METHOD A D APPARATUS FOR LI MH | NG GROMH OF EYE LENGTH CROSS- REFERENCE TO
RELATED LPPLI CAf JON This application clains the benefit the Provisional
Appl i cat iwo 2bim/0781$139. 938. fil ed Decenber 22, 2008. GOVERNSENI/0SDATEVENT
OF RI GHTS The governnent has certain rights to the application under
federal ly sponsored research through the National Institutes of Health
(NIH) Grant No. KY009620LD. TECHNI CAL FI ELD The present invention is
related to treatnment of e>e-length-re!ated disorders including myopia, to
vari ous therapeutic devices enployed to treat patients th
eyc-iength-relal ed disorders and to various nethods and devices for
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TECHNICAL FIELD

The present invention is related to treatment of eye-length-refated
disorders, including myopia, to various therapeuntic devices employed to treat patients
I35 with eve-length-related disorders, and to various methods and devices for generally

controlling eve growth in biological organisms.

BACKGROUND OF THE INVENTION
The eye is a remarkably complex and elegant optical sensor in which
20 light from external sources is [ocused, by a lens, onto the surface of the retina, an
array of wavelength-dependent photosensors. As with any lens-based optical device,
each of the various shapes that the eve lens can adopt is associated with a focal length
at which external light rays are optimally or near-optimally focused to produce
inverted images on the surface of the retina that correspond to external images

observed by the eye. The eve lens, in cach of the various shapes that the eve lens can
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adopt, optimally or ncar-optimally, focuses light emitted by, or reflected from,

external objects that lie within a certain range of distances from the eve, and less
optimally focuses, or fails to focus, objects that lie outside that range of distances.

In normal individuals, the axial length of the eye, or distance from the

30 lens to the surface of the retina, corresponds to a focal length for near-optimal

focusing of distant objects. The eyes of normal individuals focus distant objects



normal individuals, as a result of accommodati on. Many people suffer from
eyel ength- related di sorders, such as nyopia, in which the axial |ength of-
t he eye swbangear7sithan the axial |ength required to focu®ctiust@atcmbs ect s
wi t hout accommodati on. Myopic individuals view closer objects within a
range of distances |ess than typical distant objects, wthout
accommodation, the particul ar range of? di stances dependi ng on the axi al

| ength of their eyes, the shape of their eyes, overall dinensions of their
eyes, and oqther factors. ic patients see distant objects with varying
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15 objects.

In general, babies are hyperopic, with eve lengths shorter than needed
for optimal or near-optimal focusing of distant objects without accommodation.
During normal development of the eve, referred to as "emmetropization,” the axial
length of the eye, relative to other dimensions of the eve, increases up to a length that

20 provides near-optimal focusing of distant objects without accommaodation. In normal
individuals, biological processes maintain the near-optimal relative eye length to eye
size as the eye grows to final, adult size. However, in myopic individuals, the relative
axial length of the eve to overall eye size continues to increase during development,

past ‘a length that provides near-optimal focusing of distant objects, leading to
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increasingly pronounced myopia.

The rate of incidence of myopia is increasing at alarming rates in many
regions of the world., Until recently, excessive reading during childhood was believed
to be the only identifiable environmental or behavioral factor linked to the occurrence
of myopia, although genetic factors were suspected. Limiting reading is the only
30 practical technique for preventing excessive cve lengthening in children, and

corrective lenses, including glasses and contact lenses, represent the primary means



corrective lenses, including glasses and contact |enses, represent the
primary nmeansfor aneliorating eye-iength-rel ated disorders, including
nyopi a. TWe 2nedi7eabP conmunity and people with eyc-| engt ir€raiSatoed6wrsor der s
continue to seek better understanding of eyc-length-related di sorders and
nmet hods for preventing, aneliorating, or reversing eye-kngth-rel ated

di sorders SU MVARY OF THE | NVENI | ON Certai n enbodi nents of the present
invention are directed to therapeutic intervention in patients with
eye-ength-related disorders to prevent, aneliorate, or reverse the effects
of the eyéor emglitiatiog atvedentithorleted sdisaHese iegdag neneriaof e npdEdbnt

i nvention include mathods for ear]. ecaani ti.on_ of L S, th..

eye-| engt f'i{-”f“g'luﬁgé qﬁi EGH §er‘s"(sl{h t %Céir"'é%téhfg‘ ﬁg‘%né Sﬁ%a‘g (f"cgﬁ&:u%%bﬁe}té{i\ n%ﬁ urt her
degr adat i @pdQbaNdisk 0Bf | BydRhi@NERIW tds@i@s | andt Rretigidat g6k dpsostRgs,
reversing, when possible, eye-length-rel ated disorders, and preventing
eye- | engt hmehdrativg of reerseey &e-lpedhrelgpd diserdstdi nents of the present
invention are directed to particular devices used in therapeutic
intervéntion in patients with eye-length-related disorders. BRI EF

DESCRI PTI N agki AFHE BPRAVENGS iiN'gome 1 provides a cross-section view of a
human eye. Figure 2 illustrates the optical-sensing structures within the
retina of ihe eye. FEictjaine cBibioilinesty atfeshe Hucsent dpedimecbitotiiggted to

phot orecept or neural cel.ls .through higher |l ayers of neural circuitry.

gur e 4 Pepstra deraignah ghgeorelenedr ottt SRR S i car 1y
i1l ustrat ggchhial0aic alvepROLIQN REBAL T &N N chyb oMREL-FeMed sdigfrdlb 0l ogiesal | mage

processing. Figure 6 provides a top-down view of the patch of photoreceptor
neur oné shmhndimenti glites PresEiiginvestion iR iydel nsthods donady appleaiton Pow | evel

neur al processin% of phot.or eceptor neural cell| skg al.s F'gﬁre A,
1 st r ot BS5Tpgh 3p PR TAET ARorPEy TRr b MHEgedh RBOL et
degradation of vision in patients with eye-length-related disorders, reversing, when
possible, eye-length-related disorders, and preventing eye-length-related disorders.
Additional embodiments of the present invention are directed to particular devices

15 used in therapeutic intervention in patients with eye-length-related disorders.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure | provides a cross-section view of a human eye.
Figure 2 illustrates the optical-sensing siructures within the retina of
20 the eye.
Figure 3 illustrates the interconnection of photoreceptor neural cells
through higher layers of neural circuitry.
Figure 4 illustrates an opsin photoreceptor protein.
Figure 5 schematically illustrates biological photoreception and lower
25 levels of biological image processing.
Figure 6 provides a top-down view of the patch of photoreceptor
neurons shown in Figure 5.
Figures 7A-B illustrate an example of low-level neural processing of
photoreceptor neural cell signals.
30 Figure 8A illustrates a plot of the spatial frequency of images input to

the retina versus axial length of the eye, when relatively distant scenes are observed.



the retina versus axial length of the eye, when relatively distant scenes
are observed. Figure SB shows an inmage of a distant scene, as input to the
retina, cworesposdPng to different axial |engths of thePeyaS20096q0es 9A- C
illustrate, using state-transition diagrans, control of eye |lengthening in
nor ma! devel opi ng humans, |ack of control of eye |engthening in njopie
humans, and a therapeutic approach of 4certain enbodi nents of the present
invention used to prevent, aneliorate, or reverse various t>pes of
eye-length-rclatcd disorders. Figure 10 _provides a control-fEOM/diagram
that describes a gehtdUs§ PEcHOMRSRAPEEE O 3 HYER F6RE- NPy prias &8 one
enbodi nent, : esent. i nvention. .dQure 1! illustrates an exenpl ar}
therapeut%%Q%géﬁgggpﬂgﬁa%ﬁ{%é@g&kgﬂﬁﬁgggﬁﬁ'aneliorate, or even reverse
myopi a i nduced by exgmssi ¥ gading, usapdiitetraniitier diagtras, osmatol of eye
environnmental , or genetic factors, and that represents one enbodi pent of
the presefngihgnagt Mororp gardoning i st Btk Tasanirl rEEYE HORBIIRE Hhe curves
for noramal_.myopl.G..i.ndLVi ] QRl Gei.ngi Vi T \hj , apeutic
|t er's SontPORS i k] BdBiefoeaBPaPtan) S el BUTOR SOLE hebfl 202
applied. Rivgufieh &3di bl pstdnatBsl@XPErdrendred varRal ifses tdfale-tanth-roitde
effectiveness of the therapeutic device and therapeutic intervention that
are di scudsedicti th reference to Figures 10 and 11 and thai represent
enbodi ments of the prese L nvention. Fikgur, 14A- .15 il lustr .1he source
of rrvpervar abi 1t arald el EteePRyu haiuhitiy dde o ot *and M
opsi ns. FigRuil®invbhitat hatesetdhe @kfathbainint geneigrGerdni-atioan in opsin
genes on the absorbancc characteristics of the opsin photoreceptor protein.
Fi gurel017 i1l ustrat &xurhé! dflpsetes wnesguwiay dhappabiialdeyicadidne yset 19 mages
input to the retina produced by certain types .qQf . . . o
opsi n- phot BrEReBIBIoBHo iy Arickin BPoptp JPER Y picsey vealegdingngndior
predi ct abip{Het Yodhviohe, deghe@n@itallV@pigandtid itdbni duadl Shati tdprdsasics Obise t ypes of
mut ant opsin Bhotoreceptor proteins, according io

embodiment of the present invention.

Figure 12 illustrates axial-length versus age curves for normal
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individuals, myopic individuals, and myopic individuals to which therapeutic
interventions that represent embodiments of the present invention are applied,

Figure 13 illustrates experimental results that confirm the eftectiveness
of the therapeutic device and therapeutic intervention that arc discussed with
reference to Figures 10 and 11 and that represent embodiments of the present
20 invention.

Figures 14A-13 illustraie the source of hypervariability that
characterizes the genes that encode the L and M opsins.
Figure 16 illustrates the effects of genetic variation in opsin genes on
the absorbance characteristics of the opsin photoreceptor protein.
25 Figure 17 illustrates the effects on average spatial frequency of images
input to the retina produced by certain types of opsin-photoreceptor-protein variants.
Figure 18 illustrates the predictability of the degree of myopia in
individuals with various types of muotant opsin photoreceptor proteins, according o
one embodiment of the present invention.
30 Figures 19A-B illustrate characteristics of the filters emploved in the

therapeutic devices used to treat variant-photoreceptor-protein-induced myopia as



one enbodi ment of the present invention Figures 19A-B illustrate
characteristics of the filters enployed in the therapeutic devices used to
treat varwernbrphsdior ecept or - protei n-i nduced nyopi a aswelPCTams20mpoptoas i nduced
by other or conbination”® of other, environnmental, behavioral or genetic
factors, according io certain enbodi nents of the present invention. Figures
20A-1 illustrate, using exenplar} f{x)y and g(x) functions, the comoluiion
operation, b x) *g(x), of two functions fix) and g(x) DhTAl LED DESCRI PTI ON
OF TFfE I NVENTION Figure 1 provides a cross-section view of a human eye.
The eye 102!l 8s ruughn Bgned & otheshahCondietions odfc SY88 SYVECRBREH: whi t e
outer |ay 04 referr s the;"sclera,” | a: \ nea 106
hr ough- whr gty FPERE Saffh bR Sk, BB SR AR e e L "D
108. Lightnvpassi.ng through the pupil i focused by the |l ens 110 onto the

sem -spherical retina 1!'2 that forms a |arge portion of the interna
surface of the sol uticoresiily-bilustates priag sxgnplaneleyand gk fstipira tencl udes
phot or ecept ar.; neur.ons..hj rchically o nt: ; ted through neuronal
structgreg&?ﬁg ﬁﬁf@?%%?%§9§6éﬁhé%?%ggaghgﬁiﬁggégﬁgg'neurons the opti cal
nerve 116, through which optical data collected by | he retina and processed
by the higher-|level neuronal structures are passed o the central nervous
system TRETALED DRSCBPERNSF HBINRENEENo var> the dianeter of the
pupil and thus varjthe light,flux entering th upil . The process of
Pecommodat i on. i n whAH | REapdf eratet PEaBYRY rrandei P a0T Bobs

obj ects atouspl PUSHE S SREESandNt endab®l K24 kdidh, WANOLVeSIaREr MaUS:feXa tation
of the ciiar} nmuscles 120. Figure 2 illustrates the optical -sensing

st ructifir et & thigi solerre” ped primngparethiecomga. 1 onthrjugh rehioh lighs framl egemel on 202

of the retina |s shown, i crgss-section.at higher magnification 204.

