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CAV1 (caveolin 1, caveolae protein), Chr7

SEQ ID NO:1

agaage ctge
agtgctgagee
accectyggey
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ggctge cooctogecy cogaggtect gegggtectg cgggtectgoe
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EVX1 {even-skipped homeobox 1}, Chr7?

SEQ ID WO:2
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MCF2L (cell line derived transforming sequence-like), Chri3

SEQ ID NO:3
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FGF1 (fibroblast growth factor 1), Chrs

SEQ ID NO:4

A0 AGRAGGAAGET THOT
GTGAGAAGGAAGUTCAT

TTCTGTCCTCGACTEEOTTGTAGTCTAGTCAAGAAGACTTGAGEGE

ATCAGCTTTICAGACATGCRAATACGAGGATACTEICGCCCCETGGUCTUTECTCTCCCCAGCCCLCCTACC

i
[..1

AGTAACCARCAAT SAATTTCCAAATTCCCTTCTCCARAGTCY CACTTICATT

TCCTTGCAGARRAAAGTCTAAATGCTTIGCAACAGCATCATTCAAGETCCTCTATGATCTGACTCCAAGCT

TCAGCGGUATCAGCCATSCATGECTGEGUEAAT

AGCTIGCACTAACCCTETIGTGTCCCTGARAACCLCELCE
ATGCCCTOTACTTIGCCCACCCOCTERECCTCTGTTCAAGTGATTCCTTTATICCATGCCCACATATETAAARL

~ N TN TR T e - o~ i O TR ‘ o~ N O R PR N T R e
COTETTTETCCTTCCTGOTGAGATECCACATCTYCCAGAAAGTCCTCCTGACCCCTTCOTOTTCAGCCCOTC

ATAGCTTETCATGGTATT TATGACTTA
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COCTTCTTICAAGGATAGCGAAGC PCATTCATCCTCAATAATCATAACARAAATAATAGC

ATATTTTATITATATGACGCAATETGCTAG

PTGACAAACACGTCAGETAGETATATCAN TGGCOTOO T T T P ATARAGGARGC TUAG

’1:‘

AGAGATGAATTGACTTTCTGGACTTAAGTTCAGGAACCTTCACTTCAAAACCCATECC
T

GEGTCGAGTTCCTTETATATAAGTCOTTACTEGE

S P NN T ~ s R
GACAAGAGCAGCCTCCCCAAGETCATETGACARGT

FGCGECAGCTTTAGCCGACCACATT TTCTCCTACACCTTTITACCTAGCARATGGAAGT

ARAGGATTAGATGACAGTATETT

GGAARCTA WATGCARA
TTCATTGAGCTCIGATTTAATTTGCGATGGTCATGTGUCAAGTCACACAGCCLTGITGGACCAGGTGCLTGAA
GCARAGAACTITICUTTCCACCCAGSCTACCATEECCTCTCCOPGAGCUTGELAGGAGACATTTARCAAGGGA

ARTTCCTTCTCCCTC CCCTTTTCTTAAAGAAAGGE GGOGTGEAGCCCA
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NCR2 (natural cytotoxicity triggering receptor 2}, Chré

SEQ ID NO:5
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WNTZ (wingless-type MMTV integration site family member 2),

Chr?

S5EQ ID NO:6

aaacaccecaa chitcactita
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Probe sequences for methylation array

CAV1:

CHRO7FS115953929 115053929 115953978
ATCGACCTGGTCAACCGCGACCCTAAACACCTCAACGATGACGTGGTCAA
(SEQ ID NO:78)

EVX1:
CHRO7FS027250107 27250107 27250158
TTETCACTTCCCGGECTTCGCGGCGCCAGGTCEGOAATEBTCCCAATGGT
(SEQ ID NO:79)

MCF2L:

CHR13FS112788866 112788866 112788915
TCTTCTCCTGGGGAGGAGGCGTGGCTCGGAGCAGACGTGACTTCTGTTTT
(SEQ 1D NO:80)

FGF1
CHROSFS142028596 142028596 142028645
ACAAGCTATGATAAGTGCTGTGAAGGTTGTGCCAAGGGCTGGGGGGATGE
(SEQ 1D NO:81)

NCRZ:
CHROBFS041426494 41426494 41426555
GTTTCCTCACCTGTAGAGAGAGAAATATTATATCACACTGTTGCAAGGACTA
AGATAAGCGA (SEQ ID NO:82)

CHROBFS041426614 41426614 41426665
GTTTCCTAAGTTTCCTTCAAACTCTGTCTGCATCCGCACATTTGATCTCTAG
(SEQ ID NO:83)

CHROBFS041426769 41426769 41426818
TTATAATCAGGGAAGGGCACTOTACACAAGCCCAGTGAGTAGAAAGGCTG
(SEQ 1D NO:84)

WNT2 :

CHRO7FS116730563 116730563 116730619
CGGCAGAAGCTGGCATTACATTTCTAAGAACGGGGAAATCGTTATTCAATTA
GAGAT (SEQ ID NO:85)

FI1G. 7
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Chr 15

Methylation (TANTA)
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Chr 20

Methylation (TAMNTA)
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CAV1 F-GGGTAATATTTATAAGTTTAATAATAAGGT (SEQ 1D NO:43)
R-biotin-TAAAAACTATCCCAACCCTTC (SEQ 1D NO:44;
Seq-AAGTTTAATAATAAGGTTATGGTAG {SEQ 1D NOG:45)

EVXT F-GCAGGAGAGGAAGTTAGGAGTTTATAAAGGA (SEQ 1D NG4S
R-bictin-CAAATACAACCCAAAACCAAAAALAAT (BEG 1D NO47)
Seq-GAAGTTACGAGTTTATAAAGGAT (SEQ 1D NO48§)

FGF1 F-GGATGGGATAGTGAAGATAAGAGT (SEQ 1D NO:49)
R-biotin-TTCAACATACTATCATCTAATCCTTTACAC (SEQ 1D NO:50)
Seq-TTTTTTTAAGGTTATGTGATAA (SEQ 1D NO:51)

MCF2L F-biotin-GAGTTGAGTTTTATTTTGGGTATTTTGAAG (SEQ 1D NO:52)
R-ACCCCCAAATTACTAAACTAATATATTEC (SEQ 1D NO:53)
Seq-CAAATTACTAAACTAATATATTCCA (BEQ 1D NO:B4)

NCR2 F-biotin-GTTGTGCGGAGAGTAAGGTTTGGAAATAA (SEQ 1D NO:55)
R-CTCATCTCCACCCCCTTCATTTT (SEQ 1D NO:5G)
Seq-CCCCCTTCATITTCT (SEQ 1D NOBT)

WNT2 F-TTTTGGAGGTATAGGGTAGGAAATAA (SEQ ID NOBS)
R-bictin-AATTCAAAATCATCCAAACCCAAA (SEQ 1D NO:5B)
Seqg-AGGAAATAATTTTTAATTGAATA (SEQ 1D NO:6O)

FIG. 12
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EVX1l promoter
Island 1 {SEQ ID ND:62)

faagcgagtce Coagaaccac

cagceagtoetg CUgeetygy

accgacacct

cocttctegay

JeLgguyagy

cogogagecs

iccadg gocageaooay ceeage

ggagettttg aagtccggay aatitcaatc cgagaggage cggctggace ggagooogte
geecoageqy gggasqguuac ggqgogocta ccghtgtggces

cgoogegaya a

[$3]
¥
2
Q
)

tgagaage cgccgggect ggagcey

tgteatggga o

Island Z (SEQ ID N0O:63)

trettitgt cotetttect ttaaaaaccee aaccogcetctt aatgtgaggt tgatgaasgy

FIG. 15



U.S. Patent Sep. 28, 2021 Sheet 21 of 50 US 11,130,998 B2

EVX1l promoter

Island 3 {SEQ ID NG:84)

cttatgagte aaacctcotat gsaccccaac cttttitgtac tecggggagge tgaacceotyg
cccaaaatag cgcggtgaaa gcetactgoot tectoccaagi aggyggectoo aghtactgoca
cagoagaagge cgcatteoty gogectotte attcegaaaaa octotttcooa ggagasctitog

ctgatictga acgaatactt

FIG. 15 CONTINUED
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MCF2L promoter
Island 1 {SEQ ID WQ:865}

actataagy gggagtacty cgtcaccotic atettitittat coctitggeos ttgctoogtg

ctggaatggt

4

tggtgcattyg ttgeceggaty ctggaatggt

[te

cggtgeatty tigecaaaty ceggsatygt

tggtgecatty tihgocygatyg ctggaatbgot

wcgeatgo tetgtitggac

tggegeastgt g

Island Z2{SEQ ID NQ:86}

a accacaaaag gatagetgeg grittgggcy aggagageic agagagttic ttgeatatygg

gooccgtgeo tgcagegoge gettooctea cltgggtectg cgtectiggy caggogatae

cecotgeggy

[t
e}
[}
)
s
[tal
e}
3
&
19}
Xe]
o

ceatoocogyg coagecacyy acccacgeat ggacccagoy

acccacggac chgottacch ggyegeggoy cgggiggoat goggocacac ggaaggugodg

gttogtgage cccgggygeic coogacgace goggoeggtya cacgegoggge teocaggtga
cececggogygt geactcacag gacteccagyg tgacoogagg bggtgacaca ooggageagay

CECYCEooge tLoogotice googagooygs CoooCygooos Cogegacygca gogcygcyace

[te]
9]
0
O
ot
te
e}
Y
e
o]
O
ot
e}
Qi
Y
)l.
Is)
lis]

FIG. 16
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FGF1
Island 1 (SEQ ID N0O:67)
gotte tootgtgect gecteatatt ctgggticte tocagagehto gogtocacty
cetgeeagte ageagatgga tgachetgtt cacctcagee gocgacacgeo ccacagogaqy

tgcagragtc ghcotgecag atgggetgot cchggotygeyg btecattctet cagtaaatag

O
9}
ot
[@]
ot
)
9}
3]
e
o
(9]
+3)
-t
9}
e
'S
ot
P
(9]
W3

gtocctetat gecey

Isi

e
a goo

fel
O
oy
(
0
;
{
Fati
te
oF

gegagggac taaaagoogg

.

cgattttteoo titgetgtatt tenttbobtttt thittttott tttttgagac ggaghtotege

tetgtoooce aggotggagh geagtggece gatcetocagoel cactgcaage tocgecheood

aggttcacac ctttetoctyg ccecteagocte ccaaghagot gggactacay gogoocgaca
cogogececag ctaatitttt gtattitttag tagagacggy gtticaccga glitagocagg

atggtctegs totectgace teatgaccceyg cocacctegyg ccteccaaay tgotgggatt

gt

1]
0
3]
Ite)
te}
o
&
81}
lis]
O
d
jak
9]
0
lis]
O
2
(e
Ie)
0
ot
te}
o+
o
o
0
ey
o
o
]
o
@]
g
ey
[
ot
o
@]
g
0
s3]
jte}
Y
O
P
lis]
ot
d
o+

getectghitge ceagactgyga gtacagtgge atgatcotcoag citcactgeaa cctetgtetco

ccaggtbcaa geaaticto

o+
a
lns
)
{
A
o+
e
i)
a9
O
-
o+
&
)l
o]
fet
ot}
o]
o)
T
@
W2
et}
P
&
5
3l
[te]
o]
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:q'
O
Q0
o

caccacegnt goccagetaa ttott

gattatitt Lggaatagceca cagggiibitg ttibttittitte gttitttgoglt ttttetigay

gotecatocaca acctocygcect coogggbica agegattote chigoctcage

FIG. 17
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Island 4 (SEQ ID NO:70)

cot cotteatggy gtgacaggga ttaaaaacaa

cyaggteays

agatcgagac

L2

aacceogtaot

cocagotact

cotgggagygs ggagetihgas

gtgagcoegayg atigtgeeao

tgcaatccgy coctgggctaa agagogggac toogtot

Island 5 {(SEQ ID NQ:71}

a Lgtattgsalg atcacatitca ctactcacac fLtacaaagha cagetoo

geogygegey

3

gotca

FIG. 17 CONTINUED
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NCR2
Island 1 {SEQ ID ND:72, located betwaen exons two and thrae)
gtt gtgaacttgt gtttttcecogt tttatatgta tatgeccactt gttttuttgt tttgitttat

ttegtitttga ggoggagtcect cgotetgtot ggaglbgoagt ggtgceaatcet cggetcacty

caacctocac cLocagagtt caagegattce tectgactea geootaocggty tagetgggac

Island 2 {SEQ ID NO:73, located batween exons two and three)
88y tagoetgggat tacaggcges tgetaccacyg cctggetaat tttttgtatt ttagtagaga
cgtygygtceica ccatgtltgge caggoctggte tcecaaactcect gaccicaagt gatccaccetg

cectagagecte caaaactgeoe ggygattacag goghtgageca ccacgootgg cogoetaacaa

Island 3 {SEQ ID ND:74, located betwaen exons four and five)

ttgocgette teoggecacce acttgettag sagecceaty cgggecgegd ggtgotatgy

Island 4 {SEQ ID NO:75, located batween exons four and five)

agaatrce caactceagta agacctigta satcecatgac attagoccca attcccacte
gteccaaatc ccataaccit toccaccctge acchgaagty cgragtcate agcacaagat
= = - = P v =

FIG. 18
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WNTZ promoter

Island 1 {SEQ ID NO:76)

Q2
0

fLttacttcaa gaaaaltgugy gacaaagaag

gotoggaggtse agettitcgit tattcoccctg cttcacgguy gaaggaggitt tgtgagcata

agecatgtaag tacatgagag gogtgtigot ctitibggtgoee tatoatacce tooceatgga

cootcecigo accltocogae cgacoga

ccagcgatac ggageggoce tggogaggag coctgetett cccgagtegt gggtggogey

gtgettgtitt cccoctoccectie cotttecgga ccecaaacygyy gatgtatecig ggtcagecty

P
a8
[
o}
e
ot

qOAgUCTCC gacotgocay ggaccagogt gggygasgdad gotggcgaty acages

tectitoogat chgggoggea coocchoocoe cacgeootge gaacaalticg cotocccacac

cgoggctaca agccagetrac tgctcassat goetocacocy
cgggeooaag ccoctctolce ttggehggoo gagggoocag ghogaggace gaggghtooot

taacctecac aaggogceaca ggctgagege ccagygogdca ggagatgeaa gggcgeacac

rcheggttcee

FIG. 19



U.S. Patent

Sep. 28, 2021

Island 2 (SEQ ID NG:77}

ataga cgogygcaget

tgagaatcat

toctogit toctea

Cit

Sheet 27 of 50

ccaaatttac aagltgotage tocttcateco

US 11,130,998 B2

FI1G. 19 CONTINUED
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EXT1 (exostosin glycosyltransferase), Chr8

SEQ 1D NO:18

azattygecttc
acctoctoete
ceogtagteo
cgggagatyg
tgggraacayg
cacoccaacty
atgtottoes
cottittgtte
gtggtgatgt
taacooaced
tttaattatce
ctatgaggtt
aggatggtga
ttttetgyac
ceattatgte
totgtgacos
teceoetgact
gattbggeatt
gtggtgtotyg
attagatate
gagggygaaga
caggtacoad

tttgtt trtga

| agtattgttt
gctggatect
ggtaaatghyg
tgcaacctygta
aggccagygay
aactaaaaat
cagetactoy
aggtitgeagh
agtgagactc
ctazaaccoct
 acagaatto

taatgaggtg
catcagaasay
tacccctatt
tatcatgoot
tggagagoct
aceecgacte
atcacacagt
ctttttaata
cttectagcaa
tgtaggeagt
tgaagtgagy
cattaactct
aagtaggttt
aacccataag

ccacatatga

attgtaatygt

tgecataagyg
acatgataag
atcacagaac
ttagagacca
acgaagatta
ggaggttgag
gagctgagat
tgbctocaaaa

tgtaatttec

coaggttgat
catggggata
gtacctcectc
aatcagtaat
acgattgaa
tggtgagaay
gataatcttyg
gggtaattac
coaggaagtit
tttggtgtea

gttggatggt

FiG. 20

aagaaccagt
geaggetgygy
aaatatatat
LLggggagyc
goctggecas
gotgggegry
gcatgagaat
cacagcactg
atttggkbcetce
tgagtgatag
ggaatttec

ggttcocctgga
cattagaage
gagagaggad
acccoctcaa
aaccatatce
gaagectety
atctggetgt
agtaagaetgt

¢ £tgaggagyy

tataggagac

tggebctgag coo

tgtcagaatt
ggagaactig
gagcattgec
. gbtatgctcth

US 11,130,998 B2

catgoeetygygy
gtgaatagtyg
trgggecagyg
Laaggcagge
catggtgaas
gtggctooty
cgettgaace
ctttcocagoe

tgoooott

ga

48]

aggtgataag
gogtgataas
tagcttoaaa
ttggaactte
ctggaaattg
aat

T

e

8]
[y

aa

skl

8

o

catgoegy

tgtttgggac

W

tcatgtgtat
ttbetbgagt
agtcatgags
cecagact gt
ctaacct
gaattcaatc
ttgttggtgt
agrtagagaaa

tggtagggca
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SPAGY (sperm associated antigen 4), Chr20 7

SEQ 1D NO:38

tctbeocga
caagagettt
cgggtteoeos
tgagtatcga
attatcctag
cteecaages
teooctgocgt
ctoacaggag

geatgtacag

atctgat
gggactgga
agggaggt

[
QT

t
g
ot
cetett g
ggtgctttgg
cagetoctgyg
cggtectec
atgoogggga
ctttcectoceag
gaatgtgagt
accceggagat

.
-

s3]

totocegaact
gcocecotetoc
cogacectct

coettetgaac

gattgagcady

gttccatccey

ccaggettaa
aacgoattot
cattoetgget
tggggagact

totgggggte

Jaggcaggay
gooagygecay
cecagtitcetot
gagectcaac
cttectgage

Coggacacca

gggacgctaog

coggaacett

FI1G. 21

tcattcotag

ceccaggeoca

gacaggagac
cgooccagga
gotggegett
gggtotagga
cageetaocat

gotgtgt

US 11,130,998 B2

cgcgggtgrt
ctoetgacect
ggcceccegth
ceaocatoca
CCoCogagece
geoeegeeLe
caggeccetget
gtgctggtea
acagectettt
gagecgatte
cootgggytyg
ceggttceoce
cgctgctgag
cectgecety
ctoggtocty
tcagactbooo
ctobececect
cecteectet
cteoettigga
caggtitotga

Jgagtygggay
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Probe sequences for methylation array

EXT1:

CHRO8FS119036611 118036611 119036660
CACCATCCTCCCGGCATETIGGATATGGT TATCAACCTGGAGGCTCTCCAA
{SEQ 1D NO:86)

SPAGS:
CHR20FS033668015 33669015 33689064
ATCTGATTGAGCT CATGTTGGCCAAGAGCTGGEETCTAGGACCCTEEEETEGG

(SEQ ID NO:87)

FI1G. 22
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EXT1 SPAG4

Exont Exon2 Exond Exont Exond Exond

FiG. 23
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EXT1 methylation in Human prostate tissue
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EXT1 F-TAGGAGTTAGAGATTAGTTTGGTTAATATG (SEQ 1D NO:88)
R-bictin-CCAAATTTTTAAAACAAAATCTCACTCTAT (SEQ 1D NG:8B)

Seq-CAACTCACTACAACCTCCA (SEQ 1D NO:90)

SPAG4 F-GGTAGGAGAAGTGTTGGTTAGTATGT (SEQ 1D NO:S1)
R-biotin-CCTAAACCCAACTCTTACCA (SEQ 1D NO92)

Seq- TTAGTATGTATAGGTTAGAGGAAG (SEQ 1D NO:93)

FI1GL 25
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EXT1

Island 1 (SEQ ID ND:%4), 458bps
CETCCTCCCCECEEGETAGTECCEGUICCGAGTAGCECTTCGCAGGCCLCC
GUGCGAACGUPECCCACCECCECETTCEETCECCGARTCTTACCCEETTC
TGAATGTTACACTTACACATTCCATTCCCGACACGACAGUGCTEACCTCA
TCCATCCACGCAGCCCGCGCTGCCATTGECCEAGUGTCACGTCURGRAGS
GGCEETECTTCCRCTACGCCCATTCATAACCOCCGGUCGCGGGITGAGAC
GCCGECECGECETTEEGEGLGTAGGEGGUECAGGGAGCCEGEEITICCGE
FPTGCAAGCTGUCGGCEGEITECCEEECAGGPERAGIGCGEGACGECCCE
FTGCGAGCCCCECGECCCOTCEGCECECCCAGECCIGBATCTCEEICTEC
GCCGTGUCEGEEACCAGAGECECCTGCEGARACGCEGCGECCAEGGAAGE
ARGGECACCS

FIG. 26
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SPAG4

Island 1 (SEQ ID NDO:88}, 2190 bps

GAGGTCAGGAGTTCACGACCAGCCTEECCAACATEGTARARCCOCETOTS
TACAAAAATACAAARAATTAGCCAGGCATGATGRCAGETGTUTETARTICC
BACTACTOOGEAGGUTCAGECAGEAGRAATCGCUTTCGARCCCGEGAGGLGEA
GETTECACTGAGCCCAGATTECACTACTECCCTCCAGCCTGEGCGACACA
GCAGGACTCTETCTCAAARAATARAAATARAATARAAATARARAATGOTGS
GCGCAGTARCTCATACCTGTAATCCCAGTACTTTAGGAGGCCGERACERG
TGGATCACCTGAGATCEGGAGTTCAAGACCAGCCTGACTARCATEGAGAR
ACCOCETOTCTACTAARAATACARAATTAGCCAGGCATGETGETGCATET
CTCTAATCCCAGCCACTCAGGAGECTCAGECEEGAGRATCECTTCAACCC
GGGAGGUGEAGETTGCAGTAGACCARGATCGCGCCATTGCACTCCAGCCT
GOGCAACAGAATGAGACTCCATCTCAARAARARALARARAAGARAGARAAG
ARAGAAAGARAGARAGARAGARAGARACGARRGARACGARAGARAGARAGAR
AGAARAARACTPETTATAGACTCAGTECCAT T TAGATGCGETTPTCTGEE
AAGTGCTCTGACATCATCGCT TGO TOTAAAAGASGCCECECRCEETCEOT
CACGCCTGTACTCCCAGCGUTTTGGCAGGCCERAGECRGEAGGATCGCTTS
AGCCTAGGAGTTCEAAGTTACAATAAGCTATEATCAGECCACTGCACTCC
AGCOTOAGCAATGAGARRGACCCTETCTCTTAAACAACAACAAAGTCAGA
AGGRGAGGCTCUCATEGCTACGGCTCCAGETGACCTCACGECCAGUTCCG
TCACGUGCEGCUAGGECAGUCCGCEGAGACCEAGGLTCCTCTETSACETC
AGCRGCCGGCCEGGACACAGCGGEAGEECAGETAGCEGCTGCAEEEGECITEC
CGACTTCACGCAGGGTOCGTGGEETCCCOGCGEOGCUGCAGCGEUTGRAGG
AGBECCCCASGECCTTGACEACCGUAGCEECGEUTTTAGCGTCAGTGALTA
GECAGCAGGGEGETCAGCATECECCCAAGCTCCCGCCCEEEITCEGCCTS
TCCPCECECARGCACACECCCAACT T TP TCAGCEAGARCAGUTCAATGAS
CATCACCTCGGAGGACAGUARAGEECTCCEETCAGCEGAGCCTIGEECITS
GGGAGCCCGAGGGCAGAAGAGCCOGGGGUCCCAGCTGOGETGAGICCELC
TTGAGCECGGCAGTECCCGCAGCAACCACATGEGGCAGGAAGCTUTCAGCA
GAAGCCAGCECOTCGEAGCCACAACTCGUAGACAGCLUTGTGECGCGGCAR
CCETBAGEEECEAGGCCTCEGETECECEIGEEETCCACCCCECETEAGCC
AGTGCAGGGGECGEGECCTARAGERCEETCUTEGECGCGEACEGGEUTAR
GATEATATCTEGGCACCTCOTACARGETAGCTCCTATAGGETARAGGGAT
GOTECTAAATEAGATCCCTTARGGEECEGAGTOTCEGTETOCTEGACGET
TATGGECARGEGECEGEEAARATCTTATGETTCEETECCACTEAGEEEGLE
CGECCTCARTGTTAGCGTGAGTCECTCCCACCACAATTGEGTTCCACTAA
GATCTABRGGCTEEGEECEEETCATCCET TTCGAGEGARGEACCAACTOTTT
TTTTTTTTTT T TTECAACGGRAGTTTCGCTCCTATTGOCCATGCCATGOAR
TGCCATGATCTCGECTCACCGCARCCTCOECCTCCOGEETTCARACGATT
CTCCCECCTCAGCCTCCCGAGTAGCTGGEATTACAGECETGCGTCACCAT
GCCOGGCCART T TTIGETETT T TTAGTAGAGACGECCTTICTCOETETTAA
TCAGGCTEECCTCCAACTCCCGACCTCAGCTGATCCGCCCGCCTCGGECCT
COCAAATCGOTAGGATTACAGGCETEAGCCACCECACCCERCCAGGAGAL
CAACTCTTGACGGAGCCTCCCTCAGEEECGGEECTTCAGAGGECGGAGLT
GOAGCCGGBATAGGCCTECGETGCEACCARAGCCTETGAGAGACTTCICA
GUPETCTGECTTETCEACTGAGCARTCTECCECCCEETCT

FI1G. 27
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SPAG4

Island 2 {SEQ ID NO:96), 282 bps
COGCCCGETOTCGAGECCARAATAGCETCTGTEOTCCGTARAGGCCCTAGTE
GAGCCCTTAGATTCOCGOAGAACCGACTG CCTﬂT””AC“AGTCTC”CAGC
AGCCGCTCAACCTTCTOCCRACCOTGGATCTEAGGCAGGAGATGCCTOCC
CCGCEGETRTTCARGAGCTTTCTCAGTACGGECCAGECTAGCTGCGATCC
CCTCTCACCCTCOGGTTCCCOTCTCCGAACTCCAGT TCTCTCTGAGICCC
CEQCCCCCOTTTEAGTATCRRGCCCTUTCOTCNG

Island 3 {(8EQ ID NQO:97), 234bps
CGCCAGLAGTCECTCTETCCCACGETTCCCATAGTCCCTCCGCCCGLOTS
CAGCCCCACGTGTTCCCTGRGARTTGCTAACCTTTTGAAGGUCACCAAGE
CCAGGTAATGATCCAACTGOCGARCCGAGTGCAGTTHAGCGATATCACTC
TGCAGCATCCACCECCCAGCETAGAGTACA CCGCAuGAGvCAAuAb”GCC
COOCECEATTTCACEETCTTTETCGACTOCGEACE

FI1G. 27 CONTINUED



U.S. Patent Sep. 28, 2021 Sheet 37 of 50 US 11,130,998 B2

A EVX1
£t = %
g e
& 40-
L
o
&
Sé'* &
§ 28+ T =3
& T 1
23 23
& &
€ &
B CAVY
20~ %
CRLE ®
S  10- i
"‘Té ’% -
ko 'S
z o
o
&
= 8+ T
-5 T 1
=) A
& &
& &
& &
o &
& &

FIGS. 28A-28D



U.S. Patent

Sep. 28, 2021 Sheet 38 of 50

US 11,130,998 B2

FGF1
100- ”
g\g 88
£ 80-
& 70 : B
-
£ 50 ¢
@ =
= 50 8
4@ ] i
=3 )
& &
o> 2
& &
& F
NCR2
140-
3
$ 160+
“'g‘ &
&  80- s
Z oe f
> 80 ki <
i & ;
ook
&3 ko
= 70- il
&0 T T
y 23
& &
@ &
& f

FIGS. 28A-28D CONTINUED



US 11,130,998 B2

Sheet 39 of 50

Sep. 28, 2021

U.S. Patent

6C ‘DId
$8100 G S8I00 $8100 7
T 0y 02 0O} Oy 0¢€ 0Ot

R R SRR

Q\\\\\\\\\\\\\\\\\
o
R

a3
&
2

fammcmcmamannn:

(671) vNQ

%
0
o

saisdolq aie;so.d peppequis-uiyeled WOl UONRIOSI YN



U.S. Patent Sep. 28, 2021 Sheet 40 of 50 US 11,130,998 B2

FIGS. 30A-30B

Exont Exon? Exon3




U.S. Patent Sep. 28, 2021 Sheet 41 of 50 US 11,130,998 B2

T1GS. 380A-308B CONTINUED

B

Ferward primer: GGTTTTGGGGGTTATGTTAGTTGAT {(SEQ ID NO:98)
Reverse primer: BiotinrACCTCCAAATCCCATCCTCTA {SEQ ID NG:%%)
Pyrosequencing primer: ATOGTTAGTTOGATTTATITTATGAT (SEQ ID NG 164G}

Sequence to analyze (SEQ 1D NO:101):
CAGCCCTGCCAGCGGAGTCCCAGUGTTAACTGTGCTTGGCGACTGCCCCCCTTCCGUCTAGO
CGOACCGCAGCAGAGGOATTCAGAGGATGGGAT

Sequence to analyze after bisulfite treatment (SEQ 1D NO:102)
TAGTTTTGTTAGYGGAGTITTAGYGTTAATTGTOGTTTGOGYGATTGTTTTTTTTEYGTITTGOGTYG
GATYGTAGTAGAGGGATTTAGAGGATGGGAT

Human PLA2GT6 CpG island sequence (SEQ 1D NO103):

ACATATATATACACACATATATATOGCACACATATATATACACACATATATACACACATATAT
ACACACATATATACACACATATATACACACATATATATACACATATATACACATATATACALC
ACATATATATACACACACATATATACACATATATACACATATATACACATATATATACACAC
ATATATACACACATATATATACACACATATACACACATATATACACATATATACACACATAT
ACACATATACATATATACACACATATATACACACATATATACACATATATACACATATATAC
ACACATATATACACACATATATATACACATATATATACATATATATACACACATATATATAT
TITGAGACTCGAGTTTCGUTTTGTTGCACAGGCTAGAGTGCAGTOGCGCGATCTTGGCTCACT
GCAACCCCCACCTCCCGOGCTCAAGTGATTCTCCTGUCTCAGCCTOCCGAGTAGCTGGGALCT
ACAGOCOCATGCCTCCACGUCCOGCTAATTTTTTGCATTITTAGTAGAGACGOGGTTTICATCG
TGTTAGCCAGCATGGTCTCGATCTCTTGACCTUCGTGATCTGCCCGCUTCOGGCCTCCCAAAGTG
CTOAGATTACAGGCGTCAGCCACCOGCGCCCGGCCCTTGOTGOTATATTTITTAACTCCTTCAGT
TTTTAAACTATAAGCCCATTCTTGAGTGAAGGCOGAAAGTAAACCCATCATGGOCCTOCAGTG
TCATGTGTGTCGCAGAGGTCGAGTOTGTGCGACTCCTGRATGCTGOOGCGUGCAGGGUCATGOGGT
GAGGCGGGAAGAGGCOOTECCGRGOGLGCLOELCETCCTGCAQGTCGUCOUGCTCGGGACCG
GOOCCOOGCGCTCTOCGAGGCTCTCATTAGCCGGCGOCGUGGGGAGGGGCCGGOTGACCTC
ACGCCGGCLCGGUCALCGUGGCCATTAGACCUGGTCCAATTGLTGHOGCTGCAGCGCTGECT
CCCGAGACCGCGAGOTOGOTGCATCOEGTCTTCCTGOAAGGGTOCGATAAGGCCGGGCGAGO
TOCCTGGGATGCTTICTCCCCTTCCGLGAGGAAGAGATUTAATTGGOGTAGGOCGGUETETAGAL
TAGCCTGCCGAGCCGICCGCTOGCACCTGLAGCCTCCTGRGLGCCLOGCLCGGGCLCUGGCHAG
AAAGTTGTTAAAGGGAGCGAGGTGGTTGTTCCTGGGGTCCGAGGUGCGUCTCTCACGCCCTG
CCCAACAGAAGCCOCAGTCUCOTGOUUTCTGOAGACGCAGTTTCCTGTTAATGACAATAAAT
CCCTGUTOCCCCTGCCTCAGACATCTACGCAGCCAAATCGAGCCTOGGCCTTUGAGGGTCCACA
CCGCGAGGOAAGATGCOGTGCGCUCATTGTAAGTGLGGOGUCGAGRUGGGGUTGGECGHEGECT
GGUAGCCCLCCTOGTTAGTOGGCACTCGTTOGTCTCGOGAGCCTCAATTACTOUTTCCGAGAGAGE
AGCCTCCGAGGATGTOOGGCCCGLACCTCTOTCAGCTGUGAGGCATCGGTOTCAGCTGUGGET
COGCOGUGCACCTOGTTOGGAGTTOTCTCGOCOCOGTCCTTCCGOGGGUCGOTGTGOGGGUCGCTC
TGCCTGAAACGUCQLCCAGCGOAAGBUCGGOALCCUTCAGCAGGGAGGTGGCCAGGGCAGGTCT
GTCCGCAGAAATCTGGOGUTGOCUTCCGGAGCCACACCCGGACAGUGHGGACAGGCOTTGOG
GGUTATGTCAGCTOACTCATCCCATGACCAGCCCTGCCAGCGGAGTCCCAGCGTTAACTGTG
CTTGGCGACTGUCCCCUTTCCGCCTGGUCGGACCGCAGCAGAGGUATTCAGAGGATGGGATTY
TGGAGUTGCACCCTCCTAGTGTTCAGCATCTGGTTGTOAGACTCTCATCAAGTTCAAATCCA
CTOTTTCCCAGAGTOAAGOTTTTCTTTITATTITATITATTTITATTTTITATTITTTATITITIC
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FIG. 33
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Clinicopathological features of multicenter study group

Me. of Samples
Cleveland Clinde
Rockford Clinic
Stanford Univ.
UW-Madison

Age (yr}

PSA (ng/mb)*

PSA Density (ng/mb)y*

Prostate Size {g)

BM1 (kg/m )*

Ethnicity:
Caucasian

Family History:®
Positive

DRE:*

Positive

(leason:

344
4+3
4+4
4+5
544

Pathelogical Stage:
T2
T2a
T2h
T2e
T3a
T3b

NTA
52
9
20
3
20
60.3 [30-70]
7.03.3-15.01
0.172 [0.06-0.43]
46.6 [20-1507
39,69 [21.2-51.2]

94.2%% [49/52]

25.0% [12/48]

13.7% {7/51]

* Seme samples are missing data

TA
77
25
19
6
37
1.3 [51-70]
5.8 [2.4-10.6]
0.173 [0.06-0.40]
36.3 [15-70]
29.11 [20.9-41.0

88.3% [68/77]

35.6% [26/73]

13.3% [106/75]

7

3¢
i8
Q

Fatal
129
34
39
9
47
60.9 [50-70]
6.3{2.4-15.0]
0.174 [0.06-0.43]
4.3 [15-150]
2834 [20.9-51.2]

90.7% {117/129%
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FIG. 38

Uniplex logistic regression model for hiomarker performance {2 biopsy blocks}

#odel Type Coefficlent Constant  O.R Estimate {85% C1} AUC

CAVE {C67) Max. {0365 ~1.3650 1037 {1.004-2.072} 0.813
CAVI {{G10] Max. (.0656 ~1.0824 1.069 {1.005%-1.137} 4632
EVX1 {061 Max. {3.0784 ~3.1980 1082 {1.035-1.130} §3.710
EVXL {062} Max. 0.0633 2. 3300 1065 {1.023-1.110) {.696
EVXL {CG3] Max, Q0543 -3 7005 1056 {1.025-1.087} 2.706
EVXL {{G4] Max. 3.0306 -2.3534 1031 {1.000-1.063} 4.621
EVX1 {CG5) Max, 30481 -2.7315 1.04%{1.011-1.08% £3.692
EVX1 {CGB] Max. 30575 ~1.8742 1.0594{1.012-1.109 0643
FGFY {0G3) Min, (.0524 30835 0,949 {0.908-0,992} £.641
MCRZ {CGE2) Min, 03,1482 51864 0.881 {0.755-0.942} 0.816
PLAZGLE {CG1) Max. 3.0471 ~1.6877 1.048 {1.006-1.083} 0.618
PLAZGIG {CG2) Max, 0,1129 ~2.1638 1A20{1.029-1.218} 0,643
PLAZGIE {CG3) Mag. ¢.1181 -1.554¢ 1125 {1.027-1.233) {.653
PLAZGIS {CG4) Max. {3.03314 ~1.5588 1032 {1.007-1.058) 3.642
PLAZGILG (LG5 Max. ,1119 ~2. 4408 1118 {1.036-1.208} 0,658
SPAGSE {CG1) Max, G.0605 -1.3402 1062 {1.004-1.124} 3.604

SPAGY {CG2] Max. 00531 ~1.5708 1.055 {1.086-1.1058} 3.639
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FIG. 36

Multiplex logistic regression medel for bismarker performance

{2 biopsy biocks)

Model Type Coeflicient  Comstant 0.8, Extivnate {95%% O AL pevalue
Muitiphux {1.747 00004
Max €18 G.013% £1.4058 1.014 {O.306-1. 135}

Bax E1 00534 CA058 OSSR {0.998-1.11%)

Min F3 ~$3.0182 04058 Q987 {0.924-1.044}

ptin NZ ~GLOB75 {3.4058 0.9G7 {G.785-1.048}

Biax PS5 Q0847 $3.4058 L08R {0.945-1.253

Max_$2 01,0242 04055 0.975 {£.895-1.064)



pwalue

}

iopsies
AR¥

v

US 11,130,998 B2

te

158

i

g
34

2
r

4
L35

I

e

4

(8 ¢
ot e

23

formance (4 b
8. Est
§95% C8

£33

ER4)

.

O

arker per

YL

2

Sheet 48 of 50

.37
{onstarg

~

X,

Fi(
del for b

et

il

&
L2

[iXar 54

il
e

ae
-
9]

sion mo
Low
53

Sep. 28, 2021
$

W

&

Hhax

@
g
ks

o
&

Bax

Kodel Type

€6
8

!

Uniplex logistic regre

U.S. Patent

Gene

WX
WAL

EWHE

LYY

REVS

e
ad

o) o
&=
o
S

2]
“
Pt

b

L&

3
H

PR

A
5%

L

ot

S

e
3

4
&Y
¥
A
X
>

i
R
At
i
Fata
.'\.{
06

~RGS

o
P
<3
P

[£2
3
&
e
4F

N
[y
hbax

e
Aue
R

hin
R
hin
B
A
Bax

o
e
-3

%

2

e -
“ #

e

e b
.m,M "
iR

2k
Aax

iR

s
<

WKL

AL

VR
FGER
RE1



U.S. Patent Sep. 28, 2021 Sheet 49 of 50 US 11,130,998 B2

FIG. 38

Multiplex logistic regression meodel for biemarker performance

{One CG with highest AUC per Marker, 4 biopsies)

Bodel Type Coefliciant  Constant {0L.R, Extimate {95%% &8} AV pvalue

Misdtiplet 0.774 40004
pMax 10 -0.0176 ~3.9838 09830, 890-1 0858}
AYG E2 (084 ~1.8828 LOSRILOI8-1.183)
BN F3 0031 -1 9R2E 0.969{0.913-1.030}
ANG _NZ 0488 AN EEE Q85307971139
AVG Pa £.03349 -3.9838 1.034{0.855%-1.238)

AVG 55 £2.1048 -1.9828 111G 77-1.283)
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1
UNBIASED DNA METHYLATION MARKERS
DEFINE AN EXTENSIVE FIELD DEFECT IN
HISTOLOGICALLY NORMAL PROSTATE
TISSUES ASSOCIATED WITH PROSTATE
CANCER: NEW BIOMARKERS FOR MEN
WITH PROSTATE CANCER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claim the benefit of U.S. Provisional
Patent Application Ser. No. 62/421,706 filed Nov. 14, 2016.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
CA097131 awarded by the National Institutes of Health. The
government has certain rights in the invention.

BACKGROUND

It is estimated that 198,280 men were diagnosed with
prostate cancer and 27,360 men died from prostate cancer
(PCa) in 2009 in the USA (Jemal et al., (2009) CA Cancer
J Clin 59, 225-249). The predominant tools for early detec-
tion of prostate cancer are prostate specific antigen (PSA)
testing and digital rectal exam (DRE). However, 65% to
70% of men with total PSA ranging between 4.0-10.0 ng/ml
have a negative prostate biopsy result. In addition, 15% of
PCa patients have PSA levels <4.0 ng/ml, indicating a weak
predictive ability (Thompson et al., (2004) N Engl J Med
350, 2239-2246). PSA-based screening also detects non-
significant cancers leading to an estimated 50% of overdi-
agnosis (Fritz et al., (2009) The New England Journal of
Medicine 360). A urine-based test examining an RNA mol-
ecule termed PCA-3 is currently undergoing FDA trials.
Prostate biopsy is used to confirm disease. However,
because of sampling errors repeated sets of samples are
commonly required to make a diagnosis (Gann et al., (2010)
JCO 28, 7). Typical biopsy schemes include 10-12 or more
tissue cores removed under local anesthetic. Re-biopsy is
often required two to three times in order to rule out cancer
because of sampling errors. Cancers can also be missed
because of sampling problems.

There is a clear need for biomarkers that allow easier and
more accurate diagnosis and prognosis of prostate cancer.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is a method of
detecting the presence of a prostate cancer field defect in a
human subject comprising the steps of obtaining genomic
DNA from the human subject, amplifying at least one target
region, wherein the target region is PLA2G16, purifying the
amplification product; and quantitating the methylation in
the target region, wherein significant methylation changes
indicate the presence of prostate cancer field defect, wherein
the change is relative to tissue from a second human subject
who does not have prostate cancer. Preferably, the signifi-
cant methylation change is p<0.05 or at least +50% of the
pyrosequencing percentages or fold-changes shown in Table

In one embodiment, the present invention is a method of
detecting the presence of a prostate cancer field defect in a
human subject comprising the steps of obtaining genomic
DNA from the human subject, amplifying at least one target
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region, and preferably at least two, three or four regions,
selected from the group consisting of PLA2G16, CAV1,
EVXI1, MCF2L, FGF1, NCR2, WNT2, EXT1 and SPAG4
target regions, purifying the amplification product; and
quantitating the methylation in the target regions, wherein
significant methylation changes indicate the presence of
prostate cancer field defect, wherein the change is relative to
tissue from a second human subject who does not have
prostate cancer. Preferably, the significant methylation
change is p<0.05 or at least £50% of the pyrosequencing
percentages or fold-changes shown in Table 1.

In one embodiment, the present invention is a method of
detecting the presence of a prostate cancer field defect in a
human subject comprising the steps of obtaining genomic
DNA from the human subject, amplifying at least one target
region, and preferably at least two, three or four regions,
selected from the group consisting of PLA2G16, CAV1,
EVXI1, MCF2L, FGF1, NCR2, WNT2, EXT1 and SPAG4
target regions, purifying the amplification product; and
quantitating the methylation in the target regions, wherein
significant methylation changes indicate the presence of
prostate cancer field defect, wherein the change is relative to
tissue from a second human subject who does not have
prostate cancer. Preferably, the significant methylation
change is p<0.05 or at least £50% of the pyrosequencing
percentages or fold-changes shown in Table 1.

In another embodiment, the present invention is the
amplification product described above.

In another embodiment, the present invention is a com-
bination of the amplification product described above and
materials useful to determine methylation status.

In another embodiment, the genomic DNA is obtained
from prostate tissue. In another embodiment, the genomic
DNA is obtained from body fluid preferably selected from
the group consisting of urine and semen. Most preferably the
bodily fluid is urine.

In a preferred embodiment, primer sets are used for
amplification of the target region and at least one primer
within each set of primers is biotinylated.

In yet another preferred embodiment, the methylation is
quantified via pyrosequencing.

In another embodiment, the quantitation of methylation
comprises analyzing whether the CAV1, EVX1 or MCF2L
regions are hypermethylated or FGF1, WNT2 or NCR2
regions are hypomethylated as a positive correlation to
prostate cancer field defect. Preferably, the target loci com-
prise sequences selected from the group consisting of SEQ
ID Nos:1-6 and SEQ ID NO:101. Preferably, the target loci
are amplified using at least one set of primers in FIG. 12 or
FIG. 38B.

In another embodiment, the quantitation of methylation
comprises analyzing whether the SPAG4 regions are hyper-
methylated or EXT1 regions are hypomethylated as a posi-
tive correlation to prostate cancer field defect. Preferably,
the target loci comprise sequences selected from the group
consisting of SEQ ID Nos:18 and 39. Preferably, the target
loci are amplified using at least one set of primers in FIG. 25.

In another embodiment, the quantitation of methylation
comprises analyzing whether the CAV1, EVX1, MCF2L or
SPAG4 regions are hypermethylated or FGF1, WNT2,
NCR2 or EXT1 regions are hypomethylated as a positive
correlation to prostate cancer field defect. Preferably, the
target loci comprise sequences selected from the group
consisting of SEQ ID Nos:1-6, 18, 39, and 101. Preferably,
the target loci are amplified using at least one set of primers
in FIGS. 12 and 25.
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In another embodiment, the human subject is a prostate
cancer patient.

In another embodiment, the invention is a method of
diagnosing high grade prostate cancer field defect in a
human subject comprising the steps of: (a) obtaining
genomic DNA from the human subject; and (b) quantitating
the methylation in at least one target region selected from the
group consisting of NCR2 and WNT?2 target, wherein sig-
nificant methylation changes indicate the presence of high
grade prostate cancer field defect or prostate cancer, wherein
the change is relative to tissue from a second human subject
who does not have prostate cancer; and (c) treating the
human subject for high grade prostate cancer field defect
based the results of steps (a) and (b).

In another embodiment, the invention is a method of
screening biomarkers for prostate cancer comprising the
steps of: (a) obtaining genomic DNA from a human subject;
and (b) quantitating the methylation in at least one target
region selected from the group consisting of SEQ ID NOs:
1-6, 18, 39, and 101; wherein significant methylation
changes indicate the presence of prostate cancer field defect
or prostate cancer, wherein the change is relative to tissue
from a second human subject who does not have prostate
cancet.

In another embodiment, the invention is a method of
screening biomarkers for prostate cancer comprising the
steps of (a) obtaining genomic DNA from a human subject;
and (b) quantitating the methylation in at least one target
region selected from the group consisting of SEQ ID NOs:
61-77 and 94-97; wherein significant methylation changes
indicate the presence of prostate cancer field defect or
prostate cancer, wherein the change is relative to tissue from
a second human subject who does not have prostate cancer.

Other objects, advantages and features of the present
invention will become apparent from the following specifi-
cation taken in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

This patent application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawings will be provided by the
Office upon request and payment of the necessary fee.

The invention will be better understood and features,
aspects and advantages other than those set forth above will
become apparent when consideration is given to the follow-
ing detailed description thereof. Such detailed description
makes reference to the following drawings, wherein:

FIG. 1 shows the sequence of the target region for CAV1
(SEQ ID NO:1).

FIG. 2 shows the sequence of the target region for EVX1
(SEQ ID NO:2).

FIG. 3 shows the sequence of the target region for MCF2L
(SEQ ID NO:3).

FIG. 4 shows the sequence of the target region for FGF1
(SEQ ID NO:4).

FIG. 5 shows the sequence of the target region for NCR2
(SEQ ID NO:5).

FIG. 6 shows the sequence of the target region for WNT2
(SEQ ID NO:6).

FIG. 7 shows probe sequences used in the methylation
array for the genes CAV1, EVX1, MCF2L, FGF1, NCR2
and WNT2.

FIG. 8 is a diagram demonstrating microdissection of
prostate tissue.
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FIG. 9A shows genome-wide distribution of DNA meth-
ylation array differences at 385,000 loci in histologically
normal tumor-associated (TA) prostate tissues compared to
non-tumor associated (NTA) tissues. Significant differences
in methylation between TA and NTA prostate tissues were
generated using a cut-off of probe score of -log 10 [p] that
ranged from 2 to 10 resulting in around 1,000 probes on each
chromosome and 18,101 probes in total. After statistical
analysis comparing the log,-ratios between the NTA and TA
groups, significant methylation differences between groups
were determined using a t-test (P<0.05). A total of 615
probes were differentially methylated in TA tissues with 537
demonstrating hypomethylation and 78 hypermethylation.
The percentage (axis) is the significantly altered probe
number versus the total probe number analyzed for each
chromosome. Chromosomes 15 and 20 were differentially
methylated to a greater extent than other chromosomes.

FIG. 9B shows the significant methylation changes across
41,522,036-4,2004,151 on chromosome 15p. The data are
represented as a ratio of Mean TA/NTA.

FIG. 9C shows the significant methylation changes across
33,343,402-33,565,080 on chromosome 20p. The data are
represented as ratio of Mean TA/NTA.

FIG. 9D is a heat map of significant DNA methylation
array changes using unsupervised hierarchical clustering.
Using more stringent criteria (t-test, p<0.01), 87 probes are
shown comparing sets of NTA (left) to TA (right) and
hierarchically ordered from top to bottom by relatively
hypermethylation to hypomethylation. Green indicates rela-
tive hypomethylation whereas the red shaded areas demon-
strate hypermethylation. The heat map was generated with
JAVA TMEV™ (MultiExperiment View).

FIG. 10 is a schematic representation of CpGs analyzed
by Pyrosequencing. The ratio of ObsCpG/ExpCpG and GC
percentage for all regions are: CAV1 1.2, 60%; EVX1 0.8,
60%; FGF1 1.0, 50%; MCF2L 1.0, 60%; NCR2 0.5, 50%,
WNT2 1.0, 50%.

FIGS. 11A-11D shows CAV1, EVX1, MCF2L and FGF1
methylations. To analyze CAV1 methylation, we analyzed
methylation of ten CpGs and eight out of the ten CpGs
showed significantly increased methylation in T (tumor),
TAA (tumor-associated adjacent) and TAD (tumor-associ-
ated distant) prostate tissue compared to NTA (non-tumor-
associated normal prostate tissue). The figure shows meth-
ylation percentages of the sixth CpG and they are 14%, 45%,
27% and 26% for NTA, T, TAA and TAD prostate tissues,
respectively. 1-test. P<0.05 was used for all figures below.
To analyze EVX1 methylation, we tested six CpGs for
EVX1 and four out of the six showed significantly increased
methylation in T, TAA and TAD compared to NTA prostate
tissues. This figure shows methylation percentage of the
third CpG and they are 22%, 45%, 31% and 28% for NTA,
T, TAA and TAD prostate tissues, respectively. For MCF2L,
the region detected contains nine CpGs and three out of the
nine CpGs showed significantly increased methylation in T,
TAA and TAD compared to NTA prostate tissue. This figure
shows the methylation for the first CpG and they are 80%,
88%, 85% and 85% for NTA, T, TAA and TAD prostate
tissues, respectively. For FGF1, all four CpGs we analyzed
showed significantly decreased methylation in TAA and
TAD compared to NTA prostate tissue, but no significant
change in T prostate tissue. This figure shows methylation
percentage of the third CpG and they are 71%, 73%, 60%
and 61% for NTA, T, TAA and TAD prostate tissues,
respectively.

FIGS. 11E-11F shows NCR2 and WNT2 methylations.
For NCR2, three CpGs were analyzed within the target



US 11,130,998 B2

5

region. In the prostate with high grade (Gleason grade =H)
the third CpG showed significantly decreased methylation in
T and TAA prostate compared to NTA prostate tissue.
However, in the prostate with intermediate grade (Gleason
grade 6 & 7, Int), the methylation change of this CpG was
only significant in T prostate. This figure shows methylation
of'the third CpG and they are 75%, 69%, 63%, 68% and 70%
for NTA, T (Int), T (H), TAA(H) and TAD(H), respectively.
For WNT2, we detected methylation of four CpGs. In the
prostate with high grade, two of them showed significantly
decreased methylation in all T, TAA and TAD prostate
tissues compared to NTA prostate tissue. However, in the
prostate with intermediate grade, methylation change was
only significant in T prostate tissue. This figure shows
methylation of the first CpG and they are 95%, 87%, 79%,
89% and 89% for NTA, T (Int), T (H), TAA (H) and TAD
(H), respectively.

FIG. 12 shows the sequences of primers used for pyro-
sequencing.

FIG. 13 shows AMACR expression in NTA, T, TAA and
TAD prostate tissues which will be used in quantitative
methylation Pyrosequencing. AMACR expression was
assayed with quantitative RT-PCR, the data are shown as
OCT. Two NTA and three TA (T,TAA,TAD) specimens were
excluded from experiential group due to higher AMACR
expression.

FIG. 14 shows the sequence of the expanded region of
CAV1 to screen for methylation changes associated with
PCa.

FIG. 15 shows the sequence of the expanded region of
EVX1 to screen for methylation changes associated with
PCa.

FIG. 16 shows the sequence of the expanded region of
MCF2L to screen for methylation changes associated with
PCa.

FIG. 17 shows the sequence of the expanded region of
FGF1 to screen for methylation changes associated with
PCa. Since there is no CPG island within the promoter
region, all the regions shown are within introns between
exons one and three.

FIG. 18 shows the sequence of the expanded region of
NCR?2 to screen for methylation changes associated with
PCa.

FIG. 19 shows the sequence of the expanded region of
WNT?2 to screen for methylation changes associated with
PCa.

FIG. 20 shows the sequence of the target region for EXT1
(SEQ ID NO:18).

FIG. 21 shows the sequence of the target region for
SPAG4 (SEQ ID NO:39).

FIG. 22 shows probe sequences used in the methylation
array for the genes EXT1 and SPAG4 (SEQ ID NOs:86-87).

FIG. 23 is a schematic representation of CpGs analyzed
by Pyrosequencing. The ratio of ObsCpG/ExpCpG and GC
percentage for all regions are: EXT1 0.8, 60%; SPAG4 0.55,
60%.

FIGS. 24A-24B shows EXT1 and SPAG4 methylations.
To analyze EXT1 methylation, we analyzed methylation of
six CpGs and four out of the six CpGs showed significantly
increased methylation in T (tumor), TAA (tumor-associated
adjacent) and TAD (tumor-associated distant) prostate tissue
compared to NTA (non-tumor-associated normal prostate
tissue). The figure shows methylation percentages of all six
CpGs. 1-test. P<0.05 was used for all figures below. To
analyze SPAG4 methylation, we tested five CpGs for
SPAG4 and five out of the five showed significantly
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increased methylation in T, TAA and TAD compared to NTA
prostate tissues. This figure shows methylation percentage
of the all five CpGs.

FIG. 25 shows the sequences of primers used for target
amplification and pyrosequencing (SEQ ID NOs:88-93).

FIG. 26 shows the sequence of the expanded region of
EXT1 to screen for methylation changes associated with
PCa (SEQ ID NO:94).

FIG. 27 shows the sequence of the expanded region of
SPAGH4 to screen for methylation changes associated with
PCa (SEQ ID NOs:95-97).

FIGS. 28A-28D shows methylation of the EVX1, CAV1,
FGF1 and NCR?2 in urine from the patients with positive or
negative biopsies for prostate cancer.

FIG. 29 shows DNA isolation from paraffin-embedded
prostate biopsies.

FIGS. 30A-30B show the sequence of the target region of
PLA2G16, including (A) location of selected loci within
PLA2G16 that showed significant methylation differences
between NTA and TA by quantitative pyrosequencing. Exon
and intron boundaries are shown, as well as the transcription
start site. Tick marks represent CG sites analyzed. (B)
Sequences for primers and the region of PLA2G16 to
analyze, along with the PLA2G16 CpG island sequence are
shown (SEQ ID NOs:98-103).

FIG. 31 depicts PLA2G16 methylation in patient urine
samples. Analysis of PLA2G16 methylation at CGs located
at CpG shown in urine samples from patients who had
negative, positive and underwent prostatectomy using quan-
titative pyrosequencing. Urine samples from positive biopsy
patients showed significantly increased methylation than the
urine from the negative biopsy patients. The data shown as
Mean+SD, *p<0.05, T-TEST.

FIGS. 32A-32B depicts PLA2G16 DNA methylation in
prostate tissues. (A) Analysis of PLA2G16 methylation at
CGs located at CpG shore in dissected and NTA prostate
tissues using quantitative pyrosequencing. Methylation
analyses for PLA2G16 were significantly higher when com-
paring T (n=20), TAA (n=20), or TAD (n=19) to NTA (n=12)
(*p<0.05, T-TEST), the data shown as Mean+SD. (B)
Analysis of PLA2G16 methylation at CG4 in the same
sample set as FIG. 3A. Methylation analyses for PLA2G16
were significantly higher when comparing T (n=20), TAA
(n=20), or TAD (n=19) to NTA (n=12) (*p<0.05, T-TEST),
the data shown as actual value for each sample.

FIG. 33 depicts PLA2G16 DNA methylation in prostate
biopsies. Quantitative Pyrosequencing revealed NTA and
TA tissue PLA2G16 methylation levels. PLA2G16 was
hypermethylated in TA compared to NTA tissue in all CGs.
The data shown as MeanSD, *p<0.05, T-TEST.

FIG. 34 shows clinicopathological features of the utilized
study cohort. A total of 176 patients were enrolled of which
47 (26.7%) were excluded because of no sextant biopsy
cores (46) or insufficient biopsy material (1). Patients diag-
nosed with GS7 cancer (77) and the control group (52) were
similarly matched except for PSA (7 vs 5.8; p<0.01) and
prostate size (47 g vs 36 g; p<0.01).

FIG. 35 shows the predictive accuracy for discriminating
TA (biopsies from patients have prostate cancer) from NTA
(biopsies from patients do not have prostate cancer) using
each gene alone (uniplex) with 2 biopsy blocks. Of the
cytosines examined, 6 of 6 CGs of EVX1, 2/10 CGs of
CAV1, 1/5 CGs of FGF1, 1/3 NCR2, 5/6 CGs of PLA2G16,
2/5 CGs SPAG4 showed excellent predictive accuracy,
p<0.05, AUCs>0.6. Max: maximum values for each marker
were calculated by selecting the highest methylation per-
centage for each patient; Min: minimum values were cal-
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culated in the same way as maximums, except using the
lowest methylation percentage instead.

FIG. 36 shows the predictive accuracy for discriminating
TA (biopsies from patients have prostate cancer) from NTA
(biopsies from patients do not have prostate cancer) using
one CG with the highest AUC value from each gene (mul-
tiplex) with 2 biopsies. Biomarker only panel of 6 genes
showed excellent prediction with accuracy 0.747, p=0.004.

FIG. 37 shows the predictive accuracy for discriminating
TA (biopsies from patients have prostate cancer) from NTA
(biopsies from patients do not have prostate cancer) using
each gene alone (uniplex) with 4 biopsies. Six out of 6 CGs
of EVX1, 3/10 CGs of CAV1, 4/5 CGs of FGF1, 5/6 CGs of
PLA2G16, 3/5 CGs SPAG4 showed excellent predictive
accuracy, p<0.05, AUCs>0.6. Ave: mean values for each
marker were calculated by averaging the methylation of all
samples for that cohort. Max: maximum values for each
marker were calculated by selecting the highest methylation
percentage for each patient; Min: minimum values were
calculated in the same way as maximums, except using the
lowest methylation percentage instead.

