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SFREFRBOEREORRZ IS T 2HEBEER (electroretinogram, ERG) # 7 [EE ABEIC S
WTRE LY. S1AEEEORRBFEIIB TS 7I0ERET O MLEEDOFIME (mean, M) &,
AETEEERIC B 2MIZEBL 560nm » 5 620nm Z» I TEEICEL (p<0.05), F1OEREEE
BT AMICEE L 580nm » 5 620nm W TEEICEM -7 (p<0.02). F20EEAFORESL
BB 7IGERABRBOMNBEOMIZ, AEEREFICE T2 MICHEKL 620om TEERE |
(0<0.00]), F2AEEREEHCBIOIMIHEELEOBEECBLIHLEERERIRD oL 2.
ERG # 7 RERBIOEHEE (1.) KB I3 IHBEOREERE (1.) KB 2 4XBE T2 Lox
18 {log sensitivity quotient, SQ (1., 1.) ik SQ} OMIZDWLTHRE L. SQ (480nm,
620nm) OMIZE 1 BEREOFRERIBLTRE | AERAEEH B 2 MICHBELEE /&L
(p<0.01), BEERBCBITAIMIEELERIZKE M- (p<0.05). SQ (480nm, 620nm) OMITE
QEEREOEEEZRIBLDICRAEEEERICB I AMICERLER /NS (p<0.01), FH26H
BEEHIBITAMEOMIREEERRD Ao, B1AEEYOREEICH T 55Q (480nm,
620nm) & EEE O/, BIUE26EEEORAEAEZFIZB T 33Q (480nm, 620nm) L Fi L DEEE
ZEOHEERED SN (p<0.05). EREFRMIOEREDOREE 2B T2 SQ (480nm, 620nm) & ZD
BTFBIF3 SQ (480nm, 620nm) DM, H2VWIREREFBREEREORERECE T3 T 78R
B 500nm 2B 3 S XEBEED 600nm 1251 3 SRBE T 2O KME {SQ (500nm,
600nm)} & ZDEFIZBIF 5 SQ (500nm, 600nm) & ORI EELHEBERD sz o . £RE
FRBEEREOFERZ I, 4 7HEABEO SQ (480nm, 620nm) BWEEEEL, L8> THEL
ANDBEEERTAPMNEET 2 2 LMEMICHEAL 7. EREFAREBEREOREEORELER
T2 LT ERG # 7HEREHD SQ ERLEZ SN,

Key words electroretinogram, rapid off-response, congenital red-green
color deficiency, genetic carrier, spectral sensitivity quotient

EHIEIR BT, FEEX (electroretino- phoTEI1AEEE LE2AEAROZATICE
gram, ERG) # 75 HFABHMOEEE (1) 2803 WTERIE—ETHSZrd, BHHR BT
SRBEOEERE (1,) B2 20BE TN 31t SQ BNEMHARMERBROEBEEEDOA L 5T IEO
OFHHAE {log sensitivity quotient, SQ (1., A.) & FEERPERERGOEREFEOMENZN L L R
7zix SQ) 2, ERNEREFRGREEEEORE I, EORBIZIVERTHL I 2Bz L. FEE

Abbreviations: AO H-R-R, American Optical Hardy-Rand-Rittler; AQ, anomaly
quotient ; ERG, electroretinogram ; M, mean ; Panel D-15, Farnsworth Dichotomous Test
Panel D-15; RCH, repulsion compound heterozygote; SD, standard deviation; SPP,
Standard Pseudoisochromatic Plates; SQ, log sensitivity quotient; SSC, spectral
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TV —V—¥EDMHE L BN ERTE® 5 2 156 (30
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NIEFEBE™ 125 2228 (32m > 5508, F1939.75%)
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D SQ DEFMICE T 2 HEEE KT 2 BT, L&
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BT, 20RREOETIEF (£HFE 1 ERE
E, 982 5188, F914.7%) @ ERG #38:L 7.
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HE, 10825 185%, T914.9%) © ERG £ T#H L
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2. HEtiR
LREONFRET b ERRES LUV Z20—BOEF

DA 7EERBRIMONNKBREL SQ DEEZMRE T2
B, fREPHR T B EEHE0R (150 5208, F
¥923.55%, TRTEN), E1HR EFEURTHRNLE
1EEREENRG (IRH» 522K, FHI5.78., Bi
B, ZH1E) BIUB IR LB TR LE
2EEREHIL (IR 5255, F916.18, B
f, THE2R) RHENEBELL. hBEIBER
FERLBLUVBE2EEREELDOI B, F12UE
E2TRIFPEPBIBAIEF L EEL , ER D
RESEON/- 2214 L 284% DSQ (480nm, 620
nm) OEMERBIcftanl. Tho BB E L
REIAEEEESIVELAEEEEO L MIC LR
DERERFEEREORABORLTFREEZL TR
W,

WRELILERIOREZELZORFELU 20K
BHEAIOS b T, BEERE L —HORREEIR 2.5
D RBOEFEF 2HROTCIE, thoflzBERELS
U2 2.5D RBGOBITEE 2RV TE, hORENE
FULEHNRELELhoT

AIMICFEE S Wiz ERG D Eskly, BBFI57TE6 A
HIEfM62E12A & COMEITE .
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1. BEREE

BIHLEAHTHS. BRRThE, REREBRE
L T The Series of Plates Designed as a Test for
Colour-Blindness (HHK38FKI), MALERER
{(AFE EHE)), RRERRFARER (Tokyo
Medical College Pseudoisochromatic Plates,
TMC), E#EEMRER (Standard Pseudoisochro-
matic Plates, SPP), AJF - KEEGBEEERLR - 2
E& (BE - KEER) B8 & U American Ortical
Hardy-Rand-Rittler Pseudoisochromatic Plates (AO
H-RR) ®6fEEAVL. flicr A YT /vo R 22—
7 OT, Farnsworth Dichotomous Test Panel D-15
(Panel D-15) 8 X Uf Ichikawa’s Color Perception
Lantern (T > % >) w7z,