Phot or ccopEBoHEeT BRe wiseRt T RETEbotadt arsHudhiRaa rilh il ac i vel )
dense out By rhcaBS 106 ohidertht @binapiRkeAGelife | CRHaS f@nsan ldrdingdrtibayetheof the
eye 208. e photoreceptor neural cells, such as photoreceptor neuron 206,

i nt er f aceinterhzlovgficnedirthe selpfiapdidled 1l dhpis| air theedyks, Theogmaaisclpilgrol ar cel |

210, which_ in turn . . : .
' Qhotoreceptm‘ neurons hicrarchically interconnected through higher-level neuronal

15 structures that ultimately connect to photoreceptor neurons the optical nerve 116,
through which optical data collected by the retina and processed by the higher-level
neuronal structures are passed to the central nervous system. The iris 118 operates as
a shutter to vary the diameter of the pupil, and thus vary the light flux entering the
pupil. The process of accommodation, in which the shape of the eye lens is changed

20 o focus objects at various distances onto the retina, involves nervous excitation of the
ciliary muscles 120.

Figure 2 slustrates the optical-sensing structures within the retina of
the eye. In Figure 2, a small portion 202 of the retina is shown, in cress-section, at
higher magnification 204. Photoreceptor neurons, such as photoreceptor neuron 206,

25 form a relatively dense outer layer of the retina along the cells of an inner layer of the
eye 208. The photoreceptor neural cells, such as photoreceptor neuron 206, interface,
through neural svoapses, to bipolar cells, such as bipolar cell 210, which in tumn
interface to horizontal neural cells 212 and higher layers of neural cells that
eventually interconnect the photoreceptor neurons with the optic nerve 214, The

30 photoreceptor neurons are the photon-sensing clements of the retina, transducing



interface to horizontal neural cells 212 and hi gher |layers of neural cells
that eventually interconnect the photoreceptor neurons wth the optic nerve
214. The WwbabwvEsHpt or neurons are the phot on-sensi ng elPemarst@onbtoorhe
retina, transducingi npinging photons into neural signals comunicated to
the bipolar ceils 2 10 via synapses, such as synapse 216. Figure 3
illustrates the interconnection of phegtoreceptor neural ceils through

hi gher layers o neural circuitry. In Figure 3, a dense foiest of

phot or ecept or neurons including as _photoreceptor neuron 302, forns a
portion ofmpiRENSRheroNsenftaCYaly 8EnY comBngitatedTivethisipoireedit 610 Wéur ons are
i nterconnected through hipolar, horizontal, and higher-1level neural cells,
representgﬁ?pgﬁ’¥ﬁgﬂggﬁgg§3§§; by the neural interconnection !a>er 304. The

hi gher -1 evel interconactiist@sehe 30reproictide Sf iphbidraédeploayets! oéitsneur al
processing of raw photoreceptor signals. Each different type of

phot or ec egﬁ'@sghﬁy@mdaﬁ@wwﬁﬁ@i sirelity e SpBiRgrnd adepes BrephRbPeeHeY

protein, including rhodopsi. afor, r QLor r.neu ne, of three
G 1 or ant "FOPES B IREHR B Rsuel Bt PT 3h 5y BrREL e RREO LS Y P

di f f er ent jay606f esPERIi et MRES QG oRAr@ROIOreRaRkhAE (AR Uonh bifabior ecept or
proteins conformational! respond to a conformati on change of a retinal
co- f act or hpiizpminht andoltigartievel newphcdissrepeesentath o dloh fusresntd, by the paral esul t s

fromabsorption, b he c9-ftactor uf a photon of Iight.having an.encrgj
i Ui - aneBerge e et P RO diondh R oo s 1
responsi VeweSoR Ahimt hoBesshanderadf phiterepOAbOKIREAPT Ofachr gi@leht dpeesis

interaction of the photoreceptor protein with an adjacent transducer
prot eilf, platomtemier thheronr apseine et cootespandingr iypeaot | fwt@egeptor protein,

cyclic-guanopsi nes nmynophesphat e "QGEViF;% speci fic.phosphodi esterase ' he
ctp specIRTbRHoN BLrar ReutrEal it Bt PLBIR RRERES PR foacer 1 urar
concent r abh R pRbtofMRoWREGHnt Mo §/Y Base CAUSRS JBERH: IcORgRABME! Hpdsiott he
phot or ecept or - neur on menbrane to close. Cosing of the ated i on channel s
resul ts i corpypeteoteptdrzetion. dfhotdrecgphvtiprigue prrotormatipnlymerondrie @2 whi ch,
in turn, al%erg Ihe}(agg‘_f Lelca§§ﬁof t?g‘n&urtt[qnsﬁittenwg]u,%%aie into
the synapS¥ ediieet e Re *gidt rECECHPRRGY SRR Y gHE TSy EF S of
retinals NesH@dmdAiohCHiat r¥sulth Tr@S ORGBLM, HOMR tneshobda! mvedn ehapge in gh
tamate rel ease, the bipolar cell emts a _ o
having an energy within an energy range to which the opsin photoreceptor protein is
responsive.  Conformation change of the photoreceplor protein alters interaction of
the photorcceptor protein with an adjacent transducer protein, activating the
transducer to, in turn, activate a cyclic-guanosine-monophosphate ("eGMP") specific
20 phosphodiesterase.  the ¢GMP-specific phosphodiesterase hydrolyzes c¢GMP,
reducing the intracellular concentration of ¢GMP which, in turn, causes gated ion
channels in the photoreceptor-rleuron membrane to close. Closing of the gated ion
channels results in hyperpolarization of the photoreceptor-neuron membrane, which,
in turn, alters the rate of release of the neurotransmitter glutamate into the synapse
25 connecting the photorecepior neuron with higher layers of retinal neural circuitry. In
essence, at some threshold-level change in glutamate release, the bipolar cell emits a
electrochemical signal into the higher levels of retinal neural circuitry, However, the
retinal neural circuitry does not simply aggregate individual photoreceptor-neural-
cell-initiated signals, but instead carries out initial levels of neural processing,
30 including feedback inhibition of photoreceptor-neural cells based on the spatial and

temporal states of neighboring photoreceptor neurons and many lower-level image-



el ectrochem cal signal into the higher levels of retinal neural circuitry
owever, the retinal neural circuitry does not sinplj] aggregate individual
phot or ccopoantmusdial cel | - ini ated signals, but insteadPcamse@o/0678i niti al
| evel s of neural processing, including feedback inhibition of

phot or eceptor-neural cells based on the spatial and tenporal states of

nei ghbori ng phot oreceptor neurons and7ranv | ower-1|evel inmageprocessing

t asks anal ogous to the | ower-1evel image-processing tasks carried out by
various conputational image-processing systens, including edge detection,
feature derosessingntasksoralogsys FF%JH?GIia‘f"ﬁbﬁ%}’e*a‘ﬁﬂ‘%‘t@ﬁ&ﬁs%%WS‘ESa%"%E%?d Mgt e 4
illustrates.an opsi € [ el : [FEak e el S he

tr anamendy SHa ey R AL AR RIS R, HPRLRR ALE KRR Sl

pr ot ei n- caepliath, E@aRRl @bSulatidh, Fhdbther fhch tdske opsin photoreceptor protein is
illustrated as a string of beads 402, each bead representing an am no-acid
nononer. The c)jindFigsst 4 sdesiows fh apRi@ PhOOEEPRIPT WOy cH BT ndri cal
feature 404, .represent transnenprane.al.ph A | an the
phot or é’ceST"ng-‘“ﬁSe?}‘ra{ 5k trﬁ%%“ﬁ%@“eﬁm%é%%ﬁ%ﬁé? E%J(t)i\ggl?&’tt %f&gﬁl gl’%%wt r%gdeﬁ?ii fferent
types of opstilcotRberERbcl hetigireal ik ORH Phoidlcofsimproandisliliopsitet The M
and L opsins arc honol ogous, having 98-pereent am no-aci d-sequence identit
I'n primord & stingrid heedpd0As cachhlead ichisseting HoAGHSraciGmatongssi thons

w thin the amn cid sequenc f..the apsins.. |l.ahal ed. i ure 4 b >
sequence ﬁﬂﬁ’g?&‘f% gﬁ?’l iRl 35%&?93%62% %uggs‘ébeﬁ}}fnﬁi% g*r?leget‘r{'é"rré?d@tgl airﬁ),m“tggﬁ ow, the

genes enceadhdig:ohiiendMisRdhaRs] é&grn@ﬁt@ ik BEMaE bBlbeceAsSr-Bedr@s bleinbrddbere are
many different variants, in nodern humans, of both the L and M opsin
phot oriéceponensioped pheyve, Rieteharmilake efffarerd types ichopons. iralpoEd thbelewes 1 ami no

acids | abel ed . sequence nunber in Figure 4 . .ig re 5 sch icall
i |lustrat SBS‘EEI}QI% -*%%@28?%4“-0? E“f h’ga"b‘i ’glogﬂi}s (o1 I‘Blglgl”o UP%E‘%‘%%%?&%‘@%% or! and
| over | eveglusnfcidkQuegic dentifBIEIPHAGRSEANY. ahd Wi gpdis Sthe sEmblacppt ch, or

rectangul ar area 502 of the photoreceptors at the outer portion of a human
retina isnsiowarssighidnpasitials|withifThles patrionasid sfquenter efethe oppmnai laseleie nunbers

of phot or gcept I Aeurons. Lhe photoreceptar neurons, sueh .as photoreceptor
neur on 50 fgug‘?g £ AT S T p‘@%?ﬁ reifly RS GRS UBET FbeF en@L ‘(‘)?Snt Ee ‘el i psoi ds

shadi ng- ceded dnoding the M and L opsins are hypervariable. As a result, there are many

different variants, in modern humans, of both the L and M opsin photoreceptor

proteins, with much of the variation invelving the 11 amino acids labeled by sequence

mumber in Figure 4,

Figure 5 schematically ilfustrates certain aspects of the biology of

20 biological photoreception and lower levels of biological image processing. In Figure

5, a small patch, or rectangular area 502 of the photoreceptors at the outer portion of a

hiurnan retina is shown schematically. The retina, of course, contains huge numbers

of photoreceptor neurons. The photoreceptor neurons, such as photoreceptor neuron

504, are shown as ellipsoids, with the outmost end of the cllipsoids shading-coded to

25  indicate the type of photoreceptor neuron. Only cone photoreceptor neurons are

shown in Figure 5. The retina also includes a large number of rod photoreceptor

neurons. The photoreceptor neurons are connected, at the opposite end, to the higher-

level neural circuitry 506, represented as a rectangular substrate, or array, from which

a final optical signal 508 emerges. The structure schematically shown in Figure 5

30 bears similarity to many clectronic optical-receptor devices. In Figure §, three graphs