FIG. 38 shows the predictive accuracy for discriminating
TA (biopsies from patients have prostate cancer) from NTA
(biopsies from patients do not have prostate cancer) using
one CG from each gene with the highest AUC value (mul-
tiplex) with 4 biopsy blocks. Biomarker only with a panel of
6 genes showed excellent prediction with accuracy 0.774,
p=0.0004. Increased biopsy blocks significantly improved
the prediction value.

FIG. 39 shows a Receiver Operating Characteristic curve
(ROC) generated to predict the accuracy of regression
models for discriminating TA and NTA biopsy negative
cores for the biomarker panel. Marker: A panel of the 6 CGS
listed in table 3. C: clinical factor: age and PSA value were
entered for this analysis. A multiplex model incorporating 6
genes and clinical information (PSA, age) identified patients
with GS7 prostate cancers performed high predictive accu-
racy (AUC 0.841, p=0.0001),

DESCRIPTION OF THE PRESENT INVENTION
In General

Like other human cancers, prostate cancer development
and progression is driven by the interplay of genetic and
epigenetic changes (Schulz et al., (2009) Semin Cancer Biol
19, 172-180). Changes in somatic DNA methylation consti-
tute a superb source of cancer biomarkers for several rea-
sons. These changes can be detected using PCR methods at
single-copy sensitivity and small DNA fragments are more
stable in blood and body fluids than RNA or protein species.
In addition, acquired DNA methylation differences have
been reported for nearly every human cancer. Finally,
somatic hypermethylation of CpG island sequences may be
more consistent for a given cancer than genetic changes
(Nelson et al., (2009) Endocrinology 150, 3991-4002). Pat-
terns of DNA methylation in tumors may also discriminate
aggressive vs. nonaggressive disease and predict responsive-
ness to specific treatments (Nelson et al., (2009) Endocri-
nology 150, 3991-4002).

Genetic and epigenetic alterations do not appear to be
limited to the cancerous cells, as recent data indicates tissue
adjacent or distant to the tumor is also abnormal (Nonn et al.,
(2009) Prostate 69, 1470-1479). This field defect (also
termed field effect) has been identified in colon and head and
neck cancer, as well as prostate based on alterations in gene
expression (YP, Y. (2004) Journal of Clinical Oncology 22;
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Chandran et al., (2005) BMC Cancer 5, 45) and genomic
loss of imprinting (Agnieszka et al., (2009) International
Journal Of Oncology 35, 87-96). Aberrant methylation
patterns in the GSTP1, RARb2, APC and RASSF1A pro-
moters have been detected in normal epithelial or stromal
tissue adjacent to cancer (Aitchison et al., (2007) Prostate
67, 638-644; Hanson et al., (2006) J. Natl. Cancer Inst. 98,
255-261; Henrique et al., (2006) Mol Cancer Res 4, 1-8).
These genes are altered in the tumor and represent a single
gene approach to analyzing the field effect. Results vary as
to whether this field effect is limited to the tissue adjacent to
the tumor or whether it is found in distant ‘normal’ tissue.

By use of the present invention, one can reassure men
who have a negative biopsy that no cancer is present by
testing for the presence of the field defect without additional
future biopsies and avoid the complications directly associ-
ated with increasing the biopsy number and frequency. If
methylation changes associated with a biopsy field defect
are detected, more detailed imaging with an MRI and
endorectal probe and a more aggressive detection strategy
requiring anesthesia and 30-50 biopsies will typically be
undertaken to detect and/or characterize the disease. This
approach is associated with additional risks associated with
anesthesia, infection, bleeding and others, and is not per-
formed routinely. In addition, it is likely these patients
would be monitored much more closely.

In developing the present invention, the inventors have
analyzed histologically normal tissues from men with and
without prostate cancer utilizing a high-throughput tech-
nique that simultaneously scans 385,000 regions of the
genome. Using a human ENCODE methylation array
(Roche Nimblegen), the inventors have found distinct altera-
tions in methylation at specific loci or “target regions”. The
inventors associated methylation changes at these loci with
the presence of prostate cancer. Analysis of these loci in
tissue samples from patients will enhance the detection of
prostate cancer.

By “histologically normal”, we mean prostate tissue that
has no evidence of disease in the specimen itself, based on
standard morphologic and histochemical criteria used by
pathology. By “normal” or “non-tumor associated (NTA)”,
we mean prostate specimen which not only does not contain
cancer itself, as defined by a pathologist, but also does not
contain cancer elsewhere in the prostate. By “tumor asso-
ciated (TA)”, we mean a prostate specimen which does not
show evidence of cancer, but is taken from a prostate with
evidence of cancer in another location. One would appreci-
ate that both “non-tumor associated” and “tumor associated”
prostate specimens in this application are “histologically
normal” prostate specimens.

Standard PCR methods generally entail amplification of a
target region using a pair of forward and reverse primers that
are designed to be complementary to sequences flanking the
target region. The size of a fragment that can be amplified
using PCR can range from less than 50 base pairs (bp) to
greater than 10,000 base pairs. Similarly, sequencing of a
target region can be accomplished by designing sequencing
primers that are complimentary to a sequence less than 50 bp
upstream of the target gene or more than 1000 bp upstream
depending on the sequencing technology selected. Therefore
it is possible to design many permutations of sequencing
primers or PCR primer sets that are capable of amplifying a
given target region. For example, given a sample containing
genomic DNA comprising a 500 bp target gene or region, a
primer set can be designed to amplify 1) the explicit target
region; or ii) a region encompassing the target region
including upstream and downstream sequence. If the mini-
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mum requirement is a 20 bp primer and the amplified
fragment size can range from 500 to 10,000 bp, the number
of potential primer sets that can be used to amplify the target
region is on the order of 10%.

This invention discloses a number of preferred primers for
amplification of specific target regions. However, one skilled
in the art will appreciate that the target regions disclosed in
the present invention can be amplified by other than the
described primers, which have been presented for purposes
of illustration. A number of PCR amplification and sequenc-
ing schemes are contemplated and therefore, the scope of the
appended claims should not be limited to the description of
the embodiments contained herein.

10

Biomarker Candidates

The inventors identified nine biomarker candidates asso-
ciated with the genes PLA2G16, CAV1, EVX1, MCF2L,
FGF1, WNT2, NCR2, EXT1 and SPAG4 which showed
significant changes (p<0.05) in methylation in target regions
when normal and tumor-associated tissues are compared
(Table 1). The CAV1, EVX1, MCF2L and SPAG4 regions
showed hypermethylation, and the FGF1, WNT2, NCR2
and EXT1 regions showed hypomethylation. Several bio-
marker candidates and methods of amplification and detec-
tion of methylation are discussed in U.S. Patent Publication
2014/0296355 A1 which is incorporated herein by reference.

TABLE 1
Fold Change
Gene Location  Function Microarray Pyrosequencing
PLA2G16 11ql1-12 Biosynthesis of arachidonic 27-40% increased in tumor,
acid for the production of 7-15% in tumor-associate,
prostaglandins. adjacent and distant normal
Tumor suppressor prostate tissue from men
with cancer
CAV1 7q31.1 Tumor suppressor gene 7.6 30% increased in tumor,
candidate 12% in tumor-associated,
A negative regulator of the adjacent and distant
Ras-p42/44 MAP kinase
cascade
Negative regulation of TJAK-
STAT cascade
A scaffolding protein within
caveolar membranes
EVX1 Tpl5-pl4  Sequence-specific DNA 7.1 23% increased in tumor, 6-
binding, transcription factor 13% in tumor-associate,
A role in the specification of adjacent and distant
neuronal cell types.
FGF1 5931 Fibroblast growth factor 0.77 11-15% decreased in tumor-
receptor signaling pathway associated, adjacent and
Positive regulation of epithelial distant
cell proliferation
Embryonic development, cell
growth, tumor growth and
invasion
MCF2L 13934 Rho guanine nucleotide 4.5 8% increased in tumor, 5%
exchange factor activity in tumor-associated,
adjacent and distant
NCR2 6p21.1 Increases efficiency of 0.6 11% decreased in tumor,
activated NK cells adjacent and distant for high
To mediate tumor cell lysis grade
5% decreased in tumor for
intermediate grade
WNT2 7q31.2 Wt receptor signaling 0.7 16% decreased in tumor, 5%
pathway, calcium modulating in adjacent and distant for
pathway high grade
Implicated in oncogenesis and 8% decreased in tumor for
in several developmental intermediate grade
processes (embryogenesis)
EXT1 8q24.11 exostosin glycosyltransferase 0.6 5% decreased in tumor,
It is a putative tumor adjacent and distant
suppressor protein, involved in histologically normal prostate
glycosaminoglycan tissue.
biosynthesis, signal
transduction, negative
regulation of cell cycle, as well
as skeletal development.
SPAG4 20q11.21  sperm associated antigen 4 2.1 9% increased in tumor, 8%

Structural molecule activity,
Spermatogenesis.

in adjacent and 12% distant
histologically normal prostate
tissue

By “gene loci” or “target region”, we mean the gene
regions described in FIGS. 1-6, 20-21, and 30. These are the
gene regions in which we correlated either hypermethylation
or hypomethylation with a prostate cancer field defect.
FIGS. 12 and 30B describes preferred primer sequences for
determining methylation perturbations in these selected tar-

65

get regions. FIGS. 12, 25, and 30B describes preferred
primer sequences for determining methylation perturbations
in these selected target regions.

In a second embodiment, by “gene loci” or “target
region”, we mean the gene regions described in FIGS. 20-21
and 30B. These are the gene regions in which we correlated
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either hypermethylation or hypomethylation with a prostate
cancer field defect. FIGS. 25 and 30B describes preferred
primer sequences for determining methylation perturbations
in these selected target regions.

In regards to the PLA2G16 biomarker, the CpG island of
interest for PLA2G16 is SEQ ID NO:103. The target
sequence to analyze for the presence of a prostate cancer
field defect is located upstream of the CpG island between
Exonl and Exon2 of PLA2G16 (See FIGS. 30A-30B). An
increase in methylation in this target sequence in DNA
isolated from histologically normal prostate tissue is indica-
tive of a prostate cancer field defect. Although methylation
of the gene has been recognized in cancer, this region of the
CpG island has not been evaluated in normal tissues asso-
ciated with the field defect.

EMBODIMENTS OF THE PRESENT
INVENTION

In one embodiment, one can diagnose and/or treat pros-
tate cancer in a human subject by detecting a prostate cancer
field defect in histologically normal tissue biopsy specimens
taken from men who may have prostate cancer. Based on the
results of the detection methods described herein, the subject
may be diagnosed with prostate cancer and/or treated for
prostate cancer via conventional therapies. It is an advantage
of the present invention that fewer biopsies are needed for
the detection of prostate cancer. In a preferred embodiment,
the presence of prostate cancer field defect can be detected
based on only 1-2 core biopsy specimens taken from any-
where in the prostate. Preferably, one would examine one,
two, three, four, five, six, seven, eight or nine targets
disclosed in Table 1. In addition, in individuals who have
had a negative biopsy but whose PSAs continue to rise,
analysis of the previously obtained specimens for methyl-
ation status in the target regions will direct whether addi-
tional evaluation needs to be performed. For example, if the
methylation status in any of the target regions is abnormal,
a more intensive biopsy set requiring anesthesia would be
performed. If not, the patient can be reassured.

In one typical embodiment, prostate tissue samples are
obtained via standard transrectal ultrasound and biopsy
protocols using an 18 gauge needle (Brooks et al. (2010) J.
Natl. Med. Assoc. 102(5), 423-429). In another embodiment,
prostate tissues are obtained from paraffin blocks of prostate
biopsy samples that have already been obtained and exam-
ined.

To examine the methylation status of the target regions,
one would typically wish to obtain genomic DNA from the
tissue samples. The purified genomic DNA is then typically
subject to sodium bisulfite modification. We present data
demonstrating the ability to obtain enough DNA for analysis
using prostate tissue either fresh or paraffin-embedded (See
FIG. 29).

In general, bisulfite modified DNA is subjected to PCR
reaction containing a single or multiple pair(s) of primers
and probes at specific gene loci of at least one of the
PLA2G16, CAV1, EVXI1, MCF2L, FGF1, WNT2, NCR2,
EXT1 and SPAG4 loci detailed in FIGS. 1-6, 20-21, and
30B. The DNA amplification and methylation quantification
will be evaluated in one or multiple tubes included as part of
a kit. In one embodiment, one would then subject the
bisulfite DNA to Methylation-Specific-Quantitative PCR
(MS-QPCR) such as MethyLight (WO 00/70090) or
HeavyMethyl WO 02/072880). A typical kit for the Mehtyl-
ight assay of this embodiment would contain primers and
probes of target regions detailed in FIGS. 1-6, 20-21, and
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30B, and wild type reference gene primers such as Beta-
Actin, PCR buffer, dINTP, MgCl,, polymerase, positive and
negative methylation controls and a dilution reference. In
another embodiment, the present invention is the amplifi-
cation product described above. In a typical embodiment,
the DNA targets are bisulfate-modified DNA. In another
typical embodiment, the amplification product comprises the
amplification product of 2, 3, 4, 5, 6, 7, 8, or 9 of the targets
combined in a vessel, such as a tube or well. Preferably, the
DNA amplification product is at least 90% target DNA, most
preferably 95% or 99%.

In another embodiment, the present invention is a com-
bination of the bisulfite-treated DNA described above and
materials useful to determine methylation status.

In another embodiment, one would subject the bisulfite
DNA to PCR amplification to amplify at least one of the
target regions detailed in FIGS. 1-6, 20-21, and 30B. The
PCR products would be subject to pyrosequencing for
detection of methylation. The kit for this assay would
contain at least one pair of primers for target regions detailed
in FIGS. 1-6, 20-21, and 30B, either forward or reverse
primer is biotinylated, PCR buffer, dNTPs, MgCl,, Taq
polymerase for bisulfite DNA amplification. A sequencing
primer and controls, which typically include positive and
negative methylation controls and a dilution reference are
typically also included.

In another embodiment, bisulfite treated DNA (initial
PCR amplification is needed if bisulfited DNA is less than 20
ng) is subjected to an Invader® assay to detect changes in
methylation. The Invader® assay entails the use of Invader®
chemistry (Hologic Inc.; invaderchemistry.com; Day, S., and
Mast, A. Invader assay, 2004; Chapter in Encyclopedia of
Diagnostic Genomics and Proteomics. Marcel Dekker, Inc.,
U.S. Pat. Nos. 7,011,944, 6,913,881; 6,875,572 and 6,872,
816). In the Invader® assay, one would use a structure-
specific flap endonuclease (FEN) to cleave a three-dimen-
sional complex formed by hybridization of C/T specific
overlapping oligonucleotides to target DNA containing a CG
site.

The kit for this assay would typically contain the primers
and probes of single or multiple target regions detailed in
FIGS. 1-6, 20-21, and 30B, and controls, which typically
include a reference gene such as Beta-Actin, positive and
negative methylation controls and a dilution reference.

In another embodiment, the PCR products are purified,
denatured to single-strand and annealed to a sequencing
primer for methylation quantification by pyrosequencing at
the specific gene loci of at least one of the loci described
above.

In all embodiments, one would examine the amplification
products for a significant change in methylation pattern. One
may examine several criteria to evaluate significant change.
For example, a finding of +50% of the fold-change listed in
Table 1 in methylation values of at least one gene loci at one
site selected from the group consisting of PLA2G16, CAV1,
EVXI1, MCF2L, FGF1, WNT2, NCR2, EXT1 and SPAG4
would indicate the presence of a prostate cancer field effect.
Significant change can also be any statistically meaningful
change in methylation pattern relative to normal tissue from
men with no history of prostate cancer. For example, sig-
nificant change may be characterized by a p value less than
0.05. As described below, one may wish to use pyrosequenc-
ing as a quantitation method and evaluate the sample for the
pyrosequencing percentage, as indicated in Table 1.

One may also wish to examine the change in methylation
at specific CpG islands. (The Example below discloses
specific characterization of CpG islands for the nine target
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regions.) Preferably, one would determine the methylation
status of two, three, four, five, six, seven, eight or nine of the
gene loci detailed in FIGS. 1-6, 20-21, and 30.

As described above, there are many techniques for mea-
suring DNA methylation. For example, one can use Meth-
ylation-Specific-Quantitative PCR (MS-QPCR) or to mea-
sure DNA Methylation. (See: Eads C. A., MethyLight: a
high-throughput assay to measure DNA methylation.
Nucleic Acids Res. 2000 Apr. 15; 28(8):E32; 2. Darst R. P,
Bisulfite sequencing of DNA. Curr Protoc Mol Biol. 2010
July; Chapter 7:Unit 7.9.1-17, and Cottrell S. E., et al., A
real-time PCR assay for DNA-methylation using methyl-
ation specific blockers, Nucleic Acids Res. 2004; 32(1):
el0.).

The Examples focus on a preferred method, but one of
skill in the art would understand that other methods would
be suitable. One simply needs to evaluate the methylation
status of CpG islands within the target regions. Examples 1
and 2 below disclose methylation changes at specific CG
rich regions, and we anticipate seeing similar changes in
adjacent CpG islands not necessarily measured in Examples
1 and 2. Any change in CpG island methylation at one or
multiple CG dinucleotides within this island, is considered
a positive marker for prostate cancer field defect. One may
wish to start with the expanded regions disclosed in
Example 3 below.

Preferably, one primer within each set of primers is
biotinylated, and the biotinylated PCR products are purified,
or captured, with Streptavidin sepharose beads. In a pre-
ferred embodiment, one would use the primers detailed in
FIGS. 12-25.

Preferably, the methylation is quantified with Pyro-
Mark™MD Pyrosequencing System (Qiagen) using Pyro-
PyroMark® Gold Q96 Reagents (Qiagen, Cat#972804)
(QIAGEN PyroMark Gold Q96 Reagents Handbook
08/2009, 36-38). Other approaches for methylation quanti-
fication include, for example, methylation specific QPCR or
quantitative bisulfite sequencing of methylation.

It is an advantage of the present invention that markers for
prostate cancer can be detected noninvasively in bodily
fluids, such as urine or semen. The bodily fluid screening
method currently used is based on PSA levels in serum and
has very poor specificity. Biopsies are more specific, but can
produce significant clinical complications, including infec-
tion, bleeding and urinary retention. Therefore, in one pre-
ferred embodiment of the present invention, the methylation
status of the target regions is determined from a urine
sample.

In another embodiment, the present invention is a method
of identifying biomarkers whose DNA methylation changes
associate with high grade PCa, using the protocol described
above and in the Examples below. By “high grade”, we
mean PCa with a Gleason Score 8-10 and a tumor volume
of 25-80%. For example, a finding of +50% of the fold-
change in methylation values of at least one gene loci
selected from WNT2 and NCR2 would indicate the presence
of a high grade PCa field effect. Additional biomarkers for
high grade PCa may be identified using the protocol
described above and in the Examples below and may also be
included in kits.

Generally, patient urine can be obtained, spun and the cell
pellet utilized for DNA extraction using protocols as pub-
lished (Yoshida et al., International Journal of Cancer,
n/a-n/a; Mehrotra et al., (2008) Prostate 68, 152-160). One
may wish to use DNA methylation urine-based screen for
PCa disclosed below in Example 4 and Example 8. One
would then analyze the genomic DNA samples as described
above for solid tissue samples. Presence of methylation
changes correlating to field effect diagnosis would be ana-
lyzed in the same manner as described above.
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Generally, when pyrosequencing primers (such as the
preferred primers in FIGS. 12 and 30B) are used, significant
methylation changes of at least one of the nine target regions
would indicate a prostate cancer field defect. In various
embodiments, significant change is indicated by a value of
at least £50% of the pyrosequencing percentages shown in
Table 1 or +50% of the fold-level change in Table 1 or a
p<0.05 change in specific CpG island methylation patterns.

In a second embodiment, when pyrosequencing primers
(such as the preferred primers in FIG. 12, 25, or 30B) are
used, significant methylation changes of at least one of the
three target regions according to SEQ ID NOs:1-6, 18, 39,
and 101 would indicate a prostate cancer field defect. In
various embodiments, significant change is indicated by a
value of at least £50% of the pyrosequencing percentages
shown in Table 1 or +50% of the fold-level change in Table
1 or a p<0.05 change in specific CpG island methylation
patterns.

In a third embodiment, when pyrosequencing primers
(such as the preferred primers in FIG. 12, FIG. 25, and/or
FIG. 30B) are used, significant methylation changes of at
least one of the nine target regions according to SEQ ID
NOs:1-6, 18, 39, and 101 would indicate a prostate cancer
field defect. In various embodiments, significant change is
indicated by a value of at least +50% of the pyrosequencing
percentages shown in Table 1 or £50% of the fold-level
change in Table 1 or a p<0.05 change in specific CpG island
methylation patterns.

It is another advantage of the present invention that
changes in methylation levels of the disclosed markers for
prostate cancer can be detected in histologically normal
prostate tissue or bodily fluid from men with no history of
prostate cancer.

Yet another embodiment of the invention recognizes that
the markers can also be used to monitor changes to the
prostate as a result of future drug treatments that modify
methylation or to assess the clinical severity of an at-risk or
cancer patient.

In another embodiment of the present invention, one may
wish to use evaluation of methylation status of at least one
of the nine target regions for the diagnosis of other cancers,
such as breast or colon cancer.

In another embodiment, the present invention is a method
of amplifying one of the nine target DNA sequences com-
prising

(a) providing a reaction mixture comprising a double-
stranded bisulfite converted target DNA and (i) at least one
pair of primers selected from the group designed to amplify
at least one gene selected from the group consisting of
PLA2G16, CAV1, EVX1, MCF2L, FGF1, WNT2, NCR2,
EXT1 and SPAG4, wherein the primer pair comprises a first
and a second primer that are complementary to the target
DNA sequence, (ii) a polymerase and (iii) a plurality of free
nucleotides comprising adenine, thymine, cytosine and gua-
nine; (iv) PCR reaction buffer; (v) MgCl,

(b) heating the reaction mixture to a first predetermined
temperature for a first predetermined time to separate the
strands of the target DNA from each other;

(c) cooling the reaction mixture to a second predeter-
mined temperature for a second predetermined time under
conditions to allow the first and second primers to hybridize
with their complementary sequences on the target DNA and
to allow the polymerase to extend the primers; and

(d) Repeating steps (b) and (c) at least 10 times.

In one embodiment, the primers are methylated. In
another embodiment, the primers are not methylated. In one
embodiment, one would use a primer pair designed to
amplify one target. In another embodiment, one would use
primer pairs designed to amplify 2,3, 4, 5, 6,7, 8, or 9 target
regions.
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Kit Claims

In another embodiment, the present invention is a kit
designed for PCa field defect detection. Typically, the kit
comprises at least a set of primers, wherein the primers
preferably comprise forward and reverse primers designed
to amplity a target region selected from the group consisting
of PLA2G16,CAV1, EVX1, MCF2L, FGF1, NCR2, WNT2,
EXT1 and SPAGH4 target (SEQ ID NOs: 1-6, 18, 39, and
101), or selected from the group consisting of SEQ ID NOs:
61-77 and 94-97, and other components essential for DNA
amplification, preferably, polymerase, dNTP, buffer and a
magnesium salt which can release Mg>*. Typically, one can
use MgCl, or MgSO,. In other embodiments, the kit com-
prises primers designed to amplify two, three, four, five, six,
seven, eight or nine targets.

In one embodiment, the primers preferably comprise a
forward primer selected from the group consisting of SEQ
1D NOs:43, 46, 49, 52, 55, 58, and 98, and a reverse primer
selected from the group consisting of SEQ ID NOs:44, 47,
50, 53, 56, 59, and 99, and other components essential for
DNA amplification, preferably, polymerase, dNTP, buffer
and a Magnesium salt which can release Mg*. Typically,
one can use MgCl, or MgSO,.

In a second embodiment, the aforementioned kit com-
prises an alternative set of primers, wherein the primers
preferably comprise a forward primer selected from the
group consisting of SEQ ID NOs:88 and 91, and a reverse
primer selected from the group consisting of SEQ ID
NOs:89 and 92.

In a third embodiment, the aforementioned kit comprises
a combined set of primers, wherein the primers preferably
comprise a forward primer selected from the group consist-
ing of SEQ ID NOs: 43, 46, 49, 52, 55, 58, 88, 91, and 98,
and a reverse primer selected from the group consisting of
SEQ ID NOs: 44, 47, 50, 53, 56, 59, 89, 92, and 99.

In one preferred embodiment, the kit further comprises
FAM or Hex fluorophore-labeled methylation and unmeth-
ylation-specific probes and is suitable for a closed tube assay
for MS-QPCR. In another preferred embodiment, the kit
further comprises sequencing primers and is suitable for
bisulfite pyrosequencing-based assay. Preferably, the
sequencing primers are selected from the group consisting of
SEQ ID NOs:45, 48, 51, 54, 57, 60, and 100. Even more
preferably, the kit further comprises Streptavidin sepharose
beads, enzyme mixture, substrate mixture and dinucleotides.

In a second preferred embodiment, the kit further com-
prises sequencing primers selected from the group consist-
ing of SEQ ID NOs: 90 and 93.

In a third preferred embodiment, the kit further comprises
sequencing primers selected from the group consisting of
SEQ ID NOs: 45, 48, 51, 54, 57, 60, 90, 93, and 100.

In another embodiment, the kit comprises components for
an Invader® assay to detect changes in methylation. The
Invader® assay entails the use of Invader® chemistry (Ho-
logic Inc.) which is composed of two simultaneous isother-
mal reactions. A primary reaction specifically and accurately
detects single-base pair changes measuring methylation. A
second reaction is used for signal amplification and result
readout.

EXAMPLES
Example 1
Prostate cancer (PCa) is typically found as a multifocal

disease suggesting the potential for molecular defects within
the morphologically normal tissue. In Example 1, the inven-
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tors compared non-tumor associated (NTA) prostate to his-
tologically indistinguishable tumor-associated (TA) prostate
tissues and detected a distinct profile of DNA methylation
alterations (0.2%) using genome-wide DNA arrays. Hypom-
ethylation (87%) occurred more frequently than hypermeth-
ylation (13%). Analysis of TA tissues adjacent and distant
from tumor foci revealed a persistence of this methylation
defect. Further evaluation and validation of six loci distin-
guished TA from NTA patients. Still further evaluation and
validation of two additional loci distinguished TA from NTA
patients. The inventors found a subset of markers which
were solely associated with the presence of high grade
disease. These findings demonstrate a widespread methyl-
ation defect occurs in the peripheral prostate tissues of men
with PCa that may be utilized to identify the presence of the
disease.

INTRODUCTION

‘Field cancerization’, ‘field effect” or ‘field defect” were
terms first utilized in head and neck tumors to describe an
increased frequency of cancer development found outside
the visible boundaries of the primary tumor'. These geneti-
cally or epigenetically compromised cells in histologically
normal appearing tissues have the potential to give rise to
not only multifocal tumors, but additional cancers after
therapy. Although described in colorectal, bladder and
esophageal cancer (Jothy et al. (1996) Field effect of human
colon carcinoma on normal mucosa: relevance of carci-
noembryonic antigen expression. Tumour Biol 17, 7; Taka-
hashi, T., et al. (1998) Clonal and Chronological Genetic
Analysis of Multifocal Cancers of the Bladder and Upper
Urinary Tract, Cancer Research 58, 5835-5841; Miyazato,
et al. (1999) Microsatellite instability in double cancers of
the esophagus and head and neck, Diseases of the Esopha-
gus 12, 132-136; Ushijima, T. (2007) Epigenetic Field for
Cancerization, Journal of Biochemistry and Molecular Biol-
ogy, Vol. 40, No. 2, March 2007, pp. 142-150 40, 9), a field
effect has not been clearly defined for prostate cancer (PCa).
Features suggesting the presence of a field effect in PCa
include regional multifocality at diagnosis, as well as the
increased incidence with aging (Eastham, J. A, et al. (2007)
Prognostic Significance of Location of Positive Margins in
Radical Prostatectomy Specimens, Urology 70, 965-969).
Defining an epigenetic field defect associated with PCa
would have important clinical ramifications with regard to
recurrence and recent interest in focal ablative therapies
(Mouraviev, V., et al. Prostate cancer laterality as a rationale
of focal ablative therapy for the treatment of clinically
localized prostate cancer, Cancer 110, 906-910 (2007)).

PCa development and progression is driven by the inter-
play of genetic and epigenetic changes (Schulz, W. A. &
Hoffmann, M. J. Epigenetic mechanisms in the biology of
prostate cancer, Semin Cancer Biol 19, 172-180 (2009)).
One important epigenetic process is the reversible methyl-
ation of cytosine at CpG dinucleotides, a sequence under-
represented in the genome except at CpG islands (Brid, A.
DNA methylation patterns and epigenetic memory, Genes
Dev 16, 16 (2002)). DNA methylation regulates gene
expression and participates in the nuclear organization of
higher organisms. Alterations in DNA methylation are a
hallmark of cancer. Typically, adjacent histologically normal
tissues are the standard against which many genomic and
epigenetic alterations in cancers are identified. In light of the
relevance of a potential field defect to both molecular and
clinical studies, little is known regarding its distribution and
extent in PCa. In part, this has reflected a limitation of
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techniques for assessing DNA methylation at specific
sequences throughout the genome, as well as a lack of
specimens without histological evidence of PCa.

In the Example below, the inventors utilized an immuno-

capture approach to enrich methylated DNA and combine 3

this with DNA microarrays. During an evaluation of control
tissues for genome-wide methylation profiles in cancer, the
inventors found marked methylation changes in tumor asso-
ciated (TA) histologically normal appearing prostate tissues
extending across susceptible prostate tissues.
Results

Distinct patterns of DNA methylation define tumor asso-
ciated (TA) and non-tumor associated (NTA) prostate tissues

As an initial study of the proper controls for cancer
analyses, the inventors undertook an analysis of genome-
wide methylation changes in histologically normal prostate
tissues from men with cancer and compared those to men
without cancer. We utilized 385,000 locus arrays based on
the Encyclopedia of DNA Elements (ENCODE) 18
sequence that tiles a series of biologically significant regions
in the human genome and includes all chromosomes except
chromosomes 3 and 17. DNA was initially prepared from
four TA and five NTA prostate specimens, digested with
restriction enzymes and enriched for methylated DNA by
immunoprecipitation (IP) with an antibody against 5-meth-
yleytidine as described (User’s, N. S.P1i.N. & Guide: DNA
Methylation Analysis). Peripheral zone prostate tissues were
utilized for these studies as PCa demonstrates a predilection
for this region. We carefully evaluated all NTA specimens to
confirm the lack of PCa within the prostate by both H&E
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staining in three dimensions and a-methylacyl-Coa race-
mase (AMACR) expression (FIG. 13). Furthermore, the
proportion of epithelium to stroma was similar between
tissue groups. After labeling, differential hybridization and
scanning, we used a probe score cut-off of —log,, [p] range
2-10 to generate about 1,000 probes for each chromosome
and a total of 18,101 probes. We then compared the log,-
ratios at individual probes for TA and NTA tissues to
evaluate methylation.

Striking differences in methylation were noted when TA
and NTA tissues were compared. With P<0.05, 615 loci were
identified to be differentially methylated in TA tissues, with
537 (87%) hypomethylated and 78 (13%) hypermethylated
(FIG. 9A). Chromosome 15 demonstrated the greatest num-
ber of differentially methylated loci (1.13%) in TA tissues,
followed by chromosome 20 (0.9%), 1 (0.57%) and 9
(0.51%). Across genomic regions specific areas demon-
strated either hyper- or hypomethylation (FIG. 9B and FIG.
9C). Fold changes in methylation for TA vs. NTA prostate
specimens ranged from 0.02-7.59 (data not shown).

Using more stringent statistical parameters (P<0.01), the
inventors identified 87 loci which showed significantly
differential methylation in TA prostates. These loci were
subject to unsupervised hierarchical clustering using TMEV
software to generate a heat map. This global view of
methylation profile clearly distinguishes TA from NTA
prostate tissues (FIG. 9D). Among the 87 loci, 69 were
hypomethylated and 18 hypermethylated in TA tissues
(Table 2). Of these, 49 probes were associated with 38 genes
and 38 probes were non-gene related. Accession numbers for
these genes are listed in Table 3.

TABLE 2

Location of Differentially Methylated Probes

Chromosome Total Tumor-Associated vs Normal
location Probe No. Hypomethylation Hypermethylation
1 5 P14KB (2), NR (3)
2 3 ACCN4 (1), TRPMS8 (1), NR (1)
4 1 NR (1)
5 5 SEPT® (2), FGF1 (1), NR (2)
6 6 NCR2 (3), TFEB (1), NR (2)
7 7 WINT2 (1), GRM8 (1), NR (1) EVX1 (1), GRMS (1)
CAV1 (1), NR (1)
8 1 EXT1 (1)
9 2 IERSL (1), NR(1)
11 7 NRXN2 (2), NR (5)
13 6 F7 (1), NR (2) MCF2L (2), NR (1)
14 3 NR (3)
15 11 TP53BP1 (1), MAPIA (2), FRMDS5 (2), SERF2 (1),
FRMD5 (3), NR (1) NR (1)
16 3 RABI11FIP3 (1), NR (1) DECR2 (1)
18 5 SERPINB2 (1), NR (3) SERPINBS (1)
19 3 LILRAS5 (1), LENG12 (1) CNOT3 (1)
20 8 GDF5 (1), CEP250 (2), ERGIC3 (1), FAMS3C (1), SPAG4 (1)
FER1LA (1), NR (1)
21 7 NR (6) NR (1)
22 4 DEPDC5 (1), SYN3 (1), PISD (1),
NR (1)
Total 87 69 18

Significant methylated probes between normal and tumor-associated prostate were generated from Methylation
array using a cut-off probes score-logl0 [p] ranged from 2-10 to generate 18,101 probes in total, and then
log2ratio for these probes were compared between TA and NTA, t-test P < 0.01. Sixty-nine probes were
hypomethylated, 36 probes related to 27 non-gene regions. NR represents not related to any gene.
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TABLE 3
Gene
Symbol Gene Name Accession #
P14KCB Phosphatidylinosol 4-kinase, catalytic, beta NM_002651 (SEQ ID NO: 7)
ACCN4 Anmiloride-sensitive cation channel, pituitary NM_182847 (SEQ ID NO: 8)
TRPMS8 Transient receptor potential cation channel, NM_024080 (SEQ ID NO: 9)
subfamily M, member 8
SEPTS8 Septin AF440762 (SEQ ID NO: 10)
FGF1 Fibroblast growth factor 1 (acidic) NM_000800 (SEQ ID NO: 11)
NCR2 Natural cytotoxicity triggering receptor 2 AJ010100 (SEQ ID NO: 12)
TFEB Transcription factor EB NM_007162 (SEQ ID NO: 13)
EVX1 Even-skipped homeobox 1 NM_001989 (SEQ ID NO: 14)
CAV1 Caveolin 1 NG_012051.1 (SEQ ID NO: 15)
WNT2 Wingless-type MMTV integration site family BC078170 (SEQ ID NO: 16)
member 2
GRM8 Glutamate receptor, metabotropic 8 NM_000845 (SEQ ID NO: 17)
EXT1 Exosloses (multiple) 1 BC001174 (SEQ ID NO: 18)
IERSL Immediate early response 5-like NM_203434 (SEQ ID NO: 19)
NRXN2 Neurexin 2 NM_138734 (SEQ ID NO: 20)
MCF2L Cell line derived transforming sequence-like NM_024979 (SEQ ID NO: 21)
F7 Coagulation factor VII NM_019616 (SEQ ID NO: 22)
TP53BP1 Tumor protein p53 binding protein 1 NM_005657 (SEQ ID NO: 23)
MAPIA Microtubule-associated protein 1A NM_002373 (SEQ ID NO: 24)
SERF2 Small EDRK-rich factor 2 BC015491 (SEQ ID NO: 25)
FRMDS5 FERM domain containing 5 NM_032892 (SEQ ID NO: 26)
DECR2 2,4-dienoyl CoA reductase 2, peroxisomal AK128012 (SEQ ID NO: 27)
RABIIFIP3 RABII family interacting protein 3 (class III) NM_014700 (SEQ ID NO: 28)
SERPINB2  Serpin peptidase inhibitor, clade B (ovalbumin), NM_002575 (SEQ ID NO: 29)
member 2
SERPINBS®  Serpin peptidase inhibitor, clade B (ovalbumin), BC034528 (SEQ ID NO: 30)
member 8
CNOT3 CCRA-NOT transcription complex, subunit 3 BC016474 (SEQ ID NO: 31)
LILRAS Leukocyte immunoglobulin-like receptor, NM_181985 (SEQ ID NO: 32)
subfamily A (with TM domain), member 5
LENGI12 Leukocyte receptor cluster (LRC) member 12 NM_033206 (SEQ ID NO: 33)
FAMB3C Family with sequence similarity 83, member C ~ NM_178468 (SEQ ID NO: 34)
GDF5 Growth differentiation factor 5 NM_000557 (SEQ ID NO: 35)
CEP250 Centrosomal protein AF022655 (SEQ ID NO: 36)
ERGIC3 ERGIC and golgi 3 NM_015966 (SEQ ID NO: 37)
FERI1L4 Fer-1-like 4 NR_024377.1 (SEQ ID NO: 38)
SPAG4 Sperm associated antigen NM_003116 (SEQ ID NO: 39)
PISD Phosphatetidylserine decarboxylase CR456540 (SEQ ID NO: 40)
DEPDC5 DEP domain containing 5 AT698951 (SEQ ID NO: 41)
SYN3 Synapsin III NM_003490 (SEQ ID NO: 42)

A subset of the 20 genes were chosen for further evalu-
ation, based on genomic location, putative biological func-
tion, extent of methylation and primer success in a separate
validation using a set of 24 TA and NTA prostate specimens.
Quantitative Pyrosequencing was employed to allow a more
accurate evaluation of the extent of DNA methylation.
Internal controls for the adequacy of bisulfite conversion
were performed. Six loci, which were associated with the
genes CAVI1, EVX1, MCF2L, FGF1, NCR2 and WNT2,
showed significant methylation changes (P<0.05). The three
loci associated with CAV1, EVX and MCF2L were hyper-
methylated and the three loci associated with FGF1, NCR2
and WNT2 were hypomethylated. The location of the probes
and CG’s assessed by Quantitative Pyrosequencing are
shown in FIGS. 10 and 12. The six loci in pyrosequencing
are close or overlap the methylation array regions but
sequences are different. The sequences listed in FIGS. 1-6
have covered both array region (FIG. 7) and pyrosequencing
regions. These data demonstrate that TA tissues have a
methylation profile distinct from men without cancer (NTA)
and that these changes alter specific regions of the genome.
Identification of a Widespread Methylation Field Defect in
the Peripheral Prostate.

Preferential alteration in tissues adjacent to PCa tumor
foci, i.e., field defect, suggests a peritumoral response. To
evaluate whether tissues adjacent to PCa tumor foci are
preferentially altered, the extent of field defect was assessed
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in 26 additional histologically normal tissues by looking at
the methylation status of these six differentially methylated
markers. The inventors micro-dissected normal tissues adja-
cent (TAA, 2 mm) and distant (TAD, >10 mm) from the
main tumor focus for each of the specimens (FIG. 8).
Histological 3-dimensional H&E staining and AMACR
expression determined by qPCR were applied to rule out any
contamination by tumor cells or the presence of high grade
prostatic intraepithelial neoplasia (HGPIN), a putative can-
cer precursor (Ayala, A. G. & Ro, J. Y. Prostatic Intraepi-
thelial Neoplasia: Recent Advances, Archives of Pathology
& Laboratory Medicine 131, 1257-1266 (2007)). Increased
AMACR expression was found in 2 NTA and 3 TA tissues
that were subsequently excluded from further analysis (FIG.
13).

When compared to NTA tissues, hypermethylation of
probes associated with CAV1, EVX1, MCF2L and hypom-
ethylation of FGF1 demonstrated significant changes in both
TAA, as well as TAD tissues (FIGS. 11A-D and Table 4).
Notably, there was no difference in the extent of methylation
seen at different distances from the tumor when TAA and
TAD tissue sets were compared. Significant methylation
changes were also seen in tumor samples when compared to
NTA tissues for CAV1, EVX1, MCF2L, NCR2 and WNT2,
revealing a persistence of these changes in the associated
cancer. These data indicate that the epigenetic field defect in
the prostate is widespread and not solely localized to the
immediate peritumor environment.
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TABLE 4
Methylation Percentage Of All Analyzed CpGs For Fach Gene
CAV1 EVX1 MCF2L FGF1 NCR2! WNT2!

NTA TAA TAD NTA TAA TAD NTA TAA TAD NTA TAA TAD NTA TAA TAD NTA TAA TAD
CG1 4.5 8.8* 9.6% 30.5 38.8*% 32.6 80.2 85.2* 85.3* 80.4 70.7¢* 70.8%* 543 50.8 52.1 954 89.8* 89.8*
CG2 146 22.4* 21.3* 282 36.9%* 299 77.0 853* 851 71.7 60.7% 59.8* 30.5 30.6 309 949 91.0* 91.5*
CG3  17.8 27.7% 25.8* 22.7 30.8% 27.8%* 963 974 965 71.2 60.2* 60.9* 74.7 68.6* 70.7 100 99.5 100
CG4  13.8 24.3*% 23.0* 504 554 483 848 82.1 80.7 8l.1 72.9*% 71.1* 99.8 99.5 100
CG5 153 25.0* 21.9* 465 51.7 472 799 86.1 875
CG6 149 27.2*% 264* 36.7 44.8% 40.6* 753 81.0 82.1
CG7 189 28.0* 26.0 89.6 943 93.6
CG8 8.25 15.4* 14.7* 57.8 572 558
CG9 15.8 227 195 39.8 314 38.1
CG10 17.9 26.7*% 28.6*
*P < 0.05

1High grade tumor only

Specific Methylation Loci are Associated with a High-Grade
PCa Field Defect.

An important issue in PCa is the early identification and
treatment of lethal high grade PCa. The inventors Analyzed
a subset of TA tissues that were associated with either
intermediate or high grade cancer using pyrosequencing.
When compared to NTA tissues, an analysis of NCR2 and
WNT2 demonstrated significant hypermethylation and
hypomethylation, respectively, in TA tissues associated with
high-grade specimens (FIGS. 11E-F). This was not seen in
TA tissues associated with intermediate grade PCa.

DISCUSSION

Research has theorized that a field defect may underlie the
development of multifocal cancers (Slaughter D. P.; South-
wick H. W., Smejkal, W.; Field cancerization in oral strati-
fied squamous epithelium; Clinical implications of multi-
centric origin, Cancer 6, 6 (1953)). Initial efforts in
characterizing this process focused on genetic alterations
(Braakhuis, B. J. M., Tabor, M. P., Kummer, J. A., Leemans,
C. R. & Brakenhoff, R. H., A Genetic Explanation of
Slaughter’s Concept of Field Cancerization, Cancer
Research 63, 1727-1730 (2003); Garcia, S. B., Park, H. S.,
Novelli, M. & Wright, N. A. Field cancerization, clonality,
and epithelial stem cells: the spread of mutated clones in
epithelial sheets, The Journal of Pathology 187, 61-81
(1999)), but more recently epigenetic changes have been
proposed as a etiology (Hu, M., et al. Distinct epigenetic
changes in the stromal cells of breast cancers, Nat Genet 37,
899-905 (2005); Wolff, E. M., et al., Unique DNA Methyl-
ation Patterns Distinguish Noninvasive and Invasive
Urothelial Cancers and Establish an Epigenetic Field Defect
in Premalignant Tissue, Cancer Research 70, 8169-8178). In
the present study, we conclusively demonstrate, using unbi-
ased methylation arrays that significant changes in DNA
methylation occur at specific loci within histologically nor-
mal tissues associated with PCa. Furthermore, these changes
are widespread and not restricted to the immediate peritumor
environment. These changes also permit a clear distinction
between tumor associated and non-tumor associated prostate
tissue.

To date, epigenetic profiling of tumor-associated histo-
logically normal tissues has not been performed in solid
tumors. Our genome-wide assessment of specific loci dem-
onstrates that hypomethylation was seen more commonly
than hypermethylation in TA prostate tissues. These changes
occurred in 0.2% of the 385,000 loci studied. DNA hypom-
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ethylation may occur early in solid tumor carcinogenesis
based on its identification in precancerous lesions, including
prostatic intraepithelial neoplasia (Feinberg, A. P., Ohlsson,
R. & Henikoff, S., The epigenetic progenitor origin of
human cancer, Nat Rev Genet 7, 21-33 (2006); Suzuki, K.,
et al. Global DNA demethylation in gastrointestinal cancer
is age dependent and precedes genomic damage, Cancer
Cell 9, 199-207 (2006)). This may lead to chromatin insta-
bility and contribute to the neoplastic phenotype. Our data
extend these findings and suggest that epigenetic alterations
may precede even the histologic changes identified with
these precursor lesions. These DNA methylation changes
may reflect diet and other environmental exposures (Rich-
ardson, B. C., Role of DNA Methylation in the Regulation
of Cell Function: Autoimmunity, Aging and Cancer, The
Journal of Nutrition 132, 24015-2405S (2002); Mathers J C,
S. G, Relton C L, Induction of epigenetic alterations by
dietary and other environmental factors, Adv Genet. 71, 37
(2010)) and represent a potential avenue for prevention.
Epigenetic alterations limited solely to the immediate
peritumor environment suggest a response of the surround-
ing tissue to the primary cancer. Single gene epigenetic
studies have identified these changes in a subset of speci-
mens adjacent to the primary PCa (Mehrotra, J., et al.,
Quantitative, spatial resolution of the epigenetic field effect
in prostate cancer, Prostate 68, 152-160 (2008); Aitchison,
A., Warren, A., Neal, D. & Rabbitts, P. RASSF1A promoter
methylation is frequently detected in both pre-malignant and
non-malignant microdissected prostatic epithelial tissues,
Prostate 67, 638-644 (2007); Hanson, J. A., et al., Gene
Promoter Methylation in Prostate Tumor-Associated
Stromal Cells, J. Natl. Cancer Inst. 98, 255-261 (2006);
Henrique, R., et al., Epigenetic heterogeneity of high-grade
prostatic intraepithelial neoplasia: clues for clonal progres-
sion in prostate carcinogenesis, Mo/ Cancer Res 4, 1-8
(2006)). In contrast, in the present epigenomic profiling
study, we found that these alterations consistently extended
to regions distant from tumor foci. In bladder cancer, a
disease also characterized by multifocality and recurrence,
there is no dependence on distance from the primary tumor
(Wolff, E. M., et al., Unique DNA Methylation Patterns
Distinguish Noninvasive and Invasive Urothelial Cancers
and Establish an Epigenetic Field Defect in Premalignant
Tissue, Cancer Research 70, 8169-8178). A similar wide-
spread field defect was demonstrated during evaluation of
Insulin-like Growth Factor 2 (IGF2) loss of imprinting in
peripheral prostate tissues (Bhusari, S., Yang, B., Kueck, J.,
Huang, W. & Jarrard, D. F., Insulin-like growth factor-2
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(IGF2) loss of imprinting marks a field defect within human
prostates containing cancer, The Prostate, 2011 Mar. 22).
There has been recent interest in the treatment of PCa using
focal ablative therapy (Mouraviev, V., et al., Prostate cancer
laterality as a rationale of focal ablative therapy for the
treatment of clinically localized prostate cancer, Cancer 110,
906-910 (2007)). The current findings suggest a field of
susceptibility that might be utilized to help select patients
who would be poor candidates for this approach.

In the current study, we focused on a high-resolution
genome-wide analysis of methylation status rather than on
specific gene promoter regions. The ENCODE18 human
genome project includes gene-enriched areas thought to be
biologically significant, a fact that potentially may generate
a bias in our analyses. The majority of probes fell within
CpG islands (Saxonov, S., Berg, P. & Brutlag, D. L., A
genome-wide analysis of CpG dinucleotides in the human
genome distinguishes two distinct classes of promoters,
Proceedings of the National Academy of Sciences of the
United States of America 103, 1412-1417 (2006); Fatemi,
M., et al., Footprinting of mammalian promoters: use of a
CpG DNA methyltransferase revealing nucleosome posi-
tions at a single molecule level, Nucleic Acids Research 33,
el76), but none fell into defined gene promoter regions.
Hypermethylation within promoters has been linked to
decreased gene expression (JY, P, Promoter hypermethyl-
ation in prostate cancer, Cancer Control 17, 11; Cooper, C.
S. & Foster, C. S., Concepts of epigenetics in prostate cancer
development, Br J Cancer 100, 240-245 (2008)), but the
function of CpG islands outside these regions remains
uncertain. Given the potential for long-range epigenetic
silencing, these changes may herald alterations in gene
expression affecting distant regions (Clark, S. J., Action at a
distance: Epigenetic silencing of large chromosomal regions
in carcinogenesis, Human Molecular Genetics 16, R88-R95
(2007)), or, alternatively, reflect altered nuclear structure.

The current findings have several additional implications.
PSA-based screening has been widely criticized for its
failure to specifically identify lethal PCa (Adami, H.-O., The
prostate cancer pseudo-epidemic, Acta Oncologica 49, 298-
304). This study raises the possibility of using a tissue test,
or potentially urine-based test, for the detection of disease
(and specifically high-grade disease) based on abnormalities
found in not only the tumor but in the associated TA tissues.
This would be expected to demonstrate increased sensitivity
by increasing the percentage of affected cells able to be
detected. In addition, the assessment of alterations that occur
in PCa have typically compared tumor to ‘normal’ tissues
within the same prostate gland. The current study indicates
that the histologically normal tissue from men who have
PCa already contains methylation abnormalities, which may
lead to an underestimation of epigenetic changes that exist
in the associated cancers.

Example 2

Material and Methods
Tissue Samples

Samples termed non-tumor associated (NTA, mean 63,
age range 55-81 years old) were obtained from organ
donation or cystoprostatectomy. The presence of any asso-
ciated PCa was ruled out by extensive histological evalua-
tion. Tumor-associated (TA, mean 61, age range 57-64 years
old) prostate tissues were obtained from patients who under-
went radical prostatectomy for PCa (Table 5). This study
was approved by the institutional review boards at the
University Pittsburgh and the University of Wisconsin-
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Madison. A separate validation group of 14 NTA (mean 60,
age range 55-70 years old) and 12 TA (mean 58, age range
53-64 years old) samples were also assessed.

5 TABLE 5

Subject clinical and pathological characteristics

Pyrosequencing

10 Methylation Array T, TAA,
NTA TA NTA TA TAD

Number 5 4 14 11 26
Age (yr) 63 61 60 59 58

15 (55~81) (57~64) (55~70) (51~67) (44~69)
Tumor 6.3 5.1 27.1
Volume (%)
Gleason grade
Intermediate 4 6 16
High 10

20 Pathological
stage
T2 3
T2a 1 1
T2b 2

25 T2c 3 6 14
T3a 1 1 2
T3b 4
PSA (ng/ml) 7.7 5.9 6.9

NTA: non-tumor-associated normal, TA: tumor-associate, T: tumor, TAA: tumor-associ-
ated adjacent, TAD: tumor-associated distant. Stages for three patients are unavailable.
30 Intermediate: 3 + 3, 3 + 4 High: 4 +4,4 +5, 5 4 5.

To define the relationship of methylation to tumor foci,
histological sections containing both cancer and normal
regions were generated from 26 (mean 58, age range 44-69

35 years old) radical prostatectomy specimens under the direc-
tion of a genitourinary pathologist. Microdissection was
performed to obtain tumor (T), normal tissue adjacent (2
mm) to tumor foci (TAA) and at a greater distance (10 mm,
TAD) as previously described (FIG. 8) (Bhusari, S., Yang,

40 B., Kueck, J., Huang, W. & lJarrard, D. F.; Insulin-like
growth factor-2 (IGF2) loss of imprinting marks a field
defect within human prostates containing cancer, The Pros-
tate, 2011 Mar. 22). The clinical and pathological charac-
teristics of the PCa study population are presented in Table

45 5. Of these patients, 16 had an intermediate grade cancer
(Gleason score between 6 and 7; tumor volumes 5-70%) and
10 had high grade cancer (Gleason score 8-10; tumor
volumes 25-80%). Prostate specimens were confirmed to
have no tumor by both H&E staining in three dimensions

50 and AMACR expression. For AMACR analysis, RNA was
extracted using an RNeasy Mini Kit (Qiagen, CA), and 300
ng RNA was reverse transcribed with Ominscript® (Qiagen,
CA). Quantitative real time PCR for total AMACR was
performed using primer sequences as reported (incorpo-

55 rated herein by reference).

DNA Methylation Microarrays

Genomic DNA was isolated using the DNeasy Blood &
Tissue kit (Qiagen, CA). DNA used for microarray analysis
was additionally incubated with RNaseA for 30 mins at 37°

60 C. to prevent any RNA contamination. Roche NimbleGen
ENCODE HGI18 DNA methylation arrays were utilized.
These arrays contain 385,000 50-75mer oligonucleotides
(probes) that cover biologically significant pilot regions of
the human genome at 60-bp spacing.

65  Sample preparation for the microarray was performed
following the manufacturer’s protocol. Briefly, up to 6
micrograms of high-quality genomic DNA was digested
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with Msel (New England Biolabs, Ipswich, Mass.) to pro-
duce 200-1,000 bp fragments while keeping CpG islands
intact, and was then heat denatured to single strand DNA
fragments. Methylated DNA fragments were immunopre-
cipitated (IP) overnight at 4° C. with 1 pg of antibody
against S-methyl cytidine (Abcam, Cambridge, Mass.) and
incubated with agarose beads for two hours. The DNA:
antibody:bead mixture was digested with Proteinase K over-
night at 55° C. before purified with phenol-chloroform.
Methylated immunoprecipited (MeDIP) DNA and flow-
through were validated with PCR primers specific for meth-
ylated and un-methylated regions as described by Weber et
al (Weber, M., et al. Chromosome-wide and promoter-
specific analyses identify sites of differential DNA methyl-
ation in normal and transformed human cells. Nat Genet 37,
853-862 (2005)). Enriched DNA was amplified with the
WGA2 Kit (Promega, Madison, Wis.). The labeling of IP
and input DNA, microarray hybridization and scanning were
performed by NimbleGen (Reykjavik, Iceland) as described
(Roche. NimbleGen Arrays User’s Guide DNA Methylation
Arrays Version 7.2, (2010). Data were extracted from
scanned images using NimbleScan 2.4 extraction software
(NimbleGen Systems, Inc.). The samples were assayed in
duplicate.
Sodium Bisulfite Modification and Quantitative Pyrose-
quencing

Sodium bisulfite modification of genomic DNA was car-
ried out using the EpiTect Bisulfite Kit (Qiagen, CA) accord-
ing to the manufacturer’s protocol. Bisulfite modified DNA
was then amplified using PCR with either the forward or
reverse biotinylated primer in preparation for Pyrosequenc-
ing (Jorg Tost, El Abdalaoui, H., and Ivo Glynne Gut., Serial
pyrosequencing for quantitative DNA methylation, Bio
Techniques, 40, 6 (2006)). The PCR and sequence primers
for Pyrosequencing were designed using PyroMark Assay
Design 2.0 (Qiagen), and positioned on or adjacent to the
probe sites which showed significant (p<0.01) methylation
changes. The analyzed regions for specific loci are listed in
FIG. 10, while primer sequences are listed in FIG. 12. The
biotinylated PCR products were captured with Streptavidin
sepharose beads, denatured to single strand and then
annealed to the sequencing primer for the Pyrosequencing
assay. Sssl methylase-treated bisulfite-converted DNA from
HPEC (human prostate epithelial cell) and PPC1 cells were
used as positive controls, and water substituted for DNA was
used as a negative control. The methylation was quantified
with the PyroMark™MD Pyrosequencing System (Qiagen,
CA) within the linear range of the assay. All the samples
were analyzed in at least two independent experiments, both
in duplicate.
Data Analysis

Scaled log,-ratio GFF file and P-value GFF file were used
for microarray analysis. These were extracted from scanned
images provided by Nimblegen (NimbleGen Systems, Inc.).
The scaled log,-ratio data is the ratio of the test sample and
input signals co-hybridized to the array. Scaling was per-
formed by subtracting the bi-weight mean for all features of
the array. From the scaled log,-ratio data, a fixed-length
window was placed around each consecutive probe and the
one-sided Kolmogorov-Smirnov (KS) test was applied to
determine whether the probes were drawn from a signifi-
cantly more positive distribution of intensity log-ratios than
those in the rest of array. The resulting score for each probe
is the -log, , p-value. The probe IDs were first chosen based
on a p-value -log, , [p] that ranged from 2 to 10 resulting in
around 1,000 probes on each chromosome and 18,101
probes in total. After statistical analysis comparing the
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log,-ratios between the NTA and TA groups, significant
methylation differences between groups were determined
using t-test (P<0.05). Significantly changed probes were
clustered by Java MultiExperiment View (MEV 4.6.2) with
unsupervised Hierarchical Clustering (Saced A I, B. N.,
Braisted J C, Liang W, Sharov V, Howe E A, et al., TM4
microarray software suite, Methods in Enzymology 411, 60
(2006)).

For quantitative Pyrosequencing, the methylation at each
CpG site was expressed as a percentage. A t-test was used to
test for differences between groups, P<0.05 was considered
statistically significant. The Spearman test was used to
determine correlations, with significance set at P<0.05; r
represents the measure of the relationship between two
variables, and varies from -1 to +1.

Example 3

CpG Islands

Based on the teachings of Examples 1 and 2, one can also
check the CpG islands that are located in the promoter
regions of the genes showing significant methylation
changes correlating with PCa, preferably the region within
about 5 kb upstream of the transcription start site (TSS),
because the methylation of these CpG islands will change
the gene expressions and affect gene functions. The inven-
tors’ primary research (data not shown) showed that one
may wish to start with genes CAV1, EVX1, MCF2L and
WNT2. The expanded regions of each of the six genes for
preferred screening of methylation changes are detailed in
FIGS. 14-19.

FGF1 and NCR2 do not have CpG islands within the
promoter regions. For FGF1, the expanded regions for
preferred screening of methylation changes would be 300
bps upstream and 1 kb downstream of the target region
reported in Example 1, as well as about 5 Kb upstream of the
translation start site ATG (detailed in FIG. 17). For NCR2
the expanded regions for preferred screening of methylation
changes would be the region between exon two and three
and the two CpG islands between exon four and five
(detailed in FIG. 18).

Example 4

Development of a DNA Methylation Urine-Based Screen for
Lethal PCa

As disclosed in Example 1, specific loci associated with
field defect appear to be preferentially altered in lethal, high
grade PCa, which is responsible for the majority of PCa
deaths. Establishing the role epigenetic changes play in the
development of lethal PCa can lead to better diagnosis and
treatment of high grade PCa. We envision that epigenetic
field defect characterized by changes in DNA methylation in
histologically normal appearing cells within the prostate can
be utilized to identify patients with lethal disease.

