USI NG GENETI C POLYMORPHI SM5 OF THE BI CD1 GENE AS A METHOD FOR DI AGNGSI NG
AND TREATI NG MYOPI A BACKGROUND OF THE | NVENTION Fi el d of the Invention

[ 0001] The present invention relates to a nethod for diagnosing nyopia, and
in particular relates to a nethod for diagnosing nyopia and/ or myopi a

rel ated conplications by determning SNP (single nucleotide polynorphism
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Description of the Related Art

[0002] Myopia, also called near- or short-sightedness, is a refractive defect of the eye

in which collimated light produces image focus in front of the retinda when accommodation
1s relaxed. Those with myopia see nearby objects clearly but distant objects appear blurred.
With myopia, the eyeball is too long, or the cornea is too steep, so images are focused in the
vitreous inside the eye rather than on the retina at the back of the eye.

[0003] Myopia is a common eye condition worldwide. The prevalence of the
condition varies widely among populations, genders, and ages (Invest Ophthalmol Vis Sci
1997,38:334-40; Optom Vis Sci 2001;78:234-9; J Formos Med Assoc 2001;100:684-91).
In the USA, the prevalence of myopia was estimated to be approximately 25% between
ages of 12 to 54 years (Arch Ophthalmol 1983;101:405-7). Inthe Baltimore Eye Survey,
myopia was less common in blacks (19.4%) compared with whites (28.1%) (Invest
Ophthalmol Vis Sci 1997;38:334-40)). High myopia (defined as refractive dioptric power <
-5.0 D in this study) accounted for 27% to 33% of all myopic eyes, corresponding to a
prevalence of 1.7% to 2% in the general population in the USA (Arch Ophthalmol

1983;101:405-7). Taiwan is among the highest risk areas in the world for myopia. Using



the definition of less than -6.0 D for high nyopia, high nyopia is nuch
nore common in Asia. The percentage of nyopia in Taiwan is 18% anong

Tai wanese school boys and 24% anong Tai wanese school girls (J Fornos Med
Assoc 2001;100:684-91). The totals are even higher than the 13.1% reported
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genetic influence on nyopia with the estimates of heritability ranging

f r om 58blindmeemong esshogphbikdieman e sUSAI is2airibuizblg 29 2mgopige nSubst@gialieni ol
1988; 5: 171-81; Hum Hered 1991; 41: 151-6; Br J Opht hal nol 2001; 85: 1470-6) .
Usi ng f essbluyedakaeqiitednfas opaedt coapaidnad migtia audhams dpectaties croptaseienaes,
significant risk factor for high myopia (lInvest Ophthalnol Vis Sci 2004,

45! 344_6oéﬁakera%’l%g%,abho%ﬂéﬁh@cﬁveake?gtec@ﬁﬁpEﬁi 1REeth 2its i K¥kddhilbignd mﬂsﬁ@pt om
Vis Sci 1996; 73: 279-82; JAVA 1994;271:1323-7; Invest Ophthal nol Vis Sci

2002; 43303554 0ics RO, 36 ngl 98 A01R00e 02 NGl ion ORRBOBhIP LM S

2004, 45: ew papers repor yi ng

Furthermore, complications arising from the use of contact lenses (Curr Opin Ophthalmol
1998;9:66-71), orthokeratology (Cornea 2003;22:262-4) and surgical procedures (J Refract
Surg 2003;19:5247-9) also impose additional risks to myopes. In the USA, treatment of
myopia costs an estimated $250 million per year (Arch Ophthalmol 1994;112:1526-30).

[0005] While studies have found that several risks were attributed to environmental
factors, twin studies have indicated a strong genetic influence on myopia with the estimates
of heritability ranging from 58 to 90% (Invest Ophthalmol Vis Sci 2001;42:1232-6; Genet
Epidemiol 1988;5:171-81; Hum Hered 1991;41:151-6; Br J Ophthalmol 2001;85:1470-6).
Using family data, it has been reported that a family history was a significant risk factor for
high myopia (Invest Ophthalmol Vis Sci 2004;45:3446-52). Several studics also
demonstrated a similar finding (Optom Vis Sci 1996;73:279-82; JAMA 1994:271:1323-7;
Invest Ophthalmol Vis Sci 2002;43:3633-40; Optom Vis Sci 1999;76:387-92; Invest

Ophthalmol Vis Sci 2004;45:2873-8). However, while few papers reported identifying



suscepti bl e nyopi a genes, none of the studies have been replicated, thus
maki ng the identification highly questionable. [0006] Accordingly, what is
needed in the art, is a nethod for diagnosing, treating, preventing or

anel iorating nyopia and/or nmyopia related conplications. BRI EF SUMWARY OF
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pharmaceytical |y, effective anount .of the erj.al obtained by the nethod
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myopia.

[0008] The present invention also provides a method for screening a material for
treating ﬁlyopia and/or myopia related complications in a subject, comprising, contacting a
test material with a cell expressing the BICD1 gene, and selecting a material that modulates
the expression of the BICD1 gene as compared with a control.

[0009] The present invention further provides a method for treating, preventing or
ameliorating myopia and/or myopia related complications, comprising, administering to a
subject a pharmaceutically effective amount of the material obtained by the method
disclosed above.

[0010] The present invention further provides a method of assessing a subject for
probability of response to a myopia therapeutic agent, comprising detecting at least one
SNP genotype in the BICD1 gene, wherein the presence of the SNP genotype is indicative
of a probability of a positive response to a myopia therapeutic agent.

[0011] The present invention further provides a kit for assaying a sample to detect a
susceptibility for myopia, comprising one or more reagents for detecting one or more SNP

genotype in the BICD1 gene.



