A Met hod for Screening Cancer BACKGROUND OF THE INVENTION 5 1. FIELD
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 nmain causes of death in femal es worldw de and in Taiwan. Based on
the statistical survey by thMesho fhbé**ﬁﬁ%ﬂ@h _RR&EFon (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 screenin&:is t he best way to prevent cervical cancer.

Conventional cervi cal BedadctROUND QF T XENBIGMr oaches: the

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 in5thd.ElﬁdLDaﬁ)FdTH£tIhéVENTI@N, so as to detect cervical
cancer early. On_the._other hand, HPV testing consists of exam ning
whet her human papil® é‘%ﬁéeﬁﬂqrhé'e?qiﬁl)toi giepﬁé@%‘?’i’t SPW%sﬁég?wnCWer

using polymerase chain. reaction (PCR) qr Hybrid Captyre. 25There are,
however , nan)?ciﬁ?@é‘%graﬁ’%@%ﬁé’r Ngls Ust %ﬁbg%rri}%rpalﬁ@ﬂﬂ%e‘io ithe ggfisres
sanpling by a physicia nd.anal ysis b di cal, .

exan ner / pat RGIGHEE Methodiisiag Maifyfeed INSas Bidinmarkese 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 gri or to _cancerous ﬁat hol ogi cal change. As for HPV 5

t esting, 12l t RoGMBSCRIBTROMOF sldd§l PRIORARilends to create a high
bt 4l S0 vt os. SCHILAASET (o bHeb. i O FRiToRe se81 PEWeGH i
topi cs. - pr SRBEIdsy WeBRU R Sad 8 orfibinHseram for BEisTRF Auiie b
mothod. o i oRPRCERERR AR a8 (VBN ST SRR cpBCe was
aceust omed ¢ 5 natqRah Al S BoarRip SV BRE ot "Bhe 1 felemina nga
theory ptopodtil TG seppf BB Qsbe, Ko Hal B3R TsAL Bhoc e Rboning
Cause or - predt SpseCR: v 8 BudfRR AR Hifiere PR AR RnsRcp iR
5 ot hyl oyt 0SHIEST SO RBOT Ut e Re Eo paaan o thenfhast St Enpler
o hE 20 PapsRICAILE SHURIES s Gy e SuIhY! GOl Y Pabrs
£, oA SR ot e ey cmpE Loy
promot er,@f  wWhidehcopePHARIRE: IRERS is CAheSIdR PRIHMIbEICAP LIREEY $n the
exfoliated epithelial cell, so as to detect cervical cancer early. On the
other hand, HPV testing consists of examining whether human
papilloma virus (HPV) is present in the specimen by using polymerase
chain reaction (PCR) or Hybrid Capture.

25 There are, however, many undesired properties of Pap smear. For

one, it requires sampling by a physician, and analysis by a medical



25 after DNA synthesis, by enzymatic transfer of a nethyl group from
t he net hyl donor S-adenosyl nethionine to the carbon-5 position of
cytosine. The enzymatic reaction is perfornmed by DNA

met hyl transferases (DNMIs). DNMI1 is the main nethyltransferase in
manmal s, and is responsible for the post-replicative restoration of

hem - net hyl at [ 0 t- iyl .at | r r I nt ce
mot hyl at i on. SRersEPaREHaHsk, RS dlen: FsTot Tetshsdie M oROes
rimarily in ti.n Sl tes, IS
et hyl at o, ATTHOUEE b BrAf ik 518 PRIRREF EReAGHBERBFLs. Also,
eneral hypo i i i 1 bt
igdenti fi eépi n a#gg{?f g@ﬁ%ﬁ%?@&ér{{ 6&:%%??%@%}1@?&%&%3}%%@5 iatr1Cl
has becore 1G,Rer GR3HMEnABABE 28! cadBlo bEBRSLIchI Ehange. As for HPV
hyper net hyl ati oh, e.g., sSohe tunor suppressor nes, 1s-assocl ated
W th | osscof i i : Vi Ge: ti] v s Qrd
carci noge%esitégn%néslgl%tﬁgﬁ gyﬁlgféeﬁggﬁgﬁgﬁfé&a?@pc?%ﬁ#%?%?n lggf?g%s
can trigger Bl | 4 hj Wi Fon '
can Lrh S0er SRERTRS kit IA! A ohly AU RSAENS, WEIY ISl STV
del etions or \geaes ifusMALIRAS reSMPBISh Exsink @AFIRI f@mowugrto those
suppressor genes by pronoter hypernethylation is comonly seen in
human cancer .false pEgitideNbAiQHsC Addutiasoihavaer 8€QRE! dnsh@AR tdisics in
correlation of serumfolate |level, a major source of nethyl group,

with the inf ?ﬁbhﬁftir?g) &¥icdl eahaose elarhinktidrenelics @l YiRerdRlmuTsthef
enzynes in the netabolismof nethyl cycle were also reported to be

associ at ed Wdchuttty sley edbeperishcobf eervicghtarddriex@piinhabhahethesi ons.
As the concept of epigenetics evolves, studies exploring the

associ ation bet wggndhit defetivhathiaee longd iseny coididemackr ban ias@tant
boom ng. Studies of DNA 25 nethylation in cervical cancer are
accunul ati ng,fagdoirdh tahonigertdies. fareniond tiofie,userigiweebdod atduomed to
markers in cervical screening. Wth the nature of the interface

bet ween genetthesidead tleatvikonmelitg pboentipl evialthacgemdmeetiby | withom fhe
tunor suppressor genes varies in different genes and different

popul ati ons. aftengeonaepsl the: foet #y) Bt Gr Cobesest Yheswa-hit thiebfye pesposed
di sease behavi ors was proposed with controversy. The nethyl at or
phenot ypdsof asecarixal inah®eds amdicates Somcumitant nurtatonk diPielgtinns yafes

still remains unknown. What genes are specifically methylated in
cervi cal cansemahdniudogowhgensspprassoeganee thayocats evprectisprisedd
application will remain a blossomng issue in the comng future. The

i nvent or of tdanseapfivelepment.hitbweven addidionab ipdoenatioo that affects
applications in Taiwan (TWPat. Pub. No. 200831900) Chi na(CN Appl .
No. 2008100944B20Lypavitaay dicaStzgods3tw) madifgtbrbase Cumetaylcymsme.
No. 20080311570) ts.lHerei nafter referred as prior applications).
Conparing w thMethgicyippinecasi dornd t e maemads  adtheo werntesimeoidiel
cancer screening bi omarker and cancer screening 15 nethod, using the
sane. SURNARYabndremic pegneneny S’ -CpG-3’. Most CpG dinucleotide pairs are

methylated in mammalian cells except some areas called “CpG
island.” CpQG islands are GC- and CpG-rich areas of approximately 1
kb, usually located in the vicinity of genes and often found near the
promoter of widely expressed genes. Cytosine methylation occurs
25 after DNA synthesis, by enzymatic transfer of a methyl group from the
methyl donor S-adenosylmethionine to the carbon-5 position of

cytosine. The enzymatic reaction 1is performed by DNA



One object of the invention is to provide a cervical cancer screening
met hod as the first |line cervical cancer screening. 20 Anot her object
of the invention is to provide a cervical cancer screening nethod,
characterized in that said nethod can be used not only in the first

| ine cervical cancer screening, but also in the second |ine cervical

conce ST adthy TN P OELRIGE ATl
ret another SReSabuRls! IR DY RIS 1R, SR RGRANE S RAGR
screeni 19 of LGSy SERF e o Yol mBB B Re GEERN 1R Ao
csst st (e, CAGRGRS ! RIGKTIONMTIATSAY MGMPSHOB ol be
cont a1 ning =S REETRKRFS o SHERET aplich Bavhas.cancer yTe

of the inventigRveaM i ses of detecting the nmethylation rate of the
target gene ?%él)coXar @') of the test specinmen and use the testing

result as a scre@(@égﬂgo?nqﬁéﬂfl}gaéw@ At GCEGE a’irikﬁ@éti&@s,hgwé.r'g geReeAr

and said net hod conprises fol'l owi ng step step 1. providing

i sol at ed teshg/ﬁ%ﬁ?étﬂ?ﬁtioﬁ,e@ag 3thé|q1ix%@te§[ﬁ%ﬁé’éfbh58ﬁ&fhﬂiﬁ@§‘ id@ﬁt?ﬁ@&_iQOG

sequence in af | east”one target gene within the genom c DNA of said

test speci meganykercelln. Jabdetar 9ahiriagnehe PmE | N gychds DBChasPBESHe
PTPRR and ZNF582; and step 3: det er m ni ng whet her there is cancer or

pr e- cancep ousn@hbiRleoappatertheige se-spetiflon Hypersreeylatonbasgd esmehe
met hylation rate inthe target gene, or using said nethylation rate

of target gengemas sPHPBEMRGI BefiBs Kigrass@fiavdtenéinlosgiof fuastiospekichemay
conprising a cervical ScCraplng, a ovarlan cancer tissue, ascites,

bl ood, urineprberies, sebedtive oaca}anngms doeriyy anearcghdgergadd. r i Oense
juices, bile, cervical epithelial cell, and post-surgery cancer
tissue; methyWtésre ofi GEStishadseit pedmdter rédiensrethittigizeochséattnof
CpG 25 sequence in said target gene conprising nethylation-specific
remodeling through histone modifications with subsequent gene
15 silencing. Therefore, in addition to chromosomal deletions or genetic
mutations, epigenetic silencing of tumor suppressor genes by
promoter hypermethylation is commonly seen in human cancer.
Epidemiologic studies have recently shown the correlation of
serum folate level, a major source of methyl group, with the infection
20 and clearance of HPV. Genetic polymorphisms of enzymes in the
metabolism of methyl cycle were also reported to be associated with
the development of cervical intraepithelial lesions. As the concept of
epigenetics evolves, studies exploring the association between DNA
methylation and cervical cancer are also booming. Studies of DNA
25 methylation in cervical cancer are accumulating, which showed the

potential of using methylation as markers in cervical screening. With

the nature of the interface between genetics and environment, the



pol ymerase chain reaction (MSP), quantitative nethyl ation-specific
pol ynerase chain reaction (QVSP), bisulfite sequencing (BS),

m croarrays, mass spectronetry, denaturing high-performance liquid
chromat ography (DHPLC); 5wherein the target gene DBCl has the

nucl eoti de sequence as depicted in SEQ ID No: ; wherein the

o %5 %" BrEGRehar, bl Py §abho dng THIERRSHERRE! gl
genie Z1Fs62 AR Gl A B Chondiia @08 The ARFIoRPE.O RS d
can be used PUPTRET n Te. SHraentnaeRAegbpRaRprs as " PR, el oy

cancer . LRRtIOREARE T PR pﬁ%ﬂ;ﬂ%ﬁ“’ig{hﬁ@gﬁ{& Q}‘f%%ﬁ}lcﬁa%ﬁﬁéeﬁ GhEeitsng

nmet hod, characterized in that ests the nmethylation state
of the tayget@ensio willttHBNCeEbABRpeaNgdilys | dnfRbA, oty ke
as a screeni n% ?éf-]tg%ax to1 det er nT’ne t?”r?g ﬁilsﬁ ?aﬁgdvi Rg gvar’??n&ga%:er,

and 20 said gﬁéBg&iﬁ%ﬁﬂyirﬁéﬁhyfl%ﬂqwd&v%a?%ﬁhc&t%ﬁ howPhityds SHbsre

isolated test specimen;”step”2:detecting the methylation rat2 of CpG
sequence I n @quired to ach}%@%tqlﬁﬂ@al_[?ﬂ%atﬁﬁf‘ﬁzii@‘r&ﬁidﬂn%ﬁﬂo@%ﬁ%%icﬁﬂé

of said test specinen, wherein said target gene conprising 25
PTPRR and ZNG58s ceéfdne fatgp, 3: determ ning whether there is ovarian
cancer or cancerous pa%hological change or not in the specinen based

on the nethyl ati Qher dhoechiort b tthisgedplengiorOrhatbi filled atdlatiet hyphatdton
rate of target gene as prognosis narker;
10 applications in Taiwan (TW Pat. Pub. No. 200831900) * China(CN
Appl. No. 200810094659.2) ~ Malaysia(UI20085354) and America
(US Pat. Pub. No. 20080311570) (Hereinafter referred as prior
applications). Comparing with prior applications, the inventor had

found some novel cancer screening biomarker and cancer screening

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



S5wherein said test specinen conprising ovarian cancer tissue,

ascites, blood, urine, and post-surgery cancer tissue; wherein
testing nethods for the nethylation state of CpG sequence in said
target gene conprising nethyl ation-specific polynerase chain reaction
(MSP), quantitative nethylation-specific 10 polynerase chain reaction

(QVBP), i 5”5@%&%1@8%‘%@?\/1@9 éﬁﬁ?e a%'x%ﬁ I?Mﬁe Wg‘%{dﬂ@?&éﬂcer

denaturing h or mance roma

D ence as. 1%, Pl @é&%@ﬁ%@éﬂ%@%@? 14, 8RE 13, B R
has t he nucl ?gér%rg%lsagﬁgggﬁﬁgggsrﬁ&q ed in SEQ ID No: 3; and

wherein the e nucl eoti de sequence as

depi cted in SEQ hRohge r@ gﬁbmé ﬁwerﬁﬁﬁﬂsr@rgmw%@% B@I‘ic?‘érrkcfr&ning
n ng

i sol ated test specinen 20 said 1sol ated test specinen conpris

the aboves deggsmfeCRrVA at HtARiMY sadd BibBRurks 9 %erédn MBe FAiFERT
sputum oral mucous frenbrane cell, gastric juices, bile, cervical

epi thelial cahlingaSicerToer )éaﬁ@élc%brédrﬁﬁg'eme@ﬁo@tﬁl*ﬁt & taiéve the
speci nen. The inventive cancer screening nethod is useful to test the

net hyl ation ghate-méntioheelobjerntssof thesivitnton SOk REs tESdetepaaNBBS,
and uses said nethylation state of biomarker as a screening index of

various typeséthyhkahgeiateTOR thanggiet goneefbiomarker) of the test specimen
and use the testing result as a screening index to indicate the risk of

10 having cancer, and 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
15 DBC1, PDE8B, PTPRR and ZNF582; and
step 3: determining whether there is cancer or pre-cancerous
pathological change or not in the specimen based on the
methylation rate in the target gene, or using 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



met hod and the screening i ndex of biomarker provided by the invention
can be enployed by the researcher to performthe test in the

| abor at ory. Wherein, "the risk of having cancer" refers herein
to the 5 percentage of being cancer, the risk of getting cancer in
future, or the presence or not of cancer. Wher ei n when the

Wt Eyéﬁii a1 Polbferie R vENBa; ", Sl nﬁgét%%%ﬂﬁfﬂtﬁowﬁgéaﬁc
10A i

Cﬁnﬁéfrﬁtfﬁe%%nﬁf“%?%%&” e dn ?@ﬁ?g?ﬁgtéﬁﬂ R EFRar s, "B ben
peci ren for "IRTRHAP R B tRe TR AHRLARE) idh-bEbRSAct dRiuid

features and g@g@g&@@gpgéﬁﬁplq esent invention will be fully 15

under st ood an fromthe followi ng detail ed description of

t he acconpanyi ng eq.)gqr{'lgﬁ t@?g@ﬁ%s%@v ﬁ]?\%@ﬁ Trﬁtﬁ:bw ugnce as

Figure 1 A shows e resu ned by perform ng

sequenci ng (%%%)@t@éln‘d% BQJD Xgy:ijeus cervical speci mens using a target
gene PTPRR in he i nventi've cancér screening nethod; Figure 1B

shows the result yabtaihesk l@é(rglé? gf: AEPDE SR $1disf fhleen SERUEHE] d’é%N(eﬁe?é as

anaIyS|s on various cervi cal i mens using a target gene F582 in
the inventi ve;e?@aggrinsgg qq])pg) et hod; 25Figure | C shows the result
obt ai ned by performing bi'sul fite sequencing (BS) analysis on various

cervical speci meRghdtelMehe th@es genc IRTPRPDERR the htficlebiideNekvencanger
screeni ng net hod; and Fidgure | D shows the result obtained by

perfor m ng blc&pﬁétbd&nmqml\mg 3 Bﬁ)j anal ysis on various cervi cal
speci mens using a target gene DBCl in the inventive cancer screening
method. 5 DETAI LEMhdpeBCRIPTAgt gend AN PREEHRRED ENBEIRLMANTsequence as
depicted in SEQ ID No: 4.
In addition, the above-described screening index and screening
method can be used further in the screening of cervical cancer, and
15 colon cancer.
The invention provides further a ovarian cancer screening method,
characterized in that said method tests the methylation state of the
target gene of test specimen, and uses said methylation state as a

screening index to determine the risk of having ovarian cancer, and

20 said method comprises following steps:
step I: 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 DBC1, PTPRR and ZNF582; and,



The invention will be illustrated nore detailed with the follow ng 10
exanpl es, but the invention is not limted thereto. Exanple 1
Materials and Methods 1. Materials Test materials conprises a series
of full cervical |esion specinens, 15 including: squanous cel
carcinoma (SCC, n = 20), adenocarci noma (AC, n=20), and nornma
cervical specinmen (n=10). Al of these cervical specinmen, ovarian
speci men, and cditep 3¢ andeiermpaogriwhether éhetst isi riediatr eancer os @ancemus
General Hospital, Taipei, ROC. Each speci nen was subjected to genonic

