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Congenital Stationary Night 
Blindness (CSNB): An Inherited 
Retinal Disorder Where Clear 
Correlations Can Be Made
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Abstract

Congenital stationary night blindness (CSNB) 
refers to a group of clinically and geneti-
cally heterogeneous retinal disorders. Few of 
those are associated with fundus abnormali-
ties while the majority show largely normal 
fundi. Clear genotype-phenotype correlations 
can be performed for patients with the Riggs-
form of CSNB, fundus albipunctatus, Oguchi 
disease, and the Schubert-Bornschein-form 
of CSNB.  In total 15 different genes were 
associated with those showing more than 500 
different mutations in more than 400 cases. 
While mutations in genes important for the 
rod phototransduction lead to the Riggs-form 

of CSNB, fundus albipunctatus, Oguchi dis-
ease, mutations in genes important for the 
downstream signaling from the photorecep-
tors to the adjacent bipolar cells lead to the 
Schubert- Bornschein- form of CSNB. In this 
book chapter, phenotypic characteristics of 
the different forms of CSNB are summarized 
for an accurate diagnosis. Clear genotype-
phenotype correlations mentioned herein 
should lead to an improvement of genetic 
testing.
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11.1  Introduction

Congenital stationary night blindness (CSNB) is 
a clinically and genetically heterogeneous inher-
ited retinal disorder. This book chapter aims to 
summarize the main and common features of the 
disease. As the name implicates the disease is 
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present from birth. However, other clinical symp-
toms are not always reflected by the name: night 
blindness may not be the chief symptom and is a 
very subjective sign in the well-lighted environ-
ment of big cities. Similarly, not all cases show a 
stationary disease; progression can be also noted. 
In many cases diurnal vision is also affected: 
reduced visual acuity, light sensitivity, high myo-
pia, nystagmus, and strabismus may be also diag-
nosed. However, using fundus examination and 
electroretinography, patients can be precisely 
clinically diagnosed, classified which will direct 
the genetic strategy. Patients, for whom a genetic 
analysis does not identify a known gene defect, 
may harbor mutations in non-coding regions of 
known genes underlying the same phenotype or 
in a novel gene. For the latter ones, the respective 
protein localization can be as well correlated to 
the phenotype.

11.2  Epidemiology

To our knowledge, the frequency of CSNB in 
the general population has not been documented. 
This might be due to undiagnosed cases. Indeed, 
specific clinical examinations are necessary to 
correctly diagnose CSNB.  In 2015 we summa-
rized genetic data of 300 index patients with 
CSNB, previously published by us and others 
[1]. Taking into account our newly collected 
cases since then, we see that these numbers are 
continuously growing. To date (February 2019), 
in total, more than 500 different mutations have 
been published. Similarly, since 2015  in more 
than 180 novel index cases with CSNB from our 
worldwide collaboration, the genetic cause was 
resolved. In respect to the collection of our large 
European cohort with inherited retinal disorders, 
including ~5000 index cases, 2% of those present 
CSNB.

11.3  Clinical Features

To correctly diagnose CSNB, fundus examination 
and full-field electroretinogram (ffERG) incor-
porating the International Society for Clinical 
Electrophysiology of Vision (ISCEV) standards 
are essential [2]. Furthermore, documentation 
of the mode of inheritance is important for the 
proper classification of CSNB. Table 11.1 sum-
marizes the main clinical features of the different 
forms of CSNB.

11.3.1  Riggs-Type of Congenital 
Stationary Night Blindness: 
A Form of Night Blindness 
with Largely Normal Fundus

The Riggs-type of CSNB [4] represents a rod- 
photoreceptor dysfunction. The ffERG shows 
severely reduced scotopic responses. At low 
light intensities (dark adaptation (DA) 0.01) the 
b-wave is severely reduced or absent. At a bright 
flash in addition to the b-wave reduction also the 
a-wave is reduced (DA 10.0). This reflects pri-
mary rod-dysfunction. Photopic ERGs (LA 3.0 
and LA 3.0 30 Hz) are normally consistent with 
normal cone function. This form of CSNB has 
been reported as autosomal dominant and auto-
somal recessive modes of inheritance with spe-
cific mutations in genes coding for proteins of the 
rod phototransduction cascade. The phenotype is 
relatively mild including night blindness no nys-
tagmus, and normal photopic visual acuity with 
only a few cases showing myopia [1, 5, 6]. This 
relatively mild phenotype may be the reason why 
to date only few cases with this Riggs-type of 
CSNB were described. Historically, this form of 
CSNB was detected in the Nougaret family, com-
ing from Southern France, [7–11], and in another 
family reported by Rambusch [12, 13]. In both, 
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the phenotype was transmitted as an autoso-
mal dominant trait. A few cases with autosomal 
recessive Riggs-type CSNB have been reported. 
However, in the latter cases especially the phot-
opic responses are less consistent with the classic 
Riggs-form of CSNB [14–16].

11.3.2  Fundus Albipunctatus: A Form 
of Night Blindness 
with Fundus Abnormalities

Fundus albipunctatus (FA) is characterized indi-
rectly by rod-photoreceptor dysfunction. Albeit 
that the respective gene defect underlying this 
disease is expressed in the retinal pigment epi-
thelium, the mutant form leads to the dysfunc-
tion of the recycling of rhodopsin, specifically 
expressed in rod-photoreceptors. Therefore 
patients are effectively “bleached” most of the 
time. Thus the diagnosis cannot be made purely 
by ISCEV standard ERGs as the recovery fol-
lowing extended DA needs to be confirmed [1]. 
At low light intensities (DA 0.01) the b-wave is 
severely reduced or absent. At a bright flash in 
addition to the b-wave reduction also the a-wave 
is reduced (DA 10.0), which reflects primary rod-
dysfunction. Similar scotopic ERGs are found in 
patients with the Riggs-form of CSNB. However, 
in most patients, unlike Riggs-type CSNB, pro-
longed dark adaptation typically results in signif-
icant or complete recovery of rod-mediated ERG 
amplitudes although there is phenotypic vari-
ability [17]. Photopic ERGs are mildly abnormal 
in about half of the cases and often show flicker 
ERG delay [1]. In addition patients with FA are 
characterized by night blindness but visual acu-
ity, color vision, and visual fields are usually 
normal. Strikingly, patients with FA have specific 
fundus abnormalities. They often show small 
white dots in the posterior pole and mid-periph-
ery with sparing of the macular region. Fundus 
appearance may change with time from flecks 
in childhood to fine dots with age that may fade 
or increase over the years [1, 18–20]. Albeit FA 
does not present a progressive rod-cone dystro-

phy showing optic nerve pallor, nor retinal blood 
vessel attenuation, nor pigmentary bone spicule 
migration in the periphery, phenotypic variabil-
ity leading to more progressive phenotypes have 
been described [17, 21]. The disease is inherited 
in an autosomal recessive fashion. Albeit only 
one gene defect is associated with this disease, 
founder mutations in the same gene are respon-
sible that this form is a relatively frequent cause 
of CSNB [1].