2 . ERG FXHEEE

EIH rABFTHS. BEET T, 1kw ¥/ >
T ERIBHE L L, RBRCBRAT 1Ly —, H
T4y —, Py, T 74T —B LY
EHLUXEBEE, RIBEIE-Y v vy —ICEDE

sensitivity curve ; TMC, Tokyo Medical College; FAJF « KEEE, TR « KEEAERYERH
K-BEX, AE#38%KK, The Series of Plates Designed as a Test for Colour
Blindness ; Af# (LHE), REABERER | REE, #ENREZE ; 54 ~, Ichikawa’s

Color Perception Lantern
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BRIz a iz, MAREREN LERIRCBR S sigRE .
7. 4. HERHEIRE R
3. ERG &A% HMOFHHEOZORTEIL, EHEEORTELS
BIR cABCHD. BET LT, BEBERR 7% - 7zt Student’s t-test Ly, p<0.05 DHEEE
CHEBEE, WRIR:EANOEZRICTEER Y, FE BENDD LHELL. REEOEH L SQ (480nm,
Wb ic B EREEE L, HBCLrRRAE2E 620nm) 2B L, BNERERICL D EREGEE RS
IS L. RIMUEE S 3.8Hz I2REL GARSH 2 D DEROHEMBERORE L, HEBEREERD
f), ERG BWEEH 2 W THB s L BERT -1 # Student’s t-test 2Ly, p<0.05 DEE R EFEEN

Tablel. Test results of psychophysical examinations for color vision in 15 protan-carriers

CASE AGE ISHIHARA ISHIHARA | TMC AO SPP | LANTERN | PANEL [ ANOMALY
NO. (YEARS) | HANDAYA | 38 PLATES | - OHKUMA H-R-R D-15 | QUOTIENT
1 30 PASS PASS PASS | PASS | PASS 0 PASS 1.00
2 40 PASS PASS PASS | PASS | PASS 0 PASS 1.12—-0.95
3 40 PASS PASS PASS | PASS | PASS 0 PASS 1.00
4 40 PASS PASS PASS | PASS | PASS 0 PASS 1.00
5 43 PASS PASS PASS | PASS | PASS 0 PASS 1.00
6 34 PASS PASS PASS | PASS | PASS 0 PASS 1.00
7 39 PASS PASS PASS | PASS [ PASS 0 PASS 1.18
8 36 PASS PASS PASS | PASS | PASS 0 PASS 1.00
9 42 PASS PASS PASS | PASS | PASS 0 PASS 1.00
10 42 PASS PASS PASS | PASS | PASS 0 PASS 1.18—-1.00
11 43 PASS PASS PASS | PASS | PASS 0 PASS 1.00
12 46 seremieerereriecas PASS PASS PASS | PASS | PASS 0 PASS 0.89
13 40 | PASS PASS PASS | PASS | PASS 0 PASS 0.89
14 45 | reeeeesensenenee PASS PASS PASS | PASS | PASS 0 PASS 1.00
15 46 | eeeereeerenieenee PASS PASS PASS | PASS | PASS 0 PASS 1.00

Zero in the column of lantern test means that the subject completed the test with no error. A dotted line means that the
examination was not performed.

Table 2. Test results of psychophysical examinations for color vision in 22 deutan-carriers

CASE AGE ISHIHARA ISHIHARA | TMC AO SPP | LANTERN [ PANEL { ANOMALY
NO. (YEARS) | HANDAYA | 38 PLATES | - OHKUMA H-R-R D-15 | QUOTIENT

t 42 PASS PASS PASS | PASS | PASS 0 PASS 1.00

2 42 1 PASS PASS | PASS | PASS 0 PASS 1.00

3 40 PASS PASS PASS | PASS | PASS 0 PASS 0.89

4 39 PASS PASS PASS | PASS | PASS 0 PASS 1.00

5 39 PASS PASS PASS | PASS | PASS 0 PASS 0.95

6 41 7.1 PASS PASS | PASS | PASS 0 PASS 1.00

7 40 711,13 A | —5 | PASS | PASS 0 PASS 0.9

8 38 PASS PASS PASS | PASS | PASS 0 PASS 1.00

9 42 PASS PASS PASS | PASS | PASS 0 PASS 1.00

10 35 PASS PASS | PASS | PASS 0 PASS 0.89-0.75

11 40 PASS PASS | PASS | PASS 0 PASS 1.00

12 50 PASS PASS | PASS | PASS 0 PASS 0.95

13 32 PASS PASS | PASS | PASS 0 PASS 0.89

14 41 PASS PASS | PASS | PASS 0 PASS 1.00

15 36 PASS PASS | PASS | PASS 0 PASS 0.84

16 41 PASS PASS | PASS | PASS 0 PASS 0.84

17 46 PASS PASS | PASS | PASS 0 PASS 1.00

18 40 PASS PASS | PASS | PASS 0 PASS 0.89

18 34 PASS PASS | PASS | PASS 0 PASS 1.00

20 41 PASS PASS | PASS | PASS 0 PASS 0.84—0.75

21 39 PASS PASS | PASS | PASS 0 PASS 1.00

22 35 PASS PASS | PASS | PASS 0 PASS 1.00

A numeral in the column of Ishihara’s pseudoisochromatic plates means the plate number misread by subject. “VI"and “1-5"mean
the plate number misread by subject. Zero in the column of lantern test means that the subject completed the test with no error. A
dotted line means that the examination was not performed.
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Fig.1. Typical ERG waveforms in protan-carrier (case No.l in Table 1) in

response to repetitive rectangular monochromatic stimuli having equal quanta
at each wavelength. The pupil was maximally dilated, and stimulus frequency
was 3.8 Hz with equal light and dark intervals throughout the present study.
Each trace shows the averaged waveform of 40 responses. Upward deflection
signifies that the electrode on the cornea is positive. The maximum stimulus
intensity as designated as zero log unit corresponds to 1.0 X 10" quantascm™?+
sec™ at the cornea. Numerals above ERG waveforms denote the stimulus
intensity in log unit. Numerals left to ERG waveform denote the wavelength
of stimulus light. A rectangular waveform at the bottom indicates the onset
(upward deflection) and termination (downward deflection) of the stimulus
light. The amplifier time constant: 2 sec.
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Table 3. Spectral sensitivity of rapid off response in 15 protan-carriers

