PRI MERS FOR DI AGNCSI NG AVELLI NO CORNEAL DYSTROPHY TECHNI CAL FI ELD The
present invention relates to a real-tinme PCR prinmer 5 pair and probe for
di agnosi ng Avel lino corneal dystrophy, and nore particularly to such a
real -time PCR prinmer pair and probe for diagnosing Avellino corneal
dystrophy, which can accurately diagnose the presence or absence of a

nutation in exgivdref rék GiBaQEOSINONACHLL NG eSpRIEAD | By $Tro¥wel | i no 10
corneal dystrophy. BACKGROUND ART Cor neal dystrophy is an autosomal

dom nant hereditary di sease, which begins with a blurry synptomin the
center of 15 cornea and gradually spreads and thus ends up vision |oss as
a patient gets older. It includesg®ygitrfiOrepfpeal dystrophy, G anul ar
corneal dystrophy, lattice type I corneal dystrophy, Reis-bucklers corneal

dystrophy, etg., gs'zﬂggﬂsé'r& CAuSE Dyn %%h@@ ob a gene Godidp&t GHBmer

protein. 20Heterodzygous patients suffering from Avellino corneal dystrophy

appear to-*%a‘é%rdsfpgrec{]b% Q%S *ﬁ%&%%&%&ﬁi&mc%@@él a@%@f&gﬁyg%ﬁq

pat i ent §°appéa ave conp vision since 6 years o

Avel l'ino corneg%tg%&%égﬁﬁytk§ N URY Q@g§gtﬁ@ée%%%_i r%ﬁéﬁé§g$XJd§derom

gener al [V €al ¥4 | ar’ corneal” dystrophy because | ound to

have discrete.s t.ons _and gepetic¢.fou |Qn. it . ha wn to
be.the FESESoorbn COSTREA " ot Tobey Sori dnad. §73Reobly 17 260575, 28"
preval ence rate . in Korea (t case of hetero d i
anal ysi &5 Eates %ﬁﬂnQ%e;E?%SEF%%%%%% §§sé%%%h§£(Eﬁfﬁaﬁﬁ@tgfgsﬁegnal.,
- Opht hal nol ogy, 99; 1564, 1992: Kenned SM et al.,..Br. 1. Op ..,

80: 489, €¥886: 4 DoP fre it ASfSat %{F‘:‘Lf\éhCaﬁ? festﬁociﬂ%lé?%r?ol %f’rslgggﬂﬁjée;
Afshari, N. A _et_al., Arch. Ophthalnol., 119:16, 2001; Stewart, H S. Hum
Mut:R ., cPAnesd WEEFPPM0The present inventors has found that if a patient

BACKGROUND ART
Corneal dystrophy is an autosomal dominant hereditary
disease, which begins with a blurry symptom in the center of

15 cornea and gradually spreads and thus ends up visioﬁ 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 protein.

20 Heterozygous patients rsuffering 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

25 Granular corneal dystrophy because it was found to have
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suffering from heterozygous Avellino corneal dystrophy has LASIK surgery,
2 years later, opacity of cornea starts to devel op aggressively and
eventually results in vision loss (Jun, R M et al., Opthal nol ogy,

111: 463, 2004). Previously, 15 eye surgery has been perfornmed with an
expectation that LASIK or Excinmer Laser surgery would get rid of vision

bl urri ness, Ofed p@;ﬁbﬁ%méll%%” derom egnnead i Syst hoRRY. A Sigas ewedni N
e

Korea, approximately 3 hundred thousand cases of LASIK surgery have been

per for o i €8 | 524810 iz aS SUARbRON: ShddAl 300 R0 Swbeshullbel T

vi sion, "based on 171000 of mninmum estimation of heterdzygous patients
sufferingfr vel | CQlN h at j ent o h ungder ggee
LASI K SEL g’éroﬁn]éréeelr#alldnq%y |8r§ t'her r %Iﬁ(gé)a}rffgt:%' isﬁcgfjrfﬁéng(%ﬁig producti ve
activities: therefore, Er_yisi L as erd bl es;kn

bot h soé]lee eyroaZ ' Oé% nobrr%i%{é.1 ol ajeggltnga%&%?%%%,% a tdel?}éch;% o%/%lpyo%gbjﬁgl K
surgery in year 20Q0_in , } Amet i can tignts I m
Avel ?i né cg\réﬁlglé)fl d@%’?r%ﬁﬁ%’\m@%ggﬁ%ﬁ LL%SI surage'r'y %E%fgﬁ%é@%l%%ghd to
| ose eye si : Lgh . infers that plenty of _siml cases ' e
occurri %gg :t%g&gﬁaggt’ hg}f(%lrl?é?" é)'l\?"l'heertef g?é,’ a thogjgsjh g g%gtﬂfgoﬁ.,

di agnosi s of Avel |1 no corneal strophy i,s required to_pr t

pr ogr es$i%iT &t %%%ff no &e%faciq'xdyétﬁ()pﬁf b%/fLASICens'ur%‘er?‘%%?hglg'lséghosi s
of Avel l.ing corneal dystrophy is just conducted b iLcr pi c .

