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Summary

A pedigree of congenital stationary night blindness (CSNB) is described in a large Chinese family. The clinical
description, pedigree, dark adaptation and elctroretinogram (ERG) studies indicate that the patients have an autoso-
mal dominant form (ad) of CSNB. The disorder has been transmitted through at least 12 generations with over 40
affected individuals identified. The ERG data reveal that affected persons have severely diminished b-wave responses
to dim light, but normal a-wave and subnormal b-wave responses to maximum light stimuli. The dark adaptation
curves of three patients show a monophase curve, typical for night blindness. We have excluded the five previously
known mutations in the three genes (RHO, PDE6B and GNAT1) associated with adCSNB, and linkage studies
have excluded tight linkage between the disease locus and markers associated with these three genes. Thus, this
family has adCSNB caused by a different gene from the previously identified RHO, PDE6B, and GNAT1.
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Introduction

Congenital stationary night blindness (CSNB) consists
of a group of eye disorders clinically characterized by a
non-progressive severe deficiency of vision under dim
illumination. Affected families have been identified with
autosomal dominant (ad), autosomal recessive (ar) and
X-linked inheritance (xl) for CSNB. Historically, several
large pedigrees have been reported to have adCSNB
(Nettleship, 1907; Rosenberg et al. 1991). The most
famous family was that of Jean Nougaret, a southern
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Frenchman. He was born around 1637 and had 135
affected descendents in eleven generations before 1907
(Bell, 1922). In China, a few pedigrees with adCSNB
have been recorded (Chen, 1982; Yan et al. 1991; Fei
et al. 1992).

Patients with adCSNB have always been described
as having normal fundi, an abnormal dark adaptation
curve and severe attenuation of a-wave and an ab-
normal b-wave by electroretinograms (ERG). Recent
molecular studies of families with adCSNB (Dryja,
2000) have identified three genes with five different
missense mutations as being responsible for the clini-
cal phenotype. The genes are rhodopsin (RHO), rod
cGMP phosphodiesterase beta-subunit (PDE6B) and
the alpha-subunit of rod transducin (GNAT1). In this
paper, we report a large Chinese family with adCSNB
with an apparently different gene responsible for the
condition.
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Figure 1 Pedigree of the Chinese family with adCSNB.

Methods

Propositus (Figure 1, VII-1) and his Family

The propositus and his ancestors originally resided in
a small village in Pengyang county in the southeast-
ern part of Zhejiang province, China, for at least three
hundred years. He was considered to be in good health,
with normal intelligence and normal day vision until his
death in 1962 at the age of 80. The night blindness was
stationary all through his life with no known associated
eye anomalies such as myopia, cataract or pigmentary
changes of the retina. Under ordinary night illumina-
tion he had no visual difficulty. When he walked in an
unlit place, his vision was considerably impaired and did
not improve even if he remained in the dark for a long
time. Several individuals with the same condition were
identified in the family: his mother (VI-3), her brother
(VI-4), his brother (VII-2), their daughters (VIII-1, 4),
his granddaughter (IX-1) and four of her seven children
(X-2, 3, 4 and 5). Recently, several individuals in the XI
and XII generations have been identified as having the
same condition. Questionnaires were sent to over 50 in-
dividuals in the family and those individuals identified
with the condition were further questioned regarding
the age of onset and progression of problems related to
night vision.

Dark Adaptation

Testing was performed on a modified version of the
Goldmen-Weekers Adaptometer (Roland Consult Co,
LIZENZ program, Germany) in Wenzhou Medical
College. Bleaching and target light are generated by an
array of 139 two-colour LEDs, built into the right-eye
viewing field and extending to 60 degrees off the central
visual axis. Each LED contains a super-red (635 nm) and
a green (565 nm) element, so that either red or green
stimuli can be presented. Prior to an experimental test,
the eye was dilated and then light adapted for 7 min.
The size of pupils was recorded before and after testing
to make sure the pupils remained constant. The wave-
length stimuli was 565 nm (green), stimulus length 98
to 500 ms, reaction time 300 to 2000 ms. After 3 min
of bleaching, the absolute threshold to light was tested
for 30 min. Their curves were compared with normal
controls.