CASE SPECTRAL WAVELENGTH (nm)

NO 480 500 520 540 550 560 580 600 620
1 1.02 1.28 1.36 1.42 1.41 1.36 1.17 | 0.84 | 0.37
2 0.91 1.11 1.18 1.22 1.18 1.05 | 0.89 | 0.71 | 0.30
3 1.36 1.52 1.54 | 1.58 1.58 1.53 1.23 | 0.93 0.48
4 1.13 1.29 1.36 | 1.42 | 1.38 1.30 1.18 1.02 | 0.67
5 0.86 1.14 1.23 | 1.22 | 1.11 1.08 0.84 | 0.58 0.23
6 1.07 1.26 1.40 1.40 1.30 1.21 1.01 0.76 | 0.24
7 0.96 1.13 1.15 1.13 1.09 1.06 | 0.92 | 0.66 | 0.43
8 1.09 1.36 1.48 1.44 1.31 1.24 } 1.07 | 0.81 0.51
9 0.97 | wreeer | e | | e | e | 0.45
10 1_28 1'47 .............................. 1‘08 0.75
11 0.98 1.18 1.28 1.42 1.40 1.36 1.24 | 1.04 | 0.55
12 1.52 0.94 | 1.18 1.23 1.21 1.18 1.06 | 0.76 | 0.29
13 1.87 1.26 1.43 | 1.45 1.44 | 1.35 1.21 1.01 0.42
14 1.12 1.2 | 1.43 | 1.48 1.43 1.37 1.22 | 0.96 | 0.58
15 0.72 1.00 1.10 1.27 1.27 1.08 1.00 | 0.75 | 0.30

Case number corresponds to that in Table 1. Sensitivity is demonstrated in log
unit. A dotted line means that the sensitivity was not obtained. The uppermost
numbers (480~620 nm) indicate the wavelength of the stimulus light.
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WAVELENGTH (nm) 760 =5 520
Fig.2. Spectral sensitivity curves of the rapid
off-response in 13 protan-carriers (solid WAVELENGTH (nm)
curve). A dotted curve indicates the mean Fig.3. Mean spectral sensitivity curves of

spectral sensitivity curve in 30 normal sub-
jects. Stimulus intensity at zero log sensitivi-
ty was 1.0x10%quanta-cm™2-sec™' at the
cornea. Criterion voltage: 20 V.

rapid off-response in 30 normal subjects (solid
curve), 24 protan subjects (dashed curve) and
13 protan-carriers (dash-dot curve). Con-
ditions are the same as in Fig. 2.
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620nm D 4 FEEOATREE N, B2 IZFEMR 9,
WeRVLEIAEREOREEBACBY 24 76
LREBED SSC 277 . SSC DTEEHERITER 1,
2, 4,11, 12, 13, 14Tld 540nm &, FEH 3, 15T

i 540nm x 550nm 2, FEH S5, 7, 8 T
520nm 2, ERF 6 TiF 520nm & 540nm i2H o 7.
M2 OpfS TR T EEERE 060 MLREDTHE
(mean, M)®iZH#K L, B 1 AEEFOREELHO
S¥RRE X 580nm TR 11FIT, 600nm Tik 9 BT,
620nm T 1260 TIE < , RERRICE W TEWERIC
Hoie.

SICE 1 BEERORREL, F1EHEAEE
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Fig.4. Typical ERG waveforms in a deutan-carrier (case No.l in Table 2) in
response to repetitive rectangular monochromatic stimuli having equal quanta
at each wavelength. Conditions are the same as in Fig. 1.
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Table4. Spectral sensitivity of rapid off-response in 22 deutan-carriers

CASE SPECSRAL WAVELENGTH (nm)

NO. 480 500 520 540 550 560 580 600 620
1 0.70 1.00 1.12 1.21 1.22 1.22 1.09 | 0.86 | 0.54
2 0.98 1.14 | 1.27 1.37 1.35 1.32 1.10 0.91 0.80
3 1.04 1.17 1.22 1.28 1.32 1.28 1.12 | 0.99 0.73
4 1.05 1.34 1.50 1.57 1.57 1.57 1.46 1.29 1.08
5 1.08 1.28 1.42 1.45 1.40 1.38 1.28 1.15 1.12
6 1‘01 .......................................... 1_36
7 0_83 .......................................... 1.09
8 1.10 1.42 .............................. 1.33 1'22
9 0'80 1.30 .............................. 1‘46 1.20
10 0.92 1.29 1.42 1.48 1.48 1.48 1.37 1.22 0.64
11 0.76 0.98 1.13 1.19 1.19 1.17 1.10 1.01 0.80
12 0.72 1.20 1.38 1.44 1.44 1.44 1.41 1.18 1.00
13 0.78 1.03 1.13 1.24 1.27 1.25 1.11 0.92 0.68
14 1.01 1.15 1.28 1.37 1.37 1.36 1.25 1.13 0.90
15 0.67 1.11 1.35 1.47 1.51 1.50 1.43 1.19 | 0.80
16 0.60 1.01 1.29 1.42 1.38 1.33 1.16 | 0.87 0.61
17 0.90 1.14 1.26 1.32 1.45 1.42 1.26 1.16 1.04
18 0.89 1.15 1.27 1.33 1.34 1.32 1.23 1.08 0.84
19 1.18 1.38 1.50 1.59 1.66 1.64 1.52 1.35 1.08
20 0.72 0.92 1.08 1.15 1.21 1.18 1.10 1.00 0.82
21 0.77 1.06 1.26 1.33 1.38 1.23 1.03 0.85 0.50
22 0.58 0.90 1.04 1.10 1.08 1.08 0.91 0.52 0.37