obser vatiiort %of ]@&Qfeﬁfsﬁlﬁgh YW ey 'te{:nu Softéﬁc%m%ﬁgg'g%%]ﬁ%%?r at %%9'%9@0@
of patients to perform LASI K_surger which resul ts dn vision |oss.
Therefo@@,o%Fa;ﬁt@%'pr}%ﬁ‘sé{W‘agﬂH}é% oft %o e‘all%flgt'rophy is desperately
in need. A DNA chip for det,ecting a ngtatign [ BEGH% gene, whicEi15 i's
resp®nsi bl e Tlo? ARETFERb cORKEAFCHSst FBPhy-OWRE dEVBFoped (Ror BEWPAFent
Lai d- Qpen Publication No. 10-2007-0076532). However, the diagngsis, of
Avel | i nGUEdiaredld diEenoghst S AGPIRET d AURA e 9PERTEd ntdé’gsefd%s‘?qv r 8gdire
several steps, including a step of anplifying DNA in a sanple, a step of
20 hybr ildiFihgsergerrpl i4 | ¥82DRA A9 t nePBRALYhiGE S°5PER ditdwdshi g t he
hybri di zed DNA chip, and a step of detecting a positive response.
Accor di igivelatheapgbeenl vEAVe RSt sSHEPEURRAE SQBHE Y e 18 FHH1©R 0188Fel op
a nmethod capable of nore efficiently 25 di agnosi ng Avel |l i no corneal

dyst rophyguran® adMa elesalt, ARFE2LBAAEIYhallli #68he28PAdnosIr§VEPUAYEN | i no
corneal dystrophy is performed using a pair of priners havi n}g1 nucl eot i de
sequencey<ofsSERMD ING HeandpSERRTmEAOrithaad prepesahavrnglatclésifde
sequences of SEQ ID NO 13 and SEQ ID NGO 14 by a real -tine 5 PCR net hod,
Avel | i noxoEneahedysbsephywarehe Wwabhoged indda ebreisapindbangrasedrat e
manner than a conventional nethod, thereby conpleting the present

i nventi @t DIBOLICSURE O ¢ NMENTE Obin corneal dystrophy. Also, even in

Korea, approximately 3 hundred thousand cases of LASIK
surgery have been performed, which leads to the assumption
20 that 300 people lost their vision, based on 1/1000 of minimum
estimation of heterozygous patients suffering from Avellino
corneal dystrophy. Patients who have undergone LASIK surgery
are mainly in their 20's and 30's carrying out productive
activities; therefore, their vision loss causes serious

25 troubles in both society and economics.
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10A mai n object of the present invention is to provide a prinmer pair and
probe for nore efficiently and accurately diagnosi ng Avel lino corneal

dystrophy using a real-tine PCR nethod. To achi eve the above object, the
present invention 15 provides a real-tine PCR prinmer pair for diagnosing
Avel I ino corneal dystrophy, which is represented by nucl eoti de sequences

sel ected frommtAedgr oup, CONEEST hpProtaBEQF| DANER: shrgady2inSEearD2bds: 3
and 4, SEQ ID NOs: sand 6, SEQ ID NOs: 7 and 8, SEQ ID NOs: 9 and 10, SEQ

| D NGs: ;41 aBd, 12xrSEQh D NQsn 13aandnt4, SHEFéDiNDs friinm andel6inSEQ | D
NGs: 17 and 18, SEQ ID NGs: 19 and 20, SEQ ID NGs: 21 and 22, and SEQ I D

NGs: 23 gt dystro PFIES et dd AVt | 08NS Bk SOu POV deSva beah- EbURAPCR
probe for diagnosing Avellino corneal dystrophy, which is represented by

a nucl eqt] cgighlectpd hr amehe anoup i $thN0s 0hi BEQ ERsMO 25
to SEQ Icltt[c)J dN%éﬁgélF%ngﬁéﬁ%ES%%gBﬂ O\IfCF THE DRK/\IV%?%SSFI GS 1lshows t he

t i : i : t) CR pri d bes. |
Ir:?SGUgl,S n&%ﬁrﬁsﬁmcgcﬁ{e?xﬁlgggud&ﬁ}&ibﬂuﬂ qale tid FCR primers and probes. In