11.3.3  Oguchi Disease: A Form 
of Night Blindness 
with Fundus Abnormalities

Oguchi disease (OD) is also characterized by 
rod-photoreceptor dysfunction. Similar scotopic 
ERGs are found in patients with the Riggs-form 
of CSNB. At low light intensities (DA 0.01) the 
b-wave is severely reduced or absent. Also here, 
in response to a bright flash in addition to the 
b-wave reduction also the a-wave is reduced (DA 
10.0), which reflects primary rod-dysfunction. 
After prolonged dark adaptation, rod sensitivity 
recovers, and the ERG response to a single-flash 
results in nearly normal a- and b-waves [22]. 
However, unlike FA, the ERG response to a sub-
sequent single bright flash is markedly attenu-
ated and similar to that recorded after short dark 
adaptation (20  min). The abnormal desensitiza-
tion of the rod system to a repeated bright flash is 
caused by continued activation of the phototrans-
duction cascade by rhodopsin molecules. This 
continues until all the chromophore is recycled, 
requiring a further extended period of DA [1, 
23]. Photopic recordings are usually normal [24]. 
Patients affected with OD are congenitally night 
blind, but have normal visual acuity, color vision, 
and visual fields [1]. Similarly as in patients 
with FA, patients with OD show specific fundus 
abnormalities, known as the Mizuko-Nakamura 
phenomenon: the fundus has a golden-yellow 
discoloration that disappears after prolonged 
dark adaptation [25, 26]. Although Oguchi dis-
ease is considered to be a stationary and rela-
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tively mild disease, some cases show more severe 
phenotypes and disease progression [27–32]. 
Historically OD was first described by a Japanese 
soldier complaining of night blindness. The dis-
ease is inherited in an autosomal recessive mode 
of inheritance, with only a few cases described.

11.3.4  Schubert-Bornschein-Type 
of Congenital Stationary 
Night Blindness a Form 
of “Night Blindness” 
with Largely Normal Fundus

The Schubert-Bornschein-type of CSNB rep-
resents a signaling defect from photoreceptors 
to bipolar cells. Similarly, as the Riggs-type of 
CSNB, the ffERG show severely reduced sco-
topic responses. At low light intensities (dark 
adaptation (DA) 0.01) the b-wave is reduced 
or absent. However, unlike in the Riggs-type 
of CSNB, in the Schubert-Bornschein-type of 
CSNB, after stimulation with a bright flash, only 
the b-wave is reduced while the a-wave is normal 
(DA 10.0), resulting in an electronegative wave-
form [33]. The Schubert-Bornschein-type of 
CSNB is the most common form of CSNB with 
largely normal fundi. It can be further subdivided 
into an incomplete (ic) and complete (c) form 
of CSNB. This classification is based on ffERG 
characteristics [34, 35] but is also in correlation 
with the localization of the proteins implicated in 
CSNB [1].

11.3.5  Incomplete Congenital 
Stationary Night Blindness

The incomplete form of CSNB (icCSNB) is char-
acterized by both ON- and OFF-bipolar cell dys-
function. The ffERG shows reduced but present 
scotopic responses to a dim flash. Therefore this 
form was called incomplete CSNB [1]. At low 
light intensities (DA 0.01) the b-wave is reduced 
but present. At a bright flash, only the b-wave is 
reduced, while the a-wave is normal (DA 10.0), 

confirming normal rod phototransduction. This 
results in the previously mentioned electronega-
tive ERG waveform [34]. The photopic responses 
are severely affected: the LA 3.0 30 Hz ERG is 
severely reduced and delayed with most hav-
ing a distinct bifid peak. The single-flash cone 
ERG (LA 3.0) is also markedly subnormal with 
a profoundly reduced b/a ratio such that the a- 
and b-wave are usually of similar size [1]. Long- 
duration stimulation shows abnormalities in both 
ON- and OFF-responses [36]. Incomplete CSNB 
gets sometimes misdiagnosed with cone dystro-
phy due to profound photopic alteration, but the 
macula is usually normal unlike in cone dystro-
phies [1, 37]. However, in some cases, disease 
progression and more severe phenotypes were 
noted [38–42]. The incomplete form is a common 
form of CSNB and has been mainly reported in 
X-linked and in a few autosomal recessive cases 
with mutations in genes coding for proteins pres-
ent at the synapse of photoreceptors. The pheno-
type of icCSNB is more heterogeneous than the 
one observed of cCSNB (please see below) with 
patients present with little or no night vision dis-
turbances [35, 43–45]. However, photophobia is 
more common in icCSNB [44]. In addition, icC-
SNB patients may have myopia, hyperopia, nys-
tagmus, strabismus, reduced visual acuity, and 
color vision defects [44].

11.3.6  Complete Congenital 
Stationary Night Blindness

The complete form of CSNB (cCSNB) is char-
acterized by selective ON-bipolar cell dysfunc-
tion. The ffERG show severely reduced or absent 
scotopic responses to a dim flash. Therefore this 
form was called complete CSNB [1]. At low 
light intensities (dark adaptation (DA) 0.01) 
the b-wave is absent. At a bright flash only the 
b-wave is reduced, while the a-wave is normal 
(DA 10.0), confirming normal rod phototrans-
duction. This results in the previously mentioned 
electronegative ERG waveform [34]. The phot-
opic responses are less altered in cCSNB com-

11 Congenital Stationary Night Blindness (CSNB): An Inherited Retinal Disorder Where Clear Correlations…
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pared to icCSNB: the LA 3.0 30 Hz ERG is often 
of normal amplitude but it has a pathognomonic, 
although it may have a flattened trough and may 
show mild implicit time shifts. The single-flash 
cone ERG (LA 3.0) has a normal a-wave ampli-
tude but with a broadened through; the waveform 
has a sharply arising b-wave with no oscillatory 
potentials and a mildly reduced b/a ratio [34, 46]. 
Long-duration stimulation shows selective abnor-
malities in the ON-responses [36]. Similarly, 
as the incomplete form of CSNB, the complete 
form of CSNB is also a common form of CSNB 
with reported X-linked and autosomal recessive 
reported cases with mutations in genes coding 
for proteins mainly present at the dendritic tips 
of ON-bipolar cells. Patients with cCSNB are 
indeed congenitally night blind, have decreased 
visual acuity, and often show myopia, nystagmus 
and strabismus [1, 44]. Disease progression has 
not been noted.

11.3.7  GNB3-CSNB

Recently a novel gene defect underlying CSNB 
was identified [47, 48]. The phenotype cannot 
be classified in one of the subforms mentioned 
above [3]. Only a few cases have been described 
so far and the phenotypes seem to be variable 
even in those. At low light intensities (DA 0.01) 
the b-wave is reduced. At a bright flash, only the 
b-wave is reduced, while the a-wave is normal 
(DA 10.0), confirming normal rod phototrans-
duction. The photopic responses are very vari-
able: the LA 3.0 30 Hz ERG can be reduced and 
delayed. In the single-flash cone ERG (LA 3.0) 
the a-wave is normal but can be delayed and the 
b-wave is reduced and delayed. Long-duration 
stimulation shows abnormalities of the ON- but 
not the OFF-responses. Patients with mutations 
in GNB3 may be night blind, showing myopia 
and nystagmus. But these ocular features were 
not observed in all patients. More patients with 
the same gene defect to be identified in the future 
may help to better classify this novel form of 
CSNB.

11.4  Molecular Biology

Table 11.2 summarizes the major gene defects 
underlying CSNB.