Case number corresponds to that in Table 2. Sensitivity is demonstrated in log
unit. A dotted line means that the sensitivity was not obtained. The uppermost
numbers (480~620nm) indicate the wavelength of the stimulus light.
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Fig.5. Spectral sensitivity curves of the rapid Fig.6. Mean spectral sensitivity curves of
off-response in 18 deutan-carriers (solid rapid off-response in 30 normal subjects (solid
curve). A dotted curve indicates the mean curve), 27 deutan subjects (dash-dot curve) and
spectral sensitivity curve in 30 normal sub- 18 deutan-carriers (dashed curve). Conditions

jects. Conditions are the same as in Fig. 2. are the same as in Fig. 2.
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4, 10, 12CiE 540nm, 550nm & 560nm i, JEH
11, 14T 540nm & 550nm icH 7. B 5 DERT
FTEEEEZ0F®IZH T 5 4 7 EABERO 73
BEOMICEEL, F2H0EEEOREE G0 HH
BT 480nm TR16HITIE L 620nm TR 15 TH
, EEEESTELREESTEVEEICH o1,

e wE2BEREORKEIM, F2REERESE
210® B X UBEEEENF® B 24 7IEEABR
BOFEBEOMERT. B2@EREOREER I
BUSMEREOMIE, BREEERIBI ML
L 620nm TE < (p<0.001) Lo FERICB L TIFE

Table 5. SQ(480 nm, 620 nm) of rapid off-
response in 15 protan-carriers and SQ
(500 nm, 600 nm) of rapid off-response in
14 protan-carriers

CASE SQ(A, Ay
NO. | 5Q(480 nrm, 620 nm) | SQ(500 nm, 600 nm)
1 0.65 0.44
2 0.61 0.40
3 0.88 0.59
4 0.46 0.27
5 0.63 0.56
8 0.83 0.50
7 0.53 0.47
8 0.58 0.55
9 052 .....................
10 0.53 0.39
11 0.43 0.14
12 0.23 0.18
13 0.45 0.25
14 0.54 0.33
15 0.42 0.25

Case number corresponds to thatin Table 1.
A dotted line means that SQ(500 nm, 600
nm) was not obtained.

Table 6. SQ(480 nm, 620 nm) of rapid off-
response in 22 deutan-carriers and SQ
(500 nm, 600 nm) of rapid off-response in
20 deutan-carriers

CASE SQ(A, Ay

NO. | SQ(480 nm, 620 nm) | SQ(500 nm, 600 nm)
1 0.16 0.14

2 0.18 0.23

3 0.31 0.18

4 —0.03 0.05

5 —0.04 0.13

6 _035 .....................
7 _026 .....................
8 —0.12 0.09
9 —0.40 —0.16

10 0.28 0.07

11 —0.04 —0.03

12 —0.28 0.02

13 0.10 0.11

14 0.11 0.02

15 —0.13 —0.08

16 —0.01 0.14

17 —0.14 —-0.02

18 0.05 0.07

19 0.10 0.03

20 —0.10 —0.08

21 0.27 0.21

22 0.21 0.38

Case number corresponds to thatin Table 2.
A dotted line means that SQ(500 nm, 600
nm) was not obtained.
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PROTAN | NORMAL | DEUTAN
P-CARRIER D-CARRIER
Fig. 7. SQ (480 nm, 620 nm) in 21 protan sub-
jects (small triangle), 15 protan-carriers (large
triangle), 30 normal subjects (filled circle), 22
deutan-carriers (large square) and 28 deutan
subjects (small square). Open circle and
vertical bar indicate the mean and the
standard deviation, respectively. Criterion
voltage: 204 V. :
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BERREST, E20EARERCBI ZMICHEL

PORBIZBWILEBERRE L2,
I, £#XUFREFEERFNERE 5115 ERG +
T ES M 0 Log Sensitivity Quotient

(5Q)
g ol , 2+PROTAN
A‘ “ a a A
P-CARRIER
S . NORMAL + 1w &
o5} « . 8, h‘\
g > o Y a2
. . oln.. ] . } .
[} .., . + . w ll\;l.\
3 00 * -.|=i - 1 . --: \\\\\
3 .
> e DEUTAN | )
Dl "= D-CARRIER
-« + 10 20 30 40 50 years)
AGE OF SUBJECT old
Fig.8. Relationship between SQ (480 nm, 620

nm) and the age of subjects in 21 protan
subjects (small triangle), 15 protan-carriers
(large triangle), 30 normal subjects (filled
circle), 22 deutan-carriers (large square) and
28 deutan subjects (small square). Lines on
the protan-carriers or deutan-carriers indicate
the linear regression equation. Criterion
voltage: 20 V.

Table 7. SQ(480 nm, 620 nm) of rapid off-
response in seven color-defective sons of
protan-carriers and SQ(500 nm, 600 nm) of
rapid off-response in nine color-defective
sons of protan-carriers

CASE | SQ OF COLOR-DEFECTIVE SON
NO. |SQ(480 nm, 620 nm) | SQ(500 nm, 600 nm)
1 .....................
2 0.59
3 0.62
4 0.80
5 0.85
6 .....................
7 .....................
8 0.55
9 .....................
10 0.73
11 0.61
12 .....................
13 ..........................................
14 ..................... 0 s 65
15 0.71 0.64

IF

1. BRMERFREEREORREED SQ TR

R5E 1 AEREORRE CO 4 7 IEE 2B

480nm 2 B 1J 2 ANRE D 620nm 2 BT 5 5LRE
T B O NHME {SQ (480nm, 620nm)} B &k U4
ZIEEARERD 500nm KB BSEEED  600nm
BT B NBE T B ot#E {SQ (500nm,
600nm)} %, X6 WE2AEEREORRETOD SQ
(480nm, 620nm) ¥ £ ¥ SQ (500nm, 600nm) % F
7. ERG BHFHhOBEREOTESCLY, E1ags
BEOREZISHF 1S LUE 2 EEEEDOREREY
Firh 2 Fliz BT SQ (500nm, 600nm) HHIFE X i
»Ho iz,

TEELIGEREEAM", F1EAKEEORR
#1561, BEEXEEMN™, F20REEOREEL
Bl LU 2 BEREEENE ICE5T 3 SQ (480nm,
620nm) 2R7T. H 1 AEREOREZILBA B2
SQ (480nm, 620nm) OMiF0.55TH D, B 1 EEEE

Table 8. SQ(480 nm, 620 nm) of rapid off-
response in 15 color-defective sons of
deutan-carriers and SQ(500 nm, 600 nm) of
rapid off-response in 12 color-defective
sons of deutan-carriers

CASE | SQ OF COLOR-DEFECTIVE SON
NO. |5Q(480 nm, 620 nm) | SQ(500 nm, 600 nm)
1 ..........................................