DNA extraction by means rgﬁfth@@ggmn%r@ét QLA imeNHa%es onser

in the conparison and anal ysi § of DNA™net hyl ati on condition wthin
genonme-w de DNA nethylation. .Prior to the analysis, the quality of.
i Jaf o dng

genom ¢ DNA was checked WS40 WEN‘}A@@I §et BRNEhi gaid,
Qig of fragmented DNA was subjected to MeDIP (Methyl DNA | P) assay.
25 2. DNA nethyl ation anethydatsoibyatbkil tBrgetdefe@si mogndsiRlmarl&ronot er
arrays Genom ¢ DNA was fragnented to the sjize ranging from 300 to
1, 000 bp By Bi or Bihtesein saxcs-tesiO SPER iaRIh WU Privings oivatignopieedrpiisstad
it for overnight at 4 C wiith 30 p.1 of polyclonal Anti-5'-nethyl
cyt osi ne ant i2Beidss, DApeAnyring, and pasi-swigetreaneeridtFugAl | P buf f er
(0.15% SDS, 1% Triton X-100, 150nM NaCl,, 1 nM EDTA 0.5 nmM EGTA, 10
mM Tris and 0. 195vBSAgin \igsting umatbads hornithe umetiy latiopstaie ¢t CpG
Protein G Sepharose (Anersgfm) for 2 h at 10 4C and vva[s]hﬁg it tw,.ce
with 1 m | oRFQBERCC hiltyh S3H} t LHEEE eRENE] t FRMATISHISr MYENHWIOTESPRAFIST |
W t hen treate? twice the protein G.w el uti.on.buffe[1 fl.%SDS, '%'glM
NaHCC3) for PORIRTEC ¢lim fe@spenat ndlUeBLERIEY e gt RE AR PR
DNA by phenol -chl orof orm extraction fall d b hanol .
orect b L LB ool erats chaian aasehy (NS BEN- DBt Sauenings  BS),
anplified by Wwole Genone Anplification,Kit (.Sig . Enriched gnd.
fobal DA o SHRTaNS) Bash PR EyBTEig SS9 peitgmaRe Tauid
co- hybridi zed, to the I -PlusyPronoter Arrays desi gned and
cynt hesi zed Gy RpRbTaaBhy SUTBRE. FRL PYRRStierelAg ont i ned- 385, 000
50-75 bp 20 oligonucleot,des tiled e 100 acrgss.the 24, 659
L6 Ref Seq pr ondHBTEIT B0 bt e i ts Bss By HTRoLT Sefyeds as
28,226 CpG i sl an No]" iNn.duplicate. Each feature on the array
has a cor resﬁgﬁb‘&% iﬁﬁgh N]é’zﬂrati 0. The log2-ratio is
normal i zggion to,genter tﬁéq?axrg%E 'g%ngaig'f‘Pﬁrlf'ﬂﬁg the" Qucleotide 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  1solated test specimens, and uses said methylation state of biomarker

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



25 Fromthe scaled log2-ratio data, a fixed-Iength wi ndow (500 bp) is
pl aced around each consecutive probe and the one-sided

Kol nobgorov-Smrnov (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

Egﬁﬁé'hé’?i "o TSl Tk SRR TR s b 8 é‘l@%yté@‘af%%ﬁ g ?@rek
i thin 300 bt griatREf bRy P WYt d ap BBl RS

regions betwggn, C and normal cervix within 2500 bp upperstream
of transcription star sites were selected for future 10 validati on.

Finally, p-val WA s i ' » (N
Inatly, p-va UeWﬁEPelﬁ’?Sr;et}ﬁE)e/}{‘g@c RSk rl'ﬁvﬁigi”gé (D fEpl e&%&ll% f the

Bisulfite nodification, ti on-speci pol ymer ase

reaction Sws?er@é}ﬁﬁgé %gA dih§ SHALENREIEK g’ﬁgegtg‘f% %é@ﬁif Fitgdd | Qe t

(Chem con, Ternecu s used accordin he manufacturer's

reconmendat i ¢igsdifeeCH WG &f darf@eral i quot's of genomic DNA with sodium
bisulfite to preserve the nethylated cytosines. The final precipitate

was el uted with Wh&teiﬁfvglﬁggat‘h@rﬁ%%)ﬁﬁﬁ% st eDHF &g el C%erhésﬁaio?r%%fﬁa'

DNA of hunman peri pheral was tdken and subjected To bisulfite

modi fi cati onbeiid Gioh@scosparasvithguiable’ @nt9s4he 188K B having cancer
un- net hyl ati on prondbter sequence. NMSP was performed according to

prior art. |Ryshi@rie highdk, of nodified DNA was anplified using MSP
primers (table 1) that™ 25 specifically recognized the nethyl ated gene

sequencegoprese anddﬁ)rtlg Baiglusdreéeingomeeid®dhBNAvention provides further
a

Met hyl ati on-speci fic PCR was done in

the cancer screening biomarker or a kit containg said biomarker to
screen the methylation state of target gene (biomarker) in isolated test

specimen for determining the risk of having cancer.

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

the accompanying Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows the result obtained by performing bisulfite

20 sequencing (BS) analysis on various cervical specimens using a target
gene PTPRR in the inventive cancer screening method,

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

25 Figure 1C shows the result obtained by performing bisulfite

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



total volunme of 25 il containing 1 pl of nodified tenplate DNA, 1.5
prmol of each priner, 0.2 mol/L deoxynucl eotide triphosphates, and 1
unit of Gold Tag DNA pol ynerase (Applied Biosystens, Foster City,
CA). MSP reactions were subjected to an initial incubation at 95C for
55 mn, followed by 35 cycles of 95C for 30 s, and annealing at the

ot 2t e LB IIEBS e 06R 98 aRber Crol s Retad R O
2o CnaeF e op Snagls 300" AU BLERDLA! B BEATHARL Waure
e e NG0SRI B TR AT vy OLERIES GOl 690 adALCer
PYPER M For el (BB inthe TRV BhaCe b et s el R T 0e (R . °

aattacgaa% aaaaaaaacaaaaacgctc 3' Forward (F' )5
tgacggttttugtttatteggttattc 3' ZNF582 M Reverse (R )5’

cgaacgcaaacgt accl §Guq. 8y; ppy pESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention will be illustrated more detailed with the following

10  examples, but the invention is not limited thereto.

Example 1 Materials and Methods

1. Materials

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



(SEQ ID No: 5) (SEQID No: 6) (SEQID No: 7) (SEQID No: 8) (SEQ ID
No: 9) (SEQ ID No: 10) (SEQ ID No: 11) (SEQ ID No: 12) M
The prinmers can specifically recognize the nethyl ated gene sequences
present in the bisulfite-converted DNA. All MSP data were derived
fromat |east two i ndependent nodifications of DNA. The absence of
signal in duplicate experinments was scored as negative nethyl ation.

PCR product obt apned bynpegiyldatibn MoinRIysi®r 6)) UNRDIRN REPINKZSG
specifically nmethylati on géne sequence ‘was coinstructed into a

PCRA- TCPO Veclél%ld(-i’ l\llsi-i’rrggnegfer arrays

Genomic DNA was fragmented to the size ranging from 300 to
1,000 bp by Bioruptor™  UCS-200  (Diagenode). We
5 immunoprecipitated it for overnight at 4 °C with 30 ul of polyclonal
Anti-5’-methyl cytosine antibody (Abcam) in a final volume of 100 pl
IP buffer (0.15% SDS, 1% Triton X-100, 150mM NaCl, 1 mM EDTA,
0.5 mM EGTA, 10 mM Tris and 0.1% BSA). We incubated the
mixture with 120 ul of Protein G Sepharose (Amersham) for 2 h at
10 4°C and washed it twice with 1 ml low salt, high salt buffer, lithium
chloride and TE buffer. We then treated twice the protein G with
elution buffer (1% SDS, 0.IM NaHCO;) for 15 min at room
temperature  and  recovered the Methylated DNA by
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



Carl sbad, CA). 5 independent clones were selected and were subjected
to bisulfite sequencing (BS). Prinmers used in bisulfite sequencing
(BS) were listed in Table 2. Bisulfite sequencing was carried out
usi ng 377 Auto-sequencer (Applied Biosystens, Foster City, CA.
Sequenced results were shown in Sequence List. Sequence numbers in

e e
respectively. Table The uences isulfite se €
GanbPr 1 mor SoqUBREL ArOHENR A A 8 ey Saptbe Hiasb Rty EL 8 El. R
Reverse (R) tactc ctet ccract 3
o1 o eI EFEERGIE i G b sEp e it %Sﬁ ﬂh y
cancer After ned. b t rget
genes that ni Bve@l%%e%)c%‘ ont S SPHEE oT8 o LRKD 4fe 2P
5 (Scacheri et al, 2006). We detected enriched peaks by searching for at
least 2 probes above a p-value minimum cutoff (-logl0) of 2. Peaks
within 300 bp of each other are merged. Differential methylation
regions between SCC/AC and normal cervix within 2500 bp
upperstream of transcription star sites were selected for future
10 validation. Finally, p-value data was viewed using SignalMap

(NimbleGen).

3. Bisulfite modification, methylation-specific polymerase chain

reaction (MSP) and bisulfite sequencing (BS)
15 A DNA modification kit (Chemicon, Ternecula, CA) was used

according to the manufacturer’s recommendations to convert 1 pg
aliquots of genomic DNA with sodium bisulfite to preserve the
methylated cytosines. The final precipitate was eluted with 70 ul of
pre-warmed (55°C) TE buffer for MSP.

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

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

25  specifically recognized the methylated gene sequences present in the

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

11



cell were screened, nanely, DBCl (SEQ ID No: 1), PDE8B (SEQ ID 15 No:
2), PTPRR (SEQ ID No: 3) and ZNF582 (SEQ I D No: 4), respectively.
Their detailed informati on was shown in Table 3. It could be seen
from Table 3 that, anong these four genes, except DBCl that was

Engwn to Fedas?]oci alt ed with bl adder cancer little study up to date
t t f h bl
cgarraﬁtvi‘?‘. ot ol ol L@ﬁ‘a Gohe igﬁw‘:e%ﬁgﬁd@ PRt DN 5™
tified d h
anal ysi s of ReiPEERGH FEACE @? ey MRl RB Mgt Rl dnde

speci men by

peci mon o odpdh it CoRERY W%&m@@%@%sﬁ%eﬁ‘e%@eﬁﬁf’%gﬁ?ﬁmﬁ?%@e}e@&&a

10D: Hela cer,

%ﬁW“Ce lieSSarsis DitidEl Yo dh ISR Blubatiop 4t 93°Cal

Wltth[tI\/DNA

3. Hela_
bot h of 1

5' aza 2' de
Co. , Loui

10

15

rl),/%vtv%ig lf}ﬁgﬁ S?)écﬁgé é)fl m%b@ 9 )ald GAhEY njlé M 2
w}g)lgeen&rg@é% o037 sLodd\ 4 TOAC( RO Chomiéatna

nocar ci'ffoma Speci
extension was done at 72°C for 5 min. Amplification products were

visualized on 2.5% agarose gel containing ethidium bromide and

illuminated under UV light.

Table 1. The sequences of MSP primers

Gene Primer Sequence

DECT M Forward (F") 5? pttttegtegtttttegttcggagate 3° (SEQ ID No: §)
Reverse (R") 57 getetegetetegetattacteget 3° (SEQ ID No: 6)
Forward (F' 5’ tetatatgcgegtittitcptte 3° SEQID No:7

PDESE M (F9 gtgtatgegeg g ( )
Reverse (R") 57 acctatatatecgecgetecgte 3’ (SEQ ID No: §)
Forward (F' 5’ cggcgttogetatotttagtaote 3° SEQ ID No: 9

PTPRR M (£ ggegligggtatgtitagtag (SEQ )
Reverse (R") 5’ aattacgaataaaaaaaacaaaaacgctc 3’ (SEQ ID No: 10}
Forward (F' 57 teacggttttttgtitattcggttattc 3 SEQ ID No: 11

INFS22 M (F") gacggttttitg gg ( )
Reverse (R) 5 cgaacgeaaacglacctacge 3' (SEQ ID No: 12)

M: The primers can specifically recognize the methylated gene sequences present in the

bisulfite-converted DNA.

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



5. SCC. Cervical squanous cell carcinoma specinmen; 6. Control group
(normal): normal cervical blood DNA as the control group w thout

nmet hyl ati on. Each of those test specinens described above was
subjected to bisulfite nodification, and then bisulfite sequencing
(BS) to analyze 5 whether the target gene (PTPRR) in each test

T ST RAR B Pl S8 T Bl B
- i i " PTPRR

T S BT SR LA
PTPRR 10 in Hel i cal i
S RN R o A il e R
Conseaquent! o4, IRyl b TRTFSEAMLA LB, ID bisyice
o 1 .t BOELGIHE FEESTOBET MEUATO TR R i ek B [t
A T 1 A0 2P BTSRRI SEETRSINGEED) bhdoupssh! B el naS

(Sigma Chem e : DNA speci nen extracted fromsaid cell was
subj ect ed tozg'btlﬁp%?té{%‘rl&di fication and then bisulfite sequencing 20

(BS). Result s Ln Fig. 1Aindi ed.that, conpared with the

cer vi cal squanﬁ%ﬁ%zi Iﬁegfzﬂp%ﬁ‘?& %é@té}lﬁ%tﬁ S(eﬁéé?cﬁ&jpﬁlﬂeéscer vi cal
cancer cell T = _: — = e R = i
HeLa cervical cgpeer ceplimki ne (HeLa 10D) had par tSeafiericegi on been
de- net hyl at ed: i J TS titstone deacetyrase ( ADAC)

dg—25TrichostatimT A (TSA
i nhibitors, and can Heewaddt)t o bopenagmdegeagasiost hyl ation (S&EQEID No: 13)

HeLa cervical RBfter, ine (HeLa DT) has been freated wi bath
AZC and TSA. The rgseﬁl?]ltsgé%h)vm %ﬁa‘]ﬁ?‘ﬁ?"t ciCRePESCED t hat con@gpe@) fo: 14)
wi th cervical squamus cgl L,, car ci noma speci nmen ggSCC) ,and HelLa

cervi cal cancg,(rg) | IFOPVRE (F e La Stieteayringaggegaliagée SPTPRR i n(SHEEDaes 15)

a.“d TSA-treat R&OFY (R C@%@ﬁ%a&%hcéchﬁ@cté brleLa_DT) hadcg Ro: 16)
hi ghl y de- nethyl at ed Ln_summary the al ove- described rgg::;{g had

confirmed that the tgrggld@sne BT i I ancer specj .
been net hyl at egpkipr ough DIGA?mst Eﬁgﬁftl&aﬁ.ﬁg%%#%g@tafget gene :dsmgg'”)

Reverse (R") 5’ceccacttcaaataaaatactattaaaaaaaac 3° (SEQ ID No: 18)

Forward (F)  S*tagtgayggtittttgtttattyggttatt 3° (SEQ ID No: 19)

ZNF582 .
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, DBCI1 (SEQ ID No: 1), PDESB (SEQ ID

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

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

13



Test speci nen groups: 1. HeLa_0O: HelLa cervical cancer cell I|ine;
2. HeLa | OD: the HelLa cervical cancer cell line (HeLa 0) treated
with 10 j i M DNA net hyltransferase inhibitor

155' - aza-2' - deoxycytidine (AZC); 3. HelLa DT: the HelLa cervical cancer
cell line (HeLa 0) treated with both of 10 i M DNA net hyl t ransferase

inhibitor 5 -azac2' -deoxycytidine ) qaRd 0,33 if.MTSA 4. . SCC
L Carvical SaRERU RN Hai RS AR sattsbetitlertiy vty i
squanous cel | rCi eci .06, T trol gr (normal):
ormal - cervi Qe 5P RERERRISE Lo findie st Sk D5APRARRS! oup.

