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Fig. 3. Optical coherence tomography 1mages horizontally prohled along the foveola (left) and magnrfied \inages:in the fovea and the periinaculai’ .
region (nght). Outer retinal stractures, such as external hmung membrane (ELM), photoreceptor 1S/08 line, COST line, and RPE, are indicated by
arrows. The foveal center is indicated by an asterisk. All the OCT images were taken with the HD-OCT (Cir] Zeiss). A. Optical coherence tomography
image of 1 normal control without the RPILI mutation ( 22-year-old woman). All the outer retinal suuctures, for example, external limiting membrane,
1S/0S line, COST hine, and RPE, are clearly observed botl mn the fovea and the penmacular region. B, Optical coherence tomography images of patients
atfected by OMD with the RPJLI mutation. @. Opucal coherence tomography image of the right eye of Case 1, which did not have subjective visual
disturbances. The COST hne is present in the foveal center (black arrow), but not in the parafoveal region (arrowheads). The IS/0S line 18 clearly

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited,



10 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES 2011 » VOLUME X « NUMBER X

eye of Cases 1 to Casel3), whereas the fovea of all the show any signs of macular dysfunction in both sub-
affected eyes with durations =20 years were cldmﬁed Jective and objective tests. Thus, this woman may be
as thin ((,dse 70 Case,4) a carrier of a mutated § gene, but we ‘cannot exdude the
To determine whether a - mgmﬁcant coxrelanon poss;b;hty that macular dysfunction may appear. later
existed between the results of mfERGs and OCT, the ~ Inour ‘génetic study of 4 other OMD families, 2 broth-
relative amplitndes of the mfERGs at the fovea (Ring ers (58 and 55 years old) were not diagnosed with
1/Ring 5 or 6) are listed in Table 3. In cases where the OMD, although both had the RPILI mutation
disease durations was =3 years, the relative amplitude (p.Argd5Tep)."* In all the OMD patients with" the
at the fovea was. approximately 1.0 or nonrecordable . . RPILI mutation, the visual dysiuncuon was detected
beeause the responses of the central locus “no later than 50 - years of 2 age'? .
gmshed Only cases with very: shiort dumﬁons had © Occult mac.uldr dystrophy hds been reported to be
mildly reduced mfERGs in the fovea (2.34 in the right © a slowly progressive disease; however, there were no
eye of Case 1 and 1.63 in the right eye of Case 14). patients whose BCVA became worse than 0.1 except
for Patient 7 who had an untreated senile cataract. Our
results conﬁrmed ﬂldt once the BCVA 1s reduced to

Dlscussmn

Courve of OMD Pattents with RP]LI Mutazzon )

0ur results conﬁrmed that all the patients with the
RPILI mutation had similar phenotypes; slowly pro-
gressive visual disturbances of both eyes, . normal
appearing fundus; normal FA and full-field ERGs,
during the entire course of the dlsedbe, selective dys-
function at the macula detected by focal macular ERGs

and mfERGs, selective abnormality of the photorecep- .'
tor layer in the macula revealed by OCT, and a final cover after stexoxd pulse therapy, and the optic disk

BCVA not poorer than 0.1. The age at the onset of gradually became atrophic. The BCVA 1 year later

OMD was, however, very vanable Aamong the fdmii - was 1.2 in the right eye and 0. 07 in the left eye. We
metobis-and varied from 6 years. © 50 ye: e concluded that the vision reductlon was not related to

Our smdy also confirmed that there are patients with ot OMD. Nakamura et al”> reported & case of OMD

OMD who have normal visual acuity and no sub- that had normal-tension glaucoma with abnormal cup-
jective visual disturbances until the disease progressed ping of the optic disk. To date, the relationship
. between OMD and optic disk diseases has not been
to a more advanced stage. Similar findings have bee
reported for other patients with OMD, 1%24 dlthou “determined. In our family, the optic disks of all the
P p & ; 'OMD patients appeared normal, and OCT - did ‘not
the etiology of these pdtlents was not-confirmed by :
genetic analyses. For such patients, the function of show any thinning of the nerve fiber layer or ganglion

the small region in the foveola of these eyes has prob- cell Iayer in any of the patients.
ably been spared so that the BCVA was normal. This
was morphologically confirmed by the OCT; in the
right eye of. the BCVA of which: w
the OCT i nnag,e showedﬂmt photorceeptor structure