11.4.1  Gene Defects Implicated 
in Congenital Stationary 
Night Blindness

Inherited retinal disorders are clinically and 
genetically very heterogeneous. While often it 
is difficult to deliver clear genotype-phenotype 
correlations, for CSNB it is possible. Indeed, 
mutations in genes important for the rod pho-
totransduction cascade can lead to isolated 
rod-photoreceptor dysfunction as found in the 
Riggs-form of CSNB, in FA and OD (Fig. 11.1). 
In contrast, mutations in genes important for the 
signaling from photoreceptors to bipolar cells or 
in genes important for the uptake of this signal 
lead to incomplete and complete CSNB, respec-
tively. In vitro and in  vivo models are in most 
cases helpful models to dissect retinal signaling 
and the pathogenic mechanisms implicated in 
CSNB [1]. Table 11.2 summarizes the different 
gene defects underlying CSNB, their chromo-
somal localization, the mode of inheritance, and 
the link to OMIM.  Figure  11.1 shows the reti-
nal localization of the molecules implicated in 
CSNB in a schematic drawing.

11.4.2  Gene Defects Underlying 
the Riggs-Type of Congenital 
Stationary Night Blindness, 
Fundus Albipunctatus, 
and Oguchi Disease

Specific mutations in genes coding for proteins 
important for the rod phototransduction cascade, 
including RHO coding for rhodopsin, GNTA1, 
coding for the α-subunit of transducin, PDE6B, 
coding for the β-subunit of the phosphodiesterase 
and SLC24A1, coding for the solute carrier family 
24 members 1 have been identified in autosomal 
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dominant and autosomal recessive patients with 
the Riggs-type of CSNB [1]. The Nougaret fam-
ily from the South of France had the p.Gly38Asp 
mutation in GNAT1 [11]. In the meanwhile, two 
other GNAT1 missense mutations were found in 
two autosomal dominant families [49, 50] and 
a homozygous GNAT1 missense mutation in 
one autosomal recessive family [16], while the 
Rambusch family had the p.His258Asn mutation 
in PDE6B [51]. To date, only a second autosomal 
dominant family with a mutation in PDE6B was 
found [52]. Similarly, only a few autosomal domi-
nant families revealed mutations in RHO [53–57] 

and a few autosomal recessive families revealed 
mutations in SLC24A1 [14, 15]. The exact patho-
genic mechanism of these mutations in genes 
coding for proteins of the phototransduction cas-
cade, remains to be elucidated. Among others, 
constitutive activation would indeed explain the 
desensitization and reduced photo-response lead-
ing to night blindness [1].

Specific mutations in genes coding for proteins 
important for the rod phototransduction cascade, 
including RDH5, coding for the retinol dehydro-
genase, SAG coding for arrestin and GRK1 cod-
ing for the rhodopsin kinase have been identified 

Table 11.2 Gene defects of CSNB

Disease OMIM Mode of inheritance Gene defect OMIM Localization
Riggs-CSNB
CSNB1D # 613830 Autosmal 
recessive SLC24A1 #603617 
15 q22.31

CSNBAD1
#610445

Autosomal 
dominant

RHO #180380 3q22.1

CSNBAD3 #610444 Autosomal 
dominant

GNAT1 #139330 3p21.31

CSNB1G
#616389

Autosomal 
recessive

GNAT1 #139330 3p21.31

CSNBAD2 #163500 Autosomal 
dominant

PDE6B #180072 4p16.3

Fundus albipunctatus Fundus albipunctatus
#136880

Autosomal 
recessive

RDH5 #601617 12q13.2

Oguchi Oguchi disease 1
#258100

Autosomal 
recessive

SAG #181031 2q37.1

Oguchi disease 2
# 613411

Autosomal 
recessive

GRK1 #180381 13q34

Schubert-Bornschein 
icCSNB

CSNB2A
# 300071

X-linked CACNA1F #300110 Xp11.23

Schubert-Bornschein 
icCSNB

CRSDa

# 610427
Autosomal 
recessive

CABP4 #608965 11q13.2

Schubert-Bornschein 
icCSNBb

Retinal cone dystrophy 
4
#610478

Autosomal 
recessive

CACNA2D4 #608171 12p13.33

Schubert-Bornschein cCSNB CSNB1A
#310500

X-linked NYX #300278 Xp11.4

Schubert-Bornschein cCSNB CSNB1B
#257270

Autosomal 
recessive

GRM6 #604096 5q35.3

Schubert-Bornschein cCSNB CSNB1C
#613216

Autosomal 
recessive

TRPM1 #603576 15q13.3

Schubert-Bornschein cCSNB CSNB1E
#614565

Autosomal 
recessive

GPR179 #614515 17q12

Schubert-Bornschein cCSNB CSNB1F
#615058

Autosomal 
recessive

LRIT3 #615004 4q25

GNB3-CSNB CSNB1H #617024 Autosomal 
recessive

GNB3 #139130 12p13.31

aCRSD = congenital non progressive cone rod synaptic disorder
bPatient with this gene defect were previously diagnosed with icCSNB

11 Congenital Stationary Night Blindness (CSNB): An Inherited Retinal Disorder Where Clear Correlations…
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in patients with autosomal recessive FA (RDH5) 
and OD (SAG and GRK1) showing some similar-
ities with patients with the Riggs- form of CSNB 
but having additional fundus abnormalities. As 
mentioned before specific  phenotypes can be 
recovered after extended DA.  This correlates 
with the function of the affected proteins. Indeed, 
RDH5 is responsible for converting 11-cis-retinol 
into 11-cis-retinal in the retinal pigment epithe-
lium (RPE), and is thus involved in the recycling 
of rhodopsin. Thus rhodopsin regeneration is 
delayed, FA patients are effectively “bleached” 

but after long DA rhodopsin levels can be nor-
malized and thus the ERG [1]. OD patients have 
mutations in SAG and GRK1, both genes encod-
ing proteins involved in the deactivation process 
of the phototransduction cascade [58, 59]. The 
phenotype represents basically no shut-off of the 
phototransduction cascade. After extended DA 
the ERG and fundus phenotype can be restored.

Gene defects underlying the Schubert- 
Bornschein- type of congenital stationary night 
blindness a form of “night blindness” with 
largely normal fundus.

Rod 

Cone 

RPE 

RBC 

ON-cone BC  

OFF-cone BC 

 

Fundus Albipunctatus
RDH5

RHO
GNAT1
PDE6B
SLC24A1

 
 
 

 

Riggs 

SAG
GRK1  

Oguchi Disease 

GRM6
GPR179
LRIT3
TRPM1
 NYX

 

 

cCSNB 

icCSNB 

CACNA1F
CABP4
CACNA2D4

 

 

Fig. 11.1 Cellular role of proteins implicated in 
CSNB.  Fundus Albipunctatus is due to mutations in 
RDH5 and the respective protein is localized in the retinal 
pigmented epithelium (RPE, in gray). Mutations in genes 
coding for proteins localized in rod-photoreceptors (in 
blue), such as RHO, GNAT1, PDE6B, SLC24A1, SAG, 
and GRK1 can either cause the Riggs-type of CSNB or 
Oguchi disease. The icCSNB phenotype is attributable to 

defects in genes coding for proteins localized at the syn-
apse of both rod- and cone photoreceptors (CACNA1F, 
CABP4, CACNA2D4) while cCNSB is due to mutations 
in GRM6, GPR179, LRIT3, TRPM1, NYX coding for pro-
teins involved in the ON-BC processing (RBC, strong 
green and ON-cone BC, light green) while OFF-cone 
bipolar cells (OFF-cone BC, orange) do not present these 
proteins
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11.4.3  Gene Defects Underlying 
Incomplete Congenital 
Stationary Night Blindness

