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REVIEW OF THE RECENT KNOWLEDGE OF GENOTYPE-PHENOTYPE
CORRELATIONS OF RPI-ASSOCIATED RETINAL DYSTROPHIES
IN THE JAPANESE POPULATION

Kei MizoBucHl, Takaaki HAyasHi, and Tadashi NAKANO

Department of Ophthalmology, The Jikei University School of Medicine

The RPI axonemal microtubule associated gene (RPI) is known cause of autosomal dominant (AD)
retinitis pigmentosa (RP), autosomal recessive (AR)-RP, and AR-cone dystrophy/cone—rod dystrophy (COD/
CORD). This gene is also believed to be a frequent cause of inheritance retinal dystrophy in the Japanese
population. We have previously reported detailed clinical findings, including long—term observational
findings, and genotype—phenotype correlations of RP/-associated retinal dystrophies in 25 Japanese patients
(23 families). We identified 18 pathogenic RP/ variants, including 7 novel variants from 607 patients with
inherited retinal dystrophies who underwent whole—exome/whole—genome sequencing or polymerase chain
reaction—based screening or both for an Arthrobacter luteus (4/u) element insertion (c.4052_ 4053ins328/
p-Tyr1352AlafsTer9). Interestingly, the A/u element insertion was the most frequent variant (32.0%, 16 of 50
alleles). The clinical findings revealed that the age at onset was significantly younger and that the disease
progression was significantly faster in patients with AR-RP than in patients with AD-RP or AR-COD/CORD.
In this review, we summarize the clinical and genetic features of the RP/-associated retinal dystrophies.

(Tokyo Jikeikai Medical Journal 2022;137:15-26)
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Fig.1. The age at onset and course of visual acuity findings of the 3 phenotypes.

(A) The graph shows the age at onset in patients with autosomal dominant (AD)-retinitis pigmentosa (RP), autosomal recessive (AR)~
RP, and AR-cone dystrophy (COD)/cone-rod dystrophy (CORD). (B) Decimal best corrected visual acuity was converted to logarithm
of the minimum angle of resolution (logMAR) units for comparison between each phenotype. The graph shows the course of logMAR
visual acuity in patients with AR-RP (in blue), AD-RP (in orange), and AR-COD/CORD (in green).
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Fig.2. Representative multimodal retinal images of the 3 phenotypes.

(A, B) Multimodal retinal imaging of the left eye in 2 patients with autosomal dominant retinitis pigmentosa (RP) is shown.
(C, D) Multimodal retinal imaging of the left eye of 2 patients with autosomal recessive (AR)-RP is shown.

(E, F) Multimodal retinal imaging of the left eye of 2 patients with AR cone dystrophy/cone—rod dystrophy is shown.
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Fig.3. Multifocal electroretinographic findings in a patient (Family 18-1I:3 JU1591) with autosomal recessive cone-rod dystrophy
A 46-year—old patient, who exhibited normal rod responses and lower limit of normal range of cone responses in full-field
electroretinogram, shows preserved responses in the central areas in both eyes.
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Fig.4. Longitudinal findings of a patient (Family 17-11:3 JU0514) with autosomal recessive cone-rod dystrophy.
(A-E) Multimodal retinal imaging findings of the left eye are shown at ages of 46, 51, 53, 57, and 67 years. (F) Full-field

electroretinography findings are shown at the ages of 53 and 67 years.
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Fig.5. Visual acuity and visual field areas in patients with autosomal recessive retinitis pigmentosa.

(A) Decimal best corrected visual acuity was converted to logarithm of the minimum angle of resolution (logMAR) units for statistical
analysis. In the left eyes (n = 13) of the 13 patients with autosomal recessive retinitis pigmentosa, the graphs show scatter plots of the
logarithm of the minimum angle of resolution (logMAR) best—corrected visual acuity (BCVA) and visual field areas of I-4e and V—-4e

isopters as a function of the age at last examination.

(B) The graph shows the Kaplan—Meier survival curves, with log-—rank tests, for visual acuity and visual field areas of I-4e and V—-4e
isopters in patients with autosomal recessive (AR)-retinitis pigmentosa (RP) and autosomal dominant (AD)-RP.

