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Background and Purpose: Recent advancements in molecular biology have revealed genetic aspects of
congenital color vision deficiencies (CVD). In many cases of CVD the genotypes and phenotypes coincide
with each other. But it is also known that there are cases in which the genotype alone can not explain the
clinical diagnosis of CVD. So it is still unclear whether routine gene analysis is useful as a clinical
diagnostic tool for this anomaly. We evaluated the clinical usefulness of genetic analysis for congenital
red-green color vision deficiencies.
Methods: The base sequences of red-green pigment genes of 42 CVD cases and 36 color normal males
were determined using PCR and a DNA sequencer (ABI PRISM 300 Genetic Analyzer). The CVD cases
 were diagnosed using clinical color vision tests including an anomaloscope. The color normal subjects
were tested with Ishihara plates and, if needed, with an anomaloscope.
Results: All normals had two types of exon 5, i.e., both red and green pigment genes. Thirty three
(79%) of 42 CVD cases had only one type of exon 5, but 9 cases had both red and green types as did the
normals. They could not be differentiated from the normals by exon 5 analysis. Of the 33 cases who had
only one type of exon 5, three dichromats (1P and 2D) had two kinds of green pigment gene and one
anomalous trichromats (PA) had only one type of red pigment gene. In all 13 cases (31%) had some
inconsistencies between the genotype and the phenotype.
Conclusion: Pigment gene analysis alone could not fully differentiate CVD from normals.
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primer 11 5 TCGGTGCTGCAGCCGAGCTCC intron 1
primer 12 5 TCGAGCCTGGGCCCCGACTGGC intron 2
primer 1 5 GGATCACAGGTCTCTGGTCTC exon 3
primer 2 5 CTGCTCCAACCAAAGATGG exon 3
primer 3 5 CACGGCCTGAAGACTTCATGC exon 4
primer 7 5 CATGATGATAGCGAGTGGGATG exon 4 (F)
primer 8 5 CACGATGATGCTGAGTGGGGT exon 4 (k%)
primer 4 5 CGCTCGGATGGCCAGCCA exon 4
primer 17 5 TCCAACCCCCGACTCACTATC intron 4
primer 9 5 GCAGTACGCAAAGATCATCACC exon 5 (7R)
primer 10 5 AGCAGAATGCCAGGACCATC exon 5 (f&)
primer 16 5 ACGGTATTTTGATGTGGATCTGCT intron 5

ESUSIHEXREOHISE DB A-HEENIC O ALOTHEILERRE V. ZOBF

LMY 3 REFTOMBERLTHS.

&F)

) LLTH30RI»FREE

HIVIBRNERCHANTHIEVIZEERLTWVWS, 20fizER, RICHEDTS

1~¥—TH5.

—114—



W/e28BO T4 Y- TRESINDIEERT
@ DNA DR A5, itk L7z DNA fICHEET
VT LIIRD. T4 v—DFEFILF]
BAXBEDORIED/2DF Lz b OTHINOE
k2w, REEETFR X REEOERDO—
FEWDH D Xq 28 IZHBEF-REBRETF ORI
WATHELTED, 1D20&EFIE620
IXFVUPLBREINTWEY, =%V V1
EXI XYV 6IREFRTEERETHHETH
AZHhOEMEIZIXF VY 2Hh 55 FTOEER
kg A
FFTIAT—-17TE 16 TLFY V5%
B+s (B1). cors54<—ii4 >+
Y4k bay b5 ORERFICHIGLTE
D, REREREIERW. Lo TI D PCR
TRFERELSDI A TOL XV HMET
5. 18517 DNA W O35 XA 5] % DNA
¥ — % ¥ — (Applied Biosystems %L, ABI
PRISM 310 Genetic Analyzer) %V TRET
b, BRHDHDVWIEIFEELLLPOIZFYV VORT
HITIEERINI—FHICHR T 25, KO
HMAPBELTWEEVWOABETELZN
ETAHANDY, FEEAEDLFY ¥ 5 HFHFE
LTWwWAB I EHFbRrDL., KWT, TFV 4
WHIBT B TI 4 ~<—3 OR&&ItE) &, K
DIXY S5 ICHRNLETIA<—9, b3
Wik, ROIFV V5 ICBERNL TS5 L4 < —
0ETLFY V4 2HBTHERIFY VS
HEIVIEIRLXF YV S5OLERODIFY V4D
Bohs (K2) . ZoOEERES % 72 DNA

