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More particularly, the present invention relates to

ol i gonucl eoti des for detecting nutation of Bl GH3 gene

for diagnosis of corneal dystrophy including Avelllino
corneal dystrophy, which nust be precisely diagnhosed
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corneal dystrophy, G anul ar corneal dystrophy, Lattice

type | corneal dystrophy, Reis-bucklers corneal

ahs tpregeiy invehtion askdtdsto wdigeadcleptided furidiagmisiscofymraeal dystrophy.
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pligonydoptides fbedithereedst conmon corneal dystrophy

wor | dwi de, 1/340-1/1000 of preval ence rate in Korea
(the case of heterozygote) based on genetic anal ysis

BACKGROUND ART

Corneal dystrophy is a hereditary, autosomal dominant disease, which begins with
a blurry symptom in the center of cornea and gradually spreads and thus ends up
vision loss as a patient gets older. It includes Avellino corneal dystrophy, Granular
corneal dystrophy, Lattice type I corneal dystrophy, Reis-bucklers corneal
dystrophy, etc, and is caused by mutation of a gene coding BIG-H3.

Heterozygous patients suffering from Avellino corneal dystrophy appear to have
severe loss of vision as getting older and homozygous patients appear to have
complete loss of vision since 6 years old. Avellino corneal dystrophy is a newly
named disease in 1988, divided from generally called Granular corneal dystrophy
because it was found to have discrete symptoms and genetic foundation. And it has
known to be the most common corneal dystrophy worldwide, 1/340~1/1000 of
prevalence rate in Korea (the case of heterozygote) based on genetic analysis
indicates that it is a common dystrophy (Holland, E.J. et al., Ophthalmology,

99:1564, 1992; Kennedy, S.M. et al., Br. J. Ophthalmol., 80:489, 1996; Dolmetsch,
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indicates that it is a comon dystrophy (Holland, EJ.
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et al, Can. J. Ophthal nol, 31:29, 1996; Afshari, N A
et al, Arch. Ophthal nol, 119:16, 2001; Stewart, H. S.
Hum Mutat., 14:126, 1999) The present inventors has
found that if a patient suffering from heterozygous

f\vﬁi.' LNQcorpRaly d@ﬁhfhamw.,h@qzé%sl%@,um%, R.Xe&Sal, Arch.

ater, opacity of cornea starts to devel op
apdringaiov.e119:16L200 IR SKeweit, HIS. HigphiMvedtydidotde, 1999)
111: 463, 2004) and eventually results in vision |oss.
Previously, eye surgery has been perfornmed with an

tation that LASI i L
BB B, e B L, ppASRL THESRY By hdleroryeous
f - , :
BEETCOLaREH YRR FBIICNGRoLE KO e, opacity o comes
staftg €6 eViclup apgrssivelyf QuAER. MW 4ll) Ostabislinidlogiiel 11:463, 2004) and

assunption that 300 people |ost their vision, based on .
evasodlyreswitaiimisientlpsmtBrovionslyheye pergggohias paen petfermed with

LG G R SSETSal S LR ERL e o viin
gﬁirﬁn dofQ ?aﬁ@ﬁtr ¥1'1f?&1'1%”fr&ﬁ°9&ﬁ&élvﬁy§c‘féc}ih§l ARS, pven in Korea,
therefore, their vision Io0ss causes serious troubles

approgitatebe B diundeed tiensmadricases dfiL ASIK tsuogery datverbeen performed,
approval of LASIK surgery in year 2000 in USA, African
rihich leads e thecapsumptipnghatn30G pennlalest itheip vistemdmsed on 1/1000 of

dyst rophy who.und nt LASI K surger ave f d

itieh EhGiahioT HikteeRee e, Yeitiify T Ao comeal
j . i t . . . . N
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and BHS dystin®mit poduetu raedvities; therefore, their vision loss causes

serious troubles in both society and economics.

In addition, after approval of LASIK surgery in year 2000 in USA, African
American patients suffering from Avellino corneal dystrophy who underwent
LASIK surgery have been found to lose eye sight, which infers that plenty of

similar cases might be occurring throughout the world.

Therefore, although accurate diagnosis of Avellino corneal dystrophy is required to
prevent the progression of Avellino corneal dystrophy by LASIK surgery, the
diagnosis of Avellino corneal dystrophy is just conducted by microscopic
observation of corneal opacity and thus often doctors miss latent symptoms of
patients to perform LASIK surgery, which results in vision loss. Therefore, rapid

and precise diagnosis of corneal dystrophy is desperately in need.

Accordingly, the present inventors have made extensive efforts to develop a DNA

chip for swiftly and accurately detecting mutations of BIGH3 gene that causes
2



prevent the progression of Avellino corneal dystrophy
by LASIK surgery, the diagnosis of Avellino cornea
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of corneal opacity and thus often doctors m ss | atent
synptons of patients to perform LASIK surgery, which
results in vision | oss. Therefore, rapid and precise
di agnosi s of corneal dystrophy is desperately in need.
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rts’to eve op a DNA chip for swiftly an

aanatied adgyon of BIGHgend add mﬁuﬁfctlﬁbd]da)ljwehlprmi which the probe
causescor neal _dystrophy, and as a result, generated a

B ﬁzsed,cmﬁaemgiwdat@p sermat dirstrenhyoean beicfectvely) diagnosed using
t ur ed whi.ch th b
e On X i Bsnet riPidine e PreEnt By 8b &y can be.

ef fectively diagnosed using the DNA chip, thereby

conpl eting the present invention. SUMVARY OF | NVENTI ON
The main object of the present invention is to provide
ol i gonucl eoti des conprisin ecific nutation region
of Bl GH3 gene that ¥ MW&MQ ANVENFIEPNy.  Anot her
obj ect of the present invention is to provide a DNA
chip for diagnosis of corneal dystrophy, on which said

%%%ﬁﬂ%l:ﬁg& ; eseﬁﬁ@sefﬁ 18ntdA 19?5‘:;)133’&15 BRgSRRi&otides comprising

bj ect I nventi on prov

alspg@ﬁuqbeuatloﬂ esgibalof BIGHD gerse th‘at causes abrnybdysiwiphy.
whi ch essentially conprises one or nore nucl eotide
sequence selected fromthe group consisting of SEQ ID

@'@ﬂ%?’ q@%?c?éqhggéeqle%’t &%Ee%% 1&&%%&%%%@% gg@ fc% diagnosis of
SRRy ol e MR 48T seq 10

NO 42, SEQ I D NGO 44, SEQ

To achieve the above object, the present invention provides oligonucleotides for
diagnosis of corneal dystrophy, which essentially comprises one or more nucleotide -
sequence selected from the group consisting of SEQ ID NO: 17, SEQ ID NO: 19,
SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO:
28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID
NO: 35, SEQ ID NO: 37, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO:44, SEQ
ID NO:46, SEQ ID NO: 50, SEQ ID NO:53 and SEQ ID NO: 59.

In the present invention, the oligonucleotide essentially comprising the nucleotide
sequence of SEQ ID NO: 50 is preferably set forth in SEQ ID NO: 12, and the
oligonucleotide essentially comprising the nucleotide sequence of SEQ ID NO: 53
is preferably set forth in SEQ ID NO: 13.

In the present invention, the oligonucleotide essentially comprising the nucleotide
sequence of SEQ ID NO: 59 is preferably set forth in SEQ ID NO: 15, and the

oligonucleotide essentially comprising the nucleotide sequence of SEQ ID NO: 35
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IDNO 50 is preferably set forth in SEQID NO 12,
and the oligonucleotide essentially conprising the
nucl eoti de sequence of SEQ ID NO 53 is preferably set
forth in SEQID NO 13. In the present invention, the
) ARG R Fdlth RESBOUITENOE 620PY i i ng the nucl eot i de
sequence of SEQID NO 59 is preferably set forth in
SEQ ID NGO 15, and the ol i gonucl eoti de essentially

conpri sing.the nucleaotid uence of SEQ I.D NO

bt Hieaprasany invantiogs the lpﬂgtg tﬁeorﬂa@n@@ew@%ﬂw pe é§ gm

i nvention, the length of the ol i gonucl eotides is 13 to

17 bp. The present invention also provides a DNA chip

fI‘HE LRAPASAtiBh akB éﬂ@@ﬂdegﬁsﬁlﬁgpaﬁ f@f‘dﬂé{‘@h@:ﬁs bh8orneal dystrophy,
onucl eotides are fixed. In the present invention,

bhevmthﬂlo]mgdmrcle:htmlgmam fixed. corneal dystrophy

preferably additionally inmobilizes oligonucleotides

essentially conprising one or nore nucl eotide

ibqtﬂencee%g%e: 1%(1: d fr8t g SE%FAI‘ I%UBD f‘%gn %sﬁg SE%II laystrophy
ﬁ%@e?ﬁ}%%ﬁ?}gal%&ggb@féﬁlé%ge'ggd&g%ss%ﬁﬁalﬁ%@ﬂn@nsmg one or

E‘E@ InlﬁcN@ndé Jseqt‘t‘ﬁfa_ek @elN@edélfBomSEQ grmm@ﬁnsﬁsun§5fgsm ID NO: 16,
NQ 56, t t
SRR HONG! 18n850 1 Mtcrb A FadtoNe: i, siiQ TOINEF 2 $gQ D NO:

2B SPEF I NG SRR G v D it e RO™4 seQ

5%5%09 'ﬂdzym:ﬁmulsISEJ;)tIDeNmJQBe@EQifqu@uaBCSEq ISBG: 47, and

SEQ ID NO.56, thereon.

-In the present invention, the oligonucleotide essentially comprising the nucleotide

sequence of SEQ ID NO: 47 is preferably set forth in SEQ ID NO: 11, the
oligonucleotide essentially comprising the nucleotide sequence of SEQ ID NO: 56
is preferably set forth in SEQ ID NO: 14, and the oligonucleotide essentially
comprising the nucleotide sequence of SEQ ID NO: 34 is preferably set forth in
SEQ ID NO: 62.

In the present invention, the DNA chip for diagnosis of corneal dystrophy
preferably has all oligonucleotides, essentially comprising the nucleotide sequence
of the group consisting of SEQ ID NO: 16 to SEQ ID NO:47, SEQ ID NO: 50,
SEQ ID NO: 53, SEQ ID NO: 56 and SEQ ID NO: 59, fixed thereon.

The present invention also provides a DNA chip for diagnosis of corneal dystrophy,
which has all oligonucleotides of the group consisting of SEQ ID NO: 11 to SEQ

ID NO:15, SEQ ID NO: 62 and SEQ ID NO: 65 fixed thereon.
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SEQ ID NO 62. In the present invention, the DNA chip

for diagnosis of corneal dystrophy preferably has all

ol i gonucl eoti des, essentially conprising the

nucl eoti de sequence of the group consisting of SEQ ID

NGO 16 to SEQ ID NO 47, SEQ ID NO 50, SEQ ID NO 53,

SEQ ID NO 56 and SEQ ID NO 59, fixed thereon. The

fihe seserit nweantiom aldos prprides depain dNgriglers sélected from the group
di agnosi s_of corneal

d . i
GorgBmEcrESEHS M5! 1 bR obs % S 16rNGEa 119 RBQ ID NO:

5D B0 091 5 105! By B N R NG s na s

PBINO9Y aRAIgRY $DIROeghed from the group consisting of
SEQIDNO 1 and SEQID NGO 2; SEQID NO 3 and SEQ ID

NO 4; SEQID NO 5 and SEQID NO 6; SEQID NO 7 and
SEQID NO 8; and SEQ ID NO. 9 and SEQ I D NO 10,

Otherr featuresr and pmbadimeatsnehtthe opresert prvestign will be more fully
invention will. he nore ful a rent fromth .

pEr b SoPeuReSupied fesRPRAGR Abg ARBE s

BRI EF DESCRI PTI ON OF DRAW NGS FIG 1 shows spots on a

DNA chip to nmeasure detection efficiency of DNA chip

dependi ng on spotting solutions. FIG 2 shows

hybri di zation results after ilpplﬁi nEq exon 4 PCR
product from ndREEFIDESCRIPAION OF RRAMAINGS) of

FIG 1. FIG 3 shows hybridization results after
appl yi ng exon 4 PCR product from

FIG. 1 shows spots on a DNA chip to measure detection efficiency of DNA chip

depending on spotting solutions.

FIG. 2 shows hybridization results after applying exon 4 PCR product from normal
individuals to the DNA chip of FIG. 1.

FIG. 3 shows hybridization results after applying exon 4 PCR product from
patients with heterozygous Avellino corneal dystrophy to the DNA chip of FIG.1.

FIG. 4 shows hybridization results after applying exon 4 PCR product from
patients with homozygous Avellino corneal dystrophy to the DNA chip of FIG.1.

FIG. 5 shows hybridization results after applying exon 4 PCR product from
patients with heterozygous Reis-bucklers corneal dystrophy (CD1) to the DNA
chip of FIG.1.