INTRODUCTION

In 2010, PCa was the most commonly diagnosed cancer
in Wisconsin men (Fu V X, Dobosy ] R, Desotelle J A,
Almassi N, Ewald J A, Srinivasan R, Berres M, Svaren I,
Weindruch R, Jarrard D F., Aging and cancer-related loss of
insulin-like growth factor 2 imprinting in the mouse and
human prostate, Cancer Res. 2008 Aug. 15; 68(16):6797-
802), and is the second most common cause of cancer death
(after lung cancer), with over 600 men succumbing to the
disease (Jemal A, Siegel R, Xu J, Ward E., Cancer statistics,
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2010. 1. CA Cancer J. Clin. 2010 September; 60(5):277-
300). Over 70% of PCa deaths occur in men diagnosed with
high grade (Gleason Score 8-10) disease or high volume
intermediate grade disease (Gleason Score 6-7), making the
detection of these variants at an earlier time point critical
(Stephenson A. J., Kattan M. W., Eastham J. A, Bianco F.
J., Jr., Yossepowitch O., Vickers A. J., Klein E. A., Wood D.
P., Scardino P. T., Prostate cancer-specific mortality after
radical prostatectomy for patients treated in the prostate-
specific antigen era, J. Clin. Oncol. 2009 Sep. 10; 27(26):
4300-5). Low volume (<10%) intermediate and lower grade
cancers have a much more indolent natural history. Several
striking features of PCa include its multifocality and marked
increase in incidence with aging. These characteristics sug-
gest a ‘field defect” may be an important component in the
etiology of PCa. To date, cancer diagnosis has focused on
the finding of cancer cells, typically by biopsy, yet the
presence of alterations associated with histologically normal
prostate tissue is as yet an untapped resource in both the
diagnosis and understanding of the etiology of this disease.

Over 600,000 diagnostic prostate biopsies are performed
annually in the United States. The false negative rate is as
high as 34%, and roughly 20-35% of patients sent for repeat
biopsy are ultimately diagnosed with cancer (Djavan B,
Zlotta A, Remzi M, Ghawidel K, Basharkhah A, Schulman
C C, Marberger M. Optimal predictors of prostate cancer on
repeat prostate biopsy: A prospective study of 1,051 men, J.
Urol. 2000 April; 163(4):1144-8). Prostate biopsy is asso-
ciated with risk of bleeding, urinary distress and hospital-
ization for infection that increases with each subsequent
biopsy. Alternatively, patients whose biopsies are initially
negative with an elevated PSA represent a serious clinical
dilemma, and are at risk for additional evaluation costs and
procedures, including saturation biopsy that is performed in
the operating room under anesthesia. Men in this situation
experience significant anxiety as well (Katz D A, Jarrard D
F, McHorney C A, Hillis S L, Wiebe D A, Flyback D G.,
Health perceptions in patients who undergo screening and
workup for prostate cancer, Urology 2007 February; 69(2):
215-20). The development of a non-invasive test to augment
PSA screening would be of enormous benefit to society.

Currently utilized screening tests (serum prostate specific
antigen (PSA) and digital rectal exam have only a modest
predictive value (Strope S A, Andriole G L, Prostate cancer
screening: Current status and future perspectives, Nat. Rev.
Urol. 2010 September; 7(9):487-93). PSA isoforms add little
specificity. Body fluids including semen and urine may
contain molecular information regarding the presence of
PCa. PCa and prostate epithelial cells are shed into biologic
fluids, particularly when the prostate is subjected to physical
manipulation, thus creating the potential for their noninva-
sive detection in either urine or expressed prostatic fluid.
Attempts at detecting PC cells in urine by traditional cytol-
ogy are thwarted by unacceptably low sensitivities, although
specificities were consistently high (Fyjita K., Pavlovich C.
P., Netto G. I., Konishi Y., Isaacs W. B., Ali S., DeMarco A.,
Meeker A. K., Specific detection of prostate cancer cells in
urine by multiplex immunofluorescence cytology, Hum.
Pathol. 2009 July; 40(7):924-33). This is due primarily to
low numbers of PC cells present in urine cytology prepa-
rations. Analyzing cells shed from the abnormal prostate
bypasses this important hurdle and represents the first effort
of its kind in prostate and many other cancers.

To date, one of the few field defect alterations found in
both non-cancerous peripheral prostate tissue and in asso-
ciated prostate tumors is our finding of a loss in the typical
imprint of the IGF2 gene (Fu V. X., Dobosy J. R., Desotelle
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J. A., Almassi N., Ewald J. A., Srinivasan R., Berres M.,
Svaren J., Weindruch R., Jarrard D. F.; Aging and cancer-
related loss of insulin-like growth factor 2 imprinting in the
mouse and human prostate, Cancer Res. 2008 Aug. 15;
68(16):6797-802). We have demonstrated that this is not a
peritumor phenomenon (i.e. adjacent response to the can-
cer), but is widely prevalent even in distant areas within the
peripheral prostate (Bhusari S., Yang B., Kueck J., Huang
W., Jarrard D. F., Insulin-like growth factor-2 (IGF2) loss of
imprinting marks a field defect within human prostates
containing cancer, Prostate 2011 Mar. 22). Our lab has
expanded these studies to other epigenetic phenomenon and
recently using a series of Nimblegen™ ENCODE18 Meth-
ylation Arrays, which survey the whole human genome,
have identified 87 loci (out of 385,000 loci surveyed) that
exhibit altered methylation (p<0.01) in the peripheral pros-
tate tissue of men who have the disease when compared to
those that do not (FIG. 9D). Interestingly these methylation
defects are found both in gene and relatively gene-free areas
of the genome. To date, we have screened 16 of these loci
and validated 6 (CAV1, EVXI1, MCF2L, FGF1, WNT2 and
NCR2) using quantitative bisulfite Pyrosequencing in an
additional cohort of 40 patients (FIG. 11). Notably, we found
that methylation at the WNT2 and NCR2 were associated
with the field defect in high grade, but not intermediate
grade, cancers (FIGS. 11E-F). This striking finding suggests
these high grade cancers may have a molecular fingerprint
present in the adjacent normal tissues that could assist in the
earlier diagnosis of the disease. Finally, analyses of asso-
ciations between tumor volume, PSA, and the extent of
methylation demonstrated a significant association between
FGF1 and increased tumor volume (P=0.036, r=0.4616) (see
Example 1). In addition to histological confirmation of the
absence of cancer in these prostate tissues, we also per-
formed AMACR expression analysis, a specific marker for
the presence of PCa (Ananthanarayanan V., Deaton R. J.,
Yang X. J., Pins M. R, Gann P. H., Alpha-methylacyl-CoA
racemase (AMACR) expression in normal prostatic glands
and high-grade prostatic intraepithelial neoplasia (HGPIN):
association with diagnosis of prostate cancer, Prostate 2005
Jun. 1; 63(4):341-6), to rule out contamination with cancer
cells (data not shown). In sum, these data demonstrate that
particular methylation changes occur at specific loci in
tumor associated tissues and that several of these markers
are altered preferentially in high grade cancers.
Significance

By defining these epigenetic changes one can leverage
this information to improve diagnosis and cure of high grade
PCa. This analysis has the potential to provide an assay that
will decrease the morbidity associated with PCa diagnosis
and improve prognostication. This panel of markers can be
used on non-cancer prostate biopsy tissue to validate nega-
tive findings and decrease in the near term the number and
frequency of biopsies being performed in men with elevated
PSAs. In addition, we envision the application of these
markers to develop a non-invasive urine test that can be used
as an adjunct to further identify men with a higher risk lethal
PCa. The approaches to achieve these goals are described in
detail below.

Confirm that Methylation Alterations Associated with a
Field Defect in High Grade/High Volume PCa can be
Detected in the Urine (Prophetic Example)

Prostate cells are shed into the urine. Previous small
studies have focused on cancer-specific methylation altera-
tions in the urine (Fujita K., Pavlovich C. P., Netto G. I,
Konishi Y., Isaacs W. B., Ali S., De Marco A., Meeker A. K.,
Specific detection of prostate cancer cells in urine by mul-
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tiplex immunofluorescence cytology, Hum. Pathol. 2009
July; 40(7):924-33; Rogers C. G., Gonzalgo M. L., Yan G.,
Bastian P. J., Chan D. Y., Nelson W. G., Pavlovich C. P,
High concordance of gene methylation in post-digital rectal
examination and post-biopsy urine samples for prostate
cancer detection, J. Urol. 2006 November; 176(5):2280-4)
and have demonstrated feasibility, but lower sensitivity
because of the presence of rare cancer cells. In contrast,
normal prostate epithelial cells are found within the urine at
a much higher rate (Fyjita K., Pavlovich C. P, Netto G. J.,
Konishi Y., Isaacs W. B., Ali S., De Marco A., Meeker A. K.,
Specific detection of prostate cancer cells in urine by mul-
tiplex immunofluorescence cytology, Hum. Pathol. 2009
July; 40(7):924-33). We seek to evaluate methylation
changes found in normal cells associated with prostate
cancer to determine if these changes predict the presence of
cancer within this biofluid. Notably, our markers are also
abnormal in cancer cells.

We will take validated tissue markers (six markers dis-
closed in Example 1 and others validated from the above
described experiments in this Example) and apply them to
urine specimens from men undergoing prostate biopsy
throughout Wisconsin. We will confirm that methylation
differences can be detected in the urine from men with
cancer versus those without.

We envision that prospective urine samples from 250 men
with high PSA values undergoing prostate biopsy will be
obtained after an ‘attentive’ digital rectal examination. Of
these samples 100 will be obtained through the Wisconsin
Network for Health Research (WNHR). A further control
group of 50 age-matched controls seen in the urology clinic
with normal PSA values will be consented, obtained and
tested. Briefly, after prostate examination, 20 ml of the initial
stream will be collected, mixed with EDTA and stored on ice
as described (Rogers C. G., Gonzalgo M. L., Yan G., Bastian
P. J., Chan D. Y., Nelson W. G., Pavlovich C. P, High
concordance of gene methylation in post-digital rectal
examination and post-biopsy urine samples for prostate
cancer detection, J. Urol. 2006 November; 176(5):2280-4).

Genomic DNA will be extracted from the pellet using a
column as above. DNA will then be sodium bisulfite treated
and quantitative Pyrosequencing performed using our panel
of loci CAV1, EVX1, MCF2L, FGF1 and NCR2, as well as
additional markers validated from the above described
experiments in this Example. Methylation of individual loci
will be compared between the TA and NTA groups using
two-tailed student’s t-tests conducted at a significance level
01 0.026 (a rough false discovery rate). Additional analyses
will be performed using logistic regression to determine if
multiple loci, total PSA, free PSA, PSA density, or age
improves the ability to predict which individuals belong to
the TA group. Assuming that 150 of the 300 subjects belong
to the TA group and the other 150 belong to the NTA group,
we will have at least 80% power for detecting as significant
a 0.3557 standard deviation shift in the mean methylation
value between groups. Further subgroup analyses will be
performed based on tumor volume, age, pathologic stage,
and cancer grade.

In conjunction with the above approaches, we will seek to
develop alternate technologies to quantitate methylation to
permit widespread application. The original Nimblegen
methylation arrays allows detection of methylation at spe-
cific sites, but not at basepair resolution. However, complete
analysis of the prognostic potential of these sites will require
a thorough analysis of the entire locus to identify specific
nucleotides where methylation is predictive of disease
course. Although the pyrosequencing approach is an estab-
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lished technique within our laboratory, one of its limitations
is that it can only scan a limited number of methylation sites
encompassing 100-300 bp within a single run and it is time
consuming and expensive.

We will confirm alternate technologies which improve
assay sensitivity and commercial applicability by: i) devel-
oping a methylation-sensitive qPCR multiplex approach
based on amplification of multiple specific methylated loci
(Campan M., Weisenberger D. J., Trinh B., Laird P. W.
MethyLight. Methods Mol. Biol. 2009; 507:325-37), and ii)
implementing direct sequencing of samples by utilizing next
generation sequencing technology (available from the UW
Biotech Center) to digitally detect methylation sites at
basepair resolution. We will rely on methylation-specific
priming combined with both methylation and unmethyl-
ation-specific fluorescent probes. This assay is faster with an
accompanying ability to sensitively detect very low frequen-
cies of hypermethylated alleles (Campan M., Weisenberger
D. I, Trinh B, Laird P W. MethyLight. Methods Mol. Biol.
2009; 507:325-37). Direct sequencing utilizes established
sequence capture techniques (for 25-30 loci) and then meth-
ylation analyses as described (Gu H., Smith Z. D., Bock C.,
Boyle P., Gnirke A., Meissner A., Preparation of reduced
representation bisulfite sequencing libraries for genome-
scale DNA methylation profiling, Nat. Protoc. 2011 April;
6(4):468-81). Briefly, the Agilent Sureselect™ system will
be used to capture approximately 50 kb nucleotides sur-
rounding each of these loci (approximately 0.1% of entire
genome) for at least 100 of the samples. The enriched
samples can be barcoded and sequenced in a high-through-
put fashion using the Illumina HiSeq™ instrument (or a
similar alternate machine) at the UW Biotechnology Center
(80 million reads/lane) to identify specific sites of methyl-
ation by comparing sequences with bisulfite-converted
material, thus providing a digital readout on the percentage
of methylation at a specific site in a given sample.

We anticipate being able to detect methylation differences
at one or multiple loci in men that have cancer and specifi-
cally high grade cancer. By increasing the pool of markers
validated in tissues, we will decrease the likelihood that
significant markers will not be detected in urine. Given the
markers in TA prostate tissues identified so far are also
abnormal in the cancer themselves, we anticipate the sen-
sitivity of this approach will be much higher than
approaches with markers specifically altered in cancer (Fu-
jita K., Pavlovich C. P, Netto G. J., Konishi Y., Isaacs W. B.,
Ali S., De Marco A., Meeker A. K. Specific detection of
prostate cancer cells in urine by multiplex immunofluores-
cence cytology. Hum. Pathol. 2009 July; 40(7):924-33).
Statistical analyses for the methylated loci will likely be
improved by the use of PSA, family history, digital rectal
exam in statistical analyses.

We perform roughly 500 prostate biopsies a year at UW
providing a larger pool of urine samples if necessary.
Obtaining urine samples from the Wisconsin Network for
Health Research (WNHR) will validate our finding to
patients throughout Wisconsin. Roughly 10 ug of DNA can
be extracted from 20 ml of urine using this approach (Rogers
C. G., Gonzalgo M. L., Yan G., Bastian P. J., Chan D. Y.,
Nelson W. G., Pavlovich C. P., High concordance of gene
methylation in post-digital rectal examination and post-
biopsy urine samples for prostate cancer detection, J. Urol.
2006 November; 176(5):2280-4). The presence of compet-
ing cells of other etiology (including bladder, kidney and
WBC) may have altered methylation changes. If this is
encountered we will seek to enrich for the prostate cell
population by utilizing antibodies to anti-NKX3.1 as
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described (Fyjita K., Pavlovich C. P, Netto G. J., Konishi Y.,
Isaacs W. B., Ali S., De Marco A., Meeker A. K. Specific
detection of prostate cancer cells in urine by multiplex
immunofluorescence cytology, Hum. Pathol. 2009 IJuly;
40(7):924-33). Given the cancer association of the markers
identified, it would be unlikely other cell types will be
altered in normal tissues from other sources.

Example 5

In an experiment analogous to Example 1, a subset of two
genes was chosen for further evaluation, based on genomic
location, putative biological function, extent of methylation
and primer success in a separate validation using a set of 24
TA and NTA prostate specimens. Quantitative Pyrosequenc-
ing was employed to allow a more accurate evaluation of the
extent of DNA methylation. Internal controls for the
adequacy of bisulfite conversion were performed. Two loci,
which were associated with the genes EXT1 and SPAG4
showed significant methylation changes (P<0.05). The locus
associated with SPAG4 was hypermethylated and the locus
associated with EXT1 was hypomethylated. The location of
the probes and CG’s assessed by Quantitative Pyrosequenc-
ing are shown in FIGS. 23 and 25. The two loci in pyrose-
quencing are close or overlap the methylation array regions
but sequences (FIG. 22) are different. The sequences listed
in FIGS. 20-21 have covered both array region (FIG. 22) and
pyrosequencing regions. These data demonstrate that TA
tissues have a methylation profile distinct from men without
cancer (NTA) and that these changes alter specific regions of
the genome.

Identification of a Widespread Methylation Field Defect in
the Peripheral Prostate.

Preferential alteration in tissues adjacent to PCa tumor
foci, i.e., field defect, suggests a peritumoral response. To
evaluate whether tissues adjacent to PCa tumor foci are
preferentially altered, the extent of field defect was assessed
in 26 additional histologically normal tissues by looking at
the methylation status of these two differentially methylated
markers. The inventors micro-dissected normal tissues adja-
cent (TAA, 2 mm) and distant (TAD, >10 mm) from the
main tumor focus for each of the specimens (FIG. 8).
Histological 3-dimensional H&E staining and AMACR
expression determined by qPCR were applied to rule out any
contamination by tumor cells or the presence of high grade
prostatic intraepithelial neoplasia (HGPIN), a putative can-
cer precursor (Ayala, A. G. & Ro, J. Y. Prostatic Intraepi-
thelial Neoplasia: Recent Advances. Archives of Pathology
& Laboratory Medicine 131, 1257-1266 (2007)). Increased
AMACR expression was found in two NTA and three TA
tissues that were subsequently excluded from further analy-
sis (FIG. 13).

When compared to NTA tissues, hypermethylation of
probes associated with SPAG4 and hypomethylation of
EXT1 demonstrated significant changes in both TAA, as
well as TAD tissues (FIG. 24 and Table 6). Notably, there
was no difference in the extent of methylation seen at
different distances from the tumor when TAA and TAD
tissue sets were compared. Significant methylation changes
were also seen in tumor samples when compared to NTA
tissues for EXT1 and SPAG4, revealing a persistence of
these changes in the associated cancer. These data indicate
that the epigenetic field defect in the prostate is widespread
and not solely localized to the immediate peritumor envi-
ronment.
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TABLE 6

Methylation Percentage Of All Analyzed CpGs For Each Gene

EXTI1 SPAG4

NTA TAA TAD NTA TAA TAD
CG1 394 347%  342% 135 214*  252%
CcG2 283 24.0%  245% 159 254%  27.3*
CG3 382 351*  350% 161 187* 181
CG4 272 243*  240* 116 159%  15.6*
CG5 148 128 140 90  1L5*  10.8
CG6 325 363 385

P <0.05
Example 6

CpG Islands

Based on the teachings of Examples 1, 2 and 5, one can
also check the CpG islands that are located in the promoter
regions of the genes showing significant methylation
changes correlating with PCa, preferably the region within
about 5 kb upstream of the transcription start site (TSS),
because the methylation of these CpG islands will change
the gene expressions and affect gene functions. The inven-
tors’ primary research (data not shown) showed that one
may wish to examine genes EXT1 and SPAG4. The
expanded regions of each of these two genes for preferred
screening of methylation changes are detailed in FIGS.
26-27.

Both EXT1 and SPAG4 have CpG islands within the
promoter regions. For EXTI1, the expanded regions for
preferred screening of methylation changes would be from
373 bps upstream to 84 downstream of transcription start
site (TSS) FIG. 26 (SEQ ID NO:94). For SPAG4 the
expanded regions for preferred screening of methylation
changes would be from 1100 bps upstream of TSS through
the first exon (SEQ ID NO:95), 1180 bps downstream of
TSS (intron 1 and exon2, SEQ ID NO:96) and 3640 bps
downstream of TSS (intron 9 and exonl0, SEQ ID NO:97).

Example 7

DNA Methylation Urine-Based Screen for PCa

A widespread epigenetic field defect can be used to detect
prostate cancer in patients with histologically negative biop-
sies (Truong et al., “Using the Epigenetic Field Defect to
Detect Prostate Cancer in Biopsy Negative Patients” (2012)
J Urol, in press). Prostate biopsies are performed on the
patients who have elevated PSA levels. Prostatic massage
will be given to each patient to increase the amount of
prostate cells voided in the urine, and then voided urine will
be collected from them. Those patients classified as having
adenocarcinoma will be used in the positive biopsy samples,
and the patients with this current biopsy negative and all
previous negative biopsy will be used in the negative biopsy
samples. The urine is centrifuged for 15 minutes at 1200 rpm
at 4° C., the excess supernatant is removed and pellet at —80°
C. immediately.

Genomic DNA from urine and biopsy tissue is extracted
using Qiagen DNeasy Blood and Tissue Kit, Bench Proto-
col: Animal Tissues (Qiagen). The DNA is then treated with
sodium bisulfite using the Qiagen EpiTect Bisulfite Hand-
book protocol (Qiagen, Valencia, Calif.) to modify the DNA
to turn all the unmethylated cytosine to uracil. The bisulfite
modified DNA is amplified by polymerase chain reaction
(PCR) using gene specific primers, with either the forward
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or reverse primer biotinylated. The genes amplified include
CAV1, EVX1, WNT2, MCF2L, NCR2, FGF1, EXTI1 and
SPAG4. Five microliter of the PCR products will be applied
for Pyrosequencing to ascertain the actual percent methyl-
ation within the gene. The assay is run in a PyroMark™MD
Pyrosequencing System (Qiagen). All samples are analyzed
with two independent trials and t-test will be used to test for
differences in methylation between the positive and negative
biopsy urine samples with p<0.05 considered statistically
significant.

FIG. 28 shows methylation of the genes in urine from the
patients who have either positive or negative biopsies for
prostate cancer. We have tested the methylation for the six
markers EVX1, CAV1, FGF1, MCF2L, WNT2 and NCR2.
EVX1, CAV1, FGF1 and NCR2 showed significant meth-
ylation difference between the biopsy positive and negative
groups, t-test *P<0.05.

Example 8

Urine is a potential source of biomarkers as epithelial
cells in urine sediment are from the bladder, urethra and
notably the prostate. By searching the publically available
Oncomine databases, we performed a unique comparative
analysis of normal tissues and discovered that PLA2G16
gene expression was lower in normal prostate compared to
normal bladder and cancer tissue. DNA fragments may be
more stable in body fluids than RNA or protein species. We
postulated that PLA2G16 DNA methylation across the gene
might help distinguish the presence of epithelial cells of
prostate origin in the urine and might also indicate the
presence of cancer.

PLA2G16 is an enzyme—Group X VI phospholipase A2,
also known as AdPLA; HRSL3; HRASLS3; HREV107;
HREV107-1; HREV107-3 and H-REV107-1. PLA2G16
catalyzes the rate-limiting step, production of arachidonic
acid, for the production of prostaglandins, specifically pros-
taglandin E2 (PGE2), which activates hormone-sensitive
lipase. PLLA2G16 has also been identified on class II tumor
suppression but not on its enzymatic properties. Yanatat-
saneejit P et al (Oral Oncol. 2008) have reported that
HRASLS3 (PLA2G16) showed increased methylation at the
5' promoter region in nasopharyngeal carcinoma tumor
tissues compared to normal tissues. Our group has identified
a widespread methylation field defect of some genes in the
peripheral prostate. In this example, we aimed to evaluate
whether PLLA2G16 DNA methylation level could detect the
presence of prostate epithelial cells in patient urine, and
whether PLA2G16 DNA methylation also showed a field
defect in prostate tissues.

Materials

Urine samples were collected from the patients with
prostate cancer (positive biopsies, mean 59 yrs) or without
prostate cancer (negative biopsies, mean 57 yrs) after a
prostate biopsy procedure. Urine samples from the patients
after prostatectomy were used as control, mean 58 yrs.
Collected under an Institution Review Board Protocol and
consent.

Prostate tissues: Twelve Samples termed non-tumor-as-
sociated (NTA, mean, 63 yrs) were obtained from organ
donation or cystoprostatectomy and had extensive histologic
evaluation to rule out associated PCa. To define the rela-
tionship of methylation to tumor foci, histologic sections
containing both cancer and normal regions were generated
from 20 (mean, 58 yrs) radical prostatectomy specimens.
Microdissection was performed to obtain tumor (T) and
normal tissue adjacent (2 mm) to tumor foci (TAA) and at
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a greater distance (10 mm, TAD), TAD was not obtained
from one patient. All above samples are fresh OCT frozen
tissues.

Prostate biopsy tissues: Formalin fixed—paraffin embed-
ded (FFPE) prostate biopsy tissue blocks were obtained
from four separate institutions (Cleveland Clinic, Rockford
Memorial Hospital, Stanford University & the University of
Wisconsin—Madison). A ‘control’ group, referred to as the
non-tumor associated (NTA) group, these patients had never
been shown to have PCa, and had two or more negative
prostate biopsies within a 24-month period. The ‘case’
cohort, referred to as the tumor associated (TA) group, was
made up of patients with cancer found on 1-6 cores upon
biopsy, these patients underwent radical prostatectomy with
final pathology available. Only histologically normal
appearing biopsy tissues were analyzed, and H&E staining
for the tissue blocks was reviewed by a pathologist and
confirmed no evidence of atypical small acinar proliferation
(ASAP) or severe inflammation. A total of 128 patients, 52
NTA group (mean, 60 yrs), 76 for TA (mean, 61 yrs). Two
tissue blocks from each patient were analyzed.

Methods

Forty micron sections from each block was used. DNA
isolation and sodium bisulfite modification were performed
using EpiTect Plus FFPE Bisulfite Kit (Qiagen). Bisulfite-
modified DNA was then amplified using PCR in preparation
for pyrosequencing, with the reverse primer biotinylated, the
region we checked for methylation is shown in FIG. 30A,
the primer sequences are in FIG. 30B. The PCR products
were checked with 2% agarose gel. The biotinylated PCR
products were captured with streptavidin sepharose beads,
denatured to single strand, and annealed to the sequencing
primer for the pyrosequencing assay. Human Premixed
Calibration Standard with different percentage of methyl-
ation (EpigenDx), human white blood cell DNA and Sssl
methylase-treated DNA from human prostate cancer cells—
PPC1 were used as controls in each run. Methylation was
quantified with the PyroMark MD Pyrosequencing System
(Qiagen) within the linear range of the assay. All samples
were analyzed by two independent experiments.

Statistical Analysis: All samples were run in duplicate.
For urine and prostate tissue specimens, the two methylation
percentage values were averaged to account for variability in
the technology. For the validation cohorts, since there are 2
biopsy tissue blocks from each patient, four metrics (mean,
difference, maximum and minimum) were used to determine
significant differences between NTA and TA cohorts.

Mean values for each CpG island were calculated by
averaging the methylation of all samples for that cohort. The
different metric for each CpG island was calculated by
subtracting the lowest methylation percentage of all samples
from the highest percentage for each patient and then
averaging the difference for the entire cohort. Maximum
values for each CpG island were calculated by selecting the
highest methylation percentage of for each patient and then
averaging them for the entire cohort.

Minimum values were calculated in the same way as
maximums, except using the lowest methylation percentage
instead. For each CpG, TTEST was performed to analyze the
significant differences between NTA and TA (or TAA, TAD)
groups. And then all metrics which significantly differenti-
ated NTA from TA were entered into a univariate logistic
regression model to test their ability to predict the presence
of cancer. Area under the curve (AUC) values as well as
p-values were calculated. All statistical analyses were per-
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formed by a certified statistician from the University of
Wisconsin—Madison using SAS v.9.4 (SAS Institute, Cary,
N.C,, USA).
Results

DNA Methylation alteration often occurs at CpG island at
gene promoter region. There is a CpG island (841 bps) at
Human PLLA2G16 promoter region, which starts from 75
bps upstream of Exonl, crossing the entire Exonl and
ending in Intron 1 (phospholipase A2 group XVI, transcript
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between normal TA tissues and NTA prostate biopsies at all
CGs using the blocks had the highest methylation level from
each patient (FIG. 33).

Regression Model Internal Validation: The predictive
accuracy of all CGs were assessed using logistic aggression
analysis. Uniplex models for each CG had predictive accu-
racy in Table 7. Table 7 shows the predictive accuracy of
uniplex-PLLA2G16 regression model for discriminating TA
and NTA biopsy negative cores. AUC (area under curve)
values for each GC showed as in FIG. 33.

variant 1). To avoid high CpG frequency causing primer 10
binding bias, when we designed pyrosequencing assay for
detection of DNA methylation we flanked the sequence of TABLE 7
CpG island and stretched the sequences outside of CpG T  PLAZG6 methvlation fo predict brostat
island on each side (CpG shore). We were able to design two €AY © HIEEVALON 10 DISCICL PIOSIAe CANCEr
assays, one is within the CpG island, another one is down- 15 AUC
stream of the CpG island 44-138 bps away (CpG shore) from
. Max CG1 0.618

the CpG island. Max G2 0.643

Urine samples: PLA2G 16 showed significantly increased Max CG3 0.653
methylation in the urine samples from the patients with Max CG4 0.642
positive biopsy than those with negative biopsy for prostate 20 Max CG5 0.658
cancer at the region of PLA2G16 CpG shore, no significant Max €G6 0-664
change was found within the CpG island we designed. The
urine from the patients underwent prostatectomy showed The methylation status of PLA2G16 distinguishes
slightly lower methylation than the patients with negative between TA and NTA prostate tissues marking a field of
biopsies, but not significant (FIG. 31). 25 susceptibility associated with the development of prostate

Prostate tissues: In UW tissues, when compared to NTA cancer and is unique in this observation. It may be utilized
tissues, hypermethylation of PLA2G16 demonstrated sig- as a sole biomarker or in combination for the clinical
nificant changes in all tumor (T), adjacent (TAA), as well as screening and prognosis of prostate cancer in prostate tissues
TAD distant tissues (FIG. 32A). We noted no significant and urine.
difference in the extent of methylation seen at different 30  This technology is unique in that it was developed by
distances (between TAA and TAD) from the tumor using comparing the histologically normal tissue of men with
these unbiased PLA2G16 probe. Similar methylation extent cancer to those without cancer. Because it does not require
in both adjacent and distant tissues indicates that the epi- the presence of a cancer cells for diagnosis it will provide
genetic field defect in the prostate is spatially widespread increased sensitivity over existing technology. It also
and not localized solely to the immediate peritumor envi- 35 showed significant differences in the patients with and
ronment. Distribution of individual CG methylation for each without prostate cancer. It provides diagnostic or screening
patient has been plotted as FIG. 32B markers for prostate cancer that can be detected in histo-

Prostate Biopsies: PLA2G16 methylation was initially logically normal prostate tissue or potentially in body fluids
analyzed in UW samples and then validated using the whole such as urine. It may have value with regard to prognosis.
cohort of 128 samples using quantitative Pyrosequencing at 40 Currently utilized methods including PSA have very poor
each locus. The t-test showed highly significant differences specificity.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 103

<210> SEQ ID NO 1

<211> LENGTH: 1050

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

agaagcctge ggctgeccee tegecgeega ggtectgegyg gtectgeggyg tecetgegtge 60

tgageegggyg cgtgegeggg cgggggectt cggaccgege ggeggggect geectgaccee 120

ctggeggegy gegggggagg caggcgegec ctgcagagta cagaggggtyg tggtgtecte 180

tgcgagatce tcttaaaaag ctggctacge gecaggceggtt tetgtgcacyg gageegtage 240

tgteggageg gttagttega tttegagete gaggtttece cegecgecag getgacttet 300

catcgettgt ttttcecttttt gecatttttee teccaccgcece gttgecgece tccecccegtect 360

ggcegteege ccteegecct ctgecagggac atctctacac cgtteccate cgggaacagyg 420

gcaacatcta caagcccaac aacaaggcca tggcagacga getgagegayg aagcaagtgt 480

acgacgcgca caccaaggag atcgacctgyg tcaaccgega ccctaaacac ctcaacgatg 540
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acgtggtcaa ggtaagccaa ggcgaccaac agggaaggge tgggacaget ctectetgge 600
agttagcceg tgcatcctte tttagecattg cegtgtacge acaccccacce ccgeccecta 660
cacgcgcaca cacacacaca cacagagttt tgtgggtttg atgtgtggga gctceccgcag 720
tcggcagaaa cgttacatct ccctteccee atctecceee aatagttagt tcagetgaaa 780
ttcagctaaa gtgagttttyg tagaagttcc tataactaca cttttatcct agcaaatgag 840
cctattgace tcagcaacag acggcccata ctecttggga cggtgagatg gttectatce 900
attcccaggt tgaaagtcta gtgacaggtce cccactgcac gtggcattaa gacagtcaga 960
taattgtgtc aggtcttgtg ctgaggatga gtcagaatac aagatgggca tgttccccca 1020
actaaaacga tgggaagtga ttttcttaaa 1050
<210> SEQ ID NO 2
<211> LENGTH: 1050
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
accgtgccce tccgetecce gggcectecca ctgegeccac ccttecactte ggegecaggece 60
aggaggaaga cactccctte ccctagggea ggatggetgyg ggggacccac ctgagcaact 120
ctetetgeta tetgegttet ggcgggggte tectactgtyg ttetggcatt ggcegggactg 180
agggtgacag cagtgecttg agtgcggggt getgaggggyg cggatgcaag tcctggactt 240
gggggattcyg aagctcacce caagcaccca gtgtttcaac tgctcegggga atgettcaat 300
tgctegggga agacactttc cccaggegag ggcaagatca aacgccgatce cgggcagttt 360
gtggctggca gggtgtaaga ggcatggagg cgcggaagcece aggagtccat aaaggaccegt 420
aaaattgcgg cccacttggg cagccegggt getgcagece tecgaccagt ttgcacgteg 480
gtcagaggte caaattacct tgtcacttce cgggcttege ggcgccaggt cggaaatggt 540
cccaatggte taattgectt tggtctecgg ttgcatttga aaaggcagag atcgggtcect 600
ccececttee cctttectte ctagtceccac ttetccaccee aaaggaaaag gagctgcagg 660
gggctggage cccaccctte tcagaggtag geccaaaggg gggctggttt aactggagaa 720
ccecteccca ccaaaggcta atgggaaagg ggtggatage cceggaaggga gttteectet 780
gtgccaacaa tcacctccece agaagggggt agaaaactgg gegegggttyg gtggggggga 840
ggagagggga gcccaccage agacactcect ccacagaact gtaggagtgg gtggaaagag 900
cetgggggey ggggggagaa agaccacccece ctggtettgg cagecaacge cttgttgaat 960
acctgcacct accccttact atcttatcac cgatttcacc cagcctcectt cccataacce 1020
tcagaacaac ctggactcca ctcacatata 1050
<210> SEQ ID NO 3
<211> LENGTH: 1050
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
cctgaggggt ctgttecagg ggagccaggg ctetcegtgt cecgacgegyg ttgectcace 60
ccatgeccct caggaaatgce tgaaatacag caggaactge gagggggcetyg aggacctgca 120
ggaggcgetyg agctcecatcee tgggeatcct gaaggccgtg aacgactcca tgcacctceat 180
cgctatcace ggctatgacg taaggcgecce agatgccegyg tetteccege cgecteegtyg 240
gaatacacca gcccagcaac ttggeggect cectgecacac gecccteget ttggtgtgaa 300
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tgtgcaggtt ctgggcagga ggtctggggt ggtccctaga taagcccact cccaggccce 360
acagcecgggt ccacagaccce cacagecggg tcecacagace ccactggget ctcetgggacg 420
tggagaaaat caggaagcgt cccttgettg gagggcacge atctccagca ggaacgcage 480
tcagacctee tcactecttg tettcetectyg gggaggagge gtggetcegga gcagacgtga 540
cttetgtttt ctgggetgceg atttgcagge tggtgactta gagcaagtgyg ccccagaagg 600
cagatgtcac tttcceccgta gagccccaca tcaggtcaca gcettattcat cttttgtecg 660
tctttatgtc cacccagcac tcattctcag gtgttttttt tttaactaat agagttgatt 720
tattgcagca atttttggtt tgtgagataa ttgagtataa atcagaggcc ctgaggctte 780
cectagtgtt gacatttage atgggtgeca cacctgccac acatggtgaa ctagegetga 840
tgctgattag tgactgaggg ccgttccect tggagctcac tetgggtget gtgcattcetg 900
cggtttggac aggcgtgtaa catcctacac ccagcgctag agcatcacac agagcagcett 960
cactgtceccta gaagcccatg tgccccgceca gteccatcect cctceccccag cecctggeac 1020
ctgctgacct gtcagtctec acgagcttge 1050
<210> SEQ ID NO 4
<211> LENGTH: 1386
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
ataatcgtga gaaggaagct catgcttetg tectcgactyg gettgtagte tagtcaagaa 60
gacttgaggyg ctgatgagct tttcagagat ggaaatagag gatactgtgc ccecgtggect 120
ctgctetgee cageccecta ccagtaacca acaattttec agaagaattt ccaaattcce 180
ttctecaaag tcteccactgg ctccacttte atttgcttge agaaaaaagt ctaaatgett 240
tggaacagca tcattcaagg tcctctatga tctgactcca agctagettyg cactaaccct 300
gtgtgtcect gaaaaccccee cgctcagegg catcagecat geatgetggg cgaagatgece 360
ctctacttge ccaccectgg gectcetgtte aagtgattece tttattccat gcccacatat 420
gtaaaacctyg tttgtcctte ctgctgagat gecacatctt ccagaaagtc ctectgaccce 480
cttectette agcectecat ccatcceccee ageccttgge acaaccttca cagcacttat 540
catagettgt catggtattt atgacttage ttctcacctt ctttcaagga caggaagcett 600
atctcattca tcctgaataa tcacaacaaa aataataget aaaattatga gatgttagaa 660
tgcatatttt atttatatga ggcaatgtgc taggtgcttc ccttgcacta tettgttgca 720
accttttgac aaacacgtga ggtaggtata tcactggect ccttttataa aggaagctca 780
gagagatgaa ttgactttct ggacttaagt tcaggaagct tcacttcaaa acccatgccce 840
ttgaccatga cttcaccttt attacctaac tgtgtctggg tgagttcctt gtatataagt 900
ccttactggg gcecggggcag ggaggggtgt caagaggatyg ggacagtgaa gacaagagca 960
gcctecccaa ggtcatgtga caagtcacgg tcacataaac atcacgaatg cgggagcettt 1020
agcgaccaca ttttctcecta caccttttac ctaggaaatg gaagtcacag ttttcaaagg 1080
gaaactaaac gtttttgact gtgcaaagga ttagatgaca gtatgttgaa tgcaaattga 1140
ttgagtctga tttaatttgg atggtgatgt gccaagtcac acagccctgt tggaccaggt 1200
gcctgaagca aagaacttte cttgcaccca gctaccatgg cctectgectg agectgggag 1260
gagacattta acaagggaaa ttccttctece ctceccectcact ggactgaacc tgtceccectttt 1320
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cttaaagaaa gggagtggeg tggagcccag geectcecee aggggectge ctgctcaget

ccagac

<210> SEQ ID NO 5
<211> LENGTH: 1325

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

tttagaggga

gectttecag

cctggagact

aaaaatcagg

cttttetgge

accectgegag

agtctetgac

ccatgatgga

cggaccttec

ttgcaaggac

ctgaatgttt

tttgatctet

ttatcttcag

atcagggaag

tggaaacaag

tcactgeece

ttctgaaacc

cccageteag

ttgtgagtcc

gacagtggag

actagtgggt

agtcatgtta

dgaag

gtgaggtgta
agcttactge
tgaaggaaac
gtgaggaaac
agcagtggec
tagtgggatg
caccttectyg
gctcaggage
ctggacctca
taagataagc
tattcetgtt
aggggaccag
ttcacctgat
ggcactgtac
acctgggttt
tctetgaacy
ccttecccat
ggaccaagca
ataggtggeg
ggggagcaaa

accagacagt

gtcaggatge

<210> SEQ ID NO 6
<211> LENGTH: 1057

<212> TYPE:

DNA

gaagaaagca

agctgaaaag

aggccectet

tgaccaaact

aggagcagac

gggaaggggt

gtttectget

ctggatacce

gtttcctcac

gatgatgatg

gtttcctaag

cttetetagt

gtcecctgta

acaagcccag

gtttteteag

tcegtttett

gaggataagt

ccacaggaca

gggecectgt

gctgaaaata

dggggaagga

catgacctte

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

aaacacccaa

cagagataat

agatgtttat

cctegacttt

agcggetgtg

gaagacccca

ccattgatce

cttcacttta

gaactgcaat

tgtttttaaa

agtcactcat

catgggaaac

gggggagtat

attggtattt

agaacatcct

cctggcacag

ttttagaatc

tcttttatca

caccctecca

cctgeegeta

ggcttggaca

gactcaactyg

acagataata

tcttggtgga

gggctcaaaa

ttcatcetty

tgcctetgea

ctgattgcag

aaaaagccac

ctgtagagag

atgaacacac

tttccttcaa

ttgccctett

cgtctgggag

tgagtagaaa

ctcageectyg

tctctagaaa

caataagcat

caaacaaaag

gcaagattce

tgtggctgga

gcccaacaag

catgagceeg

tcattgatac

ttettggety

aaaatttact

tccaaataaa

ccccaaccaa

tagcctgttyg

ctggccacca

tgacacagca

gtgtgtgggce

cagtagagga

tccatgeatyg

tgaggtgggt

cctatgtgea

gggggacata

ctgccacctt

agaaatatta

tttgtgaata

actctgtetyg

tcctcecatca

ctgecttaga

ggetgtggge

tatgaactcg

atgaaggggy

gaactcaaca

gagccagect

agcacaggct

gagggataga

gatgaggaac

aaagagggca

aaaggtttgt

tgcagttaat

tatagttaca

atgtctccag

getecttgece

ctctggtgty

cccatcttte

gagaccatct

agagggtgaa

aaataaagga

ctcactgaca

atggcaacca

attatgtgge

tggtggaaaa

caacaggtca

tatcacactyg

ataaaattat

catccgcaca

taacccttte

tgctgttata

gagcaaggct

gacagatagg

tggagatgag

cctgectgty

gggaacacag

dagggaaggg

aaagcaggac

tttgctgtga

cacagtccca

gatcttggat

aatattatgt

gaacagaggt

tcecctecate

cagtgectet

gcccacttat

attcccteca

1380

1386

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1325

60

120

180

240

300

360

420
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aagcagcact agcagagatt gtcactggtg acacatttte cttgagattc tgatgtcttg 480
gaggcatagg gtaggaaaca atctctaatt gaataacgat ttcccegttce ttagaaatgt 540
aatgccagcet tctgecgcag gaattcttca cegetgtaac cctecatagyg ccccagacte 600
ccgecacggt gcaggggttt ctcaccttet cetetgecate cetgggtetyg gatgattetg 660
aaccctgact gcatattaga atcaatcaac tgaggaacca caagtacctt caaggcccag 720
gectcacgte caccctaggt tctaatttge ccagtetggg gagaggetgg aaatgatccce 780
caggtgattt taatatgtag ccaggagtga cacctactga cctgccctet ccagttgcca 840
ggaagaaagc ctcaaattcce tgttatttta ctatgtggag taatttcacc ctttttgttt 900
ccectetett tcaagaccat gaaatcectce aaactgtage cagattgtaa aagaacattt 960
ttccecttttt cecgccageta tacacacata tgcaggectt taaaaactgg atcataccac 1020
atatattgtt ctacattttg cttttatcgc ttgactt 1057
<210> SEQ ID NO 7
<211> LENGTH: 4123
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
agattactat ggaatcggta gggtcctgac cgetggggaa gcaggaaagce gtatcctggg 60
aagaaaggct tggcttggac tccggagaag aatactacat cgagacctge tggggaattt 120
tattttattt tattattttt ttggtcttgg ttgtactgag ggaggaagaa gaggttgtgt 180
ggeceggteg aacttgtgge agcectgaagg cccccteagg cggcegecgeg ggcagcececyg 240
cagcegggge ctggtgcage ctecgeggece getgtcaggg aagegcagge ggccaatgga 300
acccgggage ggtegetget getgaggegg cagtgtegge agtcecaaccyg cgactgeccyg 360
caccecectee gegggggtcee cccagaggat caactaaacce ttgaactaag aagaaaaatg 420
tgttgtgage agggggagcce tcagctgect caggecgtte aggacagaag ggtgtttcetg 480
aaggccggag caagttttga agaagtccect atcagattac acttggttga ctactccgga 540
gcagccacta agagggatga acaggcectge gtggaaattg aatgagattc ttggaagcetce 600
gaagtctgge tgtggccatg ggagatacag tagtggagec tgccccecttg aagccaactt 660
ctgageccac ttctggecca ccagggaata atggggggte cctgctaagt gtcatcacgg 720
agggggtcegyg ggaactatca gtgattgacce ctgaggtgge ccagaaggece tgccaggagg 780
tgttggagaa agtcaagctt ttgcatggag gegtggcagt ctctagcaga ggcaccccac 840
tggagttggt caatggggat ggtgtggaca gtgagatceg ttgcctagat gatccacctg 900
cccagatcag ggaggaggaa gatgagatgg gggccgetgt ggectcagge acagccaaag 960
gagcaagaag acggcggcag aacaactcag ctaaacagtc ttggctgetg aggctgtttg 1020
agtcaaaact gtttgacatc tccatggcca tttcatacct gtataactcc aaggagcctg 1080
gagtacaagc ctacattggc aaccggctct tectgecttteg caacgaggac gtggacttcet 1140
atctgcceccca gttgcttaac atgtacatce acatggatga ggacgtgggt gatgccatta 1200
agccctacat agtccaccegt tgccgccaga gcattaactt ttccctceccag tgtgecctgt 1260
tgcttggggce ctattcttca gacatgcaca tttceccactca acgacactcce cgtgggacca 1320
agctacggaa gctgatccte tcagatgage taaagccage tcacaggaag agggagcetge 1380
cctecttgag ceccggcecect gacacagggce tgtcectceecte caaaaggact caccagcgcet 1440
ctaagtcaga tgccactgcc agcataagtce tcagcagcaa cctgaaacga acagccagca 1500
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accctaaagt ggagaatgag gatgaggagc tctectecag caccgagagt attgataatt 1560
cattcagttc ccctgttecga ctggctectg agagagaatt catcaagtcce ctgatggcga 1620
tecggcaageg getggecacg ctecccacca aagagcagaa aacacagagyg ctgatctcag 1680
agctctecct gectcaaccat aagctcececctg cccgagtetg getgecccact getggetttg 1740
accaccacgt ggtccgtgta ccccacacac aggctgttgt cctcaactcce aaggacaagg 1800
ctccctacct gatttatgtg gaagtcecttg aatgtgaaaa ctttgacacc accagtgtcce 1860
ctgcceggat cecccgagaac cgaattcgga gtacgaggtce cgtagaaaac ttgcccgaat 1920
gtggtattac ccatgagcag cgagctggca gcttcagcac tgtgcccaac tatgacaacyg 1980
atgatgaggc ctggtcggtyg gatgacatag gcgagctgca agtggagctce cccgaagtgce 2040
ataccaacag ctgtgacaac atctcccagt tctetgtgga cagcatcacc agccaggaga 2100
gcaaggagcc tgtgttcatt gcagcagggg acatccgceg gegectttceg gaacagetgg 2160
ctcatacccce gacagcctte aaacgagacce cagaagatcce ttctgcagtt getctcaaag 2220
agccctggcea ggagaaagta cggcggatca gagagggcte ccectacgge catctcccca 2280
attggcggcet cctgtcagtce attgtcaagt gtggggatga ccttcggcaa gagcttetgg 2340
cctttcaggt gttgaagcaa ctgcagtcca tttgggaaca ggagcgagtg cccctttgga 2400
tcaagccata caagattctt gtgatttcgg ctgatagtgg catgattgaa ccagtggtca 2460
atgctgtgtc catccatcag gtgaagaaac agtcacagct ctccttgcte gattacttcece 2520
tacaggagca cggcagttac accactgagg cattcctcag tgcacagcgce aattttgtgce 2580
aaagttgtgc tgggtactgc ttggtctgct acctgctgca agtcaaggac agacacaatg 2640
ggaatatcct tttggacgca gaaggccaca tcatccacat cgactttggce ttcatcctcet 2700
ccagctcacce ccgaaatctg ggctttgaga cgtcagectt taagctgacce acagagtttg 2760
tggatgtgat gggcggcctyg gatggcgaca tgttcaacta ctataagatg ctgatgctgce 2820
aagggctgat tgccgctegg aaacacatgg acaaggtggt gcagatcgtg gagatcatgce 2880
agcaaggttc tcagctteccect tgcttcecatg gctccagcac cattcgaaac ctcaaagaga 2940
ggttccacat gagcatgact gaggagcagc tgcagctgcet ggtggagcag atggtggatg 3000
gcagtatgcg gtctatcacce accaaactct atgacggctt ccagtacctce accaacggca 3060
tcatgtgaca cgctcecctcag cccaggagtg gtggggggtce cagggcaccce tcecctagagg 3120
geecttgtet gagaaacccee aaaccaggaa accccaccta cccaaccatc cacccaaggg 3180
aaatggaagg caagaaacac gaaggatcat gtggtaactg cgagagcttg ctgaggggtg 3240
ggagagccag ctgtggggte cagacttgtt ggggcttcec tgcccctect ggtetgtgte 3300
agtattacca ccagactgac tccaggactc actgccctecce agaaaacaga ggtgacaaat 3360
gtgagggaca ctggggcctt tcttcectectt gtaggggtcet ctcagaggtt ctttccacag 3420
gccatcctet tattcececgtte tggggcccag gaagtgggga agagtaggtt cteggtactt 3480
aggacttgat cctgtggttg gccactggce atgectgetge ccagctctac cectceccagg 3540
gacctaccee tcccagggac cgaccectgg cccaagetcee cettgetgge gggegetgeg 3600
tgggcectge acttgctgag gttceccccate atgggcaagg aagggaattce ccacagccect 3660
ccagtgtact gagggtactg gcctagccat gtggaattcce ctaccctgac tectteccca 3720
aacccaggga aaagagctct caatttttta tttttaattt ttgtttgaaa taaagtcctt 3780
agttagccac ttgtgtcatt tccaggtttt ctgggggagt gcagggggag atgggtgatg 3840
aggtatgaac ggatgcctca gtgtccaaga tacaaaaggc actacataga agtttgcttt 3900
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tteccctgect gtecttggtceca ctaccaccte tteectgaga agggcgggcece tteccatgtte 3960
tctcaccecge ttcaactcca cattgtccaa gtcacagaaa aagagaggcce tgaatggaga 4020
ttcgaccaca aacagtttta atggtctggt tttcectcecta gttcecccaac tgtttgttag 4080
tattattatt actacaagaa taaaggattc ctgagagcct gtc 4123
<210> SEQ ID NO 8
<211> LENGTH: 2857
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8
acccagtgag cggctagggt gcagcaggag tttgggggat agccccagte ttgggatcte 60
tgtcetggge tggggactge ccectecect ggectggete ctgacgceceyg tgctgecggt 120
gaaacgctgt tgacatgtce tgaattatta agegtgggga gggctcecgga gcacatgetg 180
agcggagegg ctggggetge geggegtgge ggagcagege tegetcccte getcactege 240
tecgetegeag ggacacacgce aggggctgac agetgtgetyg gtgctgataa gggaagccac 300
aaggagacga tcgaggagag agacaagcgg cagcagagge agcagceggca gaggcagcac 360
cagggctgeg gagetgetgg gagtgggagt gactcccceca cctegggece ccaccectgte 420
cctgtectet tccegettge cctgagttta gaagagcage cgcetgccacce actgecacte 480
gggagggcac cagggctgct ggctagggag ggacagggca gggaggcetcet ggecagtecce 540
agcagcceggg gacagatgcce gatcgagatt gtgtgcaaaa tcaaatttge tgaggaggat 600
gcgaaaccca aggagaagga ggcaggggat gagcagagcec tectegggge tgttgccect 660
ggagcagcee cccgagacct ggccaccttt gecagcacca gcaccctgca tggactggge 720
cgggectgtyg geccaggece ccacggactyg cgcagaacce tgtgggcact ggccectacte 780
acctegetgg ctgecttect gtaccaggeg getggectgg cecggggceta cctgacccegyg 840
cctcacctgg tggcaatgga ccccgetgece cecagecccag tggegggett ccceggetgte 900
accctetgea atatcaaccg cttcecggeat teggcactceca gegatgcecga catcttcecac 960
ctggecaate tgacagggct gccccccaaa gaccgggatyg ggcaccgtge ggcetggectg 1020
cgctacccag agcectgacat ggtagacatce ctcaaccgea ctggccacca gctcegecgac 1080
atgcttaaga gctgcaactt cagtgggcat cactgctcecg ccagcaactt ctectgtggte 1140
tatactcget atgggaagtg ttacacctte aacgcggacc cgcggagctce gcetgceccagce 1200
cgggcagggg gcatgggcag tggcctggag atcatgetgyg acatccagca ggaggagtac 1260
ctgcccatct ggagggagac aaatgagacg tcgtttgagg caggtattcg ggtgcagatce 1320
cacagccagg aggagcecgec ctacatccac cagetggggt teggggtgte cccaggette 1380
cagacctttg tgtcctgecca ggaacagcgg ctgacctacc tgccccagece ctggggcaac 1440
tgccgegecag agagtgagcet cagggagcect gagcecttcagg gctactcgge ctacagtgtg 1500
tctgectgee ggctgcgetyg tgaaaaggag gccegtgcette agcecgectgcca ctgccggatg 1560
gtgcacatgc cagactccct gggtgggggce cctgagggec cgtgcettectg ccecccacccecce 1620
tgcaacctga cacgctatgg gaaagagatc tccatggtca ggatccccaa caggggctca 1680
geeeggtace tggcgaggaa gtacaaccgce aacgagacct acatacggga gaacttcctg 1740
gtcctagatg tettetttga ggecctgace tcectgaagcca tggagcagcecg agcagcectat 1800
ggcctgtecag ccctgetggg agaccteggg ggacagatgg gectgttcat tggggccage 1860
atcctcacgt tgctggagat cctcgactac atctatgagg tgtcctggga tcgactgaag 1920
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cgggtatgga ggcgtcccaa gaccccectg cggaccteca ctgggggcat ctcecactttg 1980
gggcttcagyg agctgaagga acagagtccce tgcccgagec ggggcecgagt ggagggtggyg 2040
ggggtcagca gtctgctcce caatcaccac cacccccacg gtecccceccagg aggtcetettt 2100
gaagattttg cttgctagga cggtgctgtg actgaaagga cccaggagtc tgggacccect 2160
cctgggatcce ccagcacatt ctectgectcee tgggagaggce ctgggggcgg tgctcactgg 2220
gagggccagg actcagttce tgctctcatce ctccectgece ctgatgtcag ctgcectttgea 2280
caaaggtcct tcettgtccac accccttatce cccaggetgg tgcccecggga gggctggaga 2340
ccaggecatg ggccectcacyg gagaggaagg gaaggaagga gagggagggyg gaggatagag 2400
cccatccecag ccggggaggg ggagcecectcet gtacatttgt aaatatttag ggaaagccgg 2460
gtggggggag gggatacaga tgtagaaggt gggtagggct acaggggtgg gtgatttagg 2520
gacagccagyg gtcccagece caatgtcage aggataggga gagccccagg actcaggagt 2580
gctgggcetgg tectacttee tgcccctete caggcccage teccectettg gcagggggayg 2640
aggatggcce agcaggectg geccagetece cagttcecceee tgcaccagece ccaccectag 2700
agtcccttet atagggaggg ggcaggagac cttceccagact tecggctgage ttggagggtg 2760
ggaagggagc cttctcagte ctectctcecct ccagtcectgat tttataaagt gctgacgaga 2820
ttgggaataa agaggcataa agaaaaaaaa aaaaaaa 2857
<210> SEQ ID NO 9
<211> LENGTH: 5621
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
aagaaaatcc tgcttgacaa aaaccgtcac ttaggaaaag atgtccttte gggcagccag 60
gctcagcatyg aggaacagaa ggaatgacac tctggacage acccggaccce tgtactccag 120
cgegtetegg agcacagact tgtcttacag tgaaagcgac ttggtgaatt ttattcaage 180
aaattttaag aaacgagaat gtgtcttctt taccaaagat tccaaggcca cggagaatgt 240
gtgcaagtgt ggctatgcce agagccagca catggaaggce acccagatca accaaagtga 300
gaaatggaac tacaagaaac acaccaagga atttcctacc gacgcctttg gggatattca 360
gtttgagaca ctggggaaga aagggaagta tatacgtctg tcectgcgaca cggacgcgga 420
aatcctttac gagctgctga cccagcactg geacctgaaa acacccaacce tggtcattte 480
tgtgaccggg ggcgccaaga acttcgecct gaagecgege atgegcaaga tcttcagecg 540
gctecatctac atcgcgcagt ccaaaggtgce ttggattcte acgggaggca cccattatgg 600
cctgatgaag tacatcgggg aggtggtgag agataacacce atcagcagga gttcagagga 660
gaatattgtyg gccattggca tagcagettg gggcatggte tccaaccggg acaccctcat 720
caggaattgce gatgctgagg gcetatttttt ageccagtac cttatggatg acttcacaag 780
agatccactg tatatcctgg acaacaacca cacacatttg ctgctcegtgg acaatggcetg 840
tcatggacat cccactgtcg aagcaaagcet ccggaatcag ctagagaagt atatctctga 900
gegeactatt caagattcca actatggtgg caagatccce attgtgtgtt ttgcccaagg 960
aggtggaaaa gagactttga aagccatcaa tacctccatc aaaaataaaa ttccttgtgt 1020
ggtggtggaa ggctcgggcce agatcgctga tgtgatcget agectggtgg aggtggagga 1080
tgccctgaca tettetgeeg tcaaggagaa gctggtgege tttttaccece gcacggtgte 1140
ccggctgect gaggaggaga ctgagagttg gatcaaatgg ctcaaagaaa ttctcgaatg 1200
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ttctcaccta ttaacagtta ttaaaatgga agaagctggg gatgaaattg tgagcaatgc 1260
catctcctac gectctataca aagccttcag caccagtgag caagacaagg ataactggaa 1320
tgggcagctg aagcttctge tggagtggaa ccagctggac ttagccaatg atgagatttt 1380
caccaatgac cgccgatggg agtctgctga ccttcaagaa gtcatgttta cggctctcat 1440
aaaggacaga cccaagtttg tccgectcett tctggagaat ggcttgaacce tacggaagtt 1500
tctcacccat gatgtcctca ctgaactctt ctceccaaccac ttcagcacge ttgtgtaccg 1560
gaatctgcag atcgccaaga attcctataa tgatgcccte ctcacgtttg tctggaaact 1620
ggttgcgaac ttccgaagag gcttccggaa ggaagacaga aatggecggg acgagatgga 1680
catagaactc cacgacgtgt ctcctattac tcggcacccce ctgcaagctce tettcatctg 1740
ggccattctt cagaataaga aggaactctc caaagtcatt tgggagcaga ccaggggctg 1800
cactctggca gccctgggag ccagcaaget tcetgaagact ctggccaaag tgaagaacga 1860
catcaatgct gectggggagt ccgaggagct ggctaatgag tacgagaccce gggctgttga 1920
gctgttcact gagtgttaca gcagcgatga agacttggca gaacagctgc tggtctattce 1980
ctgtgaagct tggggtggaa gcaactgtct ggagctggcg gtggaggcca cagaccagca 2040
tttcatcgee cagcctgggg tcecagaattt tcetttctaag caatggtatg gagagattte 2100
ccgagacacc aagaactgga agattatcct gtgtctgttt attataccct tggtgggetg 2160
tggctttgta tcatttagga agaaacctgt cgacaagcac aagaagctgc tttggtacta 2220
tgtggegtte ttcacctecece ccttegtggt cttetecectgg aatgtggtcet tcetacatcege 2280
cttecctectg ctgtttgect acgtgctgct catggatttce cattcggtge cacacccccce 2340
cgagctggtce ctgtactcge tggtctttgt cctettetgt gatgaagtga gacagtggta 2400
cgtaaatggg gtgaattatt ttactgacct gtggaatgtg atggacacgc tggggctttt 2460
ttacttcata gcaggaattg tatttcggct ccactcttect aataaaagct ctttgtattce 2520
tggacgagtc attttctgtc tggactacat tattttcact ctaagattga tccacatttt 2580
tactgtaagc agaaacttag gacccaagat tataatgctg cagaggatgc tgatcgatgt 2640
gttcttectte ctgttectcet ttgeggtgtg gatggtggec tttggegtgg ccaggcaagy 2700
gatccttagg cagaatgagce agcgctggag gtggatattc cgttcecggtca tctacgagece 2760
ctacctggcce atgttcggec aggtgcccag tgacgtggat ggtaccacgt atgactttgce 2820
ccactgcacc ttcactggga atgagtccaa gccactgtgt gtggagctgg atgagcacaa 2880
cctgeceecgg ttcecceccgagt ggatcaccat cccectggtg tgcatctaca tgttatccac 2940
caacatcctg ctggtcaacc tgctggtcge catgtttgge tacacggtgg gcaccgtcca 3000
ggagaacaat gaccaggtct ggaagttcca gaggtacttc ctggtgcagg agtactgcag 3060
ccgcctcaat atccecttece ccecttcatcegt cttegcecttac ttctacatgg tggtgaagaa 3120
gtgcttcaag tgttgctgca aggagaaaaa catggagtct tcectgtctget gtttcaaaaa 3180
tgaagacaat gagactctgg catgggaggg tgtcatgaag gaaaactacc ttgtcaagat 3240
caacacaaaa gccaacgaca cctcagagga aatgaggcat cgatttagac aactggatac 3300
aaagcttaat gatctcaagg gtcttctgaa agagattgct aataaaatca aataaaactg 3360
tatgaactct aatggagaaa aatctaatta tagcaagatc atattaagga atgctgatga 3420
acaattttgc tatcgactac taaatgagag attttcagac ccctgggtac atggtggatg 3480
attttaaatc accctagtgt gctgagacct tgagaataaa gtgtgtgatt ggtttcatac 3540
ttgaagacgg atataaagga agaatatttc ctttatgtgt ttctccagaa tggtgcctgt 3600
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ttctetetgt gtctcaatge