B
Y icases <
PCRAMNE | FREL 5 6METS
DNAY—% ¥ —
ABI PRISM 310 Genetic r
XFY IDREREANERE
—— .
FrFV508]| —F—
l IFY 8
#&k
—~—

E1 PCRICEAT XV 5NHEIS

V= U TRET S, FEERICLTLF
VY2555 TTORERFREL.
Nathans 5O HETIIRBETF & FREETF
TRZoTWATIVBRIIIS 2 THo 7
A, FOBRINLERE L TR 2EENR
HEINhTwabor gy, £ T3 EF0E
EZRETHEERNPFRIL LIRS,
CORIITEERFIIRLZZPELCT I B
% a2— F L TW5 silent mutation %, 7 3/ B
BRLZ2-> THHBROREHEEEL s TR
WEENTWLERDL DL, HERFOFHEM
FRALEVODPONY - a3 rh, kL
b VAV RN R € 2 (VAR I - BV, ) =
SN72A, TOHIZOWTIRNICHET B &
LT, TZCREBAHICATEFRFho %
VUBEREPBRSPLVIR LT TRERETR
7.

3. BR

RICEFFOERYRT. BEMN2RE
GFLERIEFR 12TDLVI Fr—ANK
5% 210, KD 180 Ala b #RIFI &35 &
2525, BBEFE2OUERFOHH2
Bl (N1,21). 5%% 93T & » OEOMERE
FEFE> T, RLFY 5 2F0@E
F GRE]) % 120LBITFV V5 2 FORIE
F (BE) 2 1obsnidBEHBES LV
r—2XM3BFTHY, Tho xR, SIS
NTWAHEFBREOBEFRIC—HT L. &
Ho 1B (N26) IZKRBEOBEFE20L 0D

IHI2 TXY0) IXVA4 IXY/S IXI 6

SEEEH (ERERRR B

-»-\: 9 : RIFRN

3 10: B
PCR

TRV IRUTS

22— #x+v 50 EROTFY 4
Z2d— ax+v sotkorsy

ABI PRISM 310 Genetic Analyzer
THY ZADHUERT € RE
T %S T4 I¥YYS

C—amm ———
2 PCRICEBI XV 4 DIHIE

—115—



Tl Thot. TOFr—AFRBREME
ETHLHHCRAE - BE - REOHEIK
PRTRLED, BEFOXRTRIZISEOE
HTRAHTHS. EFREFHTH LD TH
BMEBHOBHOBETF EF> T UILER
FRPLEIEELHETLAI LIRS, 2O
ERTIEEBED6CHALSTHFER LHES
N7z LiZ% b, specificity i 100 %IZ% 5.
RMAREI1RFOERTHE. F186HOD
5@I% 48 (2,41,22,29) BRHMOBIET 1 E
HoriREb, RBPETHL2BRETEL
A, HEO 1AGHREOREFE 2D
FoTsh, BEFE» »OIREIAREY
ETAHIEIC 2D, F1EHOHAL 7THZ
TIRMOBETF 2 22U EFEO> L) B
TEBREEFELEWDY, | HEORRET
LB Zzw1f (F—24) 25y, &fE
FRIHFZBRBEHETIDLEHR .
H5 B 2REORKELRT. B2HBEFD
14 BB 10 BHTIEFEIR R WA, 328 40D 2
BAREIERE, 9, 100 2FIIKRBOE
EF2120L@E%2 208 ->THBY, FEE
HESCSL 2B, E26F0 155 8H