FIG. 6 illustrates spot arrangement of a DNA chip designed depending on the

concentration of probes.
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patients with honbzygous Avellino corneal dystrophy to
the DNA chip of FIG 1. FIG 5 shows hybridization
results after applying exon 4 PCR product from
patients with heterozygous Reis-buckl ers corneal
dystrophy (CDI) to the DNA chip of FIG 1. FIG 6

Il lustrates spot arrangenent of a DNA chip_designed |
HEpehdhonys the anticipand serultzef ybristizasiasresording tg eapfppatient when

h ticip result of hybridization according to
@559%?@1&&%# ‘f’i‘r“e“ﬁ%A chip of FIG 6 was used.
FIG 8 shows hybridization results dependi ng on
hybri di zation tinme of each priner set when the DNA

BIG.R showd Bybhdisation sestilts dependingi sphygbridigatégrhtinmef of each primer
hybri di zation results of the DNA chi p depending on the
sasrvghan e [PNAbekdp of FEG. 60ovasiusgdt rat es spot arrangenent

of the DNA chip to estimte hybridization efficiency

of DNA chip depending on probe length. FIG 11 shows

i di i _ b :
PIh Pk s Uso B L o BRI el on
Refngtméf eghi p manufactured with 50 mM of 15ner probe

using 3X SSC spotting solution. FIG 13 shows

hybri di zati on results of the DNA chip of FIG 12.

EEAIIbEi ug)tllz‘a%f(é:sRlsIF)’y[ g?lrar?g:er-rrlgn LWE@IBIQX chip to estimate hybridization

efficiency of DNA chip depending on probe length.

FIG. 11 shows hybridization results of the DNA chip depending on the length of

probes.

FIG. 12 illustrates spot arrangement of the DNA chip manufactured with 50 pM of
15mer probe using 3X SSC spotting solution.

FIG. 13 shows hybridization results of the DNA chip of FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION,
AND PREFERRED EMBODIMENTS

The present inventors have paid attention to the fact that BIGH3 gene mutation
causes corneal dystrophy having the symptom of corneal opacity and constructed a
probe for diagnosing each corneal dystrophy, based on point mutations in BIGH3
gene shown in patients of various corneal dystrophies such as Avellino corneal

dystrophy, Lattice corneal dystrophy, Granular corneal dystrophy, Reis-bucklers
6



AND PREFERRED EMBODI MENTS The present inventors have
paid attention to the fact that BI GH3 gene nutation
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opacity and constructed a probe for diagnosing each
corneal dystrophy, based on point nutations in Bl GH3
gene shown in patients of various corneal dystrophies
such as Avellino corneal dystrophy, Lattice cornea

gyskh anul ar corneal dystrophy,
Rei s- 1gdg}l;\s\(kl gﬁgcorneal dystrophy. The probes constructed

in the present invention conprise nucleotide sequences
of SEQID NG 11 to SEQID NO 67. In order tq
he prelbesueansirupied iaHhe Reassab feventioas gaseprisrenycleotide sequences of

e n y using the probe, optinal
Sgémhggsgﬁﬂgghﬂ%ﬁq I time for immobilization,
and the optimal |ength of probes were exam ned.
Consequently, best result was generated by using 3X

E5Grdsr @0 spaiufacgrs el DNAnchipr cpdbdeiraf effectively detecting corneal
hybridi zation tinme with 15mer probe for detectin exon
dystrapdi owsing he hptobeer omlﬁwé SpPttiagt colutinn, exaphimal  time  for

i.on.in pa

Bt pbER oy S4B bl G oo T RrdbeS e oB L tamipgd. Consequently,
%t%&ﬁl?% ng&l L gfa{gfﬁng@t%ﬁiﬁ Q8% §5sifing Rohftn for 6 hours of

ferent enbodi ment he present | nven$| on as set
hybn@ﬁhﬁm tifie Withol Ahedprobecoeideteating exohekmugatiocn onwith 17mer
separated from ot her nucl ei c acid nol ecul es that are
prcés*e for i deteetingaaxonall2s guviedons 1n hpatinds ewithaepmealodystrophy,
ng with regards to genomic DNA, the term
F?SQS %W¥e¥% i ncl udes nucleic acid nol ecul es separ at ed
fromthe chronmosone with which the genomc DNA is
naturally
The following definitions serve to illustrate the terms and expressions used in the

different embodiments of the present invention as set out below.

An "isolated" nucleic acid molecule is one separated from other nucleic acid
molecules that are present in the natural source of the nucleic acid. For example,
with regards to genomic DNA, the term "isolated" includes nucleic acid molecules
separated from the chromosome with which the genomic DNA is naturally

associated.

The term "probe" or "nucleic acid probe" refers to single-stranded and sequence
specific oligonucleotides, the sequence of which is sufficiently complementary to

hybridize to a target nucleotide sequence to be detected

By "composition" is meant that a probe complementary to prokaryotic or
eukaryotic genetic sequences may be a purified nucleic acid or in combination with
other probes. In addition, the probe may be in a dry state in combination with salt

or buffer, and may be a precipitate in an alcohol solution or in an aqueous solution.
7



associ ated. The term "probe" or "nucleic acid probe"
refers to single-stranded and sequence specific
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sufficiently conplenentary to hybridize to a target

nucl eoti de sequence to be detected By "conposition” is

meant that a probe conplenentary to prokaryotic or

eukaryotic genetic sequences nmay be a purified nucleic

acid or in conmbination with other probes. In addition,

the probe may be in a dry state in conbination with

Thettermn "tangdte refemntd mmieibecl motecujrstderiyeddrem adiiolsigadal sample,
sol.ytion or in an aqueous sol ytion, The term"target" . .
vdich bas ¢ Pudlrelide sequenge ORMIETCRiERY Ve RS RF the mucleic acid

bi gl ogi.cal .s I i ch I [ q

BB B S PUSHE TP eR A RE b0,BEFUE B oubc-
§REndRIEPAA. (oPYiBRAIIP dbtaiNEd ta¥fed impliitRion) i ”KNARNakE contain a
singl e- or doubl estTanded DNA (optionally” obtai ned
séquencaapleadt patialby pompldrivitannto at derstibne aligennodeatedegprobe.

| east partially conplenentary to at | east one

ol i gonucl eoti de probe. The phrase "a bi ol ogi cal

mphe" refers to,a_speci en. such lini
A8 nFass. 3 R G BRGSOl RAE o8y L3 oBARRL Spotes (e
?ﬁé{p'sﬁﬁﬁu agl&dd, 2urine] U.§S enGRBhARNDAL 88nplesPWaRterial colonies,
ul’'tute products, purified nucleic acid, etc., in

vhitamindted tar pete seltprengredoétsj pusfiedt nudeicoafidne., By which the
"ol i gonucl eotjde" is nmeapt a nucl eotide pol yner

tegetr sgapgneeRfunterestis e 100 nucl eotides in |ength,

but the Ilength may be | onger than 100 or shorter than

10 nucl eotides. By "nucleotide" is nmeant a subunit of

BytQi ginucRotide® 98 $hednt AOledti RN PSRRI éHe@alBy aBout 10 to about
5-carbon sugar and a base containing nitrogen.” I n RNA,

0@ nickatidenin length, but the length may be longer than 100 or shorter than 10

nucleotides.

By "nucleotide" is meant a subunit of a nucleic acid consisting of a phosphate
group, a 5-carbon sugar and a base containing nitrogen. In RNA, the 5-carbon
sugar is ribose. In DNA, it is 2-deoxyribose. For a 5-nucleotide, the sugar contains
a hydroxyl group (-OH) at the second carbon. The term also includes analogs of

such subunits the same as a methoxy group at the second carbon of ribose.

The term "homologous" is synonymous with identical, meaning that polynucleic
acids e.g., 90% homologous have 90% identical base pairs in the same position,

when sequences are aligned.

"Hybridization" involves annealing of a complementary sequence to its target
nucleic acid (a sequence to be detected). The ability of two polymers of nucleic
acids containing complementary sequences to recognize each other and anneal

through base pairing interaction is a well-known phenomenon.
8
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5-nucl eoti de, the sugar contains a hydroxyl group
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anal ogs of such subunits the same as a nethoxy group

at the second carbon of ribose. The term "honol ogous”

is synonynous with identical, neaning that polynucleic

acids e.g., 90% honol ogous have 90% i denti cal base

pairs in the same position, when sequences are

al i gned. "Hybridization" involves annealing of a
dthepteemefpranyr"sedesnivea tsingle strandgb bligonudeatide seqyeace of DNA

sequence to be detected The ability of two pal yner X
@rowdmgeae IREiation: BRI %ﬂfn@’nébﬁ?b‘% andnelgngatiqn, Qérit dwodust that is

RFEbERR T £ SR sTRERanluR S HBREL TS 1Bt and dhe

%ﬁéﬁ%é of §f itndiOaft. $taBhMeARNEC R SONHE) CAldWipriming the
uence of providing an initiation point”fo

symthbsam andineloagatigat {0 produds. p Poeliecbly,h dhe |1mmer is about 5-50
lementary to a strand of nucleic acid to
e@adesrifélg eﬂpgﬂﬁ%mgﬂh and sgaesncs will éemndren the ¢omplexity of

E%%?ﬂ@i\? 5 an FOSRSn g ah S ot el ol g yimer e such o

Qérhﬁaratdré aﬁg%ﬁw@n@{;} fpucl eotides Iong. Specific length
d sequence w || depend on the conplexity of target

DNAs or RNAs, as well as on anbient conditions for

pr| mer use s"uch as, tenperature and ionic strength. The
t éxerﬁ:rm thel" assuspdelieraiay katers teay atem %nvomca}ﬁ that can be used to

LGy L c qtth giﬂeﬁe‘?ﬁ}é sluag}?gf%ﬁ’e i taflg @Etét akH 0.2 nucleic acid.

nuclelc aC|d Label s may provide detectable S|gnals of
fluorescence, radioactivity, colorinetry, gravinetry,

Xabels uaf fpracideodetestablosogmdls of, flumrgstence,madeoudtivitg, colorimetry,
l'ike.

gravimetry, X-ray diffraction or absorption, magnetism, and the like.

By "hybrid" is meant the complex formed between two single stranded nucleic acid
sequences by Watson-Crick base pairing or non-canonical base pairing between the

complementary bases.

The phrase "probe specificity" refers to characteristic of a probe, describing its
ability to distinguish between a target and a non-target sequence. In this regard, the
term "specific" means that a nucleotide sequence will hybridize to a defined target
sequence and will substantially not or minimally hybridize to a non- target

sequence. Probe specificity is dependent on sequence and assay conditions.

The phrase "a standard strain" includes a microorganism commercially or readily

available in the art.
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conpl enment ary bases. The phrase "probe specificity”
refers to characteristic of a probe, describing its
ability to distinguish between a target and a
non-target sequence. In this regard, the term

[ &@Gichiien offPestsest hat a nucl eoti de sequence w | |
hybridize to a defined target sequence and w | |
substantially not or mininmally hybridize to a non-

t arget. sequence. Prob ecific s de end .
daquredeee aHelcis agig RIGReY {ha e éméct Plakatvengpreeukaryotic

BRAGIe S ot et Al EGR EPRLY AR R 15 tapact soquence.

Fer His dé&é‘erﬁﬁ'g? 3 @o@b&cﬁﬂﬁb@%édﬁﬂb t6 @Acli @irget gotdy bOozanism is
prokaryotlc or eukaryotic genetic sequences, each

petceded.on probe needs to be specific to a target
sequence. For this, screening of probe candi dates
specifi c to each target gene or organismis preceded.

BEAR ARTEL A, BEaPBLECHEY oo, Ko RAAD A e e

S&ftind&d. SSpecefidity of ;ﬁzsséncaﬁdldmesalsﬁﬁﬁét ?e%afrﬁﬂed by BLAST search,
conpari ng honol ogy of each nucl eoti de sequence,

comparing chdmologyr ofi |eaeh |rm¢16mmdngsetqmenc¢, a¢(gﬁ'trmadq by hybridization

vitro, d prohes that only_ ann target gen
awaggtheg’nﬁaxg%? & Vire. fndapiopey a ﬂ{lfyeam@e%ﬁ tggtﬁgget genes among

gg&gawe$ Gl ﬁl%ney 86l genesﬁ%ﬁphbgzﬁadybof the

frca t he

procedure above I's exam ned by clinical trlals usi ng

a variety of biological | es.

Additionally, sensitivity of the prg‘ges for gene identification, selected by the

procedure above, is examined by clinical trials using a variety of biological samples.

The probe of the present invention are 11~17mer oligonucleotides, and preferably
70%, 80%, 90% or more than 95% homologous and exactly complementary to their
target sequences to be detected. The length of the inventive probe for detecting and
identifying each “target” may be or more than 50 nucleotides. The nucleotides used
in the present invention may include ribonucleotides, deoxyribonucleotides and
modified nucleotides such as inosine or nucleotides containing analogue groups,

but should not alter their hybridization characteristics.