" deteriorate thetedfter Snm}arly, in3 othex fam]hes
with the RPIL1 mutation, the ﬁl’ldl BCVA was not
worse len 0 15 in any member

Diagnostic Reliabilities of mfERGs and OCT

. There were patients, such as ‘Case 6 (both eyes)
“Case 1 (right eye), and Case 11 (left eye), with OMD
were spared on the foveal center. - from an RPILI mutation who did not have any. sub-

Among the 14 family members thh the RP]L] " jective visual disturbances and whose diagnosis were
muatation, only Case 5 (60-year-old woman) did not only confirmed by the electrophysiologic tests. These

Figure 3. (continued) observed at the foveal center (asterisk): but dpy furred in the pamiovc.dl region (arrowheuds). @, @, and®; Opnuﬂ co-
herence tomography image of the nght eye of Case 11, the left eye of Case 1, and the right eye of Case 8, which show typical signs of OMD. The COST
line is not present over the entire macul bat is present int the perimacular regions. The IS/OS line is blurred and thick in the fovea. ®. Optical coherence
tomography image (vertical section) of the right eye of Case 4. This mage was obtained 63 years after the onset of visual symptoms. The IS/0OS line is
disrupted at the fovea, The COST line cannot be seen m thie macula but is still visible in the perimacular region. There 1s an apparent thinning of the *
photoreceptor layer at the fovea, C. ()puud whcrenu, ‘tomography fimages of sporadic cases of OMD without the RPIL] mutation, @ and @ Both
patients had progressive central scotoma with norinal-appearing fundus and normal FA. The full-ficld ERGs were normal but focal macnlar ERGS :
elicited by a 10° spot were not recotdable, The 1S/0S line could be clearly observed at the fovea m both cases, except in minute disraption af the foveold“‘ .
in" @ (asterisk). The COST line could be observed at thé fovea m both ‘Cases, although shghtly more blurred than 1n the nouml case. -
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‘Table 3. Op‘ucal Coherence Tomography Fmdmgs in 21 Eyes of 11 Farmly Members with RP1L1 Mutatron in the Order of Years After the Onset

, , OCT Flndmgs at Fovea
Years : ' . Blurring

“payagold st 1R Sl 10 uoRonpoidel pezucUIneUr “ouj ‘AIBI00S SUCHBOIUNIILIOS oiufeLiyde Aq ¢

6

s

- 63

, L Thin'ning of
After b s Relative Amplitude ~ Disappearance  of IS/OS ' .~ Fovea -
the Onset , oD/ ~ in mfERG at fovea of COST  Junction - Abnormality (Thickness - Other
(Years) Case 0s BCVA (Ring 1/Ring 5 or 6) at fovea at Fovea of RPE <160 um) Findings
None 5 - 0D 1.2 4.24 - - - C -217) ~ Not diagnosed as OMD
Unknown - 1 oD 1.2 C2.34° £" +" - -(200) . No subjective visual
o ; disturbance
2 14 oD 1.0 1.63. + + - ~(160)
3 11 08 0.4 Not measurable B + - —(168)
12 0D 0.3 - 098 + + - ~(174)
: (OF] 0.3 1.03 + + - -(168)
10 14 0s 0.6 0.66 + + - ~(160)
10 11 oD 0.1 Not measurable + + - —(164)
12 - 18 oD 0.2. - Not measurable + + - ~(181)
: 0s 0.15 - Not measurable- + + - -(177)
20 7 0D 0.1 . Not measurable - L+ + - S +(134)
, 0S 0.07 Not. measurable + + - +(142) -
31 1 os ot . 060 + + - - +(150)
.38 10 0D o1 Not measurable + + - +(150)
o 08 01 Not measurable. + + - © +(153)
8 oD 01 -1.01 + + - +(148)
oo . 08 041 - 1.80 + + - +(148)
46 2 oD - 04 Not measurable + +1 -  +(156)
.08 - 05 Not measurable + +f - +(154)
4 0D . 02 Not measurable + +T - +77)
' 08 © 02 Not measurable + +1 - +(76)

*The COST and IS/OS Junctlon were normal only at the foveal center In the parafovea, the COST could -not be observed and the 1S/0S junction:was blurred.
TThe lS/OS Junctlon was drsrupted at the fovea.
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findings indicate that mfERGs or focal macular ERGs

are sensitive enough to detect Very early macular dys-

function in OMD.