2 —0.04 —0.03

3 ..........................................
4 —0.03 0.04

5 —-0.10 0.00

6 _040 .....................
7 _012 .....................
8 -0.35

9 —0.14

10 .....................

11 ~0.40

12 —0.23

13 .....................

]_4 .....................

15 .....................

16 —0.23

17 .....................

18 -0.18

19 —0.31

20 ~0.12

21 —0.34

22 0.03

Case number corresponds to thatin Table 1.
A dotted line means that SQ(A,, A;) was
not obtained.

Case number corresponds to thatin Table 2.
A dotted line means that SQ(A,, A.) was
not obtained.
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EHEIZBITHM (0.95) XD EREI/IE L (p<0.01),
EETEEHCIBIAM (0.35) XV BEICK» -7z
(p<0.05). SQ(480nm, 620nm) D IFHE(RZE (standard
deviation, SD) 3% 1 BREHOREFH TIX0.16
THY, BIORRAEEHRTOI. BB IVEETRE
BTO0. I0CHELKE,n 7. H2EEREORHR
£ B 75 SQ (480nm, 620nm) X —0.01TH
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SQ(480 nm, 620 nm)OF
COLOR-DEFECTIVE SON
Fig.9. Relationship between SQ (480 nm, 620
nm) in 22 color-defective sons (seven protan
subjects and 15 deutan subjects) and that in
heterozygous mothers. Triangles and squares
indicate protans and deutans, respectively.
Criterion voltage: 20 V.
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Fig.10. Relationship between SQ (500 nm, 600
nm) in 21 color-defective sons (nine protan
subjects and 12 deutan subjects) and that in
heterozygous mothers.  Conditions are the
same as in Fig. 9.

D, BETFHERCIBITAM0.35) L hEBI/HEL

(p<0.01), FE2EEREEHIBIIM (—0.09) &
OB ERELRE&E»o 2. SQ (480nm,
620nm) @ SD 35 2 BEEEOREZHTIZ0.20T
HO, FLEEREEMTOD.118 L CABIER &R
TOO. 10T LK &En o7z

SQ (14, 1) A 7IEBERBMOEER (1) KB
I2ARBEORER (1.) B 3ERE T
LHONBETH 20T, WREORENRE, L
KEERDOEEREXIIHNT 2 BB 2 OEICEERS
ZDAJREMED B B9, KEHOEBREIERDOE
#ZJ 50T, HIRFEOFER L SQ (480nm, 620nm)
EDOMEIZDOWTRE L. K8 Otz E 1 R
HEF, B1AEEFEOREELG, GELEHEE
06, H2EEERFORRERALLIUE2EER
HHE28HNIZ BT B SQ (480nm, 620nm) &, HEHICE
BHREBOERERT. E1AEREEN, AEEES
BB IUE2AEEFEBII BV T, SQ (480nm,
620nm) & £ - OMIZIEELHEBEEREIRD 5
Lirol. BIBEREHEORERFHRIIBEVLTIZ SQ
(480nm, 620nm) X 4E# & DB 1T 2 HEBIRE r X
-0.579Thh, MEMCEELHESRD 51 (p<
0.05), #F#% x#Hic, SQ (480nm, 620nm) % Y &z
EBEy=1l4—-0.02x DERERESB. B2aHRE
HOREERIZ BV TIZ SQ (480nm, 620nm) & FE#
CORIC BT ARG T -0.442TH D, MEH
CHEELAEMSED sh (p<0.05), EH#%E x 8z,
SQ (480nm, 620nm) £ V8T £ 2 & y=0.91—0.02
x OEREREB:.

2. ARUEFAFROEEFORREZ L Z0BEFIIBY
% SQ m+EE

RTEEIBEREEORRAEOETO SQ (480nm,
620nm) B & ¥ SQ (500nm, 600nm) %, X8 IZF2 &
HAEEDRREEDBFDO SQ (480nm, 620nm) 35 L O
SQ (500nm, 600nm) %K ¥ . B F & b2 SQ
(480nm, 620nm) B2 I ENTELDE, B1EE
BEETEHTH, B2RERETRIETHY, BFE
$42 SQ (500nm, 600nm) %2 Z EHTE DI,
BIAEREYECIIM, F2AERAETCRIZHTH-
7.

B9 OftszE 1 MEEYOREE 75 X UE2
EHEEREOREELHND, HE-EREREOEFOD
SQ (480nm, 620nm) %77 . B 1 AEEAFORREE L
ZORT (R 1BEEEE) Lo, BIUBE2GEE
HEORRELZOET (FBlREEEE) Loz
SQ (480nm, 620nm) D{EIEEL THEELHEAESZRIZ
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Bboshghoiz.

R0 E | AEEROREEZEIFIB L UVE?2
EEAFORREZ 1200, HE-SRREDOLFD
SQ (500nm, 600nm) 2577 . £ 1 BEEFOERE L
TORFE1IGEREE) cOM, BLUE2@KE
BEORRELZOET (F20ERESE) oMz
SQ (500nm, 600nm) O{EIZEE L THE 4 AHBEE G I
s not.