510-512 show the absorbance spectra for the three different types of photoreceptor



indicate the type of photoreceptor neuron. Only cone photoreceptor neurons
are sho mFigure 5. The retina also includes a | arge nunber of rod

phot or ecepbanimEsdFions. The phot oreceptor neurons are comRQEASe@9/06407he
opposite end. to the higherlevel neural circuitry 506, represented as a
rectangul ar substrate, or array, fromwhich a final optical Signal 50S
energes. The structure schematic-all) gshown in Figure 5 bears simlarity to
many el ectronic optical -receptor devices. In Figure 5, three graphs 510-512
show t he absor bance spectra for the three different type

phot or ecepewereulbrach graPkaldn V§rtissh axishaioherst Yeeugal é‘)‘eissﬂ()sﬁ’cﬁ*da}é NErtical

axis 516 in &g\r}éc?r%]r%gF 'ﬁf arm)r L3 \n rmal |ﬁ1[%da§aﬁr(1)ﬁ)%pcaqi§ »X\aehéﬁﬁgre The

absor banc&PAF* F el | 8SS quant t Tried as Ax
- -In - L where / i the mtensrty of Ilght veI ength | that has passed
t hr ough af@anpl enéitds Guintitg 1 hefinat ensd, ty— —t— whnm Henthelinghtityodl

wavel ength |. The hori zontal axes, such as \dsi/?ontal axis 5 18 in gr aph

510, represent the wavel e th of th i ncident |ight. % ph 510 ows the
absor bancEgkipdcyavghangey A ¢ @%S‘?%‘L%ﬁ‘@rﬁaﬁ@ﬁ grgdi is t ktﬁ“'fﬁﬁ? r bance

520 for: |i eQﬂ; a or
short - Ravel'¢ Ig.t@r'im?&L iexlv t at%’ﬂ’trne %%8%1‘%12%‘ n &gg g‘fh QH%STH%]h%% o?fe%g{)tor
neur ons, @Mﬁﬁml@oﬁé;ﬁeﬁnﬁtMSaamlengﬂ} shakn 1ﬁc®dcﬁ'}hélghﬂ glitrapdf Sihehgwaple G aph 5

11 shovvs e absorbance spectrumfor the M or nedium vvgvel enath
phot or eceptsorbaret FRASITIARINGY Qr@a%ﬁﬁ?silw@ﬁ%\f@“ﬁﬁ‘eamﬁ?%n@@ HEELPUAPT or the
L, or long L8N hot; PHL O h e f opsin
nol ecul es 1\"A@Oeac%C(il"lf r&%%ﬁe) th%gqglf er f %ngg gtfm%p%%)t?g?@ie‘e%glr%%gurons

det er mi neNphemei thé exeiy-alisgr 14 fonSghataatpot Aéires, ehidbhentd Bepsdif f er ent
types of photoreceptor neurons. The difference absor ption characteristics
of t hd0t hiedodinfte dherighiof Hreseraph. gHEPBIOG ¢ St st fhﬁ@%}rftrh@mﬁrsaww&mr % t hr ee

di nensi Oniﬁg{ {)?%8 R0 ncglﬁoLrlmﬁﬂsl Sﬁ'\ﬂoﬁc%}é& Eem%r)ov%}ge@@ g@q dgmbwﬂeew of the

pat ch of neurors ure top- t he

phot or ece%@fhdl@@&@é@n@pﬁﬁtakheaﬁ $)hﬂdlhg’lg‘a€ﬂéi§§§h dpisksrecchier ﬁd‘lﬁ&h ngT l&’Odl ng s
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nunber of ne ngrtrsodq rﬁm [heEHLRNP dﬁb‘grpluloh %ﬁéﬁx&%ﬁ&m&. "4 the three different tvpes
15 of photoreceptor neurons. The difference absorption characteristics of the three
different types of photoreceptor neurons provides the three dimensions of human
color vision.
Figure 6 provides a top-down view of the paich of photoreceptor
neurens shown in Figure 5. Viewed top-down, the photoreceptor neurons appear as
20 shading-coded disks. The shading coding is the same shading coding used in Figure
5. As shown in Figure 6, the L. and M photoreceptor neurons together comprise
roughly 95 percent of the total number of photoreceptor neurons. As illustrated in
Figure 6, the distribution of the different types of photoreceptor neurons appears

somewhat disordered, but is not random.
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Figures 7A-B illustrate an example of low-level veural processing of
photereceplor neuron signals. For purposes of illustrating this example of low-level
neural processing, the types of the pholoreceptor neurons are irrelevani, and not
shown in Figures 7A-R by shading coding. Figures 7A-B show the same patch or
area of photoreceptor neurons that is shown in Figure 6. In Figure 7A, a sharp

30  ilhumination edge falls across the patch of photoreceptor neurons. The more highly



Figure 6, the distribution of the different types of photoreceptor neurons
appears sonewhat disordered, but is not random Figures 7A-B illustrate an
exanpl e oWNoOl2010/07831@]1 neur al processi ng of phot or ecept or POEMISCVISYNRI S. For
purposes of illustrating this exanple of |owlevel neural processing, the
types of the photoreceptor neurons are irrelevant, and not prvnvn in

Fi gure? 7A-B by shading coding. Figures 7A-B show the s patch or area of
phot or ecept or neurons that is shown in Figure 6. In Figure 7A, a sharp
illumnation edge falls across the Qatch of phot oreceptor neurons. The nore
hi ghl yi | | Uhinrinatedl RHRBEOLROE PEBIONA R0 ShoPnaPEEH SR R0 aRe dhadfiStiy, and

t he | essii um nated phot orecept or r are: 710 i Q8.

repr esent El‘%*ﬁaﬁ%% Bﬁ%fgﬁ%q%%‘? 1\}/\e/eugo Sr'rafg‘lf1 %Hdﬁl?g ?1?43 |E}IHI§ Bﬁg E%%‘%%gtas %é P‘g%n? A

i |1 um nat gewRbOLALE GERhONIRAEHENSnd By Riboumdaphesrecoptoedgasys. f Beguent | y
occur in images, such as the outline of a buildi ngg agai nst the IZKW or edge
of a pri nbeehdeties, actedeesorcqusiivt @cpaieimagss. Fughie tragutlippof & YRk esponses

of the photoreceptor neurons is indicat Y. i Ng. W . > +@elyl

e t 11 g APOFRAE: PEvel Srscponee SRuRehsh S8 B oA FREE BT 1 ons
enm tting Lowastsloaval ofliRs pRGRSMBashasdat. is kadicanl besiwglan, iwithRhguelds 7, the
phot or eceptor neurons thai respond nost actively to the input i]lum nation
| i e adj acemitiity highestdard| iesonsdsotmdrsl JarkheandTRROIPSHINCY DGRRSHETENSE

phot orecept or neurons di stant .fromthe boundaty exhibit Sl
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as photoreceptor neuron 710, exhibit only slightly higher signal response
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dark-1ight boundary, .but substantially |ower,signal response Jhe cells
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s light edge. This type of signal response is achieved, in the layers of neural circuitry
(506 in Figure 5). via negative feedback of photoreceptor neurcns by similarly
responding, or similarly illuminated; neighboring photoreceptor newrons. By contrast,
photorceeptor neurons with neighboring photoreceptor neurons showing significantly
20 different signal responses, such as the photoreceptor neurons near the dark-fight edge
(706 in Figure 7B), receive positive feedback, boosting their signal response. This is
similar to computational edge detection, in which a Laplacian operator or other
differential operator is convolved with pixels of an image in order to heighten pixel
values for pixels near or along edges and lower the pixel values for pixels within
25 regions of relatively constant pixel value, or low contrast. Clearly, the aggregate
signal response from the photoreceptor neurons in an area of photoreceptor neurens
within the retina is proportional to the spatial frequency, or granularity of contrast, of
an image focused onto the area of the retina by the lens of the eye. In general, a
focused image of a distant scene input to the retina produces significantly higher
30 spatial frequency, or edginess, than input of a blurry, or out-of-focus image. Thus, the

higher-fevel neural circuitry within the retina of the eyc can directly detect and
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the reiina 810 ia 1 _but  bec eably
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|l ower layers of neural circuitry within the retina. 1i turns ‘out that the

axi al | engn hxiof letgth ofeé.5i mmc&ir@t réed @le@xsshﬂiramgc,déwblu@mmﬁ thigymag ep@’;s}: tive
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off in response to the average spatial frequencj of imagés input to the
reti na deby egsisityebebdmeghening signal, a negative feedback signal, or both a positive
cve-lengthening signal and a negative feedback signal produced by the neural
circuitry within the retina. A positive eye-lengthening signal is turned off in response
to the average spatial frequency of images input to the retina decreasing below a
20 threshold spatial frequency, while a negative feedback signal is turned on in response
to the average spatial frequency of images input o the retina decreasing below a
threshold spatial frequency. As mentioned above, babies are generally hyperopic. In
the hyperopic state, a positive eye-lengthening signal may be produced by the retinal
neural circuitry to lengthen the eye towards the proper length for focusing distant
25 objects. As the eye lengthens past a point at which distant object lose focus, and
threshold spatial frequency decreases below the threshold value, around 24.5 mm for
developing eyes in preadolescent children, the positive eye-lengthening signal is
turned off, so that the eye does not further lengthen and further blur distant images.
Alternatively, the shutdown of eve lengthening may occur as a result of a negative
30 feedback signal that is initiated by decrease in average spatial frequency of images,

input to the retina, past a threshold spatial frequency.
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high, and the images are either in focus, without accommodation, or focus can be

achieved by accommodation. The eve can transition from the first state 902 1o a

second state 904, in which there is, on average, less spatial frequency in images input

to the retina and the images are very slightly out of focus. The eye transitions from

20 state 902 to 904 as a result of an eye-lengthening signal, represented by edge 906,

produced by the higher levels of neural circuitry within the retina. The eye can

transition o a third state 908, as a result of additional eye-lengthening signals 910, in

which there is, on average, less than a threshold amount of spatial frequency in

images input to the retina, and the input images are, for distant scenes and objeets, out
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of focus. Once the threshold spatial frequency has been crossed, the eve no longer
receives, or responds to, the eye-lengthening signal. This can be seen in Figure 9A by
the absence of eye-lengthening-signal arcs emanating from state 908. The eve cannot
lengthen further once the eye resides in the third state 908. However, as the eye
continues to develop and grow, the eye can transition from the third state 908 back to
30 the second state 904. During development, the eve intermittently transitions between

the second state 904 and third state 908 so that the axial length of the eye grows at a
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iltustration conventions as used for Figure 9A. In this case, the first two states 930

and 932 are identical to the first two states (902 and 904 in Figure 9A) shown in
Figure 9A. However, a new third state 934 represents a state in which the average
spatial frequency of images input to the retina is decreased from the level of spatial
20 frequency of state 932, but still greater than the threshold spatial frequency that
triggers inactivation of the eye-lengthening signal and/or activation of a negative-
feedback signal to stop eye lengthening. In this third state, unlike the third state (908
in Figure 9A) of the normal state-iransition diagram, the cve remains responsive 1o
the eve-fengthening signal 936 and continues to grow. This third state may result
25  from environmental factors, behavioral factors, genetic factors, additional factors or
combinations of various types of factors. Note that the final state, in which the
average spatial frequency of input images falls below a threshold spatial frequency,
and from which the eye can no longer lengthen 940, is not connected to the other
slates by arcs, and is therefore unreachable from the other states. As shown In graph
30 942 in the lower portion of Figure 9B, eye growth continues, at a high rate, beyond

the threshold spatial frequency that normally triggers cessation of eye lengthening.