Ophthalmologic Examination
and Electroretinogram (ERG)

General eye examinations were performed in the Wen-
zhou Medical College. Eye examinations included pupi-
lary responses, (cycloplegic) refraction, acuity measure-
ment, visual fields by automated perimetry (Octopus,
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Interzeag, Switzerland), and dilated fundus examination
and photography.

Full field ERG was recorded and analyzed by a
Roland Consult Electrophysiological Diagnositic Sys-
tem (Roland Consult Co, Germany). The instrument
measured the retinal response to a brief flash of light
from a Ganzfeld Q 400 sphere. For scotopic ERG, eyes
were first dark adapted for 30 min and pupils were fully
dilated. An active jet electrode was placed on the cornea,
the ground electrode was attached to the forehead and
a reference electrode was placed near each orbital rim
temporally for the corresponding eye (ISCEF standards).
The scotopic ERGs were recorded and averaged to a
series of single light flashing of low intensity setting
(0.01 cd/m2, fix on, plot time 150 ms and backlight
off), and the ERG responses to maximum white light
flashing (3.0 cd/m2, fix on, plot time 150 ms and back-
light off) were then recorded and averaged under the
same condition. For photopic ERG, the eyes were light
adapted to the background illumination for 10 min,
single flash (3.0 cd/m2, fix on, backlight on). The
flicker (3.0 cd/m2, fix on, backlight on, 30 Hz and plot
300 ms) cone responses were recorded.

Mutation and Family Linkage Analysis

Genomic DNA was isolated in Hangzhou from pe-
ripheral blood samples from 16 affected and 14 unaf-
fected family members (mainly offspring of IX-1) by
Animal Tissue Genomic DNA Mini-prep Kit (VITA-
GENE biochemical technique Co.Ltd). Primers were
synthesized based on the sequences flanking each of the
following exons and their exon/intron junctions. They
included all 5 exons of RHO, exon 4 of PDE6B and
exon 2 of GNAT1. The DNA was amplified by poly-
merase chain reaction (PCR) and the amplified frag-
ments were then sequenced by ABI PRISM® 377 DNA
Sequencer (PE Applied Biosystems).

For linkage studies, seven sets of variable number din-
ucleotide tandem repeat (VNTR) primers were synthe-
sized. The primer sequences and locations of the mark-
ers are shown in Table 1. Two of the markers flank the
RHO locus, two flank GNAT1 and three flank PDE6B.
The method for genotyping was PCR amplification
followed by genotyping. PCR conditions were opti-
mized over a range of annealing temperatures(55–59
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and magnesium concentrations (1.0–1.5 mM MgCl2).
Amplifications were performed in 96-well PCR plates
on an Applied Biosystems 9700 PCR machine. Each
10 µl PCR reaction contained 30 ng DNA, 0.5 U
Taq polymerase, 5 pmol of each primer, 1X buffer.
Amplified DNA fragments were electrophoresed on
7% acrylamide gels, which were run for 1h using a
model 3730XL automated sequencer (Applied Biosys-
tems). Semi-automated DNA fragment sizing was per-
formed using GENEMAPPER (version 3.5) software
(Applied Biosystems). One hundred normal individuals
were typed for each marker as controls. Twenty-nine
individuals of the family were also genotyped, includ-
ing 16 affected and 13 at risk. Pair-wise LOD scores
(Z) between adCSNB and marker loci were calculated
by use of FASTLINK v.3.0. (Lathrop et al. 1984) and
LINKAGE versuib 5.1 (Cottingham et al. 1993) under
a model of autosomal dominant inheritance of the dis-
ease. At risk individuals under four year of age were
typed “unknown” for the eye condition.