Wherei n cervical sgu us cell carcin speci men, | and, speci nen 2
Wer e Speci g 2P Y LTSS Pgrléﬁﬁ{;a&@ﬁeﬁ@%e.s i CrRisal cageer that
speci nens nentioned ahove were su%i ected to bisulfite sequencing (BS)
to anal yze whedtgdeentbeddisyes adeple islaudsBhys-Proragtay mutpagp¥ci nen had
that, conpared w.th theg,gantrol : t ar get ne ZNF582 in

cervi cal squanodlljgggcel I q%:né(?'glitlé;lona spegidren 1 ( SCO) ,Fg{genrw\}lfecal squan%gg ID No

cel |l carcinom@ Specimen Z (SCC) and HeLCa cervicar—cancer cert—Ti1ne
(HeLa 0) had bpsa1hypsmresiagl &t ed.9g52.Genseqdeatd ih blkdiRr tafcget geseqQ ID No: |
| . Lobehi chl bl I h

ZNF582 in cerwi . . . —H
target gene : pPREgB Wtoo?,l?@@'_ Men sqroyps:  dibkphodiddeerfle 89 Ha cergi
0) treated wit h10uNMDNANE hyl tr ansf er asei nhi priotelxt tyrosine phosphatase,

cancer cell :
PTPRR NM 002849 12q15 SEQ ID No: 3
receptor type, R

ZNF582 NM_ 144690 19q13.43 zine 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. Hel.a 10D: Hel a cervical cancer cell line (HelLa 0) treated
with 10 puM  DNA  methyltransferase  inhibitor
5’-aza-2’-deoxycytidine (AZC);

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

15 with both of 10 uM 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;



5'-aza-2' - deoxycyti di ne (AzZO); 3. SiHa_DT: SiHa cervical cancer
cell line (SiHa 0) treated with 15both of 10i M DNA net hyl transferase
I nhi bitor 5'-aza-2'-deoxycytidi ne(AZC) and 0.33 utM TSA;, 4. SCC 1.
Cervi cal squamous cell carcinoma specinen 1; 5. SCC 2: Cervi cal
squanous cel |l carcinoma specinen 2; 6. The control group

roup. "wher efn oG 8OGR aRbRaE o, e e ClEl FA 3akE
group; erebn r

speci men 2 were speci nens obtai.ned fro 3gi {.ferent patients. Those
test specimens des géB'dQé”@%‘?‘ét @Sg} 8t'88- to bisulfite sequencing

(89, Lo anal yze ek 1 a7 965 ARI, DERHRL L FeSal bt o,
et <9 g RTTREH LD, L, SO R BTOUR RS 685, P6RR
corvieal FrUMRIRETLL GRLALIRRR PRI (R0 BTSNt
gt 9one TORR AT 5ehof “NGETeSUEHAERIRY R OB plack
S 10 SR R AR KA S, Rt ey aton
10wi t h10DNATRE Iivlt FIRSHESASRITAY PRI had i dRes mERRN@Y indhRedufes® ;
group and the adenocarcinoma, while the target gene PTPRR had been
10 hypermethylated in Hela cervical cancer cell line (HelLa 0) and
cervical squamous cell carcinoma specimen (SCC). Consequently, the
methylation rate of PTPRR could be used as biomarker to screen
whether there was cervical cancer or not.
In addition, in order to ascertain whether methylation rate of the
15 target gene in cervical cancer specimen could be regulated through
DNA methylation, 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 (HeLa 0), the target gene PTPRR in the
AZC-treated HeLa cervical cancer cell line (HeLa 10D) had part of
region been de-methylated.
25 Trichostatin A (TSA) is histone deacetylase (HDAC) inhibitors,
and can be used to lower or degrade methylation rate. HeLa cervical

cancer cell line (HeLa DT) has been treated with both AZC and TSA.

15



3. SiHa_DT: SiHa cervical cancer cell line (SiHa 0) treated with both
of 10 p, MDNA nethyltransferase inhibitor 5 '-aza-2'-deoxycytidine
(AZC) and 0.33 p, M TSA; 154. SCC 1: Cervical squanous cell carcinoma
specinen 1; 5. SCC 2: Cervical squanous cell carcinoma specinen 2; 6.
The control group (normal): normal cervical blood DNA as the

un- et hyl at i | n cervic uanous

trol
car ci noma spg&eﬁg‘%éoé roup ci'm 2‘%‘?%% @‘@FS ‘ﬁ@p&b?%l‘ﬁgb fetyigal

di ff t t t Th t est d ab
subj ect ed £0° éﬁé‘l@%ﬂlﬁt%elggaféﬁem%éw%%“' %ﬁsﬁm{ hEPRiY Faes

Pesul t shouncPl S FBTAdicalbl PEr Eotpar Lo o (e AFkrofnd
SLSEPgetnhi Eif[%%fttyegﬁsi teta %é’g:agl %éﬁkéﬁlceiﬂﬁ%:eﬁgﬁg‘i%{al%fﬁ&f#@%%%&c
2 Si SiHa O

hg/pgpmetlh | a i%*.‘i' gﬁ{?ﬁ%ﬁgﬁf{%e thlen'?aﬁgiat geZ]e ?)W ieﬁncervi cal
cancer spec mensy oy hnfis, N30 VYL AR EXATRLE BubRh e

anal ysi s of the In"cervica ancer specrnens

Met hyl at i on- fgeﬁ thlgfz&?@m ctRRCHPEAn{ g QRRIMER AL O

state of sa| enes 1 n cervical ‘'squanous ce carcutylnorra
(SCC) speci gBhBNEtIH éi)(;hstate anal ysis result shown in Table
4 indicat ed i'n normal “cervical specinmen, 10 nethyl ation
frequency of DBCl PDESB, PTPRR and ZNF582 was 11% 0% 9% and 6%
respectively; in cervical squanpbus cell carcinoma specinen, the

met hyl at jgn f rgau CEN B, PTPRR and ZNF582 was 100% 47%
100% and g?Wm%Md be known fromthese results
that, in cervical Tsg %eﬁﬁrb %g) carci noma specinens, said four
genes were highly rret | at ed.” Cohnsequently, nethylation rate of DBCL,

PDESB, PTPRR andlzl‘ﬁé@g GOoMkHakervrad chngaeskipEnghe screening index
in screening cervical cancer. Table 4Methyl ation state anal ysis of
the target gene pn KELYi P@D: 2(hes USNBPUSeRAtdl CaRGMQUEH IRRCI(FRISA 0)
treated with 10 uM DNA methyltransferase inhibitor
15 5’-aza-2’'-deoxycytidine (AZC);

3. Hel.a DT: the HeLa cervical cancer cell line (HeLa 0) treated
with both of 10 uM DNA methyltransferase inhibitor
5’-aza-2’-deoxycytidine (AZC) and 0.33 uM TSA;

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

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

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

Wherein cervical squamous cell carcinoma specimen 1 and

specimen 2 were specimens obtained from different patients.
25 Those test specimens mentioned above were subjected to bisulfite

sequencing (BS) to analyze whether the target gene (ZNF582) in each

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



Target CGenes CA nethylation rate (% Nor mal (n=54) SCC tissue
(n=30) DBCl1 11% 100% PDE8B 0% 47% PTPRR 9% 100% ZNF5826%97% Exanpl e
5 Methyl ation analysis of the target gene in ovarian tunor specinen

10

15

20

25

Fig. 1B indicated that, compared with the control group, the target
gene ZNF582 in cervical squamous cell carcinoma specimen 1 (SCC),
cervical squamous cell carcinoma specimen 2 (SCC) and Hela
cervical cancer cell line (Hela 0) had been hypermethylated.
Consequently, the target gene ZNF582 in cervical cancer specimens

would be highly methylated.

The target gene : PDESB

Test specimen groups:

1. SiHa 0: SiHa cervical cancer cell line;

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

3. SiHa DT: SiHa cervical cancer cell line (SiHa_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;

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

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

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

Those test specimens described above were subjected to bisulfite
sequencing (BS) to analyze whether the target gene (PDE8B) in each
test specimen had been hypermethylated or not. The result shown in
Fig. 1C indicated that, compared with the control group, the target

gene PDESB in cervical squamous cell carcinoma specimen 1 (SCC 1),

17



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

nmet hyl ati on states of three genes DBClL, PTPRR and ZNF582 in ovarian
mal i gnant tunor speci men and ovari an beni gn tunor speci nen. The

results indicated that, the nmethyl ati on frequency of Cl, PIRB
and ZNFS82 | feBUSRh SUARIAGnERT FRATRO DB HRISRS 558, s ghgodin
56. 3% respectively; the nethylationdfrequen of, DBCL, PTPRR. an
SNFa8) | bvaPPARAbertr ity O sthiealE "B oo o bsamEa Agec.
respectively.~The differgntial t hyl gt level was, 53.8% _50..0% and
43 8o respelanvenyent s B (Bl PLRE, EaritiR, el srsimghd

t unmor speci nmen thyl ation leyels of said three genes in ovarian

mal i gnant tuﬁgpﬂgggggﬁgﬂyﬁﬂﬁbyﬁgﬁérkably hi gher. Therefore,

met hyl ati on rate of DBCl, PTPRR and ZNF582 coul d be used indeed as
the screening index in screening ovarian cancer. 20 Table 5

VELY 1 o0 S RLIAGR SHHCP | roet gene | ovar an furoy
Methyl ation_l evelragt ghecimen groups:
I. SiHa 0: SiHa cervical cancer cell line;
2. SiHa _10D: SiHa cervical cancer cell line (SiHa 0) treated
10 with 10 pM  DNA  methyltransferase  inhibitor
5’-aza-2’-deoxycytidine (AZC);

3. SiHa DT: SiHa cervical cancer cell line (SiHa 0) treated with
both of 10 uM DNA methyltransferase inhibitor
5’-aza-2’-deoxycytidine (AZC) and 0.33 uM TSA;

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

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

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

wherein cervical squamous cell carcinoma specimen 1 A&

20  specimen 2 were specimens obtained from different patients.

Those test specimens described above were subjected to bisulfite
sequencing (BS) to analyze whether the target gene (DBC1) in each
test specimen had been hypermethylated. The result shown in Fig. 1D
indicated that, compared with the control group, the target gene DBC1

25 in cervical squamous cell carcinoma specimen 1 (SCC 1), cervical
squamous cell carcinoma specimen 2 (SCC 2) and SiHa cervical

cancer cell line (SiHa 0) had been hypermethylated. Consequently,



DBC1l 56. 3% 2. 5% 53. 8% PTPRR 50. 0% 0. 0% 50. 0% ZNF582 56. 3% 12. 5% 43. 8%
Exanpl e 6Met hyl ati on analysis of the target gene in col on cancer

speci nen 5Met hyl ati on-specific PCR (MSP) was used to anal yze the

nmet hyl ati on state of the target gene in colon cancer specinmen. The

the target gene DBCI in cervical cancer specimens would be highly

methylated.

Example 4 Methylation analysis of the target gene in cervical

5 cancer specimens

Methylation-specific PCR (MSP) was used to analyze the
methylation state of said four target genes in cervical squamous cell
carcinoma (SCC) specimens. The methylation state analysis result
shown in Table 4 indicated that, in normal cervical specimen,

10  methylation frequency of DBCI1, PDESB, PTPRR and ZNF582 was
11%, 0%, 9% and 6%, respectively; in cervical squamous cell
carcinoma specimen, the methylation frequency of DBCI1, 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 DBCI, PDE8B, PTPRR and
ZNF582 could be used indeed as the screening index in screening

cervical cancer.

Table 4  Methylation state analysis of the target gene in cervical

20  squamous cell carcinoma specimens

Target Genes CGI methylation rate (%)

Normal (n=54) SCC tissue (n=30)
DBCI 11% 100%
PDEZB 0% 47%
PTPRR 9% 100%

19



met hyl ati on state analysis result in Table 6 reported the nethylation
state of four genes, DBCl, PDE8B, PTPRR and ZNF582, in col on cancer
speci nen. The result indicated that, nethylation frequencies of 10
DBC1, PDE8B, PTPRR and ZNF582 in col on cancer specinmen was 100. 0%
100. 0, 100.0% and 100.0% respectively; while nethylation frequencies
of DBC1, PDEBB;%\Eg and ZNF58§Oéi n normal col on tiss%{a0 speci nen were
25.0% 25.0% N nd 25. 0% Spectively. Consequent{y, conpared
Wiih normal e s ||
genes in colon cancer speci nen were renarkably higher. Therefore,

met hyl ati on rates of DBCl, PDE8B, PTPRR and ZNF582 coul d be used

i ndeed as the_screening_index in screening_ colon cancer. Table 6

Met hyl ati on dixamplad yd¥lethylatinn mnalpsisgehdhentayges gaundvrovarian
speci nmen Target CGenes CA nethylation rate (%

tumor specimen

Methylation-specific PCR (MSP) was used to analyze the
5 methylation state of the target gene in ovarian tumor specimens.
Methylation state analysis results in Table 5 reported the analysis of
methylation states of three genes DBC1, PTPRR and ZNF582 in
ovarian malignant tumor specimen and ovarian benign tumor
specimen. The results indicated that, the methylation frequency of
10 DBCI, PTPRR and ZNF582 in ovarian malignant tumor specimen
was 50.3%, 50.0% and 56.3%, respectively; the methylation
frequency of DBCI1, PTPRR and ZNF582 in ovarian benign tumor
specimen was 2.5%, 0.0% and 12.5%, respectively. The differential
methylation level was 53.8%, 50.0% and 43.8%, respectively.
15 Consequently, compared with ovarian benign tumor specimen,
methylation levels of said three genes in ovarian malignant tumor
specimen were remarkably higher. Therefore, methylation rate of
DBCI, PTPRR and ZNF582 could be used indeed as the screening
index in screening ovarian cancer.

20

Table 5 Methylation state analysis of the target gene in ovarian tumor
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Nor mal col on tissue specinmen (n=24) Col on cancer speci nen (n=20) DBCl
25% 100% PDE8SB 25% 100% PTPRR 25% 100% ZNF582 25% 100%

specimens

Malignance Ov Benign Ov Differential
(n=28) (n=28) Methylation level
DBCI 56.3% 2.5% 53.8%
lPTPRR 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
5 Methylation-specific PCR (MSP) was used to analyze the
methylation state of the target gene in colon cancer specimen. The
methylation state analysis result in Table 6 reported the methylation
state of four genes, DBCI1, PDESB, PTPRR and ZNF582, in colon
cancer specimen. The result indicated that, methylation frequencies of
10 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, PDESB, 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,
15 methylation levels of said four genes in colon cancer specimen were
remarkably higher. Therefore, methylation rates of DBC1, PDESB,

PTPRR and ZNF582 could be used indeed as the screening index in
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5The cancer screening nmethod provided by the invention has follow ng
advant ages over the above-descri bed conventional techniques: 1.
The cancer screening nethod, bionarker and use therof, provided by
the invention uses the nethylation rate of a particular 10 gene in a
i sol ated specinmen as the biomarker to determne the risk of having
cancer, and as conpared with conventional methods such as cervical
scrapi ng and shreemmgapldn cancevi r us testing (HPV testing), both of
sensitivity and speC|f|C|ty of the inventive cancer screeni ng net hod
are higher  t Hanle Bolethylatina siate apalysiyeddns sarzahgansds) colpn cancmie
cancer screening, nmethod, biomarker and use therof, provided by the

i nvention caﬁP@@nﬁged not onIy as the flrst I|ne cerV|caI cancer

Scr eeni ng, b == = = — = T - == R s
virus testing (HPV testlng) a the econ ne Vi ca cer
screening, so as to achieve EP@& dgﬁn@ﬂgéﬁﬁgﬁﬁ@Er&% r eeni ng
ef fect. 3. The cancer screening nmet hod, bi omarker and use therof,
provi ded by the inventi on Narmhkcalopl isstiecon not (twolby daheesspaemieng of
5 cervical cancer, but also on the screening of other cancer (for

exanpl e: ovarian cancer, ,@El&%ﬁ r_/_hzq d the like) t@}'\%f@ st the
ny

di agnosi s of _abnormal speci changes and r‘atinnc in
t he above descry errbodl ment o-he invention can, urse,
carried out w t%@q? 10 departi nSBf}r(oomthe scope ther eof Kgcor di ngly,
to pronote thepppegpess in scienpgand the useful artsyggohe invention
is disclosed and 1s intended to be limted only by the scope of the
appended cl ai mpTppfat is claimegkg,s: 1. A cancer scregjogg net hod,
based on detecting the nethylation rate of target gene in test

speci nen, and gmg he rret hyI atggm rate as the scr eermgm/gl ndex to
det er i ne t he YR N TN~ =V ll a¥aVa M aXol oY a1 W Wa1VY]
steps: step 1: provrdlng a test specrnen

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

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

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

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

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

22



step 2: detecting the nmethylation rate of CpG sequence in at |east
one target gene of said test specinen, wherein the target gene
conprising) PDE8B, PTPRR and 10ZNF582; and step 3: determ ning

whet her there is cancer or pre-cancerous pathol ogi cal change or not
in the specinmen based on the nethylation rate in the target gene, or

using the methyliahj Qankaf &cledifl 980 9416 Q&li@ﬁ@%% SIIRESR ceddRcd)

A cancer screening nethod as recrted in claim erein the test

speci nen i s AnkSOi@teRinPeghien sel ected fromthe group consisting
of cervical snear, ascites, blood, urine, feces, sputum oral mucous

menbrane cell, g3SIThE LM&RSsciRehihg GREMAR! bRIMANE ahdcekt, trhef,
post -surgery cancer tissue. 20 3. ATancer screening nethod as

recited in clhabiided Wheheiifivdditort 68k ibedapPiidien iRt 3§ tABLRYSHIhSDf
state of CpG sequence of the target gene conprising

met hyl at i 9n- gppgichl Cam@rybBf 8188 diMdienscré@dali sothMEBincU@dE bk ahipye
nmet hyl ati on-specific polynerase chain reaction (QvSP), bisulfite

sequenci ng ( BShriafi cdraat; avkon CBRSSerSpedtthenkite)yio desist whé Rlagnosis of
hi gh- performance |iquid chromat ography (DHPLC), and pyrosequencing. 5
4. A cancer abnesnahgpedityd as recited in claimi1, wherein the
target gene PDE8B has nucl eoti de sequence as depicted in SEQ I D No:

2, the target gepg,RIPRR n eof i ak n depict.ediddn

I D No: 3, and the %égggtag%%% gﬁ#S@%bﬁggﬁﬁgﬁgcﬁgoﬁﬁgeéggﬁﬁeﬁggegﬁgg

depi cted in éﬁ%dcﬁlﬂ\e%é c?rté ,E:]%/ |i§Y&%§(Yﬁ <ah, %?n{(g{ragzﬁgeﬁrﬁ%d%{;?ﬂthout

based on detecting t Ion rate’o ene in

P R L T e
ol ov g ot gRserctesh SRidicoE e 19y AL BB 5o S\ Seieed apee
SILLRT R T SR € L e

cervi cal cancer or cancerous
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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. 6. A cervical cancer screening nethod as
recited in claimb5, wherein the test specinen is an isol ated speci nen
selected fromthe group consisting of cervical snear, blood, urine,
cervical epithelial cell, 5and post-surgery cancer tissue. 7. A

cervi cal Can@?ha%?%@ﬁﬁ. {ethod as recited in claim5, wherein the
test specinen i's the abnormal cervical smear. 8. A cervival cancer

screening nethod as recited in clajim>5, wherein, the.test speci IS
Che. HPV( hurmait- pép RGO EFBE FREOry datat ey deire e, hep Beihaioy
A cervical cancer screening nethod as recited in claimb5, wherein the

testing method faie ofghipdtajenerindtat spafinEnGasdqusingghofmetiylationesate
gene conprising nethyl ati on-specific polynerase chain reaction (MP),

quantitative m%@fﬁ@%bl%’éﬁ?t%i?{%éé? t@‘ddéﬁﬁﬁ‘éeth%ﬁ'i%%ﬂhiﬁﬁgtéd?ﬂer, the

(QvBP), bisulfite sequenc m croarrays, mss spectronetry,
denaturing high-performance.liqujd chronmatography (DHPLC), and

pyr osequehci ng.nmﬁag@emrb%nggahewngéﬁ%% ng nethod as recited in
claim5, wherein the target gene DBCl has nucl eoti de sequence as

depicted in SE%t%? 1:D plwviding beestapgeimeene PDESB has nucl eoti de
sequence as depicted in SEQ ID No: 2, the target gene PTPRR has

INES62 has mucl Sob fe. soeiE 44° ERR RO ra gt Gp SefRegse ifne

ovarian cancer screening nethod, based on, detecting the nethyl ation
rate of target gene of leassonepiegaeaena saiflngst AECHERM WORHRID e
as the screening index to determne the risk of 5having ovarian

fggfe;begihﬁeﬁt hod conmpiiigt Needen! doamprigingt €ps: st @DEIRRr BMIIRRRY aad

10 - ZNF582; and

step 3:  determining whether there is cancer or pre-cancerous
pathological change or not in the specimen based on the
methylation rate in the target gene, or using the
methylation rate of target gene as prognosis marker.

