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Identification of a key recombinant which assigns
the incomplete congenital stationary night
blindness gene proximal to MAOB

A A B Bergen, Ph Kestelyn, M Leys, F Meire

Abstract
The gene for complete congenital sta-
tionary night blindness (CSNB1) has
been assigned to the Xpll.3 region. How-
ever, little evidence has been provided
for the assignment ofthe incomplete con-
genital stationary night blindness gene
(CSNB2). Here we present the clinical
and molecular data from a CSNB2
family which show a key recombinant
assigning the CSNB2 gene proximal to
MAOB.
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Congenital stationary night blindness is a non-

progressive disturbance of night vision which
occurs in an autosomal dominant, autosomal
recessive, and X linked fashion. In contrast
with the autosomal forms, the X linked form of
CSNB (CSNBX) is frequently associated with
high myopia, resulting in loss of visual acuity.
Miyake et all suggested that CSNBX can be

divided into a "complete" and an "incom-
plete" type. The complete type lacks rod func-
tion by ERG and dark adaptometry, and myo-
pia is usually severe. The incomplete type
shows some rod function in scotopic testing
and dark adaptometry, but also impairment of
cone function. The refraction error ranges
from moderate myopia to hyperopia.'
The gene for complete congenital stationary

night blindness (CSNB1) has been assigned to
proximal Xp by linkage analysis.2" In a pos-
sible CSNB2 family, clinically described by
Khouri et al_5 Musarella et af assigned CSNB2
proximal to DXS84 by recombination ana-

lysis.
Here we describe the clinical and molecular

data in a CSNB2 family (according to the
criteria of Miyake et all), which refines the
localisation of the CSNB2 gene.

Materials and methods
PATIENTS

All patients underwent ophthalmological ex-

amination, including refraction, determination
of visual acuity, slit lamp examination, and
funduscopy. Colour vision was tested with
Ishihara plates, AO-HRR plates, the tritan
(F2) plate, and the Farnsworth Standard Panel
D-15 in illuminant C.
Dark adaptation curves were obtained with

the Goldmann-Weekers dark adaptometer.
Full field electroretinography (ERG) was

recorded in three patients (III.2, III.5, and
IV. 1) in strict accordance with the guidelines

of the International Standardization Commit-
tee (1989).6 For patient III.1 ERG recording
was performed some years ago with another
recording device: the results for this patient
could not completely be compared with those
obtained in the others.

LINKAGE ANALYSIS
Southern and PCR analyses were essentially
carried out as previously described.78 Details
concerning probes and primers used are de-
scribed elsewhere.9 Statistical analyses were
carried out using the computer program pack-
age LINKAGE 5.03.10 A gene frequency of
0 0001 was used. Penetrance values for carriers
were set to 0-00.

Results
CLINICAL ASSESSMENT
Three patients (III.2, III.5, IV.1) showed a
biphasic dark adaptation curve with a raised
threshold of 1 or 2 log units (fig 1). The
biphasic dark adaptation curve is characteristic
of incomplete congenital stationary night
blindness compared to the complete form in
which a monophasic adaptation curve can be
observed.
The single bright flash ERG in these

patients showed a normal a wave and a reduced
b wave (fig 2). The ratio of b wave to a wave
was below 10, indicating a electronegative
ERG. Oscillatory potentials were detectable,
although abnormal in shape. The rod ERG
showed a reduced, but detectable b wave. The
b wave of the cone ERG was markedly de-
pressed as were the responses to the 30Hz
flicker (fig 2). The ERG and dark adaptation
curve for patient III.1, who was examined
previously, showed a reduction in the ampli-
tude of the cone responses, and the presence of
some residual rod response (not shown). All
patients were myopic with a range from-3- 5
up to - 16 dioptres, and their best corrected
visual acuity was between 0 1 and 0 3. Colour
vision examination showed a super-mild red-
green colour deficiency.

DNA ANALYSIS
The CSNB2 family was studied with 11 DNA
markers from proximal Xp and Xq, six of
which yielded informative results (fig 3). Close
linkage without recombination was found
between CSNB2 and M271 (Zmax = 1-48) and
both CA repeat polymorphisms corresponding
to the DXS426 and ALAS2 loci
(Zmax= 1 20).
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Figure 1 Dark adaptation curves: A=patient III.2, B=III.5, C=IV.1. Dotted lines indicate range of measurements in healthy persons. Solid
lines represent the patients.
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Figure 2 ERG in normal subject (left) and in representative case III.5 (right). The bright flash ERG shows a normal a wave and a reduced b
wave. The scotopic response shows a reduced but detectable b wave. The oscillatory potentials are present, but abnormal. The b wave of the cone

response is markedly depressed as are the responses to the 30 Hz flicker.

The segregation patterns of dys-Il and
MAOB show that male patient III.2 is recom-
binant for these loci, while DXS426, DXS255,
and ALAS2 fully cosegregate with CSNB2 (fig
3). Thus, these data suggest that CSNB2 is
localised proximal to the MAOB locus. DXS7,
DXS14, DXS453, DXYS1X, and TIMP
yielded uninformative results (not shown).
DXS3 was only partially informative.

Discussion
Since the single bright white flash ERG
showed an electronegative type in our patients,
they may be classified as Schubert-Bornschein
type of congenital stationary night blindness."
The presence of residual rod function, as

shown by the dark adaptation curves and
ERG, is typical of the incomplete type of
congenital stationary night blindness accord-
ing to the classification of Miyake et al.'