7 7 & U 7z Kaplan-Meier 4 77 HH AR 12 & O #2388 %
el U7z, BIEH 1= 0.4 logMAR (0.4 DA ),
I-4e-1 Y 74 —THFE= 500 mm® (10°), V-4e- Y
7% —MHfE= 8000 mm* (40°) & L7 (Fig. 5B).
Kaplan—-Meier 4 17 B AR & log—rank # & CH#HT L 72
L 2%, AR-RP TIZAD-RPICHNTHNIEFD
HETT (p=0.0200 BEPI4e&EV-dery TH—
OHBEMOWD (p=0.011, p=0.024) DEE
ICRWZ ENH SN ET2 o 2%, Kaplan-Meier 4
RN S, AD-RP D% < DEHI T4 E Tl
B EHBEN KRR EZND D, AERD
AR-RPDIF & A EDRERI TR D HE I RER
EERETDH T ENHBL .

4. BERGOELD
AD-RPIZAR-RP L 0 HFEDRIR 2R Z
EMBH SN ETR S /2. Figure 1IZ/;R L &0
AR-RP{ZAD-RPIZ LENTHRIEEMHMNEETH D
ZEMGMBD. 51T, Figure 5 TIZAR-RPIZH
FAEN - HLHBEOREITAAD-RPL D B RN

ZEMHSMTH D, 405 DFigure 1 BL U5
DFEFRIL, AR-RP CIIEBH IR A D HETTHVE
MHAELBZEZEZRLTWVWS, ElmiFOMMENL
IR EMR A 2 W /2 AR-RPICHVT B HEBEE 0 4f
[EBHEEDFRICBNT D, RESNTHHEMIE
DFEBDME IS TED T2 EARINTW
5, ZOXDHIZ, RPIBEMEE D Z hO 7 112
BT 5 AR-RPIF, BHIFENDHET DR FHI
HE T Ch< EHBNOEEBRNZ 05,
RPOFTHROEERBEREEET D Z LMK
MDOIDTHBEEZEAZ BN FTZAR-COD/
CORD DEHMIZDNTIE, INETIZHEIH
RN SRDEDICHBDOT B Z LN TE .
MUHASEHE, FEEM NI O 2 BT 5 B
MO, BRKWICHLED SO ZEMERNE
HETT 22, NS ORMITENNRBIRETT-
72 E#] (Family 17-11:3 JU0514) T HEH R X 1,
PN R 2 P S BB EFE L, R
FEINHEBNANELTZDIC20FELL EEHEL,
MR 720 Tle < MR R B OB AT HETT L T



22 T

L EMBHENERS = (Fig. 4). £/=, INFE
T DWFZERE R 5 AR-COD/CORD D #A i # 58 D
ZACIIEEE THERNPOERERME D 85K
EfNR o N5 K, MECHEEAE RRICEED
RoN2RT, HEmeRIRERE S 2 ko7 ¢
WWHLLUZBEFRGZET D EEZ5N5. W
AEIZE M A RO 7 1, COD/CORDIZREZIN
Dk 2 IRFRE DR - FHERSRERE RO 5 1,
BEAR - FRARBSREIZ I ICHENME N B EMAICH B
ZEMHSNEIR o - (Fig. 3). F7/2%EH] (Family
17-11:3 JU0514) O EHIMARRBEZEORERN S,
FIH (53R ICIZCODTH - = RBERM, 7
D% (67ERE), FFRDMEREDHERIZ L REBALIC
HE1T L CORD DERBAANEL(LT DT ENHHS
nETlro7z (Fig. 4). 20 4R THARKEREN T & A
EHET UM BB ERGDHERIT, W7 L
V@D 5 B — 41T hypomorphic (K HERE 2 DI 2
ENEGHTH D) ERNFILT % AR-COD/
CORD DELEMFHMIC—KT 2 I LaREBL TN
SMH LI,

M. RPIBIHEZ R NAT 4 DO FEGEESH

Figure 613 211 E TOWFETIRIATH 5 & W
INTVBRPIBLETAREZRLEDDTH 5.
RPIFEETFIZ2DDDCX KA > (7 3/ EphkI
36~118 B L N154~233) ZHFL4DDILTY »
MO I NS, RPIBEEBTEREZAT 2HERIC
BNWT, INETIEEBETR - KRBT OBEEHMEIC
DNTHNSENTR D PO ZNFNOERE
%! (AD-RP, AR-RP % L C AR-COD/CORD) 5
50 FEEFIFEBICDOW TR S,