[0012] A detailed description is given in the follow ng enbodinents with
reference to the acconpanying drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention can be nore fully understood by reading the
subsequent detailed description and exanples with references nmade to the
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invention. This description is made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

f0015] In one aspect of the invention, the present invention provides a novel method
for diagnosing myopia and/or myopia related complications in a subject, comprising,
obtaining a biological sample from the subject, and determining at least one SNP genotype
in the BICDI1 gene in the biological sample, wherein the presence of a particular allele in
the SNP genotype indicates that the subject is susceptible to myopia. The diagnosis of the
present invention is made by detecting a polymorphism in a BICDI1 nucleic acid, such as
the alleles in SNPs 157966276, rs1151029, rs2650122, and rs10771923. The polymorphism
can be a change in the BICD1 sequence, such as the change of a single nucleotide, which
may cause a difference in the polypeptide encoded by the BICD1 gene, or may cause a
different transcription activity.

[0016] In the method for diagnosing myopia and/or myopia related complications of

the present invention, primer extenstion (PinPoint assay, Massextend™, SPC-SBE, or



(conbi natorial fluorescence energy transfer (CFET) tags), and enzymatric
cl eavage (RFLP, Invader(r) assay), PCR-SSCP (single-strand conformation
pol ynmor phism), MRD (m smatch repair dection), BeadArray', or SNPl exTm can
be used. Firstly, a biological sanple containing nucl ei c acid (DNA) is
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the risk genotype in the BICD1 gene. In one embodiment, the presence of the
polymorphism in the BICD1 gene can be indicated by TagMan assay. Briefly, the PCR
primers and TagMan MGB probes are designed with Primer Express version 2.0.
Reactions can be performed in 96-well microplates with GeneAmp 9700 thermal cyclers.
Fluorescence can be measured with an ABI Prism 7500 sequence detection system and
analyzed with the ABI Prism 7500 SDS software version 1.0. In another embodiment, the
presence of SNP can be determined by genotyping as described in Mutat Res 2005;573:70-
82. Genotyping can be performed by the Illumina BeadArray technology (Sentrix® Array
Matrix) [Shen, 2005 #135]. DNA is annealed to allelic-specific oligonucleotides and
amplified by polymerase chain reaction (PCR). Array-based hybridization takes place and
genotyping are achieved by Cy-3 and Cy-5 labeled primers.  Alternately, a commercial

gene chip also can be used to determine presence of SNP in BICD1 gene. The Affymetrix

GeneChip® Human Mapping 500K Array Set includes two arrays, each capable of



for Sty arrays). Genomic DNA is hybridized in accordance with the

manuf acturer's standard recommendati ons. Genotypes are determ ned using
BRLMM cl ustering algorithm [0017] In addition, if the pol ynorphism
results in the creation or elimnation of a restriction site, a
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det erm ni ng whet her a polynorphismin the BICDlL gene is present. One of
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to use. These and many other nethods will be readily apparent to those of
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scope of the present invention. [0019] The term "susceptibility to myopia”
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of nyopia, when a certain allele or SNP genotype is

gene. PCR or other appropriate methods can be used to amplify the gene or nucleic acid,
and/or its flanking sequences, if desired. The sequence of a BICDI nucleic acid, or a
fragment of the nucleic acid, or the BICD1 genomic DNA, or fragment of the BICDI1
genomic DNA is determined, using standard methods. The sequence of the nucleic acid,
nucleic acid fragment, genomic DNA, or genomic DNA fragment is compared with the
known nucleic acid sequence of the gene. The presence a particular allele or genotype of a
polymorphism indicates that the subject has a susceptibility to myopia and/or myopia
related complications.

[0018] There are many methods for determining whether a polymorphism in the
BICD1 gene is present. One of ordinary skill in the art will select the appropriate method
and protocol to use. These and many other methods will be readily apparent to those of
ordinary skill in the art, and are considered as equivalents within the scope of the present

invention.

[0019] The term “susceptibility to myopia” of the invention refers to either an



present. The term "decreased susceptibility to nyopia"” of the invention
indicates that the relative risk has accordingly decreased, when a certain
other allele or SNP genotype is present. The term"increased
susceptibility to myopia" of the invention indicates that the relative

o pr oDeReey AUERL® ARELEAE ﬁ?k%%@n?%@; eBHFRad SxPoeblpd ity Vhe

T allele in S 51029|s i ngi esth e has

! ner easBE?S%‘EsE@ﬁttPIB’?I g HpSRTIR iR YOG eldb BRI e, e
characteri zed arelative risk of at least 1.2. In another enbodinent,
when t heelaivg) m%lq Bas pregndingly dyewased. vdiepragetain ofher jaHglecen 8Pt graptpAds

subj ect has decreased susceptibility to nyopia. The decreased

suscept piesértt yhegemhdinaoterd suscephipilay to elyapial of the lnvefitiat ifdgatss that@he It i s
under st ood however, that identifying whether an increased or decreased

ri sk i sroi@iicCiadd Mass h@odtdih@gndecroayedalvien degigfath othed allélei @t INPfgehaghors,
including the specific disease, the mar ker and environnmental factors.

[ 0020] gf%sé}ﬂoﬁ#% B6Gnel, iR thé‘tfied]fel&% 1@'7?1(?2’3 or! (B $ Ul e in & NGO

provi des a neth o or screeni ng a material (candi erapeutic agents)

cont act Pl DL Piefett Bidee RiER e %uewﬁc‘?é%ﬁwé% g iRisel 9% efigans B

selectin mat er| al .that nodul ate the ex reSS| on of .t he BI CD1l gene as
conpar eH‘%fe&Sf‘él SERERELLY| GoRhpraciarieed Yy AEPHVE iskopl fhésagy 31 derfdother g. SnP
rs7966276, rsl 151029, r32650122 and rsl 0771923) can also be used to

i denti ffj‘mb@mme@lfawéleﬂ tibe Apaliglé én %@’ri’@g%@ﬂﬁ s pesaentny ingiogea than dhicosubiegbpi a
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the specific disease, the marker and environmental factors.

