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Screening of the MERTK gene for mutations in Japanese patients
with autosomal recessive retinitis pigmentosa

Asako Tada, Yuke Wada, Hajime Sato, Toshitaka Itabashi, Miyuki Kawamura, Makoto Tamai, Kohji Nishida

Department of Ophthalmology, Tohoku University School of Medicine, Sendai, Japan

Purpese: To determine whether mutations in the MERTK gene are present in Japanese patients with autosomal recessive

retinitis pigmentosa (arRP).

Methods: The coding sequence of all 19 exons and the adjacent flanking intron sequences of the MERTK gene were
directly sequenced in 96 unrelated Japanese patients with arRP,

Results: Seventeen sequence variants were found; six missense changes, three isocoding changes, and eight intron changes
were also observed. One arRP patient had a novel homozygous Leul2Pro missense mutation in the MERTK gene.
Conclusions: Mutations in the MERTK gene are relatively rare in Japanese patients with arRP.

Royal Coliege of Surgeons (RCS) rats have been exten-
sively used as an animal model of a recessively inherited reti-
nal degeneration. RCS rats have a genetic defect that leads to
phagocytosis of photoreceptor outer segments by the retinal
pigment epithelial cells that then results in retinal degenera-
tion. In 2000, positional cloning showed that RCS rats had a
deletion of the MERTK gene, which encodes a receptor ty-
rosine kinase [1]. Subsequently, patients with retinal dystro-
phies were screened for mutations in the human ortholog of
the MERTK gene, and three disease-causing mutations and 11
sequence variants were detected [2].

To date, there have been only three published investiga-
tions of mutational screening of the MERTK gene on patients
with inherited retinal degeneration [2-4]. Interestingly, muta-
tions in the MERTK gene have not been reported in Japanese
patients with autosomal recessive retinitis pigmentosa (arRP).

The purpose of this study was to determine whether mu-
tations in the MERTK gene were present in Japanese patients
with arRP. To accomplish this, we screened 96 patients who
were diagnosed to have arRP clinical findings.

METHODS
After informing the patients on the purpose and procedures
to be performed, a signed consent form was obtained from all
patients.

Ninety-six DNA samples from 96 unrelated Japanese
families with arRP were screened for mutations in the MERTK
gene. All patients were previously evaluated for mutations in
the arrestin, ABCA4, NR2ES, LRAT, TULPI, and RPEG65 genes.
Genomic DNA was isolated from leukocytes prepared from

Correspondence to: Yuko Wada, MD, Department of Ophthalmol-
ogy, Tohoku University School of Medicine, 1-1, Seiryo-machi, Aoba-
ku, Sendai 980-77, Japan; Phone: 81-22-717-7294; FAX: 81-22-717-
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each patient’s blood (10-15 ml) using the Gene Ball Genome
Preparation Kit (TaKaRa, Kyoto, Japan). Patients were diag-
nosed with retinitis pigmentosa (RP) by clinical findings and
electroretinographic characteristics. Patients with arRP were
from families with several affected siblings and had no other
family members with RP in the preceding generation, or were
the affected offspring of a consanguineous mating of parents
who had no history of RP. We also screened 200 chromosomes
from 100 normal subjects for mutations of the MERTK gene.

Exons of the MERTK gene (exons 1-19) were individu-
ally amplified using polymerase chain reaction (PCR). For
the screenings, 20 sets of primer pairs were prepared. Table 1
presents the primers used in amplification. For other exons,
we used the same primers reported by Vollrath and colleagues
[1]. PCR products were directly sequenced (Model 3100; Ap-
plied Biosystems, Foster City, CA). The numbering of the bases
of the cDNA sequence used was in accordance to the GenBank
accession number NM_006343.