Results

Inheritance

Figure 1 shows the twelve-generation pedigree with 42
affected individuals and another 3 individuals proba-
bly affected by CSNB. The affected individuals were
identified by an eye physician examination or by self-
recognition (orally and written). They all indicated that
they had night vision difficulties that did not deteriorate
over time. There was no apparent difference between the
eyes of a single individual. The information of the likely
“affected” individuals was obtained via oral history and
the family pedigree book (Chen’s Jia-Pu in Chinese).

Dark Adaptation Thresholds

Three patients (VIII-4, IX-4 and XI-7) were tested for
dark adaptation thresholds. All three showed a mono-
phase curve, which is different from the bipartite curve
of normal controls. Figure 2 shows the dark adaptation
curves of a patient’s (XI-7) left eye and a normal con-
trol. The curve of the patient’s eye fell rapidly at first,
paralleling with the normal curve and then (in about
10 minutes) reached a threshold. The level of sensitivity

-6
-5
-4
-3
-2
-1
0
1
2

0 10 20 30

Patient

Control

L
o

g
 T

h
re

sh
o

ld

Time in Dark (min)

Figure 2 Dark adaptation curves and thresholds of the left eye
of patient XI-7 and a normal eye.

was about 3 log10 units improvement and then main-
tained at about that level throughout a subsequent test-
ing period of 30 minutes. For the normal control, when
the curve reached the first threshold, a normal bipartite
curve was seen. The sensitivity of the control eye con-
tinued to improve and reached another threshold (about
2 log10 units) in about another 15 to 20 minutes. This
represented the cone/rod break in the normal eye that
was lacking in the patient’s eyes.

Ophthalmologic and ERG Findings

Three patients had thorough eye examinations and were
also tested by ERG. They were X-3 (female, age 61),
X-4 (male, 57) and XI-17 (male, 25). They all had nor-
mal day-time vision, normal pupils, no pigment changes
in the retina and no narrowing of the retinal vessels. X-3
had a visual acuity of 0.5 (20/40) and refraction of 1.0/
−0.75/110; X-4 had a visual acuity of 1.0 (20/20); and
XI-17 had a visual acuity of 1.0 (20/20) and refraction
of 0.5/−/− .

Figure 3 shows the scotopic ERG patterns of the
left eye of XI-17. Patient XI-17 is a great grandson
of the propositus. Following dark adaptation, his sco-
topic ERG response (Fig. 3A) to the dim light flash was
76 µV (left eye), which is 24% of a normal value of
309 µV. Under the high intensity white light flash-
ing, the patient’s ERG response (Fig. 3B) showed rela-
tively normal a-waves of 213 µV and grossly abnormal
b-waves of 197 µV. The latter is 43 % of the normal value
of 449 µV. The b/a ratio is about 0.9, which is low com-
pared to the normal ratio of 2. Following 10 min. of light
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Figure 3 Scotopic ERGs of the left eye of patient X-17,
compared to a normal eye. The time scale is 25 ms and the
amplitude scale is 125 µV. (A) Dark adapted rod ERG response
to dim light stimulus (0.01 cd/m2, fix on and backlight off).
(B) Dark adapted mix ERG response to maximum light
stimulus (3.0 cd/m2, fix on and backlight off).

adaptation, the photopic ERGs and 30 Hz flicker were
in the normal range (results not shown).

The calculated ERG data from eight normal eyes and
the eyes of three patients are summarized in Table 2.
The data indicate that each patient had diminished rod
b-wave responses, that were 20–30% of normal, to sco-
topic dim flashes, and a decrease (∼50% of normal)
of b-wave, but with normal a-wave response to bright
white light flashes. For the patients, the b/a ratio was
0.9–1.5 and the shapes of the b-waves were grossly ab-

Table 2 Summary Results of three patients’ ERGs

Skotopic to dim light Skotopic to bright light 30 Hz flicker and
Subject b-wave, µV a-wave, µV b-wave, µV b/a ratio photopic ERGs