& %=

AREFFOEEFORCHRERE 2 HESR LT
256, NREOEBRIEEL 25 . AREFREOE
BEOREZHEREE B2 I1213, AR RGEERY
DR\PEETIRTFERIEREFRROEREEOETF
2ETA3RECLThALZRRLEND B8, [/
BT 2 L) R TFEOMBBERIEIBETELI L
BHLEOT, AMFECEEEERRL L. kX
HAREEEHEORAZET 2 BN CAFETIRT
/RORI—TREEENBREE L RTE2HREE -
LTORNR» A L. MEOREILE>TH
repulsion compound heterozygote®~* (RCH) mi&
ARTECTE% . RCH B—ND X REED—FIZ
EIBHEROEGTE, MACE LAEEROEE
FRETI2LMETHD, BRNICIIE L BEREB L
UE2aEEROAAORF2E T2 BESEY T
3. L»L RCH OREFEEZAEAZHED b T2z
0.08% (1250 A2 1 A) TH 2B DT, KFFTICBVTEH
RE L L TH-> REITLZOPIz RCH BEET 2
HERIFIFERE DDz 5.

FTREHEOOERBERBRICIOLVTRNT 5. £1
EEEEORRE TR REREBRZRFET 2HERD
shT, B2 AEEYORREE TR0+ 5 FIHaKR
F CEEER) OHEXETEL 1f8EERERE FHE)
3%, AF - KEEOBVIERS L UF TMC ofHE
(1) OESEEZBERLLPOTNOIBEMEEDTH -
- (FEL, 2). 5% >80 Panel D-15 ORERS
RrbB10EEEBLIUE2QEREVLThORE
BUBLWTLRONERAEMR I adv o7 (K1,
2). MEXniEkRoBmE Y LEBRCERE - BRREC
B AARMAROEEEOFERB RN LR %
BrZLIETERDL .

WRIZAREFRBRAEREEOFERE BT S ERG T
Riz2oLTHET 5. ERG BRICIIERE CEHHRY
BB BEHE R, (M1, 4), F7IE5RE
D SSC BV TR—HOERETHNBEORE
BEHoN (3, 6), SLEAREFRBEEERD

REFED SQ (480nm, 620nm) OMit, % 1 EERES
OREERTCRIE 1 AERERCHBELERICE 4
HEREBRCHELERCE S, BEOIZFZPEIzH
20EHL, B2EERFOREEH CIEETFE:
BB LEEICEL - N E 2 6 EREEM L Oy
CIREBEREDO AL (7). ZOBREEE
9 5 T SQ (480nm, 620nm) KZxtT 2 HEREOE
WORBLERTILENDH L. FETY BLU
Norren 5%z & AUFINEIC & D AREOBICERE
izt 2 BEBESES L, FOBREERLCNT
ZMERESRE»T HET T2 e w) . RETHEE
LR RGOEREORREOER (R, )ik
HBE (BEREERE - F1EEREEB I UE?
BEREE) CHEELE VO T, SQ (480nm,

620nm) DIEZ BT 3 BICEROBELEE T2
Ehhs. ERCE I OEREOREENL LU
BEEFEORRAZH B L TO A SQ (480nm,
620nm) = E# L OB EELREOHBELNRH S
(EB) k> THE1IAKEFEOREERICB VLT,
SQ (480nm, 620nm) OMIZFEERDOEEIZ L Y B}
FETLTWRIZ 22 b o TREEREHICBITS
MICHEL TABERECREY (®7) —A$E26%
BE¥OREEHICBVTIZ SQ (480nm, 620nm) OM
DEBOBECIVRMIEETL, ZhRIVEE
EHEZRLOMCEEENAD SN LOBENEL
3. L&l 620nm &3 KEEEBAREOERIC L
PHEFELALERLBIBETOL 7I0EREE
ONRBEIZ, CEEEERCB I 2MICEELE?
EEREOFRREFLFPIIFITEL F4), £
620nm 2B T3 RBEOMIZE 2 BEERORE
ERHTIAEIHER AR LEBCRE LR
(p<0.001, ®6). £->T SQ (480nm, 620nm) DMIZ
BUAEAEREORREN L OEEEEHLON
NDEBZREROFEEIHILODE 2 AREFOR
FHEBROAVBREOREIIBBLIZKET LV
2. BOoEHERBORRENLFE L AHARENRLD
RICE L TR EROBEEAET2 L ICLVHEEER
DET LR ERETERL.

SQ (480nm, 620nm) FHEKL A D BRE R
L~ ERG k2 i E®RTH 50T, LED
ERIIEREREEEREORRE I HEL VL
BERETLHANEEL, FOEEENICREE
N2 L 2#E%RT 5. SHEFOEREFRERLERD
REEZIC B2 HEL ~LORE R MERICRLH
ERHIBYERBBRIITH S .