Mutations in CACNA1F, coding for the α1-subunit 
(Cav1.4) of an L-type voltage- dependent calcium 
channel, CABP4 coding for the calcium-binding 
protein 4, and CACNA2D4 coding for the cal-
cium channel, voltage- dependent, α-2/δ subunit 
4 lead to icCSNB or related cone rod dystrophies 
with some overlapping phenotypes [1, 60–63]. 
The mutation spectrum comprises missense and 
splice site mutations, large and small deletions, 
and duplications. More recently we showed that 
intronic and synonymous variants in CACNA1F 
can also lead to a splice defect causing icC-
SNB [64]. The respective proteins are important 
downstream of the phototransduction cascade, 
by transmitting signals from the photoreceptors 
to the adjacent bipolar cells. Indeed, they local-
ize at the photoreceptors and more specifically 
in a horseshoe- shaped manner in rod and cone 
photoreceptor synapse active zone within the 
outer plexiform layer (OPL) [1, 65–67]. Together 
these molecules are important for the correct 
functioning of the calcium channel. During dark-
ness calcium ions are taken up by this channel, 
leading to glutamate release at the synaptic cleft 
[1]. Together, Cav1.4, CABP4, and CACNA2D4 
form the pore are important to correctly targeting 
the channel to the synaptic membrane, to modu-
late calcium currents, and to bind calcium ions 
[1, 68–73]. Mutations in CACNA1F, CABP4, and 
CACNA2D4 can be associated with loss or gain 
of function with insufficiently expressed genes 
resulting in an altered or non-functional calcium 
channel activity disturbing the regulation of the 
glutamate at the synaptic cleft. Different patho-
genic mechanisms have been associated with 
the different mutations in these genes, which 
may explain the phenotypic variability. Both rod 
and cones make synaptic contacts with bipo-
lar cells. There are two types of bipolar cells: 

ON- and OFF-bipolar cells expressing different 
glutamate receptors and responding differently 
to light. ON-bipolar cells express the metabo-
tropic glutamate receptor 6 (GRM6/mGluR6) 
[74–76] and depolarize in response to light [77–
79], while OFF-bipolar cells express ionotropic 
glutamate receptors and hyperpolarize at light 
offset [80–82]. ON-bipolar cells make synaptic 
contacts with both rod and cone photoreceptors, 
while OFF-bipolar cells only contact with cone 
photoreceptors [83]. Since molecules implicated 
in icCSNB localize in synaptic terminals of both, 
rod and cones, as a consequence ON- and OFF-
responses in those patients are altered as shown 
in the ERG by long-duration stimulation.

11.4.4  Gene Defects Underlying 
Complete Congenital 
Stationary Night Blindness

Mutations in GRM6, coding for metabotropic 
glutamate receptor 6, GPR179, coding for the 
G-protein coupled receptor 179, LRIT3 coding 
for the leucine-rich repeat, Ig-like and trans-
membrane domains 3 protein, NYX, coding for 
nyctalopin and TRPM1, coding for the transient 
receptor potential cation channel subfamily M 
member 1 lead to cCSNB [84–91]. The muta-
tion spectrum comprises missense and splice site 
mutations, large and small deletions, and dupli-
cations [1]. The respective proteins play their 
role in ON-bipolar cells by receiving the signals 
transmitted from the synaptic cleft. Indeed, they 
localize at the dendritic tips of ON-bipolar cells 
within the outer plexiform layer (OPL) and are 
important for the depolarization of ON-bipolar 
cells at light stimulation, leading to glutamate 
decrease and TRPM1 channel opening at the end 
of this cascade [77, 79, 86, 92–97]. Mutations in 
these molecules lead to the absence of the b-wave 
and of ON-responses as shown in the ERG by 
long-duration stimulation.
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11.4.5  GNB3-Gene Defect

As mentioned above, the GNB3 gene defect can-
not be strictly classified in the different subforms 
of CSNB.  Thus we did not include the protein 
localization of GNB3 in Fig. 11.1. GNB3 coding 
for the β-subunit of the G-protein heterotrimer 
(Gαβγ) is known to be expressed in cones and 
ON-bipolar cells and modulates ON-bipolar cell 
signaling and cone transducin function in mice 
[98]. Due to its expression in cones as well in 
ON-bipolar cells the dual phenotype associated 
with GNB3 mutations maybe explained [47].

11.4.6  Laboratory

Genetic testing of CSNB patients is important for 
genetic counseling of patients and their families to 
distinguish from progressive retinal dystrophies 
with similar phenotypic features [1]. For example, 
night blindness is one of the first presenting signs 
of progressive rod-cone dystrophy also called 
retinitis pigmentosa. At a young age, patients 
may initially show normal or near- normal fun-
dus appearance. Therefore in addition to accurate 
phenotyping, molecular confirmation of CSNB 
helps to correctly diagnose and counsel patients. 
CSNB patient with largely normal fundus, a 
Riggs-ERG, and autosomal dominant or auto-
somal recessive inheritance should be screened 
for mutations in RHO  = GNAT1  > PDE6B and 
SLC24A1  >  GNAT1 respectively. For patients 
with an autosomal recessive mode of inheri-
tance and FA, RDH5 should be targeted, while 
patients with autosomal recessive CSNB and a 
phenotype suggestive of OD should be screened 
for mutations in GRK1 and SAG [1]. Patients 
and especially male patients with the Schubert 
Bornschein-type of CSNB should be first 
screened in CACNA1F and NYX [1]. Both genes 
are located on the X-chromosome and repre-
sent the major causes of this form of CSNB.  If 
a clinical discrimination of incomplete versus 
complete CSNB is made, only CACNA1F or 
NYX needs to be investigated. Our experience 
showed that at least 80% of these cases show 
mutations in one of those genes. Females and 

excluded male patients with icCSNB could be 
screened in CABP4 and CACNA2D4, especially 
if they present with high hyperopia and photo-
phobia. Cases of cCSNB should be screened for 
defects in TRPM1 > GRM6 > GPR179 > LRIT3. 
In cases where no difference between icCSNB 
and cCSNB is made the following mutation 
detection strategy should be applied CACNA1F 
> NYX > TRPM1 > GRM6 > GPR179 > CABP
4  >  LRIT3  >  CACNA2D4. We developed this 
strategy, based on the prevalence of the specific 
gene defects [1]. Our recent experience showed 
that intronic variants and synonymous variants 
may be also disease causing and should not be 
overlooked [64]. In case only preliminary clinical 
phenotyping data are available unbiased micro-
array analysis (ASPER, Ophthalmics, Tartu, 
Estonia) [99, 100] and targeted next-generation 
sequencing (NGS) could be applied [101]. The 
prior method is based on allele-specific primer 
extension analysis, which allows the detection of 
known mutations. The array is regularly updated 
with new mutations in known genes and muta-
tions that will be identified in novel gene defects. 
However, since there are only a few mutation hot 
spots and founder mutations in CSNB and their 
implicated genes, targeted NGS approaches seem 
to be more appropriate. Albeit, initially GC-rich 
and repetitive regions were less well covered by 
the latter methods, more recent techniques seem 
to overcome these challenges. After exclusion of 
mutations by the abovementioned method, tar-
geted whole genome sequencing, whole exome 
or whole genome sequencing should be applied 
to identify the disease-causing mutation.