RESULTS

There were 17 sequence variants found by direct sequencing
(GeneBank accession numbers, NM_006343; Table 2, Figure
1). Eleven of the 17 sequence variants (IVS1-18G->A,
IVS2+68ins TTTATTTATTTA, IVS3+10C->T, IVS4+13T->C,
IVS4+51G->T, IVS14-42A->G, IVS15-11C->A, TVS18-143T-
>C, Pro252Pro, Asn498Asn, and Ser627Ser) were isocoding
or intronic changes. Thus, none of these changes affected the
amino acid sequence of the MERTK protein. The intronic
changes did not create or destroy any splice donor or acceptor
sites with splice-site prediction software (NNSPLICE). These
changes, except for IVS15-11C->A, were also detected in
normal controls (Table 2).

Six missense changes were identified in this study;
Leul2Pro, Cys115Gly, Asnl118Ser, Arg466Lys, lle518Val, and
Arg909 His altered the amino acid sequence. Among these
missense changes, Asnl18Ser, Arg466Lys, and 1le518Val were
detected with higher frequencies in patients with arRP, and
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with almost the same allele frequencies in normal controls
(Table 2); we therefore considered that these changes to most
likely be nonpathogenic.

Cys115Gly (TGC to GGC; c480T->QG) and Arg909His
(CGCto CAC; ¢.2863G->A) were rare and were not observed
in normal controls. Patients with a heterozygous Cys115Gly

TABLE 1. PCR PRIMERS DESIGNED IN THIS STUDY

Primer (5'-3') Exon
F: CACCCCAGTGCTCTCTCTTC 2a
R: TAGGGGCTTTGATTCGACAG
F: CCTTCACAGCAACATCTAGGC 3
R: GTTCTCTGGCAATGGGACTC
F: TGACAAARGGAATGCTGTGGA 9
R: ACTGCCTGGACCATCACATC
F: TTCCCTGTTACAAGCCAGTG 10
R: AGCCATCTGGGAGCAATGTA
F: TGAAAGAAAACACGCTGACAA 12
R: TGCCAGATCTGAGTTTCAAAAA
F: CAGCAGCTCTGGCACTGTAG 13
R: CCTCATGGAGCACCCAATAC
F: AGTCCATTCAGGCTTTGTGG 18
R: TGGCTAACAGCAGTCCCTTT

We designed the primers for 2a, 3,9, 10,12, 13, and 18 in the MERTK
gene. For other exons, the same primers by Vollrath and colleagues
[1] were used.

©2006 Molecular Vision

or Arg909His mutation did not have a second mutation in the
MERTK gene. One patient with a homozygous Leul2Pro
mutation was the child of a consanguineous union. Unfortu-
nately his parents and siblings were deceased but were re-
ported to be unaffected. We were not able to perform segrega-
tion analysis in this family. The Leul2Pro of the MERTK gene
were not seen in 100 normal controls.

DISCUSSION

To date, only five pathogenic mutations in the MERTK gene
have been reported in patients with arRP [2-4]. The purpose
of this study was to determine the frequency and kinds of
mutations of the MERTK gene in Japanese patients with arRP.
We found 17 sequence variants, which included six missense
changes, three isocoding changes, and eight intron changes in
the MERTK gene. The Asnt188er, Arg466Lys, and Ile518Val
variants are the same variants that were reported by Gal et al.
[2]. The two rare sequence variants, Cys115Gly and Arg909His
were not detected in 100 normal controls. The Cys115Gly
mutation i8 inside the Ig-like domain and is conserved in hu-
mans, mice, and rats, which would suggest the possibility that
it is a pathogenic mutation. The Arg909His mutation was of
uncertain pathogenicity because it was outside the domain and
not conserved (Figure 2). Alternatively, these two mutations
may affect other than kinase function of the receptor. In this
study, we were not able to find a second mutation in the
MERTK gene for two patients associated with the Cys115Gly
or Arg909His mutation.