[0020] In another aspect of the invention, the present invention also provides a method
for screening a material (candidate therapeutic agents) for treating myopia and/or myopia
related complications, comprising, contacting a test material with a cell expressing the
BICD1 gene, and selecting a material that modulates the expression of the BICD1 gene as
compared to a control.

[0021] The polymorphisms of the BICD1 gene (e.g. SNP rs7966276, rs1151029,
r$2650122, and rs10771923) can also be used to identify candidate therapeutic agents for
treating myopia and/or myopia related complications. The method is based on screening a
candidate therapeutic agent to determine if it alteis an expression profile of the BICD1 gene.
For example, a cell is exposed to a test material or a combination of test materials
(sequentially or consequentially) and the expression of the BICD1 gene in the cell is

measured. The expression profile of the BICD1 gene in the test cell population is



exposed to the test material. The test material can be a conpound not
previously described or can be a previously known conpound which is not
known to be an anti-nyopia agent. Exanples of the test materials include,

but are not limted to, chem cal conmpounds, small nol ecul e pharnaceuti cal
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prevent ggNex ALALN 8BS Shbid AV BPhL %nﬁﬂqﬁﬁffeﬂ% RN I &h 3h€8 mifolifdd: CAE tQpsS can
be control l'ed.” Thus, candi date agents, which are potential targets in the

treatnent . or, preventi on of L,.a and/ or i Late conpl.i cat.i ons, can
pe 1 dontiereh e Ok thody 8RR A5 Rnd B BTl BEnraBRis B &7

and/or activities of the BlICDL gepe. 024] | n yet another aspect of the
vent i NP FHoDaScoNP il HOBEP ik NS AR de doasinais Ao rebeesadRp o
subj ect for probability of response to a nyopia therapeutic agent,

conpr i siredj nelenpicanidiey my@hPredaiebeqpelidationshe Bl CD1 gene, wherein the presence
of a particular allele or genotype in the SNP is indicative of a

pr obabi [0022] f or Irayqd aabthey espeesgfahs énvehtio thy pfisenttiesnsipa fhitikerggevitles § 0025]
In this nmethod, genetic markers relating to the BICDl gene are assessed, as

8 descr jRapbdalysy erkdlinge! fleb@link0 @S 2BRHbAGNAN nydpiay | héddr TRyopidSegatdbility
to myopi a and/ or
complications, comprising, administering to a subject a pharmaceutically effective amount
of the myopia therapeutic agents.
[0023] As discussed in detail above, by controlling the expression levels or activities of
the BICDI gene, the prevention, progression of myopia and/or myopia related
complications can be controlled. Thus, candidate agents, which are potential targets in the
treatment or prevention of myopia and/or myopia related complications, can be identified
by screening test compounds using the expression levels and/or activities of the BICD1
gene.
[0024} In yet another aspect of the invention, the present method further provides a
method of assessing a subject for probability of response to a myopia therapeutic agent,
comprising detecting a SNP genotype in the BICD1 gene, wherein the presence of a
particular allele or genotype in the SNP is indicative of a probability for a positive response

to a myopia therapeutic agent.

[0025] In this method, genetic markers relating to the BICD1 gene are assessed, as



nyopia rel ated conplications. The presence of an allele or SNP genotype
associated with increased risk for nyopia (e.g., the Gallele in SNP
rs10771923 or the T allele in SNP rs1151029), indicates a probability for
a positive response to a nyopia therapeutic agent. The term "Probability
of a positi. [ onsey. .. . - t4 . . t
that ©nacsibiaF RN BlenSh kB AR QU PRy KPR R WIS MERE]

t herapeutic. agent. than a subject not havi an el e or SNP,.and the

Subj a0t MebuoR B LaamPIue arant e eace i o NN P SNERsRbe Aaest it &
related conplications. [0026] In yet another aspect of the invention, the
pr esent incisagedt rislh ferumyRRie (Brgovihel s aliele MntSN%Fleggh%%n@r thepT oilelsi Ba¥NBanpl e
froma subject to detect susceptibility for nyopia, conprising one or nore
r eagent sslfi 510298t indichteg agmebahilitydoe a N tige mespypestoi nmybpiaBhG@Bpeutigeagent. [ 0027]
The terns "kits" as used herein in the context of SNP detection reagents,

are i ntrgpdesh QbR of @ pouitive bk’ aF eaFTBicAInvetorfefdttikd thelcen&yP
detection reagents, or one or nore SNP detection reagents in conbination

wi th Onﬁlg?n!’tléegﬁfb ecP i Glord ﬁlg%ﬁttmha% %rﬂ%ﬂftﬁzﬁ %sgaoﬁ&r%og SN opid ﬁl‘eglé)ﬂu@é Bgmtypes

of bioc eagents, ai ners,” packages such as "packagi ng 1nhtended
for co rcial.sale,, substr s t i.ch,SNP, det.ectiaon. reagents._are

2t t achedind SRiF bR ALTE oh SR a5t € ReeB i OE ThindiSed s on
invention further provides SNP detection kits, including but not imted
to, pacKagEd el BYRibielaet complicajons. TagMan probe/ pri mer sets),
arrays/ mcroarrays of nucleic acid nol ecules, and beads that contain one
or nor e[(§26bes, Ipyétraspther aspeot dicthe daeaton.dhe presedringention fugherquprigesome or
nore SNPs of the present invention. The kits can optionally include various

el ect r onitGor hsvaghh@r € bedogiedednirple from exabjebeto detectysis¢dpbilithifps myapth,
m crofluidic systens ("l ab-on- a-chip" systens) provided by various

manuf aCE&ﬁrgﬁsﬁné ¥RE 6akoYe GABPHL $& RAEHNB B of PO JNH genoggdee lin Kid BICTS1 9.
probe/ priner sets) may not i nclude el eCtronic hardware conponents, but