11.5  Summary

Inherited retinal disorders are very heteroge-
neous and can be deciphered depending on the 
congenital or progressive course of the disease 
or by the type of retinal cell that is involved. 
Herein we describe the genetic and phenotypic 
characterization of Congenital Stationary Night 
Blindness (CSNB). Depending on the mutated 
gene, CSNB patients can present a rod-photo-
receptor defect (Riggs-type of CSNB) with or 
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without fundus abnormalities (Oguchi Disease, 
Fundus Albipunctatus) or a transmission defect 
from the photoreceptor to bipolar cells (Schubert- 
Bornschein type). The incomplete form of 
Schubert-Bornschein type of CSNB is due to a 
defect of proteins localized at the photoreceptor 
synapse while the complete form results from a 
ON-bipolar cell defect. Together with other clini-
cal symptoms, clear genotype-phenotype correla-
tions can be made as described herein.

References

 1. Zeitz C, Robson AG, Audo I. Congenital stationary 
night blindness: an analysis and update of genotype- 
phenotype correlations and pathogenic mechanisms. 
Prog Retin Eye Res. 2015;45C:58–110.

 2. McCulloch DL, Marmor MF, Brigell MG, Hamilton 
R, Holder GE, Tzekov R, et al. ISCEV standard for 
full-field clinical electroretinography (2015 update). 
Doc Ophthalmol. 2015;130(1):1–12.

 3. Zeitz C, Friedburg C, Preising MN, Lorenz 
B. Overview of congenital stationary night blindness 
with predominantly normal fundus appearance. Klin 
Monatsbl Augenheilkd. 2018;235(3):281–9.

 4. Riggs LA.  Electroretinography in cases of night 
blindness. Am J Ophthalmol. 1954;38(1):70–8.

 5. Marmor MF, Zeitz C. Riggs-type dominant congeni-
tal stationary night blindness: ERG findings, a new 
GNAT1 mutation and a systemic association. Doc 
Ophthalmol. 2018;137(1):57–62.

 6. Zeitz C, Méjécase C, Stévenard M, Michiels C, 
Audo I, Marmor MF. A novel heterozygous missense 
mutation in GNAT1 leads to autosomal dominant 
riggs type of congenital stationary night blindness. 
BioMed Res Int. 2018;2018:7694801.

 7. Cunier F. Héméralopie héréditaire depuis deux siè-
cles dans une famille de la commune de Vendémian, 
à cinq lieues de Montpellier. Annal d’Ocul. 
1838;1:32–4.

 8. Sandberg MA, Pawlyk BS, Dan J, Arnaud B, 
Dryja TP, Berson EL. Rod and cone function in the 
Nougaret form of stationary night blindness. Arch 
Ophthalmol. 1998;116(7):867–72.

 9. Dryja TP.  Molecular genetics of Oguchi disease, 
fundus albipunctatus, and other forms of stationary 
night blindness: LVII Edward Jackson memorial lec-
ture. Am J Ophthalmol. 2000;130(5):547–63.

 10. De Rouck A, Dejean C, Francois J, Verriest G. Visual 
function in essential hemeralopia in the Nougaret 
family. Ophthalmologica. 1956;132(4):244–57.

 11. Dryja TP, Hahn LB, Reboul T, Arnaud B. Missense 
mutation in the gene encoding the alpha subunit 
of rod transducin in the Nougaret form of con-

genital stationary night blindness. Nat Genet. 
1996;13(3):358–60.

 12. Rosenberg T, Haim M, Piczenik Y, Simonsen 
SE. Autosomal dominant stationary night-blindness. 
A large family rediscovered. Acta Ophthalmol. 
1991;69(6):694–702.

 13. Gal A, Orth U, Baehr W, Schwinger E, Rosenberg 
T. Heterozygous missense mutation in the rod cGMP 
phosphodiesterase beta-subunit gene in autosomal 
dominant stationary night blindness. Nat Genet. 
1994;7(1):64–8.

 14. Riazuddin SA, Shahzadi A, Zeitz C, Ahmed ZM, 
Ayyagari R, Chavali VR, et  al. A mutation in 
SLC24A1 implicated in autosomal-recessive con-
genital stationary night blindness. Am J Hum Genet. 
2010;87(4):523–31.

 15. Neuille M, Malaichamy S, Vadala M, Michiels 
C, Condroyer C, Sachidanandam R, et  al. Next- 
generation sequencing confirms the implication of 
SLC24A1  in autosomal-recessive congenital sta-
tionary night blindness (CSNB). Clin Genet. 2016; 
https://doi.org/10.1111/cge.12746.

 16. Naeem MA, Chavali VR, Ali S, Iqbal M, Riazuddin 
S, Khan SN, et al. GNAT1 associated with autoso-
mal recessive congenital stationary night blindness. 
Invest Ophthalmol Vis Sci. 2012;53(3):1353–61.

 17. Sergouniotis PI, Sohn EH, Li Z, McBain VA, Wright 
GA, Moore AT, et al. Phenotypic variability in RDH5 
retinopathy (fundus Albipunctatus). Ophthalmology. 
2011;118(8):1661–70.

 18. Marmor MF.  Long-term follow-up of the physi-
ologic abnormalities and fundus changes in fundus 
albipunctatus. Ophthalmology. 1990;97(3):380–4.

 19. Sekiya K, Nakazawa M, Ohguro H, Usui T, Tanimoto 
N, Abe H. Long-term fundus changes due to fundus 
albipunctatus associated with mutations in the RDH5 
gene. Arch Ophthalmol. 2003;121(7):1057–9.

 20. Yamamoto H, Yakushijin K, Kusuhara S, Escano 
MF, Nagai A, Negi A.  A novel RDH5 gene muta-
tion in a patient with fundus albipunctatus present-
ing with macular atrophy and fading white dots. Am 
J Ophthalmol. 2003;136(3):572–4.

 21. Nakamura M, Hotta Y, Tanikawa A, Terasaki H, 
Miyake Y.  A high association with cone dystro-
phy in fundus albipunctatus caused by mutations 
of the RDH5 gene. Invest Ophthalmol Vis Sci. 
2000;41(12):3925–32.

 22. Gouras P.  Electroretinography: some basic princi-
ples. Investig Ophthalmol. 1970;9(8):557–69.

 23. Sergouniotis PI, Davidson AE, Sehmi K, Webster 
AR, Robson AG, Moore AT. Mizuo-Nakamura phe-
nomenon in Oguchi disease due to a homozygous 
nonsense mutation in the SAG gene. Eye (Lond). 
2011;25(8):1098–101.

 24. Miyake Y, Horiguchi M, Suzuki S, Kondo M, 
Tanikawa A.  Electrophysiological findings in 
patients with Oguchi’s disease. Jpn J Ophthalmol. 
1996;40(4):511–9.

11 Congenital Stationary Night Blindness (CSNB): An Inherited Retinal Disorder Where Clear Correlations…

https://doi.org/10.1111/cge.12746


150

 25. Mizuo B.  On a new discovery in the dark adapta-
tion of Oguchi’s disease. Acta Soc Ophthalmol Jpn. 
1913;17:1854–9.

 26. Mizuo G, Nakamura B. On new discovery in dark 
adaptation in Oguchi’s disease. Acta Societatis 
Ophthalmologicae Japonicae. 1914;18:73–127.

 27. Hayashi T, Tsuzuranuki S, Kozaki K, Urashima M, 
Tsuneoka H. Macular dysfunction in Oguchi disease 
with the frequent mutation 1147delA in the SAG 
gene. Ophthalmic Res. 2011;46(4):175–80.