We also considered two possibilities for the homozygous
Leul2Pro mutation in the MERTK gene. First, although we
could not perform the segregation analysis, a homozygous
Leu12Pro mutation was found in one member of a consan-

TABLE 2. ALLELE FREQUENCIES OF DNA SEQUENCE CHANGES IN THE MERTK GENE

ARRP patients

Normal control

Minor Minor
Predicted allele allele
Location DNA changes effect wt :het :homo frequency wt :het :home frequency
Exonl c.172T->C Leul2Pro 95: 0: 1 0.010 100: 0: O 0
Intronl IVS1~-18G->A No effect 92: 1: O 0.005 98: 2: O 0.010
Exon2 C.480T->G Cys115Gly 84: 1: O 0.005 100: 0: © 0
Bxon2 C.480A->G Asnll8Ser 0:14:81 0.926 1:14:85 0.924
Intron2 IVS2+68insTTTATTTATTTA No effect 93: 0: 2 0.021 98: 0: 2 0.020
Intron3 IVS3+10C~->T No effect 64:17: 1 0.131 82:17: 1 0.104
Exond c.893A->G Pro252Pro 87: 8: 0 0.043 94: 6: 0 0.030
Intron4 IVS4+13T->C No effect 63:31: 1 0.210 62:36: 2 0.250
Intron4 IVS4+51G->T No effect 65:28: 2 0.202 62:36: 2 0.250
Exon$S c.1534G->A Arg466Lys 48:25: 2 0.239 60:38: 2 0.265
Exonl0 c.1631C~>T Asn498Asn 69:20: 1 0.139 79:21: 0 0.117
Exonl0 Cc.1689A->G Ile518Val 54:34: 2 0.267 61:38: 1 0.250
Exonl4 c.2018T->G Sexr&27Ser 54:35: 2 0.272 62:37: 1 0.242
Intronl4 IVS14-42A~->G No effect 60:10: 1 G.082 80:20: O 0.111
Intronl$s IVS15-11C->A- No effect 67: 0: 1 0.014 96: 3: 1 0.025
Intronl8 IVS18-143T->C No effect 63:16: 2 0.140 79:20: 1 0.123
ExonlS C.2863G->24 Arg909His 85: 1: 0 0.005 100: 0: O 0

Data are from the mutation screening of 96 unrelated patients with arRP and 100 normal controls. The numbers of patients with wild type (wt),
heterozygous sequence changes (het), and homozygous sequence changes (hom) are given.

442

_~_60 J—



Molecular Vision 2006; 12:441-4 <http://www.molvis.org/molvis/v12/aS0/> ©2006 Molecular Vision

Leul2Pro
10 I 20 30 40 50 60 70 8¢ 30 100
Human MGPAPLPLLL GLFL-PALWR RAIT-EAREE AKPYFLPPGP FPGSLOTDHT PLLSLPHASG YQPALMFSPYT QPGR--P-HT GNVAIPQVTS VESKPLPPLA
Mouse MVLAPL-LL- GLLLLPALWS GG-TAEKWEE TELDQLFSGP LPGRLPVNHR PF-SAPHSSR DQ--LPP-P- QTGRSHPAHT A--A-PQVTS TASKLLPPVA
Rat MVLAPL -LL- GLLLLSALWN GG-TAEKEEE IKPDQPFSGP LPGSLPADHR PF-VAPHSSG DQ--LSP-S- QTGRSHPAHT A--T PQMTS ZASNLLPPVA

Cys1l5Gly
I Asnll8Ser
110 120 I 130 140 150 160 170 180 180 200

Human FRHTVGHIIL SEHKGVKFNC SINVPNIYQD TT-ISWWKDG KELLGGHHRI TQFYPDLE-V TAIIASFSIT SVQRSDNGSY ICKMKINNEE IVSDPIYIEV
Mouse FNHTIGHIVL SEHKNVKFNC SINIPNTYQE TAGISWWKDG KELLGAHMSI TQFYPDEEGV S-IIALFSIA SVQRSDNGSY FCKMKVNNRE IVSDPIYVEV
Rat FKNTIGRIVL SEHKSVKFNC SINIPNVYQE TAGISWWKDG KELLGAHHSI TQFYPDEEGV S-IIALFSIT SVQRSDNGSY ICKMKVNCRE VVSDPIYVEV

