| ine cervical cancer screening, but alSo in the second |ine cervical

cancer screefhpprtif @nsddFeddd)s. RSt 4 Men Qi chet laive Be@ahciesohicd ©
order to achieve nore accurate cervical cancer screening 25effect.

Yet another qBgefjeaothdthehd niRhg Opotentiad Of albdgeBog@nties sdtheeniieg
nmet hod, characterized in that sard nethod can be used in the

screeni ng of geindetdéntcanger foas AET] GRE basdshd hearashitnigeoty Etdi[ﬁﬁsed
cancer (for exanple: ovarian cancer, colon cancer and the like) to
assi st the dizagems$y aisoin 4D70s imdlicapsccortomiaat meutatiinscér déletioas of
invention is to provide the cancer screening 5 biomarker, or a kit
cont ai ni ng saothdhonmlkgous cumor eapﬁrdsssor pekeoindiavamg caposlisfise to
cancer screening nethod that can achi eve the above-nenti oned objects
of the inventdamoer adpralspment. dbdwevengaddiciomad hydfetmationatleatofiffiehts
target gene (biomarker) of the test specinen and use the testing
result as a gireeeiypy candede tsboiendiinatles tthedifisk lbdsel G-hwthylgytemoer
and said nethod conprises follow ng steps: step 1. providing a
i sol at ed testS-Mﬂhwt@npsmeﬁszfomgeémi mampalsreimyth | eontest eobf thepG
sequence in at |east one target gene within the genom ¢ DNA of said
t est spe@bnemalisiomiin ssgjudncaryeCpdend. Moph igdirsoRotjdePpess, are
PTPRR and ZNF582; and step 3: determ ning whether there is cancer or
pr e- cancer ousnptnthaticdgiic amaghmadienocelst expepthesospecaiesn balded dnptine
met hyl ation rate in the target gene, or using said .

island.” CpG 1slangs 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



nmet hyl ati on rate of target gene as prognosis marker; 20 wherein said
test specinen conprising a cervical scraping, a ovarian cancer

ti ssue, ascites, blood, urine, feces, sputum oral nmucous nenbrane
cell, gastric juices, bile, cervical epithelial cell, and
post-surgery cancer tissue; wherein testing nethods for the
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| D No: 4. ot B’%‘[ﬁqﬂi tion, the above-described screening i ndex and
screeni ng mstnll]oc}il can pbe used further in the screening of cervical

cancer, and 15col gu. CB?C%GE é%tigﬂe E{thQEU' Oﬂgﬂéc‘%é‘{)ﬁ&@&f ur hre;\rﬁeﬁigéal

ovarian cancer Sscreeni ng ne characteri ze af 'said’
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uses said netHylation state as a scree g I ndex to determne the

sk of havidgneualdefly. Ga06RYer, ANHAR TR DdBRaF QIR iif Gl Bbbaiidend

steps: step 1. providing a isol’ated test specinen;” step 2:detecting

the methypat ii9frehding AppaRéatS aeHieIRE-spRcFlc hypermetl&ﬁl@ﬁbn?r@gﬁ,aéﬁﬂe
gene within the genom ¢ DNA of said test specinen, erein said

target gene Qﬁﬂfﬁfriﬁb?%%@%@ﬁes,ﬁg%&@%@ecZWﬁ%ssQﬂtﬁmcﬁbﬁmﬁich may

determ ni ng whether "there i's ovari an cancer or cancerous pathol ogi cal

change or notyrphidehe seesiven fbaeiages t hdum®Bg hy baldieogdmists.i n Dditse
target gene, or using said nethylation rate of target gene as

prognosi s naik&hyl fheo€iChGashndesit pipatitee fregionpichai thigeey ahramatin
cancer tissue, asScites, blood, urine, and post-surgery cancer tissue;
wher ei n t est irggmotlingdshfQugh heiseeidymaldificatséns ewith GuBsegaeren ggenien

said target gene conprising nethylation-specific polynmerase chain
react i on 1§ MSB]lengimntTHattore, ietdividon ao-dpenidsomal Agletipne nasenshai n
reaction (QWSP), bisulfite sequencing (BS), m croan-ays, nass
spect r omet r y mutiaiang i epigeingticpevifencimgncef| itguiod shppressogr gehygs by
(DHPLC), and pyrosequenci ng. wherein the target gene DBCl has the
nucl eoti de seuurmter hgpelepethtyéatiomisSE@nnidMy: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 intracpithelial 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 ZNF582 has
t he nucl eoti de sequence as depicted in SEQ ID No: 4. Term "test

speci nen" refers herein to isolated test specinen, and 20 said

i sol ated test specinen conprising the above-described cervical
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further the ﬁf"ﬂféeéorﬁﬁ{r%ﬁﬁhﬂg bi omarker or a kit containg said
bi omarker to screen t nmet hyl ati on state of target gene (bionarker)

in isolated testTRReGhVERof ObF AEki8r @pg»ni@atibhe_ﬂauskﬁ&fd hayatie: CRMeAL -
These features and advantages of the present invention wll be fully

15 under 5 oogpsifehtiity 66 ' RARdn| (DW the, fFall, oMo 085319000 ~deRi( O on
of the acconpanying Drawi ngs. BRI EF DESCRI PTI ON OF THE W NGS

Figure | A shawplt o.r 2908100046599 bialeysia(ti2e085384) ahe AQnerica
sequenci ng (BS) analysis on various cervical specinens using a target

gene PTPRR i fUSh@dtnvai.i Wo.ca008034¢576Ni (ershdfdek referréi 9us epdBr
shows the result obtained by perform ng bisulfite sequencing (BS)
anal ysi s on ygplicattorsgr Ueapaspgcnignprisi agplichtogst tlgeriavenossRad n
the inventive cancer screening nethod; 25Figure | C shows the result

obt ai ned by firrfdsoimegnbivsubhntée sagueng biorBReramad yainseoBcr@nimyS
cervical specinens using a target
15 method using the same.

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



gene PDE8B in the inventive cancer screening nethod; and Fi gure
I D shows the result obtained by perform ng bisulfite sequencing (BS)

anal ysis on various cervical specinens using a target gene DBC | in
the inventive cancer screening nmethod. 5 DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT The invention will be illustrated nore

detailed with the.fol l.ow ngﬁto exanpl es, but hhe inventi :’Im ils_ not
limited ther SPCHBGREICEMICRASRIGRIES KRl AvPHBESCICe e STOLPE! FLGer
Mt udi ng: S ERArotaN Bl 1O Fapieer safon kaacorri M JBET B RS ac
n=20), and ngrmal_ cer iﬁ}gl _sgﬁci rre{}}?%’n:m). Al of these cervical
speci nen, ov H%H’%%Qﬁ? RMEhPE *cancer speci nen were obtained

(rom e servi o Gangkal abREPhL e uTruf e BT 38T G ing
(QUACEN s i aBickaecy 8 10 ORI SOk SfboPis i of
(e, anal ysi syl ki GREROM oD o Hhes e P oanaly e
ool St ENRAFRRS G A o, AT g8 s
1 aoronted {5 A1 ERNGT W 560 Al idn PR PG st specinen
over . o4 oAaCudd i ARl Ruhoby ! RS i @RI CUARSgR of

1% Tri t opg X- BQQin%ﬁ&&ﬂ\éJ!\@Qi saitl ST Bondbrise’YoEGMIng J&pgM Tris and
0.1% BSA). W incubated the mxture with 120 pl of otein G

Sepharose (Amershanm) for 2 h ,at 10 4C and washed it twice with 1 ml
| ow salt, high séep buf Peoviding pilsetatasl st SRSEMPITE buffer. W then
treated twice the protein Gwith elution buffer (1% SDS, 0.1M NaHCO3)

for 15 min at rogwept enpeleaddtiny ahd metoNetied take ofeChy atqdemdAibyat
phenol -chl orof orm extracti on foll owed by ethanol precipitation. The

Ganame Anpl i 11 cati on' ki 1008 Oyt &R kf 3B denoBla YA B said

end-| abel ed with Cy5 and Cy3, respectively, and co-hybridized to the
CpG | sl and- Pl us- Pr onot erfedr spgeingessi grizarethdsady ntangel gsich woRpB$iaGen
Systens, Inc. This array contai ned 385,000 50-75 bp 20

ol i gonucheotides tiled qyB(y, H9ERR, PTFRR eZREAHN Jidl8 Ref Seq
pronoters (800 bp upstreamtdé 200 bp down stream) and 28,226 CpG

i slands, present in dupljcate. .Each feature on the array has a

cor r espondi ng sc%ttlegdg} oélzei?%]i%r.lgﬂge ARLE 1§ 9@%&9%[9?9'&@?18?{0[”5
center the ratio data around zero. 25 Fromthe scaled |log2-ratio
data, a fixed-1ength wi mpdtholpgilmhrngs quliretdd the sprdineecbased on the
consecuti ve probe and the one-sided

methylation rate in the target gene, or using 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



Kol nmogorov-Smirnov (KS) test is applied to determ ne whether the
probes are drawn froma significantly nore positive distribution than
those in the rest of the array. The resulting score for each probe is
the -1og 10 p-value fromthe w ndowed KS test around that probe 5
(Scacheri et al, 2006). We detected enriched peaks by searching for

at | east 2 probes above, a p-val.ue m.,nim cut ff. -Io%ég of 2. P.qtaaks

within 300 bpPYMEsTe Bh%‘é‘rleé‘tcgoﬁe Dig lﬂﬂ%ﬁ"{sB cLc
bet SCC/ AC and . th 0b t

o 't ansor i pHOBHTSISE SFres dergiet i@\ﬁ%mb%ﬁ TP g (3R

Finally, I dat

sl 1Y, 9-value, fako, Vi St S analane, (Bl eBRth i

reaction (I\/B and b| Sy fl(\t@_gﬁﬁgenm ng (BS) 15A DNA nodificati on Kit
(Chemi con, d according to the manufacturer's

ecomend L"Bféﬂ@ﬁ% ﬁé%&afa%;l%%%dﬂ%i%{fisﬁ%ﬁﬁ@f@ﬁ?% SRS
was el uted w @%Ytg g#ﬁ rmed (55C) TE buffer for MSP. 20Nor nal
DNA of humanqtp? g ﬂ (gl oo s taken and subjected to bisulfite

modi fication, whigh, tl‘i'@ecgrgﬁf egfe%%&@@&@"ha%rﬂfépngé‘ﬁébﬁae gioguepce as

un- et hyl ati on pronoter sequ erforned accordin

prior art , i.fied DNAvvas anplified using MSP
prinmers (tab{agi)?(?[%?ﬁggs%@ speC|' i’cal |y recogni zed the nethyl ated gene

sequences presen }Sé}eh{é@@itéﬁggfﬂrggﬁ eCPTPRHE §thsNR nucleo%ldSSSeiqluence as

Met hyl ati on- speci a total volune o

cont ai ni 1 Hog: O gsINE e DNA, 1.5 pnol of each prinmer,
0.2 mol ?@ d 31/Cntgglleot|(ge thhd ates, and 1 unit of Gold Tag DNA

pol yner ase (Appl 'V@l&’e@ir?%ﬂéttfrggt g%ﬁéth@BQYhasCﬂie niYBRARRCEL RUEHcBRIE

subjected to an initial 1 ncubation at 95C for 55 mn, followed by 35

cycl es of 95(ae{p(i)éteaanSE nh aepl i ng at the appropriate tenperature
for 30 s and 72C tor 0 s. The final extension was done at 72C for

S mn. Anplificafhopditiegduehs a%ﬁz@ ddsstidetzadeoning dldagandssorgehing
cont ai ni ng et hi di um broni de and i |l um nated under light. 10Tabl e

1. The sequenggholdf cMEMPUESETEthEL e Rhen®reetingnof coBavh Feanedd and
(F')5 gUtcgtcgatttcgttcggagatc 3' 1 Reverse (R )5’
gct ct cgctist cqeflgh tagtegect 3' PDES8B M Forward (F )5’
tgtgtatgcgegttUtcgttc 3
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 DBCI1, PTPRR and ZNF582; and,



Reverse (R )5' acctatatatccgccgctecgtc 3' PTPRR M Forward (F )5
cggcgttgggtatgtttagtagtc 3' Reverse (R )5

aatt acgaat aaaaaaaacaaaaacgcte 3' Forward (F' )5

tgaeggt UtttgUtattcggttattc 3' ZNF582 M Reverse (R )5’
cgaacgcaaacgtacctacgc 3' M The priners can specifically recognize
t he net hyl ated gene sequences present in the bisulfite-converted DNA

Al'l MSP data wergeg8ri véstefmhannatwhedggt thow isndepmdenicerodichhcetousns
of DNA. The absence of signal in duplicate experinents was scored as

thar can recoun: ze. spectil RAPECHhaP R B dh o e bstRnb Badkd B e
constructed into a pCR4-TOPO vector (Invitrogen, Carlsbad, CA). 5.

i ndependent cl ones wer e Relhydatien arpic Wi etheubpegategeneo @i giming t said
sequencing (BS). Primers used in bisulfite sequencing (BS) were

listed in Table 2. Bisulféfh®sesens dfda el dsastoRmbsissthatk ey 7
Aut o- sequencer (Applied Bi%@ysten& Fostiégégé?]y, g%)d.gHSequenced
resul ts were showherginSegitbriest kpstimesequanpasmgrioensiannchhsarl tisbee,5
sequenci ng were: DBCL_BS (SEQ ID No: 21), PDE8B BS (SEQ ID No: 22),
PTPRR_BS ( SE@stifed\dlodd) uand, #idFp8-85geBFEQaheeMNassu24) , respectively.
Tabl e 2. The sequences of bisulfite sequencing priners
GenePr i mer SequenuéheFaimwaestiffE niEthgds abmt tthet mathygiogt exgete 3 BBRED
Reverse (R )5'tactecetetaccteecractctetc 3 . ] )
5' t t gt ggygt agaggadeat imgtsaidygta@et 5'gengaaca@opeiaang c metbytadi@i-specific
polymerase chain reaction (MSP), quantitative methylation-specific
10 polymerase chain reaction (QMSP), bisulfite sequencing (BS),
microarrays, mass spectrometry, denaturing high-performance liquid
chromatography (DHPLC), and pyrosequencing.
wherein the target gene DBCI1 has the nucleotide sequence as
depicted in SEQ ID No: 1;
15 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
20 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

25 isolated test specimens, and uses said methylation state of biomarker

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



5' ggaatEttattttgaaattttifigtt 3' 5' ceecacttcaaataaaat actattaaaaaaaae
3" 5' tagtgayggttttttgtttattyggttatt 3' 5'taaacrtaaaaacaacaacecracet
3" 10 Exanple 2 Screening of nethylated target gene in cervical
cancer After screened by CpG i sl and-Plus-Pronoter arrays, four target
genes that m ght have been highly nethylated in the cervical cancer

cel | vere sCLese AT, SRS 1 yhbrafP B TER D
o L R AL Wit

known to be Ell%‘ﬁél%:l ed W|th bl adder cancer, little study up to date
had reveal ed ation of those genes to cervical cancer. Table 3.

Ch teristi l < .
e ?éasu'sfﬁ;&h%ﬁeaﬂrsﬁgﬁdr E OB iy P Bapels o,
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wi t h101. 1MDNAnet Wh&é&ﬂﬁ%ﬁéﬁ@b%‘eﬁiﬁﬁﬁoﬁ StA%AOE ta%%‘?’%’ e l{?bﬁﬁalkel)

(AZO); La cervical cancer c HeLa O

treated 15w @MW‘%EH%H@&& r

5' -aza-2' deg%y %l:’l%ﬁénreé((gm angl 0.33 pMT et ?ﬁ?gr#ﬁ@%ﬁ?%@% C%%(.:el
St. Loui's, M@suld 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 IB 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



4. AC. Cervical adenocarcinoma specinmen; 5. SCC. Cervical squanous
cell carcinoma specinen; 6. Control group (normal): normal cervical
bl ood DNA as the control group w thout nethylation. Each of those
test speci nens descri bed above was subjected to bisulfite

nodi fication, and then bisulfite sequencing (BS) to anal yze 5 whet her

LSgeﬁ %?Etyl S?g%ﬁf E’Dﬂﬁgﬁ?i#ﬁsﬁﬁigagﬁih&aﬁgéﬂw;xﬁé‘?ﬁ%;@éﬁ% %@ bl ack
indicate matyEtio,n ion, a ite indi. ed. un- tl;i t
region. The targ {%Enl_ﬁgfgﬂﬁ’%g_ enﬁsuﬁegﬁ q}égﬁy %tg%ﬁﬁ cgﬁltq S
%LSEFan‘ﬂyf 2%8@19%23&%‘:@338%%%'Jcrixéfﬁﬁu%@%ﬁ%?ﬁ@%ﬁ%ﬁ%ﬁ%a%ﬁéw
et Pyl at i on SaRe 12 Crriared n S R R I e eon |

whet her there was cervical cancer or not. In addition, in order to
ascert ai n’whet her met hyl ation rate of the 15 target gene in cervical
cancer specinen could be regula thr t hyl at i La
cervical cancer cdPETARe PE&&%TWQ%ﬁE Bﬁﬁﬂﬁﬁ“@lﬁ

met hyl transferase inhibitor 5 '-aza-2' -dEOXEYC tidine (AZC) (Sigm
Chemi cal Co.). The DNA specinmen &MBQQBM b, 1 said cell was
subjected to bisulfite nodification and then bisulfite sequencing 20
(BS). Result shown in Fig. | Aindicated that, conpared with the
cervical squano cell carci eci ne SCC) .and ,He eryi.cal.
cancer cell lin Véfg‘f’,n Wﬂ’i?%ﬁ@@f%@ﬁ@g(ﬁ? 3ﬂﬁdt‘ﬁtﬁﬁi§?} 118}3{\{18&
HeLa ceryjcal cancer ,cel] Line (Hela 10D) .had,part of regi on been
de- met hy?{gt edxa ?vct’r‘r@§b3t1mﬁelﬁg?l? ot @“r\{%f%@éetﬁ’eac etyl ase (HDAC)

i nhibitors, and can be used to | ower or degrade nethylation rate.