 28. Hayashi T, Gekka T, Takeuchi T, Goto-Omoto S, 
Kitahara K.  A novel homozygous GRK1 mutation 
(P391H) in 2 siblings with Oguchi disease with 
markedly reduced cone responses. Ophthalmology. 
2007;114(1):134–41.

 29. Azam M, Collin RW, Khan MI, Shah ST, Qureshi N, 
Ajmal M, et al. A novel mutation in GRK1 causes 
Oguchi disease in a consanguineous Pakistani fam-
ily. Mol Vis. 2009;15:1788–93.

 30. Maw M, Kumaramanickavel G, Kar B, John S, 
Bridges R, Denton M.  Two Indian siblings with 
Oguchi disease are homozygous for an arrestin 
mutation encoding premature termination. Hum 
Mutat. 1998;(Suppl 1):S317–9.

 31. Nakamachi Y, Nakamura M, Fujii S, Yamamoto 
M, Okubo K.  Oguchi disease with sectoral retini-
tis pigmentosa harboring adenine deletion at posi-
tion 1147  in the arrestin gene. Am J Ophthalmol. 
1998;125(2):249–51.

 32. Nakazawa M, Wada Y, Tamai M.  Arrestin gene 
mutations in autosomal recessive retinitis pigmen-
tosa. Arch Ophthalmol. 1998;116(4):498–501.

 33. Schubert G, Bornschein H.  Analysis of the 
human electroretinogram. Ophthalmologica. 
1952;123(6):396–413.

 34. Miyake Y, Yagasaki K, Horiguchi M, Kawase Y, 
Kanda T. Congenital stationary night blindness with 
negative electroretinogram. A new classification. 
Arch Ophthalmol. 1986;104(7):1013–20.

 35. Miyake Y.  Establishment of the concept of new 
clinical entities—complete and incomplete form of 
congenital stationary night blindness. Nihon Ganka 
Gakkai Zasshi. 2002;106(12):737–55. discussion 56

 36. Sustar M, Holder GE, Kremers J, Barnes CS, 
Lei B, Khan NW, et  al. ISCEV extended protocol 
for the photopic on-off ERG.  Doc Ophthalmol. 
2018;130:1–2.

 37. Boulanger-Scemama E, El Shamieh S, Demontant 
V, Condroyer C, Antonio A, Michiels C, et al. Next- 
generation sequencing applied to a large French cone 
and cone-rod dystrophy cohort: mutation spectrum 
and new genotype-phenotype correlation. Orphanet 
J Rare Dis. 2015;10:85.

 38. Aldahmesh MA, Al-Owain M, Alqahtani F, Hazzaa 
S, Alkuraya FS. A null mutation in CABP4 causes 
Leber’s congenital amaurosis-like phenotype. Mol 
Vis. 2010;16:207–12.

 39. Hauke J, Schild A, Neugebauer A, Lappa A, Fricke 
J, Fauser S, et  al. A novel large in-frame dele-
tion within the CACNA1F gene associates with a 

cone-rod dystrophy 3-like phenotype. PLoS One. 
2013;8(10):e76414.

 40. Jalkanen R, Mantyjarvi M, Tobias R, Isosomppi 
J, Sankila EM, Alitalo T, et  al. X linked cone-rod 
dystrophy, CORDX3, is caused by a mutation in the 
CACNA1F gene. J Med Genet. 2006;43(8):699–704.

 41. Nakamura M, Ito S, Terasaki H, Miyake 
Y. Incomplete congenital stationary night blindness 
associated with symmetrical retinal atrophy. Am J 
Ophthalmol. 2002;134(3):463–5.

 42. Nakamura M, Ito S, Piao CH, Terasaki H, Miyake 
Y.  Retinal and optic disc atrophy associated with 
a CACNA1F mutation in a Japanese family. Arch 
Ophthalmol. 2003;121(7):1028–33.

 43. Boycott KM, Pearce WG, Bech-Hansen NT. Clinical 
variability among patients with incomplete X-linked 
congenital stationary night blindness and a founder 
mutation in CACNA1F.  Can J Ophthalmol. 
2000;35(4):204–13.

 44. Bijveld MM, Florijn RJ, Bergen AA, van den 
Born LI, Kamermans M, Prick L, et  al. Genotype 
and phenotype of 101 Dutch patients with con-
genital stationary night blindness. Ophthalmology. 
2013;120(10):2072–81.

 45. Bijveld MM, van Genderen MM, Hoeben FP, 
Katzin AA, van Nispen RM, Riemslag FC, et  al. 
Assessment of night vision problems in patients with 
congenital stationary night blindness. PLoS One. 
2013;8(5):e62927.

 46. Sergouniotis PI, Robson AG, Li Z, Devery S, Holder 
GE, Moore AT, et al. A phenotypic study of congeni-
tal stationary night blindness (CSNB) associated 
with mutations in the GRM6 gene. Acta Ophthalmol. 
2011;90(3):e192–7.

 47. Vincent A, Audo I, Tavares E, Maynes JT, Tumber 
A, Wright T, et  al. Biallelic mutations in GNB3 
cause a unique form of autosomal-recessive con-
genital stationary night blindness. Am J Hum Genet. 
2016;98(5):1011–9.

 48. Arno G, Holder GE, Chakarova C, Kohl S, Pontikos 
N, Fiorentino A, et al. Recessive retinopathy conse-
quent on mutant G-protein beta subunit 3 (GNB3). 
JAMA Ophthalmol. 2016;134(8):924–7.

 49. Szabo V, Kreienkamp HJ, Rosenberg T, Gal A. 
p.Gln200Glu, a putative constitutively active mutant 
of rod alpha-transducin (GNAT1) in autosomal dom-
inant congenital stationary night blindness. Hum 
Mutat. 2007;28(7):741–2.

 50. Zeitz C, Mejecase C, Stevenard M, Michiels C, 
Audo I, Marmor MF. A novel heterozygous missense 
mutation in GNAT1 leads to autosomal dominant 
Riggs type of congenital stationary night blindness. 
Biomed Res Int. 2018;2018:7694801.

 51. Gal A, Xu S, Piczenik Y, Eiberg H, Duvigneau C, 
Schwinger E, et  al. Gene for autosomal dominant 
congenital stationary night blindness maps to the 
same region as the gene for the beta-subunit of 
the rod photoreceptor cGMP phosphodiesterase 
(PDEB) in chromosome 4p16.3. Hum Mol Genet. 
1994;3(2):323–5.

C. Zeitz et al.



151

 52. Manes G, Cheguru P, Majumder A, Bocquet B, 
Senechal A, Artemyev NO, et al. A truncated form of 
rod photoreceptor PDE6 beta-subunit causes autoso-
mal dominant congenital stationary night blindness 
by interfering with the inhibitory activity of the 
gamma-subunit. PLoS One. 2014;9(4):e95768.

 53. Dryja TP, Berson EL, Rao VR, Oprian 
DD.  Heterozygous missense mutation in the rho-
dopsin gene as a cause of congenital stationary night 
blindness. Nat Genet. 1993;4(3):280–3.

 54. al-Jandal N, Farrar GJ, Kiang AS, Humphries MM, 
Bannon N, Findlay JB, et  al. A novel mutation 
within the rhodopsin gene (Thr-94-Ile) causing auto-
somal dominant congenital stationary night blind-
ness. Hum Mutat. 1999;13(1):75–81.