Similarly, OCT could be another sensitive tool for
the detection of early OMD because an abnormality of
the COST line and the IO/OS line in the macula was
observed in all the affected cases. However, we believe
that the mfERG is more sensitive than OCT in detecting
early dysfunctions of the macula in eyes with OMD.

For example, Case 14 was a 28-year-old man whose =

BCVA was 1.0 (right eye) and 0.6 (left eye), but his

fundus and visual field tests did not show any differ- .
ences between the 2 eyes. He did notice a visual = -

disturbance in his left eye 8 years before the onset in his
right eye. In the OCT images, both the COST line and
the IS/OS line were similarly affected for both eyes at
the fovea, and the retinal thickness at the fovea was 160

pm in both eyes (Table 3). The mfERG, on the other

hand, were different in the 2 eyes; the relative dmphtude
of mfERG at the fovea (Ring I/ng 5) was 1.63 (38.2/
23.5) in his right eye and 0.66 (15.8/23.8) in his left eye
(Table 3). Thus, we believe that both the mfERGs and
OCT can be useful in the diagnosis of OMD, but
mfERGs are more reliable in” detecting and evalua-
ting minimal macular dysfunction at the early stage of
the disease. The abnormalities in the OCT, however,
progress slowly and continuously until the late stage,
and thus they may be more useful for following the
long-term progression of OMD.

Roles of RPILI Gene and Occurrence of OMD

Our study confirmed that all the affected patients
with RPIL1 mutation had abnormalities of the photo-
receptor structures; the IS/OS line was very blurred
and thick and the COST line could not be observed
in the macula (Figure 2). But in the perimacular re-
gion, which had normal visual function, all the outer
retinal structures were seen to be normal. During the
whole disease process, neither the external limiting

membrane nor the RPE had any significant changes
and remained normal. In some of sporadic cases of the

OMD, similar abnormalities in the OCT could not be
observed, although localized macular dysfunction was
confirmed electrophysiologically (Figure 3C).

The location of COST line coincided with the
location where the outer segment disks are renewed
in the cones.”*?® The disappearance of the COST line
indicates an early stage of dysfunction of the cone
photoreceptors as has been found in acute zonal occult
outer retinopathy.'' Recently,” ultrahigh-resolution
OCT with adaptive optics has revealed that the 1S/
OS line corresponds to the ellipsoids of the photore-
ceptor inner segments, which are rich in mitochondria
and play important roles in cellular metabolism.?’

Immunohxstochemmry for the RPILI gene in ret-
inal section of cynomolgus monkeys showed that it
was expressed in both the inner and outer segments of
the rod and cone photoreceptors, although the exact
site w1thm the photoreceptor has not been con-
firmed.'? RPILI is believed to ‘play important roles

- in the morphogenesis of photoreceptors, and once the

function of RPILI is disrupted by a mutation, both
the electrophysiologic responses and structures of the
photoreceptor can ‘be- altered. Cellular dysfunction
because of an RP/L] mutation affects either the inner
or outer segment, or both, of the photoreceptors,
which first becomes apparent as ‘an abnormality of
both the COST line and IS/OS line in the OCT

mmges

Cons:denng that the OCT abnonndhues in sporadic

- cases did not show similar pattern as patients with the
- RPILI mutation, the phenotypically confirmed OMD
* surely consists of diseases caused by several indepen-
- dent etiologies. In any case, the abnormalities in the

mfERGs and OCT observed in OMD in this family

strongly support the contribution of RPILI mutation
to the presence of this disease.

There are still some important questions of the
disease process in OMD that are unsolved. First, why
is only the macular region affected while the peri-
macular region remains intact both functionally and
morphologically even at a very advanced stage?
Second, why do OMD patients have pormal fundus
appearance until the end stage, and why does the RPE
remain intact until the end stage when the photorecep-
tor structures are markedly damaged (Figure 3B, ®)?
Fujinami et al*® demonstrated that the fundus auto-
fluorescence images in the macula of OMD patients
are normal, indicating that the RPE is normal. Third,
why does the disease progression stop when the
BCVA decreases to 0.1 t0 0.2?