Its of real-tinme PCR carried out using optinal

primers and pgopes.d8" andnoGurshosdpat gsublingabatigal i MeabERIeAbr | od

out using primers ent mthose in "A". 1 2 shows the

resul ts c%frrfe%?l_l '&té‘@:f?éiﬁyc%“ Lﬂlgeéjsiagp&@@lehﬁzi %gﬁﬁfé@é&ﬁcgg di ng

to the prese i nven in ordet to detect a gene nut oh causi ng

1 I
a1 sl Daldp,,JSBERT MTECR SADIIO B RGO

In one aspect, Tl resent” 1 nven 0 a real me PCR primer
Puc cot PAE 8aAenCes a1 cOV B RO LHe. avain PRRN et i TRED T B Res: 1
2 EISOARA n SALRIR S0P B el
21 and 32 SEENBHOE! £3agiisy, o porronl, dmqth Weddey "o BoLs
xon 4 SFENAT gohe 14 oHiTal 1D CALPSELERAE: ar PR e L csPAGe gF |
iﬁgdpﬁt%%%ﬁ%% giyisqt%_gclg)%ey (1%12d4e|é)per5avéhe %r ainr enaéle-cf.i me PCR
A DNA chip for detecting a mutation in BIGH3 gene, which
15 is responsible for Avellino corneal dystrophy, was developed
{(Korean Patent Laid-Open Publication No. 10-2007-0076532).
However, the diagnosis of Avellino corneal dystrophy using
said DNA chip disadvantageously require several steps,
including a step of amplifying DNA in a sample, a step of
20 hybridizing the amplified DNA with the DNA chip, a step of
washing the hybridized DNA chip, and a step of detecting a
positive response.
Accordingly, the present inventors have made extensive
efforts to develop a method capable o0f more efficiently
25 diagnosing Avellino corneal dystrophy, and as a result, have
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of the present invention, Avellino corneal dystrophy can be diagnosed in a
nore rapid and accurate nmanner than a conventional nethod that uses a DNA
chip. Inthe real-time PCR nethod, it is very difficult to 10 establish
tenperature conditions, because experinments using prinmers and probes
shoul d be carried out in the sanme tenperature conditions. Particularly, if
only onerdidtdin: post tiea diidsﬁnéwlsl bAoageLneab dysheaphyyksrbphbeis
detected, prinmers and probes should be used in tenperature conditions 15

i n-whi ch,dheygan Rify £ sQirtbe proResscanvbhgdnuflacvesy kedutedes
tenperature range from1l r and 3 r in a state in which only one nucl eotide

di ffers bhetagenr heo probe,fosegderschbngoaanar prbraenaaandgt hecpeebeakor
detecting a nutant gene. 20Due to such conditions, it is inportant to find

the samg,d &t use epndirhi s i1 Wahghsphohes wand 1 iwers eanibiAdeto a
desired gene. Particularly, it is inportant to design a nutant probe and a

nor mal &Fc‘i@""rﬁé&?&t hglel ﬁ&e@e%@%u_llr e dchensef can wl fdesgassamchnas

possible wthin a fimted range. 2 n-ot her words, the tenperatures for

primers (i PLOfes SPULOofeate! Indaflal SLAgh W L o@ack AIREl . mkRfiod,

tenperature conditions for t orward priner and the reverse prinmer

shoul d wel.l. ¢ i-St i : he di fference between the
LB S e L AL o

t enper atures tor 5 probe should be able to
be maxim zed. FIG | A shows the results of using well-designed prinmers and
probes, and FIGS. 1B and 1C shows the results of using priners different

fromthose used In FIG | A wy | t ﬁﬂﬁﬁ{ es as those used in
FIG 1A As can be seen the?@#%%ﬂ#ﬁgﬂg%éﬁgn of “ﬁ%ﬁﬁo prinmers and the
probes has a significant effect on reading. . Ln_the pres i Qyention,
P B der to dorbtHhcbDaBErmi e Lersh i BYRELIRE Avel TS nbL et Abal
dystrophy using a.real -tine gég t hod, pairs.of imers of SEQ | 1
and 2, M9y NegiTs FEO8EQ For N RaRdT b0 1680 D Nk a‘fcgﬁagé\@is
SEQ ID NGs: 9 and 10, SEQ ID NGs: 11 and 12,  SEQ | D NGs: 13 an 14 EQ ID
NCs: 15 HRFPREISERTDINRS FPIRRE-1 &Y SEPRE NES 790 Zantf2b, “880) FERNGs:
21 and 22 and. SEQ I D NGs: 23 and 24 were designed, and real -time PCR was
perforn@ﬁ”ﬂ§ﬂhg each of the designed prinmer pairs. As a result, it was
found that 20 the use of the pair of primers of SEQID NGs: 1 and 2 showed
the opti mal FesuRERieve tha aaBPKEr SR85PEEE, t hBSpr BSERE nveRtFol Y

directed to a real-tine PCR probe for diagnosing Avellino, corneal

dysiPopmBEovitiam & sTeapres@at EFRLPIATHICI DT dECS eftiBAEeSERF e AVEG 1 FOM 25
the group consisting of SEQ 1D NO 25 to SEQ ID NO 42. In the
present dawrsnl ondyFhrepder t ovteishst r gt SRHLRECTSEShesPY or PHICAGRESFRY
Avel I ino corneal dystrophy using a real-tinme PCR nethod, probes of SEQ ID
NOs: 25 sasuhagst esalesttprediremdtreadreecPoRl 4hsnpePf oPHBd IBatRS6f 1t he

and 2, SEQ ID NOs: 3 aﬁd 4, SEQ ID NOs: 5 and 6, SEQ 1D NOs:
7 and 8, SEQ ID NOs: 9 and 10, SEQ 1ID NOS: 11 and 12, SEQ ID
20 NOs: 13 and 14, SEQ ID NOs: 15 and 16, SEQ ID NOs: 17 and 18,
SEQ ID NOs: 19 and 20, SEQ ID NOs: 21 and 22, and SEQ ID NOg:
23 and 24.
The present invention also provides a real-time PCR probe

for diagnosing Avellino corneal dystrophy, which is



5 designed priners. As a result, it was found that the use of the probes
of SEQ ID NGs: 13 and 14 showed the optimal results. EXAMPLES