KR L ERERGEEEROREZE BT




AREFRBEREEEORRB ST 2@EENTR 805

SQ (480nm, 620nm) DO{EIC i EFEEHEE & 5%
BL-Blnds (E7). LarLIhns SQ (480nm,
620nm) DEFHL L CRELREREORETH, &
g—-RREFRIE, B2 AKRF0REAF BT BE
HRAGROLT L ZEREERFITIFIZER LWL 3
#1, 2). BC7 /ORI —TRETOEHEL —
V% (R, 2) 2o REESHEEOEEEN, SQ
(480nm, 620nm) O EE (K 7) 2 & X #EAED R EHR
wah, MEORMRB—REVKEFETALI5CRZ
3. ZOFBFECHL TR, RAEOMBEC BT 22y
AVEEREET A I LD BBENTEEE RS, T
bbb Lyon® OREH LT, BAEOHD
B2 ORI B 5 —F D X Fefuff 138 (Tl 2516t
ELTWwBDTIEEL, —DOMBER TRV Fhhr—
HOXREENTELIATE D, —NO X Bfmiky
ST 5 BRETFECEL 2 BETFEHET2HEZOHE
GFrELAERZ ZOORBRYMEH T 2 _EoOMigs
U, ZheZHOManet L LTEYA ZRIZE
Filvdtwnd. Bl1AEREORRELZFIC L DRB
IURBREEROBIC IOV A 7SR Y TIEDE &
UFD &Ik s, £FRMEECEL TIk#EFENDO—
#HOXPEEDOVTR G BSFA—DOERFHIEOT LR
ETLREFEET 5D CERZBRIERDH DT &
noh, REFCEL TRR—NOXREED—-HIZH
LFBRERERET 2 BETERER DBEFH,
MEOREFECEEDREGFIEETINT, b5
BEOFBRII EERMEE L 2 D FlOMEIT RE R
Hrnn, REEOETIIEE L LTEY A g
BET2. 20Ok 2#E0RF 26T 28 18R
EOREZFICB L TR IC EREMERE, EHEREA
BEURBEREFEMEET 2. Lizbt> THENRE
BETH27 /7 0Ad—7RECIINEFICRET 2
AECEREZFRB X UREESEEL S 2 THIIER
V=L —BEnBoNn, BEOETL TV EHKRE
BRIHEEORECIMELBR V. —F, F7EE
BBED SQ 12 EL DHEEORE T 2BEMOBRICLD
RESND O TEREHEOBUE /L MEI N TRE
EXRT L3 THAS5. Lyon™iz X fetafks
BERBOBCEHREZBZBLT, ZOERBDEEN
RET ML L R LML EF A 7 RICEFIL T
5 EDBRINEEME L TE 1AEERORRE IR
H 5N % Schmidt’s sign® 2 E— 2B FTH D,
Griitzner & " 3@ ZEsHLCARERROER
BOREZEORBELREL , REE T3 B O
LD EBHEOEERNAR L L ETHL, 0K
RIREEOHEBEO =¥ 1 7 BETHH S L L

Tz, RERERFOEREELUNC LBREHREZ Z B8
PRV NV TOEY A 7SR RTEEN DS . X
REELEBRBETHZ 204 FL 37 OBEENRES
TRIEEHEREE : BHE L EREE L 81 7%
BT ewd®, g XPEEELEREORE FECH
BaREEEDCREZB BV TLEF S 7ROBED
BYPLEESEMENATHE®, IO REENS
HAERMRFEEEE ISV IHEERBIBI 2
1 7BEOFETIAREEREV. BIBVZEY A 2
EFRLTO2OBHEL ~VIZH DM FN LD R
WHBE2OPIEARBEE LTS, A ERG FrR X,
MENTEH 2 ERERREAEETOREED#E
VARLIIBIT S EYA 7 BEOEELREORET 5.

SQ (480nm, 620nm) WL TEABTRH I W -#
DMOMRELT, F1AERE - F28EEF T
NOREEFEZBLTH SQ (480nm, 620nm) D iEHe
RENBEEEEN S 1AERAYEERII VIS
EBEEFERTOERRBEE TR LS LI L nET
505 (7). SQ (480nm, 620nm) EAS ST 2 B
& LTI RREZEL RO EE M s R D 55 RIX
BECEI2EEEZENEZONS. 203 bl
EREOXEEREITEL Tid, BIokGBEDRERYE
BNEBOBELRIZZ Lh s, AEFEERPER
HRFEEREERCLE L BHTH D ERIHOIE
DVIEWREZERIZS LT SQ (480nm, 620nm) O 538k
BRELERD, Lo TFOERRENIKEL LS
LERRAELRS. HEERO SRS B
ENHB L Alpern? I kDT CIEBEsATE
D, BEEEEELZVIAREAEAERET BT
B3 SQ (480nm, 620nm) D FEDOEHD—D &
Ezond. REBEIIBLTIEIX SITH#EL LIz
BUZEYA 7BEOEEENEZ LN S, Lyon®D
RIBT 2 TNEEHTII—N0 X BEED LT HRE
L3N 2IHBRIZES L &N 2D T, ARERFER
HEFOREZB B ERMEAL BERERDRS
I 1IN EREEE L CRIZERMAT 2 £ Pl
Nd. Tk EHMER: BRHEE L OLLEDEE
EMNMRAFEICH TS SQ (480nm, 620nm) {ED 58T
5T 288NN H 2.

REZEICE T 2 IERSERE BARHEAED Y 1 7 g
OEEZZREAEOZH 2 VIRHEOBIIEELE
Fend. EREFROEEREED 2 L IARERE
BEEEOREETH2 I EnRbN s AN L8 T
LI, BRENEREABERREYESE, REEB X
UBREEEOVTNTH L0 UTOHEED S1E
BIIRETRETHS. TFERYRROERERET
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HELELOENL, FEIR AL D IZERYE
FRAEREE N T 2 HSNERBRIZCEET S
Zr®, TEOEARERFEREEEZOPICEHCERA
BEREORPLERY OFEHNOHE Z L2 EOEED S
FREREBFEF 2L A2METHE L0123, —
B, BEFEEE L REE L OEL, REOGE L
WIS SIFIEEAYIEL RSBV DD, HIR
EORMRCEITHELrE 2 2EELMETHE. &
BRI EETL L, BETEEOBE2EBEICEAN
BE, BREBEFEELAVEETRZOFRIZER
HHRFOAEEEZERIEs NV, REEOLHETR
50% DR CHRMROBFIRAERERFOEREIC,
F7250% DR TLFIRRAE RS, Z0kd ki@
ERERCWL, ERERGEEREORREOHEE
BEFEEEOHEEERNS %® LT HIZBRAXED
HI9.5%B LR VEHEETHZ I th s, ERERRE
HREEOFEREORKICEYT 2 MBEIZRBBERED
P TREEZEONRIZENIBENRELH LY, #E
HOWELBHEOMBBEENTEL. LarLliy
5 BE-ERMERCRAEREAMEEREOREED
BEBRATETHY, BIHE L EbLI 2 REEIC L
AEBEREEY CHREZON1EIRERMR %
RET, BF O SQ (480nm, 620nm) 2 & B HREHED
BEEZ & 5 i0EL. fY 3ERERGROEEE D
REZOFE L L TEEREBR - 7/72Ra—7
20— OBERECEREE»S ORI OAD S
3L0, Q—BRETEE TH 5, RBHEICL BT
BREHABIZEENIC L 25 50 SEFAICERE
HHRoOTWBE LD, QRS E TOREETIZIEE»
SOV EFRTERVID, W EEAERET
2HLDDADDBEEET T8, FCBNEE
Heth E REHAEO T4 7 OLKRIZB T 2 EEELE
ETRHLE EELGAE*EFT2REZOFELEE
TERWOT, HEE, ERG, AEREER OB
ORBU» 5 TRTOREZEL2BWT 2 Z L I3TATEE
rEz 5N3. 4%t Nathans 5“9 DBEFIHTD
£, TEreshBET2ORELEZ AECE
D AXRMEFAFEERTOREEOEELBIIEOEY
ErhdbDEEbAS.
ERERFORER I XROELSEREOTAE &
20T, RRETHIBBELARUAREAERETD
LHEFRABEAERCHETIE—DRETFEEL, Lk
o THEBETREI N2 BEBRE BV TRTHI
FERERAE RS SN AT REME 2P % . Crone” R R B
Bz L D EIEL -BREL (luminosity quotient) 12
BLIE2AEREORRE L ZORTFLOMTORM