These characteristics in the disease process are
pecaliar to the OMD and not observed in other
macular dystrophies. More detailed investigations on

f the function of RPILI bhould prov;de information to

answer these questions. s -

We suggest that OMD is not a single disease
caused by a specific gene mutation, RP1LI, but may -
represent different disease entities with similar retinal
dysfunctions. Considering all our findings on OMD,
we can phenotypically define the OMD as a slowly
progressing bilateral dysfunction of the photorecep-
tors located in the macula, not accompanied by either
vascular or RPE damage. The etiology of OMD cases
without the RPJLI mutation is now under investiga-
tion with large number of cases and some of them
might be found to be because of other autosomal
recessive mutations.
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A new mutation in the RPIL1 gene in a patient with occult macular
dystrophy associated with a depolarlzmg pattern of focal macular

electroretmograms

;Takenorl Kabuto, Hisatomo Talmhasln,1 Yoko Goto-Fukuura,l Tsutomu Igarashx,2 Masakazu Akahorl,
:Shuhei Kameya,' Takeshi Iwata,’ Atsushi Mlzota,‘ Kumhlko Yamakl 1 Yozo Miyake,™ 6 leoshx Takahaslu2

1Department of ()phthalmalogy, Nippon Medical School Chiba Hokusoh Hospital, Chiba, Japan; ZDepartment ‘of Ophthalmalagy, -
Nippon Medical School, Tokyo, Japan; 3Division of Molecular & Cellular Biology, National Institute of Sensory Organs, National -
Hospital Organization Tokyo Medical Center, Tokyo, Japan; *Depariment of Ophthalmology, Terkyo University School of Medicine,
Tokyo, Japan; > Department of Ophthalmology, National Institute of Sensory Organs, National Hospital Organization Tokyo Medzcal

Center Tokyo, Japan; ¢Aichi Medzcal Universuty, 21 Yaz,akokarzmata Naoakute—cha Azchz, Japan

~ Purpose: To determine whether 2 mutation in the RP1-like protein'l (RPILI) gene is present in a Japanese patient with

.sporadic occult macular dystrophy (OMD) and to examine the characteristics of focal macular electroretinograms (ERGs).

of the patient with genetically identificd OMD.

Methods: An individual with OMD underwent detdlled ophthalmic clinical cvaluatlons mt,ludmg focal macular ERGs.
Mutatwn scrcemng of dll codmg regwns and ﬂ.mkmg mmm sequences of the RPILI gcnc were pertormed with DNA
sequencing analyms in tlus case with OMD. )

“Results: A new RPILI mutdtwn (¢ 3596 (,>G in exon 4) was identified. The variant ¢.3596 C>G in exon 4 resulted in

the substitution of cysteine for serine at amino acid position 1199. The serine at position 1199 is well conserved : ‘among
the RPIL1 family in other species: Four out of five computational assessment tools predicted that this mutation is damaging
to the protein function. This mutation was not present in 294 control alleles The waveform of focal macular ERGs recorded
from the patient with OMD had a depolarizing pattern, simulating the ERG waveforms observed after the hyperpulmzmg
bipolar cell d(.twlty is blocked.

Conclusions: We have demonstrated i ina Jdpancsc patient the possxb;hty that sporddlc OMD may also be caused by an

RP1L1 mufation. The waveform of focal macular ERGs elicited from the OMD patient with the RPILI mutation showed
a depolarizing pattern. This characteristic is the same as reported for the focal macular ERGs of OMD. ‘

Occult macular dystrophy (OMD; OMIM 61 ?587) isan.

inherited macular dystrophy characterized by a progressive
decrease in visual acuity with an essentially normal fundus

and . normal - fluorescein angiograms: [1,2]. The full-field.

electroretinograms (ERGs) are normal; however, the focal
macular ERGs and multifocal ERGs (mfERGs)! recorded from

the -macular area are -abnormal. [1-3]. Despite normal
ophthalmoscopic findings, spectral domain-optical coherence
tomography (SD-OCT) has shown morphological changes in.

the retina in the macular area [4-8]. Several studies have
reported various degrees of disruption of the inner segment/

outer segment (IS/0S) junction and the cone outer segment.

up (COST) line [4-8].