Use of Probes

The probes of the present invention can be used for all the well-recognized
hybridization techniques investigating presence or absence of a target nucleic acid
in a biological sample for diagnostic purposes, such as a point-spotting technique

on a filter called "Dot-blot" (Maniatis et al., Molecular Cloning, Cold Spring
10



The probe of the present invention are | | ~17ner
ol i gonucl eoti des, and preferably 70% 80% 90% or nore

wOoRms®386 honol ogous and exactly conpl enent ar pCTAKR2M051000299
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target sequences to be detected. The |length of the

i nventive probe for detecting and identifying each
"target" may be or nore than 50 nucl eotides. The

nucl eoti des used in the present invention nmay include

Habsu1u abg oY i SiftheeBIotr (SRatésh £Bt Mey, el BIgL.f98d503(1975)), or
nucl eoti des such as inosine or nucl eotides containing
dioafheguBlar oups, but should not alter their

hybri di zati on characteristics. Use of Probes The

probes of the present invention can be used for al

e |l -reeogni zed hybridi zation.techni. TR
TG 5 Ay 8 X, BE LR FSINiSh BBz eystom hat
Bfthhckd sge@i'fi_%it?%ic al mpaee! Rid Ci{roﬁé-%ﬁ&‘?lshﬁsﬁ?lpqh@%ﬁﬁoiple and the
such as poi nt-spotting technique on a filter called
piakedbteodf” sapitwnclahybridization idvb nacldi@acidl probevhasedodsday have been
Seri ngHar bor, 1982), Sout hern Bl o}\é Southern, E. M
alreadyr desgriped (Dannzod Hasvel) Cello 20\23-Bhed ¥/ B Rankiprel. , Gene, 21:

yaes oS B SRl PifoRaRaRdadSullic et FPIER Ebbe andior a
H%Eﬁbu ng\&;bé! ?ﬁ%&&gx‘?ﬁ%ﬁ%@? g?b{ﬂdf&@ewﬂh'ﬂw aiffereﬁdréglikgls of their

proce of sa zation in a nucleic acCl

prgitenidsiechcad,sad haleasbers ofilthe piybadegenedallgt thBudetection probe)
and Hassel, Cell, 12: 23-36; 1977, Ranki et al.
mayehybridizey yathea targetgpgiopnestifiiel @ frraghinegiosaltiip ynderstood that

echni gue uses a tu robe and/ or .a, detect.i o
B SRt G808  sEIRs rfodiom Bro itk "ol &F B cpprtly distinet
hB8L8h8e Sdalcisty. target nucleic acid, and at |east one
of the proqbes (generally the detection probe) may
hybridize with a target region specific to a target
species. It is understood that L .
Although a direct hybridization assay has favorable kinetics, sandwich
hybridization is advantageous with respect to a high signal-to-noise ratio. Moreover,
sandwich hybridization can improve specificity of a nucleic acid probe-based assay.
The incubation and subsequent washing steps that constitute the key steps of the
sandwich hybridization process are each carried out at a constant temperature
between about 20C and 65C. It is known that nucleic acid hybrids have a
dissociation temperature which depends on the number of hybridized bases (the
temperature tends to rise in proportion to the size of the hybrid), and which also
depends on the nature of hybridized bases and their adjacent bases. The
hybridization temperature used in sandwich hybridization technique should be
chosen below the half-dissociation temperature relating to a given probe and its

complementary target sequence. And the temperature may be determined by simple

routine experiments.

The probes of the present invention can also be used in a competition hybridization

protocol. In competition hybridization, a target molecule competes for hybrid
11



the capture probe and the detection probe nust have at
| east partly distinct nucl eotide sequences. Although a

wodoa7@sso2dybri di zati on assay has favorabl e ki nBCT/&R2007/000299
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sandwi ch hybridi zation is advantageous with respect to
a high signal-to-noise ratio. Mreover, sandw ch

hybri di zation can i nprove specificity of a nucleic

aci d probe-based assay. The incubation and subsequent

eraition witkRSspebidic 110B6 hhd s @ ohfjeient. Theptorftatdees exist, the less
sandw ch hybridi zati on process are each carried out at

amoons t afh prokarpemplament bbybieds bdsomes20A Cpasitivessigml. indicating
. I's kngwn thagt nucleic, aci

I bri h . .
Giisiages 2% PORCERIGBRERt GrElsvin Rl e gk RART o 15AgHige as compared

hybr | di zed t r at . S { [ :
g‘&g‘po%)t %)%lrt]grﬁov?l eoqéi %quﬁgteﬁﬁﬁh%br |agsl§lﬁgﬂde%/\l/ﬁ?cl:q§at’scr)h specific
depshEicaidd probe a&éﬂ\%nﬁntlg{yllabél_@'d,zﬁ%}hﬁﬁﬂﬁe(ﬁwﬂhtihﬂarget molecule.
adjacent bases. The hybri di zation tenperature used in
Nendlvehe mixypirei il itrears feored: toch miqlm@'t@‘rdigﬁ ovdlk isvdsieh complementary
bel ow t he, hal f-di gsoci at.i.on tenperature, rel ati tp a
@ﬁg%ucé% sadfdi éBﬁ‘iiﬁénE?ﬂ%&r ¢ higed, @ Alliteed g gkeep all

0BT, B HOOSETC O, Bl R s ot and
MSHrobes Heafeadhrad pRITOGbIY fRmtiinbrdlfibasid anudabelo! -

In conpetition hybridization, a target nolecule
conpetes for hybridformation with a specific probe and

oo Bh TRa il PErs: BrBGhT S bkt JREpgisd o reversd
BB B PRV A e LBl 67686, 6034, RIBR P erhod
far¥SiRicitd BV irgt BeakaBimatidally AAplifiéd by PEROGEgShbiotinylated

a specific oligonucl eoti'de probe, conveniently

lpsinedredin & setyht stedpz dw anphitied produde arerdetectedeypon hybridization
with specific oligonucleotides immobilized on a solid support. Reversed
hybridization may also be carried out without amplification steps. In that particular
case, prior to hybridization, the nucleic acids present in a biological sample have to
be labeled or modified, specifically or non-specifically by addition of certain dyes

or chemical reaction.

The nucleic acid probes of the present invention may be included in a kit that can
apply to rapidly determine presence or absence of pathogenic species of interest.
The kit includes all components necessary for assay determining presence of a
target gene. In the universal concept, the kit includes a stable reagent containing
labeled probes, a hybridization solution in either dry or liquid form for hybridizing
target and probe polynucleotide, a solution for washing and removing undesirable
and unbound polynucleotide, a substrate for detecting labeled duplex, and

optionally an instrument for detecting the label.

One specific embodiment of the present invention embraces a kit that utilizes the
12



Next, the mxture is transferred to a mcrotiter dish
well, in which conplenentary oligonucleotides and the

wOoa®sI®Rg probe are fixed, and all owed to keepCaikiR2007/000299
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hybri di zed. After washing, the hybrids of the
conpl enmentary ol i gonucl eoti des and the probes are
nmeasured preferably quantitatively based on used
| abel . In addition, the probes of the present

LOYRPE | SNsHRAVIBR H889 TRis" Rit SRR YD rfirdt %@&ﬂ'pmeﬁf’rf@p collecting

Natl . Acad. Sci. USA, 86: 6230-6234, 1989). For the

pahpled, frant gagentssagheding & ascrdpingt dbace rory papércpoings, vials for

anplified by PCR using 5 -biotinylated prinmers. In a

serfamente §ndt betfenspfor ﬂ@@eﬁal@w@@sd&ﬁ@&m dhe edmilen A second

hybri di zat i W th eci.figc.oligonugleakides

mBBRPToBRe 2 SsRRES dp il FRATIERY BB fontybridizing toreer

Fﬁd Eéb%(%(h?n&ﬁ%ﬂi@éjaﬂﬁ% i diiWor ¥MBhink! KRt 98mdY & Bfidesirable and
n P at ‘particular case, prior to hybridization, the

aubbwid pelyndsleptids.eAtthird cniposleaimhidesaarpdléd bamsort,con which or

be | abel ed or nodified, specifically or i )
tonwdielei nnelaic yadid pebe(Fbnisofcandwgateh dyhishoris unlabeled and

chem cal reaction. e nucleic acid, probgs of th .
FPERTRen TN DR by ey Gt TIT AR R P Of gputtivle targe
aRRlYis! Mok@RiaH dnds f@}?{%b@,r&ﬁ:ﬁ cfilc /PR€BA Ghosomal RNA, is
pat hogeni ¢ species of interest. The kit includes all
appipahtondifferan eisacty régionsief dipstlek.er mi ni ng presence of

a target gene. In the universal concept, the kit

i ncl udes a stable reagent containing | abel ed probes, a

B L LS ARG o
E%g%én g%n{ He WRSOIRE 28 adE ﬁ&%irg%eﬁferiﬂghsbﬂi%d and unlabeled

pol ynucl eoti1 de, a substrate for detecting
hatleleskid ppdlexof dhredthirdtdommpdrent. abhd probe worrgonkats described herein
detecting the | abel. ) . . ) )
include combination of probes in dry form such as lyophilized nucleic acid or in
precipitated form such as alcohol-precipitated nucleic acid, or in a buffered solution.

The label may be any of the labels described above.

For example, probes can be biotinylated using conventional ways, and presence of
a biotinylated probe can be detected by adding an avidin-conjugated enzyme such
as horseradish peroxidase, and then supplying a substrate of peroxidase that can be
monitored visually or by a colorimeter or a spectrophotometer. This labeling
method and other enzyme-conjugating labels have advantages of being economical,
highly sensitive, and relatively safe, compared with radioactive labeling methods.
Kits of assorted components include various reagents for detection by labeled
probes, an instruction, containers for mixing and reacting positive and negative

controls, etc.

13



One specific enbodi mrent of the present invention
enbraces a kit that utilizes theconcept of sandw ch

woaewag3o2dhis kit includes a first conponent fBET/KR2007/000299
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col l ecting sanples from patients including a scraping
devi ce or paper points, vials for containnent, and
buffers for dispersing and dissolving the sanple. A
second component includes a nediumin either dry or
DNichif orm f or hybri di zi ng target and probe
pol ynucl eoti de and a nedi um for washi ng out to renove
undesi rabl e and unbound pol ynucl eotide. A third
[ 0 0
IRPTABER: pLAe KRR PiniBhlitn HORR ne@lind B SRA LR In a preferred

ghibadehest, and prepl mventien Yrovideaat DA thipogiat nucleic acid probes
poI Ynucl eot i de In the case of nultiple target

mgiobjlizedran ithaolidsuppenpt DNA phiphe, naseoyh spewt that is mounted
w@&%&@fs@érﬁ%@?ﬁnﬁ}%ﬁ i ehigb i to identity DNA
gﬂ? %1@(2 3 elgllfbg'l Hﬁ@ﬁgﬁzfgrlﬁe& re&ﬁﬁ@t‘e? rf?(ﬂ‘gq{r}kntogm samples with

miBigbilliZdd ADNA tﬁh@rddfl‘ﬂmkdmﬁlesi afdsolid adwplpegts nfied eliclding probe
acid probe of the third conponent. The probe

ohgpmmcdmtsdas;esmludedmmgmm inatariade smlchb anaglash asfd silicon, and

PSR fratiaala Toghos st R0 S Pl ratRIS 6T, Solystyrene,
Uﬁjcﬁﬂﬁ)r@?é % ‘Hoé)gf}gf)‘ﬁl*%ﬁé.f ?BQ guﬁ%l:é'td 1dT§1ﬁ)shﬁ%§| mdWbe flat or

e any escri ove or exanpl e

highe poeaus. Mhelprobénytediatobidizod byaowalint boad ofijther 3'-end or 5-
and presence of a biotinyl at ed probe can be detected

baylda@m the stbstvatdi ntheoinmphibzatemz wan bectrhagved by conventional
GRTBRERT dots EXPRENS Ot IS Ico oIpP GG AR, Sup-attached
‘gg%ﬁféfgijégtr? rolgiﬁlé?dec' &Sk YRt %'imsfp?)?]tén% rbglefnll ahineNEoated slides, L-

enzyne- conj have
dpbrenteged slidébedngitesspliotoseadoated slides. In one -embodiment of the

present invention, a base with an amine group was incorporated into 3' position of
the probe during its synthesis, which makes it easy to bind covalently onto

aldehyde-coated glass slides.

Immobilization and arrangement of various probes onto solid substrates are carried
out by pin microarray, inkjet, photolithography, electric array, etc. In an
embodiment of the invention, probes are separately dissolved in a buffer solution,
and the resulting solution is spotted onto the substrate by using a microarrayer
prepared by a known method (Yoon et al., J. Microbiol.Biotechnol., 10(1), 21-26,
2000).

The principle of microarrayer is that minutely constructed pins pick probe DNA
from a reservoir and transfer to one site on a support appointed by a computer. For

fixing the probes transferred by a microarrayer, immobilization reaction proceeds at
14



highly sensitive, and relatively safe, conpared wth
radi oactive | abeling nethods. Kits of assorted

wocaTpesest s i ncl ude various reagents for deteBCT/BR2M07/000299
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| abel ed probes, an instruction, containers for mxing

and reacting positive and negative controls, etc.DNA

chip The probes of the present invention are al so used

in a DNA chip. In a preferred enbodi nent, the present

1AYER St REEY LAGS RurkN\cEhdiBoh NSt frBHC USYCtcP65%, preResbly, from
are 1mmobilized on its solid support. DNA chip, a

f6Yy tovd Fupmad it wialefl to standhatddasti foh 6\lauirotesintineg neactisn between
of nucleotides with high density, is applied to

p@rting gravmpat hreadrafithe prebe andan @ldehyge grgp apatefignto the glass
%ﬁ%£acted from unknown sanples with i mmobilized DNA

$ eof . Exanples of solid supports for hol di ng probe

ol i gonucl eoti des include inorganic materials such as

gl ass and silicon, and polyneric materials such as

Bor vktecting wellbyleeived tfesrapiviag asrgari®ms)or divist preanésm itself, the
pol ycar bonat e and pol ypropyl ene. The surface of solid .
selisseecasionalinyepd partial apd/dsitgtal Jysie by dschempigalprshiesa mechanical

BBl e P54 KPR ot G e b
%&V%hbé{nec BP\EM ?E%beﬁ e&hﬂh:e%i%%ntfiﬁ{/elﬁm}ﬁa contact may be

using electrostatic rce, fix am ne group-attached

ohrrigdn@utsoro an alppedptitte copped ssch ds, nitocelpdbsé, gllafosaror a nylon
am ne coated slides, L]ysine- coated slides_or .
filter Brapolutioncoting Hauid mediym, whish anasiskgiphagerunsier agaboptimal,

resent jnvention,. a base w.th m_ne . .gr oup. Was
R ook O & eaitisive Jcandition o Suehe copdifoninclile, tgmperature,
- : . . |
g?ﬁg%ﬁ??telég gﬁ%@zﬁ,@%ﬁ#&éﬁiﬁsﬁbﬁﬁn@é%ﬁ%@ ANéptimaNethperature
of nucleic acid pairing (e.g., formamide, dimethylsulfoxide and urea), and presence
of substances apparently lowering reaction volume and/or accelerating hybrid

formation (e.g., dextran sulfate, polyethyleneglycol or phenol).