may be ggl{g-)ri sed of, for exanple, one or nore SNP detection reagents

[0027] The terms “kits” as used herein in the context of SNP detection reagents, are
intended to refer to such things as combinations of multiple SNP detection reagents, or one
or more SNP detection reagents in combination with one or more other types of elements or
components (e.g., other types of biochemical reagents, containers, packages such as
packaging intended for commercial sale, substrates to which SNP detection reagents are
attached, electronic hardware components, etc.). Accordingly, the present invention further
provides SNP detection Kits, including but not limited to, packaged probe and primer sets
(e.g., TagMan probe/primer sets), arrays/microarrays of nucleic acid molecules, and beads
that contain one or more probes, primers, or other detection reagents for detecting one or
more SNPs of the present invention. The Kkits can optionally include various electronic
hardware components; for example, arrays (DNA chips) and microfluidic systems (“lab-on-
a-chip” systems) provided by various manufacturers typically comprise hardware

components. Other kits (e.g., probe/primer sets) may not include electronic hardware



(along with, optionally, other biochem cal reagents) packaged in one or
nore containers. [0028] A SNP detection kit typically contains one or nore
detection reagents and other conponents (e.g., a buffer, enzymes such as
DNA pol ynerases or |igases, chain extension nucleotides such as

deoxynu%brﬁf%ﬂie‘i’& tbu H’QS’ hc‘% 'se(fﬂﬂfi 11'010 e)t{e[h? 1635 &f §taen§ﬁf’ T&e&%ﬁo% ent
Rath oy e

sequenci'ng*reactions, erm fat| ng nucl eoti des, positive con

sequences, negative ontrol.sequences, and the |jke) necessary.to carry
out an. SR onbimeno Rnel ik PN ERerR) Datiaiee Lyfte ot TGt BRTHOHS0f a
SNP- cont ai ni ng nucl eic acid nolecule. A kit may further contain neans for
det er ni HWS] t he AaPSE deteporpkit Bipiratly sortpias ong ef Borgdricqhoangagents and otsar i ng
the anmount with a standard, and can conprise instructions for using the kit
to det eampordeatsSRR: cobiférnemmymeschai os RbiAdpotpinecséscordigased, eh@s extehsionne
enbodi ment, kits are provided which contain the necessary reagents to

carry owuficlefRle®rsuffobe dagsayclebdedeiphoiphane, ad inMleecabiNBs SdhgalpsedNwer ei n.
| n anot her enbodi nent, SNP detection kits are in the form of nucleic acid

arrays, : : ~OR=@chi p
systens? usggg¥%%%§gﬂ%%%g§qg?ﬁ%@0 eg@ﬁéggﬁag%ﬁgﬁﬁg%%ﬁgggcl%?gﬂb?% gg? can
be inplemented in an rray,. and each prabe or _pair of probes can ,hybridize
Lo a i PPBRARPIUTICRr corfoliey ik Mot PRTY 1 tma 40 8t RaRAERCHHYRES: zed
at designated areas (or synthesized separately and  then affixed to

desi gnat'@glifaion) andfpradededsion oft & SNE-reptamingghiclels sttt gpleotlem eakitpPatess.
Each DNA chip can contain, for exanple, thousands to mllions of individual
synt het fusthep odyiaincinedsi fge defeabiaingathe amgpudt dha gargeti riicldik ecigaandempansrigr
mniaturized (e.g., to the size of a dine). Preferably, probes are

at t achedomparimgsthk iathchuppathta standaind, candefae dompeick asgabiiansaor aying thORi3@y | n
the present invention, the kits include for exanple, one or nore reagents

for  deti@gdi (Rg SNPEc iR SuSIR ASDANRER bNintdd&t BICBhe 98B dinMMe 18Iskrt he
reagent includes at |east one material or instrunent to discrimnate and

et o IR IRy AR s B 1A, S SRR R ol
or more SNPs disclosed herein. In another embodiment, SNP detection kits are in the form
of nucleic acid arrays, or compartmentalized kits, including microfluidic/lab-on-a-chip
systems.

[0029] Any number of probes, such as allele-specific probes, can be implemented in an
array, and each probe or pair of probes can hybridize to a different allele position.
Polynucleotide probes can be synthesized at designated areas (or synthesized separately and
then affixed to designated areas) on a substrate using a light-directed chemical process.
Each DNA chip can contain, for example, thousands to millions of individual synthetic
polynucleotide probes arranged in a grid-like pattern and miniaturized (e.g., to the size of a
dime). Preferably, probes are attached to a solid support in an ordered, addressable array.

[0030] In the present invention, the kits include for example, one or more reagents for

detecting one or more SNP genotypes in the BICDI1 gene, wherein the reagent includes at

least one material or instrument to discriminate and detect the SNP genotypes, a buffer, and
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that is conpletely conplenmentary to a region conprising at | east one SNP
genotype in the BICDl gene, a restriction enzyne (e.g. endonucl ease
enzyne) for recognizing a specific sequence, a |abeled sequence primer, or
a | abel ed allele-specific probe. In one enbodinent, the kit for diagnosing

a susce . i ugl
2SSl il khd YR G R SRTRLLGE LB AR R ﬁz@t ﬁ&lg%%@s 19686276,
rs11510 ) nd/ or rsl 0771923 wher e | e

genot ypﬁyﬁ i SHIFENT o0 é%ﬂ%‘ﬁ??t?y Brseiop ‘%Oﬁlpéls’é’ﬁ&t‘ Uie! o lﬁé EERARPEIN e
prinmers_can be designed using portions of the nucleic acids fIanklng SNPs
r s79662 P8CD stens1 o potrigionemaypy (e-gnemdanueleaseenzype) formgeqanéding arspesifit he
analysis for allelic dlfferences mass the nass spectronetry, fluorescence,
or chenbs¢qmencee s dehetel sequeripe ptised ara leleiekdllefdrspeaificairolee. dinfdnereartodinent,0031]
EXAMPLES [0032] Exanple 1: Genome scan in the initial step [0033] A total