10Herei nafter, the present invention will be described in further detail
with reference to exanples.lIt will be obvious to a person having ordinary
skill in the art that these exanples are illustrative purposes only and
are not g, ke Ganst edat aukildot: idhe sseppecel ddiedq«sefitom nveat gooupls
That is, the following steps will be described as one illustrative ones

and do nQindildding ke smepemind hepresemy imyent.i am. . Exanpl e 1:
Construction of real-tinme PCR primers and M3B 20 a2122s In order to

construct prinmers capable of anplifying a region conprising a nutation in
exon 4 of BIGH3 gene, pairs of prinmers of SEQID NGs: 1 and 2, SEQ I D NGs:

3 and 4, SEQ ID NGs: 5paR¢e0 pr2e@ e s or Tamd pRaw®PR@sl D NOs: 9 and 10,
25 SEQ ID NOS: 11 and 12, SEQ ID NGs: 13 and 14, SEQ ID NGs: 15 and 16,

SEQ LD NGs: nd; 18, SEQ : n i Q he?laad2202nd
SEQ %D NGs: %I(%ndlz%hmere Eg&'\l%esd‘}%%&?ngbérgﬁgg éxlginglghg. (])dsof tr\gva?g

(Appl i ed. B0SY;SfL B éﬁ%eré@nﬁwﬂdﬂg - Pn- Fee AGC AGL AGTLEAGLLIG TA
(SEQ ID'BNG 1) ACD RE priner : 5 -CCA TCT CAG GCC TCA GCT T (SEQ ID
NG 2) (AQRP) AVEW RIS e Spe Co A ECTodCCAGhClé ¥ind SERrt Re
and probes, “B” and “C” show the results of real-time PCR
carried out using primers different from those in “A”.
10 FIG. 2 shows the regults of real-time PCR carried out
using real-time PCR primers according to the present

invention in order to detect a gene mutation causing Avellino

corneal dystrophy.

15 BEST MODE FOR CARRYING OUT THE INVENTION
In one aspect, the present invention 1is directed to a
real-time PCR primer pair for diagnoging Avellino corneal
dystrophy, which 1s represented by nucleotide sequences
gselected from the group consisting of SEQ ID NOs: 1 and 2,
20 SEQ ID NOs: 3 and 4, SEQ ID NOs: 5 and 6, SEQ ID NOg: 7 and 8,
SEQ ID NOs: 9 and 10, SEQ IDb NOs: 11 and 12, SEQ ID NOs: 13
and 14, SEQ ID NOg: 15 and 16, SEQ ID NOs: 17 and 18, SEQ ID
NOg: 19 and 20, SEQ ID NOs: 21 and 22, and SEQ ID NOs: 23 and

24 .



103)

AV Re primer : 5'-AGGCCTCGTTGCTGG(SQIDNQ 4) (150

Real Fw primer : 5 -TAG TCT CTT ATT CTA ATA GA (SEQ ID 15NQ 5)
Re primer : 5'-GCT GCA GAC TCT GTG TTT AA (SEQ ID NO 6) (860bp).

ACD Fw2

primer : 5 -CCA TCC CTC CTT CTG TCT TCT G (SEQ I D 20NO  7)

Re2 primer : 5'-CGG GCC CCT CCA TCT C (SEQ ID NO. 8) (140 bp)

ACD Fw3
ACD Re3
ACD Fw4
pri mer:

pr i megve1 15 ndCAG AGR ACG GAG BFh BTG ETTa ( SEQ:R@5N1u8kd by
primer : 5 -GGG CGA AGA TGG TGA AGO T (SEQ ID NO. 10) (190bp)

g%'défﬁrc ' aBnodfL 16 TQ0 Wi CCAnEOEQlRANCSEQA® HMNOexbh) ACDE
AGO TGG CAA GGA GGC CC (SEQ I D NO. 12) ACD Fws primer : 5 -

bp)
Real

ACD

Re4
TTT

GGG OTTéEaﬁéygéfgf&Q eERckd NG di éQA@h@tR%igmﬂﬂﬂﬂ at oresdHudCGAsCGEG
AGG TCA TOT CA (SEQ ID NGO 14) ACD Fw6 prinmer : 5 -GIA GIA CCG TGC TOT CTG

(SEQ | D@3l Drok2AG B ReRitiidd®ries mi stAGEnkOQrGGAHIAA GAA TOO COO SEQ ID

5

10

15

20

25

When a real-time PCR method is carried out using primers
of the present invention, Avellino corneal dystrophy can be
diagnosed in a more rapid and accurate manner than a
conventional method that uses a DNA chip.