HeLa cervical cancer cell line (HeLa DT) has been treated with both
AZC and TSA. The result shown in Fig. | indicated that, conpared with
cervi cal squdimmpbel! NMateridlsampMethrais( SCC) and Hela cervi cal
cancer cell line (HeLa_0), the target gene PTPRR in the AZC- and
TSA-treated HeLa cervical cancer cell line (HeLa DT) had been 5

hi ghl y de- netthiMlatedals In summary, the above-described results had

confirmed that the target gene PTPRR in _cervical cancer specinen had
been met hyl at ed Thstoungrermiacompiysesta sericsioffhell cargesl lpsian speaumses,

Test speci nen groups: 1. HeLa 0: HelLa cervical cancer  cell 1line;
2. HelLa I5opinglhdings|squsaneis selicearesromal (SGCna THDa agpnpraigirema
with 10 i M DNA net hyl fransferase inhihitor 155 '-aza-2'-d ycyti di ne
(AZO); 3. HolAGT Y R, Feing ReEiAl: SPTeERG SPEERNGT | né%@he@ai(d)f these

treated with both of 10 p.1\4 DNA nethyltran fe[ase i nhi bitor ]
5'-aza-2'- de@ﬂp‘@?@ﬁ GFAMCAZ O AHAE PEgENgn oandrS@ion cancer Spegimaypwore

Corvical SORToNS 520l S20EL TR SPRELTED Tyo805y, OS2 Gt B
normal cervi %Bleci?rllgt? dwe?s’\IAsu%_?eth tlf)n-ggrel%%l:aﬂl\?ﬂ g}?t%ét?{')n gtg)? ulﬁéans 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.
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Wherei n cervi cal squanous cell carcinoma specinmen 1 and specinen 2
wer e speci mens obtained fromdifferent patients. 25 Those test

speci nens nentioned above were subjected to bisulfite sequencing (BS)
to anal yze whether the target gene (ZNF582) in each test specinmen had
been hypernethylated or not. The result shown in Fig. 1B indicated
that, conpared with the control group, the target gene ZNF582 in

cervical squanoupiNgl | matleylaeion spaaallis 1 GFCO) MePIPi calnd quadpls
cell carcinoma specinmen 2 (SCC) and HelLa cervical cancer cell |ine

HeLa 0) had.bee e th ted. Consequently, the target gene
(ZNF582 i)n ce#@??ﬁﬁ'ﬂ@%ﬁ% Jéi i%ﬁ%’gmmz gg hi g%l y met hyl gt edg The
target gene : P i tol "F%an% i = i cal
canger gel Il ne%égomg?%%%% Si ﬁg cée}?telactgl 91gzea%%leer C L?gQ‘:fli'l?]th?g?'l_@a
0) treated withid thﬂ&&?%i)ﬁﬁﬁ%ﬁ'\ﬁhi tIiJCE’,r-ZO(l)_la C(é)ia enode). We

5' -aza-2'-deoXycytidi'ne ( 3. SiHa_DI: S rviccal cancer

-z o (Az0) :
ot hyl £ 1 anst L ahoBER At ol g ol ot T i A0t ooy cgna!
i _tMTSA 4. C 5he [ : i '

I pgﬁﬁi@ st m@ﬁ{ys’l' cﬁgﬁlﬁ‘&uﬁffﬂi&%@%cﬁﬁ?fgﬂ% agf;rmalsmah@ag}ogﬁg

SCC 2: Cervic squano car ci norre” speci
control groupp(eremei(. 1 SR, 108 PGl Xbl 00d] SINAM IeSCE0amM EDTA,

un-net hyl ation control group; wherein cervical squanous cell
car ci noma spech npiM1EGHASPET i B Privesgd sPaeh nBEA YLRa necubdted the
different patients. Those test speci nens descri’bed above were

subj ect ed t o hixgutd ifich qezquﬁmafnggdta%) a Seghafosée(mﬁtrﬁﬁmy Her Dahost
gene (PDE8BB) in each 25 test speci nen had been hypernethyl ated or

not. Thepesul°C gshdwiastedritgtwic€ withi Catletbw halt, highpaltebuffet, Nithiem
control group, the target gene PDE8S8B in cervical squanous cell

carci noma spetilomde | alBAE WufferceWe tladn Srpmedusvicel thecpratenor@ with
specinen 2 (SCC 2) and Si Ha cervical cancer cell line (SiHa 0) had
been hyper metchyfian e Buffeon§ EueSIDBy, Ot thaldeiOgerder PDESBiinN ateredmal
cancer speci nens would be highly nmethylated. 5 The target gene : DBCl
Test speci nedegipengsre  dnd Si HecOverSidHa ter vi ddbtipdaer c&INA i ndy
phenol-chloroform extraction followed by ethanol precipitation. The
15  enriched methylated DNA and 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



2. SiHa 10D: SiHa cervical cancer cell line (SiHa 0) treated

10w t h1011MDNAet hyl t ransferasei nhibitor 5'-aza-2'-deoxycytidi ne
(AZC); 3. SiHa DT: SiHa cervical cancer cell line (SiHa 0) treated
with both of 10 p. M DNA net hyl transferase inhibitor

5'-aza-2' -deoxycytidine (AZC) and 0.33 R ?,4 TSA, 154. SCC 1:

squamus cat ROuToffunaS SR S8t btk et o
ol cerv <ol 800 PR B80S 0 TR R SREHLP LR e
ver e speci g, OO AT L) e ST Soore [ BEACRAIR s P,
L0l vz IERT ok SHOE S0 FAGHRAL TSRSt SgbuBposhiE e

compar ed i t hsbha &pBE helaEiuRye Lfl@fe&%ﬁ %@Eioﬁ@&%eggg@ééedrehﬁ% e

squanmous Cel ' E4EF Ci nond *specrime cer uanous -ce
5y had been MyBeEipoTaraqre BRI HRIKGR aRRRe Clogfh) of AdaRs
cervical Ca”%@i‘ﬂ]'lﬁlpg?)'()gpﬁts ﬁY‘Dé‘Hqul Rendt gt YmBRI&W ! B e MRlchation

Met hyl ati on anal ysi's e target gene in cervical 5 cancer

speci mens regﬁ@yl@mgnsg@tme PERI ( NBRhateseHsfd wiRhanab ya@ bglel

nmet hyl ati on stdte of said four target genes in cervical squanous c

carci nona (S@peﬁﬁn@'{ﬁ - trin8cABHBY! atdronifkat@rdnakksidd r fsulfuture

shown in Table 4 | cated that, 1 n normal cervical specinen, 10

net hyl atijgn f/.euEREY FindBEL. pRBERB, dREPRRaNGy eWRB2usiag Sika oM

9% and 6% respectively; in'cervical squanous cell carcinom

speci men, t heNiRidlyGah)on frequency of DBCl, PDE8B, PTPRR and ZNF582
was 100% 47% 100% and 97% respectively. It could be known from
these results that, in cervical squanous cell 15 carci nona speci nens,
said four genes were highly nethyl ated. Consequently, nethylation

rate of DBCl,, PRESB.. PTPRR.and.ZNF582 coul d be used indeed as the.
screeni ng i ndex Fsrﬁgé? e@gﬁﬁéc%@?vi d&leﬂaélﬁé@r‘!'sﬁﬁﬂl?g’ HQE&'W@W atn
state analysis of the target gene in cervical 20 squanous cell

car ci noma spaeastion (MS#tanekbesulfiG segubytitg @Sy ate (% Nor mal
(n=54) SCC tissue (n=30) ) . i

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 pl 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

11



DBCL 11% 100% PDE8BB 0% 47% PTPRR 9% 100% ZNF5826%97% Exanpl e 5

Met hyl ati on analysis of the target gene in ovarian tunor specinen
Met hyl ati on-specific PCR (MSP) was used to analyze the 5 nethylation
state of the target gene in ovarian tunor specinens. Methyl ation
state analysis results in Table 5 reported the anal ysis of

Efszlébgﬁ% K FE?Z%E’&%&L% Zﬁ&ﬂﬁqr}ﬁ?tﬁﬁ%énfg ﬁfmﬁﬁ&é?ﬁ%ﬁﬁ@hg R S

and. 2\Fsa2 | @fg)@}aff gﬁémﬂﬁﬁﬁﬁ‘?-%ﬁi‘#‘ﬂ?keﬂ@ﬁeﬁﬁ’%ﬁﬁo&%é? i

ZNF582 i ovar {4 %&@Gﬁ%ﬁ%ﬁ@é{é@h@%ﬂ%@? Bgen T oL,

%g;g?fts:gég%Z%ﬁ}}%ﬁ%@@h@%’E%l%ﬁﬂ%f%@%@ﬁ%@%@é}i.gloa{"r‘f‘t%@iﬁ%&nd

i B e L e
FPPRdEX Y 0 Table 5

t he screening I'n"scteening ovarian cancer.

Met hyl ation I\%&?&%r&@r‘i‘%%%/d% g‘;]allt; 29‘&?3‘;9‘0965 n3RNA Pl AN FHREs were

speci nmens gnance
visualized on 2.5% agarose gel containing ethidium bromide and
illuminated under UV light.
10 Table 1. The sequences of MSP primers

Gene Primer Sequence

DBCI M Forward (F") 57 ptttcgtegtttttegttcggagate 3° (SEQ ID No: 5)
Reverse (R} 5’ getetegetetegetattacteget 3° (SEQ ID No: 6)
Forward (F' 57 tatgtatgcecgtttttteptte 3° SEQ ID No: 7

PDESE M (F) gtgtatgegegttttttcg (SEQ )
Reverse (R) 5’ acctatatatccgecgetecgte 3° (SEQ [D No: 8)
Forward (F' 5’ cggegttggetatgittagtagic 37 SEQID No: 9

PTPRR M (") ggegtigggtatgtttagtag (SEQ )
Reverse (R 5’ aattacgaataaaaaaaacaaaaacgcetc 3’ (SEQ ID No: 10)
Forward (F' 5’ tgacggttttttgtitattcggttattc 3° SEQ ID No: 11

INFSS) M (F) gacggtittttg gg (SEQ )
Reverse (R) _5° cgaacgeadacgtacctacge 3™ (SEQID 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

12



Differential (n=28) (n=28) Methylation_|level DBCL 56.3% 2. 5% 53. 8%
PTPRR 50. 0% 0. 0% 50. 0% ZNF582 56. 3% 12. 5% 43. 8% Exanple 6Met hyl ati on
anal ysis of the target gene in colon cancer specinen

5Met hyl ati on-specific PCR (MSP) was used to anal yze the nethylation
state of the target gene in colon cancer specinmen. The nethyl ation

P el Vo et B B BRSSO TR A0S
were listed in Table 2. Bisulfite sequencing was carried out using 377
Auto-sequencer (Applied Biosystems, Foster City, CA). Sequenced
results were shown in Sequence List. Sequence numbers in bisulfite

5 sequencing were: DBCI _BS (SEQ ID No: 21), PDE8SB_BS (SEQ ID
No: 22), PTPRR_BS (SEQ ID No: 23) and ZNF582 BS (SEQ ID No:

24), respectively.

Table 2. The sequences of bisulfite sequencing primers

Gene Primer Sequence

DBCI Forward (F') 5’ggttaagttittttttyggygtagtt 3° (SEQ ID No: 13)

Reverse (R) 5’tactccctetaceteccractetete 3° (SEQ ID No: 14)

oopgn V4 E) Sugtggygtagaggaitaitagiiiggt 3 (SEQ ID No: 15)
Reverse (R') 5’ctaaaaacrcaacccatccete 3° (SEQ ID No: 16)

sropp L) s ggattattgaaattige 3 (SEQ ID No: 17)
Reverse (R) 5’ccecacttcaaataaaatactattaaaaaaaac 3° (SEQ ID No: 18)

INFS82 Forward () 5'taptgaypettittigtitattyggttatt 3° (SEQ ID No: 19)
Reverse (R) 5’taaacrtaaaaacaacaacccracct 3 (SEQ ID No: 20)

10 Example 2 Screening 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, DBC1 (SEQ ID No: 1), PDESB (SEQ ID

15  No: 2), PTPRR (SEQ [D 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 DBCI that



cancer specinen. The result indicated that, nmethylation frequencies
of 10 DBCl, PDE8B, PTPRR and ZNF582 in col on cancer speci nen was
100. 0% 100.0, 100.0% and 100.0% respectively; while nethylation
frequenci es of DBCl, PDE8B, PTPRR and ZNF582 in normal colon tissue
speci men were 25.0% 25.0% 25.0% and 25.0% respectively.

Sé’?ﬁil:z{g [‘Lhﬁiwe 8@5%“%%%ar%f’?ﬁa”%sn\%@h%ﬂa&%sriﬁ%iﬁe@étfm%gé%ﬁww@
PDESB, PTPRR

;ﬁg& rZNI%58g cb%pcfeggﬂ}?egl Orrﬁﬁaégg?étﬁ{%tgl%e& Cr‘?b CHE%(&‘FEH" screeni ng

col on cancer,&q‘[) bl e NEt hyl.ati on state analysis of the t gene

in colon can wcterrfatﬂ%pf@aﬁﬁy gﬁ@%u%ﬁe@wqagt%ne%t hat

Nor mal col on tlssue speci nen (n=24). Col on cancer specinen (n=20) DBCl
25% 100% PDESESIC | entl 1ed using a CpG lsland Plus Plomoter microarray.

. Chr omosomal
Gene UniGene Full name SEQ ID No

location

DBC1 NM 014618 9q32-q33 deleted in bladder cancer 1 SEQ ID No: 1

PDESB  NM 003719 5ql4.1 phosphodiesterase 8B 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 1. Hel.a 0: HeLa cervical cancer cell line;

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

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

15 with both of 10 pM DNA methyltransferase inhibitor

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

5. SCC: Cervical squamous cell carcinoma specimen;

14



25% 100% PTPRR 25% 100% ZNF582 25% 100% 5The cancer screeni ng net hod
provi ded by the invention has foll ow ng advant ages over the
above-descri bed conventional techniques: 1. The cancer screening
nmet hod, bionmarker and use therof, provided by the invention uses the
nmethyl ation rate of a particular 10 gene in a isolated specimen as

w th conventi onal: reohbaL 2z Gorall; AaHEL e ERIEET BIARA FRAC AR
Cpeci i1aity of the 1EHE PHPaEbOIPkeRBRRGR rathod are i gher than
Egt: Eﬁﬁ: biglﬁaﬁ ek %egﬁgpgﬁiﬁ%??%%s‘é@bﬁ@mﬁséﬁﬁﬁ SHPLgER 0™
I condi nat i SR PR %nﬂhurégnﬁp%‘éﬁ% Shatqloie o R podles
testing) as \De.merand L1ps oEREVIPAPRRINGPIcatr BRI Bbciflnfal Been

achi eve nbre ‘accurate cervic reeni ng

cancer Scree’ﬂ lJIYSHQEFchPﬁB k?ﬁ ?Qﬁﬂ?%@ast 5 Qh 1np]‘f?%'1de\9h91ye be%k

i nvention can on no e screenin dervi ca

cancer, but 2Ry Pé[hotlﬁ%t KG6R) g%lﬁ QU W RABCEHICARE SHAHRAEy lation

ovari an cancer, n cancer an to assi st the diagnosis of

abnor nal Spe% The td Vgﬁe &W@PR@%adm'ﬁéeﬁ%bggﬂatéa frf‘ﬁlea&ﬁﬁﬁ‘ol

descri bed errbo msnt o I nventi on can, of cour be carri ed out

wi t hout 10 d%‘?@ﬁé'a’ﬁ@l thieQfleh B8 RFAHRAL bﬁﬁ%)fhept‘é?gé vt PTPRR RAABYCAH

t he progress cience and the useful arts vention is

di scl oseqloamh rindtiended] tin PRID WeleidabPndandey Ed1e 1560PEIEH  thE and
appended clal . SEQUENCE LI STING <110> Hung Cheng Lai
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, HeLa 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 (Hel.a 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 (HelL.a DT) has been treated with both AZC and TSA.

15



<120> Cancer Screeni ng Met hod <130> <140> <141> <160> 24 <210> 1
<211> 5000 <212> DNA <213> Honp sapiens <400) 1 ggtettcacc

agcagggcag ggaaacaaag gagagagaaa ggtgggtggg agaact gacc agaaagttgc
tgggtttgtg aggctgagaa cettetgaga ctctttgteg ccattttgtt gectecctgg
cat aeaat gg gcagtctaag t aact catta aacagacaag gactccaacc accttttcct

acagt o can  (9RaBLOLS BN dcki hosigurdoPaf. SaRRA:AT ARG o dien
{ Caagact cc © éﬁﬁ%ﬁi‘%‘?e@ﬁg?&iﬁ%ﬂ? %%%%E%@ﬁﬁ%@m% GeafREdteer
gaact teato  Poht teFod  BERE DRCHE “BHAR! ARG, TEERREGHT boAEEE %'%ad
Protgge tag Hrvtenciny |9l fobPRabar SPRERr AR JRic T (PRI 198 g 5

ot tageagt of P TIGTAC MBI e gaggt tacgt agagacgegc gg?i?ﬁgéta?i ’
{ 9gaagt aga ag9aaneaaln AARAURLAMloAEOLAIG (SGAGPRSY B RRAE ARATNe

gctgactcct cctctec tCct ttcccagttc attagt tcac catcctttga

at gcact gag Cg%%@?@{%ﬂ% ﬁ?ER‘I@ﬂ%%rﬁ%Eé‘éﬁé&asl?é\‘:‘h%ﬁtlﬁ?écg bﬁéﬂ%téﬂﬁ%teﬁ

tgatttggt tg at cceagcctgc ctgtaccctc ttctecc tee gggetctcgce

agacacaaac AOReA s theRasd99 9gggcacaga gacctggggt tcgtggtcag
gaccagaagc cgaaa aga cctcattggg tectctccce tctectact atcactcaaa

tggctcc tag at taaaaaac cactcactag ctaagtgcct gatatattat ccaagaccag
gctct t ttac taatgct t tc ttaaatcaga catacgaggg attcaggctg gccecttecc

tacatcctgg ctgqac t CCARMETS8Etgcattat c gggat gat gg cagaaagaga
ttcataccgc aa‘[‘c%?.?%’%%g’gmmgct gac attccagtga tcagtcetga
ttetccettt catttcygitsRicitibh@radpgaacaaaaaa gtgtcaggga ttgcatatat
tattctatta acagctacag atattccaac tat tcttgcc agggaagcaa attattttc

attgcagagt cgcct ¢t ggél.6t @cHeRgagragadeancascdbiasact cc cgagacaaaa
acactcaggt tt Lgcgcgta Cccagaccca aggeggcctc aacac tee to tccoccat tc

gccgetccee tcget geqdel.gbdivgagec Hgcs vgasdcloganeagastl dircqEiilge 0)
ttcccaccga ctccaggtaa ccgggccgca ccgctcttca cagtgectg cgecgceteccg

geggcgt cgt gggagggarentédt ovgAgt B0t ({ecalidAa idetleylttangteruad tinhAdtsc
cact gggacc ctgtcacttt tggatagtgg aaagt ctggg ttctgttggt aaagcg tcct

ate tggggsg tcgt et t¥ edzasbidecayggtidgeg@d0ap gggagat cta aattgactta
ccaagggcag ctttettett ttggtactgt aaaggct tgc ctcggcagct taggagaaga

ggccgct gaa 3. HeLa DT: the HeLa cervical cancer cell line (Hela_0) treated
with both of 10 puM 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

16



cccacactcg actcgcgaca tgcgcggtce cgaaactccc ccgtctetcc ggaagcaacc
atttteggcc gcceggagac accceacggc cgcgagagag cagagggagt aggggacttt
agt ccecgcg gcegaat aaa ggeggcgccg ttcggggcgt ectggecgcc gggcet eaaag
acgtgtgcac ttgeg tttga aagagagaga tgtgtttgta tgggaccett ggctctgggce
aatgttggta cacagct taa aaattctaca gtgacagaga atagggattt tttggggagg