I3

ME®EL 7. Yasuma ¥ ZREZGHE 1 @y
EORBEOHRBEL L EE=CHE 1 BEA%
BEDRFOT /TUAI—TIZ BT BEE L DR
W—EOBFEREMLAZ. L L SQ (480nm,
620nm) % £ U* SQ (500nm, 600nm) %ML+ 2B
EREFFOARREOREE L A REFREEE% ¢
HEHZOERTFLEOMZIZERELHEEERD s ho
fz. Zhizik ERG oflERELBFHORRE 8
JAHEEMELEZ LRVICELTLRLS, 53
WIREYS ORI B I 5 EEEIZL 3 SQ DfEn
DR EL TWAIEEERH 3.

MEAREFABREEREEOREZECBIT 24 7158
BIBHAFARICOVTEE L. EREREEEERD
FERBCIEELVRVCREEEET2HBEEL, -
DEBEHT 7 EERBERO SQ iz & HI THIERI
s NLZE2BALL. Z0 L3t 7IEEA
BERO SQ AR FAFREEEEOREZEORELE
B33 LTHEBCERTHZ Z LHEBELE

#® B

FREFRFOERE OBEHRERSTH & ERMER
BREERETH2EF250L 3.8Hz ERERE
Rz k% ERG 4 7ERBIMEREL, UTOE
REHL.

1. BFlIAEEROREER BT S ABEOT
WE M &, BEEEERCS Y 2MICEERL
560nm % 5 620nm 2 H» 4 TIE <L (p<0.05), 1@
BEEEHEBHC BT 2MIZEEL 580nm » 5 620nm iZh
FTE, o7z (p<0.02).

2. B aERFORRERCB T2 5EREOM
1, BEEEECBY2MICHEEL 620nm THEL
(p<0.001), E2EOEEEZEHICB T LIMIIHELLY
DEBIBEBOTHEEERRI Lo,

3. SQ (480nm. 620nm) OMZ 5 1 taEEF ORE
EHIBOTRE LI OEREEHICHBELERIINE
< (p<0.0l), BEEREHIHERLERCIRED
72 (p<0.05). SQ (480nm, 620nm) DOIZ#E(RE (SD)
BEIGEERORREHIBLTRE 1 OERYEE
B IUAEERERICHRLRE2 7.

4. SQ (480nm, 620nm) OMIF & 2 & BE ORE
EBHICBOTE2OEEREHLOMIBEELTE
T, AEFEERCERLEBRR /NS » o720 <
0.01). SQ (480nm, 620nm) @ SD (35 2 AEEED
RESHCBL TS @EREENS L URKER
EHECHBELRKEL ST

5. H1EEREFOREERCE TS SQ (48inm,
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620nm) & EH L OMICIIEELEEBEZESED o h
(p<0.05), * DEREMRIF SQ (480nm, 620nm) % ¥
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Abstract
The electroretinographic (ERG) rapid off-response was studied in genetic carriers of
congenital red-green color deficiency. The mean spectral sensitivity of the rapid

off-response in protan-carriers was significantly lower at the wavelengths between 560nm
and 620nm than that in normal subjects (p<0.05), and significantly higher at the
wavelengths between 580nm and 620nm than that in protan subjects (p<(0.02). The mean
spectral sensitivity of the rapid off-response in deutan-carriers was significantly higher at
the wavelengths of 620nm than that in normal subjects (p<{0.001), but did not significantly
differ from that in deutan subjects at all wavelengths tested. The mean of the log ratio of
the sensitivity of the rapid off-response at a short wavelength (A,) to its sensitivity at a
long wavelength(A,) {SQ(A,, A,) or SQ} was studied. SQ (480nm, 620nm) in
protan-carriers was significantly smaller than that in protan subjects (p<0.01), and
significantly larger than that in normal subjects (p<0.05). The mean of SQ (480nm,
620nm) in deutan-carriers was significantly smaller than that in normal subjects (p<<0.01).
The standard deviations of SQ (480nm, 620nm) in protan-carriers or deutan-carriers were
larger than those in normal, protan or deutan subjects. Significant correlation was found
between the SQ (480nm, 620nm) and the age of protan-carriers (p<<0.05), and also between
the SQ (480nm, 620nm) and the age of deutan-carriers (p<<0.05). No significant
correlation was found in SQ (480nm, 620nm) or SQ (500nm, 600nm) between
protan~carriers and their color-defective sons (protans) and between deutan-carriers and
their color-detective sons (deutans). Most of the genetic carriers of congenital red-green
color deficiency, whose SQ was obviously abnormal, presumably have abnormality in the
cone photoreceptor. The SQ of the rapid off-response can be a potent clue to discussing
the pathogenesis of genetic carrier of congenital red-green color deficiency.