15 2. A cancer screening method as recited in claim 1, wherein the test
specimen is an isolated speqimen 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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step 2: detecting the nmethylation rate of CpG sequence in at |east
one target gene of the test specinen, wherein the target gene

conpri sing DBCl, PTPRR and ZNF582; and 10 step 3: determ ning whet her
there is ovarian cancer or cancerous pathol ogi cal change or not in

t he speci nen based on the nethylation rate in the target gene, or
using the nethylation rate of target gene as prognosis marker. 12. An
ovari an cancer screening nethod as recited in claim11l, 15 wherein
the test specinmen is an isolated specinmen selected fromthe group
consi sting of ovarian cancer tissue, ascites, blood, urine, and
post - surgery caremetioni SMBP), q3anthativeannathylatioerspsetieenpedymetased
as recited in claim1l, wherein the testing nethod for the

net hyl ation st aél?e;fiﬁf SRBR0 ggg%ﬁ%ebﬁulﬁ% %egﬁéﬁ@ihﬁﬁBS)fQﬂRfrbéﬁﬁgs,

met hyl ati on-specCitic polyne i nreact1 on("MsSP) , quantitative

met hyl ati on-specific polynerase chain reactio P), bisulfite .
sequenci ng ( BS)Ma§H cr GRERIFEMEHS s GRSt r%@ﬁ%ﬁfﬁppﬁaw liquid
hi gh- performance |iquid chromat ography (DHPLC), and pyrosequenci ng.

14. An ovarian ¢lareeitogeasien{DERTECorhdpyroseqtiedeing. cl ai m 11, 5
wherein the target gene DBCl has nucl eotide sequence as depicted in

SEQ ID No; 1, tRe. target. T . 08, SeQHRRER, as

depi ct ed ? n éEQﬂl%tn%ggﬁgre%g@ &%@%g?ﬁegg%?%@g‘é} has %ﬁlcl eoti de
sequence as depicted in SEQ D No: 4. 15. A ¢olon cancer screening
met hod, based ofleédi@et g ROEYRehay niclepfideseqyentarasedegigied on
test specinmen, and using the nethylation rate as the screening index

to determ ne thgEQ 3K Bb: Pavhegarget genedCRRR Ead duokidintt sapnicsiLg
following steps: step 1. providing a test specinen; step 2. detecting

e, et oUonyt ke 1 RERONGS, 41 P s sPlE LRI 0a0S
PTPRR anijo ZNFSSI%&GI%ggide sequence as depicted in SEQ ID No: 4.

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

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

pathological change or not in the specimen based on the

methylation rate in the target gene, or using the
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step 3: determ ning whether there is colon cancer or cancerous

pat hol ogi cal change or not in the speci nen based on the 20net hyl ati on
rate in the target gene, or using the nethylation rate of target gene
as prognosis marker. 16. A colon cancer screening nethod as recited
in claim13, wherein the test specinen is an isol ated speci nen
selected fromthe group consisting of ascites, feces, blood, urine,
and post-surgery canceindth§fitfon fafe o (8P BehaRCYIroBADSIBThALkaTEt hod
as recited in claim 13, wherein 5 the testing nethod for the

met hyl ati on ate of .CpG sequence of the,the target, genge.coppr.isin
Tothyl ati on- Sped PRI ARG boetaanin, ahofan s #PRRIF T WRbY
met hyl ati on-specific polynmerase chain reaction (QVSP), bisulfite
sequenci ng ( BS) thariast cpreisen naas ispkated specyen delested ifryn the group
hi gh- performance 10l i qui d chromat ography (DHPLC), and pyrosequenci ng.
18. A col on Canc%nﬁ%ﬁﬁg%f’@m@?&ﬂ%@&, H6bH Sdring, ‘éb?di@hllé?itﬂ@ﬁél%éll,
the target gene DBClL s nucl eoti de sequence as depicted Tn SEQ ID
No: 1, the target ,gene PDES8B has nucl eotide sequence as depicted in
SEQ ID Nod 2, tRBIPASHSUIGRENSPIBRHES nucl eot i de 15sequence as
depicted in SEQ ID No: 3, and the target gene ZNF582 has nucl eoti de
sequence as depidctedical GEQel BeNenidg mARSIRMACTe difedTiEc IISCE OslRECIN
A nmet hod for screening cancer conprises the follow ng steps: (1)
providing a tes i : : t I : ion rate of the
CpG sequence i nilé'f%%gggacl}}\%@%séﬁg&%ﬁggﬁ%l\%’\ngf‘ﬁ?%%‘ﬁé%enom c DNA of 5
the test specinen, wherein the target genes are consjsted of PTPRR,
ZNF582, PDESE.addceiscyal eanser spresarag miethey! %E@‘H@ff trhefim é wlw%%m
or cancerous pathol ogi cal change in the speci nen based on the
presence or absefeaeof spbeini@t Hyl giel HIP¥{lauahn papill@ast v'g'ue)-gasigi@te
gene; wherein the nethod for detecting nethylation state is 1

met hyl at i gn- speci fi.c P P).. quantitative methylation-specific PCR
(QVSBP) , Bﬁsul fi Pgrvslgﬁlu%c'?m:%ﬁ%m%@g), m cromrys, nass spectroneter,
denat uri ng hi gh-performance |iquid chromatography (DHPLC), and the
li ke. 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 PDE8B has nucleotide sequence as

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

sequence as depicted in SEQ ID No: 3, and the target gene
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15 SEQUENCE LI STING <110> Hung- Cheng Lai <120> Cancer Screening
Met hod <130> <140> <141> <160> 24 <210> 1 <211> 5000 <212> DNA <213>
Hono sapi ens <400> 1 ggtottcacc agcagggcag ggaaacaaag gagagagaaa
ggt gggt ggg agaact gacc agaaagttgc tgggtttgtg aggctgagaa ccttctgaga
ctetttgtcg ccattttgtt gcctecctgg catacaatgg gcagtctaag taactcatta
aacagacaag gactccaacc accttttcct taatettcag agtaaacaaa tgcttcagga

attttgettt ggt cZdER hagatielentideaegyegte as depicted in SEQ 1D No: 4.

11. An ovarian cancer screening method, based on detecting the
methylation rate of target gene of test specimen, and using the
methylation rate as the screening index to determine the risk of

5 having ovarian cancer, the method comprising following steps:
step 1: providing a test specimen;
step 2: detecting the methylation rate of CpG sequence in at least
one target gene of the test specimen, wherein the target
gene comprising DBC1, PTPRR and ZNF582; and
10 step 3: determining whether there is ovarian cancer or cancerous
pathological change or not in the specimen based on the
methylation rate in the target gene, or using the
methylation rate of target gene as prognosis marker.

12. An ovarian cancer screening method as recited in claim 11,

15 wherein the test specimen is an isolated specimen selected from
the group consisting of ovarian cancer tissue, ascites, blood, urine,
and post-surgery cancer tissue.

13.An ovarian cancer screening method as recited in claim 11,
wherein the testing method for the methylation state of CpG

20 sequence of said target gene comprising methylation-specific
polymerase chain reaction (MSP), quantitative

methylation-specific polymerase chain reaction (QMSP), bisulfite
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t gaagttgcc etgttgccta agaaagatag agaaagaaag agaaggagtg tggggaacct
ccaagaaaaa gctggagagc gactgcact cccaggatca attaaataat tcaagactcc

t ggt cacat ¢ caatcataaa tgcctttgca caattccaca gaattgaggc tetetggage
atgacttect gggactaggg cataccaaat agaggcccta ttattttcat gaacttcgtg
ttcattctgg acactcacag tgactacgtt ctaacagtca ggacgaataa gaggagaggc
tgtgtggtgg gtgt tcaaga ag ga aaat tgtccgtggt ggetgctect ttctggctag
ttttcccgag tctt&@qmmgtg 831 anicrgengasaanass c apeciremetiyaadenataring
ttaaggggta ctgcacttct gcccctccat atctgecattg gtgcgetgtg tgttageage
gl ettagt cc { cochiggerieatinkacoliqiaaoa aremarokinhgeal (DHBILY! A
aggaaggaat aagagatagt gcgtatttct cctgaacctg ttcocacéagg gc tgactcct
cctetccct t ctcgat tct ttcccagttc attagttcac catcc tttga atgcactgag
cat gagcagt taga ﬁﬂgﬁﬁuﬁaPﬁﬁittca actgaatctg ctggtagcct ctgatt tggt
tgggaat tat cccagcctgc ctgtaccctc fictccetcc gggetctcge agacacaaac
gatttcagaa t dicAget@garggygmacayasqeactingg ggethodgtaggtreded dac adsagcl 1,
cgaaaat aga cctcattggg tectctoccc tetcctotct atcactcaaa tggctectag

att aaaaaag cact ; t t. Gt :
Faat gat Lot 1 aaal EAa A AL RG0St PAORrG Rl et ek dephieed

ctacacaccg ggaccc et gcattatc gggat gat aagaga tteataccgc
aat caaagt c caag&jbgg—fgé Igﬁi\%ﬁzlbdgé e cgfé‘@g%? Pﬁiﬁ?@ét@&?ﬁqt@‘e%ﬁuence
catttctctt attgttctag aaacaaaaaa gtgtcaggga ttgcatatat tat tctatta
acagct acag at at hechpictedt ireSHYQel[ngdgadgcan ¢lid ttatddtt gernt VIS8 thas
cgcctctggt ctacgtagag agagaaacaa gggcaactce cgagacaaaa acactcaggt
E“gegegt a Cecaﬁﬁ%%?id%%%gggﬁ% G ﬁ%@?c%&?n §%c§?ﬁ:ﬁ§?t4t ¢ gecgeteccc
cgct eccgg cgagcgaacc agccgggagqg ggaccagcgd cctaegcetge t tcecaccga
ct ccaggt aa cc%?gccgca ccgc tct tea ec Lgtgcctg cgcge tcceg gcggceg
tcgt gggagggd St g/t tGQjoBC Faneet tEeRYHga Me t bgeed aont wgirattng: abe
tgggacc ctgtcact t t tggatagtgg aaagtctggg ttctgttggt aaagcgtcct

at ct ggggeg t cgt plethykkiost eAteCaf UarRYAEAAABRAIUGPORIGek2aRA HHAS  Hea
ccaagggcag ctacttat’t tgg tactgt adaaggettgc cteggeage t taggagaaga

ggecgc tgaa eccgacac act.cgcgaca tgcgeggt.cq egaagct cce ccgt ct.ct ¢
ggaagcaacc attt?E%@X%Egﬁbgﬁaa @“558 dngﬁ%g%baaéﬁnﬁﬂﬁégﬁdﬁgfo
aggggacttt agtccccgcg gccgaataaa ggcggegecg t tcggggegt cctggeegec
gggct caaag acgt bagimaccelvgagincey sashgrghgdganpisinptiollawigggtepsat ggc
tctgggc aatgttggta cacagcttaa aaattctaca gtgacagaga atagggatt t

tttggggagg c999gRs ft: t grSaHH QQéﬂs%kﬁﬁﬁéﬁgtt et cccct gga agcaagagcg
caatttgaaa aactgctgte §ggggcgytg toé tccat’ct tgggct tggg ectactcagce

gttactttet caagggctgt aagccctct t atggatccac cacacagtac ctttggatgc
tacggct eag t cet 2¥Pge caﬁéﬁapgﬁgﬁlﬁ?@ﬁﬁ f@£é§%§ng%38“¥§@d§é%ﬁ§%ﬂ
ggagagagcg agtgaccgcc acggctgagt ccgtgeccgg aageg tecte ggtgcagege

ceccgcgcls ccgcegee Leoggchpait g@we odttbgtiggogspédapigtwhircigtibet atga
tgtgtgcect actataggat ttggggtttg cgcttgaagg t at gaaagag ctgggcagac

aagggggaag accct geat ¢ g%ﬁégc%[ ST  PECT, PrERBIPTER A00CFagas 4!
taggggga agagagaggg agggycigt g got it geace’ gaggaatc to cagigagge -

ctct ggggcc aaaaat gct g caaggt aagc gacgctggga aggggaaaaa geggccgt gg
agtcacgctt tcgtgcgcat 88deagccca tot cc tcctc get cc tccct aagtccct
cc ttggacttcc tc tggcgcgc agcgagcaac t tccggagcc at gagecagg

aat gcgagct CCQC%F'[ Tl CleGaadants whaher ekéle RAaGloH chiterd88thho@d®is
act tgatgtg cgtggtgtgt cctacttacg cgtgtgtct t cacg tag tca gggaggatta

aaaattcctc acatggccaa tegaggatt eagcggt cegg tt tgca ft tgcatgga
acagttgcaa agat ggat gg B@ﬁ%ﬁ@%&@gchan?%%dﬁﬁgﬁl 3@§agﬁﬁléﬁ?§gﬁgégg
tcgcgtctct agccaggaag tc tttaggta agccattgat agttttactg ggcagecgtt
eacagec 20t agtagaaat amethylation 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