of abouthedR Fos RGeS Weduecapebility t@ehyiopla tdteconipmeapibdyfor ekl ¥&de
mul ti ple sources for participants, whomincl uded the follow ng: (1) young

men in giobiikigdiden FONR grdnpihsthe G2y rge}a@c:ém%mﬁ%tﬂ?@ms rs(7@156 SRit8h029,
personnel; and (4) ients from ophthal y clinics. n V|dua s’with
ot he

spheri c al265($ | eact rs<1nO7§1923the€& e & eéf(efiﬁe%s B, éFnOt sDarle more %rec&enﬁ*r eye

vere cl a¥ d 45 hi nyopl a subj'ec as a con t he

wor se eye had a s erlcal refraction > -1.5 D. bj ects were between

the ageBresenifn a S‘ﬁ%“;‘ré’é?’élgd%oplw I The REipeLs Fﬁ%lbﬁﬂ?ﬁlgn%gfl%‘n%fpoéllﬁ%é%fé

descent. All part|C|€ants ave infornmed consents. The study was approved
Tl

by the nudeict aciforfi SBOHPAOAM0, t 1561 HABHs irsAdg01Me dinior WpiOTEI¥aX y,
Kaohsi ung, Taiwan. [0034] In the initial step, Affynetrix GeneChip(r) Human

Mappi ngFofkdf, #itaralye Seilysisnas alldeddiffetencaprbstd riase spectrapeiry efgdrewapabl e of
genot ypi ng on average 250,000 SNPs (approximtely 262,000 for Nsp arrays

and 238 oPEHnfi RiniRstetecal B uscio BRI e Qi flkiechyes. 11 of DNA sanple, all
DNA were required to have the OD 260/ 280 between 1.7 and 2.0, and
[0031] EXAMPLES
[0032] Example 1: Genome scan in the initial step
[0033] A total of about 4000 subjects were recruited for the myopia study. There were
multiple sources for participants, whom included the following: (1) young men in military
conscripts, (2) university students, (3) hospital personnel, and (4) patients from
ophthalmology clinics. Individuals with spherical refraction < -6.0 D in one eye and < -4.0
D in the other eye were classified as high myopia. A subject was defined as a control if the
worse eye had a spherical refraction > -1.5 D. All subjects were between the ages of 17 —
45 years old. All the participants were of Chinese descent. All participants gave informed
consenté. The study was approved by the Institutional Review Board at the Kaohsiung
Medical University, Kaohsiung, Taiwan.
[0034] In the initial step, Affymetrix GeneChip® Human Mapping 500K Array Set

was used. It comprised two arrays, each capable of genotyping on average 250,000 SNPs

(approximately 262,000 for Nsp arrays and 238,000 for Sty arrays). To ensure the quality
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260/230 > 1.0. About 1.5 g (30 Al of 50 ng/l) genom c DNA was required for
genotypi ng. The inmages were anal yzed using BRLMM al gorithmto obtain the
genotyping data. To renpbve an SNP or a sanpl e which m ght have genotyping
problens, the following criteria was used: per sanple call rate of at

{1 cquenty B r%éﬁii’a%?ﬂﬁf* el Rt et ol %ﬁ’”@ﬁ%&r@l Z%ﬁ. {ﬂ.fﬁ?‘.ﬁrﬁl (b >
. 3 619
(ooas)  760E58. A afbau picgs (S‘@wit%*ﬁ?@ R T T S

the high nyopia status, PLINK program (AmJ Hum Genet 2007;81:559-75) was
used t o 2ERAUARINGt &he yaREss yyae aRdyZerivsing RN atgosthm i abiay the BERATHRIRE 7t est .
To investigate the genotypic association under different inheritance
model s, dgenoflppentataanveNP fourd henplenebidkdmight daved ogenntyping pebéasd, vibe and
additive nodes. In addition, the trend test was al so perfornmed. The

genet i cf@fdvesi caleln @ aviubdll: povAkipdd €81 fafef adltdsi30e), psASNPrall uste df hiledshe
|l ogistic regression. A linear regression nodel was applied to test for the

associ abhn ,NeINE N feNmi Fﬁn@fedfrécggnéfhf af idaon1 B! Bd Sren \Ag@sgmt N8rdy-

refraction’errors greater than - re conmon in se

pop! 2t 98D SaRHBRER 3.5 DRNT rhC, DeteE' Bokfa el g M gRamaRiR (15 -

6 D) was Fot enot'ype was in the

| ogi st reg si.on nodel. For logistic regression analysis, subj ects with
refract f8H -3 and -6 D were not included in the analysis.

Hap-cl ustering was enpl oyed to perform hapl otype analysis. [0036] For the
Af fymet HI03SE00KTSNgRst dhi plelict #nsl ganetypite a&sacratumagetwma@ egeh BNE anshthechigh r om
97.4 to 99.5). The initial analysis indicated that the best 10 SNPs had the
hi ghest myopMastates, PLONBOPdgrafin A2 Y BMRSGaree 2007;8 6 593Spwas tised?to chlcufate 12,

16, 17 and 21, and none of themare closely |ocated. [0037] Exanple 2:

Genorme g@rﬁelﬁgygenaﬁdﬂaua@q%@e%@do ana%ogpégﬁﬂél gme%be TRERRBtigtLhe bidotjdiy the

10 best S as the centers was use

association under different inheritance models, genotype data were further encoded into
dominant, recessive, and additive modes. In addition, the trend test was also performed.
The genetic effect along with covariates (sex and age) was included in the logistic
regression. A linear regression model was applied to test for the association between each

SNP and the refraction errors. Since the refraction errors greater than -3D were common in

the Taiwanese population, the subjects as normal/mild myopia (2-3D) and high myopia (= -

6 D) was also dichotomized, and the discrete phenotype was tested in the logistic regression
model. For logistic regression analysis, subjects with refraction between -3 and -6 D were
not included in the analysis. Hap-clustering was employed to perform haplotype analysis.
[0036] For the Affymetrix S00K SNP chips, the average call rate was 98.7 (ranging
from 97.4 to 99.5). The initial analysis indicated that the best 10 SNPs had the highest p
value = 0.0002. The 10 SNPs are on chromosome 1, 2, 4, 6, 12, 16, 17 and 21, and none of
them are closely located.

