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Abstract
A five generation family with an X linked
ocular disorder has been investigated.
The major clinical features were reduced
visual acuity, nystagmus, and myopia.
Although impaired night vision was not a
symptom, using psychophysical and elec-
trophysiological testing both rod and
cone function were found to be abnormal
in all affected males. No abnormality was
detected in carrier females. Gene loca-
tion studies showed X linked transmis-
sion of a gene that maps to proximal
Xpll.
The findings observed in this cohort

are similar to those previously reported
in both congenital stationary night blind-
ness type 2 (CSNB2) and Aland Island eye
disease (AIED). This study addresses
whether CSNB2 and AIED are a single
entity or whether the latter is a subset of
the former.
(J Med Genet 1993;30:1044-50)

About 15 years ago, Krill' suggested that two
inherited ocular disorders, Aland Island eye
disease (AIED) and congenital stationary
night blindness