In the real-time PCR method, it is very difficult to
establish temperature conditions, because experiments using
primers and probes should be carried out in the same
tempexature conditions. Particularly, if only one mutation
position 1like Avellino corneal dystrophy is to be detected,
primers and probes should be used in temperature conditions
in which they can bind. Also, the probes can bind in a very
limited temperature range from 1 T and 3 T in a state in
which only one nucleotide differs between the probe for
detecting a normal gene and the probe for detecting a mutant
gene.

Due to such conditions, it is important to find tﬁe same
temperature conditions in which probes and primers can bind
to a desired gene. Particularly, it is important to design a

mutant probe and a normal probe such that the temperatures

thereof can differ as much as possible within a limited range.

In other words, the temperatures for primers and probes

-6 -



NO 16) ACD Fw7 primer : 5 -GGC TOG ACC CCC AGA GG (SEQ ID NO 17) 20ACD

Re7 primer : 5 -ACC CCT CGG GGA AGT AAG G (S QI NO  18) ACD Fw8
primer : 5'-AAC OTT TAO GAG ACC CTG GGA (SEQ ID NO 19) ACD Re8
primer : 5'-GAC TCC CAT CCA TCA TGC CC (SEQ I D NO. 20) ACD Fw9
primer : 5 -AGT CGT TGG ATC CAC CAC CA (SEQ ID 5NO. 21) ACD Re9
primer slpulGOETGATT J6ks TACAST WiEG A SEQRED, N&he22) eAGBr Eufide
primer : 5 -0CC CCC AGA AAC AGC CTG (SEQ ID NO 1023) ACD Rel0 pri mer

51- TTGoH {3 LT FoMAG KAGC ALK Dride®@ | BhllO t12d) reverse bBimeder to

detect a guani ne-to-adenine nutation in exon 15 4 of BI GH3 gene, probes of

SEQ | D N@&5u12P e w1 Wessheonsdisich egn dhenpoeher bi adhngntogacneidhak gene
fragment having no nutation was | abeled with VIC, and the probe binding to

a gene fy HaVi AGnBe FALQLEON £¥RS thabehRdiM AN, 2120 0c Be 2QcHA0r
groove binder (M3B) was attached to the probe so as to facilitate binding
to aSCO%Hkﬁﬁ?nEﬂBﬁlaeQGef%ﬁﬂﬁ?nko be maximized. FIG. 1A showsg the
results of uging well-designed primers and probes, and FIGS.
1B and 1C shows the results of using primers different from
those used in FIG. 1A while using the same probes as those
used in FIG. 1A. As can be seen therein, the design of the
10 primers and the probes has a significant effect on réading.
In the present invention, in order to construct optimal
primers for diagnosing Avellino corneal dystrophy using a
real-time PCR method, pailrs of primers of SEQ ID NOs:‘l and 2,
SEQ ID NOs: 3 and 4, SEQ ID NOs: 5 and 6, SEQ ID NOs: 7 and 8,
15 SEQ ID NOs: 9 and 10, SEQ ID NOs: 11 and 12, SEQ ID NOg: 13
and 14, SEQ ID NOs: 15 and 16, SEQ ID NOs: 17 and 18, SEQ ID
NOg: 19 and 20, SEQ ID NOs: 21 and 22 and SEQ ID NOs: 23 and
24 were designed, and real-time PCR was performed using each
of the designed primer pairs. As a result, it was found that
20 the use of the pair of primers of SEQ ID NOs: 1 and 2 showed
the optimal results. |
In another aspect, the present invention is directed to a
real-time PCR probe for diagnosing Avellino corneal dystrophy,

which is represented by a nucleotide sequence selected from

25 the group consisting of SEQ ID NO: 25 to SEQ ID NO: 42.
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Normal probe 1 : VIC CAC GGA CCG CAC GGA- NFQ (SEQ I D NO 25) (15bp) Mt ant
probe 1 : FAN CAC GGA CCA CAC GGA-NFQ (SEQ I D NO. No/ nal probe 27)

Mut ant probe 2 2 : : VICG ACA FAM ACA CGG ACC GCA CG NFQUSEQ I D NO CGG ACC
ACA CG NFQ(SEQ ID NO 5 28)(14bp)

Tn the present invention, in order to construct optimal

probes for diagnosing Avellino corneal dystrophy using a
real-time PCR method, probes of SEQ ID NOs: 25 to 42 were
designed, and real-time -PCR wag performed each of the

5 designed primers. Ag a result, it was found that the use of

the probes of SEQ ID NOs: 13 and 14 showed the optimal

regults.
EXAMPLES
10 Hereinafter, the present invention will be degcribed in
further detail with reference to examples. It will Dbe

obvious to a person having ordinary skill in the art that
these examples are illustrative purposes only and are not to
be construed to limit the scope of the present invention.
15 That 4is, the following steps ‘'will be described as cone
illustrative ones and do not limit the scope of the present

invention.