[0037] Example 2: Genome scan in the second step
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genom ¢ region of 200 kb surroundi ng each of the 10 best SNPs as our
candidate region was selected. A total of 384 tagging SNPs were sel ected
for followup fine mapping in independent 1536 subjects whose refraction
errors were either < -6 Dor > -1.5D. GCenotyping was perfornmed by the

LT um ngo(é@?dAr E2Ynd §C0RQs yfl('S%;/n B fdﬁést@ﬁﬁyad\/ﬁ'{e%e’ﬁ}ws (WMdtakq Ras 2005;

573:70 DNA was anneal el1c-specific i gonucl eoti de's and

arrplifledb poI hai _n actl Arr hybri di z tlontook

ol bce. aReoRISORYR oho0dPetnh S08 o ool Rt Eths MRk Rafihi? dukich
Thirty replicates of each. SNP were done to _ensure the highest quality of
genot yp&ag SPleriag. 4 ouigiop! F¥btaggimea NP were selgcted for ﬁkl;mgél@oﬁw BREGES VRS
97.1% The nost significant SNP (rs7966276) was at the BI CDL gene on

chr onos owepézight 138¢ subjeptsvwhoss zeflactigx 169ra@sl werdngithieer< t-Ar Be oSNPs1.4D. Bl CD1
were also significant (SNP rs1151029, p= 4.78x10-4; SNP rs2650122, p=

3. 65x10G2hotSping rveakpértdARe bypthedllvfihBeAd Arraly BADDlIoEX éankitx B Arfagrvpgix3can i n
the third step [0041] In the third step, the nost prom sing SNPs based on

the st aggudal Rre@%bs ;SYBN6- SZQEWA(R:% AMedlsd ﬂﬂaﬂélf%c;g@él%{%rblfg%ﬁﬁtﬁéﬂtﬂﬁy ahd\Pp! i ed
Bi osystens [ABI], Foster C ty, . Brief rimers and TagMan MGB

probes e e

D obeS MRHRREESH I B Fﬁéeav%%ﬁ ki3 dl? s 2oL cg?%ﬁc?

Fl uorescence .was neasur I IS 7500 seqyence detection  system
ond anaP LIV P AR B CarT PaD6 S bE B BAFE S ATSHS RePCOtes i daghin; oct s
with refraction errors between -6 D and -1.5 D were used in the stage |11
st udy. FEBMTGFlﬂnet‘lﬁ’e?nﬁlllfﬁrﬂé?@gth‘#%@B‘T@Pt@éﬁéllmés focused and the genetic
effect was analyzed using different inheritance nodels for the three SNPs

in a | al§aP] dat Bseovaralt caltiratg jn thSNBransl1s0ae MR . e 3PHS neabgigaifisant NP r s|
151029 in 3917 subjects and SNP rs7966276 in 2962 subjects. The allele

f requengiEs60f6)t higs hththe BIBNASg@keon tigb@dsdrie Tapl lewhh Refvaldkei ©4.18R10°%3 Tabl e
2, the nost significant results were fromthe di chotom zed phenotype
(2-: - 3DARSther three SNPs at BICD1 were also significant (SNP rs1151029, p= 4.78x10™; SNP
rs2650122, p= 3.65x10%; SNP rs10771923, p=2.70x10%).
[0040] Example 3: Genome scan in the third step
[0041] In the third step, the most promising SNPs based on the stage II result were
genotyped by using the TagMan technology (Applied Biosystems [ABI], Foster City, USA).
Briefly, PCR primers and TagMan MGB probes were designed with Primer Express
version 2.0. Reactions were performed in 96-well microplates with GeneAmp 9700
thermal cyclers. Fluorescence was measured with an ABI Prism 7500 sequence detection
system and analyzed with the ABI Prism 7500 SDS software version 1.0. The subjects with
refraction errors between -6 D and -1.5 D were used in the stage TIT study.
[0042] In the third step, the BICD1 gene was focused and the genetic effect was
analyzed using different inheritance models for the three SNPs in a larger dataset including,

SNP rs10771923 in 3273 subjects, SNP rs1151029 in 3917 subjects and SNP rs7966276 in

2962 subjects. The allele frequencies of the three SNPs are listed in Table 1. Referring to
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control and < -6 D as case) when mnor G allele of rs10771923 had an
additive effect (p = 0.00088, OR=1.22) or the mnor allele T of rsl1151029
had a dom nant del eterious effect (p=0.00088, OR=1.3). SNP rs7966276 had
| ess significant results when conpared with the other two SNPs When t he
phenotype was treated as _a continuous trait, the three SNPs d

di f f er ed@blsi gnihei Bastt sigrificant sregts Wergshrony g CiIPPOFermzed?hemé%?r( }'@3@6
Fig.l, the frequency of the risk T allele of rs1151029 separated by
different di opters was calculated. The a- x-axis is the negative diopter
(x 100) cohtofl4a}l STabDens LaseAviheh enihoeGudiaeyofantd 77 he2 hadoar adafitigesfidcy fred
individuals for the BICDl gene rsl10771923 rsl 151029 rs7966276 Refraction
errors sanple size MAF sanple size MAF sanple size MAP -3 D 1305 0. 375
0630 0. pXDO3RIGRE1.22PorF 8D mmor 6118 I bf ER140002D1481 D d3@aBE Bclotedizis cHect- 6 D
1027 0.423 1139 0.247 794 0.025 Total 3273 0.397 3917 0.226 2962 0.032