1. BLEAEHEEERZEE (ADRP)
AD-RPOFRAEBLRTFARDIFEAETFY
ARy b EMFINZEE (ZFY 407 2 /5%
#500 £ 1053 D) ITHEIEL, By ARy ME
BNICHAIET 523X TORPIBIRTARN, ¥
INT B OFBNEP TYIB S N5 EHENARTSH
0, WERANZZALELT, REL-ERRSY >
WNIBEDRIF T4 TRHHRICKDBZEMN
TRBINTNG D9,

Fh

2. BLBELHBEEEREM (AR-RP)
AR-RP DR #IZAD-RP LD HEMTH S, —
%12 AR-RP T3, EREOKRy bRy baggst
AL, W7 LIV OEHEMNARICE > Tl &k
ZEINDB T ENELL, RPLY 2NV B DHEREH S
WWRORIET B EMBIZLNTNWS Y, £/2H
ANEHZAGBE ET D AMBAZRBFEEEL
THISNT WS, Alutf AZZEITEET % Rl O
KTIE, By FARy MEESMMET S AT O
HEERORPIELETARZH T HAR-RPESL
(19% :5/26 N\) &, &5 —FH D7 LIVITAlufF
AZRZH L TWEERESINTED, AFO#
BRI TERZEHDAR-RP T, D7 LILICAlu
HAZRDNGEET DA RB I TS,
LML, AR-RPIZBWTHR Y b ARy MEEKN
HERERTFARERE SN TN S EHERIZE R
M1THEDM D TNG DWW - 7 5 D EHE
R BITAR-RP DHRERRDRER LR > T3
AJREMED D B 0%, & BIT—RAVICHAEN 22 DR
EMENESNTVWLI1I0HDOI A > ALER (£
DB 7T{EIEDCX R A > F 7213 BIF I NITAL
BELTHD) NARRPOFREL THEINT
W% 000 2T, DCX R AL DI A
t 2 AR (p.Leul72Arg, p.Asp202Glu, p.Gly203
Arg, p.Phe227Val) DR E AR TAR-RP % HIE
T2 EMMEINTNGWWOW 25 OfE
BMERPIBLRTDEDIIBY A TOERT
H>ThH, ARRPIZBWTREZLR & 72 5 §E
HERDH 5.

3. BEBALMHMES I MO T 1 [#EFEKD
A ~OZ « (AR-COD/CORD)
AR-COD/CORD O ji 15 HJ %F # 13, AD-RP®
AR-RPICHNRTHIZEM TH D, ZNETOW
7% Tl¥, AR-COD/CORDIZ1Z, hypomorphicZs B
(p.Phe180Cys, p.Vall90Gly, p.Argl933Ter) &, &
MR A 2 A EI3ERNEROHAGDEN
R &2 2 ENMEINTNS 0%, e Dl
LHEEHT, INETOWIRERIET S L, AR-
COD/CORD IZB1F 2 BEARIZLL T D@D T
& %. 1) hypomorphicZ H (i : p.Argl933Ter)
OREHZEESRIZ, 80K/ > THIEW A RIFA
2RI EY, 2) AR-COD/CORD CIXHEHSE