Example 1: Construction of real-time PCR primers and MGB

20 Erobes

In order to construct primers capable of amplifying a
region comprising a wutation in exon 4 of BIGH3 gene, pairs
of primers of SEQ ID NOs: 1 and 2, SEQ ID NOs: 3 and 4, SEQ
TD NOs: %5 and 6, SEQ ID NOg: 7 and 8, SEQ ID NOs: 9 and 10,

25 SEQ ID NOs: 11 and 12, SEQ ID NOs: 13 and 14, SEQ ID NOs: 15

-8-



Normal probe 3 : VIC TAO ACG GAO CCC A-NFQ(SEQ I D NGO  29) Mut ant
pr obe 3

and 16, SEQ ID NOs: 17 and 18, SEQ ID NOs: 19 and 20, SEQ ID
NOg: 21 and 22 and SEQ ID NOs: 23 and 24 were designed using
Primer Express 3.0 software (Applied Biosystems U.S.A).
ACD Fw primer : 5'-TCC ACC ACC ACT CAG CTG TA {SEQ ID
5 NO: 1)
ACD Re primer : 5'-CCA TCT CAG GCC TCA GCT T (SEQ ID NC:

2) (60bp)

AV Fw primer : 5'-TGC AGC CCT ACC ACT CTC AA (SEQ ID NO:

10 3)
AV Re primer : 5'-AGG CCT CGT TGC TAG G (SEQ ID NO: 4)
(150bp)
Real Fw primer : 5'-TAG TCT CTT ATT CTA ATA GA (SEQ ID
15 NO: 5)

Real Re primer : 5'-GCT GCA GAC TCT GTG TTT AA (SEQ ID

NO: 6) (860Dbp)

ACD Fw2 primer : 5'-CCA TCC CTC CTT CTG TCT TCT G (SEQ ID

20 NO: 7)
ACD Re?2 primer : 51 -CGGE GCC COT C¢CA TCT ¢ (SEQ ID NO: 8)

(140bp)

ACD Fw3 primer : 5'-CAG AGA AGG GAG GGT GIG GTT (SEQ ID

25 NO: 9)



. FAN- TAO ACG GAO CAC A-NFQ(SEQ I D NO 10 30)(13bp) Nor mal probe 4 :
VI C- CTG TAC ACG GAO CGC ACG NFQ (SEQ I D NG 31)

10

15

20

10)

NOC:

13)

NO:

15)

NO:

17)

18)

NO:

ACD Re3 primer

(190bp)

ACD

11)

ACD

ACD

ACD

14)

ACD

ACD

16}

ACD

ACD

ACD

19)

Fw4d

Re4

Fwb

Reb5

Fwé

Re6

Fw7

Re’7

Fwsg

primer

primer:

primer

primer

primer

primer

primer

primer

primer

5" -GGG CGA AGA TGG TGA AGC T (SEQ ID NO:

5'-TCC TCG TCC TCT CCA CCT GTA (SEQ ID

5°-AGC TGG CAA GGA GGC CC (SEQ ID NO: 12)

5'-TTT GGG CTT TCC CAC ATG C (SEQ ID NO:

5'-GGC AGA CGG AGG TCA TCT CA (SEQ ID

5'-GTA GTA CCG TGC TCT CTG (SEQ ID NO:

5'-AGT TCC CCA TRA GAA TCC CCC sSkEQ 1D

5!'-GGC TGG ACC CCC AGA GG (SEQ ID NO:

5'-ACC CCT CGG GGA AGT AAG G (SEQ ID NO:

5'-AAC CTT TAC GAG ACC CTG GGA (SEQ ID
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Nor nmal

10

15

20

25

probe 4 : FAM CTG TAO ACG GAC CAC ACG NFQ (SEQ I D 15 NO 32) (18bp)
pr obe 5

ACD Re8 primer : 5'-GAC TCC CAT CCA TCA TGC CC (SEQ ID

NO: 20)

ACD Fw% primexr : 5'-AGT CGT TGG ATC CAC CAC CA (SEQ ID
NO: 21}
ACD Re9 primer : 5'-GAC GTC ATT TCC TAC TGT TTC AGG (SEQ

ID NO: 22)

ACD Fwl0 primer : 5'-CCC CCC AGA AAC AGC CTG (SEQ ID NO:
23)
ACD Rel0 primer : 5'-TTC TAA GGG GTT AAG GAG AAA GCT T

(SEQ ID NO: 24)

In order to detect a guanine-to-adenine mutation in exon
4 of BIGH3 gene, probes of SEQ ID NOs: 25 to 42 were
constructed.

The probe binding to a normal gene fragment having no
mutation was labeled with VIC, and the probe binding to a
gene fragment having a mutation was labeled with FAM, and a
minor groove binder (MGRB) was attached to the probe so as to
facilitate binding to a complementary gene fragment.