Cootgtc ogaodaguie dedicall Loar cobyetiiy o W, RES RO iy chErRRe 8
BRI T T I e
cogecgect o ggeraatt e Englt daIn FEEERE, SRR S BTGP H et
2cce tooatc SPENEYh Rl SPECR BAPACaR S o eI n R aE
2929202099  2994uel aLgNgIId 46966 AIORREED P LUBRRA0CaRCLC SbOTARGS

gcty caagq [Caagc’gacgct §gg& agdggadaaa dgcggccgtgg agtcacget 't
t cgt gcgcat CQ&ﬁﬂ%ﬂ%§ﬁ¥¥ﬁg?ﬁé@l fioget cc tccet aagtece tee ttggacttcc
t et ggegegc agcgagcaac €ggagce at gagecagg aat gcgagct ecgcagctct

ecegcagccc etc tgcccet caagtettet gggt t tgagt act tgatgtg cgtggtgtagt
cetaettaeg cgtgtgtct t cacgtagtca gggaggatta aaaattecte acatggccaa

tccaagatte tc 8195 ¢ tipPIRRtt gcat gga acagttgcaa agat ggat gg
agcceccaga ta?gﬁga&g%%ﬁggg%agagag—agtgtggaac tcgeg tact agceaggaag
tctttagg ta agccagi cagkhtdidehe ggcagecgtt cacagcc Let agtagaaata
aaaeacet gc aagggeaccd agaeacaaca cccgggccgc ctccgcctaa ccccgecccce

cccggegt ag ctct ceatdi¢p Q0 FABBAGSvRGE daAa8Ce:1Ddga!l tcatg ¢ tgctaggag
gcacgcaggg ccgccaaaga cgctgeccctt ccocctaceg ccagttctag gagtggegtg

gtgctagtgt gtgt gbgtgie-0qaryatitiy ténatdlaggnsaddenanae (BROEN otrdated
caaacggt gg cecccgaggc tgatgggaat getect tato at caacagag téceéecctcag

agggt et cag ggcactthﬁﬁhgagqgtCt$gdaggﬁﬂgﬁgagxﬁ@&gaﬁﬁﬁﬁﬁ&aﬁpatQﬁﬁﬁﬁﬁn
cacttggctc gtagtttggg ggtcccttgg t tgat tceca ctgttageat ctgctctcag

tg tetagctc tat ttgycgia-2t@eosagadingd@ZCYggg ccctacacgec ccaccctcg
agat gt acaa cggccgccge cccggect ee” gccagecgee agagcgcagg agagcgagag
cct gt ect eg ccaggBacSiti2toTeStldagecdgacedndegaefigine ¢8dde @raeaiitwith
ggagggggtt tgtgtceccg gittgegtgt gtgtgtgtaa tgtgtgcatg tTetctecage
cgct gt ggas gat ggcadsjthaatafct dét a @eht gBYsRY méthghgassferdseggdahtthtpr
ccect ccggc gggaaaggag aggaaatt tc taagacagat ctaaatatgc gtggagaggg
tcagt act ga at gt ggcagtazpdaalcagytgtitlieefdgecrand 63 pdM JfAget gect ot t
ggat ccaga gcagggaggc agcacggagg aaaaaatgta cacatatatt cacacacatg
gccc tagtgg ctgattaddf€ t:c@ggdcalgauammaud cell taggaoymatmciman 1;
acattcagta gatcaatacc cccctatctt tcaaact tca aagagaaaag acacacacac
gagagacaga ctagfaf¥faC 2:gfevdcalt squgnmous ¢ell sarggongaspeigenek;ct gga
actgcctcat gagcagaaag gtgggttagt attccactc gccaacctgce cattttcaga

at ccaat gcc acacaéaéﬁmagagaghgxamp(B@Hnabanannaiggggagbbkkmiﬁﬁéggﬁ@d
cttcacatag ttatcttggg -M-lc-tett gcaggactct ggcatgocca ctcccagcaa
caccat ga2¢ gat gcat tascun-taethytadton eeicakgay; at at at at at at aaaagcaa
cttgcagaca ccacagagaa tagggggtac tcc taat tca gtggcc taaa, ggactagaat
tatacactct cct acvdwgainagipgvical t squameugasely saxinemeggpeeHatadacad
acatgtat tt taccat tc tc tctcc ttcag tagggccaag cagacgatcg gagggaat ga
c taggc ttat SREYARER 2t\WETTCIRACAFENS @blaine 3‘ ideaenkprENBggt gggggg
cacacacaca gtaggaacct tgtccagagg gaaactcatg gaggagaccc aaact ggaa
gaatt occca caat cagese tasli Hecsvens %@ﬁ@l@b@f @goeatvggr@cwgea@ @c@@ag’lte

aggactgaga <210> 2 <211> 5000 .
99act 999 sequencing (BS) to analyze whether the target gene (PDE&B) in each

25 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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<212> DNA <213> Honp sapi ens <400> 2 agaacaactc tggtcaattt
cacaaatgtt ctcagaatct tccattaaaa tcaaaaaaag ccctgtataa ctgtcttttg

t aagaat gaa ttaagectet gaccatctaa cagtgactga gaacagcagc atgcctcacc
acagcagttg taaggaagag ttgccttgga atccct tggc gggtcaccat catgaggtct cc
tgggct gt tgtgaaaatg tgaagcatca ctocctctgc gactacaaga gcttctagga

aat acagcat agagearaguahfiAal tbld caRFHGHC e AARAPAIT AL J) tadel $GHa
tttatetcce atgggcagtg catectteta aaggagaatg acat gggcgg gt gaaaat gg

tettagggga acapaehl CealCFaLdAPIfine! GSATGA0Y AGIHLh! thi@rhEtghgRded.
tcccaccttc tcaagcttgc gcacttccta ggacccaacC agactttttc ‘t'gagaagaga

gat t gggaat C@ﬂ{s‘égﬁé‘ﬁﬂ?,a@l@&% E&id PUPEYB HoLepGahl aftat sh&dhfens
aaggcattct agggaaggcc Ctggacgdga gggagaaagc acgtatgtgt aaac gat gag

cttcggagta tqeeelddieohighdpthé edagcgagagg agaatcctcc ctccctccat
aaaagcc t cc tgtgcagaaa caggtfagct agcaaaggta gatatcttgc ccaagagtgg
ttaaaattgg ataagcaact tgaaaat egg gctgtaacte tectctecte ttgttgactg
t agaaaccag caagaaccat tcaagggtgc tagacatgga ggcggt gggg gttgagagge
aggggcctcc ct (Rpaaaget KineCADIBI tccetecctt etc tgec tge t t t

t at gagc ggagat ggag gaagaataag tictctatga tccaggaaga atacttcttt

ct agat aaaa gcaggdeitt@eedaghtdgraapscagcacagct cccagcccag cat gaacatt
cagacagctt cttectccgc atgggct tct ctgggggaag aagcaaatgc tggtgtt tag
cut tcagggg gcclgdiiftd O diHacedroicdl @aacacedl limgi ttgecctg tttttttgta
gttagactct aatttagaaa aaaaggaaaa gtgccttgca tectttetta ctgcgggaac
agggaaggat cagt cRgtQelaadiid.g&ybla tegtigalcaancat celt hhec( iy ot weated
tctgaagact aggacggaac ggtgggtggg ctctgggatg aagaggggct — ggggcgct gg
gaggagggga gccgagcogehaggd@ecgcadvlaggddydoag metindgagsi@ragt cgaghitgtor
gagcgtgtt t tgtatgegeg cgcgcggtec cacaggccgg agegggt geg gagggat ggg
act cggacga ecct gcccﬁdga@g@b@:l@eaycy@éijmigﬁZCglo gcagcgccga ggcacacgcce
geggag t tgg cfittcat t t gggtectgga gaagcaggtg aggaagaggg ageac

t gagc at agt gccec%g%’érbcﬁ@tgg‘daq@a‘dag capaesagxdk ling (Ot reated with
cagagagtgg atatttattt ctcaaagtac tttcctttca tootaa tgtc atggattatt
gat gaaggca ggaag tdwdh atdaad® t pll coBNAa taethyltramsforset a ingmtor

ttatg gctatactt t ctt taggagc gggeggcgtc gggcgecga cacgctc
tggggcccgy cgagggadyepisa gdgggﬁgygéﬁgdgﬁééga@ddbagagﬂgﬁgﬂcccccgct
ccggaggct e ggggcgecgeca ct gggt cccg ctgcgecccee gt gcageteg ¢ctettcgtce
cagcgt agéd cgcag c%éécgbcé@é‘gﬁ%hs%tw@@éCét'fgﬁ@@@twcgpﬁgalgat ga
agcgtectta ggctggcct tqgggacca tggatttgcg atattccgat gtagggattt
ggaacctgtt agagaac Cg@ @@ﬁ@@b%ﬁﬁ%@owsﬁei@@@@neﬂﬁﬁﬁﬁﬁﬁﬁﬁn it t aaa

t ee gcaaacaaga agatgagaat c tgtcaaagac gcccacagtg aagtt ta
actgatgttt aaaaaPat @Q&Hﬁ%tgr@&pa&w%iaaow? tqeg‘fl@af i)i@@ql tlohky as

gggat gag tg gcgeggt cC tgcect gt.cg gegg t_gcgg aggggacggg ggegccct gg
ggggccgege ggcggggégﬁl%bﬁﬁﬁgb ‘Q“dﬁﬁgﬂgéﬁﬁ@Pgtecgggcgc gcggccgegg

B i R Tl
haot goasdd gangedh Marsoytannins oblinsd AR adEE R EY” | Uit o
Sgetate ot gatpadassy srisdiuns eccifid sBRYE T oTTuTRe G BB B hce
L e bl e
sgggcaggas | E@sé‘ts §§3265§%?§*?§%?§Y5%?ﬁ%§%i%§€- & i 3308331%&?%@3
oot taat PR E R bR RLWI (el B L i, PP LBt BET LR
tageat aggs 9c¢al b GRb| Cstq%ta%%:&sc Leht 8A%EALHY specimen [ (SCC 1), cervical

squamous cell carcinoma specimen 2 (SCC 2) and SiHa cervical

cancer cell line (SiHa 0) had been hypermethylated. Consequently,
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gaggcctctg caeaggggcc gggagcggcg ggggcacctg aagtggggaa egggt gcggg
ggggaaggcg ctggtgcgcg aagggaaagt gecegacgga gecccetcac gegcgcgggg
cggcgt gate gtcgcagggc catccccccg cgagct gggc ccggaggcgc gaaggt aaat
egcaegggt a t gt cact aag t eagaaaaag cggggaaggg ggctg tggct gtee tgttga
cag t tgcagc caggaggag gttt taagag tctgggttgg gcagagccac gcacatacaa

at ggt t aaaghaltagid! g&le TBCY JGOEAVIEACRHRIRGpROFheh 66T BAAAgRTy
tg acatgttttg acagcatc¢tg tetggcagta tgccaggagt atgtetgaag tacagaggca

ccetg t teac rhefhddafedl t gacagcggag ccgcggcgga ggaggggcgg aggaggaagg
agaaggtgca agcccggcga gaggcgcggg cggggecgetg tggggtgacg gcggcggaca

t gcaggt ggc gagcccggec tactgceggg ccggeggeac agccgcgegt ageggt agca
cact gct gca gccccgcgct gggggctccg gaggagt t t gccectggag agcgcagaag
tggt ttatgc atgaaatctg accaggatag tctcagcaea atgtgggaac ctgcatccta

ganceattce oraruinlhf PPRTiR yfiftiscOLths, BAHY' Gins, RTEREAPC

actagagtct tgtgctgaac acaaagt tag aagttgggat tagttcaaaa 4020
att gt gaat 6 4@MCcerspeconens4140 aat acttecc 4200 gccecaatta 4260

at t aaaaggc 4320 t aagagct 4380. c acfta 4440 ttt acca 4500
atattt ag? a 4560 ﬁet%y?at?omspem 1C %&% {MgP) was usge 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,
10  methylation frequency of DBCI, PDESB, PTPRR and ZNF582 was
11%, 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
15 carcinoma specimens, said four genes were highly methylated.
Consequently, methylation rate of DBCIl, PDE8B, PTPRR and
ZNF582 could be used indeed as the screening index in screening

cervical cancet.

Table 4  Methylation state analysis of the target gene in cervical

20 squamous cell carcinoma specimens

Target Genes CGI methylation rate (%)

Normal (n=54) SCC tissue (n=30)
DBCI1 11% 100%
PDESB 0% 47%

PTPRR 9% 100%
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aaagttcaca 4620 atttttttgt 4680 cgtggtggtg 4740 tggtcctgtt 4800
tacatcaatt 4860 aaaaatgtgt 4920 tttagaatga 4980 5000 ccaguictge 60
tacagaatgc 120 tgtcagtatt 180 gcat gaggca 240

10

15

20

ZNF582 6% 97%

Example 5 Methylation analysis of the targeft gene in ovarian
tumor specimen

Methylation-specific PCR (MSP) was used to analyze the
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 DBCI1, PTPRR and ZNF582 in
ovarian malignant tumor specimen and ovarian benign tumor
specimen. The results indicated that, the methylation frequency of
DBC1, 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.
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.

Table 5 Methylation state analysis of the target gene in ovarian tumor
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attggagcte 300 tttataagta 360 gtgaatcagg 420 ccacagaaat 480
aggggct aga 540 aagtacatct 600 gage tgaaga 660 tataaggtcc 720
ttcacagagg 780 ttgttagcce 840 agcagttett 900 gaaagaataa 960

10

15

specimens

Malignance Ov Benign Ov Differential
(n=28) (n=28) Methylation_level
DBCI1 56.3% 2.5% 53.8%
PTPRR 50.0% 0.0% 50.0%

ZNF582 56.3% 12.5% 43.8%

Example 6 Methylation analysis of the target gene in colon
cancer specimen

Methylation-specific PCR (MSP) was used to analyze the
methylation state of the target gene in colon cancer specimen. The
methylation state analysis resuit in Table 6 reported the methylation
state of four genes, DBCI, PDESB, PTPRR and ZNF582, in colon
cancer specimen. The result indicated that, methylation frequencies of
DBCI1, PDE8B, PTPRR and ZNF582 in colon cancer specimen was
100.0%, 100.0, 100.0% and 100.0%, respectively; while methylation
frequencies of DBC1, PDE8B, 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 DBCI1, PDESB,

PTPRR and ZNF582 could be used indeed as the screening index in
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tagagttagt 1020 ctagtgtggt 1080 ggtggtgcaa gtggaggaaa at gggaaaga
ggcaacagtg tccataaaga cacagaggca 1140 gaaagggcag aggccctggg at agt
t aaaa gagaagtcta gctgagggac ttcttgaett 1200 gactagcagc aattagccat gac
taataag gctttccaca c Lccaaagac

screening colon cancer.

Table 6 Methylation state analysis of the target gene in colon cancer

specimen

Target Genes CGI methylation rate (%)

Normal colon tissue Colon cancer specimen
specimen (n=24) (n=20)
DBCl1 25% 100%
PDESB 25% 100%
PTPRR 25% 100%

ZNI582 25% 100%

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

1. 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
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ttagat ggag 1260 ggat aaaaaa ccatctaatg gcagactgtg gtagec Lecc
t agagacaca gagctgggcc 1320 ggat gagtcc aggcactgac gtgatccatt

atcttteacc ttaaagagta aaagggaaac 1380 taaagt taat tacctccaeg
aaacaaaaag gtgccttett gtgcttcaat tacatggata 1440 tat tetac ta

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.
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gtct aaaagt atettcteac ttetttagt cactgtgagg acttgagtca 1500 gaagaaagtt
t aaat acagt cat tgagetg gaaagagtgg aaagagaagc aaagaggggg 1560
aagct gt agg aaggacgaag tcacccccaa gatacatggt tactgcttac accaagcaag

1620 ctgect tggg aacgcttcce ecg%&%ﬁ&%ﬁgﬁﬁ& gc tea

<110> Hung—Cheng Lai

<120> Cancer Screening Method

<1305
140>
<L

160> 24

210> 1

<211> 5000
212> DNA

<213> Homo sapiens

<A4006> 1

ggtettecace tgaagttgee tgactacgtt gtetcagatt gatitcagaa ctgeattatce 60
agcagggcag ctgttgecta ctaacagtca tggaagtaga tctcagetigg gggatgatgg 120
ggaaacaaag agaasagatag ggacgaataa aggaaggaal ggggcacaga cagaaagaga 180
gagagagans agasagaaag gaggagagge aagagatagt gacctggeggt ttcatacege 240
gogteggptpgy agasggagtyg tgtgtgegtge gegtattict tegtggicag aatcaaagtc 300
agaactgacc tggggaacct gtgttcaaga ccigaacctg gaccagaage caagggaaag 360
agaaagttge ccaagaaaas agggagaaat ttccaccagg cgaaaataga aatcgetgac 420
tggegttigty getggagage tgteegtget getgactect ccteatiggeg attccagtga 480
aggctgagaa getetgeact ggetgetect ceteteectt tecteteecee tecagtectga 540
cettetgaga cccaggatca ttetggetag ctegatgict tetectetcet ttetcecttt 600
ctetttgteg attaaataat ttttceccgag ttcccagtte ateactcaaa catttetett 660
ccattttgtt tcaagactce tcttccteca attagttcac tggetectag attgtictag 720
gecleectge tggtcacate tctetettat catcctitga attaaaaasac aaacaaaaaa 780
catacaatgg caatcataaa agcagacaac atgcactgag cactcactag gtegtcaggga 340
gcagtctaag tgcctttgea tacattaact catgagcagt ctaagtgect ttgecatatat 900
taactcatta caattccaca tcaaccctat tagatgggta gatatattat tattctatta 960
aacagacaag gaattgagge ttaaggggta agtgatttca ccaagaccag acagctacag 1020
gactccaace tetotggage ctgeacttet actgaatctg getettitac atattcecaac 1080
accttttcet atgacttecet gecccetececat ctggtagect taatgettte tattcttgeco 1140
taatcttcag ggeactaggg atctgeattg cltgatttgegt ttasatcaga agggaagcaa 1200
agtaaacaaa cataccaaat gtgegetgtg tgpgaattat catacgaggg ctttatttic 1260
tgettcagga agaggeceta tgttageage cccageetge attcaggetg attgeagagt 1320
attttgettt ttattttcat gtcttagtee ctgtaccctic gececttece cgectetggt 1380
ggtetecaga gaacttegtg teccctcage ttctecctee tacatecctge ctacgtagag 1440
aagctettge ttcattctge gapggttacgl gggetectege ctacacaccg agagaaacaa 1500
acagltgtecaa acactcacag agagacgege agacacaaac ggacccacac gggeaactoc 1560