Preparation of Probes

Traditional cloning methods may produce large quantities of nucleic acid probes by
either gene manipulation of the desired sequence as described in Maniatis, 7., et al.
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1982,

or by chemical synthesis using a commercially available DNA synthesizer.

The probes of the present invention can be prepared to be single-stranded or
double-stranded by conventional methods. A representative example of preparing a
single-stranded probe is to synthesize probes comprising a desired number of
nucleotides after dimethoxytrityl (DMT) off method by an automated DNA

synthesizer and stripping protection.

15



I mobi | i zati on and arrangenent of various probes onto
solid substrates are carried out by pin mcroarray,

WO 20kjo8$928 phot ol i t hogr aphy, electric array, eteCTIKR26(07/000299
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enbodi nent of the invention, probes are separately
di ssolved in a buffer solution, and the resulting
solution is spotted onto the substrate by using a
m croarrayer prepared by a known nethod (Yoon et ah,

HneMeid WF e Bro8RCRoBille (syhfHebized21s A8beld@0@ith dhfuorescent dye

principle of mcroarrayer is that mnutely constructed _
(ilueresietk isotlnbeydddte, FRIAK ) doroeadirmopresamd drrabssher of pucleic acids

one site on a support_appointed by a conputer., For
of xatewgst. Heltgrnatieal vy AdANbprabs eymplemeaiay o émg?e-stranded DNA

EESIEONET e IO e —
gxfiﬂlnkﬁglw Qxllzﬁgif% aR@9ludrestRat-1abbled! INTPATHe ?&oﬁe%?ﬁ{usf@dhibit high

ours to e reaction between an am ne group at

sensttivdtyodnd dpecificibeowind wrthalfbehssdentgdymup coat ed onto
the glass slide. For detecting cells derived from
living organisnms or a living organismitself, the

el |l s occasionglly, need partial and/or t.ot | ysi s by .
ESt neprRbaptandtor SauRECHERUE PrpPE cediprC BNA BT plasitia DNA s

t 1 F r .« . N d

BEAEER, bt BainEnbuRbcNhes 0ol RN Sppiing desi
pegiorndf & ger1br amucbotide drdgmudnt NRgndemqaimingdmetifodds one way of

an appropriate support such as nitrocell ul gse, )
pelymgerizdeg ofluerepsantlabeled propes avih| vaniens lepgths By six random

iqui d j um.. Whi take place.under 32 '
Lo i iR o8 SRR GHRLBL pebing, P o Swend of
BICA whRd4 Belé&ublé%'tiklg q(iﬁ%pzﬁ{cﬁhlébesgnﬂ%%ﬂt brlgeRerafthg nicks in
reactants, présence of substances | owering an oOpti nmal
toulplerstitanded ANA ehalecules ivditihdDNastg I @obymefizingaDbiNte, with DNA
di et hyl sul f oxj de and urea), and %r esence .
polymerase I and fluorescent-labeled ANTP. The synthetic double-stranded probes

are denatured to make it single-stranded, which is then used for hybridization.

The probes of the present invention may be advantageously labeled. Any
conventional label can be utilized. The probes can be labeled by means of
radioactive tracers such as >2P, *°S, 1251 3H and 'C. The radioactive labeling can be
carried out according to any conventional method such as terminal labeling at the 3'
or 5' end using a radiolabeled nucleotide, polynucleotide kinase, terminal

transferase, or ligase.

Another method for radioactive labeling is chemical iodination of probes of the
present invention attaching several 15T 6n the probes. If one of the probes of the
present invention is radioactive, detection of ionizing ray is generally conducted by
autoradiography, liquid scintillation, gamma counting or any other conventional

method.
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of substances apparently | owering reaction vol une
and/ or accelerating hybrid formation (e.g., dextran
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Probes Traditional cloning nmethods may produce | arge
quantities of nucleic acid probes by either gene

mani pul ati on of the desired sequence as described in
Mani atis, T., et al. Mlecular doning: A Laboratory

B8 YabbesCof eheSprdsegt Haiehtion diavbeYtateledl B2nemts b non-radioactive
chem cal synthesis using a commercial ly avail abl e DNA

wysidues sfeataingTimmunsegicak praperiesebess anfigens Pohaptans); specific
BB B oata oA £ on RN Us SRS BIRRGIS By cnzymatic
FASER 2 2cPATLE 5460, R SR RSt whing

gﬁﬁteﬂh ah reizhamayicr idagtiof)PMind phisioatt pashebiiesaindudiagafladrescence,
A synt hesi zer and stripping protection.One end of
eimésspoo be gbsaxpiive of ighh et pxettain wavelsagtbd Antitiodzes can be used to
fluorescent dye (fluorescein ispthiocyanate,..FlTC) .t

BRI EieEh e O R BL SRS H T (B Ee N Hiopehve [afels can be
| t Lye re C ; t :
ERARASE Sl YIRS 0 0P AOBLSATRY ~IERS Aty Stz
AdRAssihBIgidtodiies chfidines thyanidins endhfadybdesidhyyrerd edsily coupled
wi th Kl enow enzyme and fl uorescent-| abel ed dNTP. The

prithbether chamicaktesisiues nghlisg e idetegt the prebeserdaytiridsi afyprobes and
wi.ng to the fl scC dye. For a preparation of a
g%?@%?%%gbg%&%ﬁg@em or p}oasm' d DNA is

di gested with specific restriction enzynmes to obtain
probes conprising desired regions of a gene or a
Mugdegot i de fragment. Random prim ng nethod is one way
of polynerizing fluorescent-|abel ed probes with
various |l engths by six random

Nucleic acids are extracted from a sample to provide nucleic acid substrates for
diagnosis of diseases with biological samples. The nucleic acids may be extracted
from a variety of clinical samples using standard techniques or commercially
available kits. For example, kits for isolating RNA or DNA from tissue samples are
available from Qiagen, Inc. (Chatsworth, CA, USA) and Stratagene (La Jolla, CA,
USA). For example, QIAamp Blood extraction kit can isolate DNA from blood,
bone marrow, body fluids or cell suspensions. QIAamp tissue extraction kit can

purify DNA from tissues such as muscles and organs.

If double-stranded, target DNA is recommended to denature prior to proceeding
detection. Denaturation of double-stranded DNA can be conducted by chemical,

mechanical or enzymatic method heating up to a proper temperature over 80 C.

Target DNA hybridizing to a probe is usually prepared by two kinds of methods. A
first method is Southern blot or Northern blot in which genomic DNA or plasmid

DNA is digested with appropriate restriction enzymes, and digested DNA
17



hexamers. Alternatively, Probes can be synthesized by
attaching 32P to 5 -end of DNA with T4 pol ynucl eoti de
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doubl e- stranded DNA nol ecul es with DNase I,

pol ymeri zing DNA with DNA pol ynerase | and
fluorescent-| abel ed dNTP. The synthetic

doubl e- stranded probes are denatured to nake it

%ﬂagﬂieﬁts%tre %@?ﬁﬁted"ﬁﬂdcﬁhﬂﬁed heasingedaf e g'gy Blet@bpladresis: A second
Theé probes of the present i1nventron may be :
atbilaod 'mwmplﬁgatiomttﬁl@mred\ﬂnNAaegmns bgrPcﬂiRJ abel —can be
utilized. The probes can be | abel ed by nmeans of

radi oactive tracers such as P, S, I, Hand C. The

e AoR TR e PR R SR pAFAZDF Kl and rverse
Bﬂ T u’c%r &H@ P'@Rngsﬁﬁgr ﬁﬂfé?leﬁ’tbﬁhﬁﬂnf‘%* ﬁl‘fﬁfegse and resulting in

e ki nase rm nal transferase,

Hb@l&l&%trazﬁded had sirglecstranded rlmﬂdsraMulupleb(aB@Rl ugng svarious primer
chem cal iodination of probes, of t he present i nvention
peirsignd ﬁgipéléfy@gadlffgm regionsneinpHmesuslys Ligase ghaingaction (LCR)
gr Obes of. t resent, .inventi,on i s ra

B aPeRficol BB ARy e P BristabE G RRnstFe dntgpeity by ELIA

| u -
QAL eﬁ?‘“%fﬁsé‘aﬁ*‘aﬁg#“% DSl HOUSAIPP OR}NeSBCR, DOP
PORs ebbnaimie&é\d iodigonacicbidd pbieherdP OR) MRAFBCRS (Reverse Transcription
non radi oactive residues featuri ng i nmmunol

C&e Semagueatitptive dil-Peda Repl thap Q&,)RA (?lgaml@ Amplification of

ﬁbﬁ% ER° RRORET PER. osTR dsnon. AR RABLET S8CP (Single
SHafd 20 HROrmatéy belgﬁh%géﬁlﬁh?SijTM '(fﬁffélte%ﬁaf 5Ny Reverse

part in an enzymati action); and physical

praperiptass),ietc! udi ng fl uorescence, emnission or
absorption of |light at a certain wavel ength.
Anti bodi es can be used to

In one preferred embodiment of the present invention, asymmetric PCR is
performed to polymerize a gene fragment using DNA extracted from a specimen as
a template. The gene fragment is polymerized by one reaction of PCR using

different amount of forward and reverse primers in a ratio of 1: 5.

In a preferred embodiment of the PCR, 5 ul of 10X PCR buffer solution (100 mM
Tris-HCl, pH 8.3, 500 mM KC1, 15 mM MgCl2), 4 ul of ANTP mixture (dATP,
dGTP, dCTP, dTTP, each 2.5 mM), 0.5 ul of 10 pmole forward primer, 2.5 ul of 10
pmole reverse primer, 1 ul of 1/10 diluted template DNA (100 ng) and 0.5 ul of Taq
polymerase (5 unit/ul, Takara Shuzo Co. , Shiga, Japan) are mixed and distilled
water is added to the cocktail to be up to 50 ul. The PCR is performed by following
steps: First denaturation at 94°C for 7 min once, 10 cycles of second denaturation
at 94°C for 1 min, annealing at 52°C for 1 min and extension at 72°C for 1 min;
30 cycles of third denaturation at 94°C for 1 min, annealing at 52°C for 1 min and

extension at 72°C for 1 min, and then 72°C for 5 min only at the last extension.
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specifically detect a hybrid of probes and targets.
Non-radi oacti ve | abel s can be provi ded when the probe
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Adenosi ne, guanosine, cytidine, thymdine and uracyl
residues are easily coupled wth other chem ca

resi dues, enabling to detect the probe, or hybrids of
probes and their conplenmentary DNA or RNA fragnents.
TAE PER PschRtCar8 CoffirAES b?&‘gﬁﬁﬁb 261 EleeffophSragm! e to
provi de nucleic acid substrates for diagnhosis of

di seases with biological sanples. The nucleic acids
ng%_be extracted froma variety of clinical sanples
Hybrdization aaddVasingi ques or commercial |y avail abl e
kits. For exanple, kits for isolating RNA or DNA from
ti ssue sanples are available from Q agen, Inc.

IR hyihatSls 2R 8, MCRRBL L0, b pllen mvntion
HyblidiatiohAethmqudy metzenbrilly described i ddyldit dctd Fybridization: A
cell suspensions. Aanp tissue extraction kit can

Buadtical Bapreachnbd. ddarees, Bich- asd Higginss Sadd, dRydgss, §987; Gall

B9 ps (1OBEELproMB: dERT o¥- EERAPRary B Gy and Johh Bumstel
ARNPO R 10T BB gheggonduct ed by cheni cal,

nechani ca r enzymatic method heating up to a proper
tenperature over 80 C . Target DNA hybridizing to a

Erobe is usually prepared by two Kinds of methods. A
he iybrigizasigni eondianseata deteymined kyrtheshingesey'| that is to say the

ich ge i ¢_DNA | i d [ igested with .
5Tt LB postiing Eds, mOe. mafk SRR E gohdifton is, the more
3 e r A d foloh d [ :
SR AEITEEL Rl SR IDERA SR InlkaltS] Epecially the base
asombbditioatofom pedbetasget atiplivAas egilbas thxy dBgiRe of mismatch between

nucleic acids. Stringency can likewise reflect functional parameters of

hybridization reaction, such as concentration and type of ionic species present in a
hybridization solution, nature and concentration of denaturing agents and/or
hybridization temperature. Stringency of a hybridization condition depends
especially on probes used. All data about the conditions are well known, and an
appropriate condition of individual hybridization may be established by routine
experiments. With regard to the length of probes, temperature of hybridization
reaction generally lies in approximately within the range of about 20C and 65,

in particular, between 35°C and 65C in about 0.8 to 1M of a saline solution.