 55. Rao VR, Cohen GB, Oprian DD. Rhodopsin muta-
tion G90D and a molecular mechanism for congeni-
tal night blindness. Nature. 1994;367(6464):639–42.

 56. Sieving PA, Richards JE, Naarendorp F, Bingham 
EL, Scott K, Alpern M.  Dark-light: model for 
nightblindness from the human rhodopsin Gly- 
90-->Asp mutation. Proc Natl Acad Sci U S A. 
1995;92(3):880–4.

 57. Zeitz C, Gross AK, Leifert D, Kloeckener-Gruissem 
B, McAlear SD, Lemke J, et  al. Identification 
and functional characterization of a novel rho-
dopsin mutation associated with autosomal 
dominant CSNB.  Invest Ophthalmol Vis Sci. 
2008;49(9):4105–14.

 58. Fuchs S, Nakazawa M, Maw M, Tamai M, Oguchi 
Y, Gal A. A homozygous 1-base pair deletion in the 
arrestin gene is a frequent cause of Oguchi disease in 
Japanese. Nat Genet. 1995;10(3):360–2.

 59. Yamamoto S, Sippel KC, Berson EL, Dryja 
TP.  Defects in the rhodopsin kinase gene in the 
Oguchi form of stationary night blindness. Nat 
Genet. 1997;15(2):175–8.

 60. Strom TM, Nyakatura G, Apfelstedt-Sylla E, 
Hellebrand H, Lorenz B, Weber BH, et  al. An 
L-type calcium-channel gene mutated in incomplete 
X-linked congenital stationary night blindness. Nat 
Genet. 1998;19(3):260–3.

 61. Bech-Hansen NT, Naylor MJ, Maybaum TA, 
Pearce WG, Koop B, Fishman GA, et  al. Loss-of- 
function mutations in a calcium-channel alpha1- 
subunit gene in Xp11.23 cause incomplete X-linked 
congenital stationary night blindness. Nat Genet. 
1998;19(3):264–7.

 62. Zeitz C, Kloeckener-Gruissem B, Forster U, Kohl S, 
Magyar I, Wissinger B, et al. Mutations in CABP4, 
the gene encoding the Ca2+-binding protein 4, cause 
autosomal recessive night blindness. Am J Hum 
Genet. 2006;79(4):657–67.

 63. Wycisk KA, Zeitz C, Feil S, Wittmer M, Forster 
U, Neidhardt J, et  al. Mutation in the auxiliary 
calcium-channel subunit CACNA2D4 causes auto-
somal recessive cone dystrophy. Am J Hum Genet. 
2006;79(5):973–7.

 64. Zeitz C, Michiels C, Neuille M, Friedburg C, 
Condroyer C, Boyard F, et al. Where are the missing 

gene defects in inherited retinal disorders? Intronic 
and synonymous variants contribute at least to 4% 
of CACNA1F-mediated inherited retinal disorders. 
Hum Mutat. 2019;40(6):765–87.

 65. Liu X, Kerov V, Haeseleer F, Majumder A, Artemyev 
N, Baker SA, et al. Dysregulation of Ca 1.4 channels 
disrupts the maturation of photoreceptor synaptic 
ribbons in congenital stationary night blindness type 
2. Channels (Austin). 2013;7(6):514.

 66. Michalakis S, Shaltiel L, Sothilingam V, Koch S, 
Schludi V, Krause S, et  al. Mosaic synaptopathy 
and functional defects in Cav1.4 heterozygous mice 
and human carriers of CSNB2. Hum Mol Genet. 
2017;26(2):466.

 67. Morgans CW. Localization of the alpha(1F) calcium 
channel subunit in the rat retina. Invest Ophthalmol 
Vis Sci. 2001;42(10):2414–8.

 68. Catterall WA.  Structure and regulation of voltage- 
gated Ca2+ channels. Annu Rev Cell Dev Biol. 
2000;16:521–55.

 69. Arikkath J, Campbell KP.  Auxiliary subunits: 
essential components of the voltage-gated cal-
cium channel complex. Curr Opin Neurobiol. 
2003;13(3):298–307.

 70. Gurnett CA, De Waard M, Campbell KP. Dual func-
tion of the voltage-dependent Ca2+ channel alpha 
2 delta subunit in current stimulation and subunit 
interaction. Neuron. 1996;16(2):431–40.

 71. Song H, Nie L, Rodriguez-Contreras A, Sheng ZH, 
Yamoah EN. Functional interaction of auxiliary sub-
units and synaptic proteins with Ca(v)1.3 may impart 
hair cell Ca2+ current properties. J Neurophysiol. 
2003;89(2):1143–9.

 72. Haeseleer F, Imanishi Y, Sokal I, Filipek S, Palczewski 
K.  Calcium-binding proteins: intracellular sensors 
from the calmodulin superfamily. Biochem Biophys 
Res Commun. 2002;290(2):615–23.

 73. Shaltiel L, Paparizos C, Fenske S, Hassan S, Gruner 
C, Rotzer K, et al. Complex regulation of voltage- 
dependent activation and inactivation properties of 
retinal voltage-gated Cav1.4 L-type Ca2+ channels 
by Ca2+-binding protein 4 (CaBP4). J Biol Chem. 
2012;287(43):36312–21.

 74. Nakajima Y, Iwakabe H, Akazawa C, Nawa H, 
Shigemoto R, Mizuno N, et  al. Molecular charac-
terization of a novel retinal metabotropic glutamate 
receptor mGluR6 with a high agonist selectivity 
for L-2-amino-4-phosphonobutyrate. J Biol Chem. 
1993;268(16):11868–73.

 75. Nomura A, Shigemoto R, Nakamura Y, Okamoto 
N, Mizuno N, Nakanishi S. Developmentally regu-
lated postsynaptic localization of a metabotropic 
glutamate receptor in rat rod bipolar cells. Cell. 
1994;77(3):361–9.

 76. Masu M, Iwakabe H, Tagawa Y, Miyoshi T, Yamashita 
M, Fukuda Y, et  al. Specific deficit of the ON 
response in visual transmission by targeted disrup-
tion of the mGluR6 gene. Cell. 1995;80(5):757–65.

 77. Morgans CW, Zhang J, Jeffrey BG, Nelson 
SM, Burke NS, Duvoisin RM, et  al. TRPM1 is 

11 Congenital Stationary Night Blindness (CSNB): An Inherited Retinal Disorder Where Clear Correlations…



152

required for the depolarizing light response in reti-
nal ON-bipolar cells. Proc Natl Acad Sci U S A. 
2009;106(45):19174–8.

 78. Shen Y, Heimel JA, Kamermans M, Peachey NS, 
Gregg RG, Nawy S. A transient receptor potential- 
like channel mediates synaptic transmission in rod 
bipolar cells. J Neurosci. 2009;29(19):6088–93.

 79. Koike C, Obara T, Uriu Y, Numata T, Sanuki R, 
Miyata K, et  al. TRPM1 is a component of the 
retinal ON bipolar cell transduction channel in 
the mGluR6 cascade. Proc Natl Acad Sci U S A. 
2010;107(1):332–7.

 80. Brandstatter JH, Koulen P, Wassle H.  Diversity of 
glutamate receptors in the mammalian retina. Vis 
Res. 1998;38(10):1385–97.

 81. Puller C, Ivanova E, Euler T, Haverkamp S, Schubert 
T. OFF bipolar cells express distinct types of den-
dritic glutamate receptors in the mouse retina. 
Neuroscience. 2013;243:136–48.