gcagt ggaag acacctc tat 1680 tcctgtaggc gagtcctggg aagctggtca

atct gcaaat gccaattecc agcagt gage 1740 teggtccacg tgtaaatcaa gat

tt gggga aagagt aggg tgggtggcat ggttgacaat 1800 gtcatcaget ccctcetetg

act cct ghggadaagh goeacs: tat cdigghtdaacagigecagest acich86(:c

acactcaggt
tttgegegta
cccagaceea
aggeggecte
aacactcete
tececcatte
gecgeteeee
tegetecegg
cgagecgaace
ageeggeagyg
ggaccagcega
ccacgectge
ttcecaccga
ctccaggtaa
ccgggecgea
ccgetettca
ccigtgecetg
cgegetecceg
geggegtegt
gggaggggty
tttgtacgta
ttacacggaa
ttectetteg
tatttageec
cactgggace
ctgtcacttt
tggatagtegg
aaagtctegeg
ttetgttget
aaagegteet
atctggggeg
tegtetttet
ctctecatgg
agagagagag
gggagatcta
aattgactta
ccaagggeag
ctttettett
ttggtactgt
aaaggcttige
ctcgegcaget
taggagaaga
ggecegetgaa

actcgcgaca
tgecgeggtee
cgaaactcce
cegtetetee
ggaageaace
attticggee
geeceggagac
aAcCCCCacgge
cgcgagagag
cagagggagt
aggggacttt
agtcecegeg
gcegaataaa
ggegecgecs
ttcggggegt
cctggecgec
gggetecaaag
acgtgtgeac
ttgegtitga
aagagagaga
tgtgttigta
tgggaccett
ggetetggge
aatgttgegta
cacagcttaa
aaattctaca
gtgacagaga
atagggattt
tttggggags
cggggactty
getgtgeaty
tteceeattt
ctecectgga
ageaagagesg
caattigaaa
aactgetgte
geggegeggly
tectecatet
tggectiggg
cctacteage
gttactttet
caagggetgt
aageectett

cacacagtac
ctitggatge
tacggetcag
tceteteget
ceggegttea
gitcgeegget
cgeggegeac
tgcaaactga
EBagagageg
agtgaccgece
acggctgagt
ccglgecocege
aagcgteete
ggtgcagege
cceegegete
cegecegecte
ggctaattge
catggtggga
tgegtgtgtt
gglcctataa
tgtgtgeecet
actataggat
ttggeettityg
cgettgaagg
tatgaaagag
ctgggeagac
adggpegadg
accctgeate
atctggeaag
ctcatcecate
atatggaagg
caggeggega
gttaggggga
agagagaggg
aggggetgtg
ggttigecacc
gaggaatcte
cetggeaggc
ctetggggee
aaaaatgelg
caagglaage
gacgetggga
aggggaaaaa

agtcacgett
tegtgegeat
cocecageeea
tecteetecte
getecteeet
aagtecetcee
ttggactice
tetggegege
agcgageaac
tteeggagee
atgagecagg
aatgcgaget
cegeagetet
¢eegeagecec
ctetgeeeet
caagtcttet
gggtitgagt
acttgatgtg
cgtggtgtet
cctacttacg
cgitgtgtett
cacgtagtca
gggaggatta
aaaattccte
acatggcecaa
tcecaagatte
teageggtes
ceegtttgea
tttgecatgga
acagltgcaa
agatggatgg
agcccecaga
tattgagaga
agacagagag
agtgtggaac
tegegtetet
agecaggaag
tctttaggta
agccattgat
agttttactg
ggcageegtt
cacagcctet
agtagaaata

aagggeacca
agacacaaca
ccegggecge
cteecgectaa
cCeegeceee
cecggegtag
cltctecatte
ggggaggagyg
agcgagageg
gggatticatyg
ctgetaggag
gcacgcaggg
ccgecaaaga
cgetgeeett
cceectaceg
ccagttctag
gagiggcegtg
gtgetagtegt
gtegtgtgtee
gegegatgtg
tttaatiagg
CCELLAAAcT
tggggctigta
caaacggtgg
ceceecgagge
tgatgggaat
getecttate
atcaacagag
tcecceeteag
agpggteteag
ggcactttee
gagtctctee
aggeagagag
agagagtgtt
ccatgacaga
cacttggete
glagttitiggsg
ggiccctteg
ttgattceca
ctgttagecat
ctgeteteag
tgtetagete
tatttggeet

cgececagaa
ggattceggs
ccctacacge
cctteecteg
agatgtacaa
CggCcgecge
ceeggectee
geccagecgece
agagcgcagg
agagcgagag
cctgtecteg
ccaggtaccce
cteteecaag
cggacattga
ggacccggee
gecaceccettgt
ggagggggtt
tgtgteeceg
gtttgegigt
gtgtgtgtaa
tgtgtgecatg
tetetecage
cgetgtggac
gatggcacct
aatcctgeta
aaatgagacg
ttggagacac
tggggetigg
ceeceteegge
gEgaaaggag
aggaaattte
taagacagat
ctaaatatge
gtggagaggg
tcagtactga
atgtggeagt
caaaatactg
tcaaggecct
ccaccctgge
getgeetett
ggcttccaga
BCaggegaggo
ageacggags
aaaaaatgta

1620
1680
1740
1800
1860
1920
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
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200



aceccacctt cggatttgtg atggacgctg ggtcectagt aaccacagca agtgtctccc
1920 ccgcacttcc ccetteccca eccccaccce cacceccaac caccacccca
gcgat ggagc 1980 ctac tctgct ccaagccgcc gctaagacce ggagaang aatttcactt

t gaaat teecet2040 dihgeeizegtyaaggyec goegacigagcatigacd@agi@gecaga 4260

ngCgcndgﬁﬁcacatg tgttcatatt ctgggeagag ataaasageaa acatgtattt gtaggaacct 4320
geectagtge gtgeggttcta cctgeaggea cttgeagaca taccattete tgtecagagg 4380
cigatacctle aggetgaage cttcacatag ceacagagaa tctectteag gasactealg 4440
tcagggecaga getccctgega ttatettgge tagggggtac tagggecaag gaggagaccee 4500
attttitggga actgeetcat tttctctett tectaatteca cagacgalecg aaactggaag 4560
gaataltaaa gagcagaaag gcaggactct gtggecetaaa gagggaatga gaattcecca 4620
acattcagta gtgggttagt ggecatgecca ggactagaat ctaggettal caatcageta 4680
gatcaatace ctttccactc ctecccageaa tatacactet aggactgtat attgetecca 4740
ccecetatett gecaaccetge caccatgace cctaccaaga caatcgettg tetfccectea 4800
tcaaacttca cattttcaga gatgcatttc agggtttttc tatctggaaa catggccctg 4860
aagagaaaag atccaatgece tcaatcacta ttcccgaaag acacacacac acacacacac 4920
acacacacac acacacacac acacacacac acacacacgg tggtggggge aggacigaga 4980
gagagacaga gagagaacat 5000
210> 2
<211> 5000
<212> DNA
<213> Homo sapiens
400> 2
agaacaactc tgaagcatca tcccacctitc agaatcctee ctgeagggat gectgagget 60
tggtcaattt ctcectetge tcaagetige ctecctecat teccteectt tatttectec 120
cacaaatgtt gactacaaga gcacttccta aaaagectce ctetgecltge taaacaccat 186
ctcagaatct gettctagega ggacccaacce tgtgeagaaa ttttatgage aatttgectg 240
tccattaaaa aatacagecat agactttttc caggttaget ggagatggag Ltttitigta 300
tcaaaaaaag agagctaaac tgagaagaga agcanaggta gaagaataag gitagactct 360
cectgtataa ctgaatttgy gattgggaat gatatcttge ttctctatga aatttagaaa 420
ctgtetttte aagtcttcat ccagtcacat ccaagagtgg tccaggaaga aaaaggaaaa 480
taagaatgaa aaaaaaacaa aaaacaaacc ttaaaattgg atacttctit gtgecttgea 54()
ttaagectet atgttactge cettgteegt ataagecaact ctagataaaa tcctttetta 600
gaccatctaa tttatctecee cgtgecattyg tgaaaatcgg gcaggaatta ctgegggaac 660
cagtgactga atgggcagtg gigtectcgea getgtaacte agagtttaca agggaaggat 720
gaacagcage catccttcta aaggecattet tecctetecte cageacaget cagtetgtge 780
atgcetcace aaggagaatg agggaaggece ttgttgactg cccageccag agtgtpgagga 840
acagcagttg acatgggegg ctggacggga tagaaaccag catgaacatt tagtgacacc 900
taaggaagag gtgaaaatgg gggagaaage caagaaccal cagacagett ctttetgtic 960
ttgeettgga tettaggega acgtatgtgt tcaagggtge cttecteege agggectece 1020
atcecttgge acaaacttce aaacgatgag tagacatgga atgggettet tetgaagact 1080
gggteaceal ccaactcage cttecggagta ggeggtggeg ctgggggaag aggacgegaac 1140
catgagglcl ctecatcact tocegggtgt gtigagagge aageaaatge geptgegtpgy 1200
cctgggetgt agggeceetg ccattbicggg aggggectee tggtgtttag ctotgggatyg 1260
tgtgaaaatg tgttggtgaa aagegagagg cttacacage cettcaggegg aagaggggct 1320



BagEaggEga
ECCEAgCCEL
aggegegeag
aggelggeag
BECAZECEEE
gegtegagetg
gagegtgttt
tgtatgegeg
cgegeggtee
cacaggecgs
agegggtgeg
gagggatggy
acteggacga
ceceigeecgg
CEEEACCeCe
gegegggtte
geagegeega
gECacacgee
geggagtigg
cttttcattt
gggtectgga
gaagcaggtg
Aggaagageys
agcactgagce
atagtgececec
EEaaccgage
ggagcagagt
gacagaattg
cgtggttice
cagagaglgg
atatttattt
ctcaaagtac
tttecttitea
tcetaatgte
atggattatt
gatgaaggca
ggaagltccaa
atgaagcettg
ccattatagt
tcectaactat
aggatttatg
getatacttt
ctttaggagce

EBBBCBCCEag
gggecacgete
tggggeeegsg
cgagggaggs
caggegggeg
ggeggegecy
ggggcgeege
ctecceeget
ceggaggete
Z88ECCECa
ctgggteeeg
ctgegeccee
gtccageticg
cctettegte
cagcgtagec
cgecagececece
ggcegagact
gtgggggeeg
gtgaccgtga
gtggagatga
agcpteetta
ggetggectyg
gtggggacca
tggatttgeg
atattccgat
gltagggattt
ggaacctgtt
agagaaccgg
agtgeagtac
gattttgagg
ctiaaagaca
cgttaaatec
gecaaacaaga
agatagaatc
tgtcaaagac
geecacagtg
aagtttttta
actgatgttt
aaaaacatcg
tgaatgttaa
acagtacaaa
gettttgtca
aattitcagg

gegeggtgece
tgeceetgteg
geggelgegg
aggeegacgegs
ggegeectgg
ggggeegege
gECEgLgags
cggggaggaa
BECEEBELEEEC
gtcegggesge
gegeccgess
agcatccatg
cccegecaga
cagaccgacg
cgecgteecgea
gecegegacea
cagacctget
teegeeecegt
ggeggtiggt
tgggageeca
getggtecty
ttectecttg
ttgagagcat
tgectigtag
ttttacctgg
gtgaatgaat
gtttgtcact
gecatgagtt
agctgtetga
aagtggaaaa
gaagaaaaat
aagaggetitt
taacaatggc
acagccttta
acatttgiat
gaggagtgag
atgaacctat
getigtgett
tttattgage
cagtgtgatc
cctaccagtt
agetetetet
gatgaaaatlg

2280z@rct gact gd g

agctgeegeg
ggagagetee
ccgeggagec
cgeagacega
cecagggeces
cgagggagga
glggeggeeg
gatggeccecaa
accgeggeca
cgeegeggec
geeeggeces
tetegeagag
ccaccagegt
CCECCLgacge
gggeoegeac
CCageaggss
acaccagegt
cggegggget
tteggagaggt
ggaaatgtgg
ggggactgeg
agggeaggad
tecggtggeea
gtgactggty
gattaccagce
gagltgttegt
gtaacgttte
cggagtgtea
ggatgattet
aattgtitag
aattatitaa
tcattgtgta
atatcctatt
cectggtecaat
ttttaatagt
gagaaggata
tttettttta
gecagtgtite
acctactatg
ttagcatage
geecattegt
cteteceect
ttaaatttgg

cacaggggce
REL2RCEBCE
ggggeaccty
aagtggggaa
cggglgeggs
BEggaaggcy
ctgglgegeg
aagggaaagt
geccgacgga
geeeeeteac
BCECECEERE
cggegtgate
gtcgeagggce
catecceceg
cgagctggge
cecggaggege
gaaggtaaat
cgeacgggta
tgtcactaag
tcagaaaaag
CgEEraaggy
ggetgteaet
gtectgttga
cagltgcagce
caggetggag
gtittaagag
tetgggtteg
gecagagecac
gecacatacaa
atggttaaag
atagtgtect
aatctgggcea
gtacagagag
aggltaccaa
taaaaactig
acatgittteg
acagcatctg
tctggcagta
tgecaggagtl
atgtctgaag
tacagaggca
ccetgtteac
tgaaaatatt

gct gggct ge 2100 tgggctggcg cggagtecac cctgecgtct cegcc t tggce
ttctgggcgt ccagaaggcc 2160 aggcat ttgc cgcctctgag cgcttctgtt cccct
taccc gcaacctcct actgetate 2220 etc tctecct ctottaggga ggttgaagct

g9t gc leggedact gt GizeggRy L CeupageEty

gacagcggag
ccgeggegga
ggaggggegg
aggaggaagg
agaaggtgea
ageeceggega
gaggegegeg
cggggegety
tggggtegacy
gcggeggaca
tgcaggtgge
gagceecggee
tactgecegge
ccggeggeac
agecgegegt
ageggtagea
cactgectgea
geeecgeget
gggggeteeg
gaggagttta
geeectggag
agcgeagaag
tgetitatge
atgaaatctg
accaggatag
tetcageaca
atgtgggaac
ctgecatceta
cglgagggga
clgatcttce
cagtcgetaa
ccegtatgtt
ctgggtettt
daaaaaatac
gaaccattce
gtetteattg
gcttcaatet
attgtttaac
atcataatca
aagetttete
actagagtct
tgtgctgaac
acaaagtitag
aagttgggat

1380
1440
£500
1560
1620
1680
1740
1800
1860
1920
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
35640
3600
3660
3720
3780
3840
3900
3960



ttgtgacage
tttgttttet
tttgttcagt
tcaagagget
ttagcagett
ttgacctggg
Ltaattcactce
acactacttt
gagttattta
gtatcctttt
tgttetgtee
agactaagca
ccecacceect
tacagtgglg
atgaagtgta
gettgatete
tgaggeatta

210> 3
211> 5000
212> DNA

tcatgaactt
agaatatcta
agaagaaaga
gettagagac
gtataaactt
taggagttita
taacccatta
gecattgtgtg
tgecaaatett
aggecetgtga
cettttgttig
ttettttett
tteccaaagea
gaaggttgla
tecteattat
tetetetete
tgatgtcaaa

<213> Homo sapiens

<400> 3

aagaaaaata
agcatttcta
Laaataaatt
gaacttigte
ttgetetagg
aaattctgtt
attattitgg
aataggagaa
ggagtgtgee
catggagata
cattgteccce
tgacataaat
cacctaattt
atggagaaag
caattattig
atggagactt
tatgaggcac
tagagitagg

gacctattgt
gtaacagatg
atctcaaagg
aactatcatt
gagtigggac
ttgegegeey
(ttgttagaa
gaggtigeag
acacgeatgg
tgtetetatt
ttcteccact
cataaaagaa
aagcetetggt
aaagcaclga
gctaggacaa
caatgtgetg
ggctaaacaa
getitetgga

tgtgatactt
taatctcagt
atactgaatg
caaatgaagt
gtattaatct
actcattttg
ctgggaatgt
gatctcagaa
acagaattat
cleggtgttg
ctgagataat
geecgtaagag
cacaggtgga
atagtttcca
ctacttggcc
ttttctagea

aagtgggata
ttagatgaga
ttgactcagt
ttcatttatt
atatcaataa
gagtagggaa
agtgatacgg
cttagagtgg
gggaglaggg
ttcagcagag
tgttggagtig
ataaatggta
ggatagecta
atgagatgtg
ctttattcaa
Lagaacaaac
gigttgtgga
aaagtgagac

tttttggtte
ttagtactts
aacccattet
aaaaactgaa
cattgetact
ctttatcaag
tggaaatgaa
agtatatatt
tatcacagaa
tattgtettt
tttataaaaa
tttgagatag
aaaataaaat
ceceecteece
tectggtatte
ataattcatc

caattatttt
agagttatte
aagaatttca
catttttgag
agtcatcaaa
atagatacta
gaaaagcaaa
tttgggatga
ggtggageac
aaggeetglc
ctteetggec
cegectggge
tttcecatta
cagcticaact
gttaatggaa
cacagataaa
agagaaagat

caacattaca

clccagagaa
gcaactetag
gtacattitt
gggacaatga
tggcttaagt
aagaticcca
acccetggtt
{gaagtgaaa
ctgecctaat
tctcaategt
ctttacattc
ttgctaggea
ctttaccatt
ctggeeattt
cccagagtge
tcattaaget

tcectaaccet
ttctaagett
aagagltaat
tatcetatttt
gitcttcaac
aacaatagat
ctggaggaca
aatgatagtg
gttgetagag
aagatattaa
ttgtetetca
fctetgatet
gllgictecaa
caatgggeac
tacaaaactce
tgaactgtet
cactgtaate
coettcegaaas

tagticaaaa
attgtgaatt
ctacteccatg
aatacticcc
geeecaatta
attaaaaggc
aataagaget
cattgactta
tttgagacca
atatttaata
aaagttcaca
atttttttgt
cgtggtggty
tggtectgtt
tacatcaatt
aaaaatglgt
tttagaatga

ccageectge
tacagaatge
tgtcagtatt
geatgaggea
attggagctc
tttataagta
gtgaatcagg
ccacagaaat
aggggetaga
aagtacatct
gagctgaaga
tataaggtcc
ttcacagagg
ttgttagecc
agcagttett
gaaagaataa
tagagttagt
ctagtgtggt

aaaccccage cgaggacctg aatcecggag actagaagac cettggeggt 2340 ggctct
ttct aatagcactt tacctgaagt ggggtcgtgg tggagtttct cctccacc tc 2400
t caat gcaaa eact at gegg agageagtct gcttecctgc gctgtgectg ctceccttaatc