MAF:  m qer0.@ddss! eREN 89U SNPYrs TSHEA%S hé[@l@kes@mﬁemukguqsts heh Rempphbotianihe ed
tral t (norrral/m I'd vs. high nyopia) from |ogistic regression Genotype OR

(p valu (9 ( i 1923
AA AG Gézhf-w §&’D g @4}1&118&’2@ fgg{%eéggglhgég@ Q%gl d&?ﬁlh 39383% (dzfg thf?"“s 51@1%0)
(0. 0008%1)10v£'é)d 9312 nt(s(%grgﬁ gnt results as ﬁ?usstrgt%g 1%17’?ab319 237 (Ig'e%Err)ng( t£(1)9F17g).1,(‘&i7 4)

frequency of the risk T allele of rs1151029 separated by different diopters was calculated.
The a- x-axis is the negative diopter (x 100).

[0043] Table 1. Allele frequency and the number of genotyped individuals for the

BICD1 gene

rs10771923 rs1151029 1$7966276
Refraction errors  sample size MAF  sample size MAF sample size MAF
= -3-D 1305 0.375 0630 0.211 1215 0.040
-3Dto-6D 941 0400 1148 0.228 953 0.027
=-6D 1027 0423 1139 0.247 794 0.025
Total 3273 0.397 3917 0.226 2962 0.032

MAF: minor allele frequency
[0044] Table 2. results of the dichotomized trait (normal/mild vs. high myopia) from

logistic regression

Genotype OR (p value)

N (%) N (%) N (%) Total Additive Dominant Recessive

rs10771923 AA AG GG

=-3D 509 614 182 1305 1.22 1.30 1.30
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rsl 151029 AA AT TT >-3 D 1027 519 84 1630 1.22 1.30 1.21 (63.0) (31.8)
(5.15) (0.0017) (0.00088) (0.263) < -6D 646 423 70 1139 (56.7) (37.1)
(6.14) rs7966276 TT AT AA >--3 D 1122 90 3 (0.24) 1215 0.61 0.62 (92.3)
(7.40) (0.0114) (0.0161) <_ -61) 755 39 0(0) 794 (95.0) (4.91) [0045]

Tabl e 3—Resufts e ctiveer Tt ear 2551 0N
nodel Genotype A@ FI ve(uzjc} na toéecesswetdj(?@gﬁa r('(?gg%j \Sglﬁgi beta X p
val ue beta p v e bet ue 100_100 100 r510771923 0.0128 48.4
00032 29-600 0115535 4 D%230 1% 1151828 0.020 46.9 0. 0060 28.8 0. 0060
29.6 0.181 rs7966276 0.022 -125.1 0.0060 -62.7 0.0077 -173.8 0.260 [0046]
[0047] While the BAaPenti@R7has Bédh described by way of exanple and in
terms of the preferred enbodinents, it is to be understood that the
inventi esiibs0290t | A ted tAdt he Tdi scl osed enbodi nents. To the contrary, it
is intended to cover various nodifications and 15 simlar arrangenents (as

woul d be- apparent;gbe thome skildsed Tn fdyg afbp. Therghere, the mcope of
t he appended cl ai s shoul d be accorded the broadest interpretation so as to

enconpass  al | syghmodigi gati qgssand simi | aroREs angeTBRlsy)  (0.263)

=-6D 646 423 70 1139
(56.7) (37.1) (6.14)
187966276 TT AT AA
=2-3D 1122 S50 3(0.24) 1215 0.61 0.62
(92.3) (7.40) (0.0114) (0.0161)
=-6D 755 39 0(0) 794

(95.0) (4.91)

[0045] Table 3. Results based on the refractive errors in the linear regression model

Genotype Additive Dominant Recessive
(categorical)
p value beta xpvalue |beta x| pvalue |beta x|pvalue
100 100 100
rs10771923 | 0.0128 48.4 0.0032 |29.2 0.0115 | 354 0.0230
r51151029 0.020 46.9 0.0060 | 28.8 0.0060 | 29.6 0.181
1s7966276 | 0.022 -125.1 0.0060 | -62.7 0.0077 |-173.8 |0.260

[0046]
[0047] While the invention has been described by way of example and in terms of the
preferred embodiments, it is to be understood that the invention is not limited to the

disclosed embodiments. To the contrary, it is intended to cover various modifications and
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16 What is clainmed is: 1. A method of diagnosing nyopia and/ or myopi a
related conplications in a subject, conprising obtaining a biological
sanple fromthe subject; and determining at | east one SNP genotype in the
BI CD1 gene in the biological sanple, wherein the presence of the SNP

genotyp

met hod glsrlllltl;b? afill ﬁe%lpsgﬁtaal m ]fiséévdyg%fﬂnt%ttﬂgsléé&lﬁﬁheno}}% 3512 :ﬁs{&gg & tﬁe %;ﬂa?r om
t he group consistin NPs rs7966276, rsl 51029 r5265012 and
010771804 rendss Fafolous b sewdad e WOR BCTRRAAG O RO STEYEREE of
the Gallele in_ SNP rsi10771923 or T allele in SNP rs1151029 is indicative
of i ncr aBsech modidispiansjand sinilar erraggepIcats. 4. The nmethod as claimed in clai m
3, wherein the increased susceptibility is characterized by a relative
risk of at least 1.2. 5. The nethod as clainmed in claim3, wherein the