and individuals suffering fromother eye-length-related disorders, using
the sanme illustration conventions as used for Figure 9A. in this case, the
first twowetatwssA30 and 932 are identical to the firstPCRwS2tae®7§ 902 and
904 in Figure 9A) shown in Figure 9A. However, a newthird state 934
represents a state in which the average spatial frequency of inages input
to the retina is decreased fromthe lgvel of spatial frequency of state
932, but still greater than the threshold spatial frequency that triggers
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includes the sane states 930, 932, 934, and 940 that appear in the

st at e4fr amsiigiro R Ad iaghioin thf @ gome lomer Kewdwerandyapresaaly #i ¢piodiment
state-transition diagramshown in.Fi.gure 98, the state-transitian di agram
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| onger |engthen. Any therapy or therapeutic device that can_decrease the
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repregent . aR.Lu0RMTE M &k the, B adee zév.emgagmm frdfeney enbedinagnt s of the
present invention may include specialized asses, contact |enses, and
ot her devialebelodrthg thsrdbpwsial-ediaut vratoe it tagewnnhibition of continued
eve lengthening, Of course, when artificial blurring is discontinued, as represented by
arrow 952, the eye transitions back to state 934, As with state 908 in Figure 94, the
eye can also transition from state 940 back to either of states 932 or 934 when the
20 characteristics of the eye change through development, rendering an applied artificial
biurring insutficient to maintain the eye in state 940, or when artificial blurring is no
longer applied. As shown in graph 960 at the bettom of Figure 9C, when an eye-
lengthening-related disorder can be recognized or diagnosed, prior to transition of the
eve to state 934, then artificial blurring can be applied to force cessation of eye
25 lengthening at a point identical to, or similar to, the point when, in normat
development, a decrease in spatial frequency past the threshold spatial frequency
inhibits further eve lengthening, as represented by curve 962. This represents
application of a therapeutic intervention that prevents eye-lengthening-related
disorders. IHowever, even when the eye has grown past its proper axial length,
30 represented by curve 964, application of artificial-blurring-based therapies can

nonetheless ameliorate the effects of the eye-length-related disorder. As discussed



regi nes, and ot her such devices and therapeutic techniques. In general,
this transition 950 can be described as a nmethod for introducing artificial
bl urri ng wb 20te@n763tages i nput to the eye retina, so that PCihaSamenewes spati al
frequency of the images falls below the threshold spatia! -frequency val ue
that triggers inhibition of continued eye |engthening. O course, when
artificial blurring is discontinued, @s represented by arrow 952, the eye
transitions back to state 934. As with state 908 in Figure 9A, the eye can
also transition fromstate 940 back to either of states 932 or gt4 when t he

char act er fusthin delowv. e ampho@hamems THEBUGH THETeINoBHEN N 2Rt AN appl i ed

artificial blurri ,nsuf ficient I.0ral n, g L ghate 940, or when
artificiaf’® F'ﬁ#‘[‘i"ﬁg“’ff‘ ‘ “’H{)Jelr 8%1%@?}%%%@@%%%@ V%E’%&ﬁ%ﬁ&}glr%%ﬁd'%o at the
bott om of Fi gure 9CBigwhern goviRyeh engtdanivgagiaal dhetksdileondencatmedbe

recogni zed or diagnosed, prior to transition of the eye to state 934, then
artificiathetpowtid myeezom bt mpscd g ahrdened Kf4be GrFsent BYEMBng’heni ng at

a point identjical to. or .sinm.ar.tq, f ' \ ke gl el oprment
5 Roer SasSeP o@D mbRiahad kSt fh el PRIEE 1UPE D aclPmBRNfRYS figkE)
i nhi bi ts fuft BB&haYEe: bangl Re ki gye-REghaphesahi@derbyTity dverniaRionTdins

represents application of a therapeutic intervention that prevents

eye- | engt hemadgin g vatietl ofidsirersraays HoWe gampleSHARNEH O AtStePaY FA82lgr own
past its proper axial.len _represent ed by rve 964.  application of
artificial@bHr ?’i?ﬂ%*-“blgsg@%‘ﬂg?‘ﬁ% &k agglt?”tﬁ'gg(acpqgﬁeg'ss%g%{g}a?g@gt g%{, % effects

of the eygulgRBihchebaled WiFRiGemeadise tHesus S@BIGE feteye hell@omphti s
anelioration can transform in certain cases, into a reversal of the
eye- | éfigt the- metsatesldaxiils bngidr omthet tatio eyfethe onedsnige saxia lgasib| topothierr £¥5g

chi | dhood., Figure 10 p_roy%{&es a control -flow di.agram tha ecdile ri:hes a
gener al i .ZE*HH‘?‘%%?SQBEL}? i & J9RaRt i%ﬁ?ﬂﬁ%ﬁ% r"gp?‘\gls(}grt;(?xg S%ﬁmg‘itrgn%% i ?r)gn%?e?f_ t he
present i paRLELAN- 1laNi80:88 11 QR%ent] A QidBihQINini stepr 0G| theBthd QErapeat i ent. In
step 1004, a determnation is nade as io whether the patient has an
eye- | engt hueretmioadepiesmtaldry. (h¥hifde detreefmienat 08 18 ah codinvasiantilibacyrar i ety of
di fferent ys. For exanple, certain vision.tests.m> reveal ,nascent nmyopia
in preadolf@stBEit reé‘?““éﬂ%e%’é:_@ﬁf"li‘ﬁ]ﬁﬁga?“g’n%%gt%rr Hgttﬂ!ng%el yoo gegPtlhgiﬁg&%
I NSt r YRBNERKRPIsHS 19884 phQall TREMb ¥admBasiiea: dthee axiialochbengébndhaidie eye,
and conpare the nmeasured axial length or the ratio of the neasured axi al
| engt h t oisothde. ieysep 1009, of the discrepancy between the current eye length and an

appropriate eye length for the particular patient. Then, in step 1010, a deviee or

process is applied to the patient to induce a level of artificial blurring commensurate

with the discrepancy determined in step 1009. The level of applied artificial blurring

20 may be proportional to the discrepancy determined in step 1009, inversely related to

the discrepancy determined in step 1009, or constant over a range of discrepancies,

depending on the current stage of the eye-length-related disorder, on the type of eye-

length-related disorder, and on other factors. After a period of time, represented by

step 1011, when eye lengthening is still a potential problem, control returns to step

1009 1o again evaluate the patient for additional application of artificial blurring.

)
L

As mentioned above, excessive reading by children is one cause of
myopia. The human eve evolved for observing relatively distant scenes and objects,
rather than for focusing on detailed, close-by objects, such as printed text.
Continuous close focusing on printed text resuits in relatively high spatial frequency

30 images input to the retina, overriding the blurriness introduced in distant scenes and

objects duc to eye lengthening. Figure 11 illustrates an exemplary therapeutic device



characteristics to a standard axial length or ratio for siniilarl) aged or
sized individuals. If a disorder is present as determned i step 1006, then
t he t her apeuvioa7sdber venti on represented b the whil e-| o@pTafS2608p%78

1008- 1012 continues until the eye no |onger responds to an e e-I|engthening
signal or until the eye-length-related disorder is no | onger present.
During each iteration of the wie-|oopis a determnation is made in step
1009. of the discrepancy between the current eye |length and an appropriate
e>e length for the particular patient. Then, in step(iplgb a device or
process i $hanpphscddior revee. PREVEAE: OB SVHY HEETE VB B INGHET Y cFEPSBiCur ri ng
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application of artificial blurring. As nentioned above, excessive reading
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printed texthat 88 UWlidsSed Wedr& @hicwBlivieltb Ghadshatindbrtilcegi@nymbn@gieicsnput to
the retina, overriding the qurrinegs_introduced in di stant scenes and
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t herapeut {,c devicethat .is used revent, anel.torat I ,EVen. yopi a

i nduced b ?é@%%@g?%sﬁﬁﬁﬁa?ﬂ fﬂgﬁgﬁp%ﬁf§?§g%gg§ﬁ§3$@ﬁgFgﬂ%ﬁaﬁﬁgﬁﬁﬁﬁta|, or

genetic factEs thean@riddalpafifPhepeRtyS 00Nt Ihgdit Menhe ofiidahe’ e qsests
invention. This device conprises a pair of gkasses 1102 into the | enses of
whi ch smakkaubsipy b soepi-disapanes threshobd | ajoenth frden syokkszbenipg ahdpar ent

inclusions with a refractive.index different from.that. fﬁLQ%Ct%gdnaterial
or ot her ‘gﬁmpgaﬁUEég?“?@%%é%éﬁ?@%gyﬁwéf8%%%Efipﬁ§”§#ﬁﬁﬁmﬁfaélcg%ts acr 0ss
the | grsegs Rind W8rDbAER@Rate Bk, BUf RAUBEENPIIRRERS off e Plasend iFRgeisnobser ved
by a patient wearing the glasses. One lens includes a clear area 1104 to
al | ow shathg jfedodsduring which each of the two pairs of glasses are worn may differ from a

period of one week, as indicated in Figure 11, and may differ from one another, as

well. In Figure 11, the plots of dots-per-squarc-millimeter vs. distance from an edge

of the lens, 1110 and 1111, illustrate the radial distribution of dot density from the

20  center of the lenses. Decreasing dot density in the central region of the lenses

facilitates relatively normal image acquisition for portions of scenes axially aligned

with the axis of the eve, which are generally the portions of scenes that an observer is

concentrating his vision on, while increasingly blurring the portions of scenes that are

not aligned with the optical axis. The amount of artificial blurring produced by the

5]
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therapeutic device can be controfled, by varying dot densities, dot dimensions, the
material of inclusions, or by varying additional or muitiple characteristics of the
therapeutic device, to reduce visual acuity from 20/20 to acuity in the range of about
25/20, in certain embodiments of the present invention.

In another embodiment of the present invention, artificial blurning is
30 produced by light scattering induced by incorporation of particles smaller than the

wavelength of the Hght transmitted through the lenses or produced by a film or



so that the glasses wearer can continue to read and undertake other nornal
activities. L conplenentary pair of glasses 1106 features a clear area 1108
in the opposntoar7baMs. By al ternating wearing of each of PCharSp@©n6ws

gl asses, artificial blurring is introduced to force the average spati al
frequency of images input to the retina of the gl asses wearer bel ow the
spati al -frequency threshold, at whichggurther eye |l engthening is at |east
tenporarily prevented. 1o Figure ! 1, each of the two pairs of glasses is
i ndi cated as being worn on alternate weeks, but in other enbodi nents of the
present | evdingiavplicd fie therspdas althnlpnahi The cEOHNOPT SHELE IEOPEFT PYof

gl asses arg. worn i ffer. f a.heri : Qf. 2K 11aS, Lad din
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char act er iSihigas QiR theagapeuti ¢ device, to reduce visual acuity from
20/ 20 to acuity in tﬁe‘range of about 25/20, in certain enbodi mantis of the
presenf invention. M afeedier camedamesne! B RIpSDDHRERIHD. (VAURYH: WBFF ©
artificial blurring is nroduce ol ght I i (=T¢ Nl o \VARTSR T IR
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transm t t ghotdREiOl BhséNRorkad $eSv i@ themaky seshgby néafivd coresetiontn g vapal i ed to
the surface of e |ens. The anmount of scatter produced by different regions
of the | epert @inhbéensanderroridect Bse RgeHivai woriepéoh Pl eph SR 86 he least ypi cal
scene viewed through a.near-acconodat e {- [Rom =Y n i anat her
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| arger than the wavel ength of |ight transmtted through the

t her apeut fap-aidvi 1pestingpasers correction at the bottom would provide ai artificial blur over

the entire visual field, and would thus constitule an additional embodiment of the
present invention, Glasses or contact lenses that introduce blur by including higher-
order aberration, including glasses or contact lenses that produce peripheral

20 aberrations, leaving the center of vision in focus, represent still additional
embodiments of the present invention.