28



aaacacct gc aagggcacca agacacaaca cccgggccgc ctccgcctaa ccccgececcc
cccggcecgtag ctctccattc ggggaggagg agcgagagcg gggattcatg ctgetaggag
gcacgcaggg ccgccaaaga cgctgccct t ccccctaccg ccagttctag gagtggegtg
gtgctagtgt gtgtgtgtcc gcgcgatgtg tttaattagg ccgggaaacc tggggctgta
caaacggt gg cccccgaggc tgatgggaat gc toot tatc atcaacagag tccccctcag
agggtc tcag ggcac tt tee.gagtacteg cagagag agagagtgtf ccatgacaga
cacttggetc gtad ?ttsggsl?ﬁﬁlg'@%‘t tSgd? t‘%‘gggﬁgﬁ%lg}e& %egﬁg'&g é?ﬁbaﬁ 85‘@813
tgtetagctc tat t tggcct cgccccagaa ggattccggg ccctacaege catcce tog
agat gt aeaa cgga@GeymL of gecHes efoogs e bimnyaning oyt pagy sagRYP IRYRGT
cctgtcctcg ccaggtaecc etc teccaag eggacat tga ggacccggcc gcaccc tgt
ggagggggt t tgtgigcccg gtttgegtg t gtgtg tgtaa tgtgtgcatg tctctccage
cgct gt ggac gat ggcacct aatectgcta aaat gagacg ttggagacac tggggct tgg
cocctcegge gggaaaggag aggaaatttc taagacagat o taaatatgc g tggagaggg
t eagt act ga a? 3{ g@@@iom cangesesenta Neihod &6 recieddn@lyige 1ge twyaetedn
ggct tccaga gcagggaggc agcacggagg aaaaaatgta cacatatat t cacacacatg

gc cc tagt 99 thegathagtbethbdag dagandhyldtidn 5888 VEPG seqli@as: agat
t cag ta gat caat acc eccct at ct t t caaact tea aagagaaaag

acacacacac gag acC a ct aagat tqgtt.cat at { ttct a t gaaqc
Caacat aua. avt SIHRCAR sl R0 mlising  Btn aBRR e TiE ST RESe
cattttcaga atccaatgcc acacacacac gggagaacat ata ta tatat ctggggagag

cctgcaggca ct tchadmt ageactian ct(M t quantitativet tmgthdgtion-specific
ggcatgccca ct cCCagcaa caccatgacc gatgcat ttc tcaat cact a acacacacac

atatatatat at agﬁggﬁﬁa% t&%ﬂaf@acﬁ%ﬁcggggSP)} I GG 3§éq{h%ﬁ& (By),

gt ggect aaa gga aat tatacactct ecta ga“agggtttttc ttcccgaaag
acacacacgg caat cacaca acatgt at t t ta%ca tte tc.te tc t tca
it § Hﬁ@gee

t agggccaag cagdbyaPegaysy § gaPeEYGE cpatydinget ghaperfq

ttg tat ctggaaa acacacacac tggtgggggg cacacacaca gtaggaacct

t gt ccagagy gaadojuidtahrgapgagenpdy @HPLdOpagdgaattequaricgat cagcet a
attgctccca tcttccctca catggccctg acacacacac aggact gaga
18. A colon cancer screening method as recited in claim 13, wherein
the target gene DBCI has nucleotide sequence as depicted in SEQ
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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<210> 2 <211> 5000 <212> DNA <213> Hono sapiens <400> 2 agaacaact c
tggtcaat tt cacaaatgtt ct cagaatct tecat taaaa t caaaaaaag ccctg tat
aa ctgt ctt t tg taagaatgaa tt aagc etc t gaccatctaa cag tgactga
gaacageagc atgecteacc acagcag t tg taaggaagag t tgect tgga at ccct
tggc gggt cac cat catgaggtct cc tgggetgt tgtgaaaatg tgaagcatca
etecctctgc gactacaaga geABSHERYeCIaOICTITEIDISQIADSARFECt gaat tt gg
aagtcttcat aaaaaaacaa atgttactge tttatetcce atgggcagtg catccttcta

ceagesat o 2cat9aaa, 8 5oL ASORAR ARSI SRR YRy
e 2 S9OSR e SRARIRRHR AL, LTS PR SR e
o goacassa spggensase Sonisl L SEEOR 820 (SO0 L3 SRR

caggttagct agcaaaggta gatatcttgc ccaagagtgg ttaaaattgg ataagcaact
t gaaaat cgyy gtgteshcpectioenevderein thgt tagget geneyyasmcoagistahodRKERRR,

t caagggt gc tagacat gga ggcggt gggg gttgagaggc aggggcctcc ettacacagc
ctgcaggga t VindeiEhcPDEB atdddB(Y¢ dnd (B) tdeteringimdeg oghgtiergdge is
gaagaataag t t et ct at gat c caggaaga atact t et t t ctagataaaa

gcaggaat ta agarlorcdrteogagattigsical eRAYEE R thE3pedATA bhsRPOAGRHC
t t ctt cct cege atgggc t Let ctgggggaag aagcaaatge tggtgtt tag cut

tcagggy gechgagget JrahbiGRlesf YREFRAGSM tiGR kA8t 9t 484t st galéget

gttagactct aatttagaaa aaaaggaaaa gtgecttgea tectttetta ctgcgggaa
capacegact coahel S8t SHEeaBE AL S0P RE AR LB OSRCSiAC
10 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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ggggcgct gg gaggagggga gcegagecgc aggggcgcag agggt gggag ggcaggcggg
ggtcgagc tg gagcgtgttt tgtatgcgcg egcgeggtcc cacaggccgg agcgggt geg
gagggat ggg act eggacga ccctgcccgg cgggaccccc gegegggttc gcagcgccga
ggcacacgcc gcggagttgg cttttcatttE g Ggaagcaggtg aggaagaggg
agcact gagc at agt geccc ggaaccgagésgﬁgg jég@ﬁ gacagaat tg egtggtttcc
cagagadity hingtiiead t.at ctcaaagtac tttcctttca tcctaatgtc atggattatt
gat gaaggca ggaagt ccaa atgaagcttg ccattatagt tectaac tat aggatt tatg

gct at ac t t taggagc ggcgt ¢ gggcgccgag gggcacget ¢ tggggeccgg
cgagggé@%@ Qaéﬁ&‘&éb%gﬁﬂ‘ﬁg“@%g‘g geg ggggegcege ctcccecget coggaggetc
ggggcgcgcEt ctgggtcccg ctgegeccce gtccagetcg cctateg Lc cagegtagcec
egeagceesy ggecgagact gtgggggceg gt gaccgtga gt ggagatga agcgtectta
ggct ggceh g 9t ggggacca tggatttgeg atattccgat gtagggattt ggaacctgtt
agagaaccgg agtgcagtac gattttgagg c t taaagaca egt taaatcc gcaaacaaga
agatagéégg t gt caaagac gcccacagtg aagtttt t La actgatgtt t aaaaacatcg
tgaatgttaa acagtacaaa gettttgtca aatttteagg gggatgagtg gegeggtgcc

tgccct gt gy geggct gcgg aggggacggg ggcgecctgg ggggecgege ggcggggagg
cggggaggaa ggeggggggc g tcegggcgc gcggccgcgg agcat ccatg ecccgccaga
cagaccgacg cgcgtccgca gccgcgacca cagacctgcet tccgeccccgt ggceggttggt

t gggagceo® gctggtcctg ttectecttg ttgagagcat tgeccttgtag ttttacctgg

gt gaat gaat, gidht gt eact gccatgagtt agetgtetga aagt ggaaaa gaagaaaaat
aagaggcttt faacaatggc acagccttta acatttgtat gaggagtgag atgaacctat get
Lgt ggt 4%t et t gagec cagtg ', gate cetaccagtt agctetc tct gatgaaaatg
cagaagagay Bgotgotgeg ggagagct ec ccgeggagec cgcagaccga cccagggccg
cgagggagga gtggcggccg gatggcccaa accgcggcca cgccgcggcc gegegggegg
tctcgea @g ?eaccagcgt cegccgacgc gggcccgcac ccagcagggg acaecagcgt
09969998 t"ttggagagg t ggaaatgtgg ggggactggg agggcaggaa tcggtggcca
gt gact ggtottgact deeagic cgagiege tautt L gti@acegatt cealgdaedagt eecggbigat tct 60
aat't gt tigaggeaahi alrht R clea thheigka alaheelmt tceahogicaatatkhtdaat ag 120
gagaaggata tttt acctactatg, ttagcat age

dacans t'tt:[taatgga ! gt t&itt% oY g% e a%gceg%ttc;gt 180
ctctcc géf(iﬁﬁ%é¥??3§ @égﬁ‘%%c ?gg%%% g g%%g ggage d% %j@gcacctg
aagt 99@@5%%9%@@@@%39@9@@8@@3@0&@@gﬁ%ﬁgggwgé ag?c’ éetacgga 240
gececctgfgagg@@@gigg@wgwmw@ét@gEéc%@aag@@%@&fg@mc&gmgmt gggc 300
ceggag S efslo : g a aaggg
sodlo e PELTTRRL SRR, e il e A
gcagagefariyc it ACaadiial gt gl a t g gagag
aggt taggaathaaaragiachge agatgitsett g tacageat ciigat efgggenigbagtgccaggadto
B e S A O S e R
L0000t GALH Gedbedaata tacAbYrgueE Jagetblgcc At gatgby (Cogueggeac 60
agccgegegt t ageggttagaz asactigtt grag goeecgsiget agggygehccy. igaggdgt t t a 660
gcccct @ .0 t g gcaca 79
2t ot gugang. fﬁé?%?%f ] t‘?é%%é?ﬁ%ﬁi%ﬁ%?ﬁ%ﬁ&%?% ot
ct gggt CLCHCEABALES %aé a 81 gL EHBR g AP RS 142CAEYY t aac
a: c?t ?@amaca@zget@amz@aaatfga%ﬁc:egx{gggc*iﬁacc?;@aara@g g‘e&jgaﬁﬁat gggat 240
at tatgaghe that d@acagea titled gtee agtaakeaagag aagcagct oo
ttgacct%%%ggt tti;%%ttgagggﬁaga;t act Lt tg;a t{g%i%t%g?a a}a%;%?ﬁtﬁft tttttct gtgc geq
agact adgial GEE AL HC P ARG Uit A DAY et YT b At e T Goat t o
aagaccapeesaceas gasttrorggddrasiical ayddgbdagac gestapdgaagt ategaact t 1020
E ?g???EgEiE@C(%lt@@@ aeat t@age ait@@é@%t@ttmga@ﬁftgt g(ﬁ@gﬁﬂﬁe@'; @ﬁlt@@&eta{ot gt t g1080

Cc a a . ‘Crr caaa
Lt goct b EE AR Rat o At ar e G et o A e O Ract U Aiaat ot | 110
act cat tieflbe Idrgg geatyacgate cl eugad deaghiatett biraat ¢ipgt gt et gagat adgov

gccgt aagagi-cacaggtggaaat agkticigag ctggghiggecedthbbadm@gcattatttte 1260
tgettcagga agaggecceta tgttageage cecageetge atlcaggetg attgcagagt 1320
attttgettt ttattttecat gtettagtee ctgtaccete geececticee cgeecteotggt 1330
ggtelecaga gaacttegtg tccecctecage tteteccctec tacatcctge ctacgtagag 1440
aagctettge ttcattetgg gaggttacgt grgotetcge ctacacacceg agagaaacaa 1500

acagtgtcaa acactcacag agagacgege dgacacaaac ggacccacac gggeaactce 1560



cggttgaaga tttttggttg ttagtacttg aacccattct aaaaact gaa cat tgctac t
ctttatcaag tggaaatgaa agtatatatt tatcacagaa tattgtcttt tttataaaaa
tttgagat ag aaaat aaaat cccectccec tctggtattc at aatteatc cctgaagcag
ct ccagagagagraaccdeachkagg gttagatddatt ggggacaat gachggoict eagiccagayat t ccdaZo
acccct %Eétée%ﬁﬁ%&@?@ga%at&&%géﬁ%t Jlg?ttoﬁé‘@ét@c%ag%tgc&céaaggéttt:@%%gt gct agge@

ctttaccatt ct ccat CCCa t eat taagct ttcaa t gaat

ot aCt OOt § G AT L8 G e AR T ot S S0 o P ATGES  R8EH et s d 110
t t t gagaccagatcah ttaatel caaagickgaicagattdchgtacgt comgrgotaggeet teggtact gt t 1800
tacatcaa%gagg%%@@aé kgéctfclétﬁ%a’é@%t f&%@?c&c<@@c%§c§%0a§€&3g2§cw <231880

Hono sa |en§ <400> agaaaaat% a 1 aaatt %aactttg C

tgc tc t@é@‘g (’z%éﬁﬁgz?a@tcf PR tag‘gC §t8 %ggaﬁ%cg%;& gty gczcgdct ggaga
catt gt teecewmtiy eeRcc cRlcet et t aant coplaGaaigLesiae carssec ey

g; g?g?agg%tgcﬁc%uagg@g%agﬁamtgbmct g@@@&mg@tc@ha@mggé@ga&@doc g?aggom
ot act ace LTk R Gt 2R e P AR AR I AR AERE 0 20 2100
caat gt FEEECRTGEE LEEDZAEGE SIELGUYHE HUGOETIEL @gqgagfawt @%ﬂﬁg@gekggac t a8
ttcatt tagbtgdiagh Carbhafgagigiggaar cagtgatanggsottagag! gotgggagt aggy 2220

t;g:gg Q&:%g[%g{a9%%2%&&%a?%’gggéa%tQQL%QQSé‘gfgac?gto%@g%{ggEQag%%cécat tCaggg
CCcacgeclee aglcceegeg ccgtgcccgg aatgcgaget geacgeaggg cteteccaag 2340
ttcecaccga gecgaataaa aagegtcectc ccgeagetet cogecaaaga cggacattga 2400
ctecaggtaa ggeggegeeg ggtgeagege cecgeageee cgetgecett ggacceeggee 2460
cegggeegea ttegggegegt ceccegegete ctetgeceet cecectaceg geaccettgt 2620
cegetetlea cetggecgee cegecegecte caagtettet ccagtictag ggagggggtt 2580
cetglgeely gggetcaaag ggetaattge gggtttgagt gagtggegtg tgtgtececeg 2640
cgegeteceg acgtgtgeac catggtggga acttgatgig gtgetagtgt gtttgegtgt 2700
geggegtegt ttgegtitga tgegtgtglt cgtggtgtgt gtgtgtgtee gtgtgtgtaa 2760
gggagggety aagagagaga ggtecctataa cectacttacg gegegatgtg tgtgtgeatg 2820
tttgtacgta tgtgttigta tgtptgeecet cgtgtgtett tttaattagg tctcteeage 2880
ttacacggaa tggegaccctt actataggat cacgtagtca ccgggaaacc cgetgtggac 2944
ttcetettgg ggetetggge ttggggttte ggeagegatta tggggetgta gatggeacct 3000
tatttageee aatgtiggta cgeitgaagg aaaattcctc caaacggtgg aatcctgeta 3060
cactgggacce cacagcttaa tatgaaagag acatggccaa cccocccgagge aaatgagacg 3120
ctgtecacttt aaattctaca ctgggeagac tccaagattc tgatgggaat ttggagacac 3180
tggatagtgg gtgacagaga aaggggegaag tcageggigg getecttate tggggettgg 3240
aaagtctggeg atagggattt accctgeate cecegtttgea atcaacagag ccccteegge 3300
ttctgttget tttggegage atctggeaag ttigeatgga tecccctcag gggaaaggag 3360
aaagegtect cgeggegacttg ctecatccate acagttgeaa agggtetcag aggaaatitc 3420
atctggggeg gotgtpgatg atatggaagg agatggatgg ggeactttce taagacagat 3480
tegtetttet ttecccattt caggeggega ageccccaga gagtctcoctee ctaaatatge 3540
ctetecatge cicecectgga gttaggeggega tattgagaga aggecagagag gtggagaggg 3600
agagagagag agcaagageg agagagaggg agacagagag agagagtgtt tcagtactga 3660
gggagatcta caatttgaaa aggggetgtg aglgtggaac ccatgacaga atgtggeagt 3720
aattgactta aactgectgte ggtttgeace tcgegtetet cactiggetc caaaatactg 3780
ccaagggeag geggegeggte gaggaatcte agecaggaag gtagtttggg tcaaggecct 3840
ctttettett tcctecatet cetggegagege tetttaggta ggtecctige cecaccctgge 3900
ttggtactegl tepggcttgog ctetggggee agecattgat tigattccca getgectett 3960
aaaggettge cctactcage amaaatgetg aglttttactg clgttageat ggettcoccaga 4020
ctcggeaget gttactttet caaggtaage ggeagecgll ctgetctcag geagggagge 4080
taggagaaga caagggetgt gacgetggga cacageclct tgteoctagete agecacggagg 4140
gogccgetgaa aagecctett aggggaanaa agtagaaata tattiggect aaaaaatgta 4200



caattatttt agagttattc aagaatttca catttttgag agtcatcaaa atagatacta
gaaaagcaaa tttgggatga ggtggagcac aaggcctgtc ettectggcc ccgcctgggce
tttcccatta cagctcaact gttaatggaa cacagat aaa agagaaagat caacattaca
t ccet amachtdthct aageddagangagts aaht tatcheditatt cgitt atdonaeaagacaat agat 4260
ct ang%ﬁe&ﬁakg%%%a&a% 419652038 A9 Alat 43tk OURL fLLBaAG it Ct 9akgdp

gf i gt et caa caaf gggcac tacaaaac LC tgaac tgtet cactgtaate€ cettcgaa

ccagcc&@ﬁ‘”ﬁ%%&gg@@lﬁb? EEGEEECg cHt 68@%&93 %ﬁ%@g‘é& t@g%“?f‘%ﬁ%agt a 1850
gt gaat caggtercac agaaksraay gggct@gas aagragatot Lgagttgaagmacataaggt cc 1440
00t g5t e S e e ettt 0
tattct g’gggtt%g%%gg’éﬁﬁgcggg%t%gf%%gtg‘tgcﬁﬂ%%‘%t §8gcq%%8f{ ‘ g%%aclt;t% ecacg 1009
gt cat cagetaticee cascigase eastadct ot l@stetaget suaegectsegenttgeyet ggeg1620
aggcat kg€t kel GliseeitagCigehtd@eaggedidLl ¢Caatgeaagadtbeae@ct gc 4680
ct geacat gc. g1.2a396A00, | 03996€00, 0f 9ARCALL L, L £00L, 001 6 £at CCt dghpy
t ct agcGage adgat cgaaa tt glcacteq gt ct citt ea Haadasaaaa acagattt ga

t gagge&€eC Tt AIACERAC Y ae taRGeH EHCE A gagHEt cragaydegbcidatedagea 4800
gtt et gaaatagtol avdatRaggdtiRgagoaaa aggcceaitgghtaaiagccalzgeceaizct aat g360
aggcactaggg at%ﬁgg attggfact%(:tgtt%%g?@ﬁQB Et%@@%eﬁl%ggécaﬁﬁg&%g&%a@%%e tteqgoq

ggg t g ctg cqgatttgrg

gagt ect aat caa cectcc coot tcecca ccaagccgc
agggcc GG EHIAGLREHECRY CEEERGHEC AR REHGH g PR BB EC AR g cact 980
cac t atgageggaaggkaaggggt tt aaggact ¢ aeagt aect g aacttaacct tcaat at ga@do
tgtttctagg gatgtaacc t gctcatagga tacatggttc aattttctaa gcaccgtggc
acaattacag taaggtgtaa agaatcaata tgtggtgtcc gctgaat too ttagaaacce
ggcattt toe acatt tgetg tacaatcett gtaggagtga a Lgggaaaga atagttaaaa
gact aatddy gcagactgtg gtgatccatt aaacaaaaag atcttctcac cattgagctg
t caccceopd g@@gagcagcc aagctggtca gatt tgggga actcctgtgg atggacgctg

ccecca(%gf &g\tcaagacce ct gggcat gc cctgccgtct cgcttctgtt ggttgaagcet
cgaggac % ct gaagt agagcagtet ttgccaggct taggaaaagc acagggaagg

aaaat tdhetHamacsgetnst g tatgeactt tttctactgc aggcat tggc acat tagtga
gccaat aaga tagcgtccgc ttccaaagct ccaagagtaa tcaagtctcg ctgectttttg