Normal 8 eyes 309 ± 62 ∗ (% of Normal) 223 ± 61 449 ± 113 ∗ (% of Normal) 1.8–2.3∗ normal
XI-17 left´ 76 (24%) 213 197 (43%) 0.9 normal

right 56 (18%) 176 234 (52%) 1.3 normal
X-4 left´ 92 (30%) 185 222 (49%) 1.2 normal

right 97 (31%) 186 235 (52%) 1.3 normal
X-3 left´ 68 (22%) 205 283 (63%) 1.4 normal

right 66 (21%) 174 259 (58%) 1.5 normal

∗ Indicates values of the patients’ eyes in the column are significantly deviated from the normal controls.

normal but with normal implicit time. Cone responses
to a series of single bright flashes under light adaptation
were in the normal range. The data were consistent with
the diagnosis of adCSNB.

Mutation Search

We amplified and sequenced the DNA of all 5 exons
of the rhodopsin gene (RHO), exon 4 of PDE6B and
exon 2 of GNAT1 in 9 affected and 12 unaffected indi-
viduals in the family (results not shown). No mutation
was found in all the sequences, including codons 90, 94
and 292 of RHO; codon 258 of PDE6B and codon 38
of GNAT1. These mutations were identified in other
families with adCSNB.

Linkage Analysis

Genotyping of 100 Chinese DNAs showed that the
seven markers all had multiple alleles with heterozy-
gosities of 0.61 ∼ 0.89 (Table 1).

Linkage analyses (Table 3) did not support a close
linkage between the markers and previous identified
genes (RHO, GANT1 and PDE6B) that cause the clin-
ical phenotype of adCSNB. Assuming a dominant form
of inheritance for the disorder, the LOD scores (Z) of
the seven markers all had negative values at a recom-
bination fraction (theta) of zero. Thus, linkage anal-
yses excluded the three known genes associated with
adCSNB.

Discussion

The clinical description, mode of inheritance, dark
adaptation thresholds and ERG data described are
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Table 3 LOD score of VNTR markers at three chromosomal
regions

LOD Score at θ =

Markers 0 0.1 0.2 0.3 0.4 0.5

VNTR 1 −6.95 −0.95 −0.22 −0.01 0.00 0.00
VNTR 2 −0.91 1.52 1.53 1.09 0.44 0.00
VNTR 3 −12.9 −3.60 −1.89 −0.94 −0.35 0.00
VNTR 4 −7.39 −1.63 −0.59 −0.11 0.06 0.00
VNTR 5 −3.47 −0.12 0.22 0.19 0.04 0.00
VNTR 6 −7.06 −0.80 −0.06 0.13 0.11 0.00
VNTR 7 −10.4 −2.00 −0.91 −0.37 −0.01 0.00

consistent with the diagnosis of adCSNB for this
family.

Men as well as women were affected with a ratio of
28 to 16 respectively. The higher ratio of male/female
affectes might be due to unreported affected females in
the early generations. There were 13 cases of father to
son transmission, excluding X-linkage of the disorder.
All offspring of normal individuals were not affected.
The ratio of normal to affected offspring born to affected
parents was 35 to 39, close to the expected ratio of
1:1.

Although there was no direct evidence to show that
the CSNB was present beyond generation V, the fact
that there were two branches of affected individuals in
the pedigree points to a common ancestor, I-2, who
passed the mutation to her two sons.

In the dark adaptation studies, the absence of cone-
rod break in 3 patients established that the entire adap-
tation process is due to the cone system, with a possible
defect in rods, rod/bipolar cell junctions, or the bipolar
cells themselves.