Figore 12 ilustrates axial-length versus age curves for normal
individuals, myopic individuals, and myopic individuals to which therapeutic
interventions that represent embodiments of the present invention are applied. A

25  normal individual, represented by curve 1202, shows a constant lengthening of the
eye up to late adolescence or carly adulthood, at which point eye length remains fixed
at a length of generally between 24 and 25 mm. The constant rate is controllied, as
discussed above, by frequent transitions of the eye between states 932 and 934 n
Figure 98, By contrast, in myopic individuals, represented in Figure 12 by curve

30 1204, eye growth occurs at a much greater rate, represented by the greater slope of the

linear portion of curve 1204 with respect to the curve for normal individuals 1202



are incorporated into the lenses, applied to the surface of the |enses, or
added as a filmor coating. In yet another enbodi ment of the present

i nvent i orwodnfofarssaps can be used to inpart blurring to PRE/USRNS/069978
alternative embodi ments of the present invention, various types of
progressive |l enses are enployed to introduce artificial blurring.
Currently-avail abl e progressive | enseg work to provide the nost strongly
negative collection in the upper part of the lens and provide a |ess
negative correction at the bottomof the |lens. These correctigns facilitate
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general | y» between 24 and 25 mm The constant rate is controlled, as

di scussedofhhyaheshyedicederdnt and athsiapiwivs imérventeone yiat beewdisepssidatdd 932 and

934 in Figure 9B By _contrast, | opi ¢ .indivjduals, represent [ n Figure
12 by cur FacIEpEs4l0 é‘)ﬁ‘@‘rﬁfr d&i_t W%&Elﬁn‘z‘ g’lﬂt RO 6@3?@?“&&%3&? é’%%é?’é‘gnt eguby
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myopia. As shown in the graph 1302, the rate of eye lengthening, represented by

curve 1304, decreases significantly in individuals employing the therapeutic device
iltustrated in Figure 11 in contrast to individuals wearing normal, control lenses,
represented by curve 1306, Graph 1310 shows the growth rate of axial length, mn

20 micrometers per day, for individuals wearing the therapeutic device shown in Figure
11 1310 versus the growth rate for individuals wearing the control fens 1312,

Figures 14A-15 illustrate the source of hypervariability that
characterizes the genes that encode the L and M opsins. As shown schematically in
Figure 14A, the genes that encode the L and M opsins are located near one another,

75 towards the end of the X chromosome 1402. In Figure 14A, and in Figures 14B-D
below, the two anti-parallel strands of DNA that together represent the X
chromosome are shown one above the other, with arrows 1404 and 1406 indicating
the polarity of each DNA strand. Figure 148 illustrates the process of meiosis, in
which a cell undergoes two divisions to produce four haploid gamete cells. the

30 process is shown only with respect to the terminal portion of the X chromosome. The

illustrated process oceurs only in females, with respect to the X chromosome. In



application of artificial blurring at five >ears of age increases the rate
of e>e | engthening and can eventually force eye length to a length slightly
above, orweatoiwtissieye | ength of normal individuals. CurPeTARO@9050038
represents a case in which the effects of an e>e-lcngth-rel ating di sorder
are reversed by therapeutic intervention. Figure 13 illustrates
experinmental results that confirmthegeffectiveness of the therapeutic

devi ce and therapeutic intervention that are discussed with reference to

Figures 10 and 1 1 and that repr esent enbodi ment s of sent invention.
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are repligat@&dpdiBons of both original genes in the first and second X chromosomes. Such

crossover events may occur repeatedly within a single gene, allowing the genetic

information within genes to bc shuffled, or recombined, during meiosis,

Unfortunately, because the L and M genes are nearly identical in sequence, the

alignment, or registering, of each pair of chromosomes across the plane, during

20 meiosis, may be shified, so that, as shown in Figore 14D, the L gene 1460 of one

chromosome ends up aligned with the M gene 1462 of the other chromosome.

Crossover events can then lead to incorporation of one or more portions of the L gene

1464 within the M gene 1466, and an additional, redundant M gene 1468 in one

product of the crossover event and portions of the M gene 1470 in the L gene 1472,

25  along with complete deletion of the M gene, in another product 1474 of the crossover

event. As illustrated in Figure 15, where a double-stranded chromoseme is

represented by a single entity 1480, repeated misaligned recombination events can

lead to a large variety of different, chimeric L-gene and M-gene variants, each of

which includes multiple regions once exclusively located in either the L or M gene.

30 In females. with two X chromosomes, the effects of L-gene and M-gene

hypervariability are ameliorated by X-chromosome redundancy. However, in males,



produce a second copy of each chronosone 1414 and 1416, respectively.
During the first ceil division, the two copies of the two X chronosones arc
al i gned wvohorogwpiaget to a plane 1420 | a first cell divipsrars2@aobvoss two
daughter cells 1430 and 1432 receives one copy of each X chronosone, as

i ndi cated by arrows 1434-1437. The two daughter cells again divide to
produce four germcells 1440-1443. eagh of which receives only a single X
chronmosone. As shown in Figure 14C, an internal reconbination process

allows portions of the sequence of one X chronpsone to be exchanged with
por t i ons voth eil ssugle fc shigmosprae.ohpsfests ohLossngenc TPSVBEYEEY ™ an occur
bet ween ej ther I chr es al 1 gned, M i th respect to the plane 1420.
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copy of the first Xightosugemmici4dbecling oNgeredpyatfiidnhie eardeXoghr onosome
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15 photoreceptor proteins in order to restore the relative displacements and magnitudes
of maxinmum absorption observed in normal opsin photoreceptor proteins.
Figure 17 illustrates the effects on average spatial [requency of images
input to the retina produced by certain types of opsin-photoreceptor-protein variants,
As shown in Figure 3, in graphs 511 and 512, the absorbanee characteristics of the M
20 and L opsin photoreceptor proteins are similar, with the exception that the wavelength
of maximum absorption differs by 30 nanometers between the two types of opsin
photoreceptor proteins. However, in the case of a mutation 1o either M or L gencs
that produces a mutant opsin photoreceptor protein with significantly less maximum
absorbance, a diffuse image that produces low spatial frequency when Input to a
25 retina containing normal L and M photoreceptors produces, in a retina confaining, for
example, a normal L and low-absorbing variant M opsin photoreceptor proteins,
relatively high spatial frequency. Figure 17 uses the same illustration conventions as
used in Figure 6. However, unlike in Figure 6, where the M and L photoreceptor
neurons have similar maximum absorption at their respective wavelengths of
30  maximum absorption, in the case of Figure 17, the M photoreceptor protein is a

variant that exhibits a significantlv smaller maximum absorption at the wavelength of



In fe ales with two X chronosones, the effects of L-gene and M gene
hypervariabilit) are aneliorated in nales.with only a single X chronosone,

t he ef f ecwe 20fo/dz5:and M gene hypervari ability arc prof oulrdT/uSedoopedd28 per cent
of human mal es are colorblind. Figure 16 illustrates the effects of genetic
variation in opsin genes on the absorbance characteristics of the opsin
phot oreceptor protein. G aph 1602 shows an absorption curve for a normal,
prinordi al opsin photoreceptor protein. Gaph 1604 shows the absorption
curve for a variant opsin photoreceptor protein. Mitations or variations in
the ani nowaxdngmsahgodnees. ol this Bpsiandighes seklsepbght. wrwhigh st an @Rt the
absorbance curve in various differ ways.  For, exam) e wayel engt h of
nmaxi num a“ff)s‘St‘{B%t &E iy the’céﬁ?‘feﬁ}egmﬁ%él){%%%‘l?hagﬂfxggl%ﬁrgﬁé&f%EQ%&%X&%G% may

be al t er edaiit BedREPEGIn LOnbMg NRLIR| Bl eproificesBrfatiaBesight hpatlatvel  of
maxi num absor bance may be significantly decreased 1610 with respect to the
nor mal | dehensy drexiordisnagibs br pakszim AbSabaenof s vapwe™M phefosster8ppl vi ng

filters to light .prior.to entry into jhe eye X just the
ef f ect":l9 vé’r‘%{ﬁ‘é‘grdﬁg%ﬂéméﬂ_plfc? E%ﬂﬁ?hﬁ‘oeﬁ)lm\;_ rrP%éfH{S‘ o%s?%%%h%oﬁggp%lgiﬁ adgrt'ogéei ns with
respect tigonofRRbeQf ddhhienaRh tNavi 2atl. R{bRcIHNORUBEE P Nier@ispinghas i n
order to restore the relative displacenents and nagnitudes of maxi mum
absor pt | oerobisetinedhéwmn moFigate Gpeicdzphvtod e @mdéﬁecg%ﬁléidﬁ%use Hggude 17

illustrates the effects o V, spatial frequenc o 5 .i.pput to the
retina prt_g%l Gold waAEPE ﬂﬂamgﬂg?reg%pi?rngrﬁﬁ% "g*'r{ggbeéfiglrr-%fr%%ggfuﬁ t\{}}%ri ants.
As shown (L Fh8Wen adjabdhi Ar-BNa phobilecepdr Bddohd eTiaRS Ok aREBcaRAsRET eri sti cs
of the Mand L opsin photoreceptor, pro*t eins are simlar, with the exception
that tthe fwavelcrytthe oftinaegimningtsienplaoabairing M phetoBgeRiahBHEBSIS bet ween

the t t .af [ t t eins. , Howeyer, | f
Tt at | on VTt Ry e Bt BHEGTR e B EhGiebEs oY RATURE op bl nBR e o o or
prot ei n Wik r&le 0 hiGARL K ¥h RSSIHRN-BiBIARS arhansitordchdripdseink vage t hat

produces | ow spatial "frequency when input to a retina containing normal L
and M phakoresept opsispricducrey, pash e seatiah dregoencai trashollothaexests$ é a nor mal
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15 reference to Figure 9A, does not occur, and instead the eye vemains in state 934,
shown in Figure 9B, in which the eye continues to respond to an eye-lengthening
signal despite the fact that axial length of the eye has exceeded the axial length for
proper development and focus.
Figure 18 illustrates the predictability of the degree of myopia in
20 individuals with various types of mutant opsin photoreceptor proteins, according to
one embodiment of the present invention. An observed degree of myopia, plotted
with respect to the horizontal axis 1802, is shown to be strongly correlated with
degrees of myopia predicted for the various photoreceptor-protein mutations, or
haplotypes, plotted with respect to the vertical axis 1804, Predictions can be made on

the detailed structure of photoreceptor proteins provided by x-ray crystallography.
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molecular-dvnamics simulations, and results from application of additional
computational and physical techniques that provide a quantitative, molecular basis for
understanding the effects, on light absorption, by changes in the sequence amd
conformation of photoreceptor proteins. Sequencing the L and M opsin genes for a
30 patient can therefore reveal variant-photoreceptor-induced myopia or nascent variant-

photoreceptor-induced myopia, and can further reveal the degree of myopia expected



used Figure 6 . However, unlike in Figure 6, where the Mand L

phot or ecept or neurons have sim | ar maxi nrum absorption at their respective
wavel engtwe 20fo/atexPnum absorption, in the case of Fi gur @CINS2e00m690178

phot oreceptor protein is a variant that exhibits a significantly smaller
maxi mum absor pti on at the wavel ength of maxi num absorbance. In this case, a
diffuse incident light in which red amd green wavel engths occur with
relatively simlar intensities and which woul d produce | ow spati al
frequency on a normal retina, instead produces relati v,e}y thgg vsgati al

fr equencyforiiie waoaek- A FeplarmingHess mioPEb $G Palite Mo HRI™M Rg R
phot or ecept of... pr ot £i_ns I tore pr. i : Lgure 17,
edges su “5@1“@%%9@&‘ T%%‘r%gg\gg&’ﬁeﬁgéggﬁ%ogoe?%g %{cflﬁggtfﬂggﬂgmfl gﬁ@t‘%r ecept or

neur ons. WARESRE of hiftifichebR@fis@l retina, shown in Figure 6, no edges woul d
be produced by the diffuse light, In the retina containi ng} mut ant M

phot or ecept or ~ pr ot dirrindistigels itk sretmedughrn dSAEere e THEY W& adj acent
L and M phot orecept or._neurons, Thus. the percej .shat j:al uency by the
retina cd%’?gﬁi?ﬁcﬂté““\%‘?tfzérﬁefw?’o{\iﬁ: é‘Bésjg% l&lﬁ Jrgigcsl\/?{oﬁgé%(?@g%%?"o{rhg{n]e%:% ns ?s nuch