- The hereditary form:of OMD is an dutosomdl dommdnt
trait; however, sporadic patients have also been reported [3,
9]. The gene responsible for the disease was recently
1dent1hed as the RP1-like protem 1 (RP]LJ) in four farmhes
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with dutosomdl dominant OMD {10] The RP]L] gene has
been identified through sequence analyses of human and
mouse genomes [11 12] The human RPIL1 gene is encoded
in four exons that Spdl’l 50 kb on chromosomc 8p The length
of the mRNA of RPILI ismore than 7 kb, but the exact lcngth
varies dmong md1v1duals becduse of the t presem,e of several
length polymorphlsms RP]LI enc,odes a_protein with a
minimal length of 2, 4()0 dmmo duds and a predlcted welght‘
01 252 kDa.

The explessmn of RPlLl is limited to the retina, and
appears to be specific to photoreceptors [12]. The RP1LI gene
was also found to be conserved in distant vertebrates [11].
Knockoutmice lacking the RP1L.1 protein have reduced ERG
amplitudes and progressive photoreceptor degeneration [13].
The study of RPILI7= mice also showed that the RP1L1
protein is located in the axoneme of the outer segments and
connecting cilia - exclusively -in rod  photoreceptors. The
RPIL1 protein appears not to be expressed in  cone
photoreceptors in mice, although more than 97% of the
photoreceptors = in mice are rods [13]. However,
immunohistochemical analysis of the RP1L1 of (,ynomolgus
monkeys with the humanPlLl antibody showed that RP1L1
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was expressed in rod and cone photoreceptors [10]. Because . -
" and bdckground lights were integrated into an infrared fundus
«camera [15-17]. The size of the: stimulus: spot-was 15°:in.

the amino acid sequence of human RPILI is only 39%

identical to that of the mouse; researchers have suggested that -

the primate RP1L 1 might have different functional roles in the
cone photoreceptors of the retina than that of other species
[10].

We have identified 2 new mutation in the RPILI gene in .
a patient w1th clx cal charactenstlcs ot OMD dbl’lOﬂ’ndl focal

macular ERGs and blurnng of the IS/OS junction and the
disappearance of the COST line in SD-OCT images. The

fundus: examination, fluorescein angiograms, and full-field -
ERGs were normal'in this case. The mutation is an amino acid -

substitution of cysteine for serine in exon 4 of the RP1LI gene’
that has not been reported in the bmgle Nucleotide

Polymorphism (SNP) database and was also not detected in

any of the 294 normal control alleles. The serine at position

1199 is well conserved-among:the RP1L1 family in other
““Japan). This system uses basically the same technology as the

species. Four out of: five computational ‘assessment. tools
(PolyPhen-2, SIFT, PMut, Align GVGD, and

MutationTaster) predicted that this mutation is damaging toi' ‘

the protein function. A segregation of the mutation and the

disease was found in one affected member and one unattected L

member of. the same fdrmly

. METHODS

The protocol coriformed to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board
of the Nlppon Medical School ‘and the ethles review
committees of the National H()Spltdl Organization Tokyo

Medical Center. Written informed consent was obtained from
all patients after the nature and possnble consequences of the
study were explamed

Clznzcal studzes The ophthdlmologlcdl exammatwns
meluded best-eorrected v1sudl acuity (BCVA) medsmements
refractnon sllt-ldmp bxomlcroscopy, ophthdlmoscopy, fundus
photognaphy, petimetry, SD-OCT, fluorescein dngwgrdphy
(FA), full-ﬁeld ERGs, focal ER(JS, and mtERGs The visual
fields were detelmmed with the Goldman perlmetry and the
Humphrey Visual Field Analyzer (model 745i; Carl Zeiss
Meditec, Inc., Dublin, CA). The Swedish interactive threshold
algorithm standard strategy was used with program 30-2 of
the Humphrey Visual Field Analyzer. The OCT images were
recorded using a SD-OCT (Carl Zeiss Meditec)-on this patient
and normal controls: Full-field scotopic and photopic ERGs
were  recorded - using an - extended. -testing - protocol
incorporating - ‘the - International : Society for ~Clinical
Electrophysiology of Vision standards [14]. The full-field
ERGs were used to assess retinal function under scotople and
photopic states. L