ctcettttte ctttaatcett

gaataagaac ctggtcatge

ctctactttt cccttttttg

tcaaattagg ccagattcta

agtgttttca tttctcagga

getetettgyg actcaccagg

aagtcgccca aaatgcaacc

cttattattt ttccattaaa

gatgtagaaa gaacataaat

ggatggtttt tcaagtctat

cagaatgtta tcatactaca

caaatatgtt tttattatat

ggcaacctct agcgattace

ggatgagcat ctttgtgcat

attccaataa atatctattt

ttataaggct ttttcataaa

gagatacatg aacctgaact

aagtcaatat gcttatttaa

cgagaccage ctggccaaca

gggtgtggtg gtgcactcct

tggaacctgg gaggcggagyg

gtgacagagt gagactccga

attatggatyg gtgaagggaa

gtcccagett tctcetggaag

gcccataatt agtttctcag

tttagaagga agctactaaa

gtttatttte cttttgtctg

tgcaaggaat taacacaaat

geccaatact gagaagcaac

tcatctggtyg gatgtttttg

tttagtgtag ttcacaataa

tgtatggtac taaatgtgtc

taatgagtgt gttcatgaaa

<210> SEQ ID NO 10

<211> LENGTH: 2881
<212> TYPE: DNA

ctgggactgg

atttttgatg

tttactcctyg

tattatgtga

aaacatgctg

tgcttcttac

ctcctattga

ttgaaaggca

aataatagct

tgtccccatt

tttttttcta

tatatacttt

tcatageett

ataattttge

gaatcctatt

attattaaat

tgtatagcaa

attaaaataa

atattatgga

tggcaaaacc

gtaatcccag

ttgcagtgaa

ctgaaaataa

tggtatagaa

tggtcgtatt

ctttgaatac

agatctaatt

ggcagtagtg

aaaagatgcc

ttgcattaga

caggttactc

tgtattgaac

ctgtgtactt

taaataatgg

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

aggttgatag tttaagtgtg

aacacatata taggagaaca

tattgttatt ttgttcattt

ctaattagtt ggcatattgt

cagcaagagyg accccgetet

ctgtcagagyg aggtgacaag

aggaaccacc cccattecta

ctactgactt tgttcttatt

ggctattata gaaaatttag

accttaaggt aatcactget

tgtatgtcte aattctettt

ttatgtaage tttttcactt

cttaaacatt atatcaataa

tcattgaagyg ctatctccag

getgtattty ggaaaatttt

attaaaatat ctatttatta

ataggaatta ttaacttgag

aatattatat ttaaccctta

tggtgggcag atcacttgag

acatctctac taaaaataaa

ctactcagaa ggctgaggta

ccaagattge accactgcac

ataaataaat aaataaataa

ttggagagat tatcttactg

tgagcaggat gtgcacaagg

actataaact cactggctga

tgaaaaacta caaaagcatt

aaaataacta ctcacaacat

tttttactta aacaccaaga

gagggaactg ttaaatgttt

tgagaatttt gcttatgaaa

atacttctaa tcaaaggtgce

ttgcacaact gagaatcctg

aggaattgtc a

ttcttaccge

tctatcctat

ccaattgatt

taaaagtctce

cttcaggaaa

gecagtctett

aatatgtgaa

ggatactcct

accatacaga

aacaatttct

caaaatttta

agtattttat

ttgcataata

ttgatcattg

ccaaggttag

ttaaaaccat

cataagatat

gtttaagaag

gtcaggagtt

aaaattagct

caagaattgce

tccagecggy

ataaataaat

aacacctgta

caattgaaat

aggaggaaat

aactaaaaaa

tcactatgtt

cagaaaactt

tcaacccagt

aatcattatt

tatgtcettg

cagcttggtt

geggegggge teeggetgeg ctegtggecg ggecgggegg ggaggccggt cccgegggcyg

ggggcagggyg cggctcegeg getteteceg cegecgecge caaggggagt ttecaggaag

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5621

60

120
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tggccatatt ggatccattc agccgcagece geccgggegyg agegegtece gcagecgget 180
ggteccctgte getgeccctyg cgctegtece ageccacceg ceeggtgegg agetcgecat 240
ggeggcecace gacctggage gcettctcgaa tgcagagcca gagccccgga gecteteect 300
gggeggecat gtgggttteg acagectcce cgaccagetg gtcagcaagt cggtcactca 360
gggettcage ttcaacatce tcetgtgtggg ggagaccgge attggcaaat ccacactgat 420
gaacacactc ttcaacacga ccttcgagac tgaggaagcc agtcaccatg aggcatgegt 480
gegectgegyg cceccagacct atgacctceca ggagagcaac gtgcagcetca agcetgaccat 540
tgtggatgce gtgggetttyg gggatcagat caataaggat gagagttaca ggcccatagt 600
tgactacatc gatgcgcagt ttgaaaatta tctgcaggag gagctgaaga tccgecgete 660
getettegac taccatgaca caaggatcca cgtttgecte tacttcatca cgeccacagyg 720
gcactccectyg aagtctctag atctagtgac catgaagaaa ctagacagca aggtgaacat 780
tattcccate atcgeccaagg ctgacaccat ctecaagage gagctccaca agttcaagat 840
caagatcatg ggcgagttgg tcagcaacgg ggtccagatce taccagttcece ccacggatga 900
tgaggctgtt gcagagatta acgcagtcat gaatgcacat ctgccctttyg ccgtggtggg 960
cagcaccgag gaggtgaagg tggggaacaa gctggtccga gcacggcagt accectgggg 1020
agtggtgcag gtggagaatg agaatcactg cgacttcgtg aagctgcggg agatgttgat 1080
ccgggtgaac atggaagacc tccgcgagca gacccacage cggcactacyg agctctaccg 1140
gcgetgcaag ttggaggaga tgggctttca ggacagcgat ggtgacagcec agcccttceag 1200
cctacaagag acatacgagg ccaagaggaa ggagttccta agtgagctgce agaggaagga 1260
ggaagagatyg aggcagatgt ttgtcaacaa agtgaaggag acagagctgg agctgaagga 1320
gaaggaaagyg gagctccatg agaagtttga gcacctgaag cgggtccacc aggaggagaa 1380
gegcaaggty gaggaaaagce gccgggaact ggaggaggag accaacgcect tcaatcgecg 1440
gaaggctgeyg gtggaggcce tgcagtcgca ggecttgcac gecacctege agcagccect 1500
gaggaaggac aaggacaaga agaacagatc agatatagga gcacaccagc cgggcatgag 1560
cctectecage tctaaggtga tgatgaccaa ggccagtgtg gagcccttga actgcagcag 1620
ctggtggccce geccatacagt getgcagetg cctggtcagg gatgcgacgt ggagggaagg 1680
attcctcetga ggcagcagcet ccaacacatg gggccagete aggaccacca gggcatggaa 1740
ctggagacca tggtttttaa tgttagaaca gaaaacgcca tacttttcct atatcaatga 1800
tcaaaagtgc aaacaattta aatttccatc agggaacatc aaatgttgcc caaccctttt 1860
cattcctatce catggcteceg taaggggctt gaggcttaat gecccatcctg tggccaagcet 1920
gagcttccac tccgggacca aaaaaaaaaa aaagtctgcet ttgtgacatc atcgttatga 1980
gcggaaagta cctagatgac aatgtttcca ttctgaaaaa tagaaacata ctattcaaga 2040
ccaaggtagc agaaaagtta cttgtatctg cttatcataa gacgaaactc tgcaacttgg 2100
caacggtggc cagttttcegt aatgaaacag tctttagtaa tttaatcttc atgcttcata 2160
acaaaccaaa accccatgag atttccacat tgcataattt tgccttacta acagaatcat 2220
atccttaagg atgaccatca ttcccccaac taaaacaaat acaaactaat gtatgatatt 2280
tttttaagtg ccagatcaat atggtctaaa gcttcaataa ggattgtgtg taggtgaata 2340
aagacagcta agtgaatgtg tgtaaagtgt agcaaaagca gacagatatt tatgtacagt 2400
attcatagaa tggaaagtta aatatttttg cagtgtgtat ttaaaagaga aactcaccat 2460
aatagtgccg tctaaaaatc tttgtaaagt taatttaatg tcctttagaa gtgggagtct 2520
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ggtggaactg tgttggattt aagatacctt ttcactcttc cgtatgtcat gageccttgtg 2580
cgtcacctca ctgtggtgca tgtgcaaggg cgtgtgcacg cctgtgcttt gecatcccat 2640
gttgtaaaca gctgttccaa aggcacaaac gagtttaggg tagactctgt aaacacctcce 2700
ttactcacta tagtcaagaa gtccagcggc gtcccaatat agaggtccca gtgcagtctg 2760
tccagaatag ccagctccat cctcagcage tcattcgggg aatagtcaga gccatagtgce 2820
tttgtgaagt cttttacttg tggaataaac tgtaaaaaga aaataaagag gccaaagccce 2880
t 2881
<210> SEQ ID NO 11
<211> LENGTH: 3755
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
agctgcagta gcctggaggt tcagagagec gggctactet gagaagaaga caccaagtgg 60
attctgette ccctgggaca gcactgageg agtgtggaga gaggtacage ccteggecta 120
caagctettt agtcttgaaa gcgccacaag cagcagcetge tgagecatgg ctgaagggga 180
aatcaccacc ttcacagccce tgaccgagaa gtttaatctg cctecaggga attacaagaa 240
geecaaacte ctctactgta gcaacggggg ccacttectg aggatccttce cggatggeac 300
agtggatggg acaagggaca ggagcgacca gcacattcag ctgcagctca gtgcggaaag 360
cgtgggggag gtgtatataa agagtaccga gactggccag tacttggeca tggacaccga 420
cgggetttta tacggctcac agacaccaaa tgaggaatgt ttgttcctgyg aaaggctgga 480
ggagaaccat tacaacacct atatatccaa gaagcatgca gagaagaatt ggtttgttgg 540
cctcaagaag aatgggagct gcaaacgegg tecteggact cactatggec agaaagcaat 600
cttgtttcete cccctgecag tcetettetga ttaaagagat ctgttetggyg tgttgaccac 660
tccagagaag tttecgagggg tcctcacctg gttgacccaa aaatgttece ttgaccattg 720
gectgegetaa cccccagece acagagectg aatttgtaag caacttgett ctaaatgecce 780
agttcactte tttgcagagc cttttacccce tgcacagttt agaacagagyg gaccaaattg 840
cttctaggag tcaactggcet ggccagtetg ggtetgggtt tggatcteca attgectett 900
gcaggctgag tcectecatg caaaagtggg gctaaatgaa gtgtgttaag gggtcggeta 960
agtgggacat tagtaactgc acactatttc cctctactga gtaaacccta tcectgtgattce 1020
ccccaaacat ctggcatgge tcecccttttgt ccttectgtg cecctgcaaat attagcaaag 1080
aagcttcatg ccaggttagg aaggcagcat tccatgacca gaaacaggga caaagaaatce 1140
cceccttecag aacagaggca tttaaaatgg aaaagagaga ttggattttg gtgggtaact 1200
tagaaggatg gcatctccat gtagaataaa tgaagaaagg gaggcccage cgcaggaagg 1260
cagaataaat ccttgggagt cattaccacg ccttgacctt cccaaggtta ctcagcagca 1320
gagagcccetg ggtgacttca ggtggagagce actagaagtg gtttcectgat aacaagcaag 1380
gatatcagag ctgggaaatt catgtggatc tggggactga gtgtgggagt gcagagaaag 1440
aaagggaaac tggctgaggg gataccataa aaagaggatg atttcagaag gagaaggaaa 1500
aagaaagtaa tgccacacat tgtgcttggce ccctggtaag cagaggcttt ggggtcectag 1560
cccagtgett ctccaacact gaagtgcttg cagatcatct ggggacctgg tttgaatgga 1620
gattctgatt cagtgggttg ggggcagagt ttctgcagtt ccatcaggtc ccccccaggt 1680
gcaggtgctyg acaatactgce tgccttaccce geccatacatt aaggagcagg gtcctggtcece 1740
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60

taaagagtta

ccttaaaaat

tgcctgtact

ttcgaagata

ggagaccatt

gtggctagca

gectttaata

atatagcttg

atacaatgta

tttteccacty

tgtgaataaa

aactaaaaac

tttgtgaaag

ggttaataat

ttacttggat

atgcagtgtyg

aggaaatcta

taacattgge

tcggagatge

tatcattcat

tggatactgg

ttatgatgaa

ggttecectget

gcataaaata

aactttagaa

gatcttetta

attaacctgg

gtgactctca

gettttggte

tgataagaaa

agctagtact

tcagccttga

agatgcctgt

ttaataaatg

ttcaaatgaa
gcacacctca
aaggagcatg
tacaaaaaca
tgtattacca
aattagaaac
agtcattgaa
aaagcagtta
taagctactce
tgctattaca
aattgatgag
aattccttag
ttcaaagcaa
agtattttag
aagatcaatc
gcttaacgte
agataattat
caaggaaaat
aaagcattgt
atatctgtte
ggaccttgte
agatgetgtyg
gaataaagca
aacccctatce
cegggteage
gaaggaagag
ggacattcce
tatggattca
gtttgcaatyg
gattcacaat
gaaggtccett
gtgtactgcet
tatttcacat

ttccaataat

<210> SEQ ID NO 12
<211> LENGTH: 1000

<212> TYPE

: DNA

ggtggttcga
tgagtctacc
attttaagag
tacttcaaaa
ttacttgtat
accattcatc
atttactgtg
aactgattag
acttatctga
aattttcttt
agtgttagct
taactgaact
tagtgcaatt
atttgtgcag
tgttttattt
tctttagtat
aatggtccat
taaataccat
agtaaaaaca
aatgactatt
tgtetggttt
gattcaattc
aatcccagaa
aaaatgtcag
ttcaggggga
gttggtagtt
attgetgtet
ttttcegggee
tgatggtggt
ggccaacagt
getttgtgte
gacaactaaa
cactgtettt

aggtgaaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

cgcecccgaac

tgagcattca

getttggece

atgttaaacc

aaatacactt

tctaacatat

agactgtatg

tattcaggca

tacttattta

tgaaagtagg

cctgttteat

gtcatattta

gaagaattga

caaaataatt

tagtaaatct

gaagatttgg

actttttatt

tgctaacttyg

ccaatgtgac

aaggtgccta

getgetgtat

tttcagtcaa

acccagattt

aggacatgge

ctgctttcaa

cecctgetetyg

taagtaagtc

agctctgaac

ggaggtaggt

gtgtatgaac

agaggcaaag

ctcacagget

ttgtgtatca

aaaaa

ctcacctgac ctcaactaac

ggcagcactyg acaatagtta

aatgcctata aaatgcccat

cttaccaaca gcttttececa

cctgettaaa cttgacccag

gatactgatg ccatgtaaag

ttttaattgc atttaaaaat

ctgagaatga tagtaatagg

cctataaaat gagatttttg

aactcttaag caatggtaat

atgaaattga agtaattgtt

gaatggaagg aaaatgacag

cctaagtaag ctgacattat

tcataacttt tttgtttttyg

ttgcaggcaa gttagagaaa

ccagaaaaag atacccagag

gtatgaatca aactcaagca

tgaaatggaa gtctgtgatt

ctcgaccate tcagcccaga

ctgtgtgeta ggcactgtac

cttecteccag ggcattatat

gaataaacac agactttgta

tggaagaatc agcaacccca

aaggtaaact tagcattttce

atcagccaaa gagcctgtca

ttttgaacat gctctagttt

tcatagccag ctectgtcac

aaagcatcat gaacatatgt

attggtttce ttggaaggca

aaaaaactga ttggagcatc

gaacccaagg cgccaagtcece

gcaaagcaga cctctgatga

tagtctgcac cttacaaata

ccacgagcge acaggaaaag gaccacatgg cctggegage cctacaccca ctgctactge

tgctgetget gttcccagge tcetcaggeac aatccaagge tcaggtactt caaagtgtgg

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3755

60

120
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cagggcagac gctaaccgtg agatgccagt acccgcccac gggcagtcte tacgagaaga 180
aaggctggtyg taaggaggct tcagcacttg tgtgcatcag gttagtcacce agctccaage 240
ccaggacgat ggcttggacc tctcgattca caatctggga cgaccctgat getggettet 300
tcactgtcac catgactgat ctgagagagg aagactcagg acattactgg tgtagaatct 360
accgeectte tgacaactct gtctctaagt cegtcagatt ctatctggtyg gtatctcecag 420
cctetgecte cacacagacce ccctggacte cecgegacct ggtcetcetteca cagacccaga 480
cccagagetyg tgtgectece actgcaggag ccagacaage ccectgagtet ccatctacca 540
tcectgtece ttcacacceg tectcteccee ttectgtece tetgecttece aggecacaga 600
actccacgcet ccgecctgge cctgcagecce cecattgecect ggtgectgtyg ttetgtggac 660
tcctegtage caagagectg gtgctgtcag cectgctegt ctggtgggtt ttaaggaatce 720
ggcacatgca gcatcaaggg aggtctcectge tgcacccage tcagcccagg ccccaggece 780
atagacactt cccactgagc cacagggcac caggggggac atatggtgga aaaccgtgat 840
ggagctcagyg agcectggata cccaaaaagce cacctgecac cttcaacagg tcacggacct 900
tcectggace tcagtttect cacctgtaga gagagaaata ttatatcaca ctgttgcaag 960
gactaagata agcgatgatg atgatgaaca cactttgtga 1000
<210> SEQ ID NO 13
<211> LENGTH: 2364
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
ggecgggegg gcatgggect teceggeccg gagcetgggag tcgaaggggce gggaggegtg 60
atggtgaact cgcaagaagt ttgagggacg cgegggcccee gegeccacte cccctecace 120
ggacacggct ggggccggeg atgectgaga gggggtegga ggacgcagtg aacatatatg 180
catgtacagt gtggatcctc atctgagagg agggagatga aaacacaccce acctcacagg 240
ctgttgtgag gactaagggt gcggcagtge ctggtacatyg ggagccageyg ccggcagcca 300
ccatggegte acgcataggg ttgcgcatge agetcatgeg ggagcaggeyg cagcaggagg 360
agcagcggga gcgcatgcag caacaggcetg tcatgcatta catgcagcag cagcagcagce 420
agcaacagca gcagctcgga gggccgecca ceccggecat caataccceee gtccacttee 480
agtcgecace acctgtgect ggggaggtgt tgaaggtgea gtectacctyg gagaatccca 540
catcctacca tctgcagcag tcgcageatce agaaggtgeg ggagtacctyg tccgagacct 600
atgggaacaa gtttgctgcce cacatcagec cagceccaggg ctcetecgaaa cccccaccag 660
cegectecee aggggtgcga getggacacg tgetgtecte ctecgetgge aacagtgcete 720
ccaatagccee catggecatg ctgcacattg getccaacce tgagagggag ttggatgatg 780
tcattgacaa cattatgcgt ctggacgatg tccttggcta catcaatcct gaaatgcaga 840
tgcccaacac gctaccectg tccagcagece acctgaatgt gtacagcage gacccccagg 900
tcacagccte cctggtggge gtcaccagca getectgece tgeggacctyg acccagaagce 960
gagagctcac agatgctgag agcagggccce tggccaagga gcggcagaag aaagacaatce 1020
acaacttaat tgaaaggaga cgaaggttca acatcaatga ccgcatcaag gagttgggaa 1080
tgctgatccee caaggccaat gacctggacyg tgegetggaa caagggcacce atcctcaagg 1140
cctectgtgga ttacatcecgg aggatgcaga aggacctgca aaagtccagg gagctggaga 1200
accactcteg ccgcectggag atgaccaaca agcagctcetg gectcecgtate caggagetgg 1260
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agatgcaggc tcgagtgcac ggcctcccta ccacctececce gtceccecggcatg aacatggetg 1320
agctggcecca gcaggtggtg aagcaggage tgectagega agagggccca ggggaggcecce 1380
tgatgctggg ggctgaggtce cctgaccctg agccactgece agctcectgcece ccgcaagecce 1440
cgetgeccct geccacccag ccaccatccece cattccatca cctggactte agccacagece 1500
tgagetttgg gggcagggag gacgagggte ceccgggcta ccececgaacce ctggegecgyg 1560
ggcatggcte cccattceccce agectgtecca agaaggatct ggacctcatg ctectggacy 1620
actcactgct accgctggec tetgatccac ttetgtecac catgtcecccece gaggectceca 1680
aggccagcag ccgcecggage agcttcagea tggaggaggyg cgatgtgetyg tgaccctgge 1740
tgccectgtyg ccagggaaca ggggccggece tgggggcetygyg gagggccagyg ggcacctcece 1800
tcecaccectt caggctgcac tgtgtgtgaa gtagccacct geccctgecte ccectectecece 1860
gttggccect gtttggactt agtgcctgte tggcagcectyg tggggtcagg agaagcaccce 1920
ccagggcagce cctcecttgact ggcgcagtgg gaagaggcect tcagccccte teccggagat 1980
ggaatcgegyg ggcagggagg ggcagggtgt tctagaggtyg agaagagggce ctggtggaga 2040
ttccectgtet tectgagcecceg agecccectcat taccagtgaa ggacatgctt gaggggttceg 2100
ggaagctect catctgaggce aactggtecct gggggtgcte aggcecctgect ttttgggact 2160
cagatggcag gaggtccacce ccgcagectg gtectegget cteccacagyg tgggcaccce 2220
ccactttggt gctaatagcect ctccaccagg tggtgtgage gegggggctg ccagaagcgg 2280
gaggggtcac tgccggaaga gcagctgccce tccgacccecet cactttgtge ctttagtaaa 2340
cactgtgctt tgtaaaaaaa aaaa 2364
<210> SEQ ID NO 14
<211> LENGTH: 1858
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
ctetgectgg gtgtetecct ctetcagtgt gtgtgtcetet ctgtetgttt tcacactcete 60
ctececaate gagegaggcece cacacctgge geatcactge cgagecatta getgegggtt 120
tcetttecate ttegetgtgg cagacgttte tatttatcca cttgegeteg ccgagtggeg 180
tcaccagcegg tactgtaatg acgattgcag caggaggatyg acagcttaga aagaagaggg 240
caatggggcet tccteccaga ggcggtgegg cacagaggag cgctegette acaaggtgac 300
cctagetecee accgecaccg ccgceggtege ggtcecagace gegetccage agcetcecgege 360
ccteecagge acceggectt tetttetece tettgcaace aagatccegte cggecgetgg 420
agacccaggg agcceggggtt aggaactcac ttggggettt ceectceccece accggagage 480
ccegggatgg agagecgaaa ggacatggtt gtgtttetgg atgggggtca gettggcact 540
ctggttggca agagagtctc aaatttgtce gaagcegtgg gcageccget gcecggagecyg 600
ccegagaaaa tggtgeccceg tggttgectyg ageccteggyg cegtecctece ggcecacccegyg 660
gagcgeggeg ggggaggcecce ggaggaggag ccggtagatg gactcgcagg cagegeggcg 720
gggecegggeyg ccgageccca ggtagetggg geggcecatge teggceccagg acccccggec 780
ccctecagteg acagectete cggacagggg caacccagta gceteggacac cgagtcggat 840
ttctatgaag aaatcgaggt gagctgcacce ceggactgeg ccaccgggaa cgccgagtac 900
cagcacagca aagggtccgg ctccgaggeg ctggteggea gtecgaacgyg agggagcgag 960
acccecaaga gcaacggegg cagtggtggg ggeggcetege aaggcaccct ggcegtgcage 1020
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gccagtgacce agatgcgtceg ttaccgcacce gecttcaccee gagagcagat tgcgecggcetg 1080
gagaaggaat tctaccggga gaactacgta tccaggccge ggagatgtga getggceggece 1140
geectaaace tgccggaaac caccatcaag gtgtggttece agaaccggeg catgaaggac 1200
aagcggcage gectggecat gacgtggecg cacceggegyg acccecgectt ctacacttac 1260
atgatgagce atgeggegge cgecgggegge ctgecctace cctteccate gcacctgece 1320
ctgcectact actegecggt gggcctggge gecgcatceeg cegecteege cgecgecteg 1380
ccettecageg getegetgeg cecgctegac acgttecegeg tgctgtcecgeca gecctaccceg 1440
cggcecgaac tgctgtgege cttcecgecac cegecgetet accecgggece cgcgecacgga 1500
ctgggegect ctgeeggegg cccctgetee tgectegect gtcacagegyg cccggcecaac 1560
gggctggege cccgggcectge cgecgecteg gacttcaccet gtgectecac ctececcgeteg 1620
gactccttee tcaccttcecge gcecteggtg ctcagcaagg cctectecegt cgegectggac 1680
cagagggagg aggtgcccct cactagataa ggggccgeceg gcetggetgece ggctcecatga 1740
cgecegtggg gtcaccecce ggccceggga ctcagcecage ctegetecte getecteget 1800
cctegecect aggacgcecaa gggggaaagg agagggcgga aaaggaccag cgggatcc 1858
<210> SEQ ID NO 15
<211> LENGTH: 43392
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 15
tcetggtect gggggattca tggcatgaaa atattggtgyg gegatgtaag aacaaggcett 60
cctgctcaag ggagaagaaa ttgagaaaag atgcaaagta gtttttgaca ggggtgttte 120
tagggtgggce cctgataaat taagaggatc ggaaagcaaa gatgtctgtg ccttetgttt 180
caagataggg cacatggagg cagtgacacc ctggagctte tctgcaccat gacagagcac 240
aggactcatt ctgttctcta catcgcactce aacataggag gttccactat gctgtatcag 300
acctacccat ccagattcat cagatttgcet tgcagagage cccaagaaag gaacagaaat 360
agcaagaaag tgtctctggce ccaaagaggce acattcaatyg agcttgaagyg acagtgcage 420
acttgttcte ctgaatggat caataaccaa ggacggacag agtgacatac tcatcagcag 480
atgccaagat gcacagctaa ggaagaaacc ctectccaca gacacaccca agattcctgg 540
tcacatcata agcccctaga atttaggaca aaatggaaga aactagaaac tgactgaaat 600
taagtttctyg ccacctgaag gaatggggcet ttgtaaaaga aattaagacc agttacagaa 660
aaagagaaag ttacaattca catgggactt tgacagtttc cataatgttt tctgtttaaa 720
aagctctgga gtaaataagg caaaatgata cttaatcaag ctgggtggca ggtgtccate 780
atacaatttg ccatatttca gataattgaa ctattttaca ataaaaatac tttgaaataa 840
aatatgttta tttgaatctt aaatttgtgg actaaaatgt gttccctcaa ccttagcaac 900
tattgtgctt taggcagtat tctcagagcet tcaaatacat cacctcacta aagtttacaa 960
actcctattg ggtagatatc agtagtattt ttcattttgt aaataaagtg aagttaattt 1020
aaataaatag taggaaaaga aaactcttag ccatcttgat cagaaagatt tttaaaacac 1080
aaaatcgctg tttgcttget ttttttttga agaaaataag tgggaaaaaa ttatttaaaa 1140
tactcaaagt ggaaaagccc aatccacaga agcttcaagt tagaacaagyg tgaggaaggg 1200
gtcaggtgat gtggcaagtc ttcatccaga aagccatttc cttccacata tgaaatgggce 1260
aactgtagga aggaggcctc aatgggattc agcagatgca atgaatagca gaaggcctat 1320
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ggggtggtga tgctgataaa cagggtaaat actgagctga actcagagat cattaaaaga 1380
tgacatgttt atgcacttac acacagatgg ttaaaatgtt ggcatgttta tacacttgca 1440
tgtaaatagt caccgctctg aaatgtacgt tgcccttecce ctgaggacce ttaacttcect 1500
aatgattcag caactaacca gcagtactct aatgcacagc tccagtgcca cggctgaagt 1560
ttgaaatgat tggttggtgg ctctgccata ctgattataa tatcatacct ggtgataact 1620
cctattataa cccaagctgg aattccttct ctgaacgcat tgccagaggce acatttggga 1680
agtctcggac tgctgagtgt tgggaaatgt tggaaagatg cctgcttctt aacactattg 1740
atatcattga gagtggtcaa acctttagat tccaaatctt atagtggtag ttaaaaaaaa 1800
gtagccaaga atgtgaaaag aacccatggt ggtagggatg ggaagaggaa gttgtaccag 1860
agcaaagcga catagagaag gagatgagag aacatgaaaa gcaacgaatt tcacaatttt 1920
gccataaget gaccctgact agectactta agaacctcat gtctcagaag ttgctaacgg 1980
gttctctagt gatttatcaa ctgtaaaatg tttcattatc caacaatctc cttaggaaaa 2040
ggtattttta atgtatttaa gctctagtat cctcatcgcet cagatggttg gtttggtteg 2100
cctgagtgge ttttagatct gtatttctag tgccctctaa tccatgggat gacctttaat 2160
gctgctteca aaaaagaaaa atattagagg gcaaatgaat tgccaaatac tcatttttta 2220
agtaaatgat ttggagaaag ttattaactc gcctccaagce ccaaagttac ctgtgtgaga 2280
atcaaacaaa aacaattttg cttatatcat ctattcattt ccaattttgt acctatgcta 2340
acaatgttct tcttcectcecett ttatttcectca taaatcgaga gcagtttccce taagtcaget 2400
attataacca gactaagatg tgtttctctt tggtgccage ttcttgttga ggcaggttaa 2460
tgaagagatt gtggtttttc ctctcattag gaatgcattt tggcattgac aacgcttcac 2520
tgatcattat gattccatgt gttgctgttg attagacttt tctacatgga ctttcccagce 2580
gagattgctt tcececcteggtt gagtactagt taagcgttca cttaaaggcec tccctggaaa 2640
gtcettttet tgctggaatg caggacaagce tccctetgtg ttectgttga ctttttteac 2700
agttaacatt actcatcaca gctgaagact gaataacaat agatgggaag tggtttccac 2760
atttttccat agaacgtaac cccagttgac ttgtatgaag gaaaaattaa atgaatttat 2820
ggcagtcatt agaggtgggc taggtactat agaacatatt gaacctgaca gtccttttcet 2880
agtgtattgt gtttgttaat atttgttaat ataatttgtt caaagaattt agaaatgcaa 2940
tctgacagaa atgaaattaa gaaaacgcaa ctttttggcc agttgtagtg gctcacgect 3000
gtaatcccaa cacattagga gactagggca agaggattgc ttgaggccag gagtttgaga 3060
ccagacaggg taacagagtg agacccccgt ctctacaaac actttttaaa aatattagca 3120
gggtgtggtyg gtgcacacct atagtttcag cattctatca ggaaactgaa gtggatcact 3180
tgggcccaag aggtccaggce tgcagtgacce tatgaatgca ccactgcatt ccagettggg 3240
tgacagagga caccctgtca gaaagaaaag aaaaaaagaa aaggaaggaa ggaaggaaag 3300
aaggaaggaa ggaaggaagg aaggaaggaa ggaaggaagg aaggaaggaa ggaaggaagg 3360
aaggaaagaa agaaagaaag aaagaaagaa agaaagaaag aaagaaagaa agaaaagaaa 3420
ggaaggaagg aaggaaggaa ggaaggaagg aagaccctaa ttatttgttt actcataaat 3480
aagcttattt taaagcattc caaatttttt aacttttatt ttaggttcaa gagtacatgt 3540
gcaggtttgt taaattttgt gtcacaggga ttcgttgtac agattatttc atcacccagce 3600
tacaaagcct actccccaat agttattttt ctgctectet cecteccccga cgctccacce 3660
ctcaagtggg ccccagtgcec tgttttttcee ctatttgttt ccatgagttce tcatcattta 3720
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gctecccacta atgtggtatt tgggaaaatc caacttttga aagatcttta gtctgctaat 3780
catgaatggc caacataatt acaggcatgc caacatttgt aacattgtga cactttccct 3840
gccattctta gttaaaactg atcttttgtt ccaaaaattt ttgctaccaa caatagectg 3900
tcetttatag ttcecttttata cttttgtgte ttctctectaa ctaaataatc aactctttca 3960
gcattccate catttcecctt tctecteect cttactccca acccacattce ccctetecat 4020
tttaatttta acctgtgccc cttcaagtgt actccagett tttttttaaa ataatttcaa 4080
gtgatacttt gacttttgac tgcatatgga agcataagta acatgtcctt tcatttttgg 4140
ataatgagtt tcctgattaa ttacagctca agagtaaaat gactgattac tatttaattc 4200
attttgtgct tctttacaat aaagtaaaga cagaagcccc agattcagga acagacaaaa 4260
tactttaatc gctatcacat tttttttaag tctagtcaat tagaaaagtc aaatctttcc 4320
tcacagccaa gcacattaaa aaaaaatctt ctctggtaat aaacttgaag ctttaaataa 4380
ttctacaatt ataaacattt tgtgtatttt gcaaatatgg cataacctgt tggcataaaa 4440
ttccattgtt ccagaaaata tcggtaataa aattatagaa aagttaaaga tcttcatttce 4500
ttatttcgaa gcgtttggga gacatttcag aaacggatgg gaaatgttaa attctgcatg 4560
cctgcttaag tttccatcca caccgactag atgtaaacga gtgtcaccaa aagtacacca 4620
caggcaccca cacagattcc ttccataagg gatccacaaa gtttagatgt gaaatgtacc 4680
taaaggttcc tagccgtett tcecatccectcee ctetgtgaaa cagggagaca catgtgtttt 4740
aaggcagaga tggaacttgg gcgatgggcg gggggtgggg gaggtgggaa gggacggcett 4800
aggacagggc aggattgtgg attgtttctg ccgecttggt tgcccatact gggcatctet 4860
gcaggcgegt cggctcececte cacccctget gagatgatge actgcgaaaa cattcegetcet 4920
ccecgggacg ccecteteggtyg gttcagagca gggaaaatgt tgcctcaggt ttaaaataat 4980
ctgcccaagce accccagegce gggagaaacg ttcectcacteg ctctetgcte getgegggeg 5040
ctecceecgece tetgectgeca gaaccttggg gatgtgecta gacccggcecge agcacacgtce 5100
cgggecaace gcgagcagaa caaacctttg gegggceggece aggaggctcece ctcccagceca 5160
ccgccceecct ccagegectt tttttecccee catacaatac aagatcttee ttectcagtt 5220
ccettaaage acagcccagg gaaacctcect cacagtttte atccagccac gggccagcat 5280
gtetggggyge aaatacgtag actcggaggt aggcatccegt gggggggege cggetceggge 5340
gtgcggggag tgtccgectte tgctatctge ctctceccaaat atcccgactg ctgccctgge 5400
ccecageecte tectcecactte ggagcactce tcectggegttg gecaccgctga ggaatgggcece 5460
tgggcgggga ggtgaagaga agccaggaat gttttatgtt ttcctaatgg agagggggcce 5520
tagggagccce ctgagctagg aggacacgga aaaggggatt ggggtcctga gattgggtcet 5580
gttgggcceca ggacgcgttt tctggatggg tctaggatge tcecccttgteg cgggacccecce 5640
gcggtececgge cctgectget gggggttega agaggtggag tgcagggtgg aggtgttatt 5700
taccecgagte ctggggacag tccccgggac tetcecgecag gegeccagac cggcaggtcece 5760
cgcaggceggce gcgceggtgtg tttgcacttt ccaaagttcet tgaaccatct caagaactcce 5820
ttectgcatct tggcgtctgg caggggtgtt ccgagagagg tagacctcce ctecccaaac 5880
tgccaccatc acttccaacg ccctccacge gctggagete tgccecgggtg tggaaacctce 5940
gtcttccaac acgtagctge ccttcagecca cccgecceccgeca gectgggagt gcecctgaggyg 6000
tgggtcgggg gagctgcgca ggtgagactg agttctagga catttagggg gtectggtgece 6060
tggcteegee aaaaatgggg actttceggga ttgtgatcat cacggcggat tgagcaggga 6120
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gagccgtgga gggacaagag agggccgagg cagggtgggg ggcgcgggca ggtgcgaggg 6180
ggatgcggee aagaagcagce gataaaggga acattccacg ggtcegggegg ctgetgttgg 6240
atcttagata aagctggaag ggattaccgg ggcaggggta atagggaccyg gggacgggaa 6300
cgcgaaacag gtgaagegcet cagggcgaga gegactcegge ttagggagtce cgggagaagce 6360
ctgcggcetge cecctegeeg ccgaggtect gecgggtectg cgggtectge gtgcectgagece 6420
ggggegtgeyg cgggeggggyg cctteggace gegeggeggyg gectgecctyg accectggey 6480
gegggeggygy gaggcaggeg cgccectgcag agtacagagg ggtgtggtgt cetetgegag 6540
atcctcttaa aaagctggcet acgcgcaggce ggtttcectgtg cacggagcceg tagctgtegg 6600
agcggttagt tcgatttcga getcgaggtt tceccccgecg ccaggctgac ttetcatege 6660
ttgtttttet ttttgcattt ttectceccac cgecegttgece gecctecceceg tectggeegt 6720
cegeecteeg cectetgcag ggacatctet acaccgttece catccgggaa cagggcaaca 6780
tctacaagcece caacaacaag gccatggcag acgagctgag cgagaagcaa gtgtacgacg 6840
cgcacaccaa ggagatcgac ctggtcaacc gegaccctaa acacctcaac gatgacgtgg 6900
tcaaggtaag ccaaggcgac caacagggaa gggctgggac agctctccte tggcagttag 6960
ccegtgecatce cttcetttage attgecegtgt acgcacaccce caccccgcecce cctacacgceg 7020
cacacacaca cacacacaga gttttgtggg tttgatgtgt gggagctccce gcagtcggca 7080
gaaacgttac atctccctte cceccatctece ccccaatagt tagttcaget gaaattcage 7140
taaagtgagt tttgtagaag ttcctataac tacactttta tcctagcaaa tgagcctatt 7200
gacctcagca acagacggcce catactcctt gggacggtga gatggttcecct atccattcecce 7260
aggttgaaag tctagtgaca ggtccccact gcacgtggca ttaagacagt cagataattg 7320
tgtcaggtct tgtgctgagg atgagtcaga atacaagatg ggcatgttcc cccaactaaa 7380
acgatgggaa gtgattttct taaaaatact acagtggatg gaaatgccta ggactaaaga 7440
caaagaaaat acgtacttat tcatatacat atgaaagtta ctttaactag actaacaagt 7500
cacttgtgca caactaagca aatttacaaa accaaaaaca atgtatgcct cttggtttct 7560
tctatctatg gacacctgca cttagatgtg gaaagctget tcectttagtag ctacctgggt 7620
cagcctgecce tgagctaatg gcacattcag gttggagttce cttttcatac tttcaggatg 7680
tgcttggtga gattaaaaat aattggactg ggttattggc cagacttaga tcectgactcag 7740
tggtcagttt taaattatca ttgttattag attttgaccc ttttagccaa tctagtggga 7800
ggaatttatt gcctaaacac atctggattg ggatatcatg ggctagagcc atccttggca 7860
aagggttttc tctgagaaat ggagggctaa ggaaaaatcc tggctcaggg actgcagtgt 7920
gaagatctac tcctatacaa cccccagcaa tcaatgaggce ggatgagcaa tttceccaccca 7980
ccacgcectge tatctatgga tgggaggagce tatagttcac aaaccgttta cattcatgaa 8040
taatatattt caaaagggga aacagtttaa tctgtaactg gaagggaaaa aaaaactgtc 8100
agaattgact cccttggett cctggagtag gaaaaaggaa aattggagca tttgcagcett 8160
tttttgacta gctggattat ggaatattta aaagcaacag caacaaaagt accttataaa 8220
ctagaaaata gaattgctaa aaaactattt actaaaaaca ttaccttaaa gggagaggat 8280
atttgtgttt tcccccacce ccacccttet catgtggett tgaacaagaa ggagagttgce 8340
caggaaaaga ggcagatttc agagagggct ggcttcactg gatcctccect gttgttecac 8400
tgcactgtga gtgagattcc ctggagcaag cgaatctceccce gggatgagtce agagaggcca 8460
acagtgtgga tgtgggtctc cacacatagc atgactaagt tgagaaagaa aggccccact 8520
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gggaaaagag acttcaacac agatggaaaa aaaacataac aggcttggag gaaatagcag 8580
tttacaaaac agcatttcaa agagcaagtg tggggatcct caaattaaag aaattaaaag 8640
aaaaagctag agcaagctcc tgctagccta aagaaaccaa accctgacta cttgctcata 8700
gaactgtgag caaaacaaga cagtcaaacc aaaaaatcca cctagaaaag aatttggcag 8760
tctcactcag atgcctggece tagaggggac ttcagagaat geccctacaga gagacaccaa 8820
gactacaaat gcaaattctg cccaaagagt gcctggccga tgaacagggt cctatctaca 8880
tcttatggag actcctattt tataaatatg tatcctcaag tccaagcaca aacaaaataa 8940
cagaaacagg gatgattctc tcccagtttce catgacagta aataataaat ttccctaaat 9000
tttactttca acaacataga ctttttttat ttttattttt atttatttat ttatttattt 9060
tttgagacgg agtctcactc tgtcacccag gctggagtgce agtggcatga tcectgggatca 9120
ctgcaacctc cacctcccag gttcaagcaa ttcecttcectgte tcagectcect gagtagetgg 9180
gactacaagt gcacgccacc atgccgggtt aatatttgta tttttagtgg agacggggtt 9240
tcaccatgtt ggccaggctg gtcttgaact cctgacctca agtgatccac tggtcttggce 9300
ctcccaaagt gttgggatta cagatgtgag ccactacacc tggccaacaa cacagacttce 9360
ttaaaaaaat catgacaata attttgggtg cttcttaaaa gcacccaaag ctttactgcet 9420
aatgcatggt agcttaaaac ttcacataat aagaaagaac cagtggccaa tggaatctac 9480
tgttaaaggt acccaatcaa gtaaggaaaa gttggtccta aaagcaagca gccctgtaaa 9540
agctgctetg tccaatatgg taatcactag ccatttgtgt ttccatttaa atttcaagta 9600
attaatatca agtaaaattt aaaattcagt tccttagtca cactagccac gttgtgagtg 9660
tgcaacaggt aaagctagtg gcacagacat agaacatttc catcagcaca gaaatctcta 9720
ttggacagtg ccagattagg gtgttctctg cattgtaaaa gcatcccctt geccaagttaa 9780
agaaaacaac aacaaaactc tagagaagaa atgaaacccc agtttcattt ctggagagga 9840
aagaaaactc atgtgtggca tgagtttata ttcaagaagg tgcagcatta ttacctattt 9900
tactagtaat aatgacacac attatagtat acaatccagt tccaataaaa ttaatttctc 9960
atcttactaa aagcttgctg ctccacatta tgagacaatt tacccaaata tagacattta 10020
cccaaaaata ttaagtagct tgtgaatact ttttaaaatt tcctttaatt aaagtggtca 10080
caaactcaaa cccttcatte teccctetgag atttctgtgt catcttttgt tcacattgtt 10140
attcacatgt ttattatgta cttattttga ttttctagat aaataaaatg gcttcaaatc 10200
tataattctg ataaaattag ccatcaatta atttatttat taaacccatg caatatgcta 10260
gattagatgc tttgctatgt aattcctaca ataaatccta gcaatcacaa agattacagt 10320
tagtgagacg acatgcacac aggtaaaaag tgtttttaaa aaatacatac atacaaccaa 10380
aacagtaagt cactgctaca tggaaactga ttggtccttt ttcetttttt tttttttgece 10440
ttgactgcca ggaagcagtt tcaaatctat agctggattt taagtttcat taattcatgt 10500
tceccacatat ggttcectgtat tttcacttcee cccttttaac tgacatactg tcttatgtga 10560
tctctactgt aagccttecte atcattttgg aaacagacca aatataatat atatgataag 10620
gaatcaaaag taaatacagt agtgttgaat attgcataac aaaaaggttt ttaaataggg 10680
aatggtatca atatgaagtg ttagggagac ccagccatga aaaggatagc agggtcagag 10740
aaggaggatg tattgcagct ggtttaatgg agaatggtat gaaggaggtg cagtttgaat 10800
tgggtcatgg aggacagatg gattgcaaat agctggggca aaagcacagg aaggcattct 10860
aaacgagcca ggcatggaga caagaatgtc tcccacaagg gagttgtagt agctcaatca 10920
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gactgggatt tgagatttca tgtggcagag tggtaggtga taaaggtgaa aagactgatc 10980
atagtaaaat gcggagtctg taaatccagc actcatgata agtttggaca tcatgtcaac 11040
agtggacagc cataaatgac tgcaagcatc ggtgtggtat aatgaaggtg acgtttttgt 11100
aaaatgactc tggtgaaggt acagaaggta atgaaaagta gccagtctag ttgagcagaa 11160
aagagttcag atgtaattgc atcatggtcc agatgtgaaa tgaagacaat gcgaagtgge 11220
attgtggatc gaaacataca tgcacaaaat gacagaattt tagaatttga agggatcatc 11280
atggttacca ggctggccte caattectcet tttgtaatat taatagaaat taagggctaa 11340
caagtttaaa atgttatcca tcetttttaca tagttactgce ccaaagtgaa tattttgaaa 11400
tgtatcatta aagaagaata gataagatta tgtgattcac catggactat tgtcatgaga 11460
ggaaaaatgt gtttagatga ttctgttagc actgagacaa atcaggatat ctgaaaggag 11520
gtctttgttyg aaaaacagaa atatgcattc ataacttgct tttctaaaat tggaatgtaa 11580
tgattcttaa atatgcacag acacaaattt ttctttaaca gtcaagaaaa tgcacgcagg 11640
tgataatcag atcagttttg gttatagtac aaaggtttaa tgcctccgtg atccctttca 11700
acttgaaagc attctagagc aattggtgat taatatcagt ataacagtca tttataaaat 11760
tattatttat ttgatataca tctaatcaaa gcataagatt tatttttatt attattatta 11820
tactttaagt tttagggtac atgtgcacaa tgtgcaggtt agttacatat gtatacatgt 11880
gccatgctgg tgcgctgcac ccactaactc gttgtctage attaggttta aaagatcaga 11940
ttgtctegge accatgttaa tatcttttte tgttggcatt agtattagtt ttgcttgtgt 12000
atttgtttag gagatagctt cacaagttgg tgattgatat tctaccatgt atgaagtcat 12060
gcgtggaatt cagaatccce agcettgtaaa attgcattat gatcatcttt agtgggaaat 12120
tgttctcaga atactgagca aaggatgata ccaaaatggc agctattatt cattcttaag 12180
catatgaaat gctttcaggt tcaacccaaa attacataca ttttaaatgc ttactaaaag 12240
agtcttttce ctectceccate tattaactge aatcaaaaaa cttceggtttt aactgaacat 12300
gatttcatat tatttattaa aatttaaggc aaggtgcacc aagtaccctt gaattatgaa 12360
aagcttcatg atgtgggata ttctttcagt taacggcagg gttggctaca cttttaaggg 12420
gttcaaagta ggaacagctg caatagtgag ctgcatctgg aaagtccagt aatttgaaaa 12480
accacctgtt tatgtatcct gecccactcaa gtccataaaa taacagacac tttcatattce 12540
caaatgaaac tgctttttag tttgccctac ttttaaacat aactctttgt gatggaatga 12600
ccagaaacag ctggtctcta agaggacagg gctatgtgcg ctcacctgcg gggttggacce 12660
ttccataatc cccctggetyg tggggaaagt tgagggctge tgtcectttata caaagatggt 12720
ttattccaag atacacacac tcttcttcca caccctggag accttgcata tttagtatcet 12780
tctttaccat aatctgaggc cctagagaaa aagatttgca aactatactt gttttaaaac 12840
aactttctaa aaaagacact ctcagcccct agaaattatg cctaacacat agatgctcag 12900
aggcaacctg ttgtagtgca agaggattgt gccaagatta gaaaacaaat atttgcaact 12960
tttgtaactg tcttctctaa aacttgaatg tggtgattct aaagtaaaga ccgacacaaa 13020
attcttttte tttagcagtc aggaaaaggc atgcatgaag taatcagatc aggtgtggtt 13080
tcagcataat ggcctaatgce tttcatgatc tctttcaact ggaaagcgtt ctagtecccac 13140
tggacaccaa ggaggaagaa gggacggaaa atattaggcc cataggttta tcecttectcag 13200
tagtccacga gatttgagct tatatgtagg gagcaaaatt gtttgtctaa aagcagttaa 13260
taaatgccce aaaaaggctg ggcgcagtga ctcactcecctg taatcccage actttgggag 13320
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ctcaagattg gtggatcatg aggttaggag agcaagatca tcctggccaa cacggtgaaa 13380
cceccatcetet atgaaaaata caaaaattag ctgggtgtgg tagcecgegtgt ttaatcccag 13440
ctactgggga agctgaggca ggagaatggc ttgaacccag gaggccaaga ttgcagtgag 13500
ccaagattgc gccactgcac tceccagectgg tgacacagceg agactccgtce tcaaaaaata 13560
aaataaataa aataaaataa aataaaataa aataaaataa aataaaataa aataaaataa 13620
aataaaaata aaatgaacgc cccaaaaata ttttgggcaa actattttgt gtttetttte 13680
tttatttatt tatttctttt gagacaaaat cttgctctgt tgccccggct ggagtgcaat 13740
ggcacaatct tggctcactg tatcctcaac ctcctggget caagcaactc ctgagtaact 13800
gggaccacag ggatgtgcca caattcccgg ctaattgttt tagccaggat ataaatgctg 13860
cctacataga gtttgtagct atctccttga ctttctttat gcagattcct tcacaaactt 13920
ttgatggatt cctttaccaa attctactgt ctgttaaaat cttctatctt tatatcttta 13980
gtccaaacaa cacgtcattt ataaacctta aaattgtttc tgggcaaata aacaaggcaa 14040
aataggaata tatattttta ggcaatttac ttctgttttg gtctcataaa aaattgtaat 14100
taaattgtag aaaatatttc aattcctctt taatatccte tcecctcacata ctggectctca 14160
acttctaatc ctcctattga aacattgatt gggaggccaa ggcaggcgga tcaactgagg 14220
tcaggagttt gagaccagcc tggccaacat ggtgaaaccce tgtctctact aaaaatacaa 14280
aagattagct gggcatggtg gcatgcacct gtagtcccag ctactttggt ggctgaggca 14340
cgagaatcgce tttaacccgg gaggcagaag ttacagtgtg ccaagatcaa gccactgaac 14400
tccagectgg gcgacagagt gagactccat cacaaaaaaa taaaaataaa aattgaaatt 14460
tgcagecttt ttaaaacccc atagectctt tataaaccca aaagcactat caaatttgge 14520
gaggtgtcaa aagaatcaga ggaatgttta caaatacaga tgcctgggcc cacctcagat 14580
atatatatat atatatatat atatatatat attttttttt tttttttttt tttgagacga 14640
tgtcttgete tgtcacccag getggagtge agtggcatga tctcagctca ctgcaagcte 14700
cgtcteecgg gttcacgecca ttcectectgee tcagectece aagtagcetgg gactacagge 14760
gccegecace acggctggcet aattttttet attttttagt agagacaggg tgtcaccgtg 14820
ttagccagga tggtctcaat ctcecctgacct tgtgatcecge tcecgectcecgge ctctcaaagt 14880
gctgggatta caggcgtgag ccactgcacc cggcccagat atattaaatt agaatatcta 14940
gaggtggagc ctgagtatct gtatttttca gagtttcaaa tgatcgttct tcaaatgatt 15000
acactgtgaa gtcagattta gaaatgactg tacccaaggt tggctaaaag atacacaccc 15060
tggttgattc tacctgaaga gagcaaataa gatacacagc aaagttgtag atgttttcce 15120
tgccagtaga atacttgcgg gttaggccat ttaaaaccct gccagagagt tttgaaacac 15180
tgtggagggce tcccaaatca acttgctcaa tggttctcecca tccecttcagg ctacttggge 15240
ttaaagccaa ctgcaagctt agagcctcag agtgacctag gaatggggtg accatatatt 15300
ctaggttgtc tcatacagac tagccagcac tactcagccg caagtaatag catccaggca 15360
tgctcagaag tgtcccattt ggaggaaaaa aacaatattg tcacaaatga attggcaatg 15420
gcctgtetet gattcttata cctggaatat actggaagtc cctactcatg ctattttcta 15480
gcagaatagg caaaatttct acattccagg catgtcaggc ctttccctga ttectttete 15540
taatgtcact cgtctgctgt cttttatcac agccattaaa ctgcacccta acttaaagag 15600
gatceccttat gttccaatct actcatccct cagatcttte tttectctgaa acacagggtt 15660
aatgagactg acatccttcecc atcacatatt ttctcagcta ctcagtaaaa gatgtaaatg 15720
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tttaaaatag tttaaactat ttttcagtta gtccaggaaa cataaaatgg catgcttgca 15780
cataaaccat tgtttagggt gggggaagtg tttttaattt tgccttaaag gaaatctgca 15840
tgatccacag gctatgcaac taccaaggga attagttggt agaacagaat tacacctgca 15900
cagaatacaa atttcctgcc tttcatggga actatgttga tgtttcagat atgaaataca 15960
tcttgtttte tttattgaac ctcgagaaga tgtctcttgt tggtcattat ttcatggcag 16020
gggaagtaca tattcctaaa gacacaaccg agtttccctt taaccatcat tagttgggct 16080
ggccattaag aaccagacgc ttttattttc aaagagactt aagttttgat gttgtacata 16140
tgtgcctaat attctatctc atagcaattt aaaggtgacg ttttaaaaag ctgcattcag 16200
tgtataaact tctcctgatc ccagcaagga tgttgtgatg attttattta aaaaggtaag 16260
ttgtgtctag atatggcagt gggtcatctc atgcatggtg cagatgtcaa acacaattac 16320
attttcttat ttgcaatgac taaaaaaaga agctgagccce aagcagtgag aaagtaggag 16380
attgggagga caagaagcaa aggaaaaaag taacatgagc accgttctcecce ctgtectgece 16440
acttgctcca ttatggactg ggctgcgata tctcatatce cagctccaca actcccaaca 16500
accatttatg tgcatggtgc ttccatgtgt gatgacccaa tcaggctcag gtgtggactg 16560
agtagttaaa ttataaccct tgtctctgaa gagtttaggg cttagtgggg aaacagacat 16620
gtaaacaaac ctgagtgagg tcatgtaatc aaaggacagg ccacagtcaa ccacaaagaa 16680
gagagttctc agcagtctce aaagccgaac atatgtttac caggaacagg gtcccagcag 16740
agggagcaac aggagcaacc agagccttga ggggtcgtgg cctgttcectgg gcaccagcag 16800
tggatcaatg tggccagagc cagggatact agcagaagcce agagcagcag ggccttcecctt 16860
gtccagcaaa ggcatttgte tctttgtagg ccacagcgac ccacagaggg ctttttagge 16920
cagaaaaaag ccattaaggc cgggcgcggt ggctcacgcce tgtaatccca gcactttggg 16980
aggccgaggce gggtggatca cgaggtcagg agatcgagac catcctggct aacaaggtga 17040
aacccegtet ctactaaaaa tacaaaaaat tagceccgggcg cggtggcggg cgcctgtagt 17100
cccagctact cgggaggctg aggcaggaga atggcgtgaa cccaggaagce ggagcettgca 17160
gtgagccgag attgcgeccat tgcagtcecge agtccggcect gggcaacaga gcgagactce 17220
gtctcaaaaa aaaaaaaaaa aaaaaaaagc cattaaaaag ggagtcatgt ctcttgttgg 17280
tcattatttc atggcagggg aactacatat tcttaaagac acaaccattt cctcttaatce 17340
ctcattagct gtgctggcaa ttaaaaaacc aaaagttttt actttcaaga agatttaaat 17400
aacttctgag ggtgtacata tgtgcttaat attctgtctce acagtaattt aaaagtgaag 17460
ttttgaaaag ctgcatcctg cgcttgtcag aaccatgtct gatgagatat cccctttaaa 17520
gggctctegyg tgcaatgggg caaatcaagg gggtttgtge aagtgggagt gagacaggag 17580
atggggtgct tcttceccagca ctceccecctatag gctgactgag tgacaaagat cattttactg 17640
acacctccaa tggccctatg agatgggtac tattattatt atcaccatca tattcetttt 17700
gcagataagg aaactcaggc ttagcagatt gccagaacaa cacaggcagg aagtggtaga 17760
gtcagggttt gaacccaggt agtgaaactc caaagcccgg attcttaacc actgtcecctece 17820
agtgcctete tgtaataagt catgatccca gaagccattg gtgtggccac aatatggaaa 17880
gagatgacag tgtcctcaca ctgggtgagc agcttatggt gattccagac atgatctctg 17940
ttgggagtga caggtctgag cttctaggat cagaccctag atcttggcaa gtggtttgag 18000
gaaagagaag gaccaatgta aaaccccagg cttcaaggaa tgtggatgct gggcagggag 18060
gattaagccc caaagaccag aaatggggta cacagggcag gtgtggccag agtagaacta 18120
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gagtagaact tccagtgact agaaatagaa ccagacacgt tgcagtggtg gataaggtag 18180
aatcgcttaa gtctttaaag tgcccectgat cacccaagtt ggccagagac cctggggtgg 18240
ggctgattcet gtctggatat acggggaggg gtaagcatga ggaaaggaag caggtcctga 18300
caggtacttt gcactaaaca gctccttata aggttctcaa tttgcctget caatttctac 18360
agacatttgt gggaccacac cagtacattg taaaagcagg aaacaattga gaaaaacctg 18420
agttttatgt tggtaggaga aatgcctatg gaatatggca aatcgtttct ctgagacttce 18480
ctccctagta attacatatt tgttctcaaa aacaaatgcce agaaggaaga agcagattta 18540
atagtgcatt ttacaaggca ccattaatct ctaagaagaa caattaaaat gtctcagcaa 18600
tcatggttca ctgtatatct tttctatctt cttagaagta atatatggct ggaaatgggce 18660
ataccaaaat atgtcaagga agtggaattg cgttcattag atttcaccac taattatttt 18720
agttagcttc acagatctct cttecttget tgttcttgag agcgaggctt tttagtagga 18780
agagaaattg tctaaaacga ttaataacca caaattcacc aaactatttt gggtaagtcc 18840
ctctatttct ctaggtctaa agctaggaat aagagtcatt ctcatataat gtactgtccce 18900
agaaagggca ttatattagt ctgttttcac gctgctgata aagacatatc cgggattggg 18960
tgatgtattt aaaaaaagag gtttaatgga ctcacagttc cacatgcctg gggaggcttce 19020
acaatcatgg aggaaggtga aaggcacatc ttacatggtg gcagacaaga cagaattgag 19080
agccaatcaa aaggggaaac cccttataaa agcatcagat ttcgtgggac ttatcactac 19140
cacaagaaca gtatggggga accgccacca tgattcaatt atctcccaca aaatgggaaa 19200
attatgggaa ctacaattca agatgagatt tgggtgggga cacagccaaa ccatatcagg 19260
cattcaacca atatttggga agcaccagcc ctgcaccagg cacggagcac gtcatgagte 19320
ctgcecgtace acagcctgec tgacagacct cagtcatcct ctggagcettg cctctgacat 19380
ctggacctcce tcagaatcag catctettcet ccttgcccce geccatccttt gtttttatet 19440
ctgctgtgge attcatcaaa gccttceccaac tatcctgegt cactgtcectt cagtgtecte 19500
tctectetee cttecttete accccacttt gtgectgtat ccttcaagca gagcaatgge 19560
accctcactt ctgtggctge ccagtgcccee atgcagagtce agacatcaga aaatagatgce 19620
tgaattcagt tgacactctg aaattctttt taaagtaagt taatgtgtgc tttgaatgaa 19680
aagacactgg gattacatta ttgagtgtct ttcttcecttt geccacttttg teccctattgg 19740
ccatatttga aaatcttgtt ggaaaaaaaa attcaagaac ttaataaata aattcaaaaa 19800
catttagtct atttacttag gtgaagagaa aactcattct aatatgtgtg tatatttaaa 19860
atatttgtta tttagacttt ttttttaagt ctccaggttg aggaggacac aaatatatcc 19920
tcctaaacct tccagtaage aagctgtgge atccagatga tctcectgggt catgggggat 19980
aaggctaatc tcctaggtgt ctggcagaca ggacaggcaa attcccagaa tgccaaaata 20040
taccatctge tgctgtttgg cattgccctt aagtccagag tgtggaggct gggggtgggt 20100
ctectggctac aggagaagtc ccctggcaag ggaggggtga aaggagtgcce tgttgaaccce 20160
cccatctate cccgcactat ggcaagattg agaggaatga ctagatcagg gaatggcccg 20220
aaagaaaaat ccaaaacctc ccaaccctgg acaaggccac agctttgaga aaccgaagcce 20280
tctgcttect tetcetttgge tttactgett ctagatgcaa atacacagag ctctgagatt 20340
ttgtgtgctyg ggaggtgata actgttaacc ctctattcca atagcacaga aatttcectctt 20400
tgcctcagaa gtggtttcte atagatctca gatctctttt caggaaaaag aaaaacaaca 20460
acaataacaa cacattaatg actctgaaag agtcagacac cattaattcc attattggtg 20520
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tctgtgeccaa gtgaaatgaa cgtcagctct tttcccagat atgtttcectt cttttgecte 20580
ctataataag agatgatttt actgtaataa tataagactc atcaatttga ctccaaatag 20640
ctttcctatce aacaggctaa gtgtaaaata ccaggatcat tattcagttg agaatagata 20700
gaactaggaa gtagccatca aaaaagaatg atgaggtgca ttgtggattt ggggtgtaac 20760
ttggtatcta acatacagcc agaatcacag tcatagcaca cttaatattt tatcagaaac 20820
ttgcgtgaac aagttaagag gactctcaac ttaaaaatga caccaattgc aatgatcttg 20880
ttaacatttg tgatgaaaat aatagcaaag tgacttagac aaattacaat agcccataaa 20940
aataagataa agtttaacac aaagtaagat gatgttaaaa gacttgaaat aaaacagata 21000
tgttaagtag gcaacacata ggtaagcata taaaaacaag aagataccag gatagagctg 21060
tcatttttgt gggagcctgt gatgtggaaa accaagatgce ctggtgagta taatggatat 21120
ggaaacccece cttgtaataa ttceccacagtt ccaaggggec aaggtctcca ggttgagtca 21180
ctattgtaaa cacacccata gatgaatcca catgccatac ctccttgagt aagtggggac 21240
tcaaactagg tctgtcaatt gttccagaaa attaagcatc taaataattt aatgataatt 21300
taaaagaagc acaatgaaat atttcaagga atgtcacata caagattctg tacctecttct 21360
gctttggtta gactcattca gaataggttc ctgctttgat cttaagaggg aggtagagat 21420
tctggagaag ccctagggaa gagcaaaagg aaaggaataa ggagccaaga ggaaacccag 21480
ggtaaggctyg aggagggact gtttcgtgta ggtgatttat tggaagggtt ggaaggaaac 21540
atggaatgac aattaccttt ggttattgtc aggttagtat gagacttaca agaaaagcac 21600
tgctcagacg caattaccat tcaagataag aaataatagg aaaggctagc acacttaget 21660
ttttatttaa aaaagtgtta ggtaggctga gcacggtggce tcactcctgt aatcccagca 21720
ctttgggagg ccaaggtgga tagatgactt gagcccagaa gcttgagacc agcctggaca 21780
acatggtgaa acctcatgtc tacaaaaaaa tacaaaaatt agccaggcat gatggcatgce 21840
acctgtagtc tcagctactt ggggggccaa gaggtgggaa gattgcttga gcccaggaag 21900
tcgaggcetge agtgagccat gattgtgcca ctgcatgaca gcctgggcaa ccgagtgaga 21960
gcctgecteca aaaaaaaaaa aaaaaaaagt gttaggtgac atgagagaag atcttccaag 22020
taataagagt ggctaatccc aggaatgtgt caccagaggt tattttgtaa tagtcgtgtg 22080
ttaaattcct tatttgtcta tataacttct caaatcctte tgcctctaca gttatagttt 22140
aactggcgca taacagcctt cacacacagc ctcataatta aacatagaca tacatatgaa 22200
cacttteccece tatgccagca ggatacttgg tttgtttagg ggcaaagagg aattgatgtg 22260
gcgttgttte aatcagtggt tgaaaatgca agtggtaaac attgaaaaat agaacactgc 22320
aaaaggcatg cattgtatat accaaaaggt cagcatgaag cattatctgt atggcaagcc 22380
tgcccatcca ctceectecta cacgttgcat attcacacag ttttgcaget tgtataaacce 22440
cctattgtga tagaaactca tgaaagagtg tggtctctgce gaaagctgge tgttetgtga 22500
atttagacca gtggttcttc accctggctg caaatcatct ggggaacatt taaaaacact 22560
gttttaaaca ccccaaccct agaaattctg atttaattgg tcetgtggtgg ggcccagaac 22620
tctgtattcet ttttttaagg ctctcaggtg ctgctaatgt atagctaaaa ttgggtctgg 22680
tttagactct cagaatttct taataattaa acactttatc atgacaagac tttcaggacc 22740
ttaaaggcca cagtggggta gttatcattt cactaggtcce tcatctgggg aggtcecttgg 22800
catttttact ggaatatatt tgtcactcaa atttctatta caaaaaattc tttcttgcac 22860
actgctttag caactacatg agatatactt tgtacatagc acaaatctca tatcacttat 22920
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gtaatccagce tcectgtggtte cttectttec tttgectgtt tatttttaat tcttecccaag 22980
aggaagctta gccagttaga acaccagagt atcatcccce tcccecctttt cccacctgag 23040
ttcatggctt agacatacta ggaatgaagc tgacaacatg cactagtttt tttcgaaatt 23100
atgcagcaaa attcccaaag tgcgagtggc cacagagatc ttcacagggc ccagggacag 23160
gcagacatca ttctttctcee agttecctgge acagaaaaga gaccttaggt tactgagaag 23220
ataccagtcc ctcctcagag cagacaagga aactgagcect cagaatgaaa gactgaattt 23280
cagtccttte ttgaacatgg acctccaggg ttatattggg ccttggaaaa ggcacttaca 23340
ctctggactg tagtttcttc atctataaaa tcaagaggca gaaacagaca atctctaagt 23400
tgcctttatt tataaaattc cgagattcta gttgaccagt attcatacaa gagttgaagc 23460
ctgtaagagt gcagaaagcc cacacaaaga gacagtggaa gacctctcat cagtagtatt 23520
tttattaccce tcttectagg ttttaccagt caacatccte actgttaata tacagaccgt 23580
ggtatttaat taaatcatct ttgaaatact gagctatcaa cagatggcat gctgaatgca 23640
aaaggaccac aaataaatat ttggtactga agaagatcaa gagttggagt tcatttccca 23700
ttctgatctg ggctcagaac tcectgtggtcet tccctctaat catccttgece accaaattgg 23760
ctgtatctgt tctaagatgg atcagaaaat cagttccaaa gttggctaca aactttcagg 23820
tttgggtttt gttttgtttt tttgttttgt tttgttttgt ttttgcaacc agccaattca 23880
tcttagttca catgacagag aagtgcataa ttacttgcaa ctttagttag agcagtggcce 23940
ttaagaaggt ctagctaaat aaaaagtgct cagactttct gagtgctgac agttgtcaaa 24000
ttcacctagt tcacatggcc ccatttctat cgtttgtttt gttttgtttt tgttttttaa 24060
cagcccatct gtgagcaata ggatcagatg actaagagct acagggcaga aacactgtta 24120
cttagagtca aattttccca ttacctagct gtaaagagtt tgtttctcte tgactcatat 24180
aaagtttacc atttaggccc ctgcatgatt ttaattccat cacttaacac cccagccata 24240
tgattctgaa ggtaaacatg aaggcgtttg aattccagac cacctaaaca ttcttaagga 24300
aatcatcatc tccacgggca gagctatgcc aaaatctgta ggttttaact caaatttcat 24360
gataagcaaa aattgaatta atttgtcttc cattttgttc acctttttgc caaaattatg 24420
cctggattag aataaataaa ttcaatcaat gaatgcaatc actaattctt acgccagata 24480
ataacacatt cagaattctc ctttcectgg gagattttat caggttagtg ttcttgtaaa 24540
caggagaaag agaaaaatat aacttagtaa atagcagtat tcactaattc attcatttat 24600
tcaacaaata ttaatttact acctactaca ttccagggag cttagagtct agtatcagaa 24660
ataataacca cacacacaca tacacacaca ctacattaaa taaggatgtg ataggctaga 24720
tgaaataaat aaataaataa aaggtccagg tgagaaaaga aggtgggggc tagaaagaag 24780
tcattgaaga aaaaacattt aggttaaaac attatgaata acttagagtg agccaagtgc 24840
agagtgctga aggagtgctc caggcaaaat caacagcaaa tggggagtcc ttgatgtaga 24900
aaagggtttg aggaattgtc ctgggagaaa tactcaagat tccagtctga attctagagg 24960
ttagtgattt agagaggcaa gtacgaaaat gacttcctct cttaccttaa aagtaagtgce 25020
accatagaag gaaatcaccc ttccttggta ataattcctg agtgagcecctg agaagccaga 25080
ggccatctet attttatagg cactgtcccecce ttttcagtta cccatggcta gctcattgac 25140
cttgtecetgg tegtttecte atttcactta ctceccatccte aaaacgtaga cgcttcataa 25200
atattgtata aatgaatgaa ctcacaaagt cacagtacag caaggcaaaa gtgcctgcaa 25260
taaacaagca ttctaggcta gaaatatttc tcaacttcaa attgtgtctt attacattgt 25320
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attccgattt tctagagtgg tagttctcag tcaagggaaa gtttttctte ccttecaggg 25380
gatatttggc attgtctgga gatagtttta gttgtcacga tttgggggat gcttctgget 25440
caacttgggt agagaagcgg ggatgcttat aatcatccta cagtgcacag gacagtaccce 25500
ccacccacac tccagtaatg aagaatcatt agacctaaaa tgttaatggt gtccaggtag 25560
aaaaaccctg ttgtagaggt tggggactgc gtcttgacag ccacattata cagtgtatca 25620
aacaattctg tataatgggc tgtaattatc cttgcctaga ttttgcaaga accctagtgt 25680
gtatcttttt cctcacttgce caagcaatgt tcaaacctgc agagatttat ttcattcatt 25740
ttetgtgtgt ttagtaaaca gactagaagc actggaggaa aaaatattcc agcaatgagg 25800
taagacgaaa gctattagta accctagttt aacttagctg aatagtagga aacaacctct 25860
accgtgagga agtgtattgt agaaactgaa aagacgctaa tgatgtttaa aaagctgtag 25920
ttcaaacaaa tgtgcatgca gaccaatggg tagactgaaa atgatgaaga catttccgtt 25980
tcttgtgtet ttgatagaaa agaaagagct tttattttct ttagtgtggce aatcattcag 26040
atttgtccca tgacatgccc agaaggttga agaataacaa actcccaagt gtaaacacag 26100
aatttagcga agaatccagg cctctggatg aatccctgta attgcatgtt tggataaaat 26160
aagattttca tacattaaac aaggtaggat ttttctatct gggacggaac tttcaacact 26220
tggaggggtt gtagttattt ctcctcaaag atggcaaaca tgagtgcccc gagttatcce 26280
tcetetetgt tcaagttege taactaatca cccagtatce atgctatcge tggceccttet 26340
gtggcctatt tttatactgt tcactgttca gtgtcacttg tttggtaaca ctcaacatca 26400
acatgtgcta ccaaattgac accagaggac aaaaaagaat caagatatgt acagcctgct 26460
ttgtactgag ccagctgcca ctagatgttt tttgtgataa tgaacacgtg aggccatgtg 26520
gacgcgagag atggctccgg gttecctcag acggctcaca gccagctggt ctgcagtgeg 26580
gttttagatt ccgatgtggg aaccccataa aaaagaatat gcaggccagg cgtggtggct 26640
catgcctgta atcccagcaa tttgggagcece tgaggcgggt ggatcacctg aggtcaggag 26700
ttcgagacca gcctcecgccaa catggtgaaa tcctgcctcet actaaaaata aaaaaaaaaa 26760
aaattagtca ggtgtggtgg cggatgcctg taatcccage tacttgggag gctgaggcag 26820
gagaatcgct tgaacctggg aggcagaggt tgcagtgagce aaagatcgca ccattgcact 26880
tcagactggg caacaagaat gagactctgt cacaaaaaaa aaaaaaaaaa gtctgcaggc 26940
tgcataaaga ggtatgaaaa tgttccagaa atcccaaatc ctatccctga ggttcatttt 27000
ggtgagggaa tgtgtgtgca ttttctaggg cttccctaaa aaagtatcac aagctggatg 27060
gcctaaaget acagaaattt cttggggaca aatttcatga ttctggaagc tagaggtcca 27120
aaatcaaggt gtcagcaagg ctatgctttt tctgaagcect atagggaagg ccttecttgt 27180
ctctectagt ttcectggtggt ttgctggcaa tgtttggcat tcectgtggatt gcagctacat 27240
aactccactc tgcctccatc attaatggcc ttctgcctga gtgttttcat atgaccatct 27300
tcatataagg acaccagtca tatttgatga gggttccacc ctactccagt atgacctcat 27360
cttcactaac tacatctgca atgaccctat atccaaataa agtcacattc tgagtgtctg 27420
gggattagaa cttcaacaga gcttgttgaa gggggcacaa ttcaatgcat aacaggatgg 27480
aaactagaaa cgggtatgtt tttatcagtg tagaaagatt tagcttaatt tttcaaagtg 27540
taataaaaac cccaggaaaa ctcatactcc ctcctaagaa gagcaaaaga tggagaaacc 27600
cgatggttac cttcaaacaa aaggaaagga ggaataagat gaaaaggaat taatccaaag 27660
caaagagagt ggcttatatg gaatgttggt gcaactttct ctgacacatc tgtgcactca 27720
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tcagctgggg catcatctec ctggggtaca tttggtcact gtgtgectca tggtaataaa 27780
ctccagaagce ctcattgact tgctagagat gagctcatcce ttcttgcettg cttaatggca 27840
aaatacaaaa taagcagtca ctgacatgga acgatttcag gaatgccaaa aggttctcct 27900
tttccaaaat atctcttecca tetteccaat actgttactg acatcactaa cacctcectcca 27960
cttceggttyg agacacctgg gccagagcte ctgatgtgge aggcagtgcce ctaaacgttt 28020
tgcataaatt aactgatgcc cagagcaaca accctaagat ataggtacta tcataccgca 28080
tcttacagat aagaaactta ggcacaaaga ggtttagtag tttagatgag ataaccctga 28140
tgagcagaga ttcgaaccca gcctccatge tattaaccag gacatcatat tgcctttcat 28200
acatgctctt caaaggcaac acagtaatcg attatcacac tcactcacat ctgattgtca 28260
catttttcag atctgctcte ctagcagaga atgaagccta aggtatcctt gtttctcaaa 28320
gtgtcctecee cagaccagct gcatcaaaat gaggggatga ggtgcaaatg cctggaccct 28380
gccecttggag cactgattca taatctcaag tcccaagaat ctgcatttta acaagcatcc 28440
ccagaaattt cttaagtata ctaatgtatg ggaaccactg acactaaaga aatggaataa 28500
ggggaacgta caatgttaca gtaaaccagg aaaagccaga aagacatgac aacacagtga 28560
ggactctggt agccaatggt cagtcaaatg cccaggggcec ctggccagaa gagagttagg 28620
ttgctgagga gtaagagtga tgctgaatgt ggaggcttga gagcagaagg aagccagcca 28680
gctatatecct cttgcttgga tcacacaccce tttceecttggt ggaaatggtt atttgcagag 28740
ttagagaagg catgttttac agtttggatg gcaggtatgg atgtagacaa taaagagcaa 28800
ccagagtcca tgggttcaga aatccccatg tgtttctgtt tgaatgagac gcttgcataa 28860
acagcacaag gagtttgggg tggggttaaa gagaatggtg tggtataggg agagctgaat 28920
gaggaactga gagagcaaaa tcctgtgttt ggttcaatca ctgattacaa cctceccctgag 28980
gcteggtete ctaatctgta aaatgggggg aaataatacc tgccttgcag gtectcacac 29040
acagggcatg atgtgaatcc actgaggcat atagcactgt gtaacatgag ttattgctat 29100
tccaaggcce gtaaaaggct cttgecttgg aatatatctg ccacaccaat gectgcagte 29160
cattaatgac acataaagga cactggagat aacgatgtcc cttgttctat gcatccctcece 29220
cacccatgcce agaaaagaaa acacagtcac ctgaagtcat tctaaagagt atgcctgecct 29280
cttttectge acagacacat atacacagac acgcacatac acagaccatg cacatacaca 29340
cacatgggaa aacatgagga aaagtggaga caagaggcac caaaggacaa agtcactttt 29400
gtcgectgte ccttecccag cagggctggg cctgggctge ttetectgece tecteccctga 29460
agcccectee tcatcatatt ccagtgegtg tccaccactt tggggccagg tctacacaac 29520
tgcagtgatt caggtcacgg gagaaaaccc aaacaagcac aaaacatgct tcaacctata 29580
ttttctaaat tgtttttctt taaaggtgaa gacttctgag cttgaattat ccccttgtca 29640
gtgggcttte catgctgtce aagtgaccta agtgataatc aacctccatt tcattttgag 29700
aatggttgtg gtattttaga gctatggtga ataagaaaat catttaaaat aaaatgattt 29760
ttatttattt attgttttta tttattttat cttaaatgaa ttttaaatca tttaaaataa 29820
aataatggga taaaagagga tgctaaaaat aataaatata tatgtatcaa agtgtgcttg 29880
taataccagg caaagaatta ataagagata atattatggt tggtgaaatg ttatgtatgg 29940
ctacatcctt tcaatgagca tttatagttc ctttaaaata tgcctactga agaaatattt 30000
acatgctaat taacatgtgc atagtaccac taggtattat agaggatacc agatgtttgt 30060
agtagacaca gaccttgccc taagtcectgg tcttgatgta gtcacttttt agtcactaca 30120
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ggtgactaca tttagtcact acaagtgacc ttccttcaat ggggaaataa aggactttac 30180
aaaagacgta gaagacaatt cttaatataa aagtgattta gatcttcaca agtttgtgaa 30240
gagaagcaga tgagtgaaat agaacactat caatgtaaaa tattattctg aggcctctgt 30300
aatgactggg aagcaacaag agggaggtca tttcagagag agaggctcta ggttccaagce 30360
tggatgctca ggtcagtgac tgcaggtccce ctccacacce atcaccccac accctaacce 30420
tcttcagttyg ctcacaaagg tagataaata cccacatttt tgccctctte catcttgaaa 30480
ccetggaaac ccttgettec gecaggggag gttacttagt atctgtcacce ccaagggaac 30540
caacgtcgaa gcccaagaat aagagtcaat actcctacca gaggtttaca tttttecccag 30600
gggtctaggt ggatattcct gggaaccccecce gtcaacacag gcatctacag tacaatccag 30660
gcctectgtt ttcagcaggg gctgcaagag cactgcagec ttttceccccag aggtgtcagt 30720
ttggcccagt aaagattgcc cctgagaaaa cacatgggca attagagcaa agttcctatg 30780
ttctggtaac atttaattgt gcectatttcte aacctcectcet gcacccacac actcacacac 30840
aacatttatt ccactgactt caaaggaagc tcaacgtgtt aaaaatatgt gtgggaacaa 30900
agaagggagt ttgaaattgg tctaaactct gtataactgg gtttgacacg tacattagga 30960
ttttacaagt atgtatttaa tcttttttta aaaaaagcgt ttacataggg ttcagaataa 31020
tgacaataaa tcaacatttc tattgtccat ttgtgtgttt tcatagtaaa taatgctcat 31080
ttatccttaa ccagtaatac atacttatgg gcttaaatta gcaaaagcct ctcaaaaagt 31140
agctccactce atttatccac cagtgtccag atgccatcca gcacatgagg agctcccaga 31200
aaggagcagg gaacaaacta gggctgtcag gagtggagga gaaagaatgg catatgcaaa 31260
aaggagctgt aattaaatcc aagggaacat ggcacactct agtcttttge acgagacaaa 31320
gggcaatcct ggtaaaaata cagatcccca ggccccacec caaagagtct gatctgatte 31380
tgaaatgggg ccggagaatc tgcattttaa caagcacctt caccaggtga tceccttttget 31440
gagaacccct gagaaatgag aaccctgtge tagtgctgaa tggagcatta tattccagag 31500
ttgaagtttg gtgatcagtt ttccagatgg agctggtcecct tggtgcatac ctgggtataa 31560
atccaagcca attcaggtat atgagctgat atttcaaccg aaacactatc tatagcctaa 31620
attttttcta atattctgtt tggtatgaat tctagaaagt tgtaaatgct atatttcctt 31680
ctcatctatt tctggacttt gtcccaagac caaatcccag ggcatctgat agacattcat 31740
tgcatacatt tttctgtaaa catgaaaact gaattgtcta atagaaaagg gcaaggaagt 31800
agaaaataag aaatcatcat cagaagtggt ttgttttgga attatattgt ccagctgcat 31860
aacaaatcac ccccaaaatt gagtcgctta gaacaacaaa cattgatcct ccacagttte 31920
tgtgtgttag gaatcaaagt gatttaattt aatggttctg ctcagggtct ctcggggget 31980
gcaatccagg tctcaggctg ggatccttte aaggctgage tggggaaaga tccatgtcta 32040
agctcactca catggccgat ggcgggattc agttcctett aggctgtcag actgagggece 32100
tcegtgtete agtggtttta gecagagcece tctcectcagtt ccttteccaca tgggectcte 32160
cacagggcaa ctcacaacat ggcagctggt ttccagtaga gcaagcgagt gagagaacaa 32220
gaaaggcaag caaggtgaat gtcccagtct tttgtaacct catctcagaa gtgttaaccce 32280
atcacttttg ccatgtttta ttatttagaa gcaaatcact aagtccagcc cacaattaga 32340
gggatggcat tacacaaggg aatgaacacc agcagacagg dgtcattgaaa gccatcttag 32400
atgctgtcta tcgcatctaa gtgtgatttt tccagatgaa aagaatatat taatttgttt 32460
cagtcttagt cgatgtgcca tcecccatttgt gctttgctaa aacttgtatc aatgtaaagce 32520
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aaacattttc tgatacaatt taggtagtgt attgtggtaa tagagaccag tagtgttgaa 32580
aagatatgtt gaggtcagaa attaagctca tgtttctaaa agaggagata tgtacaacta 32640
ctatgcaagc caacaggaaa gagtgtttta agaatgcttt ctgctacagg taactaaaaa 32700
cctaaacagce tgtggcttta aaataaaggt atatctaagt cacataagca aaagtctagg 32760
ggtgggcagc tgctggcatt gcttcagtag cttgataatg gcaaaagcag catctcttcet 32820
atttccttgg ccttctaatce atgcatgtca cctcacaatc acaacatagg caacacctca 32880
tattctaagc aagatgaaaa gggcaaagag tcatgccata tgcctctgte tecttttcata 32940
aggaagacaa agcttccctg gaagtcecccct ctagcagatt tcacttagat ctcattggece 33000
agaactgagt cacatgcctg ccttaaacca atcactcacc aagaagacta acattatcat 33060
ggcaagtcta aaccaactgt gactcatctc tgaaatcaaa ggattattac cattacccga 33120
atccatcagg atcctgttgg cagagaagtg ggactgtaaa ttttgagcag gcaacaaaca 33180
agtcttetgt aaacttctta tgtgttgttt tttatgtgtt ctatatatcc agtagaatca 33240
caatttccaa taacagtcta aaaagatatt ttccaataga aacagaatgt gtaagatcat 33300
tacttatgaa atcccaaatg tacttaaggt ttccttecttg aaaattcctt attcaaaata 33360
aaatgtccag attttgaaac ccagaaaaga ttctatattt taaaaatcct gtgcacatgt 33420
aaactgtttt tcaaatattg ccttcagata cattgaacag aatgaaatct tctgagattt 33480
actacatcag ccaagtatta tcaaaacaaa caggacagat tgcttttctt gacgtctget 33540
gcttgatttyg tgttaactca tgtttctgaa attgtagtat cataagccaa tgctgcacaa 33600
aggtatttca tgtcatttat aaaaatctag taatgtaaac tgttaactcc ttataaagca 33660
tctgttgaca cacaaaaata tcactgaagt gcatttatge ctttecttcett taggtetgca 33720
taatacttcc ctccagaagg ccaagttgtt ccataaatta cagaacagaa agttggttgt 33780
gggaggaata gctcaacctc atctgaggca tcccactcta agaaactaat ggcacctaca 33840
cctettggge attgagtttt taagceccatt tttaattcett gttcetgctca tattctaagt 33900
gagcacataa agtgctgctc caagcaagac cagcccttgt agaagggcaa gtgcagtcag 33960
tcececctagga aacgggactg gggagtgatc gtttcaatga gagataaatc aaactgatgce 34020
taaacatgaa caatgagccc attagagatt gtgagaaaga ggcatcatca tccactcaac 34080
aataggcctg tgggacctcect tgatagectg aggatgttta atttcaggtg caggtatcca 34140
gaatgtagca gctagactga tcaaggatgt gtgatgacag caagcagtag tggaagagcc 34200
caggagagtt cctaagcctg aattgcaatc ctgtgctgce ataaaatggg aagatatact 34260
tggtccagtc atctgacagce tttggtcatc aatttctcecta tctcatatgt gactctattg 34320
ctttaagaat ccctttagect ttaaatatct atgaatctge tgaagcagct gtgctttgat 34380
tgatgtggat ctctgaactc ccttaaatac aaagaccaat tatttagccg agctttgttg 34440
gattcagtgc attctgaata catgtcaaaa tatacttgga tttgtaaaaa atattccttc 34500
ctgttttttt caccatagat agatgtacaa aaatgtccgt gttcacaccg tggaaaggac 34560
atttctcata aactcacaca gagatacctt tcaagtcaat gccttagaaa gcaatgagag 34620
atttaaagga gacctagaga tatgaatgga gtaggcagag aaggtatgtg aggagaatga 34680
tgtaacttcc tagggaaaaa gtatgaagca caaggctgga catagacctg ggaatcagga 34740
aattagagtt ctaattgcag cttttccatt gattcacttg ggatcttgag aatatctgtce 34800
tcattttaat cattctgggc cacagtttcc atatctgtca attagagtaa gagtccctgg 34860
ctgggtgccce aggattgtga gaacatacca ttcagagcca taaaaatgca atcagtacca 34920
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ataatgtact agtaccagta cctaggatgc aaaacatcct agatactagg tgtcctaact 34980
taaagtggaa acattaacaa gagtaattct ttgaatcatc aaactgggaa tattttagga 35040
agcatatcta tctgggtgaa aactaagcaa ataagacaat tgtaaaggct tgtgatctca 35100
ggaatacaaa ggcaaaaatg cgcagacttg aaatatgaca agttctagtt ttgtcactta 35160
gcatctctgt gaccttggat aatttcttaa ccccecggcag tattctcatce tgtaaaatgg 35220
gaataatgac atgcacttca gtggtttgtg gtgaagatta ttacaaatag aaattagctc 35280
ttttgagcca ctggtggggt ttaaattccc agceccttatg tgctttgcag ctgttagtte 35340
ctcttattac aattgtctat ttaaaaacct agtcacagcce cggtgcagta gctcacgtcet 35400
gtaatcccaa cactttggga ggccaaggca ggagaactgc ttgagctcag gcgttcaaca 35460
tcagcctagg caacatagtg agaccctcte atctctacaa aaagcaaaaa attagccagt 35520
gatgcatggc tgtagtccca gctattctga gggctgaagt tggaggattg cttgagccca 35580
ggaggtcaag gctgcagtgg gcagtgatca tgccgctgca ctctagectg gatgacagag 35640
caagaacctg tctccaaaaa aagaaaggaa ggaaggaagg aaggaaggaa ggaggaaaga 35700
aaagaaagaa agaaagaaag aaagaaagaa agaaagagag agagagagag agagagagag 35760
aaagaaagaa agaaagaaag aaagaaagaa agaaagaaag aaagaaagaa agaaagaaag 35820
agaaagaaag aaagaaggda gggagggdagg gagaggagag aaagaaaaag gaaggaagga 35880
aggaagagag agagagagag agaaagacct agtcaccaaa agcaagagat tttttaaatg 35940
ctactatttt ttgggcattt actaatcata ttgctatgct ctgcacccaa gctaagtaat 36000
ttaaataaat tatctcatgt actcctctaa aactaattac tgctgtgtaa atggaggtag 36060
aaagaaacta agctttattt ctgcctctat tgtttcttta acctgecttg ctteettttt 36120
cagttgcacc taattggctg tacttttagt tttctttaaa actgccttaa atttcaaaga 36180
ctaaagcagc aataactaac tgaatatatt tatataacat gttatttttg tcatgttgcet 36240
ttccaccect ggagacctge tcectaaattca cttggacgtt tgaggataaa tcatgctcac 36300
tagcagtttc tgaaaatgca gtttcactga aaatgcaggc atccagaaat ttagtaagca 36360
acttaaaaga aagtgtaaga atctcctatg tattcattga aaaataattt gaatttatgce 36420
ttagaaaaat agaattatta ttaagaaatc ttacacactc atgtttttaa atatcttcac 36480
taaggaccaa ttgtgtatat ggtgtaacac tgtcctcaaa gaacatgccg ggagaattgt 36540
tgcagttacc agagggttaa atttggcaaa ctctttttta ttaacgtgcc ttttaattat 36600
gaaatagcat actcacctta gataaaattt gaaaaccatt tttgtaaagt ggtacaatat 36660
tgaagaaagt tgataacttt cagaccagat ttaagcctca aatctacctc tcecttttacct 36720
ggacaactca ttagcatttc tgaacctcac attttttcta taaagtgaga atactatatt 36780
atagagttgt tgtcagttaa atgagaacag tgtctgatca caactagtca acaaatgttc 36840
acaactcttc ccctectagg aaaagaatct caaggcagac ctgcttcecggg tectgetectgt 36900
aaagaggtag gaatcctctg ctccecggtaa attgcttect aaccttcettt ggtaatagac 36960
tattttttaa taaaggtgat ggatcatttc ccattataca ctcaaaatgt gtgtccattt 37020
cagggcagtc atggatgacc attgcccatc ttttgaccce agattaagaa cacctgctgt 37080
agtattttaa ttctgccttc aaatcctctt acaaaacaaa gacatcttta aaaaataaaa 37140
ttectttaggt gtcttgcagt tgaatgcagg aaaaccagag ccccttattt ttgatagttt 37200
tgggaagaat gcagtgtcag aacacaaacc cataatagac aaataatttg cacagaaact 37260
tcataaaagt attgacctga tttgccatgt atttgccacc ttttaaaaca cacaactaaa 37320
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tgtttaccct gtgtctagat ccaaatgggt gaagaaaaat gagtgacaat acatctactt 37380
aagctcactt acataattgt ggccatgccg tttttttcac attacattat tagaacattg 37440
gacaataagt caagaaacag aatgttctac aaaataaact ttaaaaattg gtaagcatca 37500
tgtgcttttt ccagaagaca ttttattttg ttgaatcaaa ggtggctctt tggcactgag 37560
tagctecegtyg gagtcatgge agtcctcatt ccctaatcct gagectgect gagtegectge 37620
tgtcagtcat ccacttgttg ggatttcaaa ctgcattaaa tcccctcecta tagctgtcac 37680
tgccaagcag ttgcactggce tectgtectac ctttcectgttg gtaattctgt ttttaatcct 37740
gtgcttcagt gtagtttata taaatcttta cagagggata aaacttcctg taattaattg 37800
tttgggtgaa catgtacctg ggagagctat tgggaaaggg gccaaatttg cattccaget 37860
cctttcatce ccacccttga gctaaccaag tcctgtggat tettececctta gecatctetgg 37920
aaccttettt tettttcettt tttttatgac cacctttecca gtcecctggcecce ttcaaacttg 37980
agtgacagca acagtctccc tgccttgagt ctcectttecte cttcetecccag tgtgcatacg 38040
gttgtcaaac tcatcttgat aaactactgc atcgattgtg gctacactcc cctgctccecca 38100
catcttccat agaccccact gtctgtaaaa taatattcag tctggectca acctgtettt 38160
ccagcctegg tgacacaggt ctattcectgcec tgagacactt actatgacac ccttgettgt 38220
tcetgggget ttgacacatt tceccaacgtcece cattgttett cctcetccaaa tcagccaatt 38280
gcccaagecec tgctcaaatce tcccacctca tgaagectte ttgatgecctce ccagcacacce 38340
atgatctaat ttcctgaagt aattatgcta attgggcatt tgaagaattg ttaaccgatt 38400
atcaactaac tgccccttaa cattgcatgt gtagttgtct tcaaaggcag ttaaattatg 38460
tcatgttecct tacattgtac tgagtgcctce gtatccttat ccatgtttgg gggttttact 38520
ttaagtcaag aaatttaatc acatccattt ggttttctct agagctgtag ttctcaacct 38580
tttgtgtggt agagaaacac ctagagaaca tgtttaaaaa tatcctgggt tccacccttg 38640
agagataata aggtccaagg ggaacccaaa tatctgtgtt tcaggtcagce ttattggctce 38700
atcctattat accaactcct cagaaggcca aggtgggtgg attccttgat ctcaggegtt 38760
caagaccagc ctgggcaata tcgtgagact ccatctctta aaaaaaaaaa aaaaaaggat 38820
tagccaagtg tggtggcatg aacctgtggt cccagctact taagaggctg aggcagacag 38880
attgcttgag cctgggaagt cgaagctgca gtgagccatg atcatgccac tgcactccag 38940
cctgggtgac agagcaagac cctgtctcaa aaaaataaaa atgaaaaaaa tctgtgttcce 39000
caagttccaa gtgatgctga tgctgctggt tgcctttaag catctcacaa agaacgaact 39060
cataaatgct aatacagtat atgtctatgg atactgaata gtgggttttt tttctetttt 39120
cttctattct gtgctcatgt tgtgtcactt cttecctttta gattgacttt gaagatgtga 39180
ttgcagaacc agaagggaca cacagttttg acggcatttg gaaggccagc ttcaccacct 39240
tcactgtgac gaaatactgg ttttaccgct tgctgtctge cctetttgge atcccgatgg 39300
cactcatctg gggcatttac ttcgccatte tctectttect gcacatctgg gcagttgtac 39360
catgcattaa gagcttcctg attgagattc agtgcatcag ccgtgtctat tccatctacg 39420
tccacaccgt ctgtgaccca ctcectttgaag ctgttgggaa aatattcage aatgtccgca 39480
tcaacttgca gaaagaaata taaatgacat ttcaaggata gaagtatacc tgattttttt 39540
tcettttaat tttectggtyg ccaatttcaa gttccaagtt gctaatacag caacaattta 39600
tgaattgaat tatcttggtt gaaaataaaa agatcacttt ctcagttttc ataagtatta 39660
tgtctettet gagctattte atctattttt ggcagtctga atttttaaaa cccatttaaa 39720
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tttttttect taccttttta tttgcatgtg gatcaaccat cgctttattg gectgagatat 39780
gaacatattg ttgaaaggta atttgagaga aatatgaaga actgaggagg aaaaaaaaaa 39840
aaaagaaaag aaccaacaac ctcaactgcc tactccaaaa tgttggtcat tttatgttaa 39900
gggaagaatt ccagggtatg gccatggagt gtacaagtat gtgggcagat tttcagcaaa 39960
ctecttttece actgtttaag gagttagtgg attactgcca ttcacttcat aatccagtag 40020
gatccagtga tccttacaag ttagaaaaca taatcttctg ccttctcatg atccaactaa 40080
tgccttacte ttcttgaaat tttaacctat gatattttcect gtgcectgaat atttgttatg 40140
tagataacaa gacctcagtg ccttcctgtt tttcacattt tccttttcaa atagggtcta 40200
actcagcaac tcgctttagg tcagcagcect ccctgaagac caaaattaga atatccatga 40260
cctagtttte catgcgtgtt tetgactcectg agctacagag tctggtgaag ctcacttctg 40320
ggcttcatct ggcaacatct ttatccgtag tgggtatggt tgacactagc ccaatgaaat 40380
gaattaaagt ggaccaatag ggctgagctc tctgtggget ggcagtcctg gaagccaget 40440
ttccctgect ctcatcaact gaatgaggtc agcatgtcecta ttcagettcecg tttattttca 40500
agaataatca cgctttcctg aatccaaact aatccatcac cggggtggtt tagtggctca 40560
acattgtgtt cccatttcag ctgatcagtg ggcctccaag gaggggctgt aaaatggagg 40620
ccattgtgtg agcctatcag agttgctgca aacctgaccce ctgctcagta aagcacttge 40680
aaccgtetgt tatgctgtga cacatggccce ctcecceccceectge caggagcettt ggacctaatce 40740
caagcatccce tttgcccaga aagaagatgg gggaggaggce agtaataaaa agattgaagt 40800
attttgctgg aataagttca aattcttctg aactcaaact gaggaatttc acctgtaaac 40860
ctgagtcgta cagaaagctg cctggtatat ccaaaagctt tttattccte ctgctcatat 40920
tgtgattctg cctttgggga cttttcettaa accttcagtt atgatttttt tttcatacac 40980
ttattggaac tctgcttgat ttttgcectcet tccagtectte ctgacacttt aattaccaac 41040
ctgttaccta ctttgacttt ttgcatttaa aacagacact ggcatggata tagttttact 41100
tttaaactgt gtacataact gaaaatgtgc tatactgcat actttttaaa tgtaaagata 41160
tttttatctt tatatgaaga aaatcactta ggaaatggct ttgtgattca atctgtaaac 41220
tgtgtattcc aagacatgtc tgttctacat agatgcttag tccctcatge aaatcaatta 41280
ctggtccaaa agattgctga aattttatat gcttactgat atattttaca attttttatc 41340
atgcatgtcc tgtaaaggtt acaagcctgc acaataaaaa tgtttaacgg ttaaacagtce 41400
agctttatta ttttttccca aaacaggtgt ttatgtgtca gagtctgtgt atgtctatgt 41460
atttgtatgt aatgagcatg tgcatagtgt gtgtatgtgt ttgtatgtgt ttgtgggggg 41520
taatggtctc ccactttaaa attattacaa agtcacttag gatatttctg ctaaggtcat 41580
caccatttat gagttgcttc agataaaagt tataattaat aacaaagttt ttttagcaat 41640
ttgcccaatg ttttatatgt catctaattt gagcccccag caagecttgtg tgatggatat 41700
taatactctt aacttagcga aagacacaat ttgcattcgg ggccaatgcc ttcaactttg 41760
ccatgcctta actgggtttt aaagaggtat attgcagtct caatttatgt ttgttgcttg 41820
gctaagttta ccttcaggac tcctatatta gggttctcca gagaaacaaa accaatagga 41880
gatagttgga gatagataga tagatgatag atgatagata gatagatgat agatagatag 41940
atagatagac agatgataga tagatgatag atagatgata gatacataga tagatagaat 42000
agagatgata aagatagaga gatgaagata gagatagaga tggacatgga gatggagata 42060
gagagatgaa aatatatata tagagagaga gatggagata gagatatata gggacagata 42120
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gacacagaga tagaaataga gatagagata gatggagata gagatagaga tatatagaga 42180
cagatagaaa tagagatata tagagatgga gctacagata gagatagatg gagatgatga 42240
gaaagaggta gatggaggga taaagatata gatggagatg acaggggtag agatagagat 42300
agatggagat gatagagata cagagcaaga gctttattac aaggaactgg cttacacgat 42360
tatggaggct gacaagttcc caaatctgca gggtgagtca gcaagctggg aacccaggag 42420
agctgatgat gtagttccag tccaacatca gcaggctcaa gagccaggaa aagctgctat 42480
tttagaccaa gtccaaaggc aggaaaaaaa ttcaatgttc cagtttgaag gcagtcaagc 42540
agaaggaatt ctctcttagt tggtggtcag ggtcagggtc agcttattct atgcaagcct 42600
tcaactgatt agatgaggcc cacccagatt agggagggca atctgcecctta ctccgtctat 42660
cagtttaaat gttaatctta tccaaaagca ccctcaaaga aacgttcaga ataatatgtg 42720
accaaacata tggacacccc atgacccagt caagttgaca caaaaagtca atcatcacag 42780
cttccagttc catctacaaa aataactata tggctttgga caacttttat tccatattgg 42840
taataaatag cttcatacat cacacattta gcctgtagtc ctagcagttt ggaagcccaa 42900
ggctgagact gggggatcaa ttgaggccag gagttcagac cagccttgac aacgtagtga 42960
gaccatcaga aaaaagaaaa gaaaggaaag gaaagaaagg aaaggaagaa agaaagaaag 43020
aaaaagaaag aaagaaaaga aagaaagaaa ggaagaaaga aagagagaaa gaaagaaaga 43080
aaaagaaaga aaagagagaa agaaagagga aggaagagaa agaggaagga aggaagagga 43140
aggaagagaa agaaagaggda aggaaggaag gaaggaagga aggaaggaag gaaggaagga 43200
aggaaggtag gtctcatacc ttccctgatg tgggtgctaa tggtcaagca ttctatgttt 43260
taatttataa tccatatttt taacattggg tggaggggag aagtaaagag agacactctt 43320
aacacagaag gctgaaatca taaaataaaa aggtcatggc aataaacaca caaaatatca 43380
aacttctata tg 43392
<210> SEQ ID NO 16
<211> LENGTH: 2338
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
ggcgegegygy aggegegcag agettteggg ctgcaggege tegetgegeco tggggaattg 60
ggctgtggge gaggcggtcee gggetggect ttatcgeteyg ctgggeccat cgtttgaaac 120
tttatcageg agtctegeca ctegtegeag acgcegagegy ggggceggggy cgcggcgagyg 180
cgecggegge cgtgacgagg cgctccegga getgageget tetgetcetgyg gcacgcatgg 240
cgecegeaca cggagtctga cctgatgecag acgcaagggyg gttaatatga acgeccectet 300
cggtggaate tggetetgge tcectetget cttgacctgyg ctcaccceeyg aggtcaacte 360
ttcatggtgg tacatgagag ctacaggtgg ctectcecagyg gtgatgtgeg ataatgtgece 420
aggcctggtyg agcagecage ggcagetgtg tcaccgacat ccagatgtga tgcgtgecat 480
tagccaggge gtggecgagt ggacagcaga atgccagcac cagttccgece agcaccgcetg 540
gaattgcaac accctggaca gggatcacag cctttttgge agggtcectac tccgaagtag 600
tcgggaatet gectttgttt atgccatcte ctcagetgga gttgtatttyg ccatcaccag 660
ggectgtage caaggagaag taaaatcctg ttectgtgat ccaaagaaga tgggaagcege 720
caaggacagc aaaggcattt ttgattgggg tggctgcagt gataacattg actatgggat 780
caaatttgce cgcgecatttg tggatgcaaa ggaaaggaaa ggaaaggatyg ccagagccct 840
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gatgaatctt cacaacaaca gagctggcag gaaggctgta aagcggttcet tgaaacaaga 900
gtgcaagtge cacggggtga gcggetcatg tactctcagg acatgcetgge tggecatgge 960
cgacttcagg aaaacgggcg attatctctg gaggaagtac aatggggcca tccaggtggt 1020
catgaaccag gatggcacag gtttcactgt ggctaacgag aggtttaaga agccaacgaa 1080
aaatgacctc gtgtattttg agaattctcce agactactgt atcagggacc gagaggcagg 1140
ctcecctgggt acagcaggcece gtgtgtgcaa cctgacttecce cggggcatgg acagctgtga 1200
agtcatgtgc tgtgggagag gctacgacac ctcccatgtce acccggatga ccaagtgtgg 1260
gtgtaagttc cactggtgct gcgccgtgeg ctgtcaggac tgcctggaag ctetggatgt 1320
gcacacatgce aaggccccca agaacgctga ctggacaacce gctacatgac cccagcaggce 1380
gtcaccatcc accttcececctt ctacaaggac tccattggat ctgcaagaac actggacctt 1440
tgggttettt ctggggggat atttcctaag gcatgtggcce tttatctcaa cggaagcccce 1500
ctecttectee ctgggggecce caggatgggg gggccacacg ctgcacctaa agcctaccct 1560
attctatcca tctectggtyg ttetgcagte atctceccecte ctggcgagtt ctetttggaa 1620
atagcatgac aggctgttca gccgggaggg tggtgggcecce agaccactgt ctcecacccac 1680
cttgacgttt cttctttcta gagcagttgg ccaagcagaa aaaaaagtgt ctcaaaggag 1740
ctttctcaat gtcttcccac aaatggtcce aattaagaaa ttccatactt ctctcagatg 1800
ggaacagtaa agaaagcaga atcaactgcc cctgacttaa ctttaacttt tgaaaagacc 1860
aagacttttg tctgatcaag tggttttaca gctaccaccc ttaggggtaa ttggtaatta 1920
cctggagaag aatggctttc aatacccttt taagtttaaa atgtgtattt ttcaaggcat 1980
ttattgccat attaaaatct gatgtaacaa ggtggggacg tgtgtccttt ggtactatgg 2040
tgtgttgtat ctttgtaaga gcaaaagcct cagaaaggga ttgctttgca ttactgtccce 2100
cttgatataa aaaatcttta gggaatgaga gttccttcectc acttagaatc cgaagggaat 2160
taaaaagaag atgaatggtc tggcaatatt ctgtaactat tgggtgaata tggtggaaaa 2220
taatttagtg gatggaatat cagaagtata tctgtacaga tcaagaaaaa aagggagaat 2280
aaaattccta tctcatatta aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaa 2338
<210> SEQ ID NO 17
<211> LENGTH: 3572
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 17
gaataattct gctacaaggce tgatttcaag gacatgaatt gttgacctca tcccaacatce 60
agaacctcag atgttctaat ttttgcacca ttccaggcaa gttgatctta taaggaaata 120
aaattgaacc ttaggggtct gatggaaatt cactgtgaca ttcaaatcaa gaaaacttgce 180
taatgcccac agagectttt ccccatggge cctgatggta gectcecagaa ggtgcagect 240
caggtggtge cctttettet gtggcaagaa taaactttgg gtettggatt gcaataccac 300
ctgtggagaa aatggtatgc gagggaaagce gatcagcecte ttgeccttgt ttettectet 360
tgaccgccaa gttctactgg atcctcacaa tgatgcaaag aactcacagce caggagtatg 420
cccattccat acgggtggat ggggacatta ttttgggggyg tetcttcecect gtcecacgcaa 480
agggagagag aggggtgcct tgtggggage tgaagaagga aaaggggatt cacagactgg 540
aggccatgcet ttatgcaatt gaccagatta acaaggaccce tgatctcctt tccaacatca 600
ctetgggtgt ccgcatccte gacacgtget ctagggacac ctatgetttyg gagcagtcte 660
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taacattcgt gcaggcatta atagagaaag atgcttcgga tgtgaagtgt gctaatggag 720
atccacccat tttcaccaag cccgacaaga tttetggegt cataggtget gcagcaaget 780
cegtgtecat catggttgcet aacattttaa gactttttaa gatacctcaa atcagctatg 840
catccacage cccagagcta agtgataaca ccaggtatga ctttttctet cgagtggtte 900
cgectgacte ctaccaagcce caagccatgg tggacatcegt gacagcactyg ggatggaatt 960
atgtttcgac actggcttcet gaggggaact atggtgagag cggtgtggag gccttcaccce 1020
agatctcgag ggagattggt ggtgtttgca ttgctcagtc acagaaaatc ccacgtgaac 1080
caagacctgg agaatttgaa aaaattatca aacgcctgct agaaacacct aatgctcgag 1140
cagtgattat gtttgccaat gaggatgaca tcaggaggat attggaagca gcaaaaaaac 1200
taaaccaaag tgggcatttt ctctggattg gctcagatag ttggggatcc aaaatagcac 1260
ctgtctatca gcaagaggag attgcagaag gggctgtgac aattttgccce aaacgagcat 1320
caattgatgg atttgatcga tactttagaa gccgaactct tgccaataat cgaagaaatg 1380
tgtggtttgce agaattctgg gaggagaatt ttggctgcaa gttaggatca catgggaaaa 1440
ggaacagtca tataaagaaa tgcacagggc tggagcgaat tgctcgggat tcatcttatg 1500
aacaggaagg aaaggtccaa tttgtaattg atgctgtata ttccatggct tacgccctgce 1560
acaatatgca caaagatctc tgccctggat acattggect ttgtccacga atgagtacca 1620
ttgatgggaa agagctactt ggttatattc gggctgtaaa ttttaatggc agtgctggca 1680
ctecctgtecac ttttaatgaa aacggagatg ctectggacg ttatgatatce ttccagtatce 1740
aaataaccaa caaaagcaca gagtacaaag tcatcggcca ctggaccaat cagcttcate 1800
taaaagtgga agacatgcag tgggctcata gagaacatac tcacccggcg tetgtcetgceca 1860
gectgeegty taagccaggg gagaggaaga aaacggtgaa aggggtcect tgetgetgge 1920
actgtgaacg ctgtgaaggt tacaactacc aggtggatga gctgtcctgt gaactttgcece 1980
ctctggatca gagacccaac atgaaccgca caggctgcca gcecttatccce atcatcaaat 2040
tggagtggca ttctccctgg getgtggtge ctgtgtttgt tgcaatattg ggaatcatcg 2100
ccaccacctt tgtgatcgtg acctttgtce gctataatga cacacctatce gtgagggcett 2160
caggacgcga acttagttac gtgctcecctaa cggggatttt tctctgttat tcaatcacgt 2220
ttttaatgat tgcagcacca gatacaatca tatgctcctt ccgacgggte ttectaggac 2280
ttggcatgtg tttcagctat gcagccctte tgaccaaaac aaaccgtatc caccgaatat 2340
ttgagcaggg gaagaaatct gtcacagcgc ccaagttcat tagtccagca tcectcagetgg 2400
tgatcacctt cagcctcatce teccgtcecage tcecttggagt gtttgtctgg tttgttgtgg 2460
atcceccccca catcatcatt gactatggag agcagcggac actagatcca gagaaggcca 2520
ggggagtgct caagtgtgac atttctgatc tctcactcat ttgttcactt ggatacagta 2580
tcetettgat ggtcacttgt actgtttatg ccattaaaac gagaggtgtce ccagagactt 2640
tcaatgaagc caaacctatt ggatttacca tgtataccac ctgcatcatt tggttagcett 2700
tcatccceccat cttttttggt acagcccagt cagcagaaaa gatgtacatc cagacaacaa 2760
cacttactgt ctccatgagt ttaagtgctt cagtatctct gggcatgctce tatatgccca 2820
aggtttatat tataattttt catccagaac agaatgttca aaaacgcaag aggagcttca 2880
aggctgtggt gacagctgcce accatgcaaa gcaaactgat ccaaaaagga aatgacagac 2940
caaatggcga ggtgaaaagt gaactctgtg agagtcttga aaccaacact tcctctacca 3000
agacaacata tatcagttac agcaatcatt caatctgaaa cagggaaatg gcacaatctg 3060
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aagagatgtg gtatatgatc ttaaatgatg aacatgagac cgcaaaaatt cactcctgga 3120
gatctccgta gactacaatc aatcaaatca atagtcagtc ttgtaaggaa caaaaattag 3180
ccatgagcca aaagtatcaa taaacgggga gtgaagaaac ccgttttata caataaaacc 3240
aatgagtgtc aagctaaagt attgcttatt catgagcagt taaaacaaat cacaaaagga 3300
aaactaatgt tagctcgtga aaaaaaatgc tgttgaaata aataatgtct gatgttattc 3360
ttgtattttt ctgtgattgt gagaactccc gttecctgtece cacattgttt aacttgtata 3420
agacaatgag tctgtttctt gtaatggctg accagattga agccctgggt tgtgctaaaa 3480
ataaatgcaa tgattgatgc atgcaatttt ttatacaaat aatttatttc taataataaa 3540
ggaatgtttt gcaaatgtta aaaaaaaaaa aa 3572
<210> SEQ ID NO 18
<211> LENGTH: 1310
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 18
catctttttyg agtattgttt attgtaatgt aagaaccagt catgcctggyg gtacactcaa 60
gctggatcect tgccataagg gcaggetggg gtgaatggtg gtacactcett ggtaaatgtg 120
acatgataag aaatatatat ttgggccagg cacattgtece tgcacctgta atcacagaac 180
ttggggaggce taaggcaggc aaattgctte aggccaggag ttagagacca gcctggccaa 240
catggtgaaa acctcctectce aactaaaaat acgaagatta getgggegtyg gtggetectg 300
ccegtagtee cagctactceg ggaggttgag gecatgagaat cgcettgaacce cgggaggtgg 360
aggttgcagt gagctgagat cacaccactg ctttccagec tgggcaacag agtgagacte 420
tgtctcaaaa atttggtctce tgccccttga cacccaactyg ctaaaaccct tgtaatttcee 480
tgagtgatag aggtgataag aatgtcttcc acagaattcce caaatccctt ggaatttcct 540
gggtgataaa ccttttgtte taatgaggtg attcttagtg ggttcctgga tagcttcaaa 600
gtggtgatgt catcagaaag actaaactgt cattagaagc ttggaacttc taacccaccce 660
taccectatt ctccagggag gagagagggg ctggaaattyg tttaattatc tatcatgect 720
atgtgatgaa accccctcaa aatttctaaa ctatgaggtt tggagagect ccaggttgat 780
aaccatatcce acatgccggg aggatggtge accccgacte catggggata gaagectcetg 840
tgtttgggac ttttctggac atcacacagt gtacctcttc atctggctgt tcatgtgtat 900
ccattatgtc ctttttaata aatcagtaat agtaagctgt tttcttgagt tcectgtgaccce 960
cttctagcaa acgattgaac ttgaggaggg agtcatgaga tcccctgact tgtaggcagt 1020
tggtgagaag tataggagac ccagacttgt gattggcatt tgaagtgagg gataatcttg 1080
tggctectgag cccctaacct gtggtgtctg cattaactcect gggtaattac tgtcagaatt 1140
gaattcaatc attagatatc aagtaggttt ccaggaagtt ggagaacttg ttgttggtgt 1200
gaggggaaga aacccataag tttggtgtca gagcattgcc agtagagaaa caggtccccce 1260
ccacatatga gttggatggt gttatgctct tggtagggca tttgttttga 1310