Pro252Pro
I
210 220 230 240 250 260 270 280 290 300
Human QGLPHFTKQP ESMNVTRNTA FNLTCQAVGP PEPVNIFWVQ NSSRVNEGPE ¥SPGVLTVPG LTEMAVFSCE AHNDKGLTVS (GVQINIKAI PSPPTEVSIR
Mouse QGLPYFIKQP ESVNVTRNTA FNLTCQAVGP PEPVNIFWVQ NSSRVNEKPE RSPSVLTVPG LTETAVFSCE AHNDKGLTVS KGVHINIKVI PSPPTEVHIL
Rat QGLPYFTKQP ESVNVTRNTA FNLTCQAVGP PEPVNIFWVQ NSSRVNENPE RSPSVLTVAG LTETAVFSCE AHNDKGLTVS KGVQINIKVI PSPPTEVHIL

310 320 330 340 350 360 370 380 3960 400

Human NSTAHSILIS WVPGFDGYSP FRNCSIQVKE ADPLCGNGSVM IFNTSALPHL YQIXKQLQALA NYSIGVSCMN EIGWSAVSPW ILASTTEGAP SVAPLNVIVER
Mouse NSTAHSILVS WVPGFDGYSP LONCSIQVKE ADRLSNGSVM VFNTSASPHL YEIQQLQALA NYSIAVSCRN EIGWSAVSPW ILASTTEGAP SVAPLNITVF
Rat NSTAHSILVS WVPGFDGYSP LONCSIQVKE ADOLSNGSVM VFNTSASPHL YEVQQLQALA NYSVIVSCRN EIGWSAVSPW ILASTTEGAP AVAPLNITVF

Arg466Lys

410 420 430 240 450 460 170 1 a8 490 500

Human LNESSONV-D IRWMKPPTKQ ODGELVGYRI SHVWOSAGIS KELLEEVGQN GSRARISVQYV HNATCTVRIA AVTRGGVGEF SDPVKIFIPA HGWVDYAPSS
Mouse LNESH-NILD IRWTKPPIKR QDGELVGYRI SHVWESAGTV KELSEEVSQN GSWAQIPVQI HNATCTVRIA AITKGGIGPF SEPVNITIPE HSKVDYAPSS
Rat LNESS-NNLE IRWTKPPIKR QDGELVGYRI SHVWESAGTS KELSEEVSQN GSWAQVPVGM HNATCTVRIA VITKGGIGEF SEPVIVATPE HSRVDYAPSS

GluS40Lys*
Asn498Asn 1le51gVal I
I 510 520 I 530 540 550 560 570 580 580 600

Human TPAPGNADPV LIIFGCFCGF ILIGLILYIS LAIRKRVQET KFGUAFTEED SELVVNYIAK KSFCRRAIEL TLHSLGVSEE LQNKLEDVVI DRNLLILGKI
Mouse TPAPGNTDSM FIILGCFCGF ILIGLILCIS LALRRRVQET KFGGAFSEED SQLVVNYRAK KSFCRRAIEL TLQSLGVSEE LONKLEDVVI DRNLLVLGKV
Rat TPAPGNTESM LITLGCFCGF VLMGLILYLS LAIKRRVQET KFGGAFSEED SQLVVNYRAK KSFCRRAIEL TLQSLGVSEE LQNKLEDVVV DRNLLILGKV

Axg65lter* Ser661Cys*
Ser627Ser I I
510 620 630 I 640 650 660 670 680 650 700
Human LGEGEFGSVM EGNLKQEDGT SIKVAVKTMK LDNSSHREIE EFLSEAACMK DFSHPNVIRL LGVCIEMSSQ GIPKPMVILP FMKYGDLHTY LLYSRLETGP
Mouse LGEGEFGSVM EGNLKQEDGT SQKVAVKTMK LDNFSQREIE EFLSEAACMK DFNHPNVIRL LGVCIELSSQ GIPKPMVILP FMKYGDLHTF LLYSRLNTGP
Rat LGEGEFGSVM EGNLKQEDGT SQKVAVKTMK LDNFSLREIE EPLSEAACMK DFNHPNVIRL LGVCIELSSQ GIPKPMVILP PMKYGDLHTF LLYSRIESVP