Normal probe 1 : VIC-CAC GGA CCG CAC GGA-NFQ (SEQ ID NO:
25) (15bp)

Mutant probe 1 : FAM-CAC GGA CCA CAC GGA-NFQ (SEQ ID NO:

26)
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VI G- CTG TAO ACG GAO CGC ACG GAG NFQ (SEQ 1D NG 33)

FAN- CTG TAC ACG GAO CAC ACG GAG NFQ (SEQ 20 I D NO 34) (21bp)

10

15

20

25

Normal probe

27)

Mutant probe
28) (14bp}

Normal probe
29)

Mutant probe
30) (13bp)

Normal probe
NO: 31)

Mutant probe

NO: 32) (18bp)

Normal probhe
ID NO: 33)
Mutant probe

ID NO: 34) (21bp)

Normal probe
(SEQ ID NO: 35)
Mutant probe

(SEQ ID NO: 36)

VIC-ACA CGG ACC GCA CG-NFQ

FAM-ACA CGG ACC ACA CG-NFQ

VIC-TAC ACG GAC CGC A-NFQ

FAM-TAC ACG GAC CAC A-NFQ

Mut ant

(SEQ

(SEQ

(SEQ

(SEQ

1D

ID

ID

ID

probe 5

NO:

NO:

NO:

NO:

VIC-CTG TAC ACG GAC CGC ACG-NFQ (SEQ ID

FAM-CTG TAC ACG GAC CAC ACG-NFQ (SEQ ID

VIC-CTG TAC ACG GAC CGC ACG GAG-NFQ

FAM-CTG TAC ACG GAC CAC ACG GAG-NFQ

(SEQ

(SEQ

VIC-GCT GTA CAC GGA CCG CAC GGA GAA-NFQ

FAM-GCT GTA CAC GGA CCA CAC GGA GAA—NFQ
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Normal probe 6 : VIC GCT GITA CAC GGA CCG CAC GGA GAA-NFQ (SEQ I D NG 35)
Mut ant probe 6

Normal probe 7 : VIC-ACC GCA CGG AGA AGC-NFQ (SEQ ID NO:

37)
Mutant probe 7‘: FAM-ACC ACA CGG AGA AGC-NFQ (SEQ ID NO:
5 38)
Normal probe 8 : VIC-ACC GCA CGG AGA AGC TGA GGC-NFQ (SEQ
ID NO: 39)

Mutant probe 8 : FAM-ACC ACA CGG AGA AGC TGA GGC-NFQ (SEQ

10 ID NO: 40)

Normal probe 8 : VIC-ACC GCA CGG AGA AGC TGA GGC CTG-NFQ

(SEQ ID NO: 41)

Mutant probe 8 : FAM-ACC ACA CGG AGA AGC TGA GGC CTG-NFQ

15 (SEQ ID NO: 42)

Example 2: Diagnosis of Avellino corneal dystrophy using

real-time PCR

Samples were taken from the blood, hair root and oral

20 epithelial cells of test subjects, and DNA was isolated from
the samples. The isoclation and purification of DNA were
performed using a partial modification ~of the
phenol/chloroform extraction method (Millexr, SA et al., Nucl.
Acids Res. 16:1215, 1988), and the isolated DNA was dissolved

25 in a suitable amount of TE buffer (10mM Tris-Cl, 1mM EDTA,
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: FAN-GOT GTA CAC GGA CCA CAC GGA GAA-NFQ 25 (SEQ I D NG 36) Nor mal
probe 7 : VIC ACC GCA CGG AGA AGC-NFQ (SEQ ID NGO 37) Mutant probe 7 :

FAM ACC ACA CGG AGA AGC-NFQ (SEQ ID NO 538) Normal probe 8 : VI G- ACC
GCA CGG AGA AGC TGA GGC- NFQ (SEQ I D NO. 39) Mit ant probe 8 :
FAM ACC ACA CGG AGA AGC TGA GGC- NFQ (SEQ 101 D NO. 40) Nor mal probe 8 :

VI G ACC oA 1GCE iG-S i G Ell&e NRPHSER 1D NO 1913 garose gel and
used ag template DNA in PCR.

The PCR reactions were performed using the primers (SEQ
D NOg: 1 to 12) for amplifying the fragment containing the

5 mutation region, and the probes (SEQ ID NOs: 13 to 24),
constructed in Example 1.

25 u{ of a master mix containing 10 pmol of each primer
and 5 pmol of each probe was prepared and used in the PCR
reaction.

10 The realmtimé PCR reaction was performed in the following
conditions: 36 cycles each consisting of 10 min at 95 T, 15
sec at 92 T and 1 min at 60 €, followed by a reaction for 5
min at 60 T.
After each cycle, fluorescence was measured. The sample
15 positive to the VIC dye was diagnosed as having the normal
gene, and the sample positive to the FAM gene was diagnosed
as having the mutant gene.