2460 ttaraegeizge @a@ggt@sggyy ttgdeagoumt tgagagceiggagcag

4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5000

60
120
180
240
300
360
420
480
040
600
660
120
180
840
900
960

1020
1080



gct gt gcat g agat gggaaa 2520 ctgcacatgc ttaaggactc Laggaaaagc
ttgecttgcg aagaaagcct ttetaaaaag 2580 gt aaaacagg acagtacc tg
acagggaagg ggtgagggag tcgtgcacct gttggaaaac 2640 tgaggecgaa

aact t aageigtaaaatgthagadhactdtgatdadgat gdcaatddtact ddaaatmpagedaghag@r700 1140
gaaagggeag aggecctggg atagttaaaa gagaagtcta getgagggac ttettgactt 1200
gactagcage aaltageccat gactaataag getttccaca ctccaaagac ttagatggag 1260
ggataaaaaa ccatctaatg gecagactgtg gtagectcece tagagacaca gagetgggece 1320
ggatgagtee aggeactgac gtgatccatt atctttcace Llaaagagta aaagggaaac 1380
tasagttaal tacciccacg aaacaaaaag gtgeettett gtgettcaat tacatggata 1440
tattctacta gtctaaaagt atcttctecac ttetttetgt cactgtgagg acttgagtca 1500
gaagaaagt! taaatacagt cattgagctg gaaagaglgg aaagagaage aaagaggged 15660
aagctgtagg aaggacgaag tcacccccaa gatacatggt tactgettac accaageaag 1620
ctgecttggeg aacgetteee cegageagec agaatgetca geagtggaag acacctcetat 1680
tcctgtagege gagtcetggg aagelggtcea atctgecaaat gecaattcee ageagtgage 1740
tcggtecacg tgtaaatcaa gattlgggga aagagtaggg tggglggeat ggtigacaat 1800
gtcatcaget ccctectetg actcetgtgg tegtgeecee atetactete actcagetac 1860
accccacctt cggatttgtg atggacgetg ggtecctagt aaccacagea agtgtetcec 1920
cegeacltee ceccttececa ceccccaccce caccccecaac caccacccca gegatggage 1980
cltacictget ccaagecgee getaagacce ggagaagegg aatticactt tgaaatticece 2040
ttgeeteglg agggeeggeg ctgggeatge tcagtageeg cggegetget getgggetge 2100
tggegeltggeg cggagtecac cctgeegict cegectigge tlctgggegt ccagaaggece 2160
aggecatttge cgectetgag cgettetgtt ccecttacce geaaceteet actgetette 2220
ctetetecet ctettagegpa gegttgaaget ggtgetggtt totgteggeg ccacagactg 2280
actgetetge aaaccceage cgaggacctg aatccecggag aclagaagac cettggeggt 2340
ggetetttet aatageactt tacctgaagt ggggtegtgg tggagtitcet cctecaccte 2400
tcaatgeaaa cactatgegg agageagtet gettceetge getglgeetg ctecttaate 2460
ttcacgetge aggtaagggg ttgecagget tagagecgga getglgeatg agatgggaaa 2520
ctgecacatge ttaaggactc taggaaaage ttgecttgeg aagaaagecet ttcetaaaaag 2580
gtaaaacagg acagtacctg acagggaagg ggtgagggag (cgtgeaccet gttggaaaac 2640
tgaggeegaa aacttaacct aaaattaget cttgattttt ctttactita tacgaaaata 2700
gtgaacattt tcaatatgaa tacaggtttg ctcecccectt cgecteceet cegtetagat 2760
tccctgetet tgtttetagg ctatgeactt aactgtcaat ttttcaggag agggataaga 2820
catcctgeta gatgtaacct tttetactge ageggetact acattcataa ggtetettgg 2880
tctagegage getcatagga aggeattgge tgtaacctga tggaccacat ctccgeccaa 2940
aagatcgana tacatggttc acattagtga tgctgeacca ggetectttyg geccectgete 3000
ttgtcacteg aattttctaa gecaataaga ggaagaaaag gtttcaaata gaatcctett 3060
gtctettteca geaccgtgge tagegtecge tggeatatta aaaaaaaana aaaaaaaaaa 3120
aaaaaaaaaa acaattacag ttccaaaget gacaaccctg ggttaggeac tgtecetegg 3180
acagatlitga taaggtgtaa ccaagagtaa cagtgagacl gctcccaaat ataasatagal 3240
ttgaggcacce agaatcaata tcaagtctcg tgaggaagca aaccttggga agtacclgag 3300
agatattata tgtggtgtee ctgotitttg catacatage acctetattt aatgcagaca 3360
gacttgetag getgaattee ttatcattglt cacacacaca tgaaccaaaa taaaatatgg 3420
cagggagatt ttagaamacce tactgtgaca gcagiigtce atgecagtagt cctgtaacaa 3480
ccagagacga ggcattttce ctgagtglge ttetecateca atcacacata tccattecatt 3540
ccttcaagea acatttgetg agtgtatact atgtictagg ggtaatgagt aaaaataatt 3600
gttctgaaat tacaatcctt geagtalctt ttttaaaaga glgggtgaat tttattectet 3660
gltgtacaata gtaggagtga aatatggtac tttettattc cagetaacge tattatttaa 3720



gtgaaeat tt tcaatatgaa tacaggtttg ctcceecc t t cgcctoccct ccgtctagat

2760 tecctgctct tgtttctagg etatgcactt aactgtcaat t t t Lcaggag
agggat aaga 2820 catectgcta gatgtaacct tttetactgc ageggctact

acatt ealtgaaggltgtaitt gor t2884:ahet age gagegget thc ataggat g geatig ga:

acatgttaat
attttgagaa
tgaattattt
cattgggttig
cagaaaaatc
gtgtagtcat
ttgagtaatt
tttactgtag
acctagaage
gccaatccaa
attaatcaac
ttgcaagata
acagcagatt
aattttaaac
tetaataaca
gcettetatac
aagatattaa
ctcagaacag
taactgtaaa
ctggtggaac
gtaagtgttc

210> 4
{211> 5000
{212> DNA

tgttataatt
gtagaaaata
cgttaccaca
agttttatit
tecaatictta
tttttcaaaa
atatcttaaa
atgaatatic
ctgtageccct
tccateteta
caattttaat
ctattcattg
gtaagtitaa
agcaatttgt
ttgttaggec
atttggagat
tctetacttg
aggctgactt
getaattigat
tgatgacacc
tttttagetla

<213> Homo sapiens

400> 4

gacgacccetg
tagactcaca
tcagagteag
glgagaaagtl
gtitggtett
cactcaacac
agaacatagg
gtcettgaace
ctcacaaglg
aataaccaac
aagetgeaag
aaccgagata
tctaatteta

taccctectee

aatgatcccet
getgattttg
aagtggeeat
aaaaatggta
tttecticet
agtgggatgt
aaagalgatlg
acaaalaagg
tgaaaticaa
ctetgagett
cccageatta
ggcacgaaga
aaagigtget
tgaagaatgt

atgatgttat
getatgactt
tacaattctt
atagtattge
ctaaggtage
ctaacatata
agttataaat
gggatgagaa
agattttacc
cttcaacttt
ttaataagaa
tattcatatt
tattatagtt
geggteacaag
ttitcatcag
taagaaaata
ttgaaggtgtl
cataaagaag
ccattttggt
ttataatget

gcetectagt
tgaccaagag
ttcatcatce
tagaagaaag
ttectecata
taaagggaaa
actttttgea
tcaagtagga
ccatecttge
tgettatatt
cattetteet
aactaataaa
ttccaccaca
gtaaagagge

attgtggagt
gattattaaa
caatgetgaa
ttaataatag
aatgatttag
aadaagtttia
aaactgaage
aaatgaggac
teggagttctg
ttaatttgea
aatgcattta
taatatagta
ctettgecaa
ctgtecatcag
aactaaaaca
agtggatgeg
gagtitgtta
ggaaatgant
tacgccecagg

ttagagatgg

acttatactc
tataatgglg
tctaaattte
ttagcetgag
agcaaatact
ctagagccac
tctaccetet
taaatctaca
tgaagttgte
attaaatcat
tttatggaca
tggctgaaat
tcacecgeace
aatatggtgt

tttcaatagt
ttatitgeaa
atgtgggalg
actgacacaa
ctggtetgee
aasgatcacat
atgtgaaaaa
ttttgeteat
ccaaagggta
daacaadagat
aggacatttt
aaatacatig
tttecatttta
attaaaattt
aacacagcelc
atgacaaaga
cttttatgga
tetatacatt
gtatcagecaa
gaggaatgtg

ttgtgtagee
tatgactica
tcttiggeag
agatggelgg
gacgcatgta
tcgececette
cctettgaac
actgtceteet
ttttaatatce
tttatttgac
aaaaaaaaaa
gctatttgaa
tacaaggaaa
gttttggaaa

tetttggeac
acagctgtag
aaaacataca
acattcatta
aacaatatca
ttgatacatc
catgtettga
cagatgagaa
tattaccaaa
aaaaagtaag
tatattticaa
gtgttttate
aatgcatttt
atcacagtta
cttggtctaa
tcaagaaatc
agactittct
caggeelctt
ctgctttatg
ctaacgggat

tccacctact
gaggettggt
attaatgaat
ctttgtacct
catatagaca
ccaagatcag
tcgecaacact
caactgtecg
agtaatcagc
cctcaggaca
aacaaaacaa
tccacateig
atgcagectc
aagecatcettt

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5000

60
120
180
240
300
360
420
480
540
600
660
720
780
840



t gt aacct ga tggaccacat ctccgcccaa 2940 aagatcgaaa tacatggttc
acattagtga tgctgcacca ggetcetttg gcccctgectc 3000 ttgtcactcg aattt
tetaa gccaat aaga ggaagaaaag gtttcaaata gaatcctctt 3060 gtctctttca

gcaccgtmggeadaggegiceegast ggeatatdtat abmaanaadas aaagaaaaddagt2ita

ttitacatat
actttcaaat
agtcttagag
aggtttgagg
ggacaaactg
gtcetgaceg
gtgtaaagtc
attaacaact
tttacatctt
atagatgtaa
tccttegaaa
caatcttcca
CABCEACCCA
tgacggecece
gatageacac
geactectee
atccggette
ctgeggegee
cecggetigege
ECgCggCCge
caggegetet
agaacgcaga
CCCECCggee
ccaggigeat
tgtttigeat
ttecatgaggt
aacttatact
tgagtggatc
ttataaaagt
aattatttca
tactcettta
actgcgaata
tgtgttagtg
ctttgettgt
tgtgccaaaa
ttcagttetce
tatggaagga
ctettactgt
gcatgcacaa
gagccaggta
cctggaaagg
tggettgagg
gecetcagea

cagttactee
glggagaccg
atggtlaagg
gaaacaggat
ttcecaccteg
gecatctggea
cagggettet
acctacggeg
tataacgttt
tgtttaaaat
cetictggta
cagccgeaca
cgeggagtea
ttgcececactce
ccageaccac
gecgecactgeg
aaggeeggge
ggcectatea
acggcgaatc
ggtggecactt
ggggtecage
cgtetegect
ctegeggegt
ggaccccetta
tcactgttat
tctcagagag
tgggaacatt
acaggecalc
ggtcataata
cttacacgtt
cagagtactt
cttgggtgtt
agtttgactt
cagttttiga
atgattcaac
ctatttagea
cacatttatg
teettccaac
agectcagtt
gactttcaaa
ctttattcta
gaagcecetece
teeetgtett

tceeccaacaa
aggcacatet
gttcacactce
caaatcaaaa
gacagggdga
cteggacteo
cacatttgat
gtctgatatt
ttattttgeg
tagttaccag
aaactgttgt
cagtigtgta
gaagctacca
ggtcactcge
agaccccagg
caggeacgee
tgetgeettt
tggegeagea
caccggtacce
g8acccgagy
aggagetggt
catcgteget
gegetttetg
ggtggetecg
gegtgecttt
ttacaagacc
ttatatgttc
ctttgtaaat
aggaaaaget
acttagaacc
cttgtttaac
tttteticea
ctttttgetg
tagtcatttt
ctettggeta
aatattattg
tgctgataat
tctatcecat
tgggctgtag
ggtgttatat
ggetgggget
ttgtectiga
agacttigeat

ctcaatgaat
ctaagactgg
ttaaccattt
gaglcactca
glittcegeat
caatcatact
gacaccaaag
tgcecaagag
ttctecttca
ataaactctt
tccacggaaa
tccacecgeta
ccacacactg
ccacaatctc
aagcaacccea
tgegteecgge
acgcctaaag
tcggtgtget
gtggtggaag
aggcgecagg
geceegggeeg
ctgtggetit
gegeeeeeit
cagggglcic
tettetteet
ccagaagact
aaattctalg
aggatatcgt
gectattaca
aagatgtttgt
agtgagctca
atttitttgt
aatgitctea
tgatagtcac
cttgtggact
gacatgcage
ggagcaclgg
ttgttgatgc
agetttttgt
ttgetgeagg
atgcaaatga
ggtaacatgt
ttgcageaaa

tagatgccac
agttcaggea
attacaccat
ggactecagt
tctgagacee
ggatcacact
ccgectaaaa
atgcegeecc
taacccacat
acgcttecaa
tggegaacgta
aacggtceca
tcaaaatcac
tcgetagaga
gggactegaa
tcaccctgaa
actatgttte
ttgtgegict
cgegeectgg
tgagaggttc
gtiggegtcte
accggegtga
tetgeticea
cgacceectg
aatctgagag
tagaaccget
tccageaatg
gcagttaata
Lcatattaag
aatgcagtag
agaactgglt
tttgttttgt
aaggattcag
ttggcatcee
tgectactta
tttgtgeact
gegtgetgty
aaggeatget
atatttggeg
agagagttaa
Lgcaggectt
gggteteagt
acagaaccac

aatcatcete
ttetggetee
agagctecace
ccteactcaa
agecataacag
ggctegggat
acaagagaga
ataaaactce
ttaactecace
actttaaggt
acggatgagg
gtcatacatt
geacacacag
atcacacgcea
cacacgaaca
acatcgegag
ccggaagaca
gegeeatett
getgeeggge
cggagetitte
aggectgaga
gactacattt
geeteatage
aaattgcgga
gaaatcttgt
agtttagaaa
gggaaacact
caaataatge
caacattcat
gecacctiata
aaatgacadac
ttittageectg
tagttaatat
attatatgge
cgtactaatt
getgtgtete
tgtaattigt
ccatgaagtg
gttgggaaaa
atggcetagt
ctatgetece
cactagaaca
tggatgttta

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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



aaaaaaaaaa acaattacag t tccaaagct gacaaccctg ggttaggcac tgteectogg

3180 acagat ttga taaggtgtaa ccaagagtaa cagtgagact gctcccaaat

at aaat agat 3240 ttgaggcacc agaat ¢c aa t a tcaagtctcg tgaggaagca

aacct t ggggRYLAGekIaga3300 cagadet t atca t t giogyt Qicegcadegabddgtgzat

ttectggggt
gagggcaagce
ctctcatgtt
gagaggaacc
agtttttaaa
tccagaaatt
tcetetceeca
ctgcatctee
agagcatect
catatagaaa
tecetgetttg
aaaaattiga
acatcctcca
gecgatgtage
tagagatctg
ttgatagaaa
tgettgtegtt
atgaaaatcc
tggggaaaatl
taggtctcac
cactgtttet
ctgtacacag
gtittactca
acaaaacaac
attgaaatac

<210> 5

E11> 27
{212> DNA
213>
<220
223>

<400> 5

tgggtlegagga
agglggggac
tgctetttec
agaaggagea
tcccataaat
tggttcteag
ttgtcetete
tgatggtttt
ttgtaagaac
agcagggeag
ggaatgatta
tgccagaatt
ttagtttctt
aagtgagatg
atccaacctc
attgtgeact
atgttccaac
tgtatctaag
ccatcagaaa
cltgagaatt
taacaataag
agcattgatt
tceceeattte
ccecccetecee
atatatatca

forward primer

teceetttgec
ttgtaacttg
tcecccaget
cctateagec
atttgettte
actttceccat
cectetgaca
cgtetgetag
tgaagtttga
gtggtegttgg
atgattiggat
aaagtctagt
tagcttaaga
atcatctagg
gggatccaaa
caataaaagt
ataatgatga
atagaaaaca
tatttittgt
tattgtatge
gaaaacteca
tgecagttaaa
ttetgteace
geaaagacct

artificial sequence

gtttfegteg tttttegtte ggagate

<2100 6
211> 25
<212> DNA

213> artificial sequence

{2205

tceeectect
geattctagg
ctaccgtege
cttgaaattc
cttatcttga
tttagggaat
aatgcccaca
gaggagaaac
agagatggaa
ttggtttcag
atgtaattga
ttgacgttegg
ggaagaaaag
tgggtgagty
ataagaggat
tatctccatg
actttecatet
tgtttceata
tgttattgtt
caagtataga
tttagcttga
aggaatgttt
tttcacattc
geeecatete

tetcatttic
aactgtgagg
aggactctge
taaaagtcat
aactticcac
agaaggacca
gatttattct
teatttiecct
tgaatgctta
tttcagegea
ggtttggetg
acagagcatt
tacagagctg
glcagggett
gtitgagtca
gttttteceea
ccaagaaaty
attttaaaaa
attccaaaag
gtgggeagtlg
ttttaatttt
gagaacaatt
agtcecacce
ctttcatcee

ttgglggeca
caagcetage
cetteeceaa
gtceettgte
ctgggtteca
ggcaggagtc
ctatagcatt
gtatgaaatlg
ggageaatea
tggtacagtg
ggaatccate
tgaatcetgeg
aggatggtga
ggaaaageet
gttgtttcac
tgaagaaaaa
cttgacttac
ataaaatatt
atagaagtga
tgetttatta
catceccagac
tgatcattet
ttcttgtteca
actgtgaacc

27

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
41380
4440
45600
4560
1620
4680
4740
4800
4860
4920
4980
5000



catacatagc acctctattt aatgcagaca 3360 gact tgc tag gctgaattec t
tatcattgt cacacacaca tgaaccaaaa taaaatatgg 3420 cagggagatt ttagaaacce
tactgtgaca gcagttg Lcc atgcagtagt cctgtaacaa 3480 ccagagacga
ggcat t Kber edvgegi gtiger ttctcatcca atcacacata tccattcat t

400> 6
getetegete teogetattac teget 25

Q21> 7

211> 23

<212> DNA

<213> artificial sequence
{2207

{223> forward primer

400> 7
tgtgtatgeg cgttittteg tic 23

210> 8

211> 23

{212> DNA

<2137 artificial sequence
220>

223> reverse primer

<400> 8

acctatatat ccgecgetee gte 23

210> 9

211> 24

212> DNA

(213> artificial sequence
220>

223> forward primer

<400> 9
cggeepttgge tatgtttagt agte 24

216> 10

211> 29

<212> DNA

{213> artificial sequence
220>



3540 cc ttcaagca acatttgctg agtgtatact atgttc tagg ggtaat gagt
aaaaataat t 3600 gt Lc tgaaat tacaatcctt gcagtatctt ttttaaaaga
gtgggtgaat tttattctet 3660 gtgtaeaata gtaggagtga aat at ggtac
tttett abbo eagesd paigge tattat t Laa 3720 atgtatcatg acatgttaat at
tttgagaa tgaattattt cattgggttg cagaaaaatc gtgtagtcat ttgagtaatt
tttactgtag acctagaagc gccaatccaa attaatcaac ttgeaagata acagcagatt
aattttéé%(g’ {tt aat aaca gettctatac aagatattaa ctcagaacag taactgtaaa
ct ggt ggaacicgimaagigidsaca aaaacgete 29