hi gher t hapWapthonhas Res c@tdedhd felaivaabBBbiise thaacilysts dif ifwdidfeomt bl urred
i mge. Therefore, in many individuals ith | ow absorbing variant |,
phot or eceppasrofprotatesiortiecscasbdas remayrate MM ETesFPPASY O e spati al

frequency_threshold that .results in inhibiting, furthe awth, in

nor mal i dﬂﬁa%ﬁgﬁ%ﬂr‘%{w &S%“‘ggﬁ‘%@gﬁ“}a%lgvt H'SWI%tT #16 ?g?ﬁesﬁo&\{ﬁ&?g%&hg&d%g%f does
not OCCUrey ARGk St gaskntdaeheViater EMRInNBighit $T.akestR3H40s howdidhniitiegure 9B, in
whi ch the e>e continues to respond to an eye-l|engthening signal despite the
fact thatrespoinds td edgkhelafosithe eydcnmisnmectené @t piesakicaicetsslttor proper

devel op t an fo us. Figure 1S.illustrates the predi.ctabidi.l  the
door o oft Eyp19°TH Theo? Abgraien Fabf ot SReRER ufe it

phot or ecept QL RiI 8 MBar RRRALloMstetDiRNRoRIPRdUIE Ry Pha dReIPLLBetia

i ndention. An observed degree of myopia, plotted with respect to the
hor i zont ahdwcedl byl 802:. drscostiontions chethery ohdtoprent pEPEEral Phedsgfees of

nm opia predicted for the various photor tor-nrotej rru%ats' QRS in OF
hapi ot j pedS*°5t Bt 186Y"i't H‘VF‘@é‘p‘é’éﬁﬂ“{‘)‘B@t‘ﬁ@i%g‘?é’ A %“;(lgg% '804” br eg! Ctions can
be mage ongfPe gdetigichedasStihuching PbiRARRF PEAPOFRADEBLS hovisded by
x-ray crys-al |l ography _ ) _ 3
efficiently than a normal M photoreceptor protein, a filter that preferentially transmits
wavelengths in region 1904 will tend to boost M-photoreceptor-protein absorption
greater than L-photoreceptor-gene absorption, and thus restore the balance between
photoreception by the normal L photoreceptor protein and photoreception by the
20 variant M photoreceptor protein. By contrast, as shown in Figure 19B, when the L
phetoreceptor gene is defective, and absorbs less than normal L photoreceptor
protein, filters that preferentially pass light in the wavelength range 1906 will boost
absorption by the variant L photorceeptor protein more than absorption by the M
photoreceptor protein, thus restoring the balance of absorption between the two
25 different types of photoreceptor proteins.
Figures 20A-1 illustrate, using exemplary f{x) and g(x} functions, the
convolution operation, Ax) » g(x), of two functions fx) and glx). The convolution

operation is defined as:
HHxy*g{x)= ff{i}-’(}g{x—a}dat

30 where ¢ is a dummy variable of integration.



nmol ecul ar-dynam cs sinul ations, and results from application of additional
conput ati onal and physical techniques that provide a quantitative,

nol ecul arwbasim76zap under st andi ng the effects, on |i ght pabase@wioesw;s bj
changes in the sequence and confornmati on of photoreceptor proteins.
Sequencing the L and Mopsin genes for a patient can therefore revea!

vari ant - phot or cceptor- i nduced nyopi &0r nascent vari ani phot oreceptor-

i nduced nyopia, and can further reveal the degree of nyopia expectedfor the
vari ant - phot or ecept or -i nduced nyopi a, which can, in turn, informthe degree
of artifi diglepiisy prhd0B Ky fue 88D fyrHeraRpl HeEReh TieiUgsisBie) B %each

poi nt._dur ng. appld,callan,0f valdhiCll L AL 09 Br bAhidial St N
eye-iengt h-rdat ed di sorders arising fromvariant phol oreceptor-protein
genes, t hgini&elyofhe Find9as{«)dfas actlact 1/2efs esipcd dfat bétwear Peordit endumasel engt h
filters can restore the relative_absorption characteristics of .the

di f f er ent 2 vhee 91 & ogrige dhas capgeor ipwstdnthows e fwssor ghsvevhinh is the

vari ant.- phot oreccpt or.s prot i ni_ A DCT ec i Qs Spatial »dy 2ngy. and t hus
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934 in Fi gue€o:D&x-d)Tost pérec@40: 2002 pduehwithespye 1o dispands Higuras 2@k of
positive eye-lengthening signal or a negative feedback signal. Figures

19A- B i | | Usillugease sheaprdier feigieca) 6 ¢ pamben eleddteampaliss ol i t hdaliher apeuti c
devi ces used to.tgeat variant-photorecept orrprotei n- nduy vopi a as wel |
as myopi a?ﬁgﬁ§u@é &Elbss a5t ﬁgrc,&mé?lgg%%g{ ﬁ‘é?‘lﬂ} i 56’8?&%‘? aﬁg?{{‘%g‘ﬁ'&g 'focr?rﬁl tr?rgl%\ al

behavi or abypr@kiote Nekifend:ida R S )aes ardidatteacic efit@b v eqhade tRnks& @f the
present invention. As shown in Figure 19A, in the case that the M

phot of@ceptasiap hrebresinrthe A and shbebfunstipisg it shavys beflhg shadpd pyeas BRPC-a nor mal
M phot oregeptor..pratgin, . a filter that preferentially . transmt:s vel engt hs
in regi on‘q@dﬂ I\KE‘IHFS t félh'ldf '?1 0 dé%s‘f mk/?’ﬁcﬁg Dolgté(():nep‘jltnokﬁé-a%j P Of hetior?; “a s%er?aﬁ Fon

greater tf@mnikoPReiLr GURPROLIGSHE) als OLRIdRR, it BM bhuswrasianeqthi bal ance
bet ween phot oreception by the norma! L photorecgg;or protein and
phot or ecepithoespbyt to He AarfagionMitplaot pristeptpiing ot eitve oiBic gontoldsn  as

shown in Figure 19B when the L .photoreceptor gene |s defective, .and
absor bs Iz_ébs‘@e fan ﬁé)?rﬁ%ebell_‘_‘%ﬁ%t%raggé’%f%)r eg}eo“’tme"’?uﬁ}d%’f |ll et/grﬁéﬁ%%cé'{“” for
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absorption by the variant L photoreceptor protein nore than absorption by
the M function g(x). Thus, the integral of the convolution of two functions from —» fo o=

provides a measure of the overlap between the two functions:

overlap of f {x} and g{x}is related to f f{x)*g{x)

Thus, using either the above integral or sumumation over diserete intervals,
convolution of the absorbance spectrum of a filter and the absorbance spectrum of a
photoreceptor protein provides a measure of the overlap of the absorbance filter and
photoreceptor protein. Thus, an M-boosting metric can be computed from a given

25 filter, with absorbance spectrum T(3), by the ratio:

wi

[ r{ay 4, (1)

A =i

[ () 4,(3)

where 4, {1} and 4, {1} are the absorbance spectra of M opsin and L



phot oreceptor protein, thus restoring the bal ance of absorption between the
two different types of photoreceptor proteins. figures 20A-1 illustrate,
usi ng exewpl2aryo76312) and g(x) functions, the convol uti oRCOAS2E@I069978 | { X)
g(x), of two functions fix) and g{x). The convol ution operation is defined
as; /(x)*g(x)- f (a)g(x a)da where a is a dumy vari abl e of

i ntegration. Figures 20A and 20B shov\z2two step functions / (a) and g{a).
The function /f") has a value of 1 for values of a between 0 and 1 and has
a value of O outside that range. Simlarlv, the function g(a) has a val ue
of 1/2 for val ues of o betmeercsPedhdlyt and has a value of 0 outside that
range. Figure 20C shows the functions#(-.") i i L rrafgismge of

t he funct ?‘;I)l‘ﬁrbg (’” é‘% tSL Eg%%%iﬁ”tlﬁ’grg% 5§££E?‘é1§ P eg%%} gﬁ%’{mg En% fml:fmlg:bt9 |[u(§ nﬁgg(gx- a)
for a pargdreulind dy@002inplinditRidali hixhr éspabiorbiagt Mevariaxi ghotbiegipt@s 2GEH
illTustrate the product f(a) ggx-a), for a nunber of different val ues of x.
Final | y. Siotpisse whe fittersusith h-beosting mggirscianigntiy telownt may hs usel) inand g(x)

accordiing to. the above. expression., The functi L R)E a9, a.val ue, at
et g e g R R e S R S e
functi onsthasishouindymthe shaded aoepsicd006mgz2Q08matiohd gueesdiZfiteH. 1 n

ot her ords convol ution can be thought of as generating the mrror inmge of
he functioava¢ngthsandhin dws gt gpgctruny gathepthanobyilgiagratie dnagansrahi t h
respect to the { a) .function at_each int c uting the val ye of..the
convol ut 1 gtiods <osB BT g Ry B Bl b e BB ARE st O &) A F R under
the )* ) GiiM8na I uRIITHE BoduNEonUpeBiti¥ beSoniB el iligHcadalot hawrikpncti on b
X) is equal to, ‘or contains, the function g(x). Thus the integral of the

convolit | msbfrneddutasioss flohend gemfxx arddopi.gvingesvely. niids aererdly HE o erl ap
Y900 Thuseisdl g BreRErniHg £Hu08 Pht st EBF bl B BEPER 4, S
i nterval sg.GERYah iR RfrtheaRRIl BINERH(SP8Gkdd o flodacd Ahefxand the
absor bance spectrum of a photoreceptor protein provides a nmeasure of the
overlap of the absoibamsatifi St\ceesatizht pvptesemic epodingngt aif ntheTpsentan
- Wboost b -'erg%[nr :!ug} gr%?ucgeﬁl%e?s ilxjc{ '%%iifag %mu‘?im%.ilc\{r?gncoatings, inchusions, bumps,
IS or depressions. The filter-based approach may be applied o a variety of different
types of variants, including variants that show shifting of wavelength of maximum
absorption, decreased absorption, and complex alteration of the absorbance curve, in
order (o restore the normal balance between the absorption characteristics of various
{ypes of opsin photoreceptor proteins. Many different techniques and materials can
20 be emploved to produce lens materials with particular, complex absorption
characteristics.
Although the present invention has been deseribed in terms of

particular embodiments, it is not intended that the invention be limited to these

embodiments.  Modifications will be apparent to those skilled in the art. For

v
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example, therapeutic inventions, in which artificial focusing, rather than artificial
blurring, is employed may correct eye-length-related disorders v which the axial
length of the eye is shorter than a normal length, and the eve has failed to grow in
response to high spatial frequency. Blur-inducing glasses and contact lenses and
wavelength-dependent filtering glasses and contact Jenses are but two examples of a
30 vartety of different methods for inducing artificial blurriness in order to halt eve

lengthening in myopic or myopia-disposed individuals, methods used to identify



filter, with absorbance spectrumT(l), by the ratio: ) t (1) *A, {l) where
Av [ X) and A (I are the absorbance spectra of M opsin and Lopsi n,

respect i WeDO10Mi7b31ers wi t h M boosting nmetrics signifi camrCiryusgeoeat®rs t han 1
may be useful in correcting myopia in individuals with | ow absorbing

M vari ant photoreceptor proteins, while filters with Mboosting nmetrics
significantly below 1 may be useful Imitreating nyopia in individuals with
| ow- absor bi ng variant "-photoreceptor proteins. The '/-boosting netric my
be conputed using summati ons over discrete wavel engths within the visible
spect r um DEEEHEIS T Wik BYc-lenebghiag i grordeR g‘gné’f‘fgl*’l,d“%la‘r 9608 d8ed¥¥or m or
numeri c exRLESHLONSaEA" kiR APSRLPLIAMSREELNA Alaldfe ARdoM.LARANRR MY De
used. The ‘convolution operagl on becones a nultiplication For

Fouri ert r gpisfigiavaded Bpaiphtabndibgisand oplonletrifts xihstamtedEiin) for espadhi vel y. |1t
is generally nore efficient to and g(x), conpute the product O F(X) and