Arg722ter*
I
710 720 730 740 750 760 770 780 790 800
Human KHIPLQTLLK FMVDIALGME YLSNRNFLHR DLAARNCMLR DDMTVCVADF GLSKKIYSGD YYRQGRIAKM PVKWIAIESL ADRVYTSKSD VWAFGVTMWE
Mouse KYIHLQTLLK FMMDIAQGME YLSNRNFLHR DLAARNCMLR DDMTVCVADF GLSKKIYSGD YYRQGRIAKM PVKWIATESL ADRVYTSKSD VWAFGVTMWE
Rat KSIPLQTLLK FMVDIAQGME YLSSRNFLHR DLAARNCMLR DDMTVCVADF GLSKKIYSGD YYRQGRIAKM PVKWIAIESL ADRVYTSKSD VWAFGVTMWE

lle871Thr~
Argg844Cys* Arg865Trp* T
810 820 830 840 850 I 860 870 I 880 I 890 s0¢

Human IRTRGMTPYP GVONHEMYDY LLHGHRLKQP EDCLDELYEI MYSCWRTDPL DRPTFSVLRL QLEKLLESLP DVRNQADV-- I-YVNTQLLE SSEGLAQOGPT
Mouse ITTRGMTPYP GVQNHEMYDY LLHGHRLKQP EDCLDELYDI MYSCWSADPL DRPTFSVLRL QLEKLSESLP DA--Q-DKES IIYINTQLLE SCEGTANGPS
Rat TATRGMTPYP GVQNHEMYDY LLHGHRLKQP EDCLDDLYEI MYSCWSADPL DRPTFSVLRL QLEKLSESLP DA--Q-DKES IIYINTQLLE SCEGLANRSS

Arg90SHis
I
310 920 EET 940 850 360 970 980 330 1000
Human LAPLDLNIDP DSIIASCTPR AAISVVTAEV HDSKPHEGRY ILNGGSEEWE DLTSAPSAAV TAEKNSVLPG E-RLVRNGVS WSHSSMLPLG S$- SLPDELLF
Mouse LTGLDMNIDP DSIIASCTPG AAVSVVTARV HENNLREERY ILNGGNEEWE DVSSTPFARV TPEKDGVLE- EDRLTKNGVS WSHHSTLPLG SPS-PDELLF
Rat LAGLDMNIDP DSIIASCTAG AAVSVVMAEV HENNLHEERY ILNGGNEEWE DVASTPFATV TAGKDGVLP- EDRLTKNGIS WSHHSTLPLG $PS-PDELLF

1010 1020 1030 1040 1050
Human ADDSSEGSEV LM..
Mouse VDDSLEDSEV LM.. P
Rat ADDSSGDSEV LM........

Figure 1. MERTK protein sequence of human, mouse, and rat. Black letters are the conserved residues. Leul2Pro mutation occurs at com-
pletely conserved position in human, mouse, and rat. Asterisk shows the previously reported pathogenic mutation by other groups. Red letter
indicates the position that is not conserved among human, mouse and rat.

!

[y H
; t i 4 t ; LI ¥ B
i i i !
Lt'uﬂPm! Cys115Gly !lvssnocn’! ArgdesLys T | Glu540Lys* Ser627Ser i Alrg722[cr' W$18-143T>C |
VS1-18G>p Asni18Ser | Pro252Pro A-I"“:izﬁm § ArgéStter || [ArgSMCys'
IVS2+6BinsTTTATTTATITA e al t WS16.11C>A Arg865Trp"
WS4+137>C VS14-42/>G Ser 661Cys" “Hea71The