Nucleic acid hybridization of 1abeled oligonucleotide probes and nucleic acid
targets can be enhanced by the use of "unlabeled Helper Probes" as disclosed in U.
S. Pat. 5,030,557. Helper probes are oligonucleotides that bind to another region of
nucleic acid, not where the assay probe is targeting. The helping interaction of
additional probes accelerates the binding of assay probes, forming new secondary

and tertiary structures on the targeted region of single stranded nucleic acids.
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Exanpl es of PCR include: typical PCR using sane
anounts of forward and reverse priners; Asymmetric PCR
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doubl e- stranded and si ngl e-stranded bands; Miltipl ex

PCR using various prinmer pairs and anplifying

di fferent regions sinultaneously; Ligase chain

reaction (LCR) using specific 4 primers and |igase and

measuring fluorescence intensity by ELIA (Enzyne

Li nked | mmunosor bent Assay); besides, Hot Start PCR

Nesvtll-l RfeRappIceiatdd bpetimisersktilbel ah itbermrt:lt]eatt fagteorprafieting thermal
RT- PCR (Reverse Transcrlptlon

sehrhtra @4 rrnrolr%{tar% hybridsanpdsg atf r%@rmspmﬁetx RHpise the melting

]{e\gﬁﬁﬁ mﬁilﬁ(ﬁﬁ%%glgggt pe%%&; f&qﬁ F/tﬁ R h?%rlds needs to be
8&@ [H%at TR PP&EME@ RAhSds déea%eci’f;ﬁj(@ Bdtes 088i1ak,

Di spl ay Reverse Transcriptase), etc. In one preferred
enbodi ment of the present invention, asymetric PCRis
&erformd to poI nerize a gene fragnent using DNA

m pﬁpr@w/mrgﬁmhar eéemamehe gtesmi h@éiybndézagi@ndvrotecﬁon assay

neri zed ne reacti
i REAEER, W Bl ERE s Afou o At Re bR atiet RSP odF pREformed in a
Iiﬁ‘ﬁh?l Qfccinate b fi? el %18{181"1 rc%ﬁta%fﬁgqitﬂﬁﬂﬁ lQJrryl @ﬁlfﬁg Eaeh aliquot
ul of 10X PCRBu %er sol ution ni M Tri s-HO
8f the SfteforiedChybiid isTdilyéd i) hyHrldlllzamfan ddfter landtmmEbated for five
(dATP, dGIP, dCTP, dTTP, each 2.5 mM, 0,5 ul of .10
PHBWES f 3 mu@rtqmeratzr@, ugragpally weEasingeviersé C from below

of .1/10 dte | ate 1 ) d
Bicihfeegs T ¢ Spistier 2o (Bl splTRigR: ‘B thet” diee wii’a midly
alk§hF19 %ral@%@?er 3nf 1%%@296&“&9 1&0«&6 'ﬂerﬂﬁfegaﬁd’?é Efor eRaRPRED0 T) for
to the cocktail to be up to 50 ul. The PCR I's
rear fromesl UpdéotHiowondition, while the acridinium ester attached to single-
stranded probes is hydrolyzed, the acridinum ester attached to hybridized probes is
relatively protected. This is referred to as a hybridization protection assay (HPA).
The amount of chemiluminescence’s remnants is proportional to the amount of
hybrids, and is measured in a luminometer after adding hydrogen peroxide and

alkali in order. The data is plotted by percentage of maximum signal (usually from

the lowest temperature) versus temperature.

Tm is defined by a point reaching at 50% of maximum signal. As an alternative,
Tm of a probe/target hybrid may also be determined by isotopic methods well
known to those skilled in the art. It should be noted that Tm of a given hybrid may
vary depending on the concentration of salts, detergents and other solutes existing
in hybridization solution, which affect relative stability of the hybrid during
thermal denaturation (Molecular Cloning: A Laboratory Manual Sambrook et al.,
eds. Cold Spring Harbor Lab Publ., 9.51 (2nd ed., 1989)). '

Hybridization conditions can be monitored by several parameters, e.g.,
20



steps: First denaturation at 94 C for 7 mn once, 10
cycles of second denaturation at 94 C for 1 mn,

woami®atnsg at 52 C for 1 min and extension at PCRKR26051000299

10

15

20

25

30

1 mn; 30 cycles of third denaturation at 94 C for 1
mn, annealing at 52 C for 1 mn and extension at 72 C
for 1 mn, and then 72 Cfor 5 mn only at the | ast

ext ensi on. The PCR products are confirmed by agarose

Hgllr)ri@ilzﬁﬁgxﬁ Qﬁg@é@gh@, nitURE il 2Rk OftrAh W%Bfg@gn 1ts in the media,

partic I zatron technique 1s not e ntial to

e fehgsemure nmenthion. hiylds dirgatvashed.edHybirgliestioar eend washing

general |y described in Nucleic Acid Hybridization: A )

fanaparhtuae arp imiteshby meaximantemperature camaspangifigito pbejs nucleic

m@&% Pé?os%’gerln%%gfgi_ogae{nélgl l?elqgt-}]g _%é% ghee ééglﬁng grrn%%'rature of probes

icd H?%ﬁéﬂz 788! donesh (dedbibedalditin: i?2Bou361°86- 6012 At higher
ybridi z fl y the

atron conditions are determned b
tahpdragesCihe doplexiing toongsited Meitls tthe cdisswsatidn toredenaturation of
operating conditions. The nore stringent a condition
prbefthtgokbybridpAane fcerog hhailizatipn megiawe cAylBinscAbast 3X SSC (1X

R R v
F%lﬁgm)ﬁhlqe 1‘9% 9@"/? ﬂ‘éio%ﬁ&dgfdrﬂﬁmﬁé,rd).@g%ngco‘fl?@.OZ% bovine serum

seTré ct unction par anet ers

Bbaiifli 2002%NpoBadiylpyerobdedt aadcamenoamgml asiibated eenatured
of ionic species present in a hybridization solution

selmonespartn DOV ek peefersed ovashiomadivim egniaifsnakontX ¥SC, 25 mM
hybridi zat i t t . [ ; .

RGRAGHS ofEt aBha7 dHdaA08hadeRanet) deramidcy, Siaever, when
gﬁ) icdtldns 3L ?nt?(;lﬂé%dte?ﬁei: ﬁpﬂietﬁrﬁﬁgsl §1|r f{‘uﬁﬁl the 8O temperatures,

an appropriate condition of in

buikblé ifgehyinidipayorbto Bahgut sdtpdredyspeoifidityeshould change based on
experiments. Wth regard to the |ength of probes,
keowarralatioaslups ay desatibegtinghe following reference: B. D. HAMES and S.

J. HIGGINS, (eds.). Nucleic acid hybridization. A practical approach, IRL Press,
Oxford, U.K., 1985.

In this respect, it should also be noted that, generally because DNA:DNA hybrids
are less stable than RNA:DNA or RNA:RNA hybrids, their conditions of
hybridization need to be carefully adjusted to achieve specific detection depending

on hybrid features.

In a preferred embodiment of the present invention, amplified target fragments of a
gene is added in a hybridization buffer solution (6X SSPE (0.15M NaCl, 5mM
C¢HsNa;0,, pH 7.0), 20% (v/v) formamide), applied onto a glass slide holding
probes, and then incubated at 30C for 6 hours, so that said probes can
complementarily hybridize with said targets. The glass slide is washed sequentially
with 3X SSPE, 2X SSPE and 1X SSPE for 5 min.
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reaction generally lies in approximately within the
range of about 20 C and 65 C, in particular, between
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Nucl ei ¢ acid hybridization of |abeled oligonucleotide

probes and nucleic acid targets can be enhanced by the

use of "unl abel ed Hel per Probes" as disclosed in U S

Pat. 5,030,557. Hel per probes are oligonucl eotides

HYBtdRidad B qandified byeldboiin®tardu! with adludrestencorbiémical or a

the assay probe is targeting. The hel ping interaction ‘

oidieabdivei sotipepino becordael tir gorvertiomabimethads. of.abed sagorporation

probes, form ng new secondary.and tertia tyuctur i

BrY RE eariser ent ﬂﬁ’gi‘@%ﬂ%ﬁg@?lgﬁl RIREF Mo ORI Sigieotides during
' W | .ated by those skilled in the

§§b%§ﬁ%%u a@%%%@“%ﬁ?%@??hg thermal stability of

probe/target hybrids can al so affect probe

specificity. Thus, the nelting profile, including

Bahmples t enperature (Tm) of probe/target hybrids needs

to be determ ned. The preferred nethod is described in

U S. Pat. 5,283,174. Tm of probe/target hybrids nmay be

?‘g%: ﬁ%\i\ﬂseg‘?%f%ﬁt%ﬁgwm 'hgfeﬁ?&ﬂeqrbeofi%cﬁt%glrl ggtfgﬁﬁ&y déil by examples.

excess anmount 0

B REEhodfeget bBYdbvisls & & pepdoreskillad dnlthé hirtithas Whesenatagnples are
buffered solution containing lithiumlauryl sulfate. =
Etven foriitjustratofe parposeosly;ransdthensdopedofi thedpreserddinyention is not
[nlybri di zati on buffer and incubated for five m nutes at

Bpiegdije or F&XBRLS gradual |y increasing 2 - 5 "C
frombelow anticipated Tm (typically 55 C). The
solutions are then diluted with a mldly alkaline
bar giee fdntfvﬁi@% @?%ﬁhﬁ@ﬂb@i &k adriple Wasre tapppsved! by dRE (institutional
exanmple, 50 C) for ten mnutes. Under this condition,
Rieiview Board)cini S¢veiramaeckospitabin Xomeal and condusted tyapraeijagreement
pr.obes is drol yzed, the_acridi num.est tt.ached to
HEBY?YW?SHH%Q OF‘fanFS gt ey ‘fFCBqIB?%‘Z:PEHP? Is s

referred to as a hybridization protection assay (HPA).

Example 1: Determining mutation types of BIGH3 protein

In order to construct diagnostic probes for detecting genetic mutation of BIGH3,
one of the causes of ophthalmologic diseases including Avellino corneal dystrophy,

its mutation sites were determined to produce probes.

The mutation sites of BIGH3 protein were identified, ensuring their amino acid and
nucleotide sequences by GenBank and OMIM (Online Medelian Inheritance in
Man), databases of nucleotide sequences of NCBI (National Center for
Biotechnology Information), and allele information of each disease was
comprehended. The types of mutation to be searched were determined to test
efficacy of DNA chip. Especially among hot spots for BIGH3 gene mutation,
mutation regions causing Avellino dystrophy, Lattcie type I dystrophy and Reis-

bucklers I were selected (Table 1).
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The amount of chem | um nescence's remants is
proportional to the anpunt of hybrids, and is neasured

woRen7a83%8M nonmet er after addi ng hydrogen per oxPA®K®R2007/000299
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alkali in order. The data is plotted by percentage of
maxi mum si gnal (usually fromthe | owest tenperature)
versus tenperature. Tmis defined by a point reaching
at 50% of maxi numsignal. As an alternative, Tmof a
probe/target hybrid nay al so be determ ned by isotopic
met hods well known to those skilled in the art. It
TMBl ld (hﬁltlmitrfeﬂbglb alllseﬁses(ﬁauacdgby ganétg&bmudhtrmyoﬁ/BIGH3

dependingonthe ctoncentration, of gatts;detergen

and ot hegpes@yat es exi sting’ Al thy br i{ di Gatdnedciagleut orE
whi ch affect el ative |st dgnin egd of th%ah\l/lbrldﬂ%ur ag.

t her np‘l,elgﬁ;@gwpﬂpl on {Mdl equbamm C oni ngeC As talgor at or y4

Venual, Sa et al ., ed g

Pub! [god S Qpllyr\nl 19893 55§@ g ;>pr Ié@G@I’I‘E%T aP,-ml.z
] y JU\J/l{ IIyUI nmur Z2at 1 urni \JUIIUI I UIlS

can belafisidyeraphy by severalRig4Fanet/er LGC — TGC 4

e. 9., mabick djszapliyon t erfper atie1ep nat/ur eCERes> CCG 12

concerﬂag!gg eTmelf conpgnent § dhhgt he rrectlypG —WQ@G 12
I bll IyUIIUb dl T© VVCbIICU HyUlIUILd.llUIl
and \/\plsamcﬁﬂysltrﬁﬂﬁpr aturle ar d1920K4 t eg h\/CMsT? GRL 14
terrperlattmeéysa:rophyesponu ng tNp2RpHobe'|s rmﬁCe? CAéci d 14
COWDOSLaEHCQBysu%ﬁ{WOSI tijon ang4sgngth), @Q&ngcﬁﬂm mumio
emper of_-probes [for dizatig T
deggr! ”‘_u E@Flﬂg |c- :\I"nnf g%% to 2 féb[g Yi ghe

t enperkattinedypettBA dupl exi ng Asiﬁﬁﬁet ed wiGHCrHACC 12
di ssociraisibaskl@t I denat Ur ati on of prabe/ t ar get hybr d A

pref&gﬁ%ﬂcl&%ﬁbﬁ)ﬁ'lﬁat' an macﬁ]l}ﬂlr ont|ai n%GQUOGt 3X [5SC 4

{1 \/ 1
y 0015wt bUUI omcitrat C, P

7 ()\ al?ﬁﬁﬁucb]ﬁfsmvl nf rhanéﬂQ\fi etons fler nT T7_’1“' andl 2092
dei oRem%dcldlemsr(@ﬁZde 0. 02%RBA56QI |, |0. CIZQGb@@lAﬁe serur?

al bum rg.iQnRRKpspol yvi ryl Pyrd@hbdond angeeboeat0- 1| 14

Ilg/ m—sheared UElldl ar

Example 2: Obtaining Search regions by PCR

In order to search all mutations shown in Table 1, five pairs of primers
encompassing exon 4, exon 11, exon 12 and exon 14 were designed. Among them,
two pairs of primers were used to amplify the mutation region of exon 4. One of the
pairs (Primer 1 and Primer 2) was concluded suitable for experiments of diagnostic
DNA chip, and the other was designed for direct DNA sequence analysis (Primer 3
and Primer 4). In addition, the DNA probes and their complementary primers
(reverse primers) to be searched were labeled with a fluorescent chemical on their
5’-hydroxyl group. By Cy5 and Cy3 that were bound to primer 2 and primer 4,

respectively, those primer pairs were hence effectively distinguished.