As a result, it could be seen that the use of the primer
pair of SEQ ID NOs: 1 and 2 and the probesg of SEQ ID NOs: 25

20 and 26 showed the most accurate and effective results (FIG.
2).

Although the present invention has been described in
detail with reference to the specific features, it will be
apparent to those skilled in the art that this description is

25 only for a preferred embodiment and does not limit the scope
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Mut ant probe 8 : FAM ACC ACA CGG AGA AGC TGA GGC CTG NFQ 15(SEQ I D NO 42)
Exanpl e 2: Diagnosis of Avellino corneal dystrophy using real-tinme PCR
Sanmpl es were taken fromthe blood, hair root and oral 20 epithelial cells
of test subjects, and DNA was isolated fromthe sanples. The isolation and
purification of DNA were perforned using a partial nodification of the
phenol / JH anef asraexdy aalvam 1@t hodriibd | | ehe Sdbetamtial Nucbpe Aof dshiRes.
16: 1215, 1988), and the isolated DNA was di ssolved 25 in a suitabl e anmount
of TE byffetfedrl Ot ol i LIMoEDEAS inddr bypHhed)ambehdanf &Laeds bynd

el ectrophoresis on 196 agarose gel and used as tenplate DNA in PCR

The PCRJfRAGIH 1S iR eyd otmed using the priners (SEQ ID NOs: 1 to 12)
for anpliTying the fragnent containing the 5 nutation region, and the
probes (SEQ ID NGs: 13 to 24p,geanstdiucigsh idaExany e 1. 25 gi of a
master m x containing 10 pnol of each primer and 5 pnol of each probe was
prepared and ’f'ﬁ@du's% tde PR praaehi Phid0The peabel idRCRALALS eReWaS
performed in the follow ng conditions: 36 cycles each consisting of 10 mn

at 95 t 615%&&(: Al oﬁné?é Eifiggﬁbsgo e 1f1QHOVRS Y B agggféﬁﬁyf% 5

m n at After each cyc | dorescence was neasured. The sanple 15

posi t1ve, 10,108, YhEadyg s diANI0SEdAS-NRKLAD I Neo LR o AR NeneBRAA! Ne

sanpl e positive gene was di agnosed as havi ng the nutant gene.

As a result, it caould.b e the use of the primer pair of SEQID
s 1 e v tahéjq"&r foitane Org%rt 2%51 D NGs: 25

-i5-



20 and 26 showed the nost accurate and effective results (FIG 2).
Al t hough the present invention has been described in detail with reference
to the specific features, it will be apparent to those skilled in the art
that this description is 25 only for a preferred enbodi nrent and does not
limt the scope -14- of the pres%%%bi&é jon. Thus, the substantial
scope of the present invention wl € I'ned by the appended cl ai ns and
equi val ents thereof. Industrial Applicability 5The use of the priner pair
and pr o%a%cci%r ¢1ng 1% tihe present invention can diagnose Avellino corneal
dystrophy in"a nore rapid and accurate manner than a conventional nethod
that uses a DNA chip or PCR THE CLAIMS What is Cained is: 5 1. A
real -time PCR primer pair for diagnosing Avellino corneal dystrophy, which
i s reprédsentted deplntrdineot PR sagudvdes PRdiTectfed f CGRIIRE 1§FoupvEIN<FSt i ng
of SEQID NGs: 1 and 2, SEQID NGs: 3 and 4, SEQID NGs: 5 and_ 6, SEQ ID
NOs: 7 amcr@alSEQiyS:NGehy9 anduit®h SEE) | DeM@sgserteshd e, spolestidencs:
13 and 14, SEQ ID NGs: 15 and 16, SEQ ID NGs: 17 and 18, SEQ ID NGs: 19
and 20, sSEQdrRadOsseldtmntl 22m avle SEQUD NOBsi128iaadof4SEQ 2D NOgeéal-time
PCR probe for diagnosing Avellino corneal 15 dystrophy, which is
repr esentretl by SEQUTD en0Ede3seqderce SRSl et diP$ r om 2h@ gr 08BQcERsM&Fing of
SEQID NO 25 to SEQ ID NO 42. 3. The real-tine PCR probe for
di agnosimgrAves ) i sEQ cODNEak : 20 dyst riophyskd P aies 2, Lhendi A2t héERedP-ti ne
PCR probe is |abeled with VIC or FAN.

10 NOs: 13 and 14, SEQ ID NOs: 15 and 16, SEQ ID NOs: 17 and 18,

SEQ ID NOs: 19 and 20, SEQ ID NOs: 21 and 22, and SEQ ID NOs:

23 and 24.

2. A real-time PCR probe for diagnosing Avellino corneal
15 dystrophy, which 1is represented by a nucleotide sequence
selected from the group consisting of SEQ ID NO: 25 to 3EQ 1D

NO: 42.

3. The real-time PCR probe for diagnosing Avellino corneal
20 dystrophy of claim 2, wherein the real-time PCR probe 1s

labeled with VIC ox FAM.
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