TIRBEFHRHEBRSEF LAY, 74
(6,21, 42, 14, 15, 18, 26) {213 FE & B E OR1E
FHREhEFNR1DOLUEDD, EEEECEDE
BRVWERTHo2. ¥— X6 IRERBNIE
FETHHOTHE - RE - KB EETRL
7205, JEFOERER N TWEOTEEOE
MTIXIEFLRD, EFETINRERL LY
RHRBOBET % 2 0807 — A (N26) B F
LA (K3) .

4. i@
FEIRFO B3I 2608, RE3AMOH
ETRFETLHDbH o724, REOBE
FERVWTWVAREW) B TIEHLBBIREL
HETE, = DOEBERTI sensitivity 1& 100 %
Kb, L2L26aE REIGHMOHET
—HLAEWr—AFN2BROh. BE2EE
KOVWTIREFEEDRUPTE RV — AN
OB FEAE L, sensitivity I 69 % &) I &
K2oTLE). BEREO LHLETRS
CRELHETEADIZBHATI%), 26
B, REIBEHOHEITEDS L 134131
WY AL hDOFENRONI. ZOBKETO

Rl

¥y

1 2 3 4 5 6 1 2 3 4 5 6

i - - CHD 2184 (N3, 4, 5, 7—— =31 35, 36)
i V% DS HD 481 (N6 8, 18, 28)
- - - T )" 28 (N 20

B OB CHD 2 (N1, 32)

E B—EHT) I S i o 2 NS N S N o N 281 (N2, 29)
B Dm0 ) 8 an

B - 8 oD 1 (N3e)

B 70 BB O H-EH - 18 (e
B vz D~ CHHE T ) 18 (N33
[ —EH - - (] D 181 (N26)

3 ERNEH 36 floRrTFE

El:ixdv1E6. OUFRICHETHS.

M oz xve.
R - 1ok £ SV
1180 Ala DRI XU 3,

—116—



BT 69 %Iz 5.
ZAIVIFEDOD Ly —A0Mer /L
FEHREZHENTELION. DL 0&EE
FORVIRTH 5. FEREFIIV o0
BEHICEATEY, kHE 2HFBORETO
AVREBLIFHUBREIRALZ2wEENRT
WA, ZORBITHENT — R 6 IZR-FR-AF L

EIRE (541

BATHDEThIEE2BBTHEILLEF
BLZ2wW., LPLEOSRRKEOREFS
12L2HE2ZT, CORFTHHBESOL2 L
vy,

L) —ORBEFORTHS. SHEITEE
B, RHTE-BEFOMETORET
FHEETAHEDRRTERETR TV,

28 (2, 41
1 (22)
By 18 29
3 777w S S v N o o o - S L W 2 )
E1ER5S (84)
241 (19, 36)
1 (1)
&, 77 o S o S o B S 2 S 1L BCY
2 OB - ) 1A GBD
EHE-— - EH ey 18 B9
14 (30)
1858 (9
4 B1RE13FHOMETY
el (1441
8 (3, 11, 12, 13, 26, 28, 38, 43)
CHEN-7Z-Em-a-) 1 (D
1w an
1% (32)
& D {3 i 13 (40
281 (9, 10
E26a5 (1541
E —EH ] S 5% (5, 27, 33, 35, 37)
i ) S 1 (22)
& —EH] ] & 1 (39)
FHEE - CHER- 22 - O -CH - - 1 (e)
1# (8)
5 D) T @D
& vz —EH ] CHC ) 18 42)
48 (14, 15, 18, 26)