Table 2. Primers for amplifying genetic regions encompassing mutation sites
‘ Primer # ‘ SEQ ID NO. ‘ Sequence (5' ->3")
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sal nron sperm DNA. A preferred wash nedi um cont ai ns
about 3X SSC, 25 nmM phosphate buffer pH 7.1 and 20%

Wodmmmawmd f ormam de. However, when nodi fi cat PODKR2005/000299
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i ntroduced either in the probes or in the nedia, the
tenperatures, suitable for hybridization to bring out
requi red specificity, should change based on known
relationships as descrihed in the follow ng reference:

B. DIHAVES and 9. J. H Gapi\S;t a¢eats clc.aaNucl ei ¢ aci d
hybrigli zat on. A;practi calcage\g&;tggggctalé%lg Press,

OO

@fozéj’ UK, —1985. tn tihis respect,.it,snould al SO be
not ed™-that—generalty bucﬁﬁ%%agm%%%kdﬁ—aw%—eﬁ
st abl4 t han RNA lﬁ\lA or_RNAESRBEC 38M5EE 488 afie| r

condigions| of hylyidizat|i or figegh fta theccagtef ul |y
adj usf ed Tp achi eve speci {ic, dele Hc?,Qche&?nd' ng on

f Aot iy A

sy n-_ o Ny =
IyIJI 1 u rcarur o, 't a pricrcr rcu il UUI meTit I.IIC

reseht inyention/ anplilf Cadoq agts at
gene 8§s adfed in & hybri diggggbmglagggarcae(dcmi on (6X
SSPE §0.1 bM NaClg 5nM (6 W]aaﬂj&tg‘% 20% (v/ v)

ormgide) T appti ot ass siTde dim robes;
and tbiégn ')| q_gugz_(_éa_af 30 (SIC%QQ a(‘t-‘\; 314%!30 cac@n t hgf pc:n d
probes can conplementarily hybridize with said

targets The gl ass slide is washed seﬂuentl al | Y Wt h
nggpagmends Seee  generatgd dnpAsysrmetriei RCHy ppings1¢-dR00eg of DNA

R S A PR FEE WBRGRAR e o 5
t

8 TRE RS PR hATR POAC TR sAUGEYIRE different amount

ot €brewird dad revdse gnmﬂrs/n’ealrzm obn: and lam)ITl‘fel fiest idenaturation was

Exanpl es q o :
carried out at 98 C for 5 min. just once, and then main 35 cycles of PCR were

performed by secondly denaturing at 94°C for 1 min, annealing at 55°C for 1 min
and extension at 72°C for 1 min. PCR was terminated by maintaining 72 C for 7

min once for the last extension. -

Example 3: Manufacturing probes for diagnosis of BIGH3 gene mutation

In order to search mutations of corneal dystrophy as shown in Table 1, probes were
designed to embrace 5- 8 more nucleotide sequences expanding from both sides of
a hotspot, more preferably 7 more nucleotides. Probes for normal counterparts were
designed to embrace the same sequences as the above but normal instead of

mutated nucleotide sequences at the center.

Table 3. Probes constructed for diagnosing mutation of ophthalmologic diseases

Normal/
SEQ ID NO. Genotype . Probe sequence Exon
Mutation
11 Normal R124 acg gac cge acg gag 4
12 Avellino dystrophy R124H acg gac cac acg gag 4
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The present invention will hereinafter be described in

further detail by exanples. It will however be obvious
wobta7aspesson skilled in the art that these exROPKR0E0€0299
given for illustrative purpose only, and the scope of

the present invention is not [imted to or by the
exanples. Al the follow ng experinents in Exanples
were approved by IRB (Institutional Review Board) in
Seves ancle RasRickrls(CDBHjor eaRapdi. concdyigiced bygqri or| 4

agr efgrrent of ENSHal at t en ee RIQ48.CC %5@%%3&0%93 t he 4

|
deelarati-on—of—Hetsinki— E)\allf e terfmnin

nut A% i on t ypdattiss typs 53 pr o4 |rcm%ga«°tgrcacggaanr.mfl
di ageostii c probIGSnaﬂor det ect?k50d gerged ¢cc conabgggon qgf 11

Bl Gf3, one of,ufi@emuses of papmt hctlggpéce%ccaa%gzeases 11

AVEl MO COrNed VST Of L
Qif:lg \Aprgp det Npmla.Lm to mm e ”aﬁ%tgctgﬁ Cﬁ,.f atlioh?

oo G LI S ASES

Si 148 of| BLABH® dystoply Prowelr e LU || edtg carptugdtng_t|hel
am pe acli d andngugdi eot i de segyenceschypaGrnBasks and 12

faﬁtgclg'ixﬁﬁ' ﬁvn 'nnfe rﬁiﬁi{/e gpaggar&g g 22251

TNGCDOT T O \JCIIL (o | Ul

Bi o28chnol ogy anrml mat i on)) , B8 aI |agq @C Ftiﬁcbiécﬁatl on of2

each3di sease ReRDHuCKMTPI ehelpstadiclchibe at y@asc gﬁ_fc cdauat at i jon12
chi B Eopect ot RO o oor deei O cESigr b as] o) A

1t 281 on, L«ﬁt;fcgﬂymphypﬁrlnn REAAS ) o R PEERT #fst rgphl?

at 26i e type I Ndymlrophy andNJdi StlSFG¢<¢CeI’<1® gaa gesr e 12

sel egt ed (rlhaRk@yddophakie 1. NoRN halcepiaabCediseases 12

Cor 2P n ?ng Iige Gy gws%gc dgy% CR ﬁ{%gcat%g%lg% gf?%a eHal]

Ut 291 onis lstiiadystieptasside 1. N#d na&P¢ ara dfc gat g9%ers | 12

30 Lattice dystrophy ser5 N5448 ccc aca tca gaa gec 12

31 Lattice dystrophy ser6 N5448 cce aca tcg gaa gee 12

32 Normal A546 aaa tga agc cttc cga 12

33 Lattice typelllA thr A546T aaa tga aac cttc cga 12

34 Normal R555 aag aga acg gag cag o 12

35 Granular dystrophy R555W | aag aga atg gag cag 12

36 Normal R555 aga gaa cgg age aga 12

37 Reis-bucklers(CDB2) R555Q aga gaa cag agc aga 12

38 Normal N622 ggc cac aaa tgg cgt 14

39 Normal N622 ggc cac aaa cgg cgt 14

40 Lattice dystrophy his N622H gge cac aca cgg cgt 14

41 Normal G623 aca aat ggc gtg gtc 14

42 Reis-bucklers-1 G623D aca aat gat gtg gtc 14

43 Normal G623 caa acg geg tgg tcc 14

44 Reis-bucklers-2 G623D caa acg atg tgg tcc 14

45 Normal H626 gtg gtc cat gtc atc 14

46 14Lattice dystrophy H626R | gtg gtc cgt gtc ate 14

Example 4: Manufacturing DNA chip for diagnosing corneal dystrophy

Each probe selected in Example 3 was synthesized to apply to DNA chip.
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enconpassi ng exon 4, exon 11, exon 12 and exon 14 were
desi gned. Anong them two pairs of priners were used
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pairs (Primer 1 and Priner 2) was concluded suitable

for experinents of diagnostic DNA chip, and the other

was designed for direct DNA sequence analysis (Priner

3 and Prinmer 4). In addition, the DNA probes and their
SsTiIngeRotidey (Prolige Biochémiy GentiH iH@hbugt Oo PEE) eedre lig@dcted into
were | abeled with a fluorescent chem cal on their .
Auttipatioxgyntheszgr. (BypajisTYd 8808, t REt Biesystassungot oUSA) with

btbracign oF huBlealiar seudrver §rdidie saleSnand Hesp pelymerized to be
605 & rr)tllgé;‘@edﬁfcleéfl# chdggﬁlt%tb'e& ThE' Yhth&Hs Ep‘fg?ésﬁ'ltgﬂ probes was

mutation''s S were generate

%ﬂﬁiﬁédh?eﬁ@ﬁo?ﬁbﬂ:@i&lo- 100 ng of DNA extracted from
bl ood as a tenplate, considering PCR reaction vol une

to be total 50 mi . The fragnents were pol ynerized by
P peesdopmeb e DA 2EGtssaan 3:508d BibpoTo arppg aijehgde covalent
U8 VRl Y. 268 88 s0tet HEL OkoBal sl pociced to

sReANAhVinélepRidifcs Ndsid 94 enfifé Ankér coitifa{CRGcEém, Glasgow,
E5C for 1 mn and extension at 72 C for 1 mn. PCR was

Seotlami)t fod imymobilizetiomiangl dBs@vedrn Bpeitmghutfer (FXt$RC; 0.45 M
: | _ ; .
o gnds SN Coi A Rt datthinssow pgiaplitignonas Giotied on the
' : h Lp T 1, .
015000008 ISR CEPARRELD e, BB 1s) g

ﬁﬁaﬂﬁﬁﬁgér, exnEanien fg §idvy Werelkept dadeOiode fRinSHI%%, huiidecondition
preferably 7 nore nucl eoti des. Probes for nornal

twwaltosy pamire \eade alilebydoetd thindnfor aowre hthagade hour, followed by
?1%%1% ?l(fz%fcig %Nw %ro beosVForb(L)J thor111(r)sr. r?(l)sitiigr? tn%ir?(erosf and each probes were
fixed at the concentration of 2-5 uM and 10-100 uM, respectively. To evaluate
efficiency of immobilization, the glass slides were dyed with SYBRO green II

(Molecular Probes, Inc., Leiden, Netherlands).

Example 5: Diagnosis of corneal dystrophy using DNA chip for diagnosing

thereof

To confirm the specificity and sensitivity of probes, hybridization was performed
by applying the PCR products prepared in Example 2 to the DNA chip capturing
probes that were generated in Example 4. After hybridizing with genomic DNA
extracted from blood of patients or normal individuals, whether a probe produced a
positive hybridization signal and crossreactivity (specificity) with other probes

were tested.

DNA chip was hydrated with a water vapor and then soaked in 70% ethanol to
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Probes constructed for diagnosing nutation of
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3 was synthesized to apply to DNA chi p. Mononucl eot i des
(Proligo Biochem e GrbH Hanbrug Co. GE) were injected

into Automatic synthesizer (ExpediteTM 8900, PE

Bi osystens Co. USA) with informati on of nucl eotide
%ﬂww?ms AU erS GR)t Sm HIHZ MBS ROLMEEHT DACA LRI The DNA
0.05 mM™of pure nucleic acid probes. The synthesis of
chipulaetapfotred tovablaokiig sofetobyl.81gecf NeBHay 233 ml of #BS, 125 ml
order to i mmbilize DNA probes on a solid support, .

afi H¥% | ethayels aml shaken donds miawgesy g orden égspreéfﬁat cﬂuorescent

synthetig oligonucl eotide probes nodi fi t . .
PHGRRRlS, fr P BRI S i GO T FRithos Saidfsge, which might
LM DB RSB o e fenl M A OB e
il GokEiNe ¥iEnalp HTHe QN ATdtdp vessuthien ngashelduwithr). 2#sSDS for 5 min.
spotted on the al dehyde-coated gl ass slides (CEL .o
aad cosuadeby twige, onthree fimessuith el water dar | apuy caghdThe liquid

then the glides werge ke der. nmore than 55% hum d. .

ESRAID <0 i, ZEF GWFRRF 0. R STHLR et B BTt oF cenffugation
42 ). | owed by i mmobi i zi ng DNA probes for 6

E’gﬁ)r@sr.lmgositﬁno mar kers and each probes were fixed at

the concentration of 2-5 mM and 10-100 niV -

respectively. To eval uate efficiency of . T
ilﬁrﬁbimﬂi ehasymmetrie PglR psodictsy @@swéfcliéd ayithy hybridizatigrduffer [6X

B b TR M TRl L TV Bt 7) or 20 sSPE
RNaRy peMt rlgaﬁgﬁ)f-@izg, 02Mi BBTAS 19 1ARY 99% T9/v) formamide

onfirmthe specificity and sensitivity of "probes,
SighalCogtStohowis UBA) tobordtal 200 ©L. The resulting mixture was applied

on a glass slide onto which probes were immobilized and covered with a probe-clip

press-seal incubation chamber (Sigma Co., St. Louis, MO).

The hybridization reaction was continued for 4-6 hours in shaking incubator at
30C, preventing dehydration of ambient air around glass by placing wet cotton
tissues in the chamber during hybridization to induce complementary binding. After
the completion of hybridization, the slides were washed subsequently with 3X SPE
(0.45 M NaCl, 15 mM C¢HsNa;0,, pH 7.0), 2X SSPE (0.3 M NaCl, 10 mM
C¢HsNa;0,, pH 7.0) and then 1X SSPE (0.15 M NaCl, 10 mM CgHsNa;0,, pH 7.0)
for 5 min. each. The liquid remains on the glass surface of DNA chip was

eliminated by centrifugation (at 1,000 rpm for 2 min).