210> 11

211> 28

<212> DNA

<213> artificial sequence
220>

223> forward primer

<ANO> 11
tgacggtttt ttgtttatic ggttatte 28

210> 12

Q211> 21

<212> DNA

213> artificial sequence
L2200

(223> reverse primer

400> 12

cgaacgcaaa cgtacctacg c 21

210> 13

211> 26

<212> DNA

213> artificial sequence
220>

223> forward primer

400> 13
gettaagttt tttlityggy gtagtt 26

{210> 14

211> 26

<{212> DNA

{213> artificial sequence
2200



aatcttttga tgttataat t gtagaaaata cgt taccaca agfittattt tcaattctta
tttt tcaaaa atatcttaaa atgaa tat tc ctgtagccc t tccatctcta caatt t
taat ctattcattg gtaagtttaa agcaatttgt ttgttagggc at ttggagat

tctct actby aggetgacinkr gc taat tgat tgatgacacc tttttagcta gcaaataatg
atgatgt tat gctatgactt tacaattett atagtattgc ctaaggtagc etaacatata
agtt at aaat gat gagaa agattttacc cttcaacttt ttaataagaa tattcatatt
tattata 3 gtcacaag ttttcatcag taagaaaata ttgaaggtgt cataaagaag
ccat t t tiggtect tat @atgetac catcaggatta att gt ggagt gattattaaa caat gctdfaa t
t aat aat ag aatgatttag aaaaagt t t a aaactgaagc aaat gaggac tggagttctg
ttaatttgca aatgcattta taatatagta ctcttgccaa ctgtcatcag aactaaaaca
agt ggat ggg gagtttgtta ggaaatgaat tacgcccagg ttagagatgg ttaaagctat
tttcaat@di’ thatttgcaa atgtgggatg act gacacaa ctggtc tgcc aagatcacat
at gtgaaapasfittgetcat ccaaagggta aaacaaagat aggacatttt aaatacat tg
tttcatt ﬁg)g@taaaat t t aacacagc t c at gacaaaga cttttatgga

tctatac i%tcagcaa gaggaatgtg tattaaatac tct t tggcac acagc tgtag
aaaacat@td actaficat tsauaeaat atca ttgatacatc catgtcttga cagatgagaa tat
t accaaaca@maaagtaag tatat ttcaa gtgttttatc aatgcatttt atcacagtta
ettggtc .C tc agacttttct caggcctctt ctgct ttatg c taacgggat
<218§ 4&%%1§§%§%§§9%§328 DNA <213> ggnn sapieng <400>g4 gacgagggtg
t agact eaca tcagagtcag gtgagaaagt gfitggtett cactcaacac agaacat agg

gt ctt ga@o@ ¢% cacaagt g aat aaccaac aagctgcaag aaccgagata tctaattcta
taccct ghge,..Aat 9aLSGGE . dgt9alit ttg aagtggccat aaaaatggta tttecttgct
agt gggat gt” adagat'gat g acaaataagg tgaaattcaa ctctgagct t cccagcatta
ggcacgaaga aaagtgtgct tgaagaatgt gcctectagt tgaccaagag ttcatcatcc

t agaagaaag ttcctccata taaagggaaa actttttgca tcaagtagga ccatccttgc
tgcttataig, ¢gattettect aaetaataaa tteeaccaca gtaaagaggc ac ttatactc
tataatg%ig>%gtaaatttc ttagcct gag agcaaat act ctagagccac tctaccetct

t aaat ct aagttgtc attaaatcat t ttatggaca tggetgaaat tcaccgcacc
aat at ggt2ge> DNA

(213> artificial sequence
220>

(223> reverse primer

400> 16

ctaaaaacrc aacccatcce tc 22

Q210> 17

211> 27

212> DNA

<2137 artificial sequence
220>

223> forward primer

400> 17
ggaattttat tttgaaattt ttttgtt 27

210> 18

211> 33

212> DNA

{213> artificial sequence
<2200



ttgtgtagcc tatgacttca tetttggcag agat ggctgg gacgcatgta tcgccectte
cctettgaac actgtetect ttttaatatc tttatttgac aaaaaaaaaa gctatttgaa
tacaaggaaa gttttggaaa tccacctact gaggcttggt at t aat gaat ct
tt gt accE2paratcagmeninétaagat cag t cgcaacact caactgtccg agtaatcagc cc
t caggaca aacaaaaeaa tccacatctg atgcageetc aagcatct t t gcagaaagaa
ttttacqﬁﬁb @ftttcaaat agt cttagag aggtttgagg ggacaaactg gtcctgaccg
gt gt aaagt ¢ attaacaact tttacatctt atagatgtaa tccttcgaaa caat ctt cca
caacgacéedct acyyeerdaydtt@gRaeatcgcac tcc tee atccggettc ctgcggegec
cogget gcgc gcgcggecgc caggcgetct agaacgcaga cccgccggcc ceaggt geat
tgfittgeat ttcatgaggt aacttatact tgagtggatc t t at aaaagt aattatttca
tactccttta actgcgaata Lgtgttagtg etttgettgt tgtgccaaaa t tcagt tete
tat gga Ggh Btcttactgt gcatgeacaa gagccaggta cctggaaagg tggettgagg
gecct edgélr 3gcattagct cagttactcc gtggagaccg at gg t taagg gaaacaggat
ttccacchen geatctggca cagggettct ace tacggcg tat aacgttt tgt t taaaat
cet tctgata cagccgfaga cgcggagtca ttgcccactc ccagcaccac gcgcactgceg
aaggccgggg gocect'at ca"4lyycgaat ¢ ggt ggcactt ggggt ccage cgtc tcgect
ct egegdgédft” ggacccetta tcac tgt tat tetcagagag tgggaacatt acaggecatc
ggt cat aab® eitvacpedtdrcagagtactt cttgggtgtt agtttgactt cagt ttttga
atgattcaac ctatttagca cacatttatg toot tccaac ageetcagtt gac tt tcaaa
etttatteta ?aagccct cc tecetgtett tcagtcatat tocceaacaa aggcacate t
gtt eacdé090l%aaat caaaa gacagggaga cteggactcc cacat ttgat gtctgatatt
ttattttigggaagt taccagtfaagdgtdtgt cagttgtgta gaagc tacca ggtcacsegce
agaceccagg caggeacgcc tgctgcct tt tggegcagea caccggtacc ggaccegagd
aggagct ggt catcgtcgct gcgetttctg ggt gggtgcg gegtgcettt ttacaagacc
ttatatgttc ctttgtaaat aggaaaagct acttagaacc cttgtttaac ttacttcca
etttttget@ Pagtcatttt ctettggcta aatattat tg tgctgataat tctatcccat
t gggct gbag ggt gttatat ggctgggget ttgtccttga agacttgcat tageatcet t o
tcaatgagg cb agactgg t taaccattt gagtcactca gtttccgcat caatcatact
gacaccaday @Eccaagag ttetecttca ataaac tett tccaeggaaa tccaccgcta
ccacacdety ecdcaarttseq@mageaaccca tgecgtccgge acgcctaaag tcggtgtgcet
gt ggt ggaa® aggcggcagg gccegggecg ctgtgget tt gcgccecett caggggtctc
tttttttt%%}cca?aggact aaat tctatg aggatatcgt gcetattaca aaatgt ttgt
agt gagcred BTt PIg¥ aat gttctca tgatagtcac cttgtggact gacatgcage
ggagcactgg figttgatge agetttttgt ttgctgcagg at gcaaa tga ggtaacat gt
tt gcagca@® 2@t ccagcagc tagatgccac agttcaggca attacaccat ggactccagt
tctgagq%qﬁmg atcacact ccgectaaaa atgccgecce taacccacat acgettcc
t gggaacHt & adegyt ecca t Cadaat cac tcgctagaga gggact cgaa tcacect gaa
actatgttte ttgtgegtct cgcgcectgg tgagaggttc gttgggtete accggcgtga
tctgatcca cgacccectg aatctgagag tagaaccgct tccagcaatg gcagttaata
tcat at tgag, @ﬁtgcagtag agaactggtt tttgttttgt aaggattcag ttggcatccc
tgcctactta fttgtgeact gcgtgctgtg aaggcatgcet atatttggcg agagagttaa
t gcaggéétt” gt ct cagt acagaaccac agtagcatta aateatccte ttctgge too
agagc teatchect eact caa agcat aacag gget cgggat acaagagaga at aaaac t oo
ttaac teapc achifaaggt acggatgagg gtcatacatt gcacacacag atcacacgca
cacacgaaca aeatcgcgag ceggaagaca gegeeatctt getgeegggg eggagett te
aggcct gagy gactacat tt gcctcatage aaattgcgga gaaatcttgt agtttagaaa
gggaaacadei> bcaadfaatgeugadcabf OBl gcaccttata aaatgacaac t tttagcctg
tagttaatat a ttatatggc cgtac taatt gctgtgtetc tgtaatttgt ccatgaagtg
gttggga ;ggcctagt ctatgcteec cactagaaea tggatgt t ta ggggaaatgg
ttcctgg%@% g gggcaage etctcatgt t gagaggaace agtttttaaa tccagaaatt
t ect ct egtht idhge dteetee cagaprat et toalt lat agrddast et gort tiptaddatt tt ga 60
ac at ecta%@?g%%ggt lﬁ{g@gé?ttttég’?&?{t%éﬁﬁt tgtgatggﬁag@g@ﬁaea%gggt gk @tla Bgaaaat ¢go
ggggaaaat taggtctcae cac c. t ctgtacaca fttactca acaaaaeaac
 Soaan Lat Gledatagy “Eouit Ealen Ltrttoat ittt tip B agga B0
Leccat #aatsd8G0t tasroagnans LEiescsadsée tapasgoiatt satit gegslgahie tagesiggggag 240

ggtgggtggg agaaggagtg tgtgtggtgg gygtattttt tygtgegttag aattaaaglt 300
agaattgatt tggggaattt gtgtttaaga tttgaatttg gattagaagt laagggaaag 360
agaaagitgt ttaagaaaaa agggagaaal ttttattagg ygaaaataga aatygtlgat 420

tgggtttgtg gttggagagt tgttygtggt gttgattttt ttttattggg attttagtea 480



ttgcagcage teteattttc aac tgtgagg aggactctgc taaaagtcat aac t ttceac
aaaaggacca gat ttattct tcatttccct tgaatgetta ttteagegca ggtt tggctg

aeagagcatt tacagagctg gtcagggett gtttgagtca gtttttccca ccaagaaat t at
t ttaaaaatataghecgaasgagt gggcagtig et tttttaat ittt t gagaacaattaggt egcacce &40
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ttett gfthgt@&fggt eLat T2 ATt b1 et 124 t@%lgﬂa@h@aeﬁzéé”&a@ﬁédzﬂc i cial 780
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<223> r%aeﬂst@agrumrL@@owtet@@ttét@g@ﬁéta%gét@tﬁﬁaﬁt{ ég&ttazgteaszlm 7900
<211> 23at2kdra MALc2b3z aabifiteiataSeguanceasdd0tat tattttatta 960
aatagataag gaattgaggt ttaaggggta agtgatttia ttaagattag atagttatag 1020
gattttaatt tttttggagt ttgtattttt attgaatttg gtttttttat atattttaat 1080
attttttttt atgatttttt gtttttitat tifggtagttt taatglttttt tatttttget 1140
taatttttag gggattagegg atttgtattg ttgatttget ttaaattaga agggaagtaa 1200
agtaaataaa tatattaaat gtgygttgtg tgggaattat tataygaggg ttttattttit 1260
tgttttagga agaggtttta tgttagtagt tttaglttgt atttaggttg attgtagagt 1320
attttgtttt ttatttttat gttttagttt tigtatttity gttitttttt ygtttitegt 1380
getttttaga gaatttyglg ttittttagt tttrtttttt tatattttgt ttaygtagag 1440
aagtttttgt tttattttgg gaggttaygt gggtttiygt ttatatatyg agagaaataa 1500
atagtgttaa atatttatag agagaygygt agatataaay ggatttatay gggtaatttt 1560
ygagataaaa tttatattyg atggatttay gyggtyegtge aaatatttgt ygttttagaa 1620
atatttaggt attygygata tatatagtat agttayglti aagggtatta ggattiygeg 1680
tttgygygta tgygygetit ttttggatgt tygtgygtat agatataata ttttataygt 1740
tttagattta ygasatttit tayggtttag ttttagttta ttygggtygt ttttttttyg 1800
agegyogtttt tygtttttit tttittyglit tttitttttt tttygttitaa agatgtataa 1860
aatattttty ggaagtaatt tyggygttta gttttttttt titygttitt yggtygtygt 1920
ttttttattt attttyggty giygtyggtt aagttttttt tiyggygtag tiyggtttty 1980
gtygttttty gttyggagat ygyggygtat ttggattttt tittittatty gttagtygtt 2040
tygttttygg attttayggt tgtaaattga tttggyeyegy gEggaggagg agagygtagg 2100
ygagygaatt ygygagagag ggagagagyg agygaglaat agygagagyg agagygagag 2160
agtveggpage tagagggagt agtgatygtt tttyggagty gggatttatg tttgttttyg 2220
ggattagyga aggggatttt ayggttgagt atgagttagg ttgttaggag ttaggtattt 2280
ttaygtttgt agttttygye tygtgttygg aatgygagtt gtaygtagegg tttttttaag 2340
tttttatyga gtygaataaa aagygttttit tygtagtttt tygttaaaga yggatattga 2400
ttttaggtaa ggyggygtyveg getgtagygt ttygtagttt ygttgttttt ggattygett 2460
tygggtygta ttyggggygt titygygttt ttttgttttt ttttitatyg gtatttttgt 2520
tygtttttta tttggtygtt tygtygtttt taagtttttt ttagttttag ggagggggtt 2580
tttgtgttte gggtttaaag gpttaattgy ggetttgagt gagtgeygtg tgtgtittyg 2640
ygygttttyg aygtgtgtat tatggtgegga atttgatgtg gtgttagtgt gtttgygtgt 2700
gyggygtygt ttgygtitga tgygtgtgtt ygtggtatgt gtglgtgity gtgtgtgtaa 2760
gggaggeetg aagagagaga ggttttataa tttatttayg gygygatgtg tgtgtgtatg 2820
tttgtaygta tgtgtttgta tgtgtgtttt ygtgtgtttt tttaattagg titttitagt 2880
ttatayggaa tggpattttt attataggat taygtagtta tygggaaatl ygtigtggat 2940
ttttttttge ggtitigggt tlggpettty gggagegatta tggggttgta gatggtattt 3000
tatttagttt aatgtiggta ygttigaagg aaaatttttt taaayggtgg aatttigtta 3060
tattgggatt tatagtttaa tatgaaagag atatggttaa tttiygaggt aaatgagayg 3120



<223> forward prinmer <400> 7 tgtgtatgcg cgtatttcg ttc23 <210> 8 <211>
23 <212> DNA <213> artificial sequence <220> <223> reverse prinmer

<400> 8 acctatatat ccgccgctec gtc23 <210> 9 <211> 24 <212> DNA <213>
artifi aitaltsequenaet 220> tg2283aft ot Wanga i tmgggtﬁﬁxmgaggmgi t ggg 3180

aaaacg@fiedd tesd glaggeatsf it ﬁﬁg%ﬂzg’?yﬁﬂlﬂtﬁﬁl@&aﬁ 1596

sequend 2 BA8E UyBitre, B Tngs U i LGl f“é%%aaa@%ﬁﬁ

ttttgttegt tttgeeeagg atttgegtaag tttgtatgga tittttttag gggaaaggag enC633360
aaagygtttt yeggpgatttg tttatttatt atagltgtaa agggttitag aggaaatttt 3420
atttggggye gittptggatg atatggaagg agatggatgg ggtatttttt taagatagat 3480
tygttttttt ttttttattt taggygggga agtttitaga gagttttttt ttaaatatgt 3540
ttitttatgg tttttttgga gtiagggeea tattgagaga aggtagagag glggagaggs 3600
agagagagag agtaagagyg agagagaggg agatagagag agagagtgtt ttagtattga 3660
gggagattta taatttgaaa aggggttgtg agtgtggaat ttatgataga atglggtagt 3720
aattgattta aattgttgty gptttgtatt tygygttttt tatttggttt taaaatattg 3780
ttaaggetag gegegeryeety gaggaatttit agttaggaag gtagttiggg ttaaggtttt 3840
tetttttttt ttttttattt tttgggaget Ltittaggta ggttitttgg ttattttget 3900
ttggtattgt tggetttggg ttttgggett agttattgat ttgattttta gttgtttett 3960
aaaggtttgt tttatttagt aaaaatgttg agttitattg ttgiiagtat ggtttttaga 4020
ttyggtagtt gttatttttt taaggtaagy ggtagtygtt ttgtttttag gtagggaggt 4080
taggagaaga taagggttgt gaygttggea tatagttttt tgtttagttt agtayggagg 4140
ggtygttgaa aagltttttt aggggaaaan agtagaaata tattiggttt asaanatgta 4200
tatatatatt ttaggaagat atatatatat atatatatat taattatata tatatatata 4260
tatatatatg tgtttatatt ttggeogagag ataaasagtaa atatgtatit gtaggaattt 4320
gttttagtge gtegggtttta tttgtaggta tttgtagata tattatttit tgtitagagg 4380
ttgatatttt aggttpaagt ttttatatag ttatagagaa ttttttttag gaaatttatg 4440
ttaggetaga gtttttigpga ttattttgge taggggetat tagggttaag gaggagattt 4500
atttttegga attgttitat tttttttttt ttttaatita tagaygatyg aaatiggaag 4560
gaatattaaa gagtagaaag gtaggatttt gtgglitaaa gagggaatga gaatttttta 4620
atatttagta gtgggttagt ggtatgttta ggalttagaat ttaggtitat taattagtta 4680
gattaatatt ttttttattt tttitagtaa tatatatitl aggattgtat attgttttta 4740
tttttatitt gtiaatttgt tatiatgatit ttfattaaga taatygtttg ttttttttta 4800
ftaaattita tatttttaga gatgtatttt agggtttttt tatttggaaa tatggtittg 4860
aagagaaaag atttaatgtt ttaattatta ttitygaaag atatatatat atatatatat 4920
atatatatat atatatatat atatatatat atatataygg tggteggggges aggattgaga 4980
gagagataga gagagaatat 5000
210> 22

211> 5000

(212> DNA

(213> unknown

(220>

223> bisulfite sequencing of PDESB

400> 22

agaataattt tgaagtatta ttttattttt agaattttitt ttgtagggat gtttgaggit 60
tgettaattt ttttttttgt tiaagtttgt tttfttttat tttttttttt tatltoritt £20