<210> SEQ ID NO 19
<211> LENGTH: 2724

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 19

actcattgcet ttggegcegt ctggggageg cgagcccgeg ggtggegege ggcegecatggt 60
ggcggctect ttceggagege agccgaacct ctgacccgga cteccegttacce cctgcccgge 120
gcgeccegge ggccggcetgg aggcagaaac agcagaagceg ttaacagcag cagcggegge 180
ggctgcteceg cecgecgtete cgcgggagca tggagtgege cctggacgec cagagcctga 240
tcagcatctc cctgegcaag atccacagct cccgaaccca gegeggeggce atcaagetgce 300
acaagaacct cctggtgtce tacgtgctce gcaacgegeg ccagctctac ctgagcgagce 360
gctacgccga gctctaccgg cgccagcagce agcagcaaca gcagcagecg ccccaccace 420
agcaccagca cctagecgtac gecggcgcecgg gcatgecgge cagegeggcec gactteggec 480

cgctecaact tggeggegge ggggacgegg aggegegega gecggecgee cggcaccage 540
tgcaccagct ccaccagete caccagetge acctecagea geagetgecac cagcaccage 600

acceggegece caggggctge gcggeggegg cggcggecgg agcgeccgceg ggeggegegyg 660

gggegetete ggagetgecee gggtgegeeyg cgctccagee gecgcacgge gogecccace 720
gegggeagee cttggagect ctgcagecegyg gtectgegee getgeegetyg cegetgecge 780
cgeccgegee cgctgegete tgeccgeggg accctegege cecggecgee tgetecegege 840
cceccagggge cgececteeg gecgeogeag ctteteegee cgecteceeg geccecgect 900
cctecccegyg cttetacegg ggegecatace ctaccectte ggacttegge ttgcactgca 960

gcagccagac caccgtgctg gacctagaca ctcacgtggt gaccacggtg gagaacgget 1020
acttgcacca ggactgctge gectecgece actgeccectg ctgtggccag ggcgcetecgg 1080
gaccgggect ggegtecogee gecggetgca agcegcaagta ttaccctgge caggaggagyg 1140
aggaagacga cgaggaggat gcgggeggge tgggggcecga geccccceggyg ggcgecccegt 1200
tcgecececectg caagegcegece cgcttcegagg acttcectgece ggactegtee ccecggacgegt 1260
ccaacatctc aaacttgatc tceccatctttg gctecggett ctcecggggctg gtgagcecgac 1320
agccggacte ctcggagcag ccgccgecge tcaacgggea getgtgegece aagcaggcege 1380
tcgccagect cggcegectgg actcgagceca ttgtcecgectt ctagggacce ccgagggcac 1440
agggacccgg ggcccecgegg ggctggggece agacaaagac tceggcaaagyg ggcgagagga 1500
gggaacgagc gggcegecggg ccactcegggg ctgagetggg ggcgagceggg ggcaggegge 1560
tgatgtttta taaattgtaa aataaaaaaa aaagaaatct aaaatcttgg actttatttt 1620
tgcagagaga aaaagcgcct atttaagtat gectttgtgtt tcteoctactce ctttttttet 1680
ttttattgta gtgattgcag tggtgtttag cgaggagcct accacgtgag ggagggctgce 1740
tgcceggagg aggtgecggg cagcecggggyg cgaggcaggyg cgceectggee gecoggggege 1800
geegggggey cagcetcagga gggcegecgga cctgggaage cgattcecaat cagttgtceag 1860
acccgggaag cccgacgtte cgectcteccecg agtceccctetg tggggtgagg aatgggtcett 1920
gtgaaattct gagcaaaaac aaaggcaaac tctatctceg aaagggacgt ttgggtcaca 1980
tttecctetet gggggcggac tccaaagttce tcaaaatgag aaggcagaaa tgaaaacact 2040
tcaacttttt ttttectttte ttecccgggge gggtgtettg aaccecctcett ctecccegece 2100
ctectggetee gttctectee ccectectecac cecgtecteceg gactecggggg tggcgectga 2160
caccecgaca ctcteggaca ctgggtaagg ggtgggggge gggcacggeyg gactacattt 2220

cccatcatge ctagcactgce ggtcctcact aaacaaaaaa ggaagtcaat tcecttcacct 2280

ggatccecegg cggcecceggg ggagggaggyg gecegggaceg ccgactgegt tggagacttt 2340
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gcactaagtt cctggtcagce tgtggtgttt gtgtgtgtge ttctaagttg cactgccttg 2400
gttcagccectt cggttgcatt tcatgaaacc agcattgttc gagcctgtga gaaccccegtce 2460
ctgtgtecttce agctcgatag atttgtttaa tttaaaagcce ttttgttgta aaaaggtggg 2520
gttcegtctge agecccctcetg gttetectgece atcagcaceyg tgtggactcecce aaaacgagtt 2580
gccaatcett ccectttetegg ceecttttece tcattaccet gtatttttgt gcatactgaa 2640
ttgtatatca ccgggtaaaa ctgttcagat tgtttaaatt tataatctta ataaaaagtc 2700
gattacagaa aaaaaaaaaa aaaa 2724
<210> SEQ ID NO 20
<211> LENGTH: 3535
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20
ggcagcageyg gcegeggecgg ccccagtege cgteggtete cegecttegyg gggaaccagyg 60
tcteegtece tettetetee tecagecege accgeccege tecccagete ggtttttecyg 120
caggatttcee ctcegetcectee cctecctget tggeccceege geteccctee ctetecacte 180
ggcaccatge ccecteccee gggegetecee cegggtttet gacggeccte tgegecgetce 240
cgaccecgee gggatgcaga gagaccecta getectegeg atggacccag gcatcctgga 300
cettggegtt gecgetecge ggaccceecga ttteceggeg ggatccagtt gattttgttg 360
gectecggace gaggettggg ccoctggttta cctecgette atccctacce cgetecccegga 420
gecteggagee ggagggggge ttcegegggge tgcgcagece cgegtecceg cecccggeca 480
tggggctgtyg aggeggtege ccccegggecg aaatgceccee cggggggage gggecggggy 540
ggtgccegeyg cegecccceg gecctggetyg ggeccectgee gecgecteca cegecgecge 600
cgccacctet getgecgetg ttgccgetgt tgetgetgtt getgetgggy geggecgagyg 660
gggeccegggt ctectecage ctcagcacca cccaccacgt ccaccacttce cacagcaagce 720
acggcaccgt gcccatcgece atcaaccgca tgeccttect caccecgegge ggccacgecyg 780
ggaccacata catctttggg aaggggggag cgctcatcac ctacacgtgg ccccccaatg 840
acaggcccag cacgaggatg gatcgectgg cegtgggett cagcacccac cagcggagceg 900
ctgtgetggt gegggtggac agcgecteeg gecttggaga ctacctgcag ctgcacatcg 960
accagggcac cgtgggggtg atctttaacg tgggcacgga cgacattacc atcgacgagc 1020
ccaacgccat agtaagcgac ggcaaatacc acgtggtgeg cttcactcega agcggceggca 1080
acgccaccct gcaggtggac agctggecgg tcaacgageg gtaccceggcea ggaaactttg 1140
ataacgagcg cctggcgatt gctagacaga gaatccecta cecggecttggt cgagtagtag 1200
atgagtggct gctcgacaaa ggccgccagce tgaccatctt caacagccag gcetgccatca 1260
agatcggggg ccgggatcag ggccgeccect tecagggeca ggtgtcecegge ctctactaca 1320
atgggctcaa ggtgetggeg ctggccgecg agagcgaccee caatgtgegyg actgagggte 1380
acctgegect ggtgggggag gggccgteeg tgetgctcag tgcggagacce acggecacca 1440
ceetgetgge tgacatggcece accaccatca tggagactac caccaccatyg gccactacca 1500
ccacgegeceg gggecgetcee cccacactga gggacagcac cacccagaac acagatgace 1560
tgctggtgge ctctgctgag tgtccaagcg atgatgagga cctggaggag tgtgagccca 1620
gtactggagg agagttaata ttgcccatta tcacggagga ctccttagac cccectececyg 1680
tggccacceg atccccectte gtgccceccecge ccectacctt ctaccectte ctcacgggag 1740
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tgggcgccac ccaagacacg ctgcccecge cegecgegeyg cegeccgece tetgggggee 1800
cgtgecagge cgagegggac gacagcgact gegaggagece catcgaggece tcegggetteg 1860
cctecegggga ggtcetttgac tcecagectcee ccecccacgga cgacgaggac ttttacacca 1920
cctttecccet ggtcacggac cgcaccaccece tectgtcace cegcaaacce gctceccegge 1980
ccaacctcag gacagatggg gccacgggeg ceectggggt getgtttgee ccctecgece 2040
cggcecccaa cctgecggeyg ggcaaaatga accaccgaga ccecegettceag cccttgetgg 2100
agaacccgece cttggggece ggggccecca cgtectttga gecgeggagyg cccectecce 2160
tgegeccegg cgtgacctca gecccegget teccccatet geccacagece aaccccacag 2220
ggectgggga geggggceceg ccegggegcag tggaggtgat cegggagtec agcagcacca 2280
cgggcatggt ggtgggcatt gtggcggcgg cggcgctetg catcctcate ctectcectacg 2340
ccatgtataa gtaccgcaat cgtgatgagg gctcctacca ggtggaccag agccgaaact 2400
acatcagtaa ctcggeccag agcaatgggg cggtggtgaa agagaaggece ccggetgece 2460
ccaagacgcece cagcaaggcce aagaagaaca aagacaagga gtattatgtce tgageccccg 2520
gcactgegee ccactgccag ctgecectece tgggagggee cgggaggagg gtgccacect 2580
ctcectgeca ggggectggg gaccctetcee ctggctgect caggcttcte ttacgaagag 2640
gaaacgcaaa aaaagaaaag gaaaaacccce gtgctegecce ccttectect gecgtccact 2700
gcgeggecte gtcagtecceg gggctgactg tccctetcag ctetgegect gccaggcagy 2760
gcacgtgcte acagccctgg gttgatttat ttttttaagg gggtagtttt attttggtgg 2820
ggttgggtgg gaaggaaggc tgggggtttt gtaaagtgtc cactgctcgt cctgttaatt 2880
ttecctcaatt tttcettcette ttecttetgt ccectectgece ttecttetet teccaagece 2940
tccaatccece atcccagget tgectgtgtcet cactgtecce accctectte cctacttett 3000
tttttgtgtg tctggtttet ceccttecttt cctecctttg ggttteccaga gtecggtggga 3060
gaagggcggg agggtgggec cgagtggcece agtgggtggg tggggtgggg tggggcaagt 3120
geeccaacte cectcaccag gagaggcace tgettggtge cgeccaggga aggggctcag 3180
gcectgacgga aggectgtte tgtgtgtgee gecgggcgac gtgcattgat ggggaagetg 3240
ctggaggage aggggtygggyg ggtgggaggyg aggggaaagyg caaatgcaga tatatattac 3300
agacaaatac tctagattcc acgagcagca gectgtggea cceegetggge gcegggcagca 3360
gggaagaggg agcaaggcat tgtccacaga ctgctggggt cacttctttg cccacgggcet 3420
ccetgetece ccagtttttt ttetctettt gttaacaaat gtgtctgagt cttggaaaac 3480
accccaaccce cggaaatgtyg tgggaaaaag aaaacaaaaa ctttccaaat tcecaa 3535
<210> SEQ ID NO 21
<211> LENGTH: 6456
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 21
agggacatcg aatcggaggce cctgggagga geagecgget ggetgecctyg cagaggccag 60
gtetgceccayg caaacccagg aaggtgtgge gtcccegett cgeggecaag atggtgcetgg 120
tgctgegeca tectttgtgt geccgggaag ggegtteegyg gagecgggte gggggetcect 180
gactcgcact gggcagcatg acggtgcgcece ggctgtcact getgtgeegg gacctetggyg 240
cgetgtgget getgetgaag gecggegeag atgaaatcat gcaccaggac atcgtcccge 300
tctgtgetge cgacatccag gaccagctaa agaagcegett tgcttacctyg tcecggtggge 360
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gggggcagga cggaagcccg gttatcacct tccctgacta ceccggectte agecgagattce 420
cggacaagga gttccagaat gtcatgacct acctcaccag catccccage ctgcaggacg 480
ctggcatcegg attcatcctg gtgatagacce ggcgacggga caaatggacce tccgtgaagg 540
cgtcegtect gegecatcgca gecatctttee cggcaaacct gcagetcegte ctegtgette 600
geecgacggyg ttttttccaa aggactcectcet ccgacatcge tttcaaattc aatagagatg 660
actttaagat gaaggtgccg gtcataatge tgagctcegt accagactta cacggttaca 720
tcgataagte gcagctgacce gaggacctgg gtgggaccct ggactactge cactcccggt 780
ggctgtgeca gegcacggee atcgaaagtt tcgcecctcat ggtgaagcag acggctcaga 840
tgctgcagte cttegggace gagcetggetg aaacagaget geccaatgac gtccagtcga 900
caagctcagt gctgtgtgceg cacacagaga agaaggacaa ggcgaaggag gatttgagge 960
tggcactgaa agaggggcac agtgtcctgg agagectcag ggagctgcag gctgaggget 1020
cagagcccag tgtgaaccag gaccagettg acaaccagge caccgtgcag aggctcectgg 1080
cccagetgaa cgaaaccgag getgcectteg atgagttcetyg ggcaaagcat cagcagaaac 1140
tggagcagtg tctgcagctce cggcactttg agcagggctt ccgggaggtce aaagccatct 1200
tggacgcage gtcccagaag atagcaacct tcacagacat cggcaacage ctggegcatg 1260
tggagcacct gctgagggac ctggccaget tegaggagaa atcaggcegtyg gccgtggaga 1320
gggeceggge cctgtetetyg gacggegage agctcattgg gaacaagcac tacgeggtag 1380
actccatcecg cccaaagtge caggagctce ggcacctetg tgaccagtte tetgcecggaga 1440
tcgcaaggag gagggggctyg ctcagcaagt cectggaget gcaccgecge ctggagacgt 1500
ccatgaagtg gtgtgatgaa gggatttacc tgctggectc acaacctgtg gacaagtgcece 1560
agtcccagga cggcgcggag gcectgccectcee aggaaatcga gaagtttttg gagaccggtg 1620
cggaaaataa gatccaggag ctcaacgcga tttacaagga atacgaatcc atcctcaacc 1680
aagatctcat ggagcacgtg cgaaaggtct tccagaagca ggcaagcatg gaggaggtgt 1740
tccaccgcag gcaggcecage ctgaagaage tggeggcecag gcagacgegyg cccgtgcage 1800
cggtggeccee cagacccgag gcactggcaa agtcgcecctyg cceecteccca ggcattegge 1860
gaggctcetga gaactccage tccgagggceg gtgcgetceceg gagagggecc taccggaggyg 1920
ccaagagtga gatgagtgag agccggcagg gecgeggcete agegggggayg gaggaggaaa 1980
gectggecat cctygegcagg cacgtgatga gcgagetcect ggacacagaa cgggectacy 2040
tggaggagct gectgtgcgte ctggagggct acgccgcgga gatggataac ccactgatgg 2100
ctcacctect gtcaacaggce cttcacaaca agaaggatgt tttgtttgga aacatggagg 2160
aaatctatca cttccacaac aggatattcce tcagggagct ggaaaactac actgactgcece 2220
cagaactggt tggaagatgc tttctggaga ggatggaaga tttccagatc tatgagaagt 2280
actgtcagaa caagcccege tcectgagagcce tgtggagaca gtgctccgac tgcccegtttt 2340
tccaggaatg ccagagaaag ctggaccaca agctgagect ggactcctac ctgctgaage 2400
cagtgcagag gatcaccaag taccagctge tgctcaagga aatgctgaaa tacagcagga 2460
actgcgaggg ggctgaggac ctgcaggagg cgctgagete catcctggge atcctgaagg 2520
ccgtgaacga ctccatgcac ctcatcgcta tcaccggcta tgacgggaat ctcecggcgacce 2580
tgggcaagcet gctgatgcag ggctcegttca gegtetggac cgaccacaag aggggcecaca 2640
ccaaggtgaa ggagctggcece aggttcaage ccatgcageg gcacctgtte ctgcacgaga 2700
aggcagtgct cttctgcaag aagagggagg agaatgggga ggggtatgag aaagctccct 2760
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cctacagcta caagcagtcc ttaaacatgg ctgccgttgg cattacggag aacgtgaagg 2820
gagatgctaa gaagttcgag atctggtaca acgcgcgcga ggaggtctac atcgtccagg 2880
cgccaactce tgagattaaa gccgcegtggg tgaatgaaat tcggaaagtg ctgaccagcece 2940
agctgcagge ttgtagagaa gccagccage accgggceget ggagcagtca cagagectge 3000
cectgecgge cccgaccage accagtcecct caagaggaaa ctcaaggaac atcaagaagce 3060
tggaagaaag gaaaacagac cccctaagece tggagggata cgtcagctca gcgecactga 3120
caaagccccee cgaaaagggce aaaggttgga gcaaaacgte ccactcactyg gaggcacctg 3180
aggacgacgg gggctggtca agtgcagagg agcagattaa ctegtccgac gcagaggagg 3240
acggegggtt gggccccaag aagctggttce caggtaaata cacggtcegtyg gcggaccacyg 3300
agaagggagg ccccgatgceg ctgcgegtga ggagcegggga cgtggtggag ctggtgcagg 3360
agggcgacga gggectetgg tacgtcaggg acccgaccac tggcaaggag ggctgggtge 3420
cggccagecag cctgtecgte cggcteggee cgtecggete ggeccagtge ctgagcaget 3480
cagagtcgag cccggggtceg gecgtgetga geaactcegte cagetgcage gagggeggece 3540
aggcccectt ctccgacctyg caggggtage geggectegyg cgecggagac ccgegegetg 3600
tetggggety cggtggegtyg gggagggege ggeccccgga cgecccgagyg aaggggcace 3660
tcaccgecee cacccagage gectggecgt gegggctgea gaggaccect ccggggcaga 3720
ggcaggttee acggaagacc ccggeccgcet ggggcettece cggagactcec agagcccaca 3780
gaggagggygce cgcagggaac agccccgggce ggcaggegec gggcageggce atctegtect 3840
ggctceccacecg tgctgcttcet gectectggac ggtgctttca ggggacgcgce ggaccgtggt 3900
ggagctgett cecggagaagt ggaggatcct ctggccaacyg gectgaggag ageggggeac 3960
ggggtctett tagettttac aagttttagg attttttcaa gcagggatca atcccgtgge 4020
cattttttgt ggtactttgg cctcaattct tcaccaggaa tcactgtgtt tacatgaaat 4080
gacaatttga tactgtattt gatagaaaac tatttttttg ttaccggggt ttacatagaa 4140
gcacgttgtt tataccacta agtgactttg ggggggctct cccatggaaa cggatggcac 4200
tcectgaage tecctggtceca caggtggatg aaaacgtgtce cgtgggtgac atcaggtggt 4260
gtctccacca ccaaaagcag ttagaagcca aggagattcc tttatctacc tagggttcat 4320
tttcaaaaga aaatttaaac tataatttaa acaattaacg ttcttttcta caaaaaaaat 4380
gcagggactt gattttttta aagagcttca ctgaattagg atatttttat tgcttttaaa 4440
gaaaatacaa agatgcagtt tctgcagggt gtggcgtgga ccagtgctgc cgaccatagce 4500
tcagagagcce ctgcccctge ctcactgcac tgcagcectece tcggaggccg cacctcecact 4560
ccactcccca cgcgeccect gectcccace caggtccace tgccacctgg tgaccacctt 4620
gagtacagaa gtgaaagtgg ggagagtatt ttattcaagt cacagcagaa ctggaaaaaa 4680
actcttetgt tttaccaact tettgtgttt cagaaacata ttctgttcaa aacttttgaa 4740
gcceetttegg tgtctagtcect gcagatgttt ttgtatgtgt gcacctcectga ccatgtgtgt 4800
acatatgtgt cttgctggaa aggacatatt cgctgtcccce gtgctgctgg gagggccgcece 4860
tcacagccte acggttccca gecccagcac agtggaggca ggcgtggcectg cattcccecte 4920
acgctaccct cccagcecggcet tgtagccgte actggccaga cctceccagggt geggaatcaa 4980
ataggaagca tgcagagact cggcagcttt tcctcectgatg tgtaagttat ttggaacgceg 5040
tgctgtgtcece cgcgatgtcece ctgatgtact gtgcaggcege ggtgcctceeg tetegtegcea 5100
cagctgegeg cecttgtgtyg accctceccca taaaggcact ttacagctte atgtttcatce 5160
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cactgtcact tttttttaac tgctgatgta aatggaattt taaaagcaga gttctttatt 5220
gtatggatga cgtttgaata aatatcagca actcctgcca tectgectttg tctgtcaaga 5280
cacagaacgt ctcagcagtc ggggtttcca gggccgcagt gcactgtget tgcacatggt 5340
aagtcattgt tgggacggaa aagaagccgg cagtgggcag ggcccagegt geggetcagg 5400
caccgagcaa ccgctttget ttettcetgte agacggcgat gatgacaaaa tagcaacaag 5460
gttgtgcgtyg tcagaaacgc aaaggcagca gaggaagcgt agtggaacca ttacagaatc 5520
acaatgcagc cgacactctc cagaccagaa aagggagcat aaagaaaggyg tattgatcca 5580
atagaagaag ggaagggtgg agaaagggga aagcatggtt aacaggaaac aacatgtaac 5640
ggaagagaca gcccagatgt gtctggcetca caacagacgt gatcatgtta tgctggectg 5700
gaagagcatc ggatcagacg tgacaagtca ctgcttagag accatcaagc aaatttatat 5760
atagattgga gatttaaaat aaaagaagac agaacagaca aacaccataa gaaagctggt 5820
gtagcagtat cgatgacctg aaatgggatt caggacagtt catagagtaa agggggctgce 5880
gtggcaatca ggaactcata agccactgac tataaagctc aaaacacagc aaagttggca 5940
gtcggcagac agcaatgttg actgtcatga aaagtgatcc ctgtttgeccce ctaaacgtag 6000
agaaatctgc gttattttcc agcacacatg gagcacaaac aaaatatttg caaaacaatg 6060
ggaagatcat tgaaacactg tttggcaatt taaaagcttg tttctaactc acgggatgcg 6120
ggcagtctyge tctctagaac tggacagegt gcacagagece acgggaggga gcagccacgg 6180
ccagctcaga ttggtgtcga cagcttagtg gtgtctgatt ttatacatga caaaatgaac 6240
gagttaacca tttaagccaa aaaaataaga ctagcgtaac ccaaagaaag tatttaaata 6300
cttctgtcaa ttaggacagt tgagaaaaga gaataacaaa atcaaaagca aaactcaaac 6360
tttgtacctg aaaaatctaa taaaactgac taatttatag aaaacctaag aaactccata 6420
tcaaataaaa aattttaaat atgagagaaa aaaaaa 6456
<210> SEQ ID NO 22
<211> LENGTH: 3075
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 22
agtceccatgg ggaatgtcaa caggcagggg cagcactgca gagatttcat catggtctce 60
caggcectcea ggctectetg ccttetgett gggettcagyg getgectgge tgcagtette 120
gtaacccagyg aggaagccca cggegtectg caccggegec ggcgcegecaa cgegttectg 180
gaggagctge ggecgggcete cctggagagg gagtgcaagg aggagcagtg ctecttegag 240
gaggccegygyg agatcttcaa ggacgcggag aggacgaage tgttctggat ttcttacagt 300
gatggggacce agtgtgcctce aagtccatge cagaatgggg gctcctgcaa ggaccagcetce 360
cagtcctata tctgettetg cctecctgee ttegagggece ggaactgtga gacgcacaag 420
gatgaccage tgatctgtgt gaacgagaac ggcggctgtg agcagtactg cagtgaccac 480
acgggcacca agcgctectg tecggtgecac gaggggtact ctetgetgge agacggggtyg 540
tcctgcacac ccacagttga atatccatgt ggaaaaatac ctattctaga aaaaagaaat 600
gccagcaaac cccaaggccg aattgtgggg ggcaaggtgt gecccaaagg ggagtgtceca 660
tggcaggtcee tgttgttggt gaatggaget cagttgtgtyg gggggaccct gatcaacacce 720
atctgggtgg tctecgegge ccactgttte gacaaaatca agaactggag gaacctgatce 780
geggtgetygyg gegagcacga cctcagcgag cacgacgggg atgagcagag ceggegggtyg 840
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gegecaggtea tcatccccag cacgtacgtce ccgggcacca ccaaccacga catcgegetg 900
cteegectge accagecegt ggtcectcact gaccatgtgg tgccectetyg cctgeccgaa 960
cggacgttct ctgagaggac gctggcectte gtgegcettet cattggtcag cggctggggce 1020
cagctgetgg accgtggege cacggccctg gagctcatgg tectcaacgt geccceggetg 1080
atgacccagg actgcectgca gcagtcacgg aaggtgggag actccccaaa tatcacggag 1140
tacatgttct gtgccggcta ctecggatgge agcaaggact cctgcaaggg ggacagtgga 1200
ggcccacatyg ccacccacta ccggggcacg tggtacctga cgggcatcegt cagetgggge 1260
cagggctgeg caaccgtggg ccactttggg gtgtacacca gggtctccca gtacatcgag 1320
tggctgcaaa agctcatgceg ctcagagcca cgcccaggag tcectectgeg ageccccattt 1380
ccctagecca gcagecectgg cctgtggaga gaaagccaag gcetgegtega actgtectgg 1440
caccaaatcc catatattct tetgcagtta atggggtaga ggagggcatg ggagggaggg 1500
agaggtgggg agggagacag agacagaaac agagagagac agagacagag agagactgag 1560
ggagagactc tgaggacatg gagagagact caaagagact ccaagattca aagagactaa 1620
tagagacaca gagatggaat agaaaagatg agaggcagag gcagacaggc gctggacaga 1680
ggggcagggg agtgccaagg ttgtcctgga ggcagacagce ccagctgagce ctecttacct 1740
ccettecagece aagcccacct gcacgtgatce tgctggecte aggctgctge tetgecttca 1800
ttgctggaga cagtagaggc atgaacacac atggatgcac acacacacac gccaatgcac 1860
acacacagag atatgcacac acacggatgc acacacagat ggtcacacag agatacgcaa 1920
acacaccgat gcacacgcac atagagatat gcacacacag atgcacacac agatatacac 1980
atggatgcac gcacatgcca atgcacgcac acatcagtge acacggatgce acagagatat 2040
gcacacaccyg atgtgcgcac acacagatat gcacacacat ggatgagcac acacacacca 2100
atgcgcacac acaccgatgt acacacacag atgcacacac agatgcacac acaccgatgce 2160
tgactccatg tgtgctgtece tcetgaaggcg gttgtttage tcectcactttt ctggttetta 2220
tccattatca tecttcactte agacaattca gaagcatcac catgcatggt ggcgaatgcece 2280
cccaaactct cccccaaatg tatttcectcecce ttegetgggt gecgggctge acagactatt 2340
cceccacctge ttceccagett cacaataaac ggetgcgtet cctcecgcaca cetgtggtge 2400
ctgccaccca ctgggttgec catgattcat ttttggagecce cccggtgcte atcctcetgag 2460
atgctectttt ctttcacaat tttcaacatc actgaaatga accctcacat ggaagctatt 2520
ttttaaaaac aaaagctgtt tgatagatgt ttgaggctgt agctcccagg atcctgtgga 2580
attggatgtt ctctccctge cacagcecctt gtcaatgata tttcacagag accctgggag 2640
cacctgctca agagtcaggg acacacgcat cactaaatgc aagttcccag gecctggetg 2700
cagtgggagg acctggcaag ctgcactctt gctgagtcecce cagggtggtg gaagaagaat 2760
gagaaacaca tgaacagaga aatggggagg tgacaaacag tgcccccact cagactcegg 2820
caagcacggce tcagagagtg gactcgatge catccctgea gggecgtect gggcaccact 2880
ggcactcaca gcagcaaggt gggcaccatt ggcactcaca gcagcaaggc aggcaccagce 2940
aacccacctce gggggcactc aggcatcatc tacttcagag cagacagggt ctatgaacta 3000
cagccgtggg ctgcttccaa ggcaccctge tcttgtaaat aaagttttat gggaacacaa 3060
aaaaaaaaaa aaaaa 3075
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<210> SEQ ID NO 23
<211> LENGTH: 6236
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
gttttttgte actgecctgee tgggtectge ccgaggtcete catccteggt ttecctgtec 60
ttgcecceggg ccctgggagt getctggaag getgcegcagt attggagggyg acagaatgac 120
ctteeggect tgagtecectyg gggagcagat ggaccctact ggaagtcagt tggattcaga 180
tttctetcag caagatactc cttgcctgat aattgaagat tctcagectyg aaagccaggt 240
tctagaggat gattctggtt ctcacttcag tatgctatcet cgacacctte ctaatctcca 300
gacgcacaaa gaaaatcctg tgttggatgt tgtgtccaat cctgaacaaa cagctggaga 360
agaacgagga gacggtaata gtgggttcaa tgaacatttyg aaagaaaaca aggttgcaga 420
cectgtggat tcettctaact tggacacatg tggttcecate agtcaggtca ttgagcagtt 480
acctcagcca aacaggacaa gcagtgttcet gggaatgtca gtggaatctg ctcctgetgt 540
ggaggaagag aagggagaag agttggaaca gaaggagaaa gagaaggaag aagatacttc 600
aggcaatact acacattccc ttggtgctga agatactgec tcatcacagt tgggttttgg 660
ggttctggaa ctcteccaga gccaggatgt tgaggaaaat actgtgecat atgaagtgga 720
caaagagcag ctacaatcag taaccaccaa ctctggttat accaggctgt ctgatgtgga 780
tgctaatact gcaattaagc atgaagaaca gtccaacgaa gatatcccca tagcagaaca 840
gtecagcaag gacatccctyg tgacagcaca gcccagtaag gatgtacatg ttgtaaaaga 900
gcaaaatcca ccacctgcaa ggtcagagga catgcectttt agccccaaag catctgttge 960
tgctatggaa gcaaaagaac agttgtctgc acaagaactt atggaaagtg gactgcagat 1020
tcagaagtca ccagagcctg aggttttgtce aactcaggaa gacttgtttg accagagcaa 1080
taaaacagta tcttctgatg gttgctctac tccttcaagg gaggaaggtg ggtgttettt 1140
ggcttccact cctgccacca ctetgcatcet cctgcagcte tcetggtcaga ggtcecccttgt 1200
tcaggacagt ctttccacga attcttcaga tcttgttget ccttectectg atgetttecg 1260
atctactcct tttatcgtte ctagcagtcce cacagagcaa gaagggagac aagataagcc 1320
aatggacacg tcagtgttat ctgaagaagg aggagagcct tttcagaaga aacttcaaag 1380
tggtgaacca gtggagttag aaaaccccce tctectgect gagtccactg tatcaccaca 1440
agcctcaaca ccaatatctce agagcacacc agtcecttcecect cctgggtcac ttectatcce 1500
atcccagect cagttttete atgacatttt tattceccttece ccaagtctgg aagaacaatc 1560
aaatgatggg aagaaagatg gagatatgca tagttcatct ttgacagttg agtgttctaa 1620
aacttcagag attgaaccaa agaattcccce tgaggatctt gggctatctt tgacagggga 1680
ttcttgcaag ttgatgcttt ctacaagtga atatagtcag tccccaaaga tggagagcett 1740
gagttctcac agaattgatg aagatggaga aaacacacag attgaggata cggaacccat 1800
gtctccagtt ctcaattcta aatttgttcc tgctgaaaat gatagtatcc tgatgaatcce 1860
agcacaggat ggtgaagtac aactgagtca gaatgatgac aaaacaaagyg gagatgatac 1920
agacaccagg gatgacatta gtattttagc cactggttgc aagggcagag aagaaacggt 1980
agcagaagat gtttgtattg atctcacttg tgattcgggg agtcaggcag ttccgtcacce 2040
agctactcga tctgaggcac tttctagtgt gttagatcag gaggaagcta tggaaattaa 2100
agaacaccat ccagaggagg ggtcttcagg gtectgaggtyg gaagaaatcce ctgagacacce 2160
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ttgtgaaagt caaggagagg aactcaaaga agaaaatatg gagagtgttc cgttgcacct 2220
ttctctgact gaaactcagt cccaagggtt gtgtcttcaa aaggaaatgc caaaaaaaga 2280
atgctcagaa gctatggaag ttgaaaccag tgtgattagt attgattccce ctcaaaagtt 2340
ggcaatactt gaccaagaat tggaacataa ggaacaggaa gcttgggaag aagctacttce 2400
agaggactcc agtgttgtca ttgtagatgt gaaagagcca tctcccagag ttgatgttte 2460
ttgtgaacct ttggagggag tggagaagtg ctcagattcc cagtcatggg aggatattgce 2520
tccagaaata gaaccatgtg ctgagaatag attagacacc aaggaagaaa agagtgtaga 2580
atatgaagga gatctgaaat cagggactgc agaaacagaa cctgtagagc aagattcttce 2640
acagccttece ttacctttag tgagagcaga tgatccttta agacttgacc aggagttgca 2700
gcagccccaa actcaggaga aaacaagtaa ttcattaaca gaagactcaa aaatggctaa 2760
tgcaaagcag ctaagctcag atgcagaggce ccagaagctyg gggaagccct ctgeccatge 2820
ctcacaaagc ttctgtgaaa gttctagtga aaccccattt catttcactt tgcctaaaga 2880
aggtgatatc atcccaccat tgactggtgc aaccccacct cttattgggce acctaaaatt 2940
ggagcccaag agacacagta ctecctattgg tattagcaac tatccagaaa gcaccatagce 3000
aaccagtgat gtcatgtctg aaagcatggt ggagacccat gatcccatac ttgggagtgg 3060
aaaaggggat tctggggctg ccccagacgt ggatgataaa ttatgtctaa gaatgaaact 3120
ggttagtcct gagactgagg cgagtgaaga gtctttgcag ttcaacctgg aaaagcctge 3180
aactggtgaa agaaaaaatg gatctactgc tgttgctgag tctgttgcca gtccccagaa 3240
gaccatgtct gtgttgagct gtatctgtga agccaggcaa gagaatgagg ctcgaagtga 3300
ggatccceee accacaccca tcagggggaa cttgctccac tttccaagtt ctcaaggaga 3360
agaggagaaa gaaaaattgg agggtgacca tacaatcagg cagagtcaac agcctatgaa 3420
gcccattagt cctgtcaagg accctgttte tectgecttec cagaagatgg tcatacaagg 3480
gecatccagt cctcaaggag aggcaatggt gacagatgtg ctagaagacc agaaagaagg 3540
acggagtact aataaggaaa atcctagtaa ggccttgatt gaaaggccca gccaaaataa 3600
cataggaatc caaaccatgg agtgttcctt gagggtccca gaaactgttt cagcagcaac 3660
ccagactata aagaatgtgt gtgagcaggg gaccagtaca gtggaccaga actttggaaa 3720
gcaagatgcc acagttcaga ctgagagggg gagtggtgag aaaccagtca gtgctcetgg 3780
ggatgataca gagtcgctce atagccaggg agaagaagag tttgatatgc ctcagcectcece 3840
acatggccat gtcttacatc gtcacatgag aacaatccgg gaagtacgca cacttgtcac 3900
tcgtgtcatt acagatgtgt attatgtgga tggaacagaa gtagaaagaa aagtaactga 3960
ggagactgaa gagccaattg tagagtgtca ggagtgtgaa actgaagttt ccccttcaca 4020
gactgggggc tcecctcaggtg acctggggga tatcagctcece ttcetecteca aggcatccag 4080
cttacaccgce acatcaagtg ggacaagtct ctcagctatg cacagcagtg gaagctcagg 4140
gaaaggagcce ggaccactca gagggaaaac cagcgggaca gaacccgcag attttgectt 4200
acccagctee cgaggaggcce caggaaaact gagtcctaga aaaggggtca gtcagacagg 4260
gacgccagtyg tgtgaggagg atggtgatgce aggccttgge atcagacagg gagggaaggce 4320
tccagtcacyg cctegtggge gtgggcgaag gggecgcecca ccttetcegga ccactggaac 4380
cagagaaaca gctgtgccetg gecccttggg catagaggac atttcaccta acttgtcacce 4440
agatgataaa tccttcagecc gtgtcecgtgce ccgagtgcca gactccacca gacgaacaga 4500
tgtgggtgct ggtgctttge gtegtagtga ctctccagaa attcctttee aggctgetgce 4560
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tggccecttet gatggcttag atgcectecte tceccaggaaat agcetttgtag ggctcecegtgt 4620
tgtagccaag tggtcatcca atggctactt ttactctggg aaaatcacac gagatgtcgg 4680
agctgggaag tataaattgc tcectttgatga tgggtacgaa tgtgatgtgt tgggcaaaga 4740
cattctgtta tgtgacccca tcecccgctgga cactgaagtg acggccctet cggaggatga 4800
gtatttcagt gcaggagtgg tgaaaggaca taggaaggag tctggggaac tgtactacag 4860
cattgaaaaa gaaggccaaa gaaagtggta taagcgaatg gctgtcatcc tgtccttgga 4920
gcaaggaaac agactgagag agcagtatgg gcttggccec tatgaagcag taacacctct 4980
tacaaaggca gcagatatca gcttagacaa tttggtggaa gggaagcgga aacggcgcag 5040
taacgtcagce tccccageca ccectactge ctecagtage agcagcacaa cccctacccg 5100
aaagatcaca gaaagtcctc gtgccteccat gggagttcectce tcaggcaaaa gaaaacttat 5160
cacttctgaa gaggaacggt cccctgecaa gegaggtege aagtctgceca cagtaaaacce 5220
tggtgcagta ggggcaggag agtttgtgag cccctgtgag agtggagaca acaccggtga 5280
accctetgee ctggaagagce agagagggcce tttgectetce aacaagacct tgtttetggg 5340
ctacgcattt ctccttacca tggccacaac cagtgacaag ttggccagcce gctccaaact 5400
gccagatggt cctacaggaa gcagtgaaga agaggaggaa tttttggaaa ttecctccttt 5460
caacaagcag tatacagaat cccagcttcg agcaggagct ggctatatcce ttgaagattt 5520
caatgaagcc cagtgtaaca cagcttacca gtgtcttcecta attgcggatce agcattgtceg 5580
aacccggaag tacttcctgt gecttgeccag tgggattect tgtgtgtcte atgtcectgggt 5640
ccatgatagt tgccatgcca accagctcca gaactaccgt aattatctgt tgccagetgg 5700
gtacagcctt gaggagcaaa gaattctgga ctggcaaccc cgtgaaaatc ctttccagaa 5760
tctgaaggta ctcttggtat cagaccaaca gcagaacttc ctggagctct ggtctgagat 5820
cctcatgact ggtggtgcag cctctgtgaa gcagcaccat tcaagtgccce ataacaaaga 5880
tattgcttta ggggtatttg atgtggtggt gacggacccc tcatgcccag ccteggtget 5940
gaagtgtgct gaagcattgc agctgcctgt ggtgtcacaa gagtgggtga tccagtgect 6000
cattgttggg gagagaattg gattcaagca gcatccaaaa tataaacacg attatgtttc 6060
tcactaaaga tacttggtct tactggtttt attccctget atcgtggaga ttgtgtttta 6120
accaggtttt aaatgtgtct tgtgtgtaac tggattcctt gcatggatct tgtatatagt 6180
tttatttgct gaacttttat gataaaataa atgttgaatc tctttggttg tagtaa 6236
<210> SEQ ID NO 24
<211> LENGTH: 10275
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 24
actcccacce taagtgcetge agactcttece ctgaagetge cggcectgagge cggagetgece 60
gectecatga gaggcttect cctacacccee agggccagag gaccctttge caccagagtg 120
agatcctaga gaccatcatc ctggtaaatc ccagtgcaga cagcatcage tctgaggtte 180
atcatcttet tagcagctca tcagcttata aactactaat cttgagtggyg caaagtttag 240
agcctggggg agacctcatce ctacagagtg geacctacte atatgaaaac tttgceccagg 300
tccttecacaa ccccgagatt tcccaattge tcagcaatag agaccctggyg atacaggcect 360
tccttacegt gtectgetta ggggaaggtg attggageca cctgggatta tccagttcece 420
aagagaccct gcacctecgg ctaaaccctg ageccactet geccaccatyg gacggegtgg 480
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ctgagttcte cgagtatgtc tctgagactg tggacgtgec atccccattt gacctactag 540
agccececcac ctcaggggge ttectcaage tetcecaagece ttgttgctac atcttceccag 600
gtggtcegtgyg ggactectgee ctetttgetg tcaatggttt caacatcctg gtggatggtyg 660
gctetgateg caagtcectgt ttttggaage tggtacggca cttggaccge attgactegg 720
tgctactcac acacattggg gcagacaacc tgccaggcat caatggacta ctgcagcgca 780
aagtggcaga gctagaggag gagcagtccece agggctctag cagttacage gactgggtga 840
agaaccttat ctctectgag cttggagttg tetttttcaa cgtgectgag aagctgegge 900
ttectgatge ctcccggaaa geccaagegta geattgagga ggectgecte actctgcage 960
acttaaaccg cctgggcatce caggctgage ctctatatcg tgtggtcage aataccattg 1020
agccactgac cctcecttceccac aaaatgggtg tgggccggct ggacatgtat gtectcaacc 1080
ctgtcaagga cagcaaggag atgcagttcc tcatgcaaaa gtgggcaggc aatagtaaag 1140
ccaagacagg catcgtgctg cccaatggga aggaggctga gatctccgtg cectacctta 1200
cctctatcac tgctcectggtyg gtectggctac cagccaatcce cactgagaag attgtgegtg 1260
tgctttttece aggaaatgct ccccaaaaca agatcttgga gggcctagaa aagcttcecggce 1320
atctggactt cctgcgttac cctgtggcca cgcagaagga cctggcecttet ggggetgtgce 1380
ctaccaacct caagcccagce aaaatcaaac agegggctga tagcaaggag agcctcaaag 1440
ccactaccaa gacggcecgtg agcaagttgg ccaaacggga ggaggtggta gaagagggag 1500
ccaaggaggce acgttcagag ctggccaagg agttagccaa gacagagaag aaggcaaaag 1560
agtcatctga gaagccccca gagaagectg ccaagcectga gagggtgaag acagagtcaa 1620
gtgaggcact gaaggcagag aagcgaaagc tgatcaaaga caaggtaggg aaaaagcacce 1680
ttaaagaaaa gatatcaaag ctggaagaaa aaaaagacaa ggagaaaaaa gagatcaaaa 1740
aggagaggaa agagctcaag aaggatgaag gaaggaagga ggagaagaag gatgccaaga 1800
aggaggagaa gaggaaagat accaaacctg agctcaagaa gatttccaag ccagacctaa 1860
agccctttac tecctgaggta cgtaagacce tctataaage caaggtccct ggaagagtca 1920
aaatagacag gagccgtgcet atccgtgggg agaaggagct gtcttcectgag ccccagacac 1980
ccccagecca gaagggaact gtaccactcece caaccatcag tgggcacagyg gagctggtcee 2040
tatcctcace agaggacctce acacaggact ttgaggagat gaagcgtgag gagagggctt 2100
tgctggctga acaaagggac acaggactag gagataagcc attccctcta gacactgcag 2160
aggagggacc cccaagtaca gctatccagg gaacaccacce ctcetgtteca gggetgggac 2220
aagaagaaca tgtgatgaag gagaaagagc ttgtcccaga ggtccctgag gaacaaggca 2280
gcaaggacag aggcctagac tctggggcetg aaacagagga agagaaagat acctgggagyg 2340
aaaagaagca gagggaagca gagaggctcce cagacagaac agaagccaga gaggaaagtg 2400
aacctgaagt aaaggaggat gtgatagaaa aggctgagtt agaagaaatg gaggaggtac 2460
acccttecaga tgaggaggaa gaggacgcga caaaagctga gggtttttac caaaaacata 2520
tgcaggaacc cttgaaggta actccaagga gccgggaggce ttttgggggt cgggaattgg 2580
gactccaggyg caaggcccct gagaaggaga cctegttatt cctaagcage ctgaccacac 2640
ctgcaggagc cactgagcat gtctcttaca tccaggatga gacaatccct ggctactcag 2700
agactgagca gaccatctca gatgaggaga tccatgatga gccggaggag cgcccagcete 2760
cacccagatt tcatacaagt acatatgacc tgcccgggcce tgaaggtgct ggcccattceg 2820
aagccagcca acctgccgat agtgctgtte ctgctaccte tggcaaagtce tatggaacgce 2880
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cagagactga actcacctac cccactaaca tagtggctgce ccctttgget gaagaggaac 2940
atgtgtecctce ggccacttca atcactgagt gtgacaaact ttctteccttt geccacatcag 3000
tggctgagga ccaatctgtg gectcactta cagcetccceca gacagaggag acaggcaaga 3060
gctecectget gcettgacaca gtcacaagca tcccttecte cegtactgaa gctacgcagyg 3120
gcttggacta tgtgccatca gctggtacca tctcacccac ctectcactg gaagaagaca 3180
agggcttcaa atcaccaccc tgtgaggact tctectgtgac tggggagtca gagaagagag 3240
gagagatcat agggaaaggc ttgtctggag agagagetgt ggaagaggaa gaggaggaga 3300
cagcaaacgt agagatgtct gagaaacttt gcagtcaata tggaactcca gtgtttagtg 3360
ccectgggea tgcectacat ccaggagaac cageccttgyg agaagcagag gagcggtgece 3420
ttagcccaga tgacagcaca gtgaagatgg cttcectcectece accatctgge ccacccagtg 3480
ccacccacac accctttcecat cagtccccag tggaagaaaa gtctgagccce caagacttte 3540
aggaggcaga ctcctgggga gacactaagce gcacaccagg tgtgggcaaa gaagatgcetg 3600
ctgaggagac agtcaagcca gggcctgaag agggcacact agagaaggaa gagaaagtte 3660
ctecteccag gagecccecag goccaggaag cacctgtcaa cattgatgag gggcttacag 3720
gctgtaccat tcaactgttg ccagcacagg ataaagcaat agtctttgag attatggagg 3780
caggagagcce cacaggccca attctgggag cagaagcecect tcccggaggt ttgaggactt 3840
taccccaaga acctggcaaa cctcagaaag atgaggtget cagatatcct gaccgaagece 3900
tctectectga agatgcagaa tcecctcetcetg tectcagegt geccteccca gacactgeca 3960
accaagagcce tacccccaag tctccctgtg gectgacaga acagtaccta cacaaagacce 4020
gttggccaga ggtatctcca gaagacaccc agtcacttte tcectgtcagaa gagagtccca 4080
gcaaggagac ctccctggat gtcectcttecta agcagectcte tcecagaaagce cttggcaccce 4140
tccagtttgg ggaactaaac cttgggaagg aagaaatggg gcatctgatg caggccgagg 4200
atacctctca ccacacagct cccatgtctg ttecagagec ccatgcagece acagcegtcac 4260
ctcccacaga tgggacaact cgatactctg cacagacaga catcacagat gacagccttg 4320
acaggaagtc acctgccagce tcattctcte actctacacc ttcaggaaat gggaagtact 4380
tacctggggce gatcacaagc cctgatgaac acattctgac acctgatagce tecttcetceca 4440
agagtcctga gtctttgcca ggccctgect tggaggacat tgccataaag tgggaagata 4500
aagttccagg gttgaaagac agaacctcag aacagaagaa ggaacctgag ccaaaggatg 4560
aagttttaca gcagaaagac aaaactctgg agcacaagga ggtggtagag ccgaaggata 4620
cagccatcta tcagaaagat gaggctctgce atgtaaagaa tgaggctgtg aaacagcagg 4680
ataaggcttt agaacaaaag ggcagagact tagagcaaaa agacacagcc ctagaacaga 4740
aggacaaggc cctggaacca aaagacaaag acttagaaga aaaagacaag gccctggaac 4800
agaaggataa gattccagaa gagaaagaca aagccttaga acaaaaggat acagccctgg 4860
aacagaagga caaggccctg gaaccaaaag ataaagactt ggaacaaaag gacagggtcce 4920
tagaacagaa ggagaagatc ccagaagaga aagacaaagc cttagatcaa aaagtcagaa 4980
gtgttgaaca taaggctccg gaggacacgg tcgctgaaat gaaggacaga gacctagaac 5040
agacagacaa agcccctgaa cagaaacacce aggcccagga acaaaaggat aaagtctcag 5100
aaaagaagga tcaggcctta gaacaaaaat actgggcttt gggacagaag gatgaagccce 5160
tggaacaaaa cattcaggct ctggaagaga accaccaaac tcaggagcag gagagcectag 5220
tgcaggagga taaaaccagg aaaccaaaga tgctagagga aaaatcccca gaaaaggtca 5280
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aggccatgga agagaagtta gaagctcttce tggagaagac caaagctctg ggcctggaag 5340
agagcctagt gcaggagggce agggccagag agcaggaaga aaagtactgg agggggcagg 5400
atgtggtcca ggagtggcaa gaaacatctce ctaccagaga ggagccgget ggagaacaga 5460
aagagcttgce cccggcatgg gaggacacat ctcecctgagca ggacaatagg tattggaggg 5520
gcagagagga tgtggccttyg gaacaggaca catactggag ggagctaagce tgtgagcgga 5580
aggtctggtt ccctcacgag ctggatggece agggggccceyg cccacactac actgaggaac 5640
gggaaagcac tttcctagat gagggcccag atgatgagca agaagtaccce ctgcgggaac 5700
acgcaacceg gagcecectgg gectcagact tcaaggattt ccaggaatcce tcaccacaga 5760
aggggctaga ggtggagcgce tggcttgcectg aatcaccagt tgggttgcca ccagaggaag 5820
aggacaaact gacccgctcet cecctttgaga tcatctcececce teccagettece ccacctgaga 5880
tggttggaca aagggttcct tcagccccag gacaagagag tcctatccca gaccctaagce 5940
tcatgccaca catgaagaat gaacccacta ctccctcatg gectggctgac atcccaccct 6000
gggtgcccaa ggacagacce ctcceccectg caccectete cecagetect ggteccceca 6060
cacctgeccce ggaatcccat actcecctgcac ccttetettg gggcacagee gagtatgaca 6120
gtgtggtggce tgcagtgcag gagggggcag ctgagttgga aggtgggcca tactcccccce 6180
tggggaagga ctaccgcaag gctgaagggg aaagggaaga agaaggtagyg gctgaggcete 6240
ctgacaaaag ctcacacagc tcaaaggtac cagaggccag caaaagccat gccaccacgg 6300
agcctgagcea gactgagecg gagcagagag agceccacacce ctatcctgat gagagaagcet 6360
ttcagtatgc agacatctat gagcagatga tgcttactgg gecttggccect gcecatgcccca 6420
ctagagagcce tccacttgga gcagctgggg attggccccce atgcectctca accaaggagg 6480
cagctgecgg ccgaaacaca tcectgcagaga aggagctttce atctecctatce tcacccaaga 6540
gcctecagte tgacactcca accttcaget atgcagcccet ggcaggaccce actgtacccce 6600
caaggccaga gccagggcca agtatggage ccagectcac cccacctgea gtteccccce 6660
gtgctcctat cctgagcaaa ggcccaagcec cccctcecttaa tggtaacatce ctgagctgcea 6720
geecagatag gaggtcccca tccecccaagg aatcaggecg gagtcactgg gatgacagea 6780
ctagtgactce agaactggag aagggggctce gggaacagec agaaaaagag gcccaatcce 6840
caagtcctcece tcaccccatt cctatggggt cccccacatt atggccagaa actgaggcac 6900
atgttagccce tcccttggac tcacacctgg ggectgeccg acccagtctg gacttcecectg 6960
cttcagecctt tggcttctece tcattgcage cagcectcccecce acagctgccece tetcecagetg 7020
aacccegete ggcaccctgt ggcteecttg ccttetetgg ggatcgaget ctggetetgg 7080
cteccaggace ccccaccaga acccggeatg atgaatacct ggaagtgacce aaggcecccca 7140
gcctggatte ctcactgcecce cagcectcccat cacccagtte tectggggece cctetcectet 7200
ccaatctgcce acgacctgec tcaccagcece tgtcectgaggg ctectectet gaggctacca 7260
cgectgtgat ttcaagtgtg geggagegcet tctectccaag ccecttgagget gcagaacagg 7320
agtctggaga gctggaccca ggaatggaac cagcetgccca cagectcetgyg gacctcacte 7380
ctctgagecce agcacccceca gcecttcactgg acttggecect agctccaget ccaagcectgce 7440
ctggagacat gggtgatggc atcctgeccgt gccacctgga gtgctcagag gcagccacgg 7500
agaagccaag ccccttcecag gttecectetg aggattgtge agccaatggce ccaactgaaa 7560
ccagecctaa ccccccagge cctgccecag ccaaggctga aaatgaagag gctgeggett 7620
geectgecty ggaacgtggg gectggectg aaggagetga gaggagcetcec cggectgaca 7680
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cattgctcte cecctgagcag ccagtgtgte ctgcaggggg ctceccgggggce ccacccagca 7740
gtgcctctee tgaggtcgaa gctgggeccce agggatgtge cactgagect cggccccatce 7800
gtggggagct ctccccatce ttectgaacce cacctcectgec cccatccata gatgataggg 7860
acctctcaac tgaggaagtt cggctagtag gaagaggggyg gceggcgcecgyg gtagggggge 7920
cagggaccac tgggggccca tgccctgtga ctgatgagac accccctaca tcagecagtg 7980
actcaggctc ctcacagtca gattctgatg tccecgccaga aactgaggag tgtccgtceca 8040
tcacagctga ggcagcccte gactcagatg aagatggaga cttcectacct gtggacaaag 8100
ctgggggtgt cagtggtact caccacccca ggectggceca tgacccacct cctceteccac 8160
agccagacce ccgeccatce ccteceegee ctgatgtgtyg catggctgac cccgagggge 8220
tcagctcaga gtctgggaga gtagagaggce tacgggagaa ggaaaaggtt caggggcgag 8280
tagggcgcag ggccccaggce aaggccaagce cagegtccecee tgcacggegt ctggatctte 8340
ggggaaaacyg ctcacccacc cctggtaaag ggectgcaga tcgagcatcc cgggecccac 8400
ctecgaccacg cagcaccaca agccaggtca ccccagcaga ggaaaaggat ggacacagcce 8460
ccatgtccaa aggcctagtc aatggactca aggcaggacc aatggccttg agttccaagg 8520
gcagctctgg tgcccectgta tatgtggatce tcgcectacat cccgaatcat tgcagtggca 8580
agactgctga ccttgacttce tteccgtecgag tgcgtgcatce ctactatgtg gtcagtggga 8640
atgaccctge caatggcgag ccaagcecggg ctgtgctgga tgccectgetyg gagggcaagyg 8700
cccagtgggg ggagaatctt caggtgactc tgatccctac tcatgacacg gaggtgactce 8760
gtgagtggta ccaacaaact catgagcagc agcaacaact gaatgtcctg gtcecctggceta 8820
gcagcagcac cgtggtgatg caggatgagt ccttcecctge ctgcaagatt gagttctgaa 8880
agagccgecce tceccttecee aaggatccac tccecccaget ccectttagaga atggctactg 8940
ctgagtcecctt tggggttgag ggagatggga gctaggggga ggggagggag atgtcttgtt 9000
gtggggactt gggctgggct aaatgggagg ggttgtccct ccccatcatce cattectgtg 9060
aggtgtctca aaccaaagtt aacagggaga ggatggggga ggggacaaat tagaatagga 9120
tagcatctga tgcctgagaa ccctctecta gcactgtcaa atgctggtat tgaatgggga 9180
ctgaggatgg gtctcagaga gcaacctcct ccctegtaga gggagattat atccccaact 9240
ccagggacct ctttatctca atctatttat ttggcatcct gggagggatt tccaatagta 9300
atttatgtga cctggggcag gataccgtca gtgaggtgcc cagagctgca ccctttecte 9360
catttcccat cccccatcte ctcaaccace agggtctgag ttctagcagg gtecctggggg 9420
tatcccactg ctatactgtt ctactgcttce cctcagtatc tgaatgtctce aatttaaaac 9480
ttgaagctct ttagaccaat agactggtga gaggagaaag gagcttatcc cccagaccct 9540
gctttatace attcacatce cagggctgtg tccagacagce acaaaacggc aaggagagcce 9600
caagccccaa tgccagaatt cttccaaact ccctgactet ttgaagtttt tactcaccce 9660
atttcaatta tcctgatccce ttectcatcce ctgecttgget tetcetgcatg tggtcatctg 9720
ctgtggcecttg gtgtttaatg ggttaaaaat aagccactgc ctgacatccce aacatttgac 9780
accccagcaa tgtgtgacte ccccaacatt ccactatgece atcctgcage tgaaatggga 9840
acactggctg cctctccaaa cccgetettg gacagaggat ctgggaggtg gaagccaggce 9900
cagaggactt ggggaaaatg agatggagga aggaaaaagg gagaagctga gccacagcett 9960
aactcctaca gagtgaaatg aaaacgggct gaaaatacca ccccaggaga ggacctcgece 10020
ccaagcaagc cagtgagcag ccctgccaga ctactgccag actgagaaac ccagaagctg 10080
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gtagtcatgt

gtgttettec

tgctatagtt

attgcagata

gggettgect tctcetgecaa acgactggga aaccaaaatg ageccacctt

tagctecace cteccegtge tgetgtgtte tgetectece cacgettece

cccagetget gtaacggage cacctcecaac tctaacaata aaccaagtte

gtgta

<210> SEQ ID NO 25
<211> LENGTH: 568

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

aacggaggca
ccegecagaa
ggctttetge
aggcaaacga
cecttegect
acaggtccca
cttecttece
cectteccag
aattcaaaaa

aaaaaaaaaa

ggttggagce
gaatatgaaa
tgcecgecage
gaagaaggag
gtgtgectgg
gcaccgatgg
ctcaggtage
tgttttttat
aaaaaaaaaa

aaaaaaaaaa

<210> SEQ ID NO 26
<211> LENGTH: 2261

<212> TYPE:

DNA

getgeegteg
aagcagagcg
aagcagaggg
gaacccaagt
agccagtece
cattcccttt
ctecteteccee
tectgtgggg
aaaaaaaaaa

aaaaaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

ggctgaggga

acggggccgyg

cgeetggtec

ctgagcaggt

cggctgctgg

ctgtttgace

tttgtagacc

ttgagatcce

getgetetga

taccatggec

caagcggaga

cagtttttce

gaactgagtyg

ttggaaacat

ctggecttea

aaatggaatg

cagaaagagg

cacctetgga

aggaggagga

ggtgatggtg

agggtccgea

tgatgagcgg

acgacagcga

ttetttgeca

cagataagca

agcctecatt

aagaagaaat

gactcctety

ttggggatta

ctaaacattc

gtcaaacacc

atggagtgga

ctecttttygy

aggtgaccaa

aaaagaaaat

aatgtggaat

taaggaggag

caggtgeetyg

gegecgecge

cagcagcagg

gtacacctge

ccatctgaac

geggeattgg

caccatgtge

aaccaggtat

taaaacatcg

tgactcaggyg

agagaagctyg

agcaacatca

tcctcaccca

gtttgttgtt

gctgaaattt

tattcttaca

cgagaaccaa

ccatgacceg
actcggttaa
actcggagat
agctttgtygyg
accacgcteg
gecctgagte
ctgggecact
ctcaccccaa

aaaaaaaaaa

gaacgaggcce

gggtecggtge

gtegetecey

agcctggage

accatccaga

ctacttgaga

ctggaattta

ttcegtgtga

ttagtcttee

gatgctgect

aaacaccctyg

gaaaggaaaa

gagctgaact

tgtaaggacg

cttcaaggaa

gaaggaaaga

tattttgete

gecttetaca

cggtaaccag

gggaaagcgc

catgcagcag

cttegtgtec

cgtttectee

tgcagcgggt

ceccgggggty

agtattaaaa

aaaaaaaaaa

agcaggaggc

ggagctgccg

dgcgggegygg

gcgagtacag

gagatgccaa

aagactattt

caaagtctgt

agttttatcce

tgcagatcaa

tgttagcage

aaggctacag

ttgctgagat

tcttaagaaa

tgtcaggaaa

acaagagggt

ctttctattt

caactcctga

agctggagaa

cgtgageteg
cgagatgacyg
aagcagaaaa
aaccctetty
tgtagtgcete
cecttttgty
agggggttac
gtagetttgt

aaaaaaaaaa

aacggcagcg

ggctgaggga

cgggaagatg

ctgcaccgty

aggccagtac

tggtatcege

ggtgaaacaa

tgcagaccct

aagggatctce

ttacatcctt

ctccaagtte

tcacaagacyg

agcacagaca

tgctgeattt

ccacttcatt

atacgtaagt

agcgtgtaag

gtcaagccaa

10140

10200

10260

10275

60

120

180

240

300

360

420

480

540

568

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gtcecgcacag tgtccagcag caatttattc tttaaaggga gccggttceccg atacagtgge 1140
cgagttgcaa aggaagtcat ggaatcaagt gctaagatca aacgggagcc accggaaata 1200
cacagagcag ggatggttcce cagccggage tgtcccteca taacccatgyg cccaaggcetg 1260
agcagegtcece ccaggacccg cagaagaget gttcacatcet ccatcatgga aggectagag 1320
tcettacggg acagtgccca ttceccacacca gtgegtteca cttceccatgg ggacacctte 1380
ctgcctcecacg tgagaagcag ccggacagat agcaatgagce gagtagctgt gattgcagac 1440
gaggcctaca gccectgcaga cagegtgetg cccaccectg tggctgagca cagectggag 1500
ctgatgttgce tttcccggca gatcaatgga gccacctgca gcattgagga ggagaaggaa 1560
tctgaagceca gcaccccaac tgctacagag gtggaggcece ttgggggaga gctgagggece 1620
ctgtgtcagg ggcacagcgg gcccgaggag gaacaggtga ataagtttgt tcectaagtgtce 1680
ctcegtttge tecttgtgac catgggactce ctetttgttt tgctectect ccectgatcatce 1740
cttaccgagt ctgaccttga cattgccttt tteccgtgata tccgccagac ccccgagttt 1800
gaacaattcc actatcaata cttttgtccce ctcaggcgat ggtttgcctg caaaatccge 1860
tcagtggtga gcctgctcat tgacacctga gaaggcatga ctcctcecccaa aaactagcca 1920
ggtggaccaa ggaacccgge tacccattcce cagcaatggg acccatcgeg gaaccatcegg 1980
cacatatacc aagtcctect ctcatgactc aaagtccact gcagcctagg agggtgttte 2040
ccagaagaag aaagggatag gctcatgccce tgtctaaaca aactgggaaa actcattttce 2100
ttcagaagtt atttcaagaa aggctcagcg actctgtttc tcatctttecce aatttgcagg 2160
ataatttttg gttttgaatt ttgatttttc atagatgtat attattttga agtatcaaat 2220
aaaaataatt tattttacta ttaaaaaaaa aaaaaaaaaa a 2261
<210> SEQ ID NO 27
<211> LENGTH: 1618
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 27
agctgegege cgggtectgg aggccgagge cgetcccegece cgttgtceccee gcagtcecccg 60
acgggagcege catggeccag ccgcecgeceg acgtggaggyg ggacgactgt ctcecccgegt 120
accgecacct cttetgeccg gacctgetge gggacaaagt ggecttcate acaggaggceg 180
gectetgggat tgggttcecgg attgetgaga ttttcatgeg ggcatctgag gaccagatgg 240
gacattgcag ctccagtggg acctgectag caggggtage tacctttatg gttattgtgg 300
gcaagcaacce cccgaaccag aagagccgag aaaccaaaga acaaggcaga cagatccegt 360
ttgtctgtgt caggcacggce tgccatacgg tgattgccag taggagcctyg ccgegagtge 420
tgacggccege caggaagcetg getggggeca ceggecggeg ctgectcect ctetetatgg 480
acgtccgage gcccccaget gtcatggecg cegtggacca ggcetcectgaag gagtttggea 540
gaatcgacat tctcattaac tgctccagca getectgegg tetcccatte tgcaggtgeg 600
geegggaact tectgtgece cgetggegece ttgtcecttca acgcecttcaa gaccgtgatg 660
gacatcgata ccagcggcac cttcaatgtg tctegtgtge tctatgagaa gttetteegg 720
gaccacggayg gggtgatcgt gaacatcact gccaccctgg ggaaccgggg gcaggcegetce 780
caggtgcatg caggctccge caaggccget gtggacgega tgacgceggea cttggetgtg 840
gagtggggte cccaaaacat ccgegtcaac agectegecce ctggecccat cagtggcaca 900
gaggggctee ggcgactggg tggecctcag gecagectga gcaccaaggt cactgccage 960
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cegetgcaga ggctggggaa caagaccgag atcgeccaca gegtgctceta cctggecage 1020
cctetggett cctacgtgac gggggcecgtg ctggtggecg atggcggggce atggttgacg 1080
ttcccaaacg gtgtcaaagg gcetgccggat ttegcatcect tetctgctaa getctaggaa 1140
tcttecggee getgettect gecgectcac tcagccaggt ggagagcacce aatctgaacce 1200
agcaatgcct gcagcccage ccctectcectg aacactcage tattactgeg ctttecectece 1260
ccacggeccee aactccaggg caggagcaac tggacagtgg gectggecceyg tggagetgee 1320
acgcaggtge ctgagggcca ggtgccacge aggtgtctga ggaccaggtyg ccacgcaggt 1380
ggtgggggta cagacaagat gctgggatgt cccctgccec atggtcaagg gtgtcectgece 1440
tgcctgggte cagggcctga gggagccaca tggatcccga gacttgtgtt ctettggetg 1500
aaaacactga ggtgctccca tetgtgegtg gcccatgage tgggatggte cteccagetgce 1560
ccacaaggtc cgccecctetg tetcectgecace acctgtttge ataaacacac tttgctac 1618
<210> SEQ ID NO 28
<211> LENGTH: 4273
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 28
teetgettea caggetecege ggecteegge ctecteggece ceegteccee ggectecteg 60
geeecegtee cecgecatee gecgeccgga tectegecge cctecectagg cegecccegee 120
geecatgggee tgegeccgee gegecgecogg gecgagggea getgaggege ggtgcgaaga 180
tgggcgagga cagagcaggg cccgagegece agecccagea geccgggege cccgegegeg 240
cecegeccgeg ccogecgaggg gatgccegeg cecgecgecyg cgecctgage gectttgtet 300
geegecegeyg cecttecgea ccactagect ctegggagea tggcegtegge cecgecggec 360
tegeeccegg geteggagee gecggggecce gacccggage cgggegggece ggacgggcecyg 420
ggggeggceac aactggctcee gggecctgeg gagctacgece teggagegece cgteggegge 480
ccegaccege agtcecceggg cctggatgag cetgegeceyg gggecgcetge agatggeggg 540
gegegttgga gegeecgggee ggcccegggg ctggagggag geccgcegaga cceccgggecyg 600
tcegeccege cgcecgegete cggcccegegyg gggcagettyg cgageccega cgcecceggge 660
ccagggecge gctecgaage gecgcetteca gaactcgace cgttgttete ctggactgag 720
gagcccgagyg agtgtggcece cgcgagetge ccggagageg cgectttecg cttgcagggyg 780
tccagcagca gccaccgage geggggegag gtegacgtet tetceteccett cccegegece 840
acggegggeg agctggeget ggagcaaggt ceegggtece cgecgcagece ctceggaccte 900
agccagacce acccecttece gagcgagece gtggggagte aggaggacgyg cccccgecte 960
cgagccegtgt tecgatgcect ggacggggat ggggacggtt tcgtccgcat cgaggactte 1020
atccagtttg ctacggtcta cggggcagag caggtgaagg acttaactaa gtacttggat 1080
cccagtggge tcggcgtgat cagctttgaa gacttctacce aagggatcac agccatcaga 1140
aacggagatc ctgatggcca gtgctacggt ggtgtcgett ctgcccaaga tgaggagcecce 1200
ctggcectgee cggacgagtt cgatgacttce gtcacctatg aggccaacga ggtgacggac 1260
agcgegtaca tgggctccga gagcacctac agtgagtgtyg agaccttcac ggacgaggac 1320
accagcacce tggtgcacce tgagctgcaa cctgaagggyg acgcagacag tgccggegge 1380
tcggeegtge cectcetgagtyg ccetggacgcee atggaggagce ccgaccatgg tgccectgetg 1440
ctgcteccecag gcaggcctca cccccatgge cagtctgtca tcacggtgat cgggggcgag 1500
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gagcactttyg

aacgggcage

tccagcaaga

gaggaccctt

ttcctggaaa

agccgectga

ctgaaggagce

gagctectgt

ctacagcaac

aacattgagc

ctgeggetcea

aggcaccagt

cagctggage

agcatgggec

cgcaggcetga

atcattaccc

ctggetgeag

gaggagatca

accaaccegt

gggactccaa

cacagccgac

aagaccgggyg

cagggcccgg

tCnggggCC

ttcagcagga

cctecttgty

ggtcccteca

ccatgttgag

tgggggaagg

ccattgeeca

tgttcccacy

ccgggcagga

gegetetete

tccacaggtyg

gccagaatce

ggttcttece

caggaggggay

gaccgcgggce

ctggecaccee

tccacgetag

aggactacgg

tgggctgcag

aggtggcaag

ccececgaget

ggcgtgtgct

ggcaggagaa

aggagctgag

gcaagatgga

tggacgagga

gtctggagga

gtgaagagca

tccagaggga

acctgeaget

tgcaggagta

agcaggacaa

tcagcatcca

agatcagcetce

acttcegect

ccatcetgga

caccctggag

agtgcccaga

ctgccaaagyg

ggtccacaga

cagagcttee

tgggetggag

gtggtcccte

ggggtgctge

cecgetectga

acgggtggge

gccagatgty

geccagtect

gCCtCtgggg

cctgggcagg

cggectggec

aaacatcggg

cgagggtgca

cctgtgette

ctgccccaac

getgegtgtg

gatgtaagag

tgaaggcagt

tgacceceget

gtacctgcac

catggagggc

ggagctggaa

cctgcagetyg

agcctgegag

dagggagaag

gaacagtgaa

ggagaagcag

ggagaacaag

caaggaggcc

cctcaagetyg

ccacagccge

ccgcaacctyg

gggcgccaag

cgtectecega

gcaggactac

ggtcaagtag

tggttecegte

gcatgcaggg

ggcagagggt

ggatgagggt

cagccctgag

agcctetetyg

ttceccacgty

tgcctaagec

tggctgacgg

aaggctggtg

gtcacctcag

cgctgeagta

cctecactcec

gtggatgcca

cggectecta

aaccctgttt

tgttgcagga

thgggtCtg

ccccageatt

tgtgegegeg

gtegectect

daggcggage

ttcctecacge

cagtcagggg

c¢cagaggagyg

aaggacacgg

gtgcacagag

atggtecctygyg

agcattgaga

ctceggtect

aagctgttgg

aggagaatgg

acccaggage

gaggcecgage

gcccgggaga

aaggagcaga

agcctettet

gatgagctca

atcgacagga

aggcaggaag

agaccatgag

aaccctegtyg

ggtggagagg

tgtggcaggg

tcaagctgge

tgcagcggtyg

cagcecetgtt

acccacataa

geteccagac

cgttecccag

tccagetetyg

accectgggy

gacatcagga

caggceecte

aaggccacac

tettetgggt

dggagagggce

caccccagge

ceccgggtggg

cgtgtacgtyg

attgtacatt

tgtcceccaga gaccctatge

ccagtcecgac aaagcggete

ccctgaccat ggaggecctyg

acattgctga caaggttgtce

cagccaccegg tgagcaacac

caaacgcect ggaggagcag

aagagacccg gcgtcagaag

tcgagaacct gcagaccagg

gecacgecetyg tcetgaaggece

atgagataga gtcgctgacyg

gggacaggct gagtcacgag

tgatcgagga cctccgaaag

agcggcgggyg ccgcagcagce

gecgagetgga gcaggaggte

acgaggagct gaacgggcag

ccacagectt ctetgagtee

tggaggcgat tcagaagcag

tcatcgtgge catcatggag

gtccagectyg agetggatte

gagccaagac cagcaggtcce

cagctgaget ggggecgeca

agagggagaa agggaagtcc

ccgtecatca gegetgacct

catgaacgcg tacacttcag

tggggtgagc CCthtgtgg

gggaagaaag gaagaaaaca

gtacgetggt gcegtgtcac

cctecaccteyg gacatggtygyg

ctcteectac getgeteggy

gggectcecag gecatgtgge

getetgacca cctatggggg

cctgagatga cecgetgtgtyg

tggcteccag gtgetgette

cctececcacyg cactteccag

gtgtctcact tagaaatcgt

agggaagact cacagcagag

acagcggtgt caccccgceag

cccagacccce atcaccaaga

tggcceccaca tcegecgect

tggggaaagce cttgggtgta

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900
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aatcagtgta aacttggagg agagattttt ctatcatgta gagtaggtat tttttataga 3960
ttgaaggttg atcaattttt taatactttc aagagaaaac tgtgtataca catgaaatat 4020
atatatatat atatatatat atatgtataa tatataaaga ctggcaccct gcctctetgt 4080
gcccaggecece agecctggtg acatggcacce actcagcagt gcectgtcactg taagcatgga 4140
ctcccaggag acagtgtggg aaacgctcect gctttaattce cccgagaaac ggctcttect 4200
gectggatge aggagggcag gggccaccac agattaaage tgttactgca caaaaaaaaa 4260
aaaaaaaaaa aaa 4273
<210> SEQ ID NO 29
<211> LENGTH: 1922
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 29
gtaacaactc tcagaggagc attgcccgtce agacagcaac tcagagaata accagagaac 60
aaccagattg aaacaatgga ggatctttgt gtggcaaaca cactctttge cctcaattta 120
ttcaagcatc tggcaaaagc aagccccacce cagaacctet tectetccee atggagcate 180
tegtecacca tggecatggt ctacatggge tecaggggca gcaccgaaga ccagatggece 240
aaggtgctte agtttaatga agtgggagcec aatgcagtta cccccatgac tccagagaac 300
tttaccagcet gtgggttcat gcagcagatc cagaagggta gttatcctga tgcgattttg 360
caggcacaag ctgcagataa aatccattca tecttceceget ctetcagete tgcaatcaat 420
gcatccacag ggaattattt actggaaagt gtcaataagce tgtttggtga gaagtctgeg 480
agcttceggg aagaatatat tcgactctgt cagaaatatt actcctcaga accccaggca 540
gtagacttce tagaatgtgce agaagaagct agaaaaaaga ttaattcctg ggtcaagact 600
caaaccaaag gcaaaatccc aaacttgtta cctgaaggtt ctgtagatgg ggataccagg 660
atggtecctgg tgaatgetgt ctacttcaaa ggaaagtgga aaactccatt tgagaagaaa 720
ctaaatgggce tttatccttt ccgtgtaaac teggctcage gcacacctgt acagatgatg 780
tacttgcgtyg aaaagctaaa cattggatac atagaagacc taaaggctca gattctagaa 840
ctecccatatg ctggagatgt tagcatgtte ttgttgette cagatgaaat tgccgatgtg 900
tccactgget tggagetgct ggaaagtgaa ataacctatyg acaaactcaa caagtggacce 960
agcaaagaca aaatggctga agatgaagtt gaggtataca taccccagtt caaattagaa 1020
gagcattatg aactcagatc cattctgaga agcatgggca tggaggacgc cttcaacaag 1080
ggacgggcca atttctcagg gatgtcggag aggaatgacc tgtttctttce tgaagtgttce 1140
caccaagcca tggtggatgt gaatgaggag ggcactgaag cagccgctgyg cacaggaggt 1200
gttatgacag ggagaactgg acatggaggc ccacagtttg tggcagatca tccttttett 1260
tttcttatta tgcataagat aaccaactgc attttatttt tcggcagatt ttecctcacce 1320
taaaactaag cgtgctgctt ctgcaaaaga tttttgtaga tgagctgtgt gcctcagaat 1380
tgctatttca aattgccaaa aatttagaga tgttttctac atatttctge tcecttctgaac 1440
aacttctgct acccactaaa taaaaacaca gaaataatta gacaattgtc tattataaca 1500
tgacaaccct attaatcatt tggtcttcta aaatgggatc atgcccattt agattttect 1560
tactatcagt ttatttttat aacattaact tttactttgt tatttattat tttatataat 1620
ggtgagtttt taaattattg ctcactgcct atttaatgta gctaataaag ttatagaagce 1680
agatgatctg ttaatttcct atctaataaa tgcctttaat tgttctcata atgaagaata 1740
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agtaggtatc cctccatgece cttetgtaat aaatatctgg aaaaaacatt aaacaatagg

caaatatatg ttatgtgcat ttctagaaat acataacaca tatatatgtc tgtatcttat

attcaattgc aagtatataa taaataaacc tgcttccaaa caacaataaa aaaaaaaaaa

aa

<210> SEQ ID NO 30
<211> LENGTH: 1319

<212> TYPE

: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

gtcaaagcag
tgatggatga
gggaagagga
ccatggtett
tatacaaaga
ctggcactca
tccttecaga
cctttgetga
ctgaaggtaa
tccttgtgaa
caaggggaat
aagctaagtt
atgtggaaga
tgaaagagtg
aaggatgetg
ccteecttea
tttaaccctyg
tettttgtea
tgaattggtt
gtacaaattg
aaaaaaaaaa

aaaaaaaaaa

cagcggegge
cctetgtgaa
caactcaaga
catgggggca
cggagatatt
gtacttgett
ctttaaagaa
agacactgaa
gatttcagag
tgccatttat
gctetttaaa
taaaatgggg
ggagctgage
atggatcttg
atgaagtctt
tcttcagatg
aatagtccce
aacaatctct
agaattttct
tttttattaa
aaaaaaaaaa

aaaaaaaaaa

<210> SEQ ID NO 31
<211> LENGTH: 2831

<212> TYPE:

DNA

ggeggeggceg
gcaaatggca
aacgtattct
aagggaagca
caccgaggtt
agaactgcca
tactgtcaga
gagtgcagga
gtactggatg
ttcaagggaa
accaacgagg
tatgcggatg
atggtcatte
aagaatttga
cttgcattee
aaacacaatt
tcattagact
cccactcaca
aaactgttaa
aaatttctge
aaaaaaaaaa

aaaaaaaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

ggaccgggcc

ccgacceecyg

ccgetatege

ccecegectgt

gagagtatga

aggtgagatt

cggtcagett

tcgtcagaac

gatagcgece

cgcgatacge

agagagtgcg

gatecgetgee

cegeggagec

aaccceggge

dggceccggygy

tcctcagegy

tctgtaggge

tcaagaaggt

gcagcagcag
cttttgccat
tcteteccat
ctgcagececa
tccagtcact
acagactctt
agttctatca
agcatataaa
ctgggacagt
agtggaatga
aaaaaaagac
aggtacacac
tgcttecccga
agctaactce
ccatttecteg
ccctetettt
cagaagcaga
gtagtatgta
aaaatgtttt
ctgtctcaaa
aaaaaaaaaa

aaaaaaaaaa

attggcagac

ccactcceccce

cgcgagaaaa

cggegecage

agggaagatg

gtccgagggc

cagcagcagg
cagcttattt
gagcatctce
gatgtcccag
tctcagtgaa
tggagaaaag
ggcagagetg
tgactgggtg
cgatceecty
gcaatttgac
agtgcagatg
ccaggtectyg
tgacaacacyg
aggacaggca
tctecatgete
tactctgagt
gttetgagece
ttgcatgaag
taacatttga
aaaaaaaaaa
aaaaaaaaaa

aaaaaaaaaa

geegtggect

aaccccactt

aggcggegygy

tcectgtgegt

geggacaage

gtggagcagt

agaccttete
aaaatattgg
tctgcectygy
gcactttgtt
gttaacagaa
acgtgtgatt
gaggagttgt
gcagagaaga
acaaagctag
agaaagtaca
atgtttaagyg
gagctgeect
gacctegecg
gaggacaaac
cctteteaty
tgcecctetga
atgctetttyg
attaatgtaa
aaggagttag
aaaaaaaaaa
aaaaaaaaaa

aaaaaaaaa

cccttgagee

cegettegeyg

cgctegecte

ccgtetecaa

gcaaactcca

ttgaagatat

1800

1860

1920

1922

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1319

60

120

180

240

300

360
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ttggcagaag ctccacaatg cagccaacgce gaaccagaaa gaaaagtatg aggctgacct 420
aaagaaggag attaagaagc tacaacggct gagggaccaa atcaagacat gggtagegte 480
caacgagatc aaggacaaga ggcagcttat agacaaccge aagctcattg agacgcaaat 540
ggaacggtte aaagttgtgg aacgagagac caaaaccaaa gcttacagca aagagggect 600
gggectggece cagaaggtag atcctgccca gaaggagaag gaagaggttg gecagtgget 660
cacgaatacc atcgacacgc tcaacatgca ggtggaccag tttgagagtg aagtggagte 720
actgtcagtg cagacacgca agaagaaggg cgacaaggat aagcaggacc ggattgaggg 780
cttgaagcegg cacatcgaga agcaccgceta ccacgtgege atgctagaga ccatcctgeg 840
catgctggac aatgactcca tcctcegttga cgecatcege aagatcaagyg acgacgttga 900
gtactatgtt gactcatcce aggaccccga cttcegaggag aacgagtttc tctacgatga 960
cctggaccte gaggacattc cacaggeget ggtcgccace teccccccca gccacagceca 1020
catggaggat gagatcttca accagtccag cagcacgccce acctcaacca cctccagete 1080
tceccatcceg cccageccag ccaactgtac cacggaaaac tctgaagatyg ataagaagag 1140
gggacgttee acagacagtg aagtcagcca gtctccagece aaaaacggcet ccaagcctgt 1200
ccacagcaac cagcaccctce agtccccage tgtgecgece acctaccect ccggecccce 1260
gcctgetgee tetgecttga gcaccactcece tggcaacaat ggggtcecccg ccececcgecagce 1320
acccecaagt gccctgggece ccaaggecag tcecagctcecee agecacaact cgggcacccce 1380
tgcteectat gcccaggegg tggccccace agetcccagt gggeccagca cgacccagece 1440
ceggecccee agegtecage ctageggagg cggaggcegge ggcagceggayg gcggagggag 1500
cagcagcagt agtaacagca gtgccggtgg aggggctgge aagcagaatyg gcgccaccag 1560
ttacagctca gttgtggcag acagcccggce agaggtggcet ttgagcagca gtgggggcaa 1620
caatgccage agccaggect tgggcceccece ttecggeccee cacaacccac ctceccagcac 1680
ctecgaaggaa cccagtgegg cagccccaac gggggcetggg ggegtggece caggetcagg 1740
gaacaactca gggggaccca gcctectggt geccactgcecet gtgaatcctce ccageteccce 1800
aacgcccagce ttcagtgatg ccaaggcagce cggtgccectg ctcaatgggce ctceccacagtt 1860
cagcaccgece ccagaaatca aggcccectga gectcetgage tecttgaagt ccatggegga 1920
acgggcagcece atcagetcetg gecattgagga cectgtgeca acgctgcace tgaccgageg 1980
agacatcatc ctgagcagta catcagcacc tcecggcecteca geccagecge ccctgecaget 2040
gtcagaggtg aacataccgc tgtecgcectggg tgtctgtcca ctgggccctg tgcccctceac 2100
caaggagcag ctctatcagce aggccatgga agaggccgece tggcaccaca tgcctcacce 2160
ctctgactcect gagcgtattce ggcagtacct ccceccggaac cectgtceccga cgcccccecta 2220
ccaccaccag atgccaccce cacactcgga cactgtggaa ttctaccage gcctgtcgac 2280
cgagacactc ttcttcatct tcectactatct ggagggcact aaggcacagt atctggcagce 2340
caaggcccta aagaagcagt catggcgatt ccacaccaag tacatgatgt ggttccagag 2400
gcacgaggag cccaagacca tcactgacga gtttgagcag ggcacctaca tctactttga 2460
ctacgagaag tggggccagc ggaagaagga aggcttcacc tttgagtacc gctacctgga 2520
ggaccgggac ctccagtgac accggcccct ccectcectacee acccecttece ccttgecatge 2580
tgatcccect gceccaggtga gggccctgece ctggaagact ggagggaggce cccaagccac 2640
ggggcatcee ccteteccag gaagcaggga gggggccggg aggttttect ctcagcccca 2700
ccetgggggce ccgggggcega gggctgecce ctectecect cecccagtgag ggacattttt 2760
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tggtaaacct attttcattt tggaaaatat ttatgaataa atagttttat atgaaaaaaa 2820
aaaaaaaaaa a 2831
<210> SEQ ID NO 32

<211> LENGTH: 1329

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

atgcagctca gectgggeta cacagecagg tgtcagatgt gtcetetgetg atctgagtet 60
gectgtggea tggacctgca tettcectga agcatctceca gggctgaaaa atcactgacce 120
atggcaccat ggtctcatce atctgcacag ctgcagecag tgggaggaga cgecgtgage 180
cctgecctea tggttetget ctgecteggg aacctcteca aagecacect ctgggetgag 240
ccaggetetyg tgatcagecg ggggaactct gtgaccatece ggtgtcaggg gacccetggag 300
geccaggaat accgtctggt taaagaggga agcccagaac cctgggacac acagaaccca 360
ctggagccca agaacaaggce cagattctee atcccatcca tgacagagca ccatgcaggg 420
agataccgct gttactacta cagecctgea ggetggtcag agcccagega ccccctggag 480
ctggtggtga caggattcta caacaaacce accctctcag cectgeccag tceetgtggtg 540
acctcaggag agaacgtgac cctecagtgt ggetcacgge tgagattega caggttcatt 600
ctgactgagg aaggagacca caagctctee tggaccttgg actcacaget gacccccagt 660
gggcagttce aggccctgtt cectgtggge cctgtgacce ccagecacag gtggatgete 720
agatgctatg gctctegeag geatatcetyg caggtatggt cagaacccag tgacctectg 780
gagattcegg tctcaggage agctgataac ctcagtcegt cacaaaacaa gtetgactet 840
gggactgcect cacaccttca ggattacgca gtagagaatce tcatccgcat gggeatggec 900
ggcttgatce tggtggtcct tgggattctyg atatttcagg attggcacag ccagagaagc 960

cceccaagetyg cagcetggaag gtgaacagaa gagagaacaa tgcaccattyg aatgetggag 1020
ccttggaagce gaatctgatg gtecctaggag gttecgggaag accatctgag gectatgeca 1080
tctggactgt ctgctggcaa tttetttttt tetttetttt cttttettte tttttttttt 1140
tttttttttt ttttttgaga tggagtcttg ctectgtcacc aggctggaat gcagtggcgce 1200
aatctgggct cactgcaacc tceccgectcte gggttcaagt gattctcecctg cctcagecte 1260
tggcaatttc tagagggagg aatgggtgtt tgagtgcaga gacactggtc tggggtgatc 1320
catggagga 1329
<210> SEQ ID NO 33

<211> LENGTH: 2553

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

ctgaaatcte atttgaccag taccatctgt tcagacacgg ggttgetcat ggacagtgge 60
tcagtggagg gcagagacac agggaagcat tccaggecaa tttttetgtg ggecgtgcaa 120
cgccagtece tggegggace tatagatget atggttectt caatgactcet ccctataage 180
cceccagtgac ccgetgeaac tttacaccac aggaaacact aagagtacte ctetgtcatt 240
cacagaatcc acccctgaat ctgacaccac catggcaaac acagagccca cggaaggceca 300
acggacggat gaagaggagc ctgcagcaga agagacacag gagatcatat atgcccagtt 360

aaaccaccag gccctctcac agacaggatt ccctectgec teccagtgte cccactacct 420
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cteggaggat cctagtatct acatcactgt ccaccaagece caggctgagyg ccagagetge 480
ccecagtett tggcacaaag ggcattaata cgcaaggacce tggatctatt cctaggagga 540
ttttttttee acggacattc ttecctectte tggtaccate ttgacaccte gaagetggca 600
acagcagtgt ctgaatgctt gtgggattat cttaaaattc cagcactgcet gaacagacaa 660
ctagccatte tacaattcta ttttgagcat ccaaccattt caggtgattt gactctacce 720
acacactcat cctggatatc tcattaatat catctgagtt atcctgaaac tctacagaca 780
tgcttetgga aagccgatgt atatgctcag ccagtttaat ctctaaatta ctcaataagg 840
tttttttaaa aaaatttttt taaagttctg gggtacatgc tcaggatgtg caggtttgtt 900
acgtaggtaa acgtgtgcca tggtggtttg ctgcacctat caaaccgtca cctaggtatt 960
aagcccagca ggcattaget ctettceeccta atgectcteca tacccecctge ccectectetga 1020
caggccceccag tgaatgtgtt cccctceecctg tgteccatgtg ttctcattgt tcagetcecca 1080
cttataagtg aaaacatgcg gtgtctggtt ttctgttect gecattagttt getgaggata 1140
atgtcttcta gecttcattca tgtctctgca aatgatatga tctcattccet ttttatgact 1200
gcgtagtatt ccgtggtgta tatgtacaac tttattttta tccagtctat cattgatggg 1260
catttgggtt gattccacgt ctttgctgtt actcaacaaa attttgcaga gatgaagtgt 1320
attctatatc tgagtcatct aatatggtag ccactagcca aatatggctt tttaacttag 1380
aattagaata gatcaaattc catgaagttt aaaattcagt tcctcagcca catggccaca 1440
atttgagttc tcagagccac gtgtggctge tggctgtggg agagaatagce atgaacacaa 1500
aatgttttcce ttgtcagagg aagttctagce tgttctagat taaaggtgca aatttgaaga 1560
tgcagagcct attttctcat gcagtgcagg ctectggaag agacctaatg taacaaaacg 1620
ataatatttc acatcaatgg tgacatgtct ttatcttacg aaatgcgggg aacaagcaga 1680
gttctcttgt ggagtgtctt atcacctett atcctcatge aaatttcectgce catagagatt 1740
ttctecccaaa ctttgagaag gtcacctctg tcaggcectet gagcccaage taagccatcce 1800
tatcceetgt gacctgcacg tacacatcca gatggcctga agcaactgaa gattcacaaa 1860
agaagtgaaa atagccttaa ctgatgacat tccaccactg tgacttgtte ccgccccact 1920
aactgatacc atatattctg ccccgcccaa gaaggtactt tgtaatattce ctecgecccect 1980
taccceccecac cgcecctgecee cegcectegece gceccttaagaa ggtactttgt aatattctcece 2040
cccacaactt tagaaggtac tttgtaatat tctcecccccac aactttagaa ggtactttgt 2100
aatattctcc cccacaactt tagaaggtac tttgtaatat tctccecctee ccttaagaag 2160
gtactttgta atattctcce ccacaacttt agaaggtact ttgtaatatt ctcccctecce 2220
cttaagaagg tacttcgagg ctgggtgcgg tggctcatgt ctgtaatccce agcactctgg 2280
ggggccgagyg tgggtggatce acgaggtcag gagatcgaga ccatcctggce taatgtggtg 2340
aaacccegte tctactaaaa aaatacaaaa caattggcetg ggcatggtgg cgggtgectg 2400
tggtecccage cacttgggag tctgaggcag gagaatggeyg tgaacccagyg aggcagagcet 2460
tgcagtgagce tgaggtcgceg ccactgcact ccagcctggg cgatagagca agactctgtce 2520
tcaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 2553

<210> SEQ ID NO 34
<211> LENGTH: 3191

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 34

acacacacag cgagcgggeg ggcagaagge ggttetgetg gtcetectett ccetgetgeag 60
ccageccage gtgegggeca tgggecctge cggegggtga ggcagecgeg tggcaggeat 120
gtteggagge ceggggectg gggtectggyg agceccaggge atggegggac ccectgegggyg 180
cegggtggaa gagetgaage tgecegtggtyg gegggagage tcaccgetgg tgetgeggea 240
cagcgaggeyg gcteggetgg cggecgacge cctectggag cggggtgagg ctgcectaccet 300
gegggtcate tccgaggage gggagetgeco cttectgage gecctggatyg tggactacat 360

gaccagccat gtgegegggg gecctgaget cagcgagget caggggcagyg aggectecgg 420

gecagaccege ctcagectge tetetgaagt cacctcaggg acttacttece ccatggectce 480
tgacatagac cccccagace tggacctggg ctggeccgag gtgecacagg ccacaggcett 540
cagccccace caggctgtgg tcecactteca gagggacaag gcecaagaaca tcaaggacct 600
getgegette cttttcagec aggeccacac ggtggtgget gtggtgatgg acatattcac 660
tgacatggag cttctgtgtg acctcatgga ggectcaage cggegtggtyg tcectgtgta 720
cctgetectt geccaggage acctgaggea cttectggag atgtgetaca agatggacct 780
caatggggag cacctgccga acatgegtgt geggageacg tgtggggaca catactgcag 840
caaggctgge cgecgettea cggggcagge cctggagaag ttegtectca ttgactgtga 900
gcaagtggtyg gcgggcagtt acagcttcac ctggetttge ageccaggecce acactageat 960

ggtgctgcag ctgaggggcce gcatcgtgga agactttgac cgggagttcce gctgtctgta 1020
cgctgagtceg cagcectgtgg agggcttcectg tggeggtgag gacccgctgt ctecccegggce 1080
actgcgtect ceccectgtgg cectagectt caggcctgat gtcccaagece ccacgtegte 1140
cctgecectee agcaccagec tcagcagcat caagcagtca ccgcttatgg gtegetecte 1200
ctaccteget ctaccaggag gtggtgattg cagtgatacg ggtgtggtgt cctegteect 1260
gggtcctgee cgecgtgagg ccagtggcca geccteecta catcgecaac tgtcagaccce 1320
taaccacggce tcccectectg ggctcectatag ggccaatcete ggcaagctag gggcatacce 1380
atggtcccag tecteccecetyg cectcaacca taatagtacce agccceccttaa ccttggcagt 1440
ggggtcacct ctgcttecte gctececggece cctectecag ttecatecggg gtgccccage 1500
tctgtecegg ttceccagaga atgggctece aggaagccaa gageccagece ccctgegggyg 1560
tcgatgggta cctggcacaa ccctggagac agtggaggag aaggagaaga aggcatctce 1620
aagtcagagc cgtggccagce tggatctcect tgtcecccectte cccagagcee gagaagtggg 1680
agaccctgac tctggggtta cccccaacte aggecccectt cggectggeyg agcaggecce 1740
agaggacagg aggttgtccc caagccaggce cgacagccag ctggatctee tgtcccgage 1800
cctgggtact gggggtgccce ctgagttggg ttcecctcaga cctggtgatce gggccectgga 1860
ggacaggagyg ctgtccctaa accaaagccg tggccaatca gacctectga tgcagtaccce 1920
caaggcccag ggtteccagag tgccccttga aaccaactece tcagccagac ctgccagacg 1980
ggcaccagat gagcggcgge agaccctggg gcacagecag ctggacctca tcacaaagtt 2040
cggcccatte cgtggtgagg ggcctgggcee caatggtcete ccgatatcaa gecctgeteg 2100
cacggctgga gctgggtetyg gggatgagaa acggctaacce ctgggccaca gcaagcetgga 2160
cctcatcacc aagtatcatc agttgcacgg ggccaggcag ggaactgagce ctgggggtcce 2220
caagggtggc catctcaatg gtggtaacag tgacctggtc agggatgaga aacggctgac 2280

cctgggtcac agcaaactgg acctcatcac taagtacaac aagtccaagt tcaagcagct 2340



157

US 11,130,998 B2

158

-continued
ccgaagecge tttgagtect agccaaagga ctggcategyg gggtgcactyg gcaagggcag 2400
gccectecte tgtccaccga gactcectggac ttgctcaggt cccagactgg ggaagggagy 2460
tgtctagaaa cccaggtcag acacactctce tgggctcaag attcttgtgt acacacacac 2520
acacacacac acacacacac accctaacta gtatcttcett gaatctagge tgtgtttcca 2580
gcceetgtget gggectgtag agcectgacagg tgggtcacac tcagacctgg ggacagaggt 2640
gaaatgcaca agctgctgga gaaggggtca gagccatatc aagttaaagg ttaaccagtt 2700
acagagggtg ttagaaaaca aagggcagag agtcctggag aaggtggagt agtcagaaaa 2760
ctttcttaga ggagatggag gtggcectttg agccaggcecce tgaaggatgg ggaggttttg 2820
gacagaggga ggagagagtt agaaaaattt ttggtagaga gaatcaggtg aaagagatgc 2880
cctaaagagg actgagtggg tctgaggtga atgagtgagg aagagcagag tatgtggata 2940
cccggaaaca cacacacaca cacatcatca ttatcatcat catcattgte gtcecgtcatca 3000
tcttgctgag tcatcatcat catcatcatc attgtcgteg tcatcatctt getgagtgte 3060
tcttgaagta caggctgtga caggttgtgg gccattttcecce tgaactcacc acttacccgg 3120
gatagtaaac atgatacaca tcaataaagg cagactttat tgtgaaaaaa aaaaaaaaaa 3180
aaaaaaaaaa g 3191
<210> SEQ ID NO 35
<211> LENGTH: 2383
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 35
ctecttcaag ccctcagtca gttgtgecagg agaaaggggyg cggttggett tctectttcea 60
agaacgagtt attttcagct gctgactgga gacggtgcac gtctggatac gagagcattt 120
ccactatggg actggataca aacacacacc cggcagactt caagagtctc agactgagga 180
gaaagccttt ccttetgetg ctactgetge tgccegetget tttgaaagtce cactecttte 240
atggttttte ctgccaaacc agaggcacct ttgetgetge cgetgttete tttggtgtca 300
ttcagegget ggccagagga tgagactccce caaactccte actttettge tttggtacct 360
ggcttggetyg gacctggaat tcatctgcac tgtgttgggt geccctgact tgggccagag 420
accccagggg accaggcecag gattggecaa agcagaggece aaggagaggce ccccectgge 480
ccggaacgte ttcaggecag ggggtcacag ctatggtggg ggggccacca atgccaatge 540
cagggcaaag ggaggcaccg ggcagacagg aggcctgaca cagcccaaga aggatgaacce 600
caaaaagctg ccccccagac cgggcggecce tgaacccaag ccaggacacce ctccccaaac 660
aaggcaggct acagcccgga ctgtgacccece aaaaggacag ctteccggag gcaaggcace 720
cccaaaagca ggatctgtcece ccagctectt cetgctgaag aaggccaggyg agcccgggece 780
cccacgagag cccaaggagce cgtttegecce accccccate acaccccacyg agtacatget 840
ctegetgtac aggacgetgt ccgatgetga cagaaaggga ggcaacagca gcgtgaagtt 900
ggaggctgge ctggccaaca ccatcaccag ctttattgac aaagggcaag atgaccgagg 960
tceegtggte aggaagcaga ggtacgtgtt tgacattagt geccctggaga aggatgggcet 1020
getgggggece gagetgcgga tcettgeggaa gaagceccteg gacacggeca agecagcegge 1080
cececggagge gggegggetyg cccagetgaa getgtcecage tgccccageyg gcecggeagece 1140
ggcectecttyg ctggatgtge gctecgtgece aggcctggac ggatctgget gggaggtgtt 1200
cgacatctgg aagctcttcecc gaaactttaa gaactcggcce cagctgtgcce tggagctgga 1260
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ggectgggaa cggggcaggg ccgtggacct cegtggectg ggettegacce gegecgeecey 1320
gcaggtccac gagaaggcce tgttecctggt gtttggccge accaagaaac gggacctgtt 1380
ctttaatgag attaaggccc gctctggcca ggacgataag accgtgtatg agtacctgtt 1440
cagccagegg cgaaaacggce gggccccact ggecactege cagggcaagce gacccagcaa 1500
gaaccttaag gctcgctgca gtcggaaggce actgcatgtce aacttcaagg acatgggcetg 1560
ggacgactgg atcatcgcac cccttgagta cgaggcttte cactgcgagg ggctgtgcga 1620
gttceccattyg cgcteccace tggagcccac gaatcatgca gtcatccaga ccctgatgaa 1680
ctccatggac cccgagtcecca caccacccac ctgcetgtgtg cccacgcecggce tgagtcccat 1740
cagcatcctce ttcattgact ctgccaacaa cgtggtgtat aagcagtatg aggacatggt 1800
cgtggagtcg tgtggctgca ggtagcagca ctggccctet gtcttectgg gtggcacatce 1860
ccaagagcce cttectgcac tcctggaatce acagaggggt caggaagetyg tggcaggage 1920
atctacacag cttgggtgaa aggggattcc aataagcttg ctcgctctet gagtgtgact 1980
tgggctaaag gcccectttt atccacaagt tccectgget gaggattget geccgtetgce 2040
tgatgtgacc agtggcaggc acaggtccag ggagacagac tctgaatggg actgagtccce 2100
aggaaacagt gctttccgat gagactcagce ccaccatttce tectcacctg ggccttetca 2160
gcctetggac tcectectaage acctcectcagg agagccacag gtgccactgce ctectcaaat 2220
cacatttgtg cctggtgact tcecctgteccct gggacagttg agaagctgac tgggcaagag 2280
tgggagagaa gaggagaggg cttggataga gttgaggagt gtgaggctgt tagactgtta 2340
gatttaaatg tatattgatg agataaaaag caaaactgtg cct 2383
<210> SEQ ID NO 36
<211> LENGTH: 7814
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 36
ggaattcegyg gaaatcctgg gataagagaa tagtttectg gaagatctgt gectccaacce 60
agcagagagg gattgagcett cattgaactc aacagagcca acatttcata gcaccatgtt 120
caagaggagg ttgaagtggc atggcaatgg ttagagaccce tgctgggegt gaacacccte 180
tggctaccta gggacctgtg ggcctaccac ctggtgcect catggagaca agaagccctg 240
ggttgaacaa catgaagccce cagtcactgce agctggtact ggaagagcag gtgctggeac 300
tacagcagca gatggcagag aatcaggcag cctectggeg gaagctgaag aactcccagg 360
aggcccagca gagacaagca acccttgtga ggaagctgea ggccaaggtyg ctgcagtace 420
gaagctggtyg ccaagagctyg gagaagcggce tagaagccac tggaggacca atcccccaga 480
ggtgggaaaa tgtggaggag ccaaacctgg atgagctgcet ggtccgattg gaggaggagce 540
aacagaggtg tgagagtcta gcagaggtga acacccagat tcgactgcac atggaaaaag 600
ctgacgtggt gaataaagcc cttagggcag atgtggaaaa actgacagtyg gactggagcce 660
gggcccggga tgagctaatyg aggaaggaga gccagtggca gatggagcag gagttcttca 720
agggctacct gaaaggggag cacggtegece ttetcagtet atggegggag gttgtgacat 780
tcecgacgeca cttectggaa atgaagtcag ctactgacag agatctgatyg gagctaaaag 840
ctgagcatgt gaggctttca gggtctetgt tgacctgttyg tetgegettyg actgtgggag 900
cacagtcteg ggaacccaac ggatctggaa gaatggatgg gegggagecyg gceccagetge 960
tgctgctact agccaagacc caggagcetgg agaaggaage ccatgaaagyg agccaggagt 1020
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taatacagct gaagagtcaa ggggatctgg agaaggctga acttcaggac cgggtgaccg 1080
agctctetge tectgttgacce cagtctcaga agcaaaatga agattatgaa aagatgataa 1140
aggctctgag agagacagtg gagatcctgg agacaaatca cacagaatta atggaacatg 1200
aagcatctct tagtaggaat gcgcaagagg agaagttgtc tttacagcag gtgatcaagg 1260
atataaccca ggtcatggtyg gaagaagggg acaatatagc ccaaggctct ggtcttgaga 1320
actctttgga attggagtct agtatcttct cccagtttga ttaccaagat gcagacaagg 1380
ctcttactcect ggtgcgttceca gtgctgacte ggagacgcca ggctgtgcag gacctaaggce 1440
agcagcttge aggctgtcaa gaggctgtga acttgttgca acagcagcat gatcagtggg 1500
aggaagaggg caaagccttg agacagegge tgcagaaget cactggggag cgggacacte 1560
tggcagggca gactgtggac ctccagggag aggtggacte tcetcagcaag gagcgagage 1620
tgctgcagaa ggccagggaa gagctgegge ageagetgga ggtgctagag caggaggeat 1680
ggcgectgeyg aagggtaaat gtggagette agetgcaggg ggactctgeco cagggecaga 1740
aggaggaaca gcaggaggag ctgcacctgg ctgteccggga gagggagegt cttcaggaga 1800
tgctgatggg cctggaagcec aaacagtcag aatcactcag tgaactgatc actctteggg 1860
aagccctgga gtcaattcac ctggaagggg agttactgag gcaagagcaa acggaagtga 1920
ccgcagegcet ggctagggca gagcagtcaa ttgcagagcet gtcgagttcet gaaaacaccce 1980
tgaagacaga agtagctgat cttcgggctg cagctgtcaa gcectcagtgcce ttaaatgagg 2040
ctttggegtt agataaagtt gggctgaacc agcagcttcet ccagttagag gaggagaacc 2100
agtctgtgtg cagcagaatg gaggccgcag agcaggcgag aaatgctttg caggtcgacce 2160
tggcggagge agagaagagg agggaagecce tgtgggaaaa gaacactcac ctggaggcete 2220
agctgcagaa agctgaggag getggggetyg agetgcagge agatctcagg gacatccaag 2280
aagagaagga agaaattcaa aagaaactaa gtgagtcacg tcaccagcag gaggcagcca 2340
cgactcaget ggagcageta catcaggagg caaagcgaca ggaagaagtg cttgccaggg 2400
cagtccagga gaaggaggcece ctagtacgag agaaagegge tctagaggtyg cggcetgcagg 2460
cegtggageg tgaccggeag gacctegetg cacaactaca ggggctcage tcagccaagg 2520
agctactgga gagcagtctg tttgaagccce aacaacaaaa ttctgtgata gacgagccgce 2580
aggggcagct ggaggtccag attcaaactg tcactcaage caaggaagta atccaagggg 2640
aagtgaggtyg cctgaagetg gaactggaca ctgaacggag tcaggcagag caggagceggg 2700
atgctgcage cagacagetg geccaggetyg agcaagaagg gaagactgece ttggagcage 2760
agaaggcagce ccatgagaaa gaggtgaacc agetccggga gaaatgggag aaggagcegcet 2820
cctggecacca gcaggagetg gcaaaggete tggagagett agaaagggaa aaaatggage 2880
tggaaatgag gctaaaggag cagcagacag aaatggaggce catccaggcece cagagggaag 2940
aagaacggac ccaggcagag agtgccctat gccagatgea getggaaaca gagaaggaga 3000
gagtatccct cctggagaca ctgctgcaga cgcagaagga gctagcagat gecagecaac 3060
aactggaacyg actgaggcag gacatgaaag tccagaaatt aaaggagcag gagaccactg 3120
ggatactaca gacccagctce caggaggcte aacgggagct gaaggaggca geccggeage 3180
acagagatga ccttgctgcecc ctccaagaag agagcagctce cctgctgcag gataagatgg 3240
acctgcagaa gcaggtggag gacttgaagt ctcagctggt ggcccaggat gactcccaga 3300
ggctggtgga gcaggaggtt caggagaagc tgagagagac ccaggagtat aaccgaattce 3360
agaaggagct ggagagagag aaagccagcece tgactctgte actgatggaa aaggaacaga 3420
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gactccttgt tttacaagaa gctgactcta ttcgacaaca agagctgagt gcecctgegec 3480
aggacatgca ggaggcccag ggagaacaga aagagctcag tgctcagatg gaattactaa 3540
ggcaagaggt gaaggaaaag gaggctgact ttctggecca ggaagcacag ctgctggagyg 3600
agctggaggce gtctcatatc acggagcagce agctgcgage ctcecttgtgg geccaggaag 3660
ccaaggcage ccaactacac ctgcgactge gcagcacaga gagccagcta gaagegetgg 3720
cecgcagagca gcageccggg aaccaggecce aggceccagge ccagetggece agectctact 3780
ctgccectgeca gecaggccectg gggtetgttt gtgagagcag gectgagctg agtggtgggg 3840
gagactctge tceccttecegte tggggecttg agccagacca gaatggagcet aggagcectcet 3900
ttaagagagg gcccctgetg actgcetetcet ccgetgagge agtagcatct gecctectca 3960
agcttcatca agacctgtgg aagactcaac agacccggga tgttctgagg gatcaggtcce 4020
agaaactgga agagcgtcta actgatactg aggctgagaa gagccaggtce cacacagagt 4080
tgcaggatct gcagagacag ctctcccaga atcaggaaga gaaatccaag tgggaaggaa 4140
agcagaactc cctagaatct gagctgatgg aactacatga aactatggca tcecttacaga 4200
gtegectgeyg gagagcagag ctacagcgaa tggaagecca gggtgagega gagttactte 4260
aggcagccaa ggagaacctg acagcccagg tggaacacct gcaagcaget gtcgtagaag 4320
ccagggctcea ggcaagtgct getggcatce tggaagaaga cctgagaacyg gctcegetcag 4380
cactgaagct gaaaaatgag gaagtagaga gtgagcgtga gagagcccag gctctgcaag 4440
agcagggcga actgaaggtg gcccaaggga aggctctgea agagaatttyg gccctectga 4500
cccagaccct agctgaaaga gaagaggagg tggagactcet geggggacaa atccaggaac 4560
tggagaagca acgggaaatg cagaaggctg ctttggaatt gectgtctctg gacctgaaga 4620
agaggaacca agaggtagat ctgcagcaag aacagattca ggagctagag aagtgtaggt 4680
ctgttttaga gcatctgcecce atggccgtce aggagcgaga gcagaagctg actgtgcaga 4740
gggagcagat cagagagccce gagaaggatc gggagactca gaggaacgtc ttggagcatce 4800
agcttctaga acttgagaag aaagaccaaa tgattgagtc ccagagagga caggttcagg 4860
acctgaaaaa gcagttggtt actctggaat gcctggcect ggaactggag gaaaaccatc 4920
acaagatgga gtgccagcaa aaactgatca aggagctgga gggccagagyg gaaacccaga 4980
gagtggettt gacccacctt acgctggacce tagaagaaag gagccaggag ctgcaggcac 5040
aaagcagcca gatccatgac ctggagagece acagcaccegt tcetggcaaga gagctgcagg 5100
agagggacca ggaggtgaag tctcagegag aacagatcga ggagctgcag aggcagaaag 5160
agcatctgac tcaggatctc gagaggagag accaggagcet gatgctgcag aaggagagga 5220
ttcaggttet cgaggatcag aggacccgge agaccaagat cctggaggag gacctggaac 5280
agatcaagct gtccttgaga gagcgaggece gggagctgac cactcagagyg cagctgatge 5340
aggaacgggc agaggaaggg aagggcccaa gtaaagcaca gcgegggage ctagagcaca 5400
tgaagctgat cctgcgtgat aaggagaagg aggtggaatg tcagcaggag catatccatg 5460
aactccagga gctcaaagac cagctggage agcagctcca gggectgcac aggaaggtag 5520
gtgagaccag cctectectg tceccagegag agcaggaaat agtggtectg cagcagcaac 5580
tgcaggaagce cagggaacaa ggggagctga aggagcagte acttcagagt caactggatg 5640
aggcccagag agccctagcece cagagggacce aggaactgga ggctcectgcag caagaacagce 5700
agcaggccca gggacaggag gagagggtga aggaaaaggce agacgcccte cagggagcete 5760
tggagcaagce ccatatgaca ctgaaggagce gtcatggaga gcttcaggac cacaaggaac 5820
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aggcacgaag gctggaggaa gagctggcag tggagggacyg gcegggtccaa gccctggagg 5880
aggtgctggg agacctaagg gctgagtctce gggaacagga gaaagctctg ttggccctcee 5940
agcagcagtg tgctgagcag gcacaggagce atgaggtgga gaccagggece ctgcaggaca 6000
gectggetgea ggeccaggca gtgctcaagg aacgggacca ggagctggaa getctgeggyg 6060
cagaaagtca gtcctecegg catcaggagg aggctgceceg ggeccggget gaggetcetge 6120
aggaggccct tggcaaggct catgctgecce tgcaggggaa agagcagcat ctcctcgage 6180
aggcagaatt gagccgcagt ctggaggeca gecactgcaac cctgcaagece tccctggatg 6240
cctgecagge acacagtegg cagctggagg aggctcetgag gatacaagaa ggtgagatce 6300
aggaccagga tctccgatac caggaggatg tgcagcaget gcagcaggca cttgeccaga 6360
gggatgaaga gctgagacat cagcaggaac gggagcagct gctggagaag tctcectggecce 6420
agagggtcca agagaatatg atccaagaga agcagaatct ggggctagag agagaagagg 6480
aggagataag gggccttcat cagagtgtaa gggagctaca gctgactcta gcccaaaagg 6540
aacaggagat tctggagctg agggagaccce agcaaaggaa caacctggaa gccttaccce 6600
acagccacaa aacctcccca atggaggaac aatctctaaa acttgattcect ttagagccca 6660
ggctgcageyg ggagctggag cggctacagg cagccctgag acagacagaa gccagggaga 6720
ttgagtggag ggagaaggcc caggacttgg cactctcect agegcagacce aaggcecagtg 6780
tcagcagtct gcaggaggtt gccatgttce tacaagectce tgtcecctggag cgggactcag 6840
aacagcaaag gctgcaggat gaactggage tcaccagacyg ggctcectggag aaggagcggce 6900
tacacagcce aggtgcaacc agcacagcag aactggggte cagaggggag cagggtgtge 6960
agctgggaga ggtctcagga gtggaggctg agcctagtcecce tgatggaatg gagaagcagt 7020
catggagaca aaggcttgaa cacctgcagce aagcagtgge cceggctggag attgacagga 7080
gcaggctgea gcgecacaat gtccagetge ggagtacctt ggagcaggtg gagcgagaac 7140
ggaggaagct gaagagggag gccatgegtg cggcccagge agggtccecta gagatcagea 7200
aggccacgge ttcttcacce acacagcagg atgggagagg acagaagaac tcaaatgcca 7260
agtgtgtggce tgaactgcag aaagaggtgg tcctgctgca agctcagctg actttggagce 7320
ggaagcagaa gcaggactac atcacccgct cagcacagac cagccgtgag ctagcaggec 7380
tgcaccacag cctctcacac tcacttecttg ccgtggecca ggccecctgag gecactgtece 7440
tggaggcaga gacccgcagg ctggatgagt cectgactca aagtctgaca tccccaggge 7500
cagtecctget acaccccage cccagcacta cccaagcecge ctecaggtag cagccacage 7560
caggagcaca cagacagaag actgtgtcat gggtcatgge ccctecgcac acctacaggt 7620
ttgccaaagg aaaagcctgg ctetgttagg cacccaggag ccccaggteg gegggtgtte 7680
ccaggaagag gaagtaaatc tgcaaccctg gggaggacce caactcacct gggaatgagg 7740
caaattgcat ttgcttgctc cctatggaat cacccagagg ggtgccttge cctggctgag 7800
ggacccggaa ttece 7814
<210> SEQ ID NO 37
<211> LENGTH: 1368
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 37
gtggctecayg gecggaagag ggagtctgta ggggegggee ggctggegte cecttteegy 60
ceggteccca tggaggegcet ggggaagetg aagcagtteg atgectacce caagactttg 120
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gaggacttce gggtcaagac ctgeggggge gecaccgtga ccattgtcag tggecttete 180
atgctgctac tgttectgtce cgagctgecag tattaccteca ccacggaggt gcatcctgag 240
ctctacgtgg acaagtcgcg gggagataaa ctgaagatca acatcgatgt actttttcecg 300
cacatgcctt gtgectatct gagtattgat gecatggatg tggccggaga acagcagcetg 360
gatgtggaac acaacctgtt caagcaacga ctagataaag atggcatccc cgtgagctca 420
gaggctgage ggcatgaget tgggaaagtc gaggtgacgg tgtttgaccce tgactccctg 480
gaccctgate getgtgagag ctgctatggt getgaggcag aagatatcaa gtgcetgtaac 540
acctgtgaag atgtgcggga ggcatatcge cgtagagget gggecttcaa gaacccagat 600
actattgagce agtgccggceg agagggette agecagaaga tgcaggagca gaagaatgaa 660
ggctgcecagyg tgtatggett cttggaagtc aataaggtgg ccggaaactt ccactttgece 720
cctgggaaga gcttecagca gtcccatgtg cacgtccatyg acttgcagag ctttggectt 780
gacaacatca acatgaccca ctacatccag cacctgtcat ttggggagga ctatccagge 840
attgtgaacc ccctggacca caccaatgtce actgegccee aagectccat gatgttccag 900
tactttgtga aggtggtgcc cactgtgtac atgaaggtgg acggagaggt actgaggaca 960
aatcagttct ctgtgaccag acatgagaag gttgccaatg ggctgttggg cgaccaaggc 1020
cttcececggag tettegtect ctatgagcete tcegeccatga tggtgaaget gacggagaag 1080
cacaggtcct tcacccactt cctgacaggt gtgtgcgceca tcattggggg catgttcaca 1140
gtggctggac tcatcgattc gctcatctac cactcagcac gagccatcca gaagaaaatt 1200
gatctaggga agacaacgta gtcaccctcg gtgcttcecte tgtctectet ttetecetgg 1260
cctgtggttg tcccccagee tetgccacce tcecacctect cggtcagcece cagccccagg 1320
ttgataaatc tattgattga ttgtgatagt aaaaaaaaaa aaaaaaaa 1368
<210> SEQ ID NO 38
<211> LENGTH: 6598
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 38
gattcaggtyg ggcgggctgg tgggcagaag ggcagacggg cagaggaagt gccagtgeca 60
ctgggaccat ggctctgacg gtaacgegtg caacgactaa cagggctgac cggcacccac 120
gaccgacaag tgaagctcac ctttcgagge tttacccaga aaacaagaaa aattcactgt 180
ggtccagaag cagatatcgg tgagetgttce cgatggecce actatgggge tccactgget 240
ggggagtgte tgtctgtgca ggtggtcaac tgcagecgtg tattcagect taggectcta 300
gggaccctygyg tgatctccect gcagcageta cagaatgetg ggcatttggt getacgggaa 360
geectagtgyg atgagaatct tcaagtgtcece ccgatccagg tggagcettga cctgaagtac 420
cagcecccag agggegetac tggagectgg tcagaggagyg actttgggge acccatccag 480
gacagctteg agttaatcat ccccaatgtg ggcttecagg aactggagec tggggaggec 540
cagctggage ggcgggcagt ggctctagge cgcaggctag ctcegaagtcet aggcecagcag 600
gacgatgaag agaatgagct ggagcttgag ctggagcagg acctggatga tgagcctgac 660
gtggaacttt ctggtgttat gttcagccce ctcaagagcec gegccagggce cctggcccat 720
ggggatccect tccaggtgte cagagcectcaa gacttecagg tgggagtcac tgtgctggaa 780
geecagaaac tggtgggagt caacattaac ccctatgtgg cegtgcaagt gggggggceag 840
cgeegtgtga ccgecacaca gegtgggace agttgccect tctacaatga gtacttettg 900
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ttegaattte