Q(x), andmedenagphsadpl ppgbos doreygr gatis fehaRgenior derpRaadheinestder t o
produce fjx)* ..Therapeut |.c. devi I hat. crepresent efr i ment.s.of the
resent | MoURTIShrese) S ABRILLEFY ST bR SRRLESE Yy SIRAE IR B2 g

i ncl usi oNgchiGARS .1t SHoultEPd BSISE GRS all Tiehd vdricek thhasade dpptead ambebe
applied to a variety of different types of variants, includi ng variants

t hat showdesticflt dcaerdats Webe Pisat ivshtipmmanimdars By pepligtioy srgash gbthe
absorption, . and conpl ex alterati f Lhe .absorbance curve, in.order to
restore t"ﬁd ORdr 1t %ﬁ’bagéng}eﬁ %gglkég%e‘ he Iggg‘%? bt i“%%@g \ar g{%" Ier?ng ir}gél“’of
various tyResnetnapYehnhat AresapiotaRENt avnsiendingiteh fii@rpntiet asoni ques
and materials can be e ployed to produce icns materials with particular,
conpl % alsswspiar suamshlar aey erewds benelinte nsiighualhin phissenroninrentisd has been
described, in ternms of .particul ar embodi nents, Jt.is n int ended. t hat the
i nvent i onb%gE“IL'fW“jteeb‘%td &t K engﬁrb%‘clﬁ T I\}Blgll‘f’(’:m(‘:l%jt i\%ﬁ}s I%RIr’!rll’t‘(ﬁgm&ppar ent
to those siitbkb@idrpebRe: MdantFOWVIgKRAMPlaBeutich@FAREULdE hnERE&E@MNSarci N Whi Ch
artificial focusing, rather than artificial blurring, is enployed may
correct ediecisengboveenny theragy Sot thelneesiantipipldHuning, eaisd discussed above,

that results in a transition of the ¢ye from a state in which the eye is non-responsive to
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13 anegative feedback signal or continues to generate and/or respond 10 a positive eye-
srowth sign to a state in which eye lengthening is halted is a potential therapeutic
embodiment of the present invention. For example, drugs, including muscarinic
receptor agonists, which would cause the ciliary body to contract and therefore
adjust the focus of the eye to a shorter focal length at which distance objects fail 1o

20 completely focus, are candidate drug therapies for imtroducing artificial blurring

according to the present invention. Most currently-available muscarinic receptor

agonists also cause the pupil to contract, changing the depth of field. A particularly
useful drug for therapeutic application, according to embodiments of the present

invention, would not cause the pupil to contract or dilate. When the pupil remaing

1
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at normal size for ambient lighting conditions, the depth of field remains
sufficiently small, so that a relatively small amount of the visual field s well
focused.

The foregoing description, for purposes of explanation, used specific
nomenclature te provide a thorough understanding of the invention. However, it will
30 be apparent to one skilled in the art that the specific details are not required in order

to practice the invention. The foregoing descriptions of specific embodiments of the



| ength of the eye is shorter than a normal | ength, and the eye has failed
to grow in response to high spatial frequency. Blur-inducing glasses and
cont act |Iwozen/asdIwavel engt h-dependent filtering gl ass@sTASA0OOHM0aE t

| enses are but two exanples of a variety of different methods for inducing
artificial blurriness in order to halt eye | engthening in nyopic or
myopi a- di sposed i ndividuals, nethods 2a5sed to identifyindividuals with

eye- | engt heni ng di sorders or individuals disposed to eyel engt heni ng-

rel ated di sorders may include currently avail abl e vyision-eval yation
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det er mi ni ng the precisé opsi n-photoreceptor-proteln variance, or am no-acid
sequenceshiahi nRAtdR0bSs ardinchriatiBey art @okible e siew ¢f thbabbwt tbachigisedtehat al |

of the various therapeutic devices that can be devised, accordipg to the
present i #weastiments apashopymendudeseafeddppriedeitss Pwladnd progpes 9fa§’ieous types
of eyezl ength-rel at.ed dis0f¢ -what e heii L r Ly ng;.-emnvi, ment al ,
behavigréwgggﬂﬁéﬁlt@%m%%%%ég&ﬁe@%%?é%bgﬁ&?%Pﬁgyg%?%%bg%%$g¥é'gfﬁﬁg | enses,
for exanph@s uiie (pE awiedBobanrefdriout embodimendusaitls virivushhatificatiops as s i nduced
by excessive reading, and not only to those individuals wth | ow absorbing
phot or ecept®f ipheperisuipapsesmempied ot insragel tpttbg svresd Roprenhipn

i ndi vi dual s I SCU ; ve, apy.t ; t hat induces artificia
qurring?mﬁgggﬁggy F§§§§§Eﬁ%§§%§g?@FﬁgfﬁgégﬁﬁFg in atransition of the eye
froma state in which the eye is non-responsive to a negative feedback
signal or continues to generate and/or respond to a positive eyegrowth sign
to a stale in which eye lengthening is halted is a potential therapeutic
enbodi nent of the present invention. For exanple, drugs, including
muscari ni ¢ receptor agonists, which would cause the ciliary body to
contract and therefore adjust the focus of the eye to a shorter focal

| ength at which distance objects fail to conpletely focus, are candi date
drug therapies for introducing artificial blurring according to fhe present
i nvention. Mdst currently-available nuscarinic receptor agonists al so cause
the pupil to contract, changing the depth of field. A particularly useful
drug for therapeutic application, according to enbodi ments of the present

i nvention, would not cause the pupil to contract or dilate. Wen the pupi
remai ns



ar normal size for anbient |lighting conditions, the depth of field remains
sufficiently small, so that a relatively small anmount of the visual field
is well fwouswd7s3libe foregoi ng description, for purpose®CofUSeoogloegvas i on,
used specific nonenclature to provide a thorough understandi ng of the
invention. However, it will be appar¥nt to one skilled in the art that the
specific details are not required in order to practice the invention. The
foregoi ng descriptions of specific enbodi nents of thepresent invention are
presented for purpose of illustration and description. They are not

i ntended to be exhaustive or to | A4 Mhe invention to the precise forns
di scl osed. Many nodifications and variations are possible in view of the
above teachi ngs. The enbodi nents are shown and described in order to best
expl ain the |edapsicel tﬁ:&uﬂémﬁxklﬂhd&%@Efdw@ﬁti@}dmﬂi&‘aﬁﬁ@.ﬁh‘iré.\&ksiﬁg)md*l@ﬁgthonS. | o
thereby enable others skilled in the art to best utilize the invention and
var i otsatethisaidpsnths trensuie rpgusnhypelihpd sampdnisZias are suited to the
particul ar.use.contenplated it is jntended that e scope of the invention
e det | nod By MR IEH ToRPRan el Tl Ik ENRE A8l enees e 1 A
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eye-lengthrel ated disorders, the therapeutic treatnment method conpri sing:

i dent Ffayikhieqiienciacparicentnpahtodbe ratiap gf Fherak pred Brosheld spatish Hgarawgné&s ng
artifi?la{fQﬁuHrng of tpﬁvgqtignt[s vision in order to decrease an average
spat i AP EEHEHE e B RGAGEE PRI ©X% the retina of the eye past a threshol d
spatial frequency to inhibit further |engthening of the patient's eye. 2.
The method of claim1 further including: determ ning a degree to which the
axi al 21 engthe pkthoief pliim dritrtkergydudingeeds an axial length that pro\ ides a

normal focal |length for the relaxed eye. and. inducing artificial blurring
of the pat ReriEry s iahes BrmbRh IS Fu el Rprtr b e <85 it 8 abbhi ch
the axhal haneshdefa ﬁ(hﬁxapﬂfchleiéﬂ%fﬁf&kﬁeﬁ&ﬁ@@@fﬁe;%ﬁ@ axial length that

provides the normal focal length for the relaxed eye in order to decrease
an aver ageirslpang artificidcieniog cdfthe patiyeds Visppatcompnaryerafewithdhofictemened e past

Saz Ih ;ﬁ?sgqgcl tg)yxg lgl:[i Ith%l ax_fiva{i ?&ug%ln&/ thg ?Jatlier}z% g;lct egcléléésqgé m'ai%ﬁ%&ﬁ "l %r&jidc;[sq‘ﬁe
normal focal length for the relaxed eye in order to decrease an average spatial frequency of
images input to the retina of the eye past a threshold spatial frequency to inhibit further

lengthening of the patient's eye,

3. The method of claint 1 further including:

determining a type of cye-length-related disorder in the patient; and

inducing artificial blwring of the patient's vision commensurate with the determined
tvpe of eye-length-related disorder in order to decrease an average spatial frequency of images
input to the retina of the cye past a threshold spatial frequency to inhibit further lengthening

of the patient's eye.

4. The method of claim 3 wherein determining the type of eve-length-related disorder in
the patient fusther includes one or more of:

conducting direct eye-axial-length measurement;

conducting standard vision-acuity tests; and

sequencing the patient’s opsin genes to determing the types of opsin variants that occur

within the patient.



3. The method of claim1l further including: determning a type of
eye-length -related disorder in the patient; and inducing artificial

bl urri ng wb 20tw7p@Ebi ent ' s vi si on commensurate ith the decermuscomeaetoype of
eyc-length-rel ated disorder in order_to decrease an average spata !
frequency of inages input to the reti’na of the eye past a threshold spati al
frequency io inhibit further |engthening of the patient's eye. 4 . The

nmet hod of claim 3 wherein determining the type of eye-length-rel ated

di sorder in the patient further includes one or nore of. conducting direct
eye-axi al -1 engt h nmeasurenent; conducting standard vision-acuit) (ests; and
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vari ants ccur W t ien arm | erein

i nduciRr &f Bdckdagd dle NP ispdiadfrefit@cPal iredies $npit & BB retmacifdRe efcopadesr ease
the a\crage spatial frequency of image input to the retina of the eye past
a t hr gsbaiod! wparlifggueregy m@a fwthenkspghenirg pt e paliengereirhey Beiudee
patient's eye.further .incl.udes: praqvidi. _patient with a therapeutic
sel ect ed fPé)ﬁ‘%P%blaipﬁaﬂ&Qi‘ﬂg‘ %@5? ‘5”5;“‘]"%%-3!&%%&%?%81 contact |enses; and

bl ur-induci ng ghRssefuctpatiadsitcor porat e wavel engt h-dependent filters. 6. The
nmet hod of claim5 wherein the blur-inducing glasses induce blurring by one
or nore of: smablurbudysieorontepleassiands in one or both surfaces of the

| enses; inclusi BS V\é thin,the enses o_fta rrr_a}eeg,tith_ gig\g}t&ﬁﬁ&t fromthe | ens
material; i ncorg P A R R D APt AR PR R e 45 HE P enses i ncl udi ng
hi gher-1evel aberrations that nore greatly affect peripheral vision;

provi di ng progressive negative corrections in one or both |enses fromthe

t op of. t he Themsulsod of tihen Bovhaeinohe bhe-indusigszlassenindugs bbirtigg brrenagplied to
one or_both surfaces of the le ses 7. The nethod of claim5 wherein the

bl ur - Piduli'ng contact |enses induce blurring byone

small bumps or depressions in one or both surfaces of the lenses;

inclusions within the lenses of a material different from the lens material;

incorporation of higher-level aberrations in the lenses, including higher-level
aberrations that more greatly affect peripheral vision;

providing progressive negative corrections in one or both lenses from the top of the
lenses to the bottom of the lenses;

coatings or films applied to one or both surfaces of the lenses,

7. The method of claim 5 wherein the blur-inducing contact lenses induce blurring by
ong or more of:

inclusions within the lenses of a material different from the lens material,

incorporation of higher-level aberrations in the lenses, including higher-level
aberrations that more greatly affect peripheral vision;

providing progressive negative corrections in one or both lenses from the center of the
lens to the bottom of the lenses:

coatings or films applied to one or both surfaces of the lenses.