Ltat cattgl, Lactgtgaca etgagtgtgc agtgtatact gcagtatctt aatatggtac
ggcaacagtg gagaagtcta gattecaea gtagcctcec atettteacc gtgee tte tt
ttctfi CEaRcagahadagIs§ yaicasat gyt Heaht Yot calisnstsydasstleasifdgt aggg 90
t cgt gcageecpatcatctagiccagoeseaat ggagaany teagtagecgiaecgesacttgge 120

cccett ., . t Cc . t agagcc
(L goet (60" %e’ﬁg%%%%a%%tgggl?%‘f%%?gg%%ég%%%h A o o

9
t gt aac CLERE FEAET ALY SHGaaHAGC t FJestEEat (Jdahiecedtd LB gEgagac £10
t gaggaagcat twahacat agece acaeacadac gomgt tagict cgddzat gaigecal tat gt ttact agg 300

ttttaaqagadhhetdatd @aat C@%%é@g%%é sgg“chgég%iga@aa%hgﬁﬁ%agﬂ%gh@&%gac acaggg
ttaaaga%ta ttgct t caat cac tgettac gcagtggaag,,

¢, cac tgt agg aaa(ga aactacttgg1
gccaat t° %@ttéﬁ%%ttg%tgaéttg%é%@ §9do8ades cHydat T c Htdceatdat t
tcactt ceégyugcetgctgtcittebygyegtcgebanrater.et t@aggiapgegpagetagaagac 480

ngg?’égaﬁl at95h Haded9.9C-ah 850 ARYRRAFECalack O thOEAket t&lat tact t 54

tits ttcataa t t tt tt ta ,
canaaARME S0P (ABERCED0  Cec iRy MIAREE L gyad HCRel G P [ Ganccaalll
at gcag geagpiicta databdtac gytastagagt taeoyEgastaseayie ot abdsgesaac 660

caglgactiga atgggeagtg gtgtetegea getgtaacte agagtitaca agggaaggat 720
gaacageage catectteta aaggeattet tecctetecte cageacagel cagtetglge 780
atgeetecace aaggagaatg aggeaaggece ttgttgactg cccageccag aglgtgagga 840
acageaglitg acatgggegg ctggacggga tagaaaccag catgaacatt tagltgacace 900
taaggaagag gtgaaaatgg gggagaaagc caagaaccat cagacagetl ctttetgtte 960
ttgeettgga tettagggea acgtatgtgt tcaagggtge cttectecge agggectlece 1020
atccettgge acaaacttece aaacgatgag tagacatgga atgggettcel tclgaagact 1080
gggteaceat ccaacleage cltcggagta ggegetggeg ctgggeggaag aggacggaac 1140
catgaggtet ctecatecact tcccgggtgt gitgagagge aagcaaatge gglegelggg 1200
cotgggetegt aggeeceete ccattteggg aggggeetee tggtgtttag cletgeggalg 1260
tglgaaaaty tgtiggtgaa aagegagagg cttacacage ccttecaggeg aagaggggel 1320



eacagaggea ttettgactt t tagatggag gage tgggcc aaagggaaac tacatggata
acttgagt ca aaagaggggg accaagcaag acacc to tat ageagtgagc ggt tgacaat
act caget ac agtgtctccc gcgatggagc tgaaattccc gctggget gc ccagaaggcc

act got ekut@cteacagegtgtcadeat gyptggtagestaracsisgect@et saaatesargat ggdada

ttctaa g%%&@%%%ég&ghécg%@é@ﬁ@c%ttg&@g%tc@ﬁamag@gcggégeéaet 991440
ct ecgcccaa_ggcecct et c ?aa cctott aaaaaaaaaa tg%t cce tc%% af aaat agat
agt ac c B eaR Y EEGEIH L G aBAL GG 8 St GL R A CH SRS S P T F 88 aat aat 5

tttattegetedzate ttALLACAas FULQE BACEAL ¢ SHBHIAGEt SRRECATAURt gRifdaatgaat t atl bl

cat t 99akh ek GRiRaFadkdedl HRgk&A st d@agl@ghl addibaelat agh-agCiR0aagC 1620
gccaatccaa at t aat

. t caac Lt cga at.a acagcagatt a 1t aaca
PRty e el S R R S o M et S gL )
aat ct t EEGeEAEgEE ABGER ST AFREBGHCEC CORREEBRIGA CEREEREACakI8CRRE t at a 1 710
tttttC%a@@g@ttat Gobbanrgat @iRabaddg igtageacttdeegedly efaustactgaat tt 1800
aat ct It t o) a -La
tacttg tgté%%ﬁ% g%%tgégﬁ%%gtca@é%%@ga%%tgg%%cgdt%la%g%géaiégibggtta{:éégg%g ataat g 1860

at gat gIEEEREEEEE ACGARIACLE AREHLITIE HICHGLHLCE GRCCEEAHIGT BHEC8E S at at 4920

agt t at aaaiggogatgagangagal icttangcdigaacidck tdcaat aamgadedaaptoat att 1980
tattat t t i aa

a1 LleRRE) SAGRRL L GRL GRS RR0RRRRL Lk peaa! BBl pRagaag 200
Lt aal adt B HERG A FLES CAAARAL 14 ada L HaD o HARL LG he PG5 t ct 92100

tt aat t tagteggmatgoattige tvgat@t agtaga ct @t gogdag Tiggbesicc acgeaget@aaaca 2160
agt 99atgog,Bagh tdatt 2.96aaah0anke! AGAEEERAG1:RGAGA! hccbkanagCt abazg
tttcaatagt tta ttgcaa atgt q%gfﬁé%gagapaa ct tc thC a atcacab280
at gt gaSAREATPEE GRBGR AEEE I BYTF ARG HOFALH: PR Rt 1 g

tttcat Eepessmtt aaaatEtccancRTdgeiCaatCagatERagec dEREE LAt oRfLeE it acat €340
gt at cageaa @aggankotdact aldzasatae ddickatcd 9@oRGt@LATE QLA t 2400

cazacat 368 S8 AR TR D AP L Hpeapnsee e
cl | ggt ecagratéaagaates tagaRaceet @8t chiggestdett Lelcpgriae sagigetti@acgggap?!?
<210> 415202t bAAQes2kdr NBagccca ggaaatgtgg tcagaaaaag geccctggag 2580
ggetectgga agegtectta getggteetlg ggggactiggg cgggpaaggy agegeagaag 2640
gaagcaggtyg ggetggectg ttectecttg agggeaggaa ggetgtggel tggtttatge 2700
aggaagagge gtggggacca ttgagageat tcggtggeca gtectgtliga atgaaatctg 2760
agcactgage tggatttgeg tgeettgtag gigactggtg cagttgeage accaggatag 2820
atagtpgecce atatteccgat tittacctgg gattaccage caggetgpag tctcageaca 2880
ggaaccgage gtagggattt gtgaatgaat pgagtgticgt gttttaagag atgtgggaac 2940
ggagcagagt ggaacctgtt gtttgtecact gtaacgttic tctgggttgg ctgeatecta 3000
gacagaattg agagaaccgg gecatgagtl cggagtglica geagagecac cglgagggga 3060
cgtggtttice agtgecagtac agetgtetga ggatgatict geacatacaa ctgatettece 3120
cagagagtge gattttgagg aagtggaaaa aattgittag atggttaaag cagtegelaa 3180
atatttattt cttasagaca gaaganaaat aattatttaa atagtgtcct cccegtatgtt 3240
ctcaaagtac cgttaaatcc aagaggcttt tcattgtgta aatctgggca ctgggtettt 3300
tttcctttca gecaaacaaga taacaatgge atatcctati gtacagagag aaaaaaatac 3360
tcctaatgte agatagaatc acagectita cctggtcaat aggttaccaa gaaccattcce 3420
atggattatt tgtcaaagac acatttgtat ttttaatagt taaaaacttg gtcttcattg 3480
gatgaaggca geccacagtg paggagtpag gagaaggata acatgttttg geottecaatet 3540
ggaagtccaa aagtttttta atgaacctat ttttttttta acagcatctg attgtttaac 3600
atgaagcltg actgatgttt gettglggtt geagtgttte tetggcagta atcataatea 3660
ccattatagt aaaaacatcg tttattgage acctactatg tgccaggagl aagctttete 3720
tcctaactat tgaatgttaa cagigtgatc ttagecatage atgtctgaag actagagtct 3780
aggalltatg acagtacaaa cctaccagtt geccattcgt tacagaggcea tgtgetgaac 3840
gctatactit gettttgtea agetetetet ctetcccect cectglicac acaaagttag 3900
clttaggage aattttcagg gatgaaaatg ttaaatttgg tgaaaatatl aagttgggat 3960



<213> Honp sapi ens <400> 4 gacgaccctg tagactcaca teagagtcag

gt gagaaagt gfitggtat cactcaacac agaacatagg gtcttgaacc ctcacaagtg

aat aaccaac aagctgcaag aaccgagata tctaattcta taccetctcc aatgatccct
gct gat ittt gtcaayt ggeeatataaadat gottga fasgl esdagat cAghgguat e tdaagat gat g4020
acaaat %@Qggatc%@attc%@@e?ac% Cttggé&eatc Ll &%%@@g%%gt@t&gg%ga@&ag@@@ﬁt gt gc4430

{ Saa00UBh UEEE (EROLA ¢ AABl AG0RT CLALMTOE (iGAL B ALt - CRiPHt ot T0

aact aattaaat tchet ageapmagt adageygee arcctaidcactiact bt ldat epjtagtteraaat t £00
; t ?gggttgéﬁgﬁgﬁﬁ%%it@ﬁagéé magggaagt t&b@gﬁ%ﬁﬁtggﬁg@@%@hg@@cﬁ:g@ﬁg; : gt 24260
ot gactivaicett (RpIRel: A HIREE U TREERE SRE PRI A Shage D 7095
act gt adégaealgeadrases e At tydd tagddaabaas Herhtt1aCgadettasadiggaaa
gtttt ggaaatcatc@ac@@tm tgagggii-gat @ichaat@aaiccettdgtaceitgaattat agacaddl
ccaagat ac%@%@%%@?étg%é‘gg%w{%ca%ga %Q%&%@%&%&f&%gﬁ% g@&%aaaca@

t ccacat C g at cagaaaga t acttt ca&)aot
agt ct tgagébﬁté@@ttgpa%@égb %@é@?&ééét@t@?%dﬁg%f@éﬁc badt akddteata

t aacaagtatdcttacaipgtitatagatgtaa tt ettt fogaaat caat oigtcesmnataemgac cca4620
t 93099%%@&&%@9:%%‘8&% 196 A9LEE1 &G at?t%g&%tadt &t (2L H8Y9E0GSE  £GFICT 9C@ER0

gegcggccge caggce a ce tt tttt t
D oAt agHRCHAGTE HIAF S GRGE UG o (Gt Rabirg Toke Chetpsre O 4140

tactecKmtamactgdgaamﬁ@th@maagmgaGrtmg@&t@tcmgaguﬁaaaaﬁmtmagttctc4800
tat gga%%é‘gt%fg%étg%%}g@tttg%’aétaggﬁ%@é &%gﬁﬁﬁﬂgt@tg%@céﬁgaé‘@&gc&agﬁc t tgegg

gccctcagca .a ctcc ttaa cagga
ttccaedt g@ag&gg? attcﬁg‘gz&tégd% Ttg(;gfC a%ctggg%g (,gﬁt ?%%tag %aaaat 1920
ccttct @gttbga@ag@dgéawcégc@gagtagaatat@@@@amt ﬁ:%éa@@écbb@gg@@@act gcg980
aaggccaggs, @9eselat @aaagggcgaat ¢ ggtggecactt ggggtccage cgtctcgect 5000
ctcgcggegt ggacccct ta tcactgttat tctcagagag tgggaacat t acaggccatc
ggt cat aata ettacacgtt cagagtactt cttgggtgtt agtttgactt cagtttttga
atgattcaac ctatttagca cacatttatg tcct tccaac agcctcagtt gactttcaaa
ctttattgi@ gaagccctcc tcecctgtett

<2112 5000

<212> DNA

<213> Homo sapiens

<400> 3

aagaaaaata gacctattgl aagtgggatla caattatttt tccctaacct ccagecctge 60
agcatttcta gtaacagatg ttagatgaga agagttattc ttctaagctt lacagaatgce 120
taaataaatt atctcaamagg ttgactcagt aagaatttca aagagttaat tgtcagtatt 180
gaactittgte aactatcatt ttcatttatt catttttgag tatctatttt gecatgaggea 240
ttgetectage gagttggegac atatcaataa agtcatcaaa gticttcaac atiggagete 300
aaattctgtt ttpgegggeps gagtagggaa atagatacta aacaatagat titataagta 360
attattttegg tttpttagaa agtgatacgg gaaaagcaaa ciggaggaca gtgaatcagg 420
aataggagaa gaggttgcag cttagagtge titgggatga aatgatagtg ccacagaaat 480
ggagtgtgee acacgecatge pgpagtagege getgeagecac gttgetagag aggggetaga 540
catggagata tgtetctatt ttcagecagag aaggectgtc aagatattaa aagtacatct 600
cattgtcecee tteteccact tgttggagtg ctteetggee tigtetctea gagetgaaga 660
tgacataaat cataaaagaa ataaatggta ccgectggge tetetgatet tataaggice 720
cacctaattt aagctctggt gpatagecta titcccatta gttgtctecaa ttcacagagg T80
atggagaaag aaagceaclga atgagatgtg cagctcaact caatgggeac ttgttagece 840
caattatttg gectaggacaa ctttattcaa gttaatggaa tacaasactc agcagtictt 900
atggagactt caatgigetyg tagaacaaac cacagataza tgaactgtct gazagaataa 960
tatgaggeac ggctaaacaa gtgttgtgea agagaaagat cactgtaatc tagagttagt 1020
tagagttagg getttoetgga aaagtgagac caacattaca ccttcgaaaa cltagtglggt 1080



tcagtcatat tccccaacaa aggcacatct gttcacactc caaatcaaaa gacagggaga
cteggactcc cacatttgat gtctgatatt ttattttgcg tagt taccag aaactgttgt
cagttgtgta gaagctacca ggtcactcgc agaccccagg caggcacgcc tgctgecttt

t ggcgcagaR tCReC gutaetagyacsagagg agoageagticcategbegatagegett t ct gl140

ggt gggk t t aaaag
S SESRERBER L e Ay st e o

aat at t B2%'GEEYCt HAt FEEC o BPQtELE & b‘@atdét‘f dt'a#2§§8f ggggc
ttgt cegathagerrsagectcigett gci@mgtate atteaticaatigaatacotaagactauyctt aaechiz0

tt gaggg@c%ag@& gbédcegrat cgaatkeat aa%tﬁ@g@@et%@@atg%%ag&%aéi ct cefigpa

o S RS S e e e

ct gt ggtrtictgeige eteienagagyggicetec tth@t&Ttbttgt tcag eplgaag A6t Lepdetct at glo
aggat af&ghageat @aéaﬁ@aa@a@hgﬁgtatggtg FhgageLe aaatddablt t@hgaalgot t ¢ LERO
gat agteaq£14.01 99801, 8308100800 0A05AE, 149, 1911 9RLAGA08t LUT B

tthth acat ecagcag C
agt t cag@&:@th&&gae%@éﬂcqgééswagec @éﬂ@@@é@@cﬁog@%&g@aw@ﬁ%@géét aaaa1680

at gccgecagtifac gaanat g aL getd @gaon thggoaaagt ycaaeggtecpaagigagaat cacl740

tcgcta c t cct gg

{ gagagir o ate (i aATed L B E ﬁ%ﬁ o et%%%éc%g%%% D B o800
t agaac&b‘é%tcﬁ%féaﬁﬁca‘épécﬁié‘@ tCa4l8s tieatEcCEadge t@&%lg?tcg@a%aact ggt 1860
tttgttatgiaeaggatsaagestd gogategete tegcodcaatt aattdqizge agtgyogeget gt gl920
aaggcaw@t%%cé‘%&t tL 098 B02089L A LAEATYGEL L0 RERAL . sAEAGAACCAC 1980
agtagc a aatcatcetc ttct e tee aga etcaccucctcactcaa agcat aac 40
ggct eggtitt ChHa g atfRG a8 Ht 58&%&&0@0 gﬁ%@%&%%@@%‘c@ﬁha@@fmtatgﬁ@at ga%)
gt cat attdcctcgimaesgrcageattanmayea caglaggaacasandrelagigeadggaagacal 00

gogecat glect e80! 86000061 CA0AARKLILC 2AAALHATAC GARLACALLaRRL Cal agEI60

tt tt
gcacet THd"Hadtgicaacs 1 EeUCTRf (250 LLGT aF 440 gt Gt ot aat {10
gct gt getecscealt aht ttagesa eat (aage g st Eyggahda Lat GEee (CABEaRACAE get Coe2
cact agaaga tt @gahgiddcdag0eogaaat 6 @t@ﬁg@@@%t@@ﬁ@@@a@g@g@g@t cat 9@340

s207008ac AL 1 400 LCSARARAL LG54 BLSGEY GARSELE LS aBA0ER! oCloio

¢ Yeg
gat agaeRplEgrad g@@ttattga&g&awa«sécﬁ FGGYHadat acg @Céig%:a%@@h@t@é?t tct 2460
ct gt acacaggotdid haglegzAc asganaact akbgaaghacctgagegaangosi@adt gaggzs20