<220> <223> forward prinmer <400> 11 tgacggtttt ttgtttattc ggttattc28
<210> 12 <211> 21 <212> DNA <213> artificial sequence <220> <223>
reverse primer <400> 12 cgaacgcaaa cgtacctacg c2l1 <210> 13 <211> 26
<212> DNAax218P pantdfdagh dtasequenceas@ 0 t <23zt ftgriwanah tpt iater <4008

13 ggt tt%%?éatattt{ tgtttLHt}é%% g%%@g%%@ fat0zahe 5&%@%@ é@&%ﬁt% <2133

artificia rever se I’I t act ecct C&

acctecéﬁé%“@@ﬂév@éﬁuﬁéﬂéi@fétQéii>“¥§tgﬁﬁ'>g$%M@%§@3ELQ%FF$V%|aI 00

sequendeam220xg <Z28H drot Wardagunigrerg tedditalfagaataag gttagatttt 360
ttttgtataa ttgaatttgg gattgggaat gatattttgt ttttttatga aatttagaaa 420
ttgtttttteg aagttittat ttagtiatat ttaagagtgeg tttaggaaga aaaaggaaaa 480
taagaatgaa aaasasaataa aaaataaatt ttaaaattgg atattittit gtgttttgta 540
ttaagtttit atgttattgt ttttgltiygt ataagtaatt ttagataaaa tttttittta 600
gattatttaa tttatttttt ygtgttattg tgaaaatygg gtaggaatta ttgygggaat 660
tagtgattga atgggtagtg gtgtttygta gttgtaattt agagtttata agggaaggat 720
gaatagtagt tattttttta aaggtatttt tttttetttt tagtatagtt tagttigtgt 780
atgttttatt aaggagaatg agggaapggtt ttgttgattg tttagtitag agtgigagga 840
atagtagttg atatgggyvgeg ttggayggga tagaaattag tatgaatatt tagtgatatt a00
taaggaagag gtgaaaatgg gpgagaaagt taagaattat tagatagttt tittttgttt 960
ttgttttgga ttitaggega aygtatgtgt ttaagggtgt ttttittygt agggittitt 1020
attttttget ataaattttt aaaygatgag tagatatgga atgggttttt tttgaagatt 1080
gggttattat ttaatttagt tttyggagta ggygetgeps ttgpgggaag aggayggaat 11490
tatgaggttt ttttattatt tttygggtgt gttgagaggt aagtaaatgy ggtgggtege 1200
tttgggttegl agggtttttg ttattiygge aggggttttt tggtgtttag tittgggatg 1260
tgtgaaaatg tgttggtegaa aagygagagg tttatatagt tttttagggg aagaggegtt 1320
ggggygttegg ggeygeyety geggatgagly tagaagagay gaggtttilg galagyggag 1380
gaggaggega gggyglygag gygygelytt agttgtygyg tatagggglt tygyggygea 1440
gtygagtygy ggglaygttt tgltitgtyg ggagagttty gggagyggyg ggagggeyes 1500
aggggygtag tgggstiygg gyggtltgyge tygyggagty ggggtatlitlg aggaggaagg 1560
aggetgggag ygagggaggy aggegayger vgtagatyga aagtggggaa agaaggtgla 1620
ggtaggyggg taggyggeyg geygltitigy tttaggetyg ygeglgyggsg agliyggyga 1680
ggtygagttg ggygeygeyveg geggetygyegl ygagggagga gggegaagegys gaggygysges 1740
gagygtgttt gggeygtygy geysgegagy gtegygetys ttggtaygyg yggegygtitg 1800
tgtatgygyg ttttttygtt yeggegaggaa gatggtttaa aagggaaagt tggggtgayg 1860
ygygygettt tygeagglty ggygeesget alygyggtta gttygaygga gyggyggata 1920
tataggtygg gggeygysgta gttygggygt ygtygyggty gtttttttat tgtaggtget 1980
agygegteyg ttgggtilyg gygetygygs gygygreyeg gygygyeseg gagttyggty 2040
gagggatgge ttgvgttttt agtatttatg tttygtagag yvggyvgigatt tattgtyesg 2100
attyggayga gtttagttyg tttygttaga ttattagygt gtygtagggt tyggyggtat 2160
tittgttyge tttitttygtt tagatygayg tygiygaygt tattttttyg agtygygygt 2220
yeggattttt tagygtagtt vgygttygta gggttygtat ygagtigggl agyggtagta 2280
gygyggeltl ygtagtttty gtygygalta ttagtagggg tyggaggygt tattgttgta 2340
gtagygtyga ggtygagatt tagatttgit atattagygt gaaggtaaat gtttygygtt 2400
ggtatayglty gtgeggetyg ttygtttygt yggyggegtt yglaygggta geegetttyg 2460
gyvggagtteg gigatygtga ggyggttggt ttggagaggt tgttattaag gaggagttta 2520
ttttttattt glegpagatga tgggagitta ggasatgtgg ttagaaaaag gtittiggag 2580
goggttttgra agygtitita gttggttttg ggggattgee yggggaagge agygtagaag 2640
gaagtaggte getlggttty tttttttttg agggtaggaa ggttgtegegtt tggtitatgt 2700
aggaagagee gleggeatta ttgagagtal Cyggtggtta gittigttga atgaaatttyg 2760



ttgtggygta gaggattatt agtttggt28 <210> 16 <211> 22 <212> DNA <213>

artificial

sequence <220> <223> reverse priner

aacccatecc te22 <210> 17 <211> 27 <212> DNA <213> artificial
<220> <2238ctghgt waszdt praveers <400l Tt ggagdiist tadt thtdggaaatdggatdd t gt t 2820
@Lﬁ%%QEUi<223§880

<210> Jf@agf?g]tl%t 3c?ta.f8

reverse

oY S Bl By A

cccactt

1%@88&%”1

a aat?aa

i 8P

tEP#%t§€€£§§ éﬁﬁthﬁtééta{aég%g

ac ta

aaaaaa aac3

g@ﬁu%ﬁééa%ﬁﬁbétgﬁﬁggﬂTorma

<400> 16 ctaaaaacrc
sequence

égalo

primer 2e400agh asagt yaygott et tatgt ¢ teavet yiggt tiapy Boie<R gt POta<211> 3960

<212> [MPagsRl3p hbhiiyehalttaesRRCRRe20ta

ygtggttttt
tagagagtgg
atatttatit
tttaaagtat
ttttttttta
ttttaatgtt
atggattatt
gatgaaggta
ggaagtitaa
atgaagitig
ttattatagt
ttttaattat
aggatttatg
gttatatttt
ttttaggagt
attattagta
ttgtgatagt
tttgtttttt
tttgtttagt
ttaagaggtt
ttagtagttt
ttgatttggg
taatttatit
atattatttt
gagttattta
gtatttttet
tgtittegtgt
agattaagta
ttttattttt
tatagtggtg
atgaagtgta
gtttgatitt
tgaggtatta

<2100 23

<211> 5000
<212> DNA
213>

agtglagtat
gattttgagg
tittaaagata
ygttaaattt
glaaataaga
agatagaatt
tgttaaagat
gtttataglg
aagttttita
attgatgitt
aaaaatatyg
Lgaatgttaa
atagtataaa
gtttttgtta
aatttitagg
aagattattt
ttatgaatit
agaatattta
agaagaaaga
gttiagagat
gtataaatct
taggagttta
taatttatta
gtattgtgtg
tgtaaattitt
aggtttgtega
ttttttgttg
trtttttttt
ttttaaagta
gaaggttigta
tttttattat
ttetteteit
tgatgttaaa

unknown

agttgtttga
aagtggaaaa
gaagaaaaat
aagaggtttt
taataatggt
atagtttttia
atatttgtat
gaggagtgag
atgaatttat
gttigtggtt
titattgagt
tagtgtgatt
tttattagtt
agtttttttt
gatgaaaatg
ttttgtttga
tgtgatattt
taattttagt
atattgaatg
taaatgaagt
gtattaattt
atttattttg
ttgggaatgt
gattttagaa
atagaattat
ttyggtegttg
ttgagataat
gtygtaagag
tataggtgga
atagttttta
ttatttggtt
tittitagta

ggatgatttt
aattgtttag
aattatttaa
ttattgtgta
atattttatt
tttggttaat
ttttaatagt
gagaaggata
tittitttta
gtagtgtttt
atttattatg
ttagtatagt
gtttattygt
tttttetttt
ttaaatttgg
ygettgaaga
tttttggtte
ttagtatttg
aatttatttt
anaaattgaa
tattgttatit
ttttattaag
tggaaatgaa
agtatatatt
tattatagaa
tattgttict
tttataaaaa
tttgagatag
daaataaaat
tetttttttt
tttggtattt
ataatttatt

gtagagttat
gtatatataa
atggttaaag
atagtgtttt
aatttggeta
gtatagagag
aggttattaa
taaaaattlg
atatgttttg
atagtatttg
tttggtagta
tgttaggagt
atgtttgaag
tatagaggta
titttgtitat
tgaaaatatt
tttpgaagtag
ttttagagaa
gtaattttag
gtataitttt
gggataatga
tggtttaagt
aagattttia
atttttgett
tgaagigaaa
ttgitttaat
ttttaatygt
ttttatattt
ttgttaggta
ttttattatt
ttggttatit
tttagagtet
ttattaagty

yglgaggegga
ttgatttttt
tagtygttaa
ttygtatgtt
ttgggttitt
aaaaaaatat
gaattatttt
gtttttatig
gtittaattit
attgtttaat
attataatta
aagttttttt
attagagttt
tgtgttgaay
ataaagttag
aagttgggat
tagtitaaaa
attgtgaatt
ttattttatg
aatatttttt
gttttaatta
attaaaaggt
aataagagtt
tattgattta
titgagatia
atatttaata
aaagtttata
atttttttgt
ygtggtggty
tggttttgtt
tatattaatt
aaaaatgtgt
tttagaatga

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
A740
4800
4860
4920
4980
5000



<223> reverse prinmer <400> 20 taaacrtaaa aacaacaacc cracct26 <210> 21
<211> 5000 <212> DNA <213> unknown <220> <223> b sulfite sequencing
of 98Cl1 <400> 21 ggtttttatt agtagggtag ggaaat aaag gagagagaaa

0ot gggtggey agaattgatt agaaagttgt tgggtttgtg tgaagttgtt t tgttgttta
agaaagabag goaapgaadduadangeagikrt ggggaattt ttaagaaaaa gttggagagt
tgattaygtt ttaatagtta ggaygaataa gaggagaggt tgtgtggtgg gtgtttaaga
agggagaaat tgttygtggt gttttagatt tggaagtaga aggaaggaat aagagat agt
gygt at t4pPg> ¢t gaatttg ttttattagg gttgattttt gat tt tagaa ttttagttgg
ggggtahﬁ@@a@ﬁﬁdh&ﬁg&@kg&wﬁ%@l@k@g gﬁﬁ&@gﬁﬁgttmgaaaalagaﬁhttg@ttggg 60

ttgtattatt

aatygt Lo8 %%??t@%?ﬁ%‘@g%%?%%& e P B AR ST e e\’? tatttt o
gttttt tttaggtqaaittétﬁaté @@aagﬁa@tg@tt‘é%?@ttW@Fé&%ﬂ%@@éb@ﬁ‘aé@“@& Wt aat t
attttttgahitt taat tddttag-agt aaatt@aa tgtttttaggeatattbt tigt ktatagitd t t aga240

tttt
:Sgyggttﬁgt aa?gtg%tttgg PO BARR At OO Httt@)l@é’tg%t@tégta%%‘%t“a 300

fttttattt gtytttttyty gaat t
ygggag§m§65WE%§yUéWS$%$@t$¥69g$¥@1%%E@@%??%F V%@@@ %gV%%ﬂgébta 980
tygt t t tatttat tttzgt gttt tropgyagtieht aygeoygangtamgt tggnagygytgsaattgtaygt a 420

ttatayggageddht 34b06: tat {{aghddoot Alil@gQALL aatgatagty ttatagaaat 480
ggagtgtegtlt ataygtatgg gggagtaggg ggtggagtay gittgttagag aggggttaga 540
tatggagata tgtttttatt tttagtagag aaggtitgtt aagatattaa aagtatattt 600
tattgttttt tttttttatt tpttggagtg tittiiggit ttgtttttta gagttgaaga 660
tgatataaat tataaaagaa ataaatggta tygttigggt ttittgattt tataaggttt 720
tatttaattt aagttttggt ggatagttita ttttttatta gttgttttaa tttatagagg 780
atggagaaag aaagtattga atgagatgtg tagtttaatt taatgggtat ttgttagttt 840
taattatttg gltaggataa ttttatttaa gttaatggaa tataaaattt agtagttttt 900
atggagattl taatpgtgttg tagaataasat tatagataaa tgaattgttti gaaagaataa 960
tatgaggtay ggttazataa gtgttgigga agagaaagat tattgtaatl tagagttagt 1020
tagagttagg gttttttgga aaagtgagal taatattata tttiygaaaa ttagtgtggt 1080
ggtggtgtaa gtgpaggaaa atgggaaaga ggtaatagtg tttataaaga tatagaggta 1140
gasagggtag aggitttggg atagttaaaa gagaagttta gttgaggeal titttgattt 1200
gattagtagt aattagttat gattaataag gttttttata ttttaaagal ttagatgeag 1260
ggataaaaaa ttatttaatg gtagatigtg gtagtttttt tagagatata gagttgggty 1320
ggatgagttt aggtattgay gtgatttatt attttttatt ttaaagagta aaagggaaat 1380
taaagttaat tatttttayg aaataaaaag gigttttitt gtgttttaal tatatggata 1440
tattttatta gtttaaaagt attttittat titttittgl tattgtgagg atttgagtta (500
gaagaaagtt taaatatagt tattgagttg gaaagagigg aaagagaagl aasagagggesg 1560
aagttgtagg aaggaygaag ttatttttaa gatatatggt tattgtttat attaagtaag 1620
ttgtttteeg aaygtttttt tygagtagtt agaatgttta gtagtggaag atatttttat 1680
ttttgtaggy gagttttegge aagttgetta atttgtaaat gttaattttt agtagtgagt 1740
tyggtitayg tgtaaatiaa gatttgggga aagagtaggg lggetggtat ggttgataat 1800
gttattagtt tttttttttg atttitgtege tygtgtittt atttatttit atttagttat 1860
attttatttt vegattiglg atggaygttg ggtttttagt aattatagla agtgtttttt 1920
tygtatttts ttttttetta tttttatttt tatttttaat tattatitta gygatggagt 1980
ttattttgtt ttaagtygty glttaagatty ggagaagygg aattltatit tgaaattttt 2040
ttgtttygtg aggegtvggyg ttgggtatgl ttagtagtyg yggygttgtt gttgggtigt 2100
tggpgttgegyg yggagtttat tttgtygtit tygttttget ttttgggygt itagaaggtt 2160
aggtatttgt ygtttitgag ygtitttgtt ttttttatty gtaatttttt attgtttrtt 2220
ttttttette titttaggga ggtigaagtt ggtgttggtt tttgtvggyg tlatagattg 2280
attgttttgt aaattitagt ygaggatttg aatttyggag attagaagat titiggyget 2340
gogttttttil aatagtattt tatttgaagt ggggtygtge tggagttttl tttttatttt 2400



gttttgtatt tttaggalL La attaaataat ttaagatt tt tggttatatt taat tataaa
tgfitttgta taatt Ltata gaattgaggt tttttggagt atgatt tttt gggattaggg

tatatt aat ta ttat ttt t tt tat i atattta

Lo Rk AR Bk Mt bR e ST T D b @ el S a0

att ttydgeyetdget tasgoemas atiistitagaidt tasgygepagat atatlgggenfiseaggygat t £620

agt : t : yttggtga @&ggaﬁ%t@@%tggy&@égémtt t@@gg%fy@: aég‘ahgg@mgtmgggéégt a??tg 2580

aygtgtgta y. aga [o]¢

Yoy Hithadiand Khald 3T AARRABAI O Alidad Plftel IOk trbeding,, | 2640

tttttt t‘@ﬂ&gttﬁgﬂ@ taett eaatagt agat ettt h&t@ﬁﬁbtatttt tEttadt tier bayeepariggggt a 2700

tt gt at tetbhatgitt t ttithhedtgabt tagbai g oot OOt L Qitgyvdgh t eigttagigtgtigdtagt t t 2760

ttttttt t t gt
L‘%QEtggt%t@? g%¥€t{ta §a&%¥g{%tt %&Q@EE&@HE&E%@% ggttatt Jx gatg -, 2820

tayggttta ygrita gt g ag g attg
00A3a048) b Wb Gia= a0t gt TR 08 HAGYGPL LT Ut ot ag7GE0
tttygygtttigiteygy wottitagggtdg@abtgett adtggt ggoatdg@yoigitgt ttygot tdat at aa 2940

: ?;g;?%ék;%tﬁd?% %%99%1;1:% tagc%%%t;ggt ﬁ/gtgatt%gtéﬁ%a?%t%{ &%ag&%gﬁﬁtt Lttt Bhho
t

a atgtat Lga at ga%
tag L tdghtddye éﬁ@%@éﬁﬁtgfﬁg%«%ﬂe@a%&a@gw% @btt et g%%tég%&tg 060
t gggaatgtat tittttagitbt gitekk gtamtp t tygtt tagtthtd titat a@@gamaaaygaaaagaaewt aaay 3120
gé gg% y ?\{ﬁ?%@gr&é %étta%’é tetak y%t%&ig%&yéegfah@%ttg E%@atttggéﬁttttg}égtatgz E ;t'atwo
Bt Oy G E BT SOPEF TP GO RUEn FAA QR £ LG s v %f%gmgggﬂt
at ttgdttgesajayyteggttegte tlepat tivayraggeatiat sattt tezRpgesigitt l8agggaggdbo
a?a?t t fagbt%ﬁb@% %&E@%ttt tﬁttgttt;tﬁttttgt tét%ttéiatgttt ht@ttdatt ad@aagd1aot t t 1 3360
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298t ot gt ot as Hh aonraiyp it B BIehERR 4 AT 4! B CarleRf B
t gaagaat gt gt aaagaggt aatatggtgt gttttggaaa aagtatttt t840 gtagaaagaa

agtattagti ttagtteihed comprisngtollovdngtsisagt agt agtat ta900
ttttatatat tagttatttt tttttaataa tttaatgaat tagatgttat aattattttt960

at t 1 ttaaal giggagat gﬂ)\ﬁgﬂiga&@ééttspbchﬁéﬁ,at t gg agtttaggta
ttttggtttt1020 agltttagag atggttaagg gtttatattt ttaattattt attatattat

FUC tat 1t aa11960ghn: admege £ guelSETOA AR SRRy e RefRlah &
tttgagattt agtataatagl200 .
least one target gene of said test specimen, wherein the
target gene comprising, - PDEZB, PTPRR and