In the study of Miyaki et all CSNB 1 and

CSNB2 appear to be distinct disease entities
which do not coexist within the same pedigree.
However, Pearce et all' suggested that
CSNBX is a single disease entity with a highly
variable clinical expression.
At present, it is also not clear whether or not

CSNB2 represents the same disease entity as

either CSNB1 or Aland Island eye disease
(AIED). Some authors have suggested that
CSNB1 and CSNB2 occur in the same family,
and may therefore be different manifestations
of the same disease entity.5 12 Others have sug-

gested that CSNB2 and AIED are clinically
the same disease entities.'3 Glass et al,'4 how-
ever, stated that the electrophysiological find-
ings in their AIED patients were distinct from
those found in both CSNB1 and CSNB2
patients. At present, all three genes (CSNB1,
CSNB2, and AIED) have been assigned to
approximately the same chromosomal region.
CSNB1 has been localised between MAOA
and DXS426.'516 The AIED gene has been
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Figure 3 Segregation of six informative Xp markers in the CSNB2 family.

localised to DXS7 and DXS255.'3I7-'9 Com-
bining our CSNB2 data with the CSNB2
family data of Musarella et al,2 we suggest that
CSNB2 is localised to proximal Xp, centro-
meric to MAOB, and closely linked to the
DXS255 locus (Omax= 0 00, Zmax =4 58).

Further clinical and molecular studies, es-

pecially in CSNB2 and AIED families, are

needed to establish whether these diseases are

allelic or represent genetically distinct disease
entities.

This study was supported by the Dutch Society for Prevention
of Blindness. We thank T Put for technical assistance.

1 Miyake Y, Yagasaki K, Horiguchi M, Kawase Y, Kanda T.
Congenital stationary night blindness with negative elec-
troretinogram. Arch Ophthalmol 1986;104:1013-20.

2 Musarella MA, Weleber RG, Murphey WH, et al. Assign-
ment of the gene for complete congenital stationary night
blindness (CSNB1) to Xpl1.3. Genomics 1989;5:727-37.

3 Gal A, Schinzel A, Orth U, et al. Gene of X-chromosomal
congenital stationary night blindness is closely linked to
DXS7 on Xp. Hum Genet 1989;81:315-18.

4 Bech-Hansen NT, Field LL, Schram AM, et al. A locus for
X-linked congenital stationary night blindness is located
to the proximal portion of the short arm of the human X
chromosome. Hum Genet 1990;84:406-8.

5 Khouri G, Mets MB, Smith VC, Wendell M, Pass AS. X-
linked congenital stationary night blindness: review and
report of a family with hyperopia. Arch Ophthalmol
1988;106: 1417-22.

6 International Standardization Committee. Standard for clin-
ical electroretinography. Arch Ophthalmol 1986;104:1013-
20.

7 Bergen AAB, Samanns C, Schuurman EJM, et al. Multi-

point linkage analysis in X-linked ocular albinism of the
Nettleship-Falls type. Hum Genet 1991;88:162-6.

8 Bergen AAB, Wapenaar MC, Schuurman EJM, et al.
Detection of a new submicroscopic deletion interval at the
Norrie disease locus with a novel DNA probe isolated by
ALU PCR fingerprint cloning. Cytogenet Cell Genet
1993;62:231-5.

9 Davies K, Mandel JL, Monaco AP, Nussbaum RL, Willard
HF. Report on the genetic constitution of the X chromo-
some. HGMI 1. Cytogenet Cell Genet 1991;58:853-966.

10 Lathrop GM, Laouel JM. Easy calculations of LOD scores
and genetic risks on small computers. Proc Natl Acad Sci
USA 1984;74:1245-9.

11 Schubert G, Bornschein H. Beitrag zur Analyse des
Menschlichen Electroretinogram. Ophthalmologica
1952;123:396-413.

12 Pearce WG, Reedyk M, Coupland SG. Variable expressi-
vity in X-linked congenital stationary night blindness.
Can Ophthalmol 1990;25:3-10.

13 Weleber RG, Pillers DM, Powell BR, Hanna CE, Magenis
RE, Buist NRM. Aland Island eye disease (Forsius-
Eriksson syndrome) associated with contiguous gene syn-
drome at Xp2l: similarity to incomplete congenital sta-
tionary night blindness. Arch Ophthalmol 1989;107:1170-
9.

14 Glass IA, Fulwood P, Giles MG, et al. Linkage analysis of
Aland eye disease. Cytogenet Cell Genet 1991;58:2065A.

15 Bech-Hansen NT, Moore BJ, Pearce WG. Mapping a locus
for X-linked congenital stationary night blindness
(CSNB1) proximal to DXS7. Genomics 1992;12:409-11.

16 Aldred MA, Dry KL, Sharp DM, et al. Linkage analysis in
X-linked congenital stationary night blindness. Genomics
1992;14:99-104.

17 Alitalo T, Kruse TA, Forsius H, Eriksson AW, de la
Chapelle A. Localization of the Aland island eye disease
locus to the pericentromeric region of the human X
chromosome by linkage analysis. Am Jf Hum Genet
1991;48:31-8.

18 Schwartz M, Rosenberg T. Aland island eye disease: link-
age data. Genomics 1991;10:327-32.

19 Glass IA, Good P, Coleman MP, et al. (1993) Genetic
mapping of a cone and rod dysfunction (AIED) to the
proximal short arm of the human X chromosome. J7 Med
Genet 1993;30:1044-50.

11

III

IV

582

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.31.7.580 on 1 July 1994. D
ow

nloaded from
 

http://jmg.bmj.com/