8. The method of claim 1 wherein inducing artificial blurring of the patient's vision in
order to decrease the average spatial frequency of images input to the retina of the eye past a

threshold spatial frequency to inhibit further lengthening of the patient's eye further includes:



or nore of: inclusions within the | enses of a material different fromthe
| em> material; incorporation of higher-level aberrations in the |enses,

i ncl udi ngwbiz2gtvarisilevel aberrations that nore greatly af Pectusp@viopdves al

vi sion; providing progressive negative corrections in one or both | enses
fromthe center of the lens to the B8ttom of the |enses: coatings or films
applied to one or both surfaces of the lenses. 8 The nmethod of claiml
wherein inducing artificial blurring of the patient's vision in order to
decrease the average spatial frequenc i mges input to he retina of the

ave .spat, . of ‘

eye past attHrasheratiaparitap hearfydncyug gt Akt hafacakleng@mythesihg of
the patient's. ; A & 1. -he patient with a therapeutic
drug t%f’%‘g{& ¢ %?ggfﬁgiﬂrhﬂﬁpgggﬂ?(Selﬁ%f‘}&l&ﬁ% t%“ﬂguelge wi t hout causi ng unnat ur al
dilation or contraction of the pupil 9. "I he nmethod of claim9 wherein the
drug is a nuscarime-receptor agonist. 10. A therapeutic treatment method
for pPeventhnmcthedwil coim O wepreis the @ya iss] RYSBYBLCHEFRPIIT A20R8L at ed di sor der s,
the therapeutic treatnent nethod conprising: identifying in a patient, a
type of eye-length-related disorder related to variant opsin photoreceptor

proteims wistthempdhR tRAthaN metRNTioE vty amchehiRy, dabanaey balleagh- t he
absorption characteristics of the different opsin photoreceptor proteins
wi t hi relatpdiserdrsntheitherencae tegfmgaometied canpdyati al frequency of i nmages

[ he reti f th h i al .
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10 wher@bRcsdebeicnisRatiintetpapentodneye- 1 engt h-rel at ed disorder in the
patient further includes one or nore of: conducting direct eye-axial-I|ength

nmeasur enenteslogipachuepimg btlened dretivesnsiberebsemiioy chemestistmdols Bgudifferenl t he

patient'.s si n_genes to detern.,ne the types. of sin. variants that,occur
Wi t i APYRIBRYTEHE! traempn il IS apar L e o RS SR Pt M hor mal
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phot oreceptor proteins within the patient in order to
further lengthening of the patient's eve.

11.  The method of claim 10 wherein determining the type of eye-length-related disorder
in the patient further includes one or more of:

conducting direct eve-axial-length measurement;

conducting standard vision-acuity tests; and

sequencing the patient's opsin genes to determine the types of opsin variants that oceur

within the patient.

12, The method of claim 10 wherein restoring a normal balance between the absorption
characteristics of the different opsin photoreceptor proteins within the patient in order to
decrease an average spatial frequency of images input to the retina of the eye past a threshold
spatial frequency to inhibit further lengthening of the patient's eye further includes:
providing the patient with a therapeutic device selected from

glasses incorporating wavelength-dependent filters;

contact lenses incorporating wavelength-dependent filters;

blur-inducing glasses that incorporate wavelength-dependent filters; and

blur-inducing contact lenses incorporating wavelength-dependent filters.



decrease an average spatial frequency' of inages input to the retina of the
eye past a threshold spatial frequency to inhibit further |engthening of

t he pati em0D'2810007831Purt her includes: pru\ iding the pati eqotr/us2end/ 060078

t herapeutic device selected from gl asses incorporating wavel engt h- dependent
filters; contact |enses incorporati n’-@ wavel engt h- dependent filters;

bl ur-induci ng gl asses that incorporate wavel engt h-dependent filters; and

bl ur-induci ng contact |enses incorporating wavel engt h-dependent filters. 13
The net hod of claim 12 wherein the blur-inducing gl asses induce blurring by
one or nore of: small bunps or depressions in one or both surfaces of the

| enses; inglusi w WL hin.d he ] . a. Lal. - di frar e Sens
racor 14 ¢ e g Rt SO WhsieEr B oGl b itk BERh bR b

i ncl udioagoti gher -1 evel aberrations that nore greatly affect peripheral

vi sion; providing progressive negative corrections in one or both | enses
from ne topmel bemes PeERpESsIPES HEes PEBRRERCEINS ticdAR®s; coatings or fil s
applied to.one.or both,syrfaces of the.lense L. The nmethod of claim 12
wher ei n t h&BPH? “i“\f%i b%hielri:egnscbof“ﬁ aalgl [e{“gndéfgg'%‘lﬁtn%%néjeﬁ Lblle;tlj-&f I(r%\]ll‘i‘{r%g‘]‘;i y one or nore

of ;i ncl usiRBoWHIAI Bf t iighd:EB&E S adraBiondtiar ial 1ehstd enentdidg dipidigcleens
materi al ; incorporation of higher-level aberrations in the |enses,

i ncl udbanptiniigthey mpw\@tatiypdlceararipheral HaiPnnore greatly affect peri pheral

vi sion; providi.n rogressive. negative corrections, in_ane or th. ] enses
rom the’ c B EPREPRERAFE Pet i HHEHbiTe SiobF of R chadthudls Rl 407 o
appl i ed«dsqo @R RonDOt e gakdsaces of the | enses. 15. The nethod of claim12
wherein the wavel ength -dependent filters have absorption characteristics

t hat : boostoaisgeepiiinorepplied wverieicy hothayslordsion ghephwiesr ecept or vari ant s
relative to other photoreceptors. 16. The nethod of claim 12 wherein the
wavel engt h- dependent filters have absorption

14.  The method of claim 12 wherein the blur-inducing contact lenses induce blurting by
one or mote of;

inclusions within the lenses of a material different from the lens material;

incorporation of higher-level aberrations in the lenses, including higher-level
aberrations that more greatly affect peripheral vision,

providing progressive negative corrections in one or both lenses from the center of the
iens to the bottom of the lenses;

coatings ot films applied to one or both surfaces of the lenses.

15.  The method of ¢laim 12 wherein the wavelength-dependent filters have absorption
characteristics that:
boost absorption by low-light-absorbing photoreceptor variants relative to other

photoreceptors.

16.  The method of claim 12 wherein the wavelength-dependent filters have absorption
characteristics that;

decrease light absorption by photoreceptor variants relative to other photoreceptors.



characteristics that: decrease |ight absorption by photoreceptor variants
relative to other photoreceptors.17. A therapeutic device for preventing,
anel i or atwogoioar7sziever si ng eye-i engt h-rel at ed di sorder spcrhs2eesapeut i c
devi ce conprising one of: blur-inducing glasses; blur-inducing contact

| enses; blur-inducing glasses that iXtorporate wavel engt h- dependent
filters; blur-inducing contact |enses that incorporate wavel ength-dependent
filters; glasses that incorporate wavel engt h-dependent filters; and contact
| enses that incorporate wavel ength-dependent filters; 1 . The,th%rageutic
devi ca7of ¢ dhamkTtintdevisenio| pevenhogicameliqpting &% TEHESEE BISURRIAGE B one or

nmore of : small bunps or, depressi.ons in one or both surfaces of the |enses;

i ncl udss ﬁ‘iﬂywﬂfﬁ’rfgﬁrggﬂgmld@ﬁ’s?ggo%f’“ﬁnﬁ’rﬁ?%?t?al different fromthe |ens
material: iGQLER%GAL 1RRe0f aberrations in the |enses, including

hi gher-1evel aberrations that nore greatly affect peripheral vision;

provi di ng phognéssigentmtinssse corrections in one or both | enses fromthe
top of the Lenses.to the bottomof the |enses: ¢ izngs.or filns applied to
one or bot W*@”UF‘?‘&&%@@F"@? ﬁ‘ét PEpeREte ‘T@‘.‘:leﬁﬁ’%‘ ?Wg?g‘%&b&gg’ of claim 18

v, herein the, DyIR$w. m&@ﬁeﬁg&ﬂ'ﬁaﬂiﬁ&@@h@%&f{?l‘éﬁ%ﬁic&g&adeﬁf filkdrh;s provi de

i ncreasi ng bfur-i nduction froma central, non- bl ur -i nduci ng regi on outward.
20. The t hei@peubitinaepiree vafvelshghriependghellédrsi 20fe | ens of the therapeutic

device has a central . non-bl ur-indycing.regio nd the other lens has a
central , mAP ‘qu_erbqeaj,haF HGOPCHY® ?”é‘g#‘dﬁ%%’i?ﬁgg}ﬂg ﬁ?‘ﬁ%’r’ apeutic ice of claim17

wherei n bl ur-inducing contact | enses induce blurring by one or nore of:
inclusions within the lenses of a material different fromthe |ens
mat er 18l : i riderporptitionicefce hif ghen- iTowbircabdnr-mitong glassastiedyceridagingibic| udi ng
hi gher -1 evel abFrrations that nore greatly affect peripheral vision;
one or more of:
small bumps or depressions in one or both surfaces of the lenses;
inclusions within the lenses of a material different from the lens material;
incorporation of higher-level aberrations in the lenses, including higher-level
aberrations that more greatly affect peripheral vision;
providing progressive negative corrections in one or both lenses from the top of the
lenses to the bottom of the lenses;

coatings or films applied to one or both surfaces of the lenses.

19. The therapeutic device of claim 18 wherein the bumps, depressions, inclusions,
coatings, or films provide increasing blur-induction from a eentral, non-blur-inducing region

oulward.

20.  The therapeutic device of claim 19 wherein one lens of the therapeutic device has a
central, non-blur-inducing region and the other lens has a central, minimal-blur inducing

region.

21.  The therapeutic device of claim 17 wherein blur-inducing contact lenses induce
blurring by one or more of:

inclusions within the lenses of a material different from the lens material;



provi di ng progressive negative corrections mone or both | enses fromthe
center of the lens to the bottomof the | enses; coatings or filnms applied
to one orwbavtvwssibaces of the | enses. 22. The therapeurct/useawoeroos cl ai m
2 1 wherein the inclusions, coatings, or filns provide increasing

bi ur-indaction froma central, non-btlur-inducing region outward. 23. The

t herapeutic device of claim2 1 wherein the inclusions, coatings, or filns
provi de increasing blur-induction froma central m ninmum bl ur-ndiicing

regi on outward. 24. The therapeutic device of claim 17 wherein the

wavel engt hinlepemaem ofi highesichidy ebatasionpt inothe Harset ergluding shighgtlevehoost

absorption by |lowlight-absorbing photoreceptor \ariants relative to other

phot oﬁé‘ﬁ&ﬁ’f’i}g}@‘ ggre g‘ﬁ‘é{i}taﬁierc'éﬁ“éﬁg‘id%? d8%"te of clai mwherein the

wavel engt hdepand %Fbtgrésisik% QEStNB\BrralRAL B bR Lrlda! RESS it tiesehlanbf thdecr ease

| i ght absorption by photoreceptor variants relathe to oi her photoreceptors.
lens to the bottom of the lenses;

coatinngs or films applied to one or both surfaces of the lenses.

22, The therapeutic device of ¢laim 21 wherein the inclusions, coatings, or films provide

increasing blur-induction from a central, non-blur-inducing region outward.

23, The therapeutic device of claim 21 wherein the inclusions, coatings, or films provide

increasing blur-induction from a central, minimun-blur-inducing region outward.

24, The therapeutic device of claim 17 wherein the wavelength-dependent filters have
absorplion characteristics that:
boost absorption by low-light-absorbing photoreceptor variants relative to other

photoreceptors.

25,  The therapeutic device of claim 17 wherein the wavelength-dependent filters have
absorption characteristics that:

decrease light absorption by photoreceptor variants relative to other photoreceptors.