RPIBIHEZ A vO T ¢ 23

AD-RP e AR-RP and COD/CORD
Group 6
p SerzRisTer1a
PAaZSSerlsTerd? P HE31GInfsTerdT p.Tyrd 1 His
Va3 AspisTer2?
PB4 Trpts Ter2?
o ArgATSerfsTeed8 PLuTER
P Ha#0P ol Terzt
£ Proi 24AlsTe
pTmIZ7Ter pAGIHG
o Hisd BArgisTer
p.Alal435eisTerds
pVall 57Tl Ter1d
plle16aAsnisTer 17
p.GIn185TydsTord pLoui72arg
p.TyriBaTer ﬂ:ﬁﬂﬁﬂcw
P Gly21 TG sTord? BVAlIOGH
£ ASIZZ1 GlylsTerdd PAap2020k
P Phez2TLoufsTer3? P mﬁ\’anm“’wﬂl
: mT £ Pro22aGintsTerds o by
# PGlyZ30Ter
PASIALysisTeri2 pGIn248Ter
Iy plle263AsnisTert
p.GIUBE1 Tar et
P et
PLys8T3ArgtTard
P LysBTSAInSs Tec?
pLyséTEllatsTers.
pLys8T7Ter
PLysET7AsplaTers prggesr.u-r.m
p.GIn878Ter f ror
p.GInETETer B ARGIGTTer
P.TyrBESTar P ArgIHETer
P.GIn6BETer R Giyd0zAlsTer? /
p.GingesTar P Tort
P-GWT00Ter P m;«
pAsnTOMs 1 or
P-GlyTOBValfsTer7 P GhesBaLystsTerdd PAIMBILyS
p.LeuT22Ter
PLysT22Gluts Ter16 :mlmg‘\:r:ﬂw
PLys723Tar I3 Suﬁs“ﬂfi Tiit
B acamTen . TheG1 3AsnAST &6
et B et
P llaT25ArgtaTert plleSB1 AsnfsTer17
p.lle725AspfsTerd P lleGRSPHalsTerd o AlBTOGAG
pleT27Ter
P.GUT28LystsTerd ::r.z??‘::.;‘l’m‘(ﬂ
GIn73ZTer
s.s«!aat« P Ser812ValsTerds
P Ser734vausTerd pTyradTer
p.The736malsTard P SerddLystTers
P.TT3BASNES Tard PASrS4OLysisTer18
p.SeragTer P Serd53GIntTer12
P.CysTddTer pLys1044AsnisTer16
p.Ser7aTvansTerls
pAsnT4BliefsTer15
Lk PGL10T5Ter
pArg758Ter L
B L6z terty o aoLywsrens
PpAsATEIetsTer12 p;ﬂ:?l;ﬂ:mﬂs
[
P AsnieaLyTertt Rzt Te
P.GIn7e&Ter PGl Z30Ten
PLys768ArgésTerd b Ser233ProfsTerz?
P.LysTé9PhefsTer2 pPro1282LeufsTer12
pLeuTTdTer
PAGTTTLystsTerd poArg 364ValisTers
pLysTTETer PGINI69Ter
p.Ser7Tar P r«m‘my;r;:g
:i:(n?h':{‘y;mm pHE1414GI TerS
p.Lys853Ter P Serl436ProfsTers
P Serd62Tar [ fm:u:gu
e PLys1518Ter
:.L Im;’tu.r“‘ H Dg.!‘ﬂ: :;TmlTﬂ
P PGl 526Ter
g‘tmﬂﬁf::hTﬂT plle1528ValfsTer10
p Serl 520AgfsTerd
EL’:?ZL"L.M P Cys1582MetisTer10
P.GInSesTer PGINTG0ZTer
P AsnBElietsTers P Pro1848SerfsTer13
P.5eB97T T4 PGINT25Te
p.Serdi Terer pASnITSllafsTerd
G iy
PGt L
it pGINTG1BTer PLou1891Phe
pAMG1H33Ter
pArgi364Ter PLys1930Ter
PAGI4ITr p.GINGE1Ter
PAgI6S2L B p Thri962GintsTer15
plle1988AS ST erd
plle2061SerfsTar12
P Serz118Aan

Group 1; exon 4 hotspot (amino acid residues 500-1053)
Group 2; truncated type variant in exon 2 or 3

Group 3; truncated type variant in proximal exon 4
Group 4; truncated type variant in exon 4 hotspot region
Group 5; truncated type variant in distal exon 4

Group 6; missense variant in any regions

B Doublscortin (DCX) : 36-118 and 154-233
I Drosophila melanogaster bifocal (BIF) : 486-635

Fig.6. All identified pathogenic RP/ variants and their location

RPI gene consists of 4 exons including two doublecortin (DCX) domains (amino acid residues 36 to 118 and 154 to 233) and a region
of homology with Drosophila melanogaster bifocal (BIF) protein (amino acid residues 486 to 635). The variants that have been
reported as association with autosomal dominant (AD) retinitis pigmentosa (RP) and autosomal recessive RP/cone (rod) dystrophy are
indicated on left side and on right side, respectively. The variants are divided into 6 groups according to previous study24. Group 1
indicates a hotspot region in exon 4 (amino acid resides 500-1053). Group 2 indicates truncated variants in exon 2 and 3. Group 3
indicates truncated variants in proximal exon 4. Group 4 indicates truncated variants in a hotspot region, where considering as
association with AD-RP. Group 5 indicates truncated variants in distal exon 4. Group 6 indicates missense variants.
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