The hybrids were detected by DNA chip scanner (CCD camera based scanner,
ArrayWoRx, Applied Precision LLC, USA), with exposure time of 0.2 ~ 0.5 sec.
Fluorescence intensity was measured at 595 nm for Cy3, 685 nm for Cy5 and 530

nm for FITC and the detected signals were interpreted by ImaGene 6.0 software
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by applying the PCR products prepared in Exanple 2 to
the DNA chip capturing probes that were generated in

wOoBRsaropses 4. After hybridizing with genom ¢ DNACT/KR2007/000299
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extracted from bl ood of patients or norma

i ndi vi dual s, whether a probe produced a positive
hybri di zation signal and crossreactivity (specificity)
with other probes were tested. DNA chip was hydrated

' % and then soaked in 70% et hano
p%re#%82a§ﬁ$cﬁQRg§% that were not inmobilized on the
gl ass of DNA chip. The DNA chip was transferred to a
blockung golutlon 1. 3 g CINBBFM .375 m of PBS 125 po

) i p b -.~ 5 Q _‘e‘a er

to prevent fluorescent chem cal S from attachl ng
al dehyde groups on the surface of a gl ass, which m ght

The ldetec'tl%nééqﬁéfeheﬂ F@I@A d ¥esRbd fdl: él{(ﬁﬁ% %?o&ﬂ% buffers,

cause the I ps€ of speci c an positive si

Th eor@HA t¢ hinpnirfastulrd esffivkesn ONAL tdhi. thdd SBS dedectively rdetect point
and ensued by twice or three tines with sterile water
frntatiomphoneertivo maeleptidgsi for disgmopmgnomend dystephy.

surface of DNA chi p was elimnated by centrifugation

(at 1,000 rpmfor 2 mn). 10-20 m of asymetric PCR

PO S R InAIISE NS BBt b AT nd, B 5 ich 0.1 M

f@beﬁ Pr&di il i tamble le\/bﬂNadlelP(ﬁﬁedﬂ@obes GIZISZI lEIB&'lés 1Ipﬂ'le left among
7.4)], 20%(v/ v) formam de (Signma St. Louis USA)
¢cbloeks a8 showponnplG. tn’éerpemtﬁerirfglthq a eQmEnarpigl bpﬁﬁer é@elechem

TR SE RRerint oo oo it B BPRTGC e ELEx SE el hE fther block in

BRATHEE: (R YR 509% DMSY! Solulfbh: gélﬁ)v@yﬁgi&isz?éﬂr%nt probes
reacti on s’ continued for 4-6 hours 1n shaKing
deeuting abr@hl individuals, and pink and bluish green represent probes detecting

Avellino dystrophy and Reis-bucklers CD1, respectively.

FIG. 2 ~ FIG. 5 show the result of hybridization using DNA chip designed as
described above and exon 4 PCR products. Cy5 (Red) fluorescence stands for the
result by applying PCR product that was amplified with primer 1 and primer 2, and
Cy3 (green) fluorescence does the result with primer 3 and primer 4. A box located
in the right stands for a comparable result, such as FIG. 2 for normal individuals,
FIG. 3 for heterozygous Avellino dystrophy, FIG. 4 for homozygous Avellino
dystrophy and FIG. 5 for heterozygous Reis-Bucklers CD1.

As shown in FIG. 2 ~ FIG. 5, spotting with 3X SSC produced most precise and
clear signals, hence, in the following examples, all hybridization was performed

with 3X SSC.

Example 7: Detection efficiency of DNA chip depending on probe

concentration and hybridization time
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30 C, preventing dehydration of anbient air around
gl ass by placing wet cotton tissues in the chanber
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After the conpletion of hybridization, the slides were
washed subsequently with 3X SPE (0.45 M NaCl, 15 nmM
C6HsNa307, pH 7.0), 2X SSPE (0.3 M Nad, 10 nM
C6HsNa307, pH 7.0) and then I X SSPE (0.15 M Nad, 10
nmv C6HsNa30O7, pH 7.0) for 5 mn. each. The quuid
remai ns on the_glass surface of DNA chip

dhenidatectign byffi«“émw fogd?NAn qhe@ wa@oesstemﬁdr slepenging) on probe

L T s NS

bjrau cal’SBecti VeI IRER MmN Chelor tWo 5u§1%6%1des fa}* diagnosing

orescence rntensity was neasured at 595 nm
66meahdysropy> and 530 nmfor FITC and the detected
signals were interpreted by ImaGene 6.0
sof t war e( Bi odi scovery Inc., USA). Exanple 6: Detection

BhA G s S ey SBRRE 18 P RO ol BdyREa in Example

4 ]S?ﬁﬂ angsen &&%sdwﬂgn po6GT 87 Sne IDNAT &ﬁ(} W ﬁﬁﬁﬁ'fa@ﬁiré‘d € contain

Icient DNA chip that can selectively detect point

b ablocls. oFI(Gan? shiowswhenaeticipited eeshlorofdhplgnidigation depending on
corneal dystrophy. DNA chip was manufactured with

ppfiemdBent spott | ng solutions, but in which 0.1 M

probes produced in Exanple 4 are contai ned. Probes on

2 blocks in the |eft anong 4 bl ocks as shown in FIG 1

PR(5E 8 SOk sCheVhh h)‘Uh(ﬁzé’cRﬁ”r“ersﬁlt Hsilp tHeEDNA @his BB dve hi%f‘)pnmer sets
one block int er left was spotted wth 3X SSC

deperidieg thhybﬂlxlimekon inhd)eR éd spotsr arghthe hyhrldlﬁdt%rﬂsﬁ@lt of PCR
sol ution. Yellow regions represent probes detectin

Rordnst amipitipdchith oriveerdl prdheriad i belacowith Cys. Hybridization

LR st applpe pa%engsevtveer%tenﬂgted on each drawing.

As a result of PCR product of exon 4 region amplified with primer 1 and 2, the
optimal condition for hybridization turned out that probe concentration was 30- 50
UM of probes and hybridization time was recommended for 2-6 hours, more

preferably 4-6 hours and most preferably 6 hours.

Example 8: Detection efficiency of DNA chip depending on probe length

The detection efficiency of DNA chip was assessed depending on probe length, in
order to manufacture efficient DNA chip that can selectively detects point mutation
of one or two nucleotides for diagnosing Avellino corneal dystrophy, Reis-bucklers
I corneal dystrophy, Lattice type I corneal dystrophy and Granular corneal
dystrophy.

Based on the mutation sites enumerated in Table 3, variety of probe length such as
‘ 29



Avel i no dystrophy and Rei s-bucklers CD,
respectively. FIG 2 ~ FIG 5 show the result of

woOhgdrogsbzg at i on usi ng DNA chi p desi gned as deseecT/ixR1007/000299

10

above and exon 4 PCR products. Cy5 (Red) fluorescence
stands for the result by applying PCR product that was
anplified with prinmer 1 and priner 2, and Cy3 (green)
fluorescence does the result with priner 3 and priner

41 1R, PPMECABNRG Al | NBef Wol spdtBBHSed Haséd %ﬁ”ﬂﬁ@rﬁ%@ sequences
resul’t, suéh as FIG 2 for normal indi'viduals,

bﬁpnhmrdﬂctmpgmnm 15 ehHipronely3t amppymeFB& 4 f or
honozygous Avel I'i no dystrophy and FIG 5 for
het er ozygous Rei s-Buckl ers . As shown in FIG 2 ~

ottin ucad eci se and

Eﬁ‘@fr‘?'spifaﬁ F%q“eﬁS%s }é"r‘f ﬁr?ﬁlél o%% airP 5’@%&% __all
hybiPrebezat | bengthals per f or $rsdensp t h 3X SEREQER G| e 7;
Det ecti on ef flici ency of gg@d&casag p dependi ng7 on probe
cCo at | od3and hybr rebiagegricgge ti neThe déd ect

?’5@?%% y| oft5SDNA chi pcggascgemgeagsed depend! ng o%fbgpalg{etem
concentrat| od7and hybsacghaeegticegrgti me, |[in é9der|to
manuf acture dfifici ent Digcabdcpgt hat can sé&bdect)vely
det etip poi nt 1Autjati on ofgacmeacega t wo nucl ebt i des f%,emno
di agnosi ng| cdfneal dyatggapdayacggigA chi p was2
manuf act ur ed 1By |spot t ¢anggadddcacggd@a nM pr obeS§2 pr oduced in
Exanpl e 4 W tlh 3X SSC. dmcatopgyn in FI G 653 one| DNA
chi s mpnuBact ur ed tcggacacdHcggan two bl ock&. F %eisYBucklersI
sho e antlbci jpat ed acggadttacggaghybri di zal3 on
dependi ng on lpat|j ent scacgdaGitcaBggmbows t he hybri dj zati on
result usinglthe DNA cheggabeavwge and pri meb6 sets

not LCD 1 13 acggaccgeacgg 57

Normal/Hetero
15 cacggaccgeacgga 14
17 acacggaccgeacggag 58
11 cggactgcacg 59
LCD I 13 acggactgcacgg 60 Lattice type I
15 cacggactgcacgga 15 _
17 acacggactgcacggag 61
15 aagagaacggagcag 34
not GCD 17 caagagaacggageaga : 62 Normal/Hetero
16 caagagaacggagcag 63
16 aagagaacggagcaga 64
17 caagagaatggagcaga 65
GCD 16 caagagaatggagcag 66 Granular type
16 aagagaatggagcaga 67

DNA chip was manufactured with 3X SSC spotting solution and 50 uM probes

produced in Example 4.

The ratio (W/M) of mutation signals (M) to normal signals (W) was defined by the
ratio of spot signals (W) of probes detecting normal sequences to spot signals (M)
of probes detecting dystrophy. And the ratio was optimized and interpreted. As
shown in FIG. 9, Avellino corneal dystrophy was detected most successfully by

13mer probe as well as quite efficiently by 15mer probe. Reis-bucklers I corneal
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dependi ng on hybridization tine. Red spots are the
hybri di zation result of PCR product anplified with

wopei7rees92d and prinmer 2 and | abel ed with Cy5. PCT/KR2007/000299
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Hybridi zation tinme and applied patients were enlisted

on each drawing. As a result of PCR product of exon 4

region anplified with prinmer 1 and 2, the opti nal

condition for hybridization turned out that probe

BRI B B STl Ry RReRteqted most effigiently by

ﬂ)ﬁmfee padbhey Phebefood)rthe aiecbdmoﬁtofpmafaaroahiegl@shﬁmmn 4 for Avellino
npl e 8. Detection efficiency of DNA chi p dependi ng

éwn;@ab Bestrepiyt Remrdugklest € esunedlt dystiopby astd briticentype I corneal

HEAEASE B8 st foon Y"%BNE@E'ﬁ? FoRS e JrbleC ol galifhal length of

' g{?&b%gt WaBOtM El)hﬁil no'l@gr old | tL"fok ‘é@a@ﬂ&étﬁobﬁﬁs cﬁgi; (if corneal

I agnosi ng A ystro Rel s- buckl e
dostrgsly. dyst rophy, Lattice type | corneal dystrophy
and Granul ar corneal dystrophy. Based on the nutation
sites enunerated in Table 3, variety of probe |length

C sl. Ingr, 1 r, 15mer and 17ner.were . . .
Tk ebriondt Gradit shrenLop St ys Eiaintak Seint grytgionsiip exon 12
g%s ok TBthed Tnost IRV ATS 'witd 1 #edr fdlféeﬁ 11$%Dﬁ§%g)fh];l& 10 (FIG.
robe sequences tTor determning pt| mal ‘probe T ength.
DNA chip was manufactured with 3X SSC spotting
sol ution and 50 nmM probes produced in Exanple 4. The

ratio (WM of mJtatlon signals (M to normal signals
[ s-ot S|onals

of probes det ectl ng dystrophy And the ratio vvas
optim zed and interpreted. As
Based on the results of Example 6, Example 7 and Example 8, the detection

efficiency of DNA chip was assessed depending on probe concentration and
hybridization time, in order to manufacture efficient DNA chip that can selectively

detect point mutations of one or two nucleotides for diagnosing corneal dystrophy.

Eventually, DNA chip was manufactured with 3X SSC spotting solution and 50 1t
M of 15mer probes (FIG. 12). FIG. 13 shows the anticipated results of

hybridization depending on patients.

FIG. 13 shows the result of hybridization using DNA chip manufactured as
described above and PCR products of patients, amplified with primer 1 and primer
2. Subjects were enlisted in each drawing. The application result of DNA chip of
the present invention to patients in diagnosis confirmed possibility of precise

diagnosis for all patients, and proved superiority of specificity as well as sensitivity.

By the result of hybridization, DNA chip was manufactured, which is applicable to

diagnosis of ophthalmologic diseases with 15mer probes detecting for Avellino
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shown in FIG 9, Avellino corneal dystrophy was

detected nost successfully by 13nmer probe as well as
woqui7toe3esfi ci ently by 15mer probe. Rei s-buckl B€E/KIR2007/000299

corneal dystrophy and Lattice type |I corneal dystrophy

were detected nost efficiently by 15nmer probe.