Focal macular electroretinograms: Focal macular ERGs
were recorded with a commercial Focal Macular ERG system
(ER80; Kowa Company, Tokyo, Japan, and PuREC; Mayo
Company, Nagoyd, Japan) using a bipolar contact lens

© 2012 Molecular Vision

electrode (MY type Electrode; Mayo Company). The stimulus.

diameter and was placed on the macula by observmg the
infrared image of the retina on a monitor. The white stimulus-
and background illumination were generated by light-emitting
diodes that had maximal spectral emissions at 440 to 460 nm

" “and 550 to 580 nm, respectively. The luminarices of the stimuli
* and background were 115.7 cd/m?and 8.0 cd/m?. The duration

of the stimulation was 100 ms. The responses were amplified

- and filtered with digital band pass filters from 5 to 200 Hz.
»Three hundred. responses. were. summed  with a stimulus

+o frequency of 5 -Hz. The -a-wave, : b-wave, d-wave, and
osullatory potentials (OPs) were evaluated.

Multlfocal electroretmograms The mfERGs were
recorded using a commercial mfERG system (LE-4000,
Tomey, Nagoya, Japan; LE4100; Mayo Company, Inazawa,

Visual Evoked Response Imaging System [18]. The visual

stimuli consisted of 37 hexagonal elements with an overall

~ subtense of approximately 50°. The luminance of each

_hexagon was 1ndependently moduldted between black (2.47

: ‘ﬂcd/mz) and ‘white (200.4 cd/m?) aceordmg to a bmary m-

.+ sequence at 75,Hz, The surround luminance was set at 75.4
. cd/m2. s

Mutation analy.sz.s Blood samples were collected from

the patient, and genomic DNA was isolated from peripheral -

white blood (,ells usinga blood DNA isolation kit (N ucleoSpin
BloodXL Mdehexeyngel Diiren, Germany). The DNA was
used as the template to amplify the RPILI gene. Coding
regions and flanking introns of the RPILI gene were
amplified with* polymerase chain reaction (PCR) using
primers produced by Greiner Bio-One (Tokyo, Japan). Primer’
sequences are listed in Table 'l.- The PCR products were’
purified (ExoSAP-IT; USB Corp.; Cleveland, OH) and were’
used as the template’ for sequencing. Both strands were
sequenced on an automated sequencer (Bio Matrix Research;
Chiba, - Japan). The identified  mutations and -coding
polymorphisms were assayed-in 294 control chromosomes
from 147 healthy Japanese individuals with direct sequencing
except' the length polymorphism tregion. To’ sequence the
length polymorphism region of the RPIL1 gene; the amplified
PCR products were subcloned into the StrataClone PCR*
cloning vector (Stratagene; La Jolla, CA). At least fivé cloned
products' from this case -and 20 control individuals were
sequenced on an automated sequencer : : :

Computatzonal assessment of 1 missense mutatzon The
effect of a missense mutation on the encoded protein was
predicted with the PolyPhen-2, SIFT, PMut, Align GVGD,
and MutationTaster. online tools [19-24]. PolyPhen-2 is a.
software tool that predicts the possible impact of amino acid-
substitutions on the structure and function of human proteins:
using straightforward physical and evolutionary comparative
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TasLE 1. SEQUENCES OF OLIGONUCLEOTIDE PRIMERS USED IN THIS STUDY AND PCR PRODUCT SIZE.