5 B2RE 29 flOMETFR

—117—



R iF=1:1HPLTLIFRBEFH»1 D,
FRBIEFFISZERLRZWV. 21 2ThHho
7293 :3THLHIEEB/ETARMIALL
DTHANL, FzIEr—2 21, 42, 14,
15, 18, 26 kAR 1 &&k=1 . 1 THo72d%, =
W& 21 2EE2T, RERBROBIZEAT
Whryhid, F2RETHD LOFEBHIES
LT &b, LILENRTH 2EBE, BY
SEBROA—FILEKS. _
1EEOBETF LIAFLLVIFRE 3IAR
THLFICO>VTE, BEFOBENELS
CHEBOHEIFELNL ETHEZHEBS
NTWaHY, FLEEFHEIREY 3 BETHEE
BAE2HERBTHS24, 32, RDEIBTr—2R
i, U= HEEOENEF DIV 2EHD
BERIRERT L -OBEERE (77302
a—7) TEHBRHETEZVWEShTWEY, #
Z T Merbs HODBHFIE LK > TEBETF
KIS T A2HEZFORNE -7 R EE
L, ZOE® Lo THiz, BPIZTr—2 24T
BY -7 EREAN07mm TH ) BRHICE 1
BELED I ZTREETSICELZLR
H., L2LFr—R32, 2TEFENEFh 716,
1190nm TH ), BEMLEREIGRICEON
HZERZ 02~ 119m OHLLAKEVHT
HhH, BREBEEORBEBR L T 2MRICITE
BHY¥EH 5.
WTFRIZLTH XV ¥ 2~ 5 OEERT
ERLEZFTCEBRICER TS THEBI IR
HOPTHBE., WALWALRREIIEEFIZL
AUELEERZH EOFELHBT LT
TETH, BRMOBHFERL L CEIENE
RS, TF Y Y OEERRSIT TR
BIZFOREVNE, BiEOBK, 261Kk
¥V rpPso, BEFoERREata—u
TLRTOBMPBLETH S, SHBITEM%

WPTLEDEHFHLVERT 7o0—Fiton
THRE LA,

X &

1) J. Nathans, D. Thomas and D. S. Hogness: Molecular
genetics of human color vision: The genes encoding
blue, green and red pigments. Science, 232, 193-202,
1986.

2) 1. Nathans, T. P. Piantanida, R. L. Eddy, T. B. Shows
and D. S. Hogness: Molecular genetics of inherited
variation in human color vision. Science, 232, 203-
210, 1986.

3) J. Neitz, M. Neitz and P. M. Kainz: Visual pigment
gene structure and the severity of color vision defects.
Science, 274, 801-804, 1996.

4) S.S.Deeb, D. T. Lindsey, Y. Hibiya, E. Sanocki, J.
Winderickx, D. Y. Tellerand A. G. Motulsky: Genotype-
phenotype relationship in human red/green color vision
defects: Molecular and psychophysical studies. American
Journal of Human Genetics, 51, 687-700, 1992.

5) M. Neitz, J. Neitz and A. Grishok: Polymorphism in
the number of genes encoding long-wavelength-sensitive
cone pigments among males with normal color vision.
Vision Research, 35, 2395-2407, 1995.

6) M. Neitz, J. Neitz and G. H. Jacobs: Genetic Basis of
Photopigment Variations in Human Dichromats. Vision
Research, 35, 2095-2103, 1995.

7) J. Winderickx, L. Battisti, A. G. Motlusky and S. S.
Deeb: Selective expression of human X chromosome-
linked green opsin genes. Proceedings of the National
Academy of Science of the United States of America,
89, 9710-9714, 1992.

8) E. Sanocki, D. Y. Teller and S. S. Deeb: Rayleigh
match ranges of red/green color-deficient observers:
Psychophysical and molecular studies. Vision Research,
37, 1897-1907, 1997,

9) LR BEOEAZLSFEWE. OFXEFH
FLMEE, 102, 837-849, 1998.

10) S. L. Merbs and J. Nathans: Absorption spectra of
hybrid pigments responsible for anomalous color vision.
Science, 258, 464-466, 1992.

— 118~