10 - ZNF582; and

step 3t 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 spec_imen 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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gttttgatyg gtat t tggta ttyggatttt taattatatt ggattatatt
gottygggat 1260 gtgtaaagtt tagggt tt tt tatatttgat gatattaaag tygt

tt aaaa at aagagagal320 attaataatt atttayggyg gtttgatatt tgtttaagag
atgtygtttt ataaaatttt1380 tttatatt tt tataaygttt ttattttgyg
ttttttttta taatttatat ttaatttatt1440 atagatgtaa tgtttaaaat tagttattag
ataaatt t tt aygtttttaa attttaaggt1500 tttttygaaa ttttttggta
aaattgttgt tttayggaaa tgggaaygta ayggat gaggl560 taattttt La
tagtygtata tagttgtgta tttatygtta aayggtttta gttatatatt1620 taaygat t
La ygyggagt ta gaaqttatta ttatatattg ttaaaattay .gtatatafagl6eg0
tgayggtttt ttgtieachont y( B,at W@i‘ﬂttatlé’@aénﬁhﬁﬂﬂlgﬂt%béc aﬂ-“’ﬁ%%ﬁe
Lal740 gatagtatat ttagtattat agattttagg aagtaattta gggattygaa

tataygaat al800 ghht tdddidoraYQMEPYY Bididdies avgubntiong(BRgtmidrattibygaa
at at ygygagl860 at tyggt ttt aaggtygggt tgttgttttt aygtttaaag

attatgtttt tyggaagatal920. t ygt . tag: ha a
tyggt gt gt t ttgthV t ttSpﬁﬁgP%‘%%gt 19%‘39‘%{}83% gylé]@tha?é%%%;a?‘t% liquid
tatyggtaty gtggtggaag ygy ttttg&gttgty 0992040 gygyggtygy taggygtt
tt agaaygtaga tchymryafgraphagatdtlat) iand pymsaguenedggaggt aatttatatt
tgagtggatt ttataaaagt aattatttta tattttttta at .tgygaata tgigttagtg
ttttgtttol tgt gptasparkbiaaits hethali 9ganenad ih 4t Ugiviaelot at aa
gagttaggta t ttggaaagg tggtttgagg gtttttagta ggggaaatgg tt tttggggt
gagggtaagt tt titatgit. gagag agtttttaaa.tttagaaatt ttttttttta
ftgtattttt agag{ha‘ft e § ea?’i%%% Hes t@{ﬁ?%é%ésigﬁnwt@ﬂad%%@t%a
gygatgtagt tagagatttg ttgatagaaa tgt t tgtgtt algaaaattt tggggaaaat

gotggtattt ggggbB Adb Nt ¢ yioe target gongdyBPREghas nuclentideaseqtanae as
ttttagagag tgggaatatt ataggttatt ggttataata tttataygtt tagagtattt

tttgggtgtt agttygalotdd tiﬁggmtﬂﬁ Riogast Lagl (hd %%é?t???n%aiﬂﬁ@i has

tttttttaat agttttagtt gatttttaaa ttttatttta gaagt tttttgtttt
gagggaaa t gggt aggtggggat tgtrtttit a ttttataaat
tggtttt ﬁgg ttgaﬁﬁggﬁﬁe?s%aﬁgé% agd P@t@@%t&ﬁi‘@?ﬁ@g%@,ag ggaat gat t
a tgttagaatt ttagtttttt aagtgagatg atttaattty attgtgtatt atgttttaat

tgtatttaag tbatAageadicabgedndeygag@eaigagtietdadd,t daggtlyoh tdepgiigd tilieg
gogt gggt gyg gygtgttttt ttataagatt ttatatgttt ttttgtaaat aggaaaagtt

atttagaatt ttt ERAREAR: t1tqr ot.tat: tifht
Gatattatty tot Cosiagptph: hith of ekl stk 1E 53 b AGblen ognd ghthecthe
ttgttt t tga agat ttgtat attattggtt tttttttgtt ttgtaatt tg ttttttagtt
tttattagtt attt@gethylation: sate tasatho sereenieg dnder ttogdetegminadhettiga o
gtggtgttgg atgattggat aaagtttagt tagtttaaga attatttagg gggatttaaa

t aat aaaagt at aﬂﬁ&ﬁhg%@ﬁﬁﬁ@é@@é@, ! fdihad c@ﬁgﬁgﬁhg%ﬂ%\ﬁiﬁg% g L
tgtggtttt gygttttttf taggggtttt tttttttttt t tagaagat t aaatt t tatg

aggatatygt gtt tattata aaatgtttgt agtgagttta atttttttgt aatgttttta
t gat agt toat ttt%?laéat Efoaé@ﬁégft%&%ﬁ%&?% tgg t tgttgatgt agttttttgt
L tgttgtagg atgtaaatga ggtaatatgt t tgtagtaaa tttttttgtt fittltlttt
gtattttagg t 't atggtlygtdeteciyagdhe mathykatian oee taftGoGosaucaat dhtdat deast
gaggagaaat agagatggaa ttggtt ttag atgtaat tga ttgaygt tgg ggaagaaaag

tgggtgagtg ataagaggat bLat ttéxgget%‘%n%téf fhatld: & "iﬁ{ehatv@hélggn ttﬁ%;tgfgéfgt

tgagaggttt gttgggtttt atygg ttigttitfa ygattttftg a

tagaatygtt t t tag taatg gtagttaata t a tag agaattgatt
ttLgttttgt aaggat t ta%glle Paglﬁfﬁlﬂgtb&iaéﬁt E&a@%ﬁitﬁ, aﬂa ZNF5%%;
gygtgttgtg aaggtatgtt atatttggyg agagagt taa tgtaggtttt gggttttagt
atagaat tat t tgtagtagindtttattttt aattgtgagg aggattttgt t aaaagt tat
aattttttat aaaaggat t a gatttatttt LtatttlLttt tgaatgltta tttt agygt a

ggtttggti,g atagagf att cht‘a[ [[‘3} f léégyvﬁétth%gQﬁélletis%e%ﬁ:%tc%ﬁc&t bF EhbddiBus

ttaagaaalt attttaaaaa a ac

ad

pathological change or not in the specimen based on the

methylation rate in the target gene, or using the
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yggagttttt aggtttgaga gattatattt gttttatagt aaattgygga gaaatttt gt
agtttagaaa gggaaatatt taaataatgt taatatttat gtattttata aaat gat aat
ttttagtttg tagttaatat attatatggt ygtattaatt gttgtgtttt tgtaatttgt
ttatgaagtg gttgggaaaa atggtttagt ttatgttttt tattagaata tggatgttta
taaagttggt ttggtgggta taagtttagt ttttttttaa gttttttgtg ttgggtttta
ggtaggagt t ttatagtat t gtatgaaatg ggagtaat ta tggtatagtg ggaatttatt

tgaatttggg aggatggtga ggadgbdidn fatg@lofgat @knégagﬁ@ aasisthdadr! t at
at aaaatatt atagaagtga 2100 2160 2220 2280 2340 2400 2460 2520 2580

2640 2700 27 820 2880 2940 3000.3060 3120 3180, 3240 0-3360 20
2980 3540 5000 dnEeracHames stiprie dehoons BaateAs AD I TD S e Si55 0
4320 4380 4440 4500 4560 4620 4680 t aggtt t tat tattgttttt t

tgtatatag gt ttthe tesh speamen aaanaisolajed spacimen sghagded tiremathgagoagy
agtattgatt tttttatttt ttttttttty atatatatta tat tgtatgt gaaaatttta

tgtagttaaa ttttghhaflingtdRagadiddl shaagttibadautinke, tadvikal Egﬁhelial cell,
aggaatgttt ttttatattt gttttattit gtgdgtagty tttfaatttt gagaataat t

agttttattt t ttttgtttt tgttttatta.tat tt tagat tgattatttt Uttgttta
att gt gaat ? V\Vlatanaé’O@F'&PFgedin@nc?. UsSUSncer screeni ng nethod, based
on detecting the nethylation rate of target gene in test specinen,
and usi ng t hé/.mg{ byhataloramcer screening msthiddeas ce@tml ngclaides, wdierein
determ ne the risk of having cancer, the 5method conprising foll ow ng

steps: sten 1 BRONHSASAbeR BRBRTRR B FRaPudaect (10 the

met hylation rate o guence in at l'east one target gene of said

test specinmen, wherein the target gene c isin PE8B,. PTPRR and
1OZNF5§2; and®. A cervival cancer s%reen(‘?ng method as re:cgli:edD in cEnm , wherein

the test specimen is the HPV(human papilloma virus)-positive
10 cervical cell specimen.

9. A cervical cancer screening method as recited in claim 5, wherein
the testing method for methylation state of CpG sequence of the
target gene comprising methylation-specific polymerase chain
reaction (MSP), quantitative methylation-specific polymerase

15 chain reaction (QMSP), bisulfite sequencing (BS), microarrays,
mass  spectrometry, denaturing high-performance  liquid
chromatography (DHPLC), and pyrosequencing,.

10. A cervical cancer screening method as recited in claim 5, wherein
the target gene DBCI has nucleotide sequence as depicted in SEQ

20 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
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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 nethod as recited in
claiml1, wherein the test specinmen is an isol ated speci men sel ected
fromthe grou isting of cervical snear,,6 ascites, d,. urjine,
feces, spgtump RIS FA.ben susisRbids e dbenre ag slepiig jl@ise‘fé,cff)oNOéfL
cervical epithelial cell, and post-surgery cancer tissue. 20 3. A

cancer screenlilngAmetovadiaas carceét adraaniog ametiod whesed ror Rdetéeditg nde
met hod for the nmethylation state of CpG sequence of the target gene

conprising neth i peci.fi i p i ( ,
guantitative rre%ﬂr?%%%?ll- g%&c?fitg%%@én@fggg@gkgp%&?@éé{dt fglg% %ﬁ)he
bisulftte sequencing (BS), mcroarrays, nass spectronetry, denaturing
hi gh- per f or rranclélelt]l‘lﬂ@il@ﬂcfﬁt@nﬁ dlag spraening -inPeX)to dalermine dbguasieiafg.
5 4. A cancer screening nethod as recited in claim1, wherein the
target gepe PDEﬁﬁzih%sTomre@alu@b? fRAmeHeSd ssmgriyies €ollbWiSESQdps: No:
2, the target gene PRR has nucl eoti de sequence asS depicted in SEQ
I D No: 3, and the target V(;,1§ne ZNF§82 has 10nucl eoti de sequence as
depicted in SE(f FB ‘No: P ?ngﬂ\aégsr\ﬁpggimﬁgncer screeni ng net hod,
based on detecting the nethylation rate of target gene in test

speci men, and udepg:t héemtmgltbmimathyéateo:asatterfef@p%e&equeglcendat least
determ ne the risk of having cervical cancer, the nethod conprising

followng steps: 15st eBn@taP%ée%V%g?d%%fathEet%Et §€@<ﬁlﬂ§ﬂ?wﬁéx%‘i’n3che target

detecting the nethylation ra G sequence I n at |east one target
gene of the test specinen, wherei.n &gg ar ene |,.si ng, DBC1,
PDESB, PTPRR and ZNF58ECNESAMRIASIES Cﬁet@ﬁ%ﬂ&ﬁﬁ% reis
cervical cancer or cancerous pathol ogi cal change or not in the

speci nenibased stapthe detdmplintigwhethe there ie ovarigrtcagese pr canostony
the methylation rate of target gene as prognosis marker. 6. A

cervical cancer scr een'g?g}(ggésgg cﬁﬁn%@%rtr%'t irpﬂfér géngg[iﬁqeen\é\@giegj Bntdhe

test specinmen is an is peci neR sel ect ed

consi sting of cervical snear,.blood, urine, cervical epitheli.al C%}|,
5and post-surgery canc8ethyiign rate Algeithe c4argehngenes Pleensing the
method as recited in claim5, wherein the test specinmen is the

abnormel cervical snmeaimethlatidrcrity bf dhrgedeae as Prognosig matdeed as
recited in claimb5, wherein the test specinen is thé HPV(human

papi |l oma vinysh:pog) i e HAGE! V:*ic%@c'eni%%' 'mEBSA W 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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9. A cervical cancer screening nethod as recited in claim5, wherein
the testing nmethod for nethylation state of CpG sequence of the
target gene conprising nethylation-specific polynerase chain reaction
(MSP), quantitative nethyl ation-specific polynerase 15 chain
reaction (QWSP), bisulfite sequencing (BS), mcroarrays, nass
spectronmetry, denaturi ng g -petformance |iquid chromatography .
(DHPLC), and py?resEdidnsi E% ;1 ONGKOBHRAY B ¢ ANAgHnERFCIEXREEY) ngChEHHEE
as recited in claimb5, wherein the target gene DBCl has nucl eoti de
sequence as dephlegetfor®dace 20 liquidlo: chrotiatog@phet JEMEPPOERB Mhasl
nucl eoti de sequence as depicted in SEQ ID No: 2, the target gene
PTPRR has nucl et i ce as depicted in SEQID No: 3, and the
target gene ZN&%@%H%%H%@% eoti de sequence as depicted in SEQ I D No:
4. 11. An ovarian cancer screening nethod, based on detecting the
met hyl ati on rl4t Arofovataetcagene wieerisg speldogers seditaking dam 11,
nmet hyl ation rate as the screening index to determne the risk of

Shavi ng oyari anw¢ragier shet thepdtidmedDBANP hhs intig ] da?] deovidine b eRSdepit @Rl
1. providing a test specinmen; step 2: detecting the nmethylation rate

of CpG sequence. | t 0 target ge e tes ci_nmen
wherein the tar &S@Jﬁ%ﬁ@?ﬁ@%@&%m% @f&dﬁ%qu%e
step 3: determ ning whether there is ovarian cancer or cancerous
pat hol 0gi cal - changlepotedotn S HE SyetByemdbdsedanget tgenandNgs & it

rate in the target gene, or using the nethylation rate of target gene
as prognosis Mmapfigleotitié seilefVint ABpRAGEH: SEDEPNGY 4Tt hod as

‘S
recited in claiml1ll, 15 ereln the test specCinmen is an isolated
speci nen selecteq frgmthe group consisting of ovarian cancer.tissue,
et tee brodd: o i9ongdandee: ReSouRe, matedh PASd2on " Wcuge She
ovarian cancer screening nethod as recited in claim1ll, wherein the

testing method frethyheiometdtyl of itagestgare of EpGspOsiemergnard aisiagi ithe
target gene conprising nethyl ation-specific

| hai - | ot At o specidic.
pol yrer ase cnai paEiarom P ERE bRk JRUGK, & LBt ARER etk of

m croarrays, nmss spectronetry, denat u]ai ng hi gh-,perf@ﬁr mgnce |iquid
chr onat ogr aphy ng(gqloﬁr?@ﬂﬁ9¥,§§é£ﬁ@ﬁ pdgomprising feliawiag ssepser
screening nethod as recited in claim 11, 5 wherein the target gene

DBC1 has nucl eo§tiegel;segt@ngﬁlga§ t@l;grgb@t;ﬁﬂelil;n SEQ ID No: 1, the target
gene PTPRR has nucl eoti de sequence as depicted in SEQ ID No: 3, and

Noo 4 15, A Coft5h ZandrcuDBdbE ML ALRREL A TG obr eIl g

10met hyl ation rate of target gene of test specinen, and using the
nmethyl atidn rate as thengdasgsii gend ntidhe ttostdepesinane wherain shednrget
havi ng col on cancer, said nethod conprising follow ng steps: step 1
providing a test speci §8Ae comprising DBC1, PDESB, 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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step 2: detecting the nmethylation rate of CpG sequence in at |east

15 one target gene of the test specinen, wherein the target gene
conprising DBCl, PDE8B, PTPRR and ZNF582; and step 3: determ ning
whet her there is colon cancer or cancerous pathol ogi cal change or not
in the specinen based on the 20nethyl ation rate in the target gene,
or using the nethy|lation rate.of target gene. as prpgnosi.s ker. 16.
A coroncancer i eShisREe it ah ans3pBird SaeFisngs B ST e ke
test specinen is an isolated specinen selected fromthe group

consi sting of aseontissngfacaesitdsl docks, blboe, usind, podt petrgegyryc aaoest
tissue. 17. A colon cancer screening nethod as recited in claim13,
wherein 5 the }egid ng nmethod for the nethylation state of CpG
sequence of the the target gene conprising nethylation-specific

pol ymerase chajn reaction (MSP), quantitative nethyl] atjon-specific
pol yrer ase cﬂ?r nArealen gncetveigenipg POt &fa@%ﬁhglae@sf, , Wherein
m croarrays, mass spectronetry, denaturing high-performance 10li quid

chromat ogsaphy {HHRIsEhg ardhoed rfos ebuemettndatidl. dateobdiCp@neeuence of
screening nethod as recited in claim 13, wherein the target gene DBCl

has nucl eoti de q i C : tar e
PDESB has nucl eg}eel g%ggtga%%nggﬁgséoggg#lg{n%%%@%q%SR%&?IQ , %p ?rsgﬁ‘lF gafsget
gene PTPRR has nucl eoti de 15sequence as depicted in SEQ |D No: 3, and
the target genectrnpsgoresstionucl Q¥iSRe semaakitaties depstbybdiamssealicD
No: 4. ABSTRACT OF THE DI SCLOSURE A nmet hod for screening cancer
conprises the fgblygiémgeSERM® rédotidH AQNISH), abf‘sﬁﬁit.esﬁﬁlhémﬁh%(@sx
detecting the nethylation rate of the G sequence in at |east one
target gene withi.n the genonm c DNA gf t he teth eci men., wherein the
target genes ar@lﬁl&?gas}%ed%qsspﬁpﬁﬁ,m 582, B8 n 3 LB OGS,
determ ni ng whether there is cancer or cancerous pathol ogi cal change

in the spéci menlipusbchimmatographks RGP C) arsk pyrosetjueheinget hyl at i on
state in at | east one target gene; wherein the nethod for detecting

ot Pyl at i on- Suak T B POk Ky RS {oph o B FeENaTlin AR 13 hitRein
A W AR R A T SR
ID No: 1, the target gene PDE8B has nucleotide sequence as

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

15 sequence as depicted in SEQ ID No: 3, and the target gene

ZNF582 has nucleotide sequence as depicted in SEQ ID No: 4.
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ABSTRACT OF THE DISCLOSURE

A method for screening cancer comprises the following steps: (1)
providing a test specimen; {2) detecting the methylation rate of the
CpG sequence in at least one target gene within the genomic DNA of
the test specimen, wherein the target genes are consisted of PTPRR,
ZNF582, PDE8SB and DBC1; and (3) determining whether there is
cancer or cancerous pathological change in the specimen based on the
presence or absence of the methylation state in at least one target
gene; wherein the method for detecting methylation state is
methylation-specific PCR (MSP), quantitative methylation-specific
PCR (QMSP), bisulfite sequencing (BS), microarrays, mass
spectrometer, denaturing high-performance liquid chromatography

(DHPLC), and the like.
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