WS4+451G>T 2070delAGGAC” Arg9u9His

Figure 2. Map of the 19 exons of the MERTK gene showing the locations of the DNA sequence changes. Asterisks denote mutations previ-
ously reported by other groups. The changes in the boxes were interpreted as causes of autosomal recessive retinitis pigmentosa; those in
italics and underlined are of uncertain pathogenicity. Other changes are considered to be nonpathogenic sequence variants.
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guineous marriage. It was not detected in 100 normal con-
trols, and was conserved in humans, mice, and rats (Figure 2).
This would suggest that this mutation may be a pathogenic
mutation in the MERTK gene. Second, the MERTK gene has
19 coding exons, and encodes four functional domains, such
as immunoglobulin-like, fibronectin-like, transmembrane-like,
and tyrosine kinase-like domains. All reported pathogenic
mutations (Arg651X, 2070del AGGAC, Arg722X, and
Arg844Cys) are inside the tyrosine kinase-like domain, and
the IVS10-2A->G is at the splice acceptor site [2-4]. On the
other hand, the Leul2Pro mutation is outside these domains.
These results suggest that this mutation might be a rare se-
quence variant in Japanese patients with arRP.

Previous reports on mutational screenings for inherited
retinal degeneration disclosed that the kinds and frequency of
mutations were different in ethnic populations [5-7]. How-
ever, the pathogenic mutation in the MERTK gene appeared
to be rare for patients in both Japanese and other ethnic popu-
lations.

In conclusion, our results provide evidence that mutations
in the MERTK gene are relatively rare in a group of 96 Japa-
nese arRP patients screened.

ACKNOWLEDGEMENTS

This study was supported in part by a grant from the Research
Committee on Chorioretinal Degenerations and Optic Atro-
phy, the Ministry of Health, Labour and Welfare of the Japa-
nese Government (TI), Tokyo, Japan, and a Grant-In-Aid for
Scientific Research from the Ministry of Education, Science,
and Culture of the Japanese Government (YW; A-14704044),
Tokyo, Japan.

©2006 Molecular Vision

REFERENCES
1. D’Cruz PM, Yasumura D, Weir J, Matthes MT, Abderrahim H,
LaVail MM, Vollrath D. Mutation of the receptor tyrosine ki-
nase gene Mertk in the retinal dystrophic RCS rat. Hum Mol
Genet 2000; 9:645-51.

2. Gal A, Li Y, Thompson DA, Weir J, Orth U, Jacobson SG,
Apfelstedt-Sylla E, Vollrath D. Mutations in MERTK, the hu-
man orthologue of the RCS rat retinal dystrophy gene, cause
retinitis pigmentosa. Nat Genet 2000; 26:270-1.

3. McHenry CL, Liu Y, Feng W, Nair AR, Feathers KL, Ding X, Gal
A, Vollrath D, Sieving PA, Thompson DA. MERTK arginine-
844-cysteine in a patient with severe rod-cone dystrophy: loss
of mutant protein function in transfected cells. Invest Ophthalmol
Vis Sci 2004; 45:1456-63.

4. Thompson DA, McHenry CL, Li Y, Richards JE, Othman MI,
Schwinger E, Vollrath D, Jacobson SG, Gal A. Retinal dystro-
phy due to paternal isodisomy for chromosome 1 or chromo-
some 2, with homoallelism for mutations in RPE65 or MERTK,
respectively. Am J Hum Genet 2002; 70:224-9.

5. Wada Y, Abe T, Takeshita T, Sato H, Yanashima K, Tamai M.
Mutation of human retinal fascin gene (FSCN2) causes attoso-
mal dominant retinitis pigmentosa. Invest Ophthalmol Vis Sci
2001; 42:2395-400.

6. Wada Y, Nakazawa M, Tamai M. A patient with progressive reti-
nal degeneration associated with homozygous 1147delA muta-
tion in the arrestin gene. In: LaVail MM, Hollyfield JG, Ander-
son RE, editors. Degenerative retinal diseases. Proceedings of
the 7th International Symposium on Retinal Degenerations; 1996
Oct 5-9; Sendai, Japan. New York: Plenum Press; 1997.p. 319-
22.

7. Nakazawa M, Wada Y, Fuchs S, Gal A, Tamai M. Oguchi disease:
phenotypic characteristics of patients with the frequent 1147delA
mutation in the arrestin gene. Retina 1997; 17:17-22,

The print version of this article was created on 9 May 2006. This reflects all typographical corrections and errata to the article through that
date. Details of any changes may be found in the online version of the article.