The scotopic ERGs of three patients showed an ab-
normal attenuated b-wave response (20–30% of the nor-
mal) to dim light; normal a-wave, reduced b-wave am-
plitudes (43–63% of the normal) and abnormal b-wave
shapes to the maximum white light flashing (Figure 3
and table 1). The patterns were nearly consistent with
the Schubert-Bornschein type of CSNB for the family.
These deviated from previous reports of absent or unde-
tectable scotopic b-wave responses to dim light, and no
or severe reduction of both a-wave and b-wave responses
to the maximum white light stimuli in most patients
with adCSNB (Dryja, 2000), the Riggs type of CSNB.
It was apparent that the ERGs of our patients were dif-

ferent from most patients with adCSNB reported in the
literature. For the few previously reported Chinese ad-
CSNB patients with ERG data (Fei et al. 1991; Gan
et al. 1997), the results have been mixed. Some of the
patients had no rod b-wave and others had normal or
reduced a-wave and reduced b-wave. No comparison
studies could be performed between the families.

We found no mutation in the three known genes pre-
viously documented as a cause of adCSNG in this ex-
tensive family. The entire coding and splice junction re-
gions of RHO, exon 4 of PDE6B and exon 2 of GNAT1
were all normal. No evidence for linkage was found in
analyses of the family, indicating the responsible gene
was neither at 3q21, the approximate site of RHO, at
3p21 for GNAT1 or at 4p16.3, the location of PDE6B.
Thus, the gene responsible for adCSNB in this family
is different from those three genes previously identified
as being responsible for adCSNB.

Acknowledgements

We thank the many family members who assisted us in many
ways without obvious benefit to them from the study. Special
thanks to Ms. Shi-fen Chen and the late Mr. Shang-teng Chen
for their energetic persuasion to bring the patients and normal
controls to the clinics, to give blood and to obtain the pedigree
information. We also thank Drs. Jun Yu, Krzysztof Palczewski,
John Kelly, Arno Motulsky, Rhona Jack and C. Ronald Scott
for their interest in the subject and reviewing the manuscript.
Also Mr. Wei Wu for his interest in the early stages of the
work. Finally we thank Ying-Zhang Chen of the University
of Washington for help with linkage analysis.

References

Bell, J. (1922) Congenital stationary night blindness. In: Trea-
sury of human inheritance 2, 29–33. Cambridge University
Press, London.

Chen, S.-H. (1982) Essential night blindness: report of
one pedigree. Recent Advances in Ophthalmol 2, 40–43,
(Chinese).

Dryja, T. P. (2000) Molecular genetics of stationary night
blindness. Am Jour Ophthalmol 130, 547–563.

Fei, Y., Lo, R. et al. (1992) Congenital stationary night
blindness-family history and clinical genetic analysis. Jour
of Chin Ophthalmol 28, 162–165 (Chinese).

Fei, Y., Zeng, L. et al. (1991) Scotopic ERG analysis of a
congenital stational night blindness family. Ophthalmol Res
9, 222–225 (Chinese).

320 Annals of Human Genetics (2005) 69,315–321 C© University College London 2005



adCSNB in Chinese

Gan, W., Wei, M. et al. (1997) Congenital stationary night
blindness: report of two families. Jour of Clin Ophthalmol
75, 117–118 (Chinese).

Lathrop, G. M., Lalouel, J. M. et al. (1984) Strategies for
multilocus linkage analysis in humans. Proc Natl Acad Sci U
S A 81, 3443–3446.

Cottingham, R. W. Jr, Idury, R. M. et al. (1993) Faster se-
quential genetic linkage computations. Am J Hum Genet
53, 252–263.

Nettleship, E. (1907) A history of congenital stationary night

blindness in nine consecutive generations. Trans Ophthalmol
Soc UK 27, 269–293.

Rosenberg, T., Hain, M. et al. (1991) Autosomal dominant
stationary night blindness. A large family rediscovered. Acta
ophthalmol (Copenh) 69, 694–702.

Yan, L., Zhang, R. et al. (1991) Genetic study on an essential
night blindness family. Genetics 13, 31 (Chinese).

Received: 28 April 2004
Accepted: 30 November 2004

C© University College London 2005 Annals of Human Genetics (2005) 69,315–321 321