 82. Ichinose T, Hellmer CB.  Differential signalling 
and glutamate receptor compositions in the OFF 
bipolar cell types in the mouse retina. J Physiol. 
2016;594(4):883–94.

 83. Neuille M, Cao Y, Caplette R, Guerrero-Given D, 
Thomas C, Kamasawa N, et  al. LRIT3 differen-
tially affects connectivity and synaptic transmis-
sion of cones to ON- and OFF-bipolar cells. Invest 
Ophthalmol Vis Sci. 2017;58(3):1768–78.

 84. Zeitz C, van Genderen M, Neidhardt J, Luhmann 
UF, Hoeben F, Forster U, et al. Mutations in GRM6 
cause autosomal recessive congenital stationary 
night blindness with a distinctive scotopic 15-Hz 
flicker electroretinogram. Invest Ophthalmol Vis Sci. 
2005;46(11):4328–35.

 85. Dryja TP, McGee TL, Berson EL, Fishman GA, 
Sandberg MA, Alexander KR, et  al. Night blind-
ness and abnormal cone electroretinogram ON 
responses in patients with mutations in the GRM6 
gene encoding mGluR6. Proc Natl Acad Sci U S A. 
2005;102(13):4884–9.

 86. Zeitz C, Jacobson SG, Hamel CP, Bujakowska K, 
Neuille M, Orhan E, et al. Whole-exome sequencing 
identifies LRIT3 mutations as a cause of autosomal- 
recessive complete congenital stationary night blind-
ness. Am J Hum Genet. 2013;92(1):67–75.

 87. Bech-Hansen NT, Naylor MJ, Maybaum TA, 
Sparkes RL, Koop B, Birch DG, et al. Mutations in 
NYX, encoding the leucine-rich proteoglycan nycta-
lopin, cause X-linked complete congenital stationary 
night blindness. Nat Genet. 2000;26(3):319–23.

 88. Pusch CM, Zeitz C, Brandau O, Pesch K, Achatz H, 
Feil S, et al. The complete form of X-linked congeni-
tal stationary night blindness is caused by mutations 
in a gene encoding a leucine-rich repeat protein. Nat 
Genet. 2000;26(3):324–7.

 89. Li Z, Sergouniotis PI, Michaelides M, Mackay 
DS, Wright GA, Devery S, et  al. Recessive muta-
tions of the gene TRPM1 abrogate ON bipolar cell 
function and cause complete congenital station-
ary night blindness in humans. Am J Hum Genet. 
2009;85(5):711–9.

 90. Audo I, Kohl S, Leroy BP, Munier FL, Guillonneau 
X, Mohand-Said S, et  al. TRPM1 is mutated in 
patients with autosomal-recessive complete con-
genital stationary night blindness. Am J Hum Genet. 
2009;85(5):720–9.

 91. van Genderen MM, Bijveld MM, Claassen YB, 
Florijn RJ, Pearring JN, Meire FM, et al. Mutations 
in TRPM1 are a common cause of complete con-
genital stationary night blindness. Am J Hum Genet. 
2009;85(5):730–6.

 92. Gregg RG, Kamermans M, Klooster J, Lukasiewicz 
PD, Peachey NS, Vessey KA, et  al. Nyctalopin 
expression in retinal bipolar cells restores visual 
function in a mouse model of complete X-linked con-
genital stationary night blindness. J Neurophysiol. 
2007;98(5):3023–33.

 93. Morgans CW, Ren G, Akileswaran L. Localization of 
nyctalopin in the mammalian retina. Eur J Neurosci. 
2006;23(5):1163–71.

 94. Orhan E, Prezeau L, El Shamieh S, Bujakowska 
KM, Michiels C, Zagar Y, et al. Further insights into 
GPR179: expression, localization, and associated 
pathogenic mechanisms leading to complete con-
genital stationary night blindness. Invest Ophthalmol 
Vis Sci. 2013;54(13):8041–50.

 95. Orlandi C, Cao Y, Martemyanov KA. Orphan recep-
tor GPR179 forms macromolecular complexes with 
components of metabotropic signaling cascade in 
retina ON-bipolar neurons. Invest Ophthalmol Vis 
Sci. 2013;54(10):7153–61.

 96. Peachey NS, Ray TA, Florijn R, Rowe LB, 
Sjoerdsma T, Contreras-Alcantara S, et al. GPR179 
is required for depolarizing bipolar cell function and 
is mutated in autosomal-recessive complete con-
genital stationary night blindness. Am J Hum Genet. 
2012;90(2):331–9.

 97. Neuille M, Morgans CW, Cao Y, Orhan E, Michiels 
C, Sahel JA, et  al. LRIT3 is essential to localize 
TRPM1 to the dendritic tips of depolarizing bipolar 
cells and may play a role in cone synapse formation. 
Eur J Neurosci. 2015;42(3):1966–75.

 98. Dhingra A, Ramakrishnan H, Neinstein A, Fina ME, 
Xu Y, Li J, et al. Gbeta3 is required for normal light 
ON responses and synaptic maintenance. J Neurosci. 
2012;32(33):11343–55.

 99. Vaidla K, Uksti J, Zeitz C, Oitmaa E. Arrayed primer 
extension microarray for the analysis of genes asso-
ciated with congenital stationary night blindness. 
Methods Mol Biol. 2013;963:319–26.

 100. Zeitz C, Labs S, Lorenz B, Forster U, Uksti J, 
Kroes HY, et al. Genotyping microarray for CSNB- 
associated genes. Invest Ophthalmol Vis Sci. 
2009;50(12):5919–26.

 101. Audo I, Bujakowska KM, Leveillard T, Mohand-Said 
S, Lancelot ME, Germain A, et al. Development and 
application of a next-generation-sequencing (NGS) 
approach to detect known and novel gene defects 
underlying retinal diseases. Orphanet J Rare Dis. 
2012;7(1):8.

C. Zeitz et al.


	11: Congenital Stationary Night Blindness (CSNB): An Inherited Retinal Disorder Where Clear Correlations Can Be Made
	11.1	 Introduction
	11.2	 Epidemiology
	11.3	 Clinical Features
	11.3.1	 Riggs-Type of Congenital Stationary Night Blindness: A Form of Night Blindness with Largely Normal Fundus
	11.3.2	 Fundus Albipunctatus: A Form of Night Blindness with Fundus Abnormalities
	11.3.3	 Oguchi Disease: A Form of Night Blindness with Fundus Abnormalities
	11.3.4	 Schubert-Bornschein-Type of Congenital Stationary Night Blindness a Form of “Night Blindness” with Largely Normal Fundus
	11.3.5	 Incomplete Congenital Stationary Night Blindness
	11.3.6	 Complete Congenital Stationary Night Blindness
	11.3.7	 GNB3-CSNB

	11.4	 Molecular Biology
	11.4.1	 Gene Defects Implicated in Congenital Stationary Night Blindness
	11.4.2	 Gene Defects Underlying the Riggs-Type of Congenital Stationary Night Blindness, Fundus Albipunctatus, and Oguchi Disease
	11.4.3	 Gene Defects Underlying Incomplete Congenital Stationary Night Blindness
	11.4.4	 Gene Defects Underlying Complete Congenital Stationary Night Blindness
	11.4.5	 GNB3-Gene Defect
	11.4.6	 Laboratory

	11.5	 Summary
	References