Therefore, the detection of mutation regi ons of exon 4

for Avellino corneal dystrophy, Reis-bucklers I

eEFIRARIdySYSpH c?opﬂﬂé’lsﬂﬁﬂkléﬂé i &ﬁ*néé’lp@ydtrdf)ﬁ&n@fﬁi L@Vtiﬁer BRIRYI corneal

was conducted wi th 15mer probe. In Tabl é 4,

dpstroghy, | amdyt Hmoér gmroilms detstingpfas Grealby dmhehlf dyﬂtsophy The

for diagnostic DNA chip of corneal dystrophy

e@tC@étlreo ﬁh%ff3Q359nE%PTQh9§ fBalX @&Q mﬁrﬁpotté mné. hyhﬁghzed at 30°C

B9t O Pg‘@rté?tyWé’a”?ﬂuadzﬁéogﬁ}l%%%aﬁgﬁo d}% F’D fesulty And, ghe result
5 GElirel)a theramm B l%dl'z'ytl?éﬂ dh ¢5ixp @o]’11 her than Tm
4 o l?“r;* higher,

I agnosti c app i Cht i oh Base ts of

Gorréspondig 7o prsbebleapth. € }ﬁ:reﬁ)t‘@ [oBitAe chipoof tHef pmsemqnventlon can
of DNA chig was assessed dependi ng on probe
]

berreenssed woaﬂelln;gohyla‘lcilaw@h tempgrature thtde detegsmined by probe

nuf act yre ICI ent hat can.sel ec
e st o hAPa ek TBpeGh i e Bt PEsRRL A raphy including
%lv%ﬁﬁfbsé&ﬁezﬂ‘ﬁ h ¥sided 1GM8huatiby. DNA chip was
manuf actured 3X SSC spotting solution and 50 M of

15mer probes (FIG 12). FIG 13 shows the anticipated
results of hybrldlzatlon dependi ng on patlents

l@l%&%@sovh@lz@sm shimor dingaasis of eaned)

nuf tured as cri bove and r,oduct s o
nE?Y%at( QOd a%ﬁlilﬁ £s g‘gorw % P&ﬁeﬁfér Wfreaﬁﬁgjgfféﬁeg glagnosm of corneal
ggpl 28 Nkezi feshlt! h§§lﬁﬂvﬂ th Tﬁﬁ% Sj;ﬁ’fodﬁﬂants-rﬁ?ned out to be normal, 10
patients to be homo Avellino corneal dystrophy, 57 patients to be hetero Avellino

10

FI G
dystrophy pmanufactured

tion result of DNA ch

15 corneal dystrophy, 1 patient to be hetero Lattice type I corneal dystrophy, 1 patient
to be hetero Reis-Bucklers type I corneal dystrophy, and 2 patients to be Granular
corneal dystrophy.

Table 5. Diagnosis result of clinical samples
Mllness Mutation | Mutation site Mutation type Exon Pateint.No.

Avellino R124H | CGC—CAC heterozygous Exon 4 57
Avellino R124H | CGC—-CAC homozygous Exon 4 10

Lattice type [ R124C | CGC-TGC heterozygous Exon 4 1
Reis-Bucklers I R124L. | CGC—CTC heterozygous Exon 4 1
Granular type R555W | CGG—-TGG Exon 12 2

normal None normal 27

Total 98

20

Said diagnosis result was confirmed by DNA sequence analysis of clinical samples,

which proved 100% of accuracy.
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the present invention to patients in diagnosis
confirmed possibility of precise diagnosis for al

wopet7iogsses, and proved superiority of specifi cPCYKR2007/000299

10

15

wel |l as sensitivity. By the result of hybridization,
DNA chi p was manufactured, which is applicable to

di agnosi s of opht hal nol ogi ¢ di seases with 15nmer probes
detecting for Avellinocorneal dystrophy, Reis-bucklers
| corneal dystrophyNyUSTHREAEAPPIRRCABIPATSA!
dystrophy, and 17mer probes detecting for G anul ar
corneal dystrophy. The procedure, that 30-50 nmM probes

ouescriped S éﬁgaéﬁ Sharrouat HEnaT dResin gt of providing
h
e EPcs AR fes SRR b afalitEicEeR cOBloR Hepgapat pagres comeal

; g&&&mﬁw i DA CHRS G8P BRI o RBRRES str% Clhich has the

t he “‘present invention canm be processed
Ohgbnm)dlbom@shﬁbed dheradn.0A ctendires &b the présent |11Went10n conventional
determ ned by probe length fixed onthe chip B, and
mlprqsgémeCBaglmsa@ﬂ §@@eglf Ysdropbiy| cag m&w i Wikh @oprﬁglse genetlc

AN RS E 4 B P ST BTl psie by
Zésﬁ%l@@lﬂ‘ré@ﬁ@ﬁfsﬁg%&? %ﬁeﬁ&?&ﬁeoﬁ'cﬁ@%&%' es from 98

nts were subjected to diagnosis of corneal
dystrophy. As a result, as shown in Table 5, 27

patients turned Qut to be nornal atients to be
Kethough dhe inresens Amesntionyhas bsmyd esgm%ggtlp letail Mﬁ)‘bgeference to the

T L p——

BEleheisF @ Hefsr&y %ﬂlﬁfd%n&ﬂtpﬁndl ddé% NE& 1iAhYS ffe0 e 8f 8N9he present

2 pdtients to be G anul ar corneal dystrophy. Ta
bineegtioni Thugsthietsubbtaatiahsape cfathpl prescddiinvetitagnosil sbe defined by

result was confirmed by DNA sequence anal ysis of
¢he anpeaded glagms @nd equivalents thereof
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whi ch proved 100% of accuracy.| NDUSTRI AL APPLI CABI LI TY
As described above in detail, the present invention

wohag/oasv2ef f ect of providing oligonucl eoti des BPOTVKR20171090299
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a mutation region of Bl GH3 gene that causes cornea
dystrophy, and a DNA chip for diagnosis of cornea
dystrophy, which has the oligonucl eotides fixed

t hereon. According to the present invention,

QAP ]E APV m croscopi ¢ di agnosi s of corneal
dystrophy can be replaced with a precise genetic

nmet hod, which prevents a patient with corneal

%St rophy. from |l osing eyesi ght by eyesight correction
hatis\claimed iser r oneous” di agnosi s. Al t hough t he

present invention has been described in detail wth

reference to the specific features, it wll be

3PPl LR dtdgnokR b ddrhdit dstroptiatwHhibh 8ssentially comprises
description is solely for a preferred enbodi ment and

oneormbrd nutleotide sepmpeenteletted framethe grove ronsisting of SEQ ID

Thus, the substantial sco of .t pre t. ] '

N b kAP S Y. ke BRRNades sFllR iRt i abdos 25, seQ
ofyFH (Y ' ¥ ) )

IS0 0 S8 ANPE 2, SED JoRNOE 29, SECLIP 10: 30 SER 1D NO: 31,

W IDaseensi SEQYITS NOf 35eSEQH NO:B%, SEW¢HEND: 49, SEQ ID NO:

sequences sel ected fromthe group consisting of SEQ I D

MOy SEQ IBND 4B, SBQ 1D NGHO, SEQMD MO; S8EREQOINN023,and SEQ ID
SEQ ID NO 25, SEQ ID NO 27, SEQ ID NO 28, SEQ ID

: %), SEQID NO 30, SEQ ID NO 31, SEQ ID NO 33,
SEQ ID NO 35, SEQID NO 37, SEQ ID NO 40, SEQ ID
NO 42, SEQ ID NO 44, SEQ ID NO 46, SEQ ID NO 50, SEQ

bDTHe SBgcHidlcotide! f8r NPagishis of corneal dystrophy according to claim 1,
wherein said oligonucleotide essentially comprising the nucleotide sequence of

SEQ ID NO: 50 is set forth in SEQ ID NO: 12.

3. The oligonucleotide for diagnosis of corneal dystrophy according to claim 1,

wherein said oligonucleotide essentially comprising the nucleotide sequence of
SEQ ID NO: 53 is set forth in SEQ ID NO: 13.

4. The oligonucleotide for diagnosis of corneal dystrophy according to claim 1,
wherein said oligonucleotide essentially comprising the nucleotide sequence of

SEQ ID NO: 59 is set forth in SEQ ID NO: 15.

5. The oligonucleotide for diagnosis of corneal dystrophy according to claim 1,
wherein said oligonucleotide essentially comprising the nucleotide sequence of

SEQ ID NO: 35 is set forth in SEQ ID NO: 65.

6. The oligonucleotide for diagnosis of corneal dystrophy according to claim 1,

wherein the length of the oligonucleotide is 13 to 17 bp.
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2. The oligonucl eotide for diagnosis of corneal
dystrophy according to claim1, wherein said

woebi7@esmgl eot i de essentially conprising the nRCTER20®00299
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sequence of SEQ ID NO 50 is set forth in SEQ ID NO
12. 3. The oligonucleotide for diagnosis of cornea
dystrophy according to claim1, wherein said

ol i gonucl eoti de essentially conprising the nucl eotide
sequence of SEQ ID NO 53 is set forth in SEQ ID NO
13. 4. The oligonucleotide for diagnosis of cornea
dyat Doy hie foardlagpsisoof tainenll dystiophgi whessid the oligonucleotide of
ol i gonucl eoti de essentially conprising the nucleotlde
giey| 0ne clrinfangmg ¢lpimpl te § ik Sixedions the spbstrptsHrees.

15. 5. The oligonucleotide for diagnosis of cornea
dystrophy according to claim1, wherein said

Q! Tg9Q Wke?ﬁigg%r %é%%is%f ¥oﬁ‘1@5ﬁp&¥ c{iﬁly Jb%oﬁﬁﬁ% QQtdléﬂﬁq 7, which

sequence o 35 I's set in SEQ

8&ditidnally eingthbbidizes | Aigondelcbtides]i egontaldy Qj‘onqmsmgl one or more
dystrophy according to claim1, wherein the_ |ength of

nh@legud@em}@mem selected fuanithe groum consistimnaf SKBHIPANO: 16, SEQ

ﬂ'balﬁ@"ﬂ i E@rlﬁ@agﬂyém?@'ﬁ%ﬁgnéﬁgmﬁ‘?ﬂs 24, $EQID NO: 26,

115@}@009 t@E ﬁcglaja? 406 erPNO: & : n'éE@t %9‘1'38 §20Q ID NO:

nosi s o yst’rophy accor o claim?7,
SADJ $BQal ING)OmnI $E/Q|IIDTNIO) 143 SEQIIDgNQualse SEQIES,NO: 47, and SEQ
essentlally conprising one or nore nucleotide
HodN@resherepmct ed from the group consisting of SEQ ID
NG 16, SEQID NGO 18, SEQ ID NO 20, SEQ ID NO 22,
SEQ ID NO 24, SEQID NGO 26, SEQID NO 32, SEQID

ST OYNG i Py e s TNt gl offn 8, wherein

NI dligornteotde essentially comprising the nucleotide sequence of SEQ ID
NO: 47 is set forth in SEQ ID NO: 11.

10. The DNA chip for diagnosis of corneal dystrophy according to claim 8, wherein
said oligonucleotide essentially comprising the nucleotide sequence of SEQ ID
NO: 56 is set forth in SEQ ID NO: 14.

11. The DNA chip for diagnosis of corneal dystrophy according to claim 8, wherein
said oligonucleotide essentially comprising the nucleotide sequence of SEQ ID

NO: 34 is set forth in SEQ ID NO: 62.

12. The DNA chip for diagnosis of corneal dystrophy according to claim 7, which
immobilizes all oligonucleotides, essentially comprising the nucleotide sequence of
the group consisting of SEQ ID NO: 16 to SEQ ID NO: 47, SEQ ID NO: 50, SEQ
ID NO: 53, SEQ ID NO: 56 and SEQ ID NO:59, thereon.

13. The DNA chip for diagnosis of corneal dystrophy, wherein all oligonucleotides
35



I D NO 56, thereon. 9. The DNA chip for diagnosis of

corneal dystrophy according to claim@8, wherein said
woebi7@esmgl eot i de essentially conprising the nRCTER20®00299

sequence of SEQ ID NO 47 is set forth in SEQ ID NG

11. 10. The DNA chip for diagnosis of corneal

dystrophy according to claim8, wherein said

ol i gonucl eoti de essentially conprising the nucl eotide

%F%@%&)ﬁ?@om@fg@lg BINBQ 36 NO: 38ttofSEO D NOPES $EQND NO: 62 and

14. 11. The DNA chip for diagnosis of corneal

S¥S) o NQ: 6% arer fikedythieceanl..ai m 8, wherein sai d

ol i gonucl eoti de essentially conprising the nucl eotide

sequence of SEQ ID NO 34 is set forth in SEQ ID NG

Aot Crbr e Rorb T o fis R BESPQIR Ny 1 and SEQ

ngonyc . o 1357 - 6
5 BINEEEEY N0 SUMEGINNGTDIAROT0 A and SEQID NO: 6
SBQ 1P NO: Batd ISEQWD NO; 8 Sid SBOND N&, 9 Sid ) SED NONG310.
SEQ ID NO 56 and SEQ I D NO 59, thereon. 13. The DNA
chip for diagnosis of corneal dystrophy, wherein all
ol i gonucl eoti desof the group consisting of SEQ ID NO
11 to SEQID NO 15, SEQID NO 62 and SEQ ID NO 65
are fixed thereon.. 14. A pair of priners selected
fromthe group consisting of SEQID NGO 1 and SEQ ID
NO 2; SEQIDNO 3 and SEQID NO 4; SEQID NO 5 and
SEQID NO 6; SEQID NO 7 and SEQ ID NO 8; and SEQ
ID NO 9 and SEQ ID NG 10.
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