i ncreased susceptibility is characterized by a relative risk of at |east
1.3. 6. The nethod as clained in claim1l, wherein the presence of the A
allele in SNP re7966276 is indicative of decreased susceptibility to
myopia. 7. The method as clained in claim®6, wherein the decreased
susceptibility is characterized by a relative of at |least 0.6. 8. The
nmethod as clainmed in claiml, wherein the subject is a manmalian. 9. The
met hod as clainmed in claim1, wherein the biological sanple conprises

bl ood sanple, an amiotic fluid, an cerebrospinal fluid, an tissue sanple
fromskin, nmuscle, buccal, conjunctival nucosa, placenta, or

gastroi ntestinal tract.
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10. A method of screening a material for preventing, treating nyopia and/or
myopi a rel ated conplications in a subject, conprising: contacting a test
material with a cell expressing the BICDlL gene; and 17 selecting a

mat erial that nodul ates the expression of the genes as conpared to a
control. 11. The nethod as clainmed in claim 10, wherein SNPs rs7966276, rsl
151029, rs2650122, or rsl 0771923 is involved in the alternation of the

Bl CD1 gendVhabipelaimedis: 12. The method as claimed in claim10, wherein the
mat erial conprises chem cal conpounds, small nol ecul e pharnaceuti cal

SRRt Ll TCE I S L N e

related c i.cat i conprising adm nistering to a subject a
pharnaceu%ﬂgé#f% I%E?%%tive amount of the material obtained by the nethod

of claim10. 14. A nethod of assessing a subject for probability of

response to a Fy@RI a bidRIARE hsle #@8Nihe sGHBR! hkd Ng detecting a SNP
genotype in the BICDL gene, wherein the presence of the SNP genotype is

i ndicative of a probability for a positive response to a nyopia

t her apeuti c agdettrmihing atHeasrehb SiNFageroitygieniadhe BICDH! gankdin thediadogicdlhe SNP
genotype is selected fromthe group consisting of SNPs rs7966276,
rs1151029samplessbein thmreserae0qt7 g2 §NP1 genotyne indicatesathghyhiengukicgalspl e from
a subject to detect a susceptibility of nyopia, conprising one or nore
reagents POFERIBISOTHPIBne or nore SNP genotypes in the BICDl gene, a

SELL? ;lp eain g 22?.2’@%%%%}1}0%1%3 J%%eﬁi i ¢ zﬁmci,a\;v ergini He (\Sll\ﬁ'*t Een%@yﬁlgh' ﬁrseeierc]tehhe SKP
from the group consisting of SNPs rs7966276, rsi151029, rs2650122, and
rs10771923.

3. The method as claimed in claim 1, wherein the presence of the G allele in
SNP rs10771923 or T allele in SNP rs1151029 is indicative of increased susceptibility
to myopia.

4, The method as claimed in claim 3, wherein the increased susceptibility is
characterized by a relative risk of at least 1.2.

5. The method as claimed in claim 3, wherein the increased susceptibility is
characterized by a relative risk of at least 1.3.

6. The method as claimed in claim 1, wherein the presence of the A allele in
SNP re7966276 is indicative of decreased susceptibility to myopia.

7. The method as claimed in claim 6, wherein the decreased susceptibility is
characterized by a relative of at least 0.6.

8. The method as claimed in claim 1, wherein the subject is a mammalian.

9. The method as claimed in claim 1, wherein the biclogical sample comprises
blood sample, an amniotic fluid, an cerebrospinal fluid, an tissue sample from skin,
muscle, buccal, conjunctival mucosa, placenta, or gastrointestinal tract.

10. A method of screening a material for preventing, treating myopia and/or
myopia related complications in a subject, comprising:

contacting a test material with a cell expressing the BICD1 gene; and
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the group consisting of SNPs rs7966276, rs1151029, rs2650122, and

rsl 0771923. 18. The kit as clained in claim16, wherein the one or nore
reagents conprise at |east one contiguous nucl eotide sequence that is
conpletely conplenentary to a region conprising at |east one SNP genotype
in the BICDL gene. 19. The kit as clainmed in claim16, wherein the kit
further conpri sdeding asmaterialghat meditlatps the gnpiepsiginel the@enass qempaggsl tel ai med
in claiml6, erein the kit further conprises fluorescence or
chemi | uni A&StENce materials. 18

11. The method as claimed in claim 10, wherein SNPs rs7966276, rs1151029,
182650122, or rsl0771923 is involved in the alternation of the BICD! gene
expression.

12. The method as claimed in claim 10, wherein the material comprises
chemical compounds, small molecule pharmaceutical substances, carbohydrates,
nucleotides, proteins, or a peptide.

13. A method for treating, preventing or ameliorating myopia and/or myopia
related complications, comprising administering to a subject a pharmaceutically
effective amount of the material obtained by the method of claim 10.

14. A method of assessing a subject for probability of response to a myopia
therapeutic agent, comprising detecting a SNP genotype in the BICD1 gene, wherein
the presence of the SNP genotype is indicative of a probability for a positive response
to a myopia therapeutic agent.

15. The method as claimed in claim 14, wherein the SNP genotype is selected
from the group conmsisting of SNPs rs7966276, rs1151029, rs2650122, and
1s10771923.

16. A kit for assaying a sample from a subject to detect a susceptibility of
myopia, comprising one or more reagents for detecting one or more SNP genotypes in
the BICD1 gene, a buffer, and an enzyme.

17. The kit as claimed in claim 16 wherein the SNP genotype is selected from
the group consisting of SNPs rs7966276, rs1151029, rs2650122, and rs10771923.

18. The kit as claimed in claim 16, wherein the one or more reagents comprise
at least one contiguous nucleotide sequence that is completely complementary to a
region comprising at least one SNP genotype in the BICD1 gene.

19. The kit as claimed in claim 16, wherein the kit further comprise at least
one restriction enzyme.

20. The kit as claimed in claim 16, wherein the kit further comprises

fluorescence or chemiluminescence materials.

18