cattcgcaga

atcatcttgg

cgagacaccc

ggggacctgc

aacctgcetee

ctgtaccgeg

geecctgcacy

dagggcgaga

ttegtggage

ccectggteg

dgecgegegy

ceceeceggeyg

atttggttcc

gaacctgage

aaaaagaaag

ceceggtgecy

cegetgecag

gaggccacca

ggtcgcgcag

gagggtgcag

gaggaagaac

ttetgettge

cacacctgge

gggctgcagg

aagcaggcac

aggacgatga

ctgaaccttt

caaaagaagg

ccceccagecac

tgggcccgga

gactgtggga

tgtgccaage

tctgagetge

cgggacggtc

gttgatcgty

tgtatttgac

acccctggtt

cagggagttc

gctcgaggtyg

atgacacgceg

ccctecectt

accagccaga

gcgccgggac

ccectecaat

tgcegegegg

ccgaggggct

accagcgegt

cgtcggtgag

tcttecegee

acgcggeact

cggggtttaa

ngggCtCCg

geggecgect

ctcececcagge

ccagaaggga

aggggcctga

agaatgtcct

tgatcgacce

geegtetgga

cegtggagge

tggggaccca

ccctetgtea

gectgcagag

aggttgagag

tggaagtact

cceggeccaa

tggctaagca

tggcactgge

ceccteccega

tcecetgecca

agatccagag

tggagctett

ccceggattt

ctggagcaga

gatgggagga

cacaataagt

gagccccact

cgtgttgagg

gagcagccce

gettegtete

tatggccacc

tggccagtte

caagggttte

gctacccecy

ggtgcecgee

tcecegegety

cctggtggag

c¢gcecgaggey

getgacgege

cgctacgeac

ccctacctte

ggatagtett

tctgetgget

ccagcagggyg

tcagacccca

gatccecegt

ggcgeectgt

caccgtggec

ggagcaattyg

tcagecetetyg

tgctcagegy

ctgcaageca

cagcaactge

actgcagege

ggtggetggg

tgccctggat

aggactgcga

caagaagctce

tgtgctggte

ggatgtgctg

tctaatgete

cctgeggety

getgeccgag

cgctgagece

gggagcacct

ttcectecagt

ctggacgect

tgctgttety

aggttgtact

caagacttge

cggataggca

taccaaagat

attaaggtca

gececaggge

gagaggccat

CgCCtggggC

ccctatgtge

geggegeccy

agcctecgec

gtgccggace

ggceeggect

caaggtctca

gtgtccatge

tccacgttgt

aaggcggtte

gccatggagg

gaagatttce

tcccagecca

ggccgagggt

ctgggageca

cctgagecca

tgcatgcatg

gtgcgcaaag

aagccggggce

agcagacagt

cgatgccgag

cttectacgeyg

ctggcaaaac

tggatgctca

ttetetgtgy

acggcacccg

ggcctgggca

cecctecageeyg

tctgtgggat

gcaggaggag

geccagtgag

gtcectteca

gggtcttagg

ggaggtgget

tgctggagat cacggcettte

ccttcaggat ggacctggge

gggttecget gcatgatcce

ccttgteegt gagggegege

actgttcgga catcgagaag

gggcgcggct CCgCgthgC

tgctgggcag cctggtecge

gggtgtcettt cctggggcag

aatggaacga gcagctgage

tgcagctgeyg ggacgacgcg

tgaggcggat ctcccatceg

gggtgeccect ctatggeteg

acgaaggcegt tggccaagge

aggtgttgga agggagagct

cceggeteac ccgaaagaag

cgcagcactt ggacgccage

tggaggtgga ggagctgcetg

tgcttttegg tgtgetette

tcagcttega gatctecatt

ccagggctgg ggagggaact

ggccagagga ggagaaagag

tggacggcag tgggccatac

tgtggagttg ctgggaggac

tggccgagag gctggaccag

ctggegectyg tgcacagete

tttgccacgg tgccgagege

ggaaactcct ggtgcacage

gectgagacyg gegcaatgtg

tgcgetttet ggctgaggag

gcgggcagcyg CCgtgtggCC

ttgaggagga acggggccga

gggcagcece tggtgaggte

agcaagccaa ggcctgcace

ggctgeccete cagcectacac

gaactcctgg tatttgagca

cctecattag tgatcatcaa

gtggagcece aggatctgge

cccaacgtgt geccagtget

ggacttggte gtgtgcatct

gggcaaggtg tggagtctga

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300
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ggtcctggece agctaccgtg agagccccaa tttcactgag cttgtcaggce atctgacagt 3360
ggacttgceg gagcagcectt acttgcagcece tccactcage atcttggtga ttgagcgecyg 3420
ggcectttgge cacacagtce ttgtgggttce ccacattgte ccccacatgce tgcgattcac 3480
atttcggggt catgaggatc ctcecctgagga ggaaggagag atggaggaga caggggatat 3540
gatgcccaag ggacctcaag gacagaagtc cctggatcece ttettggetg aagcgggtat 3600
atccagacag ctcctgaage ctectcectgaa gaagctecca ctaggaggcc tcectaaatca 3660
aggcectggg ctggaggaag acatcccaga tccagaggag ctcegactggyg ggtccaagta 3720
ctatgcgtcg ctgcaggagce tccaggggca gcacaacttt gatgaagatg aaatggatga 3780
tcetggagat tcagatgggg tcaacctcat ttctatggtt ggggagatcce aagaccaggg 3840
tgaggctgaa gtcaaaggca ctgtgtccce aaaaaaagca gttgccaccce tgaagatcta 3900
caacaggtcc ctgaaggaag aatttaacca ctttgaagac tggctgaatg tgtttcecctcet 3960
gtaccgaggyg caagggggcce aggatggagg tggagaagag gaaggatctg gacaccttgt 4020
gggcaagttc aagggctcct tcctcattta cecctgaatca gaggcagtgt tgttctetga 4080
geeccagate teccggggga tceccacagaa ccggceccate aagctectgg tcagagtgta 4140
tgttgtaaag gctaccaacc tggctcectge agaccccaat ggcaaagcag acccttacgt 4200
ggtggtgage gctggccggg agcggcagga caccaaggaa cgctacatcc ccaagcaget 4260
caaccccatce tttggagaga tcctggagct aagcatctet ctcecccagcectg agacggagcet 4320
gacggtcgece gtatttgate atgacctegt gggttctgac gacctcatcg gggagaccca 4380
cattgatctg gaaaaccgat tctatagcca ccacagagca aactgtgggce tggcctccca 4440
gtatgaagtg tgggtccagce agggcccaca ggagccatte tgagtttcectg gccaaacaca 4500
ttcaagctca cattcccttt tgtgtctcca gatcctatga tttcatggaa ggggacccte 4560
ccacccaccg ccactgccaa ccaagacata gctcagtggt caagacttgg gettgggagt 4620
cgggatcctg taacgaatgt cacttgaccg ctttcettttt ttatgaaaca gtctcgectcet 4680
gtctecccagyg ttggagtgca gtggcacgat ctcggctgac tgcaacctcece acctectggyg 4740
ttcaagcgat tctcectgect cagecteccce agtagcectggg attacaggeg tgggcecccca 4800
tgtccagecta atttttatat tttecgctctg tcteccaggt tggagtgcag tggcacgatce 4860
tcggctgact gcaacctecca cctectgggt tcaagcgatt ctcectgecte agectceccca 4920
gtagctggga ttacaggcgt gggcccccat gtccagctaa tttttatatt tttagtagag 4980
acagggtttc accatgttgt ccaggctggt cttgaacccc tgacctcaag tgatccaccce 5040
acctctgect cccaaagtge tgggattaca ggtgtgagece accatgccag gecctcettaa 5100
cctcttcaag tectgttttet catctgcaaa acagaggtaa taagatcagt atcttcecttaa 5160
tggaagcacc tggactacat ttttttcatt cattgttatc ataaatgagg actaacctgt 5220
ctccegttgg gagttttgaa cctagaccte atgtcttcat gacgtcatca ctgccccagg 5280
cccagetgtg tecctacace agccccagct gacgcatcett ctttttcectge ctgtagagat 5340
ggttacaatg cctggcgtga tgcattctgg ccttegcaga tectggeggg gctgtgcecaa 5400
cgectgtggece tecctgceccee tgaataccga gcecggtgcetg tcaaggtggg cagcaaagtce 5460
ttecctgacac caccggagac cctgccccca gggatctett cacatgtgga ttgacatctt 5520
tcetcaagat gtgcectgete cacccccagt tgacatcaag cctceggcage caatcagcta 5580
tgagctcaga gttgtcatct ggaacacgga ggatgtggtt ctggatgacg agaatccact 5640
caccggagag atgtcgagtg acatctatgt gaagagctgg gtgaaggggt tggagcatga 5700



173

US 11,130,998 B2

174

-continued
caagcaggag acagacgttc acttcaactc cctgactggg gaggggaact tcaattggcg 5760
ctttgtgttc cgctttgact acctgcccac ggagcgggag gtgagcgtet ggcgcaggtce 5820
tggacccecttt geccctggagg aggcggagtt ccggcagect gcagtgctgg tectgcagga 5880
tcectggagt tgcagctacce agacatggtg cgtggggcecce ggggccccga gcetcectgetcet 5940
gtgcagctgg cccgcaatgg ggccgggecg aggtgcaate tgtttegetg ccgecgectyg 6000
aggggctggt ggccggtagt gaagctgaag gaggcagagg acgtggagcg ggaggcegcag 6060
gaggctcagyg ctggcaagaa gaagcgaaag cagaggagga ggaagggcecg gccagaagac 6120
ctggagttca cagacatggg tggcaatgtg tacatcctca cgggcaaggt ggaggcagag 6180
tttgagctge tgactgtgga ggaggccgag aaacggccag tggggaaggyg gcggaagcag 6240
ccagagcctce tggagaaacc cagccgcccce aaaacttect tcaactggtt tgtgaacccg 6300
ctgaagacct ttgtcttett catctggcge cggtactgge gecaccctggt getgetgeta 6360
ctggtgctgce tcaccgtett cctectectg gtettctaca ccatcectgg ccagatcagce 6420
caggtcatct tccgtccect ccacaagtga ctcectecgetga ccecttggacac tcacccaggg 6480
tgccaaccct tcaatgcctg ctectggaag tcetttettac ccatgtgage taccccagag 6540
tctagtgett cctctgaata aacctatcac agccactgaa aaaaaaaaaa aaaaaaaa 6598
<210> SEQ ID NO 39
<211> LENGTH: 1050
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 39
tcteecgace ctggatctga ggcaggagat gectccceeyg cgggtgttca agagetttet 60
gagtacggge caggccagcet gcgatccect ctgacccteg ggttcececte tecgaactece 120
agttctctet gagecccegg ccccegtttyg agtatcgage cectetcecga gectcaacte 180
attcctagece cccatccaat tatcctagec gaccctetet tectgagece caggeccace 240
ceceggecect cccaagecce ttectgaacce ggacaccacyg caggctgage cccgectete 300
cctgecgtgg gecectetet gaccctetgt cetggectea ggectgetet tcecagggget 360
gagegtgttyg ttatccctgg caggagacgt getggtcage atgtacaggt cagaggaagyg 420
gacgcetggeyg ccccaggaac agetetttgg agggggtggyg gagcagggec ggaaccttge 480
tggcgettga gcecgattcag atctgattga gtcatgttgg caagagetgyg gtctaggace 540
ctggggtggy gactggaggg ttgagcaggt cggggcectea gectecctee ggttecccag 600
ggaggtctgt tccatccget tectgttcac ggetgtgteg ctgctgagec tetttetgte 660
aggtgagggg cagtgaattc cctggagecce ctgecctggyg tgctttggag gcaaacccag 720
cacattttet cctacatcct cggtcectgeca getectggea tteccctgea gaacccecta 780
attceccccte agactcccac ggtccteccee aggcettaace cectcaagece tcetttecact 840
gteccectat gecggggaaa cccattetet tecttttect tetgagacce cteectetet 900
ttctecagea ttetggetgg ggcttetgta cetggtcetet cetttggaga atgtgagttg 960
gggagactgt cttggggtag ggggttggca ggttgtgaac ccggagattg tgggggtcecce 1020
ctggactgtc ggtctgctgg ggtgggggta 1050

<210> SEQ ID NO 40
<211> LENGTH: 1455

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 40
cgattgatgg cgacgtccgt ggggcaccga tgtctgggat tactgcacgg ggtcgcegecg 60
tggcggagca gectccatce ctgtgagatc actgccctga gccaatccct acagecctta 120
cggaagctgce cttttagagce ctttcgcaca gatgccagaa aaatccacac tgcccctgec 180
cgaaccatgt tcctgetgeg tcccctgcee attetgttgg tgacaggcegg cgggtatgcea 240

gggtaccgge agtatgagaa gtacagggag cgagagctgg agaagctggyg attggagatt 300

ccacccaaac ttgctggtcea ctgggaggtg getttgtaca agtcagtgee aacgegettg 360
ctgtcacggyg cctggggteg cctcaatcag gtggagetge cacactgget gegcaggecce 420
gtctacagee tgtacatctg gacgtttggyg gtgaacatga aagaggccgce tgtggaggac 480
ctgcatcact accgcaacct cagcgagtte ttecggegea agetgaagee gcaggceccegg 540
cctgtetgtyg gectgecacag cgtgattage ccateggatg gaaggatect caactttggg 600
caggtgaaga actgtgaggt ggagcaggta aagggggtca cctactcect ggagtegtte 660
ctgggecege gtatgtgecac agaggacctg ccctteccac cagecgegte gtgtgactece 720
ttcaagaacc agctggtcac ccgggaaggg aatgagetet atcactgtgt catctacctg 780
gecectgggyg actaccactg cttecactee cccaccgact ggactgtgte ccaceggege 840
cacttcccag gctcectgat gtcagtgaac cctggeatgg ctegetggat caaagagcete 900
ttctgccata acgagegggt ggtectgacyg ggggactgga aacatggett cttcetcactg 960

acagctgtgg gggccaccaa cgtgggctce attecgcatcet actttgaccg ggacctgcac 1020
acaaacagcce caaggcacag caagggctcece tacaatgact tcagettegt gacgcacace 1080
aatagagagg gcgtccccat gegtaaggge gagcacctgg gegagttcaa cctgggetcee 1140
accatcgtge tcatcttecga ggcccccaag gacttcaatt tccagctgaa aacaggacag 1200
aaaatccget ttggggaagce cctgggctceg ctectagagte tectttectga ttatggetgce 1260
taagggatct tttccaaaca gagtgagggt cttttcaaga gggaggccca tgaggccatce 1320
caggtaaggg cctgcctcag cgtggttggg agtctgacca ggtaggactt gaatgattcg 1380
gctaccacct gttccagagg tgcagacaag aggtggcgag agcccccatce atgeccctca 1440
accctatecee gttece 1455
<210> SEQ ID NO 41

<211> LENGTH: 4683

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

caagatgact tctctgecce aagettggaa cagctaaagg gaaaaacagt gcaagatgag 60
aacaacaaag dtctacaaac tcgtcatcca caagaaggge tttgggggca gtgatgatga 120
getagttgtyg aaccccaaag tgttcectca catcaagett ggagacattyg tagagattge 180
acaccccaac gatgaataca gecctetget tttgecaggte aagtctctta aggaagattt 240
acagaaggaa actatcagtg tggaccagac tgtgactcaa gtgtteccgge tgagacctta 300
tcaggatgte tatgttaatg tcgtagacce taaggatgtg acccttgace tagtggaatt 360
aacttttaag gatcagtata ttggcegtgg ggatatgtgg cgactaaaga aaagtttggt 420
cagcacatgt gcctatatca cccagaaggt ggagtttget ggcatcagag cacaggetgg 480
tgaactgtgg gttaagaatg agaaggtcat gtgtggetac atcagtgaag ataccagggt 540

ggtgtttegt tctacgtcgg ctatggttta catatttatt cagatgagct gtgaaatgtg 600
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ggattttgat atttatgggg atttgtattt tgagaaagct gtgaatggtt tccttgctga 660
tctatttace aagtggaagg agaagaactg tagtcatgaa gtgacagtgg tcctgtttte 720
tagaactttc tatgatgcaa aatctgttga tgaatttcct gaaataaacc gagcctcaat 780
tcgacaggat cacaagggga gattctatga agacttttac aaagtggtgg tgcagaatga 840
gagaagagaa gaatggactt cacttctcgt aaccattaaa aaactcttca tccagtatcce 900
agtgttggtyg cgactggaac aggcagaggg ctttcctcaa ggagataatt ctacctcage 960
acaaggaaac tacctggagg ccatcaatct gtcattcaat gtgtttgata agcactacat 1020
caaccgcaac tttgaccgaa ctgggcagat gtcagtggtg atcacgcccg gggtgggtgt 1080
ctttgaagtg gaccgcctac tcatgatcct gaccaagcag cggatgatag ataatggaat 1140
tggtgtggat ttggtgtgca tgggagagca accgttacat gctgtcccat tgttcaaget 1200
ccataatcgg agtgctccece gtgattectceg tcectgggcecgat gactataata tecctcactg 1260
gataaaccac agtttctaca catccaaaag ccagctcttt tgtaatagtt tcaccccacyg 1320
aataaaactg gcaggaaaga agcccgecte tgagaaagca aaaaatggec gtgatacate 1380
tctegggagt ccaaaagaat ctgagaacgc ccttcecccatc caagtagatt atgacgcecta 1440
tgacgctcaa gtgttcaggce tgcccggcce atcccgggcece cagtgectca ccacctgcag 1500
atctgtgcga gagcgagaga gtcacagtcg aaagagtgcc agctcecctgtg atgtttcatce 1560
cagcecttee ctaccaagcce gcacactgece cactgaggaa gtgaggagece aggcttctga 1620
cgacagctee ctaggcaaga gtgccaacat cctgatgate ccacaccccece acctgcacca 1680
gtatgaagtc agcagctcct tgggatacac cagcactcga gatgtcctgg agaacatgat 1740
ggagccacca cagcgagact ccagtgcacce agggaggttt cacgttggca gtgcagaatc 1800
catgctgcat gttcgacctyg gtggatacac gccccagaga gcactgatta accccttege 1860
tcectetegg atgcccatga agettacgte caacagaagg cgctggatgce acacttttcece 1920
tgtggagaca agctgttttt atctttccat aggtatgaat cctaggaccce agaataagga 1980
ttctctagag gacagtgttt ctacctctce agacccaatg ccaggcttcet gttgcacagt 2040
tggagtggac tggaagtctc tcactactce ggegtgectce ccccttacca ccgactactt 2100
ccetgaccge cagggcctge agaatgacta cacagagggce tgttatgatce tecttcecaga 2160
agcagacatc gacaggaggg acgaagatgg tgtgcagatg acagcccage aggtatttga 2220
agagtttatt tgccaacgtc tcatgcaggg ctaccaaatc atagtgcagc ccaagacaca 2280
gaaacccaat cctgctgtce cgecccceceget gagcagtage ccactctata gccgaggect 2340
tgtgtcecga aaccgccetyg aggaggagga ccagtattgg ctgagtatgg gcagaacgtt 2400
ccacaaagtg acgctgaagg ataagatgat cacagtgacg cgataccttc ccaagtatcc 2460
ttatgaatct gcccagatcc actacaccta cagecctcetgt ccttecccact cagactcaga 2520
gttcgtctee tgectgggtgg aattctecca cgaacggctyg gaggagtaca agtggaatta 2580
cttagatcag tatatctgtt ctgccggctce tgaagacttc agcttaattg agtccctgaa 2640
gttctggagg acccgcttcee tgctgctgece agectgtgte accgccacca agcgcatcac 2700
ggagggggayg gcccactgeg acatctatgg ggacaggcece cgtgcagacg aggacgagtyg 2760
gcaactcetg gatggttttg tcegetttgt ggagggcttyg aatcgcattc gcaggcggca 2820
tcgcteggat cgcatgatge ggaaagggac cgccatgaaa ggcttgcaga tgactgggcece 2880
catttccacg cattctctgg agtcaactgce acccccagtg gggaagaagg gaacctcagce 2940
tctetetgee ctgttggaga tggaggccag tcagaagtgce ctgggagaac agcaggcagc 3000
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tgtgcatggt gggaagagct ccgcccagtce agccgagagce agcagcgttg ccatgactcece 3060
cacctacatg gacagcccac gaaaggtatc tgtggaccaa acagccactc ctatgttgga 3120
cggcaccagt ttgggcatat gcacaggeca atccatggac agaggcaaca gccagacctt 3180
tgggaactce cagaacatag gagaacaggg ctactcctece acaaactcca gtgacagcag 3240
ctctcagcag ctggtggcaa gctcecttgac ctcatcctet accctgacag agatcctgga 3300
agccatgaag cacccctecga caggagtcca getgetctet gaacagaagyg gcectctcace 3360
gtactgctte atcagcgcgg aggtggtaca ctggttggtg aaccacgtgg aggggatcca 3420
gacacaggcyg atggccattg acatcatgca gaaaatgctg gaagagcagce tcatcacaca 3480
tgcatctgge gaagcctgge ggaccttcat ctacggettce tatttctaca agatagtaac 3540
ggacaaagag cccgaccgag tggccatgca gcagcccgece accacctgge acacagcagg 3600
agtggacgac ttcgccagcect tceccagcegcaa gtggtttgag gtggecctttg tggcagaaga 3660
gctegtgecac tcectgagatte ctgectttet ccectgcectgg ctgectagece ggccagectce 3720
ctatgcaagt aggcacagct cctttagccg aagttttgga ggacggagcce aggcggcagc 3780
acttttagct gccactgtece cagagcagag gactgtgacc ctggatgttg acgtgaacaa 3840
ccgcacagac cggctggagt ggtgcagctg ttattaccat ggcaactttt ctectgaatgce 3900
agcctttgag atcaagctge actggatggce ggtgaccgca gcagtactct tcecgagatggt 3960
ccaaggttgg catcggaaag ccacctecctg tggettettg ttagtcccag ttttggaggg 4020
gccttttgea ctgecccagtt acctgtatgg cgaccccctt cgtgceccagce tcttcatcecce 4080
actcaacatc agctgcttge tcaaggaggg cagcgagcac ctgtttgata gcectttgaacc 4140
cgaaacgtac tgggatcgaa tgcacctctt ccaggaagcc attgcacaca ggtttgggtt 4200
tgtacaagat aaatattctg cctctgettt taacttcect gectgagaaca agcctcagta 4260
tatccacgtt acaggaacag tgtttctgca gctgccctac tccaagcgca agttctcagg 4320
gcagcagegyg cggeggcgga actccaccag ctccaccaac cagaacatgt tctgcgagga 4380
gegggtegge tacaactggg cctacaacac catgctcacce aaaacatggce gctccagege 4440
cacaggggat gaaaagtttg ctgatcggct gctgaaggac ttcacggact tcectgcatcaa 4500
ccgtgacaac cggctggtca cgttctggac aagttgcectg gagaagatgce atgccagtgce 4560
ccegtgagge caggetgcac ctgtgetggg ggaaggtggyg tgagecactyg ccctcaaace 4620
cggggcggag gattccaggce aggctctagg agtcaggtgt cecgtttgctg ctatcagtga 4680
gtg 4683
<210> SEQ ID NO 42
<211> LENGTH: 3047
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 42
gtaaataaag gcagctaaag ctgactgctg gttgcgcaaa atcccectgg ctettetgge 60
taaagtccta ccactcectg tacctggecag cagectgtet tetgggecte acctacacac 120
gtetgggtag gagcecagtca tctecatcca tcecacageca tgaatttect ceggcgacgt 180
ctctetgaca gcagettcat ggccaacctg cctaatgget atatgacgga cctgcaacge 240
ccagatagcet ccaccagetc acctgcettece ceegecatgg agaggaggca cccccagecce 300
ctggetgect ccttetecte tccaggatce agecttttta getecctete cagtgecatg 360
aagcaggcce ctcaggcecac ctcaggactg atggagecte caggtcccte cacgeccatt 420
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gttcaaagac ccaggatcct gttggtgatc gatgatgcce atacagactg gtcgaagtat 480
ttccatggga agaaggtgaa tggagagatt gagatccgag tggagcaggce tgaattctca 540
gagttgaacc tagctgccta tgtgaccggg ggctgcatgg tggacatgca ggtcgtgaga 600
aatgggacca aagtggtgag cagatccttce aagccagact tcatcctggt ccgecagcat 660
gectacagea tggecctggg ggaagactac cgcagectgg tcatcggect gecagtatgga 720
gggctgectyg ctgtcaacte tctctactcee gtctacaact tcetgcagcaa gecctgggty 780
ttctetcage tcattaagat cttccattee ctgggtectyg agaagttcece gettgtggag 840
caaacatttt tccccaacca taagccaatg gtcacagcce cacacttcece ggtggtagte 900
aagctgggac atgcccacgce tggaatggga aagatcaaag tggaaaacca gcttgactte 960
caggacatca ccagegtggt cgccatggec aaaacctacyg ccaccaccga ggcecttcate 1020
gactccaagt acgacatccg catccagaaa attggatcca actacaaggc ttacatgaga 1080
acctccatct ctgggaactg gaaggccaac acaggctcetg ccatgctgga gcaggtggcece 1140
atgacagaga ggtacaggct gtgggtggac agctgctcegg aaatgtttgg cggcctggac 1200
atctgtgececg tcaaggctgt ccacagcaag gatggcagag attacatcat cgaggtaatg 1260
gacagctcaa tgccgectgat tggagagcat gtggaagagg acagacagct gatggccgac 1320
cttgttgtct ccaaaatgag ccagctcccg atgccaggag gcacagcgcece ctcecccecte 1380
agaccttggg ctccacagat taaatcagcg aaatccccag ggcaagccca gctggggect 1440
cagctaggee agccccagece acgcccacct cegcaaggag gcecctegeca agcetcagtet 1500
cctecageccee agagatctgg aagccectece caacagagge tctcecccaca aggccagcag 1560
ccectgagee cccagtecgg atctccacag cagcaaaggt caccaggetce tccgcagcta 1620
tcecegggeat ccagtggcag ctccccaaac caggectceca agecaggtge caccctegece 1680
tcacagccee ggcccectgt gcagggecgt agtacctecee agcagggtga agagtccaag 1740
aagccagcac caccccatcce gcatctcaac aaatctcagt cectgactaa cagectcage 1800
acatccgaca ccteccageg tgggacccca agtgaagacyg aggccaaggce tgaaaccate 1860
cgcaacctga ggaagtcttt tgccagectg ttctcectgact aacgccatcce aggctgggag 1920
gggaagagtg ctctgctaca ctecgtcccce tectgectceca tettecttet cagecttggt 1980
tcetgatggg aacagaatgg agggcectgag aacatacttt ctaaatgcct ttgacccagg 2040
aaccgattat ctatatttgt tcccatttte cttcaccgtg acattccage attgtctgac 2100
tgtgaggtgg gcctttgaga gectccaggt tcectcaaaac aggcctgage gatgggcatce 2160
acaccctetg cctacccacg tgcctgetta cctgccagat aaccaagtga gatgtcetgeg 2220
agtggctagt tttcacattc ttactagtgt ttggctcacc tttgggcaaa ggccccctcet 2280
aggccttgece ccacctcecat caaacgcaga cactgtagtc agacctcagce aatataggag 2340
gcaataatct tttaacagtg ttttgcaaac aaacaaaaag agaaaaatcc cagccagggyg 2400
aactcgccac ctgcccacge tagttcecatce cacgctcaag acccgecctt agaccaggca 2460
ggcaaaggcce cccatcacac tcggecacta gtggggtcect gaggccaaga aagaaaccag 2520
accctgtatg acaagtgggg tcetttcagaa cacgacagaa acaggggggce ccttgtaatg 2580
ccactcatac tcagagcatt attcttattt ggacagccaa gggcagatca caggttattg 2640
taggaataaa gactagttta caaaggagaa agaggccctg gacttcccaa ggaaagggtce 2700
aggttagggc tcctgtaccce attctgttcee accactgttt gatctctcectg gectcccace 2760
aggaatgccg tttecttttt atggatctgt tgggaaccag agagaatcaa cagatcaatg 2820
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acataggatc cgaagtgcaa tgatagtcac ttctagtttg gcatttcaca
agcaaggtat tggtaggtta ctcaatttca aaagggcccce atggccaaat
accgectgttt gtatttettt ttttggagac gecattgtata taatatatgt

cggaattcct gcaggaaaga aatcagettt gttaaatcca aaaaaaa

<210> SEQ ID NO 43

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 43

gggtaatatt tataagttta ataataaggt

<210> SEQ ID NO 44

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 44

taaaaactat cccaaccctt ¢

<210> SEQ ID NO 45

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 45

aagtttaata ataaggttat ggtag

<210> SEQ ID NO 46

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 46

ggaggagagg aagttaggag tttataaagg a

<210> SEQ ID NO 47

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 47

caaatacaac ccaaaaccaa aaacaat

<210> SEQ ID NO 48

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 48

gaagttacga gtttataaag gat

aactctgtac
atgtttagga

caaaggcttt

2880

2940

3000

3047

30

21

25

31

27

23
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<210> SEQ ID NO 49

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 49

ggatgggata gtgaagataa gagt

<210> SEQ ID NO 50

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 50

ttcaacatac tatcatctaa tcctttacac

<210> SEQ ID NO 51

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 51

tttttttaag gttatgtgat aa

<210> SEQ ID NO 52

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 52

gagttgagtt ttattttggg tattttgaag

<210> SEQ ID NO 53

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 53

acccccaaat tactaaacta atatattcce

<210> SEQ ID NO 54

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 54

caaattacta aactaatata ttcca

<210> SEQ ID NO 55

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

24

30

22

30

29

25



US 11,130,998 B2
187

-continued

188

<400> SEQUENCE: 55

gttgtgggag agtaaggttt ggaaataa

<210> SEQ ID NO 56

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 56

ctcatctcca cccecttecat ttt

<210> SEQ ID NO 57

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 57

cceectteat tttet

<210> SEQ ID NO 58

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 58

ttttggaggt atagggtagg aaataa

<210> SEQ ID NO 59

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic oligonucleotide
<400> SEQUENCE: 59

aattcaaaat catccaaacc caaa

<210> SEQ ID NO 60

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic oligonucleotide
<400> SEQUENCE: 60

aggaaataat ttttaattga ata

<210> SEQ ID NO 61

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61

catgtgtttt aaggcagaga tggaacttgg gcgatgggcg gggggtgggg gaggtgggaa
gggacggcett aggacagggce aggattgtgg attgtttetg cegecttggt tgeccatact
gggcatctet gcaggcegegt cggetceccte caccectget gagatgatge actgegaaaa

cattecgetet cccegggacy

28

23

15

26

24

23

60

120

180

200
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<210> SEQ ID NO 62
<211> LENGTH: 802
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 62
agctgecaag gcagaagggg gaagcgggte ccagaaccac ccacctcegyg ctgtcecccac 60
cgegaggace cagcagtcetg gegceccecac cacggcectgg aagatgacgyg agggceccaag 120
actaatattc acgacagcca gaccacgcett attgtttaga aggaagctce ctttgttett 180
actttttaac caaagagaag cgaaaacatt tttttcctga tcacattttc accgacacct 240
gagccgacaa gccagetcect ggccccegge tcaggactcee tegetcetete cetteteggyg 300
geectgtege cgttgaaagg cccgetgcag getggggagyg gtgategggg cegegggeca 360
tcteeccega gocogggeggyg cagactgegg aggcaggece cacacgcegece gettttecga 420
geeeggtttt cttcaggage gaagetgtte cagcetgacce gegegtetgg gggectatge 480
ceggetteeg attccattta aaacgacceg cgeatcttat cteegtegece tcececeggggt 540
tceccacccac cccecteecgg cccgggecag gecagceccag cceccggcegga agccaagcetg 600
ggagcettttyg aagtccggag aatttcaatc cgagaggagce cggctggacce ggageccgte 660
gececcagegg gggaagggac ggggggectg ccgtgtggea ggtgggggat gggtgtecce 720
cgecgegaga aatgagaagce cgccgggect ggageggect ccacctcage tgctatcace 780
ccetetecge tgtcatggga tt 802
<210> SEQ ID NO 63
<211> LENGTH: 200
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 63
ttttttgtet tetttecttt aaaaacccaa cegetcttaa tgtgaggttyg atgaaaggat 60
gettttggaa gaagtgacat ttggttaaaa cgttttecce ctaatgegec ggtggaaagyg 120
ggcgggggty ggtgtggtte cctaggctcece taagactgge cagtcagett tgaaagageg 180
gggcagaagt cgggagaggg 200
<210> SEQ ID NO 64
<211> LENGTH: 200
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 64
cttatgagtc aaacctctat gaaccccaac ctttttgtac teggggagge tgaaccectg 60
cccaaaatag cgcggtgaaa gctactgect tcetceccaagt aggggectece agtactgcca 120
cagcaggggce cgcattecctg gegectette attcgaaaaa cctettteca ggagactteg 180
ctgattctga acgaatactt 200
<210> SEQ ID NO 65
<211> LENGTH: 400
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 65
actataaggg ggagtactgc gtcaccttca tetttttate cctttggect tgcteegtge 60
ctgaaagcte accacactgg aacgtccagg tgcacatgtyg ccactggaca ccgggatgtt 120
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gecggatget cttttggacyg ctggaatget
cacgcacgct ctgttggacg ctggaatgcet
cacgcatgee ctgttggact ctggaatgcet
cacggatgcet ctgttggacg ctggaatgcet
cacgcatget ctgttggacg ctggaatgcet
<210> SEQ ID NO 66

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 66

aaccacaaaa ggatagctge ggttttggge
gecctgtgat ggeggcecatg gecctgeata
aggacgctge gtgtgtegag tgcacagtgt
agcccegtge ctgcagegeg cgetteecte
cecectgeggy gaggggetgg tcecatceceg
gacccacgga cctgettace tgggcegegge
gegetggget getgeggect ctgcagette
gggaggegge ggccaggcege ggecccegegyg
gettegegge tgcccegcaaa ccaggaggyge
gggcacttgt gcggcacceg cggggctece
ggtgaccttyg gcggtgacac gaatttctag
tgacacaggt gacacttcca ggtgaccgeg
cgttggtgag cccegggget ccccgacgac
accceggegyg tgcactcaca ggactcccag
gegegegeeg ctteegette cgccgagecyg
ccectecegy tggegeggaa ccaatcctgg
getgeegtgg cccectecee gecteegeayg
<210> SEQ ID NO 67

<211> LENGTH: 210

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 67

gettetectyg tgectgecte atattetggyg
cagtcagcag atggatgact ctgttcacct

cagtcgtect gecagatggg ctgetectgg

ccattcatce ttecggtece tctatgeceg
<210> SEQ ID NO 68

<211> LENGTH: 566

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 68

agccgetect gtcatettee ctttetetet

gegattttte cttgctgtat ttetttettt

ggtgcattgt tgccggatge tggaatggtyg
ggtgcattgt tgccggatge tggaatggtyg
ggtgcattgt tgccaaatgc cggaatggta
ggtgcattgt tgccggatge tggaatggtyg

ggcgcatgtg

gaggagagct cagagagttt cttgcatatg

gacacgagct ggaatctgca ggtggcagece

ggcttggtge caaccatggce gagggtggag

actgggtect gegtecttgg geaggegatg

gecagecacg gacccacgca tggacccage

gcgggtggca tgcggccaca cggaaggggc

tacacctgee acggggcegge cggaggtaaa

aggcagctge actcgetegg tccactegeg

gtggagaccc ggaaccgggg ggaagggcgg

aggggaccte ggcggtgaca cgaatttcta

gtgacctgtyg tgatacacta ggtgacctag

geggtgacee geggggetee caggtgacct

cgeggeggty acacgegggyg cteccaggtyg

gtgacccegeg gtggtgacac accggggcegyg

ccececegece ceegaeggege agegegegecd

gcagggaggc ggcggctgga ggctgaaage

cgececectee

ttctectecag agetegegte cactgectge

cagccgegac acgccccaca gcegagtgeag

ctgegtccat tctctcagta aatagectet

ccccatcage ctgcgaggga ctaaaagecg

tttttttttt ttttttgaga cggagtcteg

180

240

300

360

400

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000

60

120

180

210

60

120
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ctetgtecee caggetggag tgcagtggece cgatctcage tcactgcaag ctecgectece 180
caggttcaca cctttectect gectcagect cecaagtage tgggactaca ggcgeccgece 240
accgegecca gctaattttt tgtattttta gtagagacgg ggtttcaccyg agttagecag 300
gatggtcteg atctectgac ctcatgacce geccaccteg gectcccaaa gtgetgggat 360
tacaggcgtyg agccaccgceg cccggectgt ttetttetet tttttettga gaccgagtet 420
cgetetgttyg cccaggetgg agtacagtgg catgatcteca getcactgea acctetgtet 480
cccaggttea agcaattcte ctgcctcage cttecgagta getgggacta aaggcetcccg 540
tcaccaccgt tgcccagcta attttt 566
<210> SEQ ID NO 69
<211> LENGTH: 200
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 69
gattattttg gaatagcaca gggttttgtt tttttttcgt tttttggttt ttcttgagac 60
ggagtttege tgttgttget caggetggag tgcaatgcca caatctcagce tcatcacaac 120
cteegectee cgggttcaag cgattctect gectcagect cctgagtage tgggattaca 180
ggcatgcgece accatgecccg 200
<210> SEQ ID NO 70
<211> LENGTH: 340
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 70
cctecttecat gggtattcca cattgcettac acagtgacag ggattaaaaa caaaactaaa 60

ggctgggegt ggtggetcac gectgtaatce ccagcacttt gggaggetga ggegggtgga 120
tcacgaggte aggagatcga gaccatcttg gectaacacgg tgaaacccceyg tctctactaa 180
aaatacaaaa aattagccgg gecgcggtgge aggegectgt agtceccaget actcaggagg 240
ctgaggcagg agaatggcegt gaacctggga ggcggagett gcagtgagece gagattgtge 300
cactgcaatc cggcctgggce taaagagcgg gactccgtet 340
<210> SEQ ID NO 71

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 71

atgtattgat gatcacattc actactcaca cttacaaagt acagctccca ggccgggcege 60
ggtggcttac gectgtaate ccagcacttt gggaggccga ggcaggcegga tcacgaggtce 120
atgagttcaa gaccagcctg gccaacatgg tgaaacccca tctctactaa aaatataaaa 180
attagcctgg tgtggtggceg 200

<210> SEQ ID NO 72

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 72

gttgtgaact tgtgtttttc cgttttatat gtatatgcca cttgtttttt tgttttgttt 60

tatttcegttt tgaggcggag tctegetetyg tetggagtge agtggtgcaa tceteggetca 120
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ctgcaaccte cacctecagg gttcaagega ttetectgece tcagectecg gtgtagetgg
gactacaggce gcctgccace

<210> SEQ ID NO 73

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 73

aagtagctgg gattacagge gectgctace acgectgget aattttttgt attttagtag
agacgtggte tcaccatgtt ggccaggetyg gtetcaaact cetgacctca agtgatccac
ctgectegge ctcecaaaact gecgggatta caggegtgag ccaccacgece tggcecgctaa
caagtaattt taaagtatca

<210> SEQ ID NO 74

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 74

tttaactttt gaacttttcc gaagctttee atattttcta tgtectccaa gtgcccatca
tatcttttat tttctecttt cattgaccte tgtctttett cagagetttc tggaaacctt

tgcegettet cggecaccca cttgettaga agecccatge gggecgeggg gtgetgtggg

ctecaggegyg attgggeggg

<210> SEQ ID NO 75

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

ccagaatcce aactcagtaa gaccttgtaa atccatgaca ttagccccaa ttceccacteg
tcccaaatce cataaccttt ccaccctgea cctgaagtge gecagtcatca gcacaagcete
ctgtatgete agettetetg aacgtcaceg cggtactcte cetgacatct gectgttete
cgaggacaat gcttteteeg

<210> SEQ ID NO 76

<211> LENGTH: 1002

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

gccaaccace ttttetttec taagtgtcetyg gatttactte aagaaaatge gggacaaaga
agggtggagg taagcttteg tttattcece tgettcacgg gggaaggagg tttgtgagca
taagcatgta agtacatgag aggcgtgttg ctetttggtg cctatcatac cctccccatg
geeggegtge acacacggeg agcagaaacyg ctccccegece cegetgectyg cegecccacy
cgececteect geaccteceg cecgaccgac gcagaccaag cagaacttcee ctgggtegeg
geccagegat acggagegge cctggegagyg agcecctgete tteccgagte gtgggtggeg
cggtgettgt ttecctecee teecttteeg gacccaaacg gggatgtate tgggtcagece
tgggagggge cggacctgece agggaccage gtgggggaag ggggtggega tgacagcatce

tttcaggttt ttggegtecte tgagettege ctegtecage ctcetcacege getegetgece

ggcgagggcet gacgetcetgg ccagtecagyg cccegagggtg ggctggagayg agggagagec

180

200

60

120

180

200

60

120

180

200

60

120

180

200

60

120

180

240

300

360

420

480

540

600
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cgtectteeg atctgggegg cacccectece cccacgecct gegaacaatt

acatacacac aggcgcatac tctatteccee agagcacget cctegggegg

cctecgecce aggaaaagag caatggaaca gttcacggec gecacgagtt

cttectttee ggtgataaac ggegeggeta caagcecaget actgctcaaa

cgegggecca agecectete tettggetgg gegggggece aggtccagga

cttaacctce acaaggegca caggctgage geccaggegg caggaggtge

accceceggeg aacgectgge tgecteggtt cctetetatg tg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 77

LENGTH: 400

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 77

atagacgcgg cagctccaaa tttacaagtg ctagetctte atcccagett

agcgaagcaa tgagttgaga atcatctetg gattcettgta tceccatgeat

ttatccecctyg geccecttee tegtttecte acattgecacg ctcagggact

cggatggect cggcaatceg gaacgcacge tccgagagec cacggatget

gagcttceect aaaggttcct gtattegegt gtgctegtaa ccatgeageg

ttccecegect cacctecatce ccagacatct cttgecatca tttcatgcac

aacccegegt ttetecccac ceccgecagg cgcagcacece

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 78

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide

SEQUENCE: 78

atcgacctgg tcaaccgega ccctaaacac ctcaacgatg acgtggtcaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 79

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide

SEQUENCE: 79

ttgtcactte ccgggetteg cggegecagg teggaaatgg tceccaatggt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 80

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide

SEQUENCE: 80

tcttetectyg gggaggagge gtggetegga gcagacgtga cttetgtttt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 81

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide

cgecteccac

gcagtgagte

cctggtette

atgctcecace

ccgagggtec

aagggcgcac

cagggagaga
agtaatctcc
tgtttgccag
ctttggecty
atgttccece

ccgtgtcetaa

660

720

780

840

900

960

1002

60

120

180

240

300

360

400

50

50

50
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<400> SEQUENCE: 81

acaagctatg ataagtgetg tgaaggttgt gecaaggget ggggggatgg

<210> SEQ ID NO 82

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 82

gtttcectcac ctgtagagag agaaatatta tatcacactg ttgcaaggac taagataagc

ga

<210> SEQ ID NO 83

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 83

gtttcctaag tttecttcaa actctgtetyg catccgcaca tttgatctet ag

<210> SEQ ID NO 84

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 84

ttataatcag ggaagggcac tgtacacaag cccagtgagt agaaaggcetg

<210> SEQ ID NO 85

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 85

cggcagaagce tggcattaca tttctaagaa cggggaaatc gttattcaat tagagat

<210> SEQ ID NO 86

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 86

caccatccte ceggcatgtg gatatggtta tcaacctgga ggctctccaa
<210> SEQ ID NO 87

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 87

atctgattga gtcatgttgg caagagetgg gtctaggace ctggggtggg

50

60

62

52

50

57

50

50
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<210> SEQ ID NO 88

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 88

taggagttag agattagttt ggttaatatg

<210> SEQ ID NO 89

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 89

ccaaattttt aaaacaaaat ctcactctat

<210> SEQ ID NO 90

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 90

caactcacta caacctcca

<210> SEQ ID NO 91

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 91

ggtaggagaa gtgttggtta gtatgt

<210> SEQ ID NO 92

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 92

cctaaaccca actcttacca

<210> SEQ ID NO 93

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 93

ttagtatgta taggttagag gaag

<210> SEQ ID NO 94

<211> LENGTH: 458

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

30

30

19

26

20

24
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<400> SEQUENCE: 94
cgtectecee gegggeagtyg ccggcececga geagegette gecaggcccee gcegecgaacge 60
tgccgaccege cgcegtteggt cgccgaatgt taccceggtte tgaatgttac acttacacat 120
tccattceceg acacgacage getgacctcea tecatccacyg cageccgege tgccattgge 180
cgagegtcac gtcegggggyg ggcggtgett cegetgegece cattcataac ccceggecge 240
gggecgagge gccggegegg cgttggggge gtagggggceg cagggagecg gggcetcccgg 300
gttgcaaget gecggeggge tgcegggcag gtggagegeyg ggacggeccg gtgegagecce 360
cgeggeccct cggegegecoe aggcccggat cteggectge gecgtgceegyg ggaccagagg 420
cgectgegga aacgcggcegg ccggggaagg aggcaccg 458
<210> SEQ ID NO 95
<211> LENGTH: 2190
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide
<400> SEQUENCE: 95
gaggtcagga gttcacgacc agcctggcca acatggtaaa accccgtctce tacaaaaata 60
caaaaattag ccaggcatga tggcgggtgt ctgtaatccce aactactegyg gaggetgagg 120
caggagaatc gcttgaaccce gggaggegga ggttgcactyg agecgagatt gcactactge 180
cctecagect gggcgacaca gcaggactcet gtctcaaaaa ataaaaataa aataaaaata 240
aaaatgctgg gcgcagtgge tcatgectgt aatcccagea ctttaggagyg ccggggcggyg 300
tggatcacct gagatcggga gttcaagacc agectgacta acatggagaa acccegtcte 360
tactaaaaat acaaaattag ccaggcatgg tggtgcatgt ctgtaatccc agccactcag 420
gaggctgagyg cgggagaatc gcttgaacce gggaggcgga ggttgcagtg gaccaagatce 480
gegecattge actccagect gggcaacaga atgagactcc atctcaaaaa aaaaaaaaaa 540
agaaagaaag aaagaaagaa agaaagaaag aaagaaagaa agaaagaaag aaagaaagaa 600
agaaaaaaac tgttatagac tgagtgccat tttagatggg gttttcetggyg aagtgetgtg 660
acatcatcge ttgctgtaaa agaggceggg cgeggtgget gacgectgta ctceccagege 720
tttgggaggce cgaggcggga ggatcgettyg agectaggag ttcgaagtta caatgagcta 780
tgatcaggce actgcactcce agectgggca atgagaaaga ccectgtctet taaacaacaa 840
caaagtcaga aggagaggct gccatggeta cggcetccagyg tgacgtcacyg gccagetccg 900
tgacgecgegg ccagggcage ccgcggagac cgaggctect ctgtgacgte agcagecgge 960
cgggacacag cgggagggca ggtgcggeceg cggggcectge cgacttcacyg cagggtccegt 1020
ggggtcceeyg cggegegcag cggctgaagg aggccccagg gecttggega cegecagegge 1080
ggctttageyg tcagtgacta ggcagcaggg ggtcaggatg cggcgaaget cecgeccggyg 1140
ctcggecteg tectegcecgeca agcacacgcce caacttttte agcgagaaca gcectcaatgag 1200
catcaccteg gaggacagca aagggctceeg gtcagceggag ccecgggectyg gggageccga 1260
gggcagaaga gccecggggee cgagetgegg tgageccgece ttgagegegg gagtgccegyg 1320
aggaaccaca tgggcaggaa gctctcagca gaagccageg ccteggagece acaactggca 1380
gacagcctgt ggegeggcaa ccegtgagggg cggggcecteyg ggtgcegggeyg gggtcgaccece 1440
cgggtgagce agtggagggg gcggggcecta aagggcggtg ctgggegggg acggggctaa 1500
gatgatatct gggcacctce tacaaggtgg gtcctgtagg gtaaagggat ggtgctaaat 1560
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gagatccectt aaggggcgga gccteggtgt cctggacggt tatgggaagg ggcggggaaa 1620
atcttgtggt tgggtgccac tgagggggcg cggcctcaat gttagegtga gtggctccca 1680
ggacaattgg gttccaccaa gatctaaggce tgggggcggg tcatccegttt gggggaggga 1740
ccaactcettt tttttttttt tttgcaacgg agtttcgcectce ctgttgccca tgccatgcaa 1800
tggcatgatc tcggctcacc gcaacctccg ccteccgggt tcaaacgatt cteccgecte 1860
agcctececga gtagectggga ttacaggcgt gcgccaccat gecccggccaa tttttgtgtt 1920
tttagtagag acggggtttc tccgtgttaa tcaggctgge ctcgaactcce cgacctcagg 1980
tgatcecgece gecteggect cccaaatcge tgggattaca ggegtgagece accgegeccyg 2040
gccaggagac caactcttga cggagectcee ctgaggggceyg gggcttcaga gggeggaget 2100
ggagccggga tagggctgcg gtgggaccaa agcctgtgag agacttccca gctgtcectgge 2160
ttgtggactg agcaatctgc ggcccggtcet 2190
<210> SEQ ID NO 96

<211> LENGTH: 282

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 96

cggeeeggte tcgaggggaa aataggtetg tggtccgcaa ggecccagtyg gageccttgg 60
gtteccegeayg aaccgactgg gtctccagta gtctcetgagg agecgcetega ccetteteceg 120
accctggate tgaggcagga gatgccteee cegegggtgt tcaagagett tctgagtacg 180
ggccaggeca gcetgegatcee cctcetgacce tegggttece ctetcecgaac tecagttete 240
tctgagecce cggccccegt ttgagtatceg agcccctete cg 282

<210> SEQ ID NO 97

<211> LENGTH: 234

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 97

cggcagcagt cgetetgtee gacggtteeg atggtcecte cgeecgectyg cagecccacg 60
tgttcectgyg gaattgetgg gettttgaag gegaccaagg ccaggtggtyg atccaactge 120
cgggecgagt gcagetgage gacatcacte tgecagcatece accgeccage gtggagcaca 180
ccggaggage caacagegece ceccgegatt tegeggtett tgtgagtgeg gacg 234

<210> SEQ ID NO 98

<211> LENGTH: 25

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 98

ggttttgggg gttatgttag ttgat 25

<210> SEQ ID NO 99

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: synthetic
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<400> SEQUENCE: 99

acctccaaat cccatcctet a

<210> SEQ ID NO 100

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 100

atgttagttg atttatttta tgat

<210> SEQ ID NO 101

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 101

cagcectgee agceggagtee cagegttaac tgtgettgge gactgeccce ctteegectg
gecggacege agcagaggga ttcagaggat gggat

<210> SEQ ID NO 102

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 102

tagttttgtt agyggagttt tagygttaat tgtgtttggy gattgttttt ttttygtttg
gtyggatygt agtagaggga tttagaggat gggat

<210> SEQ ID NO 103

<211> LENGTH: 1980

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 103

acatatatat acacacatat atatgcacac atatatatac acacatatat acacacatat
atacacacat atatacacac atatatacac acatatatat acacatatat acacatatat
acacacatat atatacacac acatatatac acatatatac acatatatac acatatatat
acacacatat atacacacat atatatacac acatatacac acatatatac acatatatac
acacatatac acatatacat atatacacac atatatacac acatatatac acatatatac
acatatatac acacatatat acacacatat atatacacat atatatacat atatatacac
acatatatat attttgagac tgagtttege tttgttgcac aggctagagt gcagtggege
gatcttgget cactgcaacc cccacctece gggctcaagt gattctectyg ccteagecte
ccgagtaget gggactacag gegcatgect ccacgeccgg ctaatttttt geatttttag
tagagacggg gtttcategt gttagccage atggtctega tetettgace tcegtgatcetg
ccegectegyg ccteccaaag tgctgagatt acaggegtga gecacegege cceggeccttg
gtggtatatt tttaactcct tcagttttta aactataage ccattcttga gtgaaggega

aagtaaaccce atcatggecce tgcagtgtga tgtgtgtgea gaggtegagt gtgtgegact

cctggatget gggcgegeag ggcatgggtg aggcgggaag aggcggtgcec gggggegegy

21

24

60

95

60

95

60
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180
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660

720

780

840
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gegtectgea gtegecggge tegggaccegyg ggcecgggege tetgegagge tctcattage 900

cggeggegeg gggaggggece gggtgaccte acgecggece ggccaccgeg

ceggtecaat tgetgggget geagegetge cteegagace gegaggtggg

cttectggaa gggtgegata aggecgggeg aggtgectgg gatgettete

aggaagagat ctaattgggt agggcgggtg tagactagec tgccgagecg

cctgecagect cctgggegee cgecgggece cggegagaaa gttgttaaag

ggttgttect ggggtcegag gegegectet cacgecctge ccaacagaag

gtggggtctyg gagacgcagt ttcctgttaa tgacaataaa tcectgetec

gacatctacg cagcgaaatc gagcctggece ttgagggtee acaccgegag

tgcgeccatt gtaagtgegg ggcgaggcegg ggctgggegg ggctgggage

tggggactcg ttgtctegga gectgaatta ctgetteega gagaggagece

ggggccegea cctetgtcag ctgcgaggca teggtgtcag ctgegggteg

gttgggagtt gtcteggege gtectteegyg gggceceggtgt gggggegecc

gegeccageg gaaggcggga cectcaggag ggaggtggece agggcaggte

aatctggege tgcccteegg agecacacee ggacageggg acaggecttg

cagctgacte atcccatgac cagecctgece ageggagtece cagegttaac

gactgccecece ctteegectyg gecggaccge agcagaggga ttcagaggat

ggtggaccct cctagtgttg agcatctggt tgtgagacte tcatcaagtt

gtttcccaga gtgaaggttt tgttttattt atttattttt atttttattt

gccattagac 960
tggatcgggt 1020
ccetteegeyg 1080
ccegetggea 1140
ggagcgaggt 1200
ccgcagtecce 1260
ccetgectea 1320
ggaagatgcg 1380
ccectgttag 1440
tcgaggatgt 1500
gcgcgeaccet 1560
tgcctgaaac 1620
tgtcecgecaga 1680
ggggctatgt 1740
tgtgcttgge 1800
gggatttgga 1860
caaatccact 1920

ttattttttyg 1980

We claim:
1. A method of preparing a separated, amplified target loci
DNA sample for analysis comprising the steps of:

(a) providing a reaction mixture comprising bisulfite
modified DNA from histologically normal prostate
tissue of a subject, and (i) a pair of primers designed to
amplify specifically target loci DNA consisting essen-
tially of SEQ ID NO: 102, wherein the primer pair

comprises a first and a second primer, (ii) a polymerase,
and (iii) a plurality of free nucleotides comprising
adenine, thymine, cytosine and guanine;

(b) heating the reaction mixture to a first predetermined
temperature for a first predetermined time;

(c) cooling the reaction mixture to a second predeter-
mined temperature for a second predetermined time
under conditions to allow the first and second primers
to hybridize with their complementary sequences on
the bisulfite modified DNA;

(d) repeating steps (b) and (c) at least 10 times wherein an
amplified DNA sample comprising amplified target loci
DNA of SEQ ID NO: 102 is formed; and

(e) separating the amplified target loci DNA of SEQ ID
NO: 102 from the amplified DNA sample, wherein a
separated, amplified target loci DNA sample is formed,
wherein the primer pair consists of SEQ ID NO: 98 and
SEQ ID NO: 99 or the amplicon consists of SEQ ID
NO: 102.

2. The method of claim 1 wherein (iv) PCR reaction buffer

and (v) MgCl, are additionally added to step (a).

3. The method of claim 1 wherein the primers are specific

for methylated sequences.

4. The method of claim 1 wherein the histologically

normal prostate tissue is obtained from a biopsy sample
from the subject.
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5. The method of claim 1, wherein the primers are
designed to amplify a sequence consisting of SEQ ID

NO:102.

6. The method of claim 1, wherein at least one primer is

biotinylated.

7. A method of preparing a separated, amplified target loci

DNA sample for analysis comprising the steps of:

(a) providing a reaction mixture comprising bisulfite
modified DNA from a urine or semen sample from a
subject, and (i) a pair of primers designed to amplify
target loci DNA consisting essentially of SEQ ID NO:
102, wherein the primer pair comprises a first and a
second primer, (ii) a polymerase and (iii) a plurality of
free nucleotides comprising adenine, thymine, cytosine
and guanine;

(b) heating the reaction mixture to a first predetermined
temperature for a first predetermined time;

(c) cooling the reaction mixture to a second predeter-
mined temperature for a second predetermined time
under conditions to allow the first and second primers
to hybridize with their complementary sequences on
the bisulfite modified DNA;

(d) repeating steps (b) and (c) at least 10 times wherein an
amplified DNA sample comprising amplified target loci
DNA of SEQ ID NO: 102 is formed; and

(e) separating the amplified target loci DNA of SEQ ID
NO: 102 from the amplified DNA sample, wherein a
separated, amplified target loci DNA sample is formed,
wherein the primer pair consists of SEQ ID NO: 98 and
SEQ ID NO: 99 or the amplicon consists of SEQ ID
NO: 102.

8. The method of claim 7, wherein (iv) PCR reaction

buffer and (v) MgCl, are additionally added to step (a).
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9. The method of claim 7, wherein the primers are
designed to amplify a sequence consisting of SEQ ID
NO:102.

10. The method of claim 7, wherein at least one primer is
biotinylated.

11. The method of claim 1, additionally comprising
quantifying methylation in the separated, amplified target
loci DNA sample.

12. The method of claim 11, wherein methylation is
quantified using pyrosequencing.

13. A method for identifying a prostate cancer field defect
in a subject comprising

quantifying methylation in SEQ ID NO:101 quantifying

methylation in SEQ ID NO: 101 by preparing a sepa-
rated, amplified target loci using to the method set forth
in claim 1 and then quantifying the methylation using
the amplicon, wherein an increase in methylation in the
bisulfite-modified DNA from the subject relative to
methylation in a corresponding bisulfate-modified

5

10

15

212

DNA sample taken from a human subject known not
have prostate cancer indicates presence of a prostate
cancer field defect in the subject.
14. The method of claim 13, wherein methylation is
quantified using pyrosequencing.
15. A method for identifying a prostate cancer field defect
in a subject comprising
quantifying methylation in SEQ ID NO:101 quantifying
methylation in SEQ ID NO: 101 by preparing a sepa-
rated, amplified target loci using to the method set forth
in claim 1 and then quantifying the methylation using
the amplicon, wherein an increase in methylation in the
bisulfite-modified DNA from the subject relative to
methylation in a corresponding bisulfite-modified DNA
sample from a human subject known not have prostate
cancer indicates presence of a prostate cancer field
defect in the subject.
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