Fragmentname  Forward primer (5'-3')

RPILI-2A GAGACAGGAAATGCCAATCC
RPIL1-2B . CCTCTGCTCTGATAAGAAGC
RPIL1-3 CCTCCAGCTAGTGATAGAGG
RPILI-4A TTCCTTTATCCTGATGCIGC
RPIL14B TGTGGGAGGGCTACCCTTGG
RPIL1-4C - .- CTATGCATAGATGGAGCAGG
RPIL1-4D.. . CAATGTCCTCACCCAGCAGC
RPIL1—4E - GACTCCTGCTCAAAATCTGG
RP1L1—4F " GGACAGCAGTCCCTGGAAGG
RP!LI—!}G AAACACAGTGCAAGAAGAGG... .
RPIL1-4H - GGGAAAGGCTCCCAGGAAGATGACC -
RP1L1-41 CACAGAGGAACCCACAGAGC
RPIL1-4J CAAGAGAGAGCTCCAGAAGC
RPIL1-4K GACAAAGATCCCAAACTCGG
RPIL1-4L TGAAGGGGAGATGCAAGAGG
RPIL1-4M AGGCTTCTGAAAGCAGCAGC

Reverse primer (5-3') Product size
(bp)
CCGCAACTGCTGAGCAGTGG 471
TCCATGTGAGTATTTTGACC 373
GATTGACAGTACTGAGAAGG 498
CCAAAGACTTCCCTGCATCC 509
GCTGACGAGTCCGAAGAAGC SR 508
GTTACAGAGGAGTCCAGTGG 536
TCCAACCTGCAGAACCAAGG 494
GGACACCCTCTCCTGATTGG 784
ACTGCACCGCCTCTTCTTGC 937
AGGCTCAAGCTGGGAGCCACTCTGC ‘variable
TTCTGCACCTTCTGACTCTGGCTGG 1470
GAGAAGGCCGAGAGGTTTCG 522
TCTGTTGAGTCTCTGGCTCC 547
AGAGTCAGAAGATGTAGAGG 836
GAGTGGGCCTGTCCTCAGGGACTGG 821
ACTATGGACATCTCCAGTGG 517

considerations.”SIFT ‘generates multiple -alignments: of the
sonserved:
sequences of a gene; it assesses the conserved: amino-acid’
positions and analyzes the effect of missense changes on the:
conserved structure of proteins over the course of evolution..
The SIFT tool-assigns a score to the mutations, and-a:score of

sequence over different species to look at the-

<005 is considered potentially damaging. PMut is sofiware
aimed at annotating and predicting pathological mutations.

Align GVGD combines the- biophysical characteristics. of-

amino acids and protein multiple sequence alignments to
predict where missense substitutions in genes of interest fall
in a spectrum from enriched deleterious to enriched neutral,

MutationTaster evaluates - the dlsedse-cdusmg potential . of
sequen(,e alterations. .

Statistical analy.sz.s We Lal(,ulated the 95% Lonhdenw
intervals (CI). of the results. of the focal. mdcular ERGs of
normal controls. There were 25 men dnd 21 women whose
age ranged from 23 to 60 years (mean, 38. 04:1:8 33 ‘years) in
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Cone g T Lo R ‘ . ERGs are: shown.. The results. of full-
. N &\ N N \'W """’J sl A field ERGs are within the normal lu:mts
BT i 2hms  inthis case. :
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this control group. We recorded focal
either of the eyes of normal controls an
CI of the amplitudes of the a-wave
implicit time of the a-waves and b-w:
70 ms afier the stimulus was turned o
recovery of the b-wave to the b séhne

RESULTS

Case report: A 52-yedr-old Wonian Lomp]amed of agr ddlldl‘
decrease in vision in both eyes during the past two to three
years. Family history revealed no other members with any eye
discases, mcludmg ‘her “parents  who were deceased. Her
BCVAS were 20/63 in the right eye and 20/50 in the left eye.
The fundus’ exammdnon ‘fluorescein angiography, and full-
field ERG results were within the normal limits (Figure 1A-

OCT images of this case showed a blurred IS/OS junction an

COST line at the foveal center (Figure 3D,F). In the petipheral
macula area, the COST line was absent, and- only. the blurred:
IS/OS junction was-visible in this case (Figure 3C,E). .. ..

Focal - -+ macular electroretinograms - and - multifacal ;
electroretinograms:-A severe reduction in the a-waves of the:
focal' macular ERGswas ‘found in this: case (Figure 4).
Although the b-waves were large; their shapes were abnormal.
The b-waves rose to a'peak; and the potential was maintained
longer than normal;- The plateau-region of the b-wave was:
significantly elevated above the baseline potential (Figure 4,
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