444



3. MEZEHEBEISFICHETS SENMA Ei=FEHR
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(GRAER)
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SEMA4A #E=F1% 2005 12 Abid 638 E Lk LWEREERFTH D58 AT

ZORKEEFERAWEHEEEERE CORBBFRITIIRIEHRES AT R, £ZT

et MIRENRE L SEMA4A BETEE & OEE RE Lz, BRafrErREaR
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27 4 (CRD) 86 ZHR&x&RE L, RHMAMEKD GHiH L7z DNA 28782, SEMA4A

&IEF 156 =7 YV o 2FEREEIC % LT, PCR-direct sequence {EIZ & Y B EEHIDOWRE
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FEEFERITED bN2h o7, SEMAAA BEFREEITAARANCET 5 F REBSEERH
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SEMA4A iIE~7x VUt LTHELNT
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<7 ATiE SEMA4A #EETFOMEL BE

TR R L OBERENRE STV A,
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BELEMADRP, F L AELERKEARE
YEARRP #EAARA T A b 7 1 :CRD) £
FIZBITH SEMA4A ETEREOREL
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BREEARFITIZE2EHE L,

B. BiRAE
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7= DNA #8582, SEMA4A &iz+ 15 =
7Y ERREERICR LT, PCR-direct
sequence VEIZ X U AR F Ok E
21T o7,

(B ~DERE)
2TORSBEEFITHRED BRY- FEIZoN
THHELA Y T —b K a2y b 2E
77

C. HiRFHER

FHRERTHD Pro238ser £E% ARRP1
Fl (BER7 LV AEEE0.005) 12, Ser549Asp
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IR, Argbl0Glu ZBRIFERT LV
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Ronghoi, £OMIZ Ala3lAla,
Pro664Pro, Tyr680Tyr @ 3 FEDOFHIH I X



U AERPHER SN,

Ser549Asp £ E % F L7 CRD BA&F X
ABCA4 B FEELE L., BREND
Stargardt " & ZWr 47,

Ala Ile Ser  Ser  Thr

RP#1240 /\/\ /\/j 1

BE1<—o 1R Pro238Ser 8

549
Cys Ala Ser Gl P;

E P I T G PP N
NN /\ A\ AN /\\ YAYAYA
FAVE YR VAV VAV AV SVAV IR VAVAVILYD ¥ G VN

o A&,wxﬂktﬁR”

RPH36T ] \, ; \,f\.,«\

AN Y A I VA

=2 *‘/——7 TR Serb40Asp 2

D. &R
SEMA4A 5T ORFITICE VT, BT R
TH D Pro238Ser £HE£% ARRP1 5% 14
IZA~T SR TR, 2 N 238 D Pro
HMOBTHEEICRFSA TV, IO
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£ LU TWeE, RIBEIZBWTIE exon 9 DA
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e o T2, il D exon TiX second
mutation [ IR SN2 hoTc, EF =B
17—/ 93 A 1 ADBRERE~T 2 S
THLTWE, Ll ZOERTHEREE
PMELS, SEERBTE R o7 exon9 12
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DEDPIEE DITEFAKRZ BN UEERE T 5
TENMELEZ DN,

/o, FHRERTHD Serb49Asp BE %
ADRP 1 5% 141, CRD1 %% 1 flic~F
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7 — L 93 BLZEB O L AL 0o 7D
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IZENENRDT,
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BLEMS T,
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AR ENT,
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4. BERAOMBREREHE L HTRA1 FoE—4—EHEO—EESE

BT, PEFRED. RREREY IsEED | 'Y, FREEY
REEL Y. BT, SHEERRD, 4 RF), BEBEETY. AMXEHY
FBIHBTD, ERREAY. BRERY, HEERY. REmMILY
(U mEA, P EBEER)

PMREE BHENGERZENE (AMD) OfERET L LT HIRAL 7rt—4 —filo—
BELR (1s11200638, A/G) 73, AABLUEE T 7 BIEIZRBW THE Si7-(Science
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A. BIRE®N
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B. BiAE
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Telotc, BREEALEED, BEEIZE b
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(ERE 16 FEHETS) I0F » TR 21T o 72,
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