PO oapaneb § %£i§3wagg@g@%é e&zg 98} H0abEL A LAGHEC of Caeno

ccagaat t teegrt
aagt gaé‘éﬂtaéla%%cé% 6t PHREFEAREE &8 %ctasgé%ct%%%etae&égweslgaaa 40

ct t gagagtdect @ac aat @ageageahaltigatt ctegcaatt tett cacteceeatesmaat at at at’ €l
accact ?Qé%acéw?&c%éc&%@géé %@zﬂ&%gg tc%&&%%%tcg‘éé?&%%ég,%%t@%ég%gat tc agh

ttcccat ccacfga C t tt att
aaagt cF&gtt 8@5&%5 K et 0&8 %@ sagﬂeégsi%égaggg%‘a@gga& ?gatg 2820
at agaaeacatpatat gatgtgacct fatttgeat ge agag@dat coaat gragt tawdat tlitteg gt caceBsl

gcaaagactlice Cé&%cgﬁﬁgéfp %gg&é&ggc gealdelagd sghaceat caecgddcgaaat t €940

g

—

act t t catgichetay patiddrbaa gt:@@ttaggd tgeseaigrat agaltaopbyaepgectaggaat gt $460

tttcacatdiet9eGCeadGlu®age tagegteecge tggcatatta aaaaaaaaas aaanaaaaaa 3120
aadaaaaaada acaattacag ttccaaaget gacaaccetg ggttaggeac tgtececetegg 3180
acagatttga taaggtgtaa ccaagagtaa cagtgagact geteccaaat ataaatagat 3240
ttgaggeace agaatcaata tcaagtctcg tgaggaagea aacctlggga agtacclgag 3300
agatattata tgtgrtgtcc ctgetttttg catacatage accetetattt aatgcagaca 3360
gacttgetag getgaattce ttaicattgt cacacacaca tgaaccaaaa taaaatatgg 3420
cagggagatt ttagaaacce tactgtgaca gcagttgtec atgcagtagt cctglaacaa 3480
ccagagacga ggcatttice ctgaglgtge ttctcatcea atcacacata tccattcatt 3540
cectteaagea acatttgetg agtptatact atgttctagg ggtaatgagt aaaaataatt 3600
gtictgaaat tacaatcett gecagtatctt ttitanaaga gtgggtgaat titattetet 3660
gtgtacaata gtaggagtga aatatggtac tticttattc cagetaacge taltatitaa 3720



ttgcagcagc tctcattttc aactgtgagg aggactctgc taaaagtcat aactttccac
aaaaggacca gatttattct tcatttccct tgaatgetta t t tcagcgca ggt t tggctg
acagagcatt tacagagctg gtcagggctt gtttgagtca gtttttccca ccaagaaat t
at t t t aaagaa fatt ¢ cadadg tgh gggeagtag st dathagd tttht t gagaaicaatdttaghescaccc 3780

g{ tgtg; ?ta%% ttfagggggwaﬁat’té ;&gég%%t%%g&%%%%g%g& &%Eﬁccgggc gg@tLgIgf%g;;?;@,Sz}o

ggaat c@&gé Q%%ﬁ%t%fg Géﬁtgbﬁﬁétﬁgég Tg“@@tt%[%?g?tafic%%agtc g aaaa 270V
ctt gactigact @il L hamat acact @caapa@agt cogast gt @teagalat coragheca 0
t gat catch¢tgddi@l tc%ttft@m@@ta%g@aa&%c ﬁ%&@gat%g@clﬂgacgc%a@éea% cBDINA <2133020

o el SO, 3007 AL 0,6 B0 I S0, 5 A 0120 o

sequencéskpfost K2p2Braspavaiegertgitpmaaeaagttta aagatcacat tigatacatce 4140
ttgagtaatt atatctiaaa agttataaat aaactgaagc atgtgaaaaa catgtctiga 4200
tttactgtag atgaatattc gggatgagaa aaatgaggac ttttgetcat cagatgagaa 4260
acctagaage ctgtagecct agattttace tggagttetg ccaaagggta tattaccaaa 4320
geccaatccaa tccatcteta cttcaacttt ttaatttgea aaacaaagat aaaaagtaag 4380
attaatcaac caattttaat ttaataagaa aatgcattta aggacatttt tatatttcaa 4440
ttgecaagata ctattcattg tattcatatt taatatagta aaatacattg gtgtittate 4500
acagcagall gtaagtttaa tattatagit ctcttgeccaa tttcattita aatgecatttt 4560
aattttaaac agcaatttgt gggtcacaag ctgtcatcag attaaaattt atcacagtta 4620
tctaataaca ttgttaggege ttttcatcag aactaaaaca aacacagele cltiggtctaa 4680
gettetatac atttggagat taagaaaata agtggatggg atgacaaaga lcaagaaatc 4740
aagatattaa tetctacttyg ttpaaggtgt gagittgita ctittatgga agactittct 4800
ctcagaacag aggcetgactti cataaagaag ggaaatgaat tctatacatt caggectcett 4860
taactgtaaa gctaattgat ccattttggt tacgeccagg gtatcageaa ctgetttatg 4920
ctgetgeaac tgatgacacc ltataatget ttagagatgg gaggaatgtg ctaacgggat 4980
gtaagtegttc tttttagcta 5000
210> 4
211> 5000
<2i2> DNA
<213> Homo sapiens
400> 4
gacgacccelg aatgatccct gectectagt acttatacte ttgtgtagee tecacctact 60
tagactcaca gctgattttg fgaccaagag tataatggtg tatgacttca gaggettggt 120
tcagagtcag aagtggecat ttcatcatec tetamattte tcittggeag attaatgaat 180
gtgagaaagt aaaaalggta tagaagaaag ttagecctgag agatggelgg ctttgtacet 240
gttiggtett tttecttect ttcctccata agecaaatact gacgecatgta catatagaca 300
cactcaacac agtgggatgl laaagggaaa ctagagecac tcgeccctte ccaagatcag 360
agaacatageg aaagalgatg actttttgea tctaccctet cctettgaac tegcaacact 420
gtcttgaace acaaataagg tcaagtagga taaatctaca actgtctcct caactgtecg 480
ctcacaagtg tgaaattcaa ccatccltge tgaagttgtec ttttaatatc agtaatcage 540
aataaccaac ctctgagett tgettatall attaaatcat tttatttgac cctcaggaca 600
aagctgcaag cccageatta cattetteel tttatggaca aaaaanaasa aacaaaacaa 660
aaccgagatia ggcacgaaga aactaataaa iggctgaaat getattigaa tccacatcetlg 720
tctaatteta aaagtgtget ttccaccaca tcaccgeacce tacaaggaaa atgcagecte 780
taccctctee tgaagaatglt gtaaagaggce aatatggtgt gttttggaaa aageatetitt 340



<400> 6 gctetcgctc tcgctattac tcgct25 <210> 7 <211> 23 <212> DNA
<213> artificial sequence <220> <223> forward priner <400> 7
tgtgtatgcg cgttttttcg ttc23 <210> 8 <211> 23 <212> DNA <213>

artifi gratasseauencet 20> cd@P3tat elrgrsecqit i merast@0>aB ageeittat at at 900

CCYCCOGk L At §L3a52k0%c® tecccaacaa ctcaatgaat tagatgecac aatcatcctc 960
actttcaaal gtggagaccg aggeacatct ctaagactgg agttcaggea ttetggetece 1020
agtcttagag atggttaagg gttcacactc ttaaccattt attacaccat agagcicacc 1080
aggtttgagg gaaacaggat caaatcaaaa gagtcactca ggactccagt ccicactcaa 1140
ggacaaactg ttccaccteg gacagggaga gtttecgeat tctgagacce ageataacag 1200
gtcetgaccg geatetggea cteggactee caatcatact ggatcacact ggetegggat 1260
gtgtaaagtc cagggettet cacatttgat gacaccaaag ccgectaaaa acaagagaga 1320
attaacaact acctacggeg gtctgatatt tgecccaagag atgecgecece ataaaactcce 1380
tttacatctt tataacgttt ttattttgeg ttcteccttca taacccacat ttaactcace 1440
atagatgtaa tgtitaaaat tagttaccag ataaactctt acgctltccaa actttaaggt 1500
tcettegaaa cettetggta aaactgttgt tccacggaaa tgggaacgta acggatgagg 1560
caalcttcca cagecgeaca cagttgtgta tocaccgela aacggtcecca gteatacatt 1620
caacgacccea cgeggagtca gaagetacca ccacacactg tcaaaatcac goacacacag 1680
tgacggcccee ttgeccacte ggtecactcge ccacaatcte tecgetagaga atcacacgea 17490
gatagecacac ccageaccac agaccccagg aagceaaccca gggactcegaa cacacgaaca 1800
gecacteclee gegeactgeg caggeacgee tgegteegge tcaccetgaa acategegag 1860
atccggette aaggeeggege tgetpgecttt acgeoctaaag actatgtttc ccggaagaca 1920
ctgegegcgee gegecocctatea tggegeagea teggtgtget ttgtgegtet gegecatett 1980
ccggelgege acggegaate caccggtace gtggtggaag cgegeectgg getgeegggy 2040
gegeggecge ggtggeactt ggacccgagg aggeggeagg tgagaggtte cggagettte 2100
caggegetet ggggtecage aggagetggt gecegggeeg gttgggtete aggectgaga 2160
agaacgcaga cgtetegeect catcgteget ctgtggettt accggegtga gactacattt 2220
ceegeeggee ctegeggegt gegetttetg gegececett tetgettceca gectecatage 2280
ccaggtgeat ggacccetta ggtpggtgeg caggggtete cgacceectg aaattgegga 2340
tgttttgeat tcactgttat gegtgecttt ttttttittt aatctgagag gaaatcitgt 2400
ttcatgaggt tctcagagag ttacaagacc ccagaagact tagaaccget agtttagaaa 2460
aacttatact tgggaacatt ttatatgttc aaattctatg tccagcaatg gggaaacact 2520
tgagtggate acaggccate ctitgtaaat aggatatcgt geagttaata caaataatge 2580
ttataaaagt ggtcataata aggaaaaget gectattaca tcatattaag caacattcat 2640
aattatttca cttacacgtl acttagaacc aaatgtttgt aatgcagtag gecaccttata 2700
tactccttta cagaglactt cttgtttaac agtgagctea agaactggtt aaatgacaac 2760
actgegaata cttgggtget ttttetteca attttttigt tttgttttgt ttitagectg 2820
tgtgttagte agtttgacit ctttitgetg aatgttctica aaggattcag tagttaatat 2880
ctittgettgt cagtttttga tagtcatttt tgatagtcac tlggcatcce attatatgge 2940
tglgccaaaa atgattcaac ctettggeta cttgtggact tgectactta cgtactaatt 3000
ttecagttete ctatttagea aatattattg gacatgecage ttigtgeact getgtgtete 3060
tatggaagga cacatttatg tgetgataat ggagcactgg gegtgetgig tgtaatttgt 3120
ctettactgt tcettecaac tetatcccat ttgittgatge aaggeatget ccatgaagtg 3180
gcatgeacaa agectcagtt tgggetgtag agetttitgt atatttggeg gttgggaaaa 3240
gagccaggta gactttcaaa ggtgttatat ttgetgeagg agagagtiaa atggectagt 3300
cetggaaage ctttatteta ggetgggget atgeaaatga tgeaggeett ctatgeteec 3360
tggctigage gaagecectee ttgtectiga ggtaacatgt ggglcetcagt cactagaaca 3420
geecteagea teectgtett agacttgeat tigeageaaa acagaaccac tggatgitta 3480



<211> 24 <212> DNA <213> artificial sequence <220> <223> forward
primer <400> 9 eggegttggg tatgtttagt agtc24 <210> 10 <211> 29 <212>
DNA <213> artificial sequence <220> <223> reverse priner <400> 10
aattacg@@gmﬁag@aﬁ@ggak@gaaﬁgct@ﬁ@ 210kt €21 hpcRB €242 tHNA <213540

gtttitegleg tttttegite ggagatce

<210 6
2Ll1> 25
{212> DNA

{213> artificial sequence

<2200

27

artifigial; @%g%'%%&%%%@%&%@& %k OfMRE L RN PRICaTHO®> 1o tkBRGIIt t t 13500
ttgtttéﬁé%ggc %gc aggtgmggac tlglaacttg geattctagg aactgtgage caagectage 3660
cteteatgtt tgetettéce tcecceaget ctaccgtege aggactctge ccttceccaa 3720
gagaggaacc agaaggagga ccltatcagee cttgaaatic tasaagtcat gtcccttgtg 3780
agtttttaaa tcccataaat atttgettte cttatcttga aactitccac ctgggttceca 3840
tccagaaatt tggttctcag actticccat tttagggaat aaaaggacca ggecaggagtc 3900
tecteteeca ttgtectete cectetgaca aatgeecaca gattiattet ctatageatt 3960
ctgeatctee tgatggtitlt cgtetgotag gaggagaaac tcatttcect gtatgaaatg 4020
agagcatcet ttgtaagaac tgaagtitga agagatggaa tgaatgctta ggagcaatca 4080
catatagaas agcaggggag gtgglegttgg ttggtticag tttcagegea tggtacagtg 4140
tcetgetttg ggaatgatta atgattggat atgtaattga ggtttggetg ggaatccate 4200
anaaatttga tgcecagaatt aaagtctagt ttgacgttgg acagagcatt tgaatctggg 4260
acatcctceca ttagtttett tagettaaga ggaagaaaag tacagagetg aggatggtga 4320
gcgatgtage aagtgagatg atcatctagg tgggtgagteg gtcagggett ggaaaagect 4380
tagagatctg atccaacctc gggatccaaa ataagaggal gtttgagtca gttgtttcac 4440
ttgatagaaa attgtgeact caataaaagt tatctccatg gtitttccca tgaagaaaaa 4504
tgettgtgtt atgliccaac ataatgatga actttcatel ccaagaaatt cttgacttac 4560
atgaaaatcc tgtatctaag atagaaaaca tgittccata attttaaaaa ataaaatatt 4620
tgoggaaaat ccatcagaaa tatttttigt tgttattgtt attccaaaag atagaagtga 4680
taggtetcac cttgagaatt tattgtatge caagtataga gtgggcagtg tgctttatta 4740
cactgtttet taacaataag gaamaactcca tttagettga ttttaatttt catcccagac 4800
ctgtacacag agcattgat!l tgecagltaaa aggaatgtit gagaacaatt tgatcattct 4860
gttttactca tccccatttc ttetgtcace tttecacattc agtecccacce ttcttgttea 4920
acaaaacaac ccccceleee geaaagacct gecccatete ctttecatece actgtgaacce 4980
attgaaatac atatatatca 2000
210> 5
211> 27
<212> DNA
213> artificial sequence
<220>
223> lorward primer
<400> 5



<210> 12 <211> 21 <212> DNA <213> artificial sequence <220> <223>
reverse primer <400> 12 cgaacgcaaa cgtacctacg c21 <210> 13 <211> 26
<212> DNA <213> artificial sequence <220> <223> forward prinmer <400>
13 ggt Kaapt tdvetdd ptityggy gtagtt 26 <210> 14 <211> 26 <212> DNA <213>
artificial sequence <220> <223> reverse primer <400> 14 tactccetct
acctccQé&% éctethG <210> 15 <211> 28 <212> DNA <213> artificial

sequenc
getetegete tegetattac teget 25

210> 7

211> 23

<{212> DNA

<213> artificial sequence
{2200

{223> forward primer

<400> 7
tgtgtatgeg cgtttttteg tic 23

210> 8

211> 23

(212> DNA

<213> artificial sequence
220>

{2235 reverse primer

400> 8

acctatatat cecgecgelee gte 23

210> 9

211> 24

<212> DNA

<213> artificial sequence
<2207

223> forward primer

<400> 9
cggegttgge tatgtttagt agte 24

210> 10

2L> 29

212> DNA

213> artificial sequence
220>



<220> <223> forward prinmer <400> 15 ttgtggygta gaggattatt agtttggt28
<210> 16 <211> 22 <212> DNA <213> artificial sequence <220> <223>
reverse prinmer <400> 16 ctaaaaacrc aacccatecc tc22 <210> 17 <211> 27
<212> DRREg><Rd@psaaptinkt ci al sequence <220> <223> forward prinmer <400>
17 ggaattttat tttgaaattt ttttgtt27 <210> 18 <211> 33 <212> DNA <213>
artifi%hak a$quence <220>

aattacgaat aasaaaaaca aaaacgctce 29

210> 11

211> 28

<212> DNA

{213> artificial sequence
220>

223> forward primer

400> 11
tgacggtttt ttgtitatte ggttattc 28

Q210> 12

211> 21

212> DNA

(213> artificial sequence
{2207

(223> reverse primer

400> 12

cgaacgcaaa cgtacctacg ¢ 21

210> 13

211> 26

<212> DNA

213> artificial sequence
220>

223> forward primer

<4005 13
ggttaagttt titttiyggy gtagtt 26

21 14

211> 26

212> DNA

213> artificial seguence
<2200



<223> reverse prinmer <400> 18 ccecacttca aataaaatac tattaaaaaa aac33
<210> 19 <211> 30 <212> DNA <213> artificial sequence <220> <223>
forward priner <400> 19 tagtgayggt tttttgttta ttyggttatt30 <210> 20
<211> Z82x2t2=rfoNdrin2d 3> artificial sequence <220> <223> reverse
primer <400> 20 taaacrtaaa aacaacaacc cracct26 <210> 21 <211> 5000

<212> Q%ﬁ»<%%3> unknown

tactccetet acctceerac tetete 26

210> 15

{211> 28

212> DNA

213> artificial sequence
220>

223> forward primer

<400> 15
ttegtggygta gaggattatt agtttgegt 28

210> 16

211> 22

212> DNA

{213> artificial sequence
220>

<{223> reverse primer

<400> 16

ctaaagacrc aacccatece te 22

<210> 17

211> 27

<212> DNA

213> artificial seguence
2200

223> forward primer

4000 17
ggaattttat tttgaaattt ttitgtt 217

<2100 18

211> 33

<212> DNA

{213> artificial sequence
220>



<220> <223> bisulfite sequencing of DBCl1 <400> 21 ggtttttatt

agt agggt ag ggaaat aaag gagagagaaa ggt gggtggg agaattgatt agaaagtt gt
tgggtttgtg tgaagttgtt ttgttgttta agaaagatag agaaagaaag agaaggagtg

t ggggaa2est révcamgamaan gt tggagagt tgattaygtt ttaatagtta ggaygaataa
gaggagaggt tgtgtggtgg gtgtttaaga agggagaaat tgttygtggt gttttagatt
tggaagt@&fﬁ ?%gaaggaat aagagatagt gygtattttt tttgaatttg ttttattagg
gttgatt attttagaa ttttagttgg ggggt ataga gatttggggt tygtggt tag
gat tagaagttiygazdatagac totthatdaggge ttgtattatt gggat gatgg tagaddagaga
tttatatygy aattaaagtt taagggaaag aatygttgat attttagtga aggttgagaa
ttttttgaga ttttttgtyg ttattttgtt gttt ttttgg tatataatgg gtagt ttaag
taat ttatta aatagataag gattttaatt atttt ttttt taatttt tag ag taaataaa
tgttttagyr &tttgtttt ggtttttaga aagt ttt tgt atagtgttaa y gaga taaaa
atatttaggt> B¢ tgygygta tttagatt ta aggyggtttt aatattttty ttttttattt
gtygtt thix P%/A?ttttygg ygagygaatt agtygggagg ggat tagyga ttaygtttgt

tttttatyga tittaggtaa tygggtygta tygtttttta tt tgtgt ttg ygygtt ttyg
gyggygt(%g}> godagabtsguueneyt aygta t tatayggaa ttttttttgg tat t tagttt

tat tgggad> t
223> forward primer

<400> 19

tagtgayggt tttttgttta ttyggttatt 30

210>
AN
212>
213>
<2200
223>

20
26
DNA

artificial sequence

reverse primer

<400> 20

taaacrtaaa aacaacaacc cracct 26

<210> 21

<211> b0OO

<212> DNA

<213> unknown

220>

{223> bisulfite sequencing of DBCH

<400> 21

ggttittalt tgaagttgtt tgattaygtt gttitagati gatttiagaa ttgtattatt 60
agtagggtag ttgttgttta ttaataglta tggaagtaga ttttagttgg gggatgatgg 120
ggaaataaag agaaagatag ggaygaataa aggaagegaat ggggtataga tagaaagaga 180
gagagagaaa agaaagaaag gageagagel aagagatagt gatttgpgpggt tttatatygy 240
ggtggetegy agaaggagty tgtgtggtge gygtattttt typtggttag aattaaagtt 300
agaattgatt tggggaattt gtgtttaaga tttgaatttg gattagaagt taagggaaag 360
agaaagttet ttaagaaaaa agggagaaat ttttattagg ygaaaataga aatygttgat 420
tggotttetey gttggagagt tgttygteet gtigattttt ttttattgge attttagtea 480
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ttagyg%%%ggﬁggt’f‘f‘ %@ﬁa@ag% gg%taaaaﬂ At Byt gy a#vEYEt §dat \For et Bt t agaB2d
t at t gagbigaaagat agagdgeagtgtggaatt tygoygitttt tttagtttaggalagtt tiagt aggt a2880

ttatayggaa tgggalllit attataggat taygtagtta tygggaaatt ygttgtggat 2940
tttettttege gotetlegggl tiggggttig geggaggatta tggggttgta gatggtattt 3000
tatttagttt aatgtlggla ygtttgaagg aaaatttttt taaayggtgg aatttigtta 3060

tatigggatt tatagtttaa tatgaaagag atatggttaa ttttygaggl aaatgagayg 3120



tgatgggaat gttttttatt attaatagag ttttttttag agggttttag ggtatttttt
gagttttttt aggtagagag agagagtgtt ttatgataga tatttggttt gtagtttggg
ggttttttgg ttgattttta ttgttagtat ttgtttttag tgtttagttt tatttggttt
t aat t attaghtaattat glaat tttatat ttagttagatt ttiphgdt itatgatagegttt atggagatdy gat ygl80

?gg?gg%tggétég&t@gggﬂggt@éa aélgﬁitg%gé;?lagt @@ztgygéttgtgggttﬁttﬁcgﬂa@@gg%wﬁg%t at ft 3240
aaa aa
L Sagat SGAF: | FERAARH ot JUAG B0 ot L HGE A8 Gor O gr Gt Los attg%%o
t t aaggtittttettigat tittt gegeage tigttttgﬂaagggtttmﬁ%gat gttagggagerseagesigggagg 33
gggf?gta%gygttgg t@-ty{@%t@é% t@g aggaat e tt st aaRg gd@%@at lidgaé@a@aggt&? ?t E t 3420
2t at el g bl B0 " L e B SRR LT Rasso
<220> <47gBslt .téunt erﬂtééq‘l?@ﬂ&%%@!ao%mmaﬁﬂﬂﬁ@Zta@‘a?é]@é%&tt 3540
E tg???{ ftttt atfattpd ait&ttﬁtg@@fgﬁltbgéggga'; tegtt@@g@a: d@t’?@fﬂ@??ﬁtg@@gﬁm E aat 1t:3600
al aaa
et agasPRe e oy bbb bk abdipkidt Hatdudl Saebo
t t aagt BEERLGALA t'aRAt L1ERER 1ageg R gt 8 a e s a &dtgflkﬁgat @%ﬂgﬁﬁt%&tagt agg? g
t aaggaagsag ittgttttggatatddittsiggt gt atttatattaggaggtddaatbtigggt t gt3780
t gt ggggu%ggé%%gyg%fg Q%g@%@%@ﬁtgé Q%@éa)é%yg%%&}g%: @tgate%gggtttgg?;lg 3840
20y009iayE" ‘%géég‘atgéb%tgft{fgég Lttt ggélagtég%é'%gég%mtt Djogat 1000

gt agygttygataggtattaggt ytegy ggages gy tt agtitet bttt £ gegt titlaggblajdbpttaggt g 3960

aggaaga@dgetitgt tttatttagt aaaaatgttg agttttattg ttgttagtal ggtttttaga 4020
ttyggtagtt gttatttttt taaggtaagy ggtagtygtt ttgtttttag gtagggaggt 4080
taggagaaga taagggttgt gaygttggga tatagttttt tgtttagltl agtayggagg 4140
ggtygttgaa aagtittitl aggggaaaaa agtagaaata tatttggilt aaaaaatgta 4200
tatatatatt ttaggaagal atatatatat atatatatat taattatata tatatatata 4260
tatatatatg tgtttatatt ttggeggagag ataaaagtaa atatgtattt gtaggaattit 4320
gttttagtgg gtggetttta tttgtagpgta tttgtagata tattattttt tgtttagagg 4380
ttgatatttt aggttraagt ttttatatag ttatagagaa ttttttitag gaaatttatg 4440
ttagggtaga gttttttgga ttattttggy tagggggtatl tagggttaag gaggagattt 4500
atttitggea attgttitat tttttttttt ttttaattta tagaygatyg aaallggaag 4560
gaatattaaa gagtagaaag gtaggatttt gtggittaaa gagggaatga gaattttita 4620
atatttagta gtgggttagt ggtatgttta ggatiagaat ttaggtttat taattagtia 4680
gattaatatt ttttttattt tttttagtaa tatatatttt aggattgtat attgttttia 4740
tttttatttt gttaatttgt tattatgatt tttattaaga taatygtttg ttttttttia 4800
[taaattita tattttiaga gatgtatitt agggltttttt tattiggaaa tatggtitlg 4860
aagagaaaag atttaatgtt ttaattatta ttitygaasag atatatatat atatatatat 4920
atatatatal atatatatat atatatatat atatatayvgg tgglggegggg aggattgaga 4980
gagagataga gagagaatat 5000
210> 22
211> 5000
(212> DNA
<Z213> unknown
{2205
223> bisulfite sequencing of PDESB
400> 22
agaataattt tgaagtatta ttttatttlit agaatttiit ttgtagggat gtitgaggtt 60
tgegttaattt tttttittgt ttaagtitgt tttttittat ttittttttt tatttttttt 120



gattataaga gtttttagga aatatag tat agagttaaat ttgaat ttgg aagtttt tat
aaaaaaat aa atgttattgt tttatttttt atgggtagtg tatttttt ta aaggagaatg
atatgggygg gtgaaaatgg ttttagggga ataaattttt ttaatt tagt ftttattatt
agggt t tatepgte gt sydgaeeag abyidgybtay agerpigt Vigagt gtfgtay graetatteggggt t Vg
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gaagtaggty gottggtttg tilttttttg aggetaggaa ggtigtggtt tggtttatgt 2700

aggaagaggs gtggggatta ttgagagtat tyggtgglta gitttgttga atgaaatttg 2760



tagttgtagt taggttggag gttttaagag tttgggttgg gtagagttat gtatatataa
atggttaaag atagtgtttt aatttgggta gtatagagag aggttattaa taaaaat t t ¢
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ttttaggagt aatttttagg gatgaaaatg ttaaatttgg tgaaaatatt aagliigggat 3960
attattagta aagattattt ttttgtttga yggttgaaga titgaagtag tagttitaaaa 4020
ttgtgatagt ttatgaattt tgtgatattt tttttggttg ttttagagaa attgtgaatt 4080
tttgtttttt agaatattta taattttagt ttagtatttg gtaattitag ttattttatg 4140
tttgtttagt agaagaaaga atattgaatg aatttatttt gtatatittt aatattttit 4200
ttaagaggtt gtitagagat taaatgaagt aaaaattgaa gggataatga gttitaatta 4260
ttagtagttt gtataaattt gtattaattt tattgttatt tggtttaagt attaasaggt 4320
ttgatttege taggagttta atttattttg ttttattaag aagattttta aataagagti 4380
taatttattt taatttatta ttgggaatgt tggaaatgaa atttttggtt tattgattia 1440
atattatttt gtattgtgte gattttagaa agtatatatt tgaagtgaaa tttgagatta 4500
gagttattta tgtaaatttt atagaattat tattatagaa ttgttitaat atatttaata 4560
gtattttttt aggtttgtga ttyggtgttg tattgtittt ttttaatygt amsagtttata 4620
tgttttegtgt ttttttgtte ttpagataat tttataaaaa ttttatattt atttttttgt 4680
agattaagta tttttttttt gtygtaagag tttgagatag ttgttaggta ygtggtggtyg 4740
ttttattttt ttttaaagta tataggtpga aaaataaaat ttttattatt tggttttgtt 4800
tatagtggtg gaagettgta atagittita trottetttt ttggttattt tatattaatt 4860
atgaagtgta tttttattat ttatttggtt ttiggtatit tttagagtgt aanaaatgtgt 4920
gtttgatttt tttttttttt ttttttagta ataatttatt ttattaagtt tttagaatga 4980
tgaggtatta tgatgttaaa 5000
210> 23
<211> 5000
<212> DNA
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t gt t t addatlarent ttﬁgg@@t Adilyg <attte§ty ga@%@agﬁaggtmaéttw{tth@tattat 3660
gyot at taythraaggtargggizstagtddibagdiat ayigaygaatit tagttaaygt tattatttaa 3720
atgtattalg aattttttga gtaasataatg tataggatta ttaaagtital tattaaatat 3780
atatgttaat tgttataatt atgatgttat attgtggagt ttttaatagt tittigglat 3840
attttgagaa glagaaaata gttatgatit gattattaaa ttatttgtaa atagttgtag 3900
tgaattattt ygttattata tataattttt taatgttgaa atgtgggatg aaaatatata 3960
tattggegtte agttttattt atagtattgt ttaataatag attgatataa atatttatta 4020
tagaaaaatt (taattttta ttaaggtagt aatgatttag ttggtttgtt astaatatta 4080
glgiagttat ttttttaaaa ttaatatata aaaaagttta aagattatat ttgatatatt 4140
tlgagtaatt atattttaaa agttataaat aaattgaagl algtgaaaaa tatgttttga 4200
tttattgtag atgaatatty gggatgagaa aaalgaggat ttitgtttat tagatgagaa 4260
alltagaagt ttgtagtttt agattttatt tggagtttig ttaaaggegia tattattaaa 4320
gttaatttaa tttattttta ttitaatttt ttaatttgta aaataaagat aaaaagtaag 4380
attaattaat taattttaat ttaataagaa aatgtattta aggatatttt tatattttaa 4440
ttgtaagata ttatttattg tatttatatt taatatagta aaatatattg gtgttttatt 4500
atagtagatt gtaagtttaa tattatagtt tttttgttaa ttttatttta aatgtatttt 4560
aattttaaat agtaatttgt gggttataag ttgttattag attaaaattt attatagtta 4620
tttaataata ttgttagget tttttattag aattaaaata aatatagttt tttggtttaa 4680
gittttatat atttggagat taagaaaata agtggatggg atgatasaga ttaagaaalt 4740
aagatattaa titttatttg ttgaaggtgt gagtttgtta tttitatgga agattttitt 4800
tttagaatag aggttgattt tataaagaag ggaaatgaal Lttatatati taggtttttt 4360
taattgtaaa gttaattgat ttattttggt taygtttagg gtattagtaa ttgtlttatg 4920
ttggtgegaal tgatgatatt ttataatgtt ttagagatgg gaggaatgtg ttaaygggat 4980
gtaagtgttt tttttaptta 5000



gttttttagt tgattaagag tttattattt tagaagaaag tttttttata taaagggaaa
attttttgta ttaagtagga ttatttttgt tgtttatatt tat ttttttt aattaataaa
ttttattata gtaaagaggt ttagttatat tttttaataa aggtatattt gtttatattt

t aaat t aaaa gat agggaga ttyggatttt tatatttgat gtttgatatt ttattttgyg
tagttattag aaattgttgt tagttgtgta gaagttatta ggttattygt agattttagg
taggt aygid> bgttgttttt tggygtagta tatyggtaty atttatattt tataatggtg
tttaaat<t2H> E@gtttgag agtaaatatt ttagagttat tttatttttt taaatttata
tgaagttg attaaattat tttatggata tggttgaaat ttatygtatt aatatggtgt
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ttgtattttt tgatggtttt ygtttgttag gaggagaaat ttattttttt gtatgaaatg 4020
agagtatttt ttgtaagaat tgaagttiga agagatggaa tgaatgttta ggagtaatta 4080
tatatagaaa agtaggpggag pglggtgttge ttggtittag ttttagygta tggtatagtg 4140
ttttgtttty ggaatgatia atgattgpat atgtaatiga ggtttegtteg ggaatttate 4200
aamaatttga tgttagaatt asagtttagt ttgaygtigg atagagtatt tgaatttggg 4260
atatttttta ttagtttttt tagtttaaga ggaagaaaag tatagagttg aggatggtga 4320
gygatgtagt aagtgagatg attatttagg tggegigaglte gtlagggttit ggaaaagttt 4380
tagagatttg atttaattty geggatttaas ataagaggat gttigagtta gttgttttat 4440
ttgatagaaa attgigtatt taataaaagt tatttttatg gttéttttta lgaagaaaaa 4500
tgtttgtgtt atgtittaat ataatgatga atttttattt ttaagaaatti tttgatttat 4560
atgaaaattt tgtatttaag atagaasata tgtttitata altitaaaaa ataaaatatt 4620
tgggpgaaaat ttattagaaa tattttttgt tgttattgtt attttaaaag atagaagtga 4680



taggttttat
tattgttttt
ttgtatatag
gttttattta
ataaaataat
attgaaatat

tttgagaatt tattgtatgt taagtataga gtgggtagtg tgttttatta
taataataag gasaatttta tttagttipga ttttaatttt tattitagat
agtattgatt tgtagttaaa aggaatgtit gagaataatt tgattatttt
tttttatttt ttttgttatt ttttatattt agttitattt tttttgttta
ttttttttly gtaaagattt gttitatttt tttttatttt attgtgaatt
atatatatia

4740
4800
4860
4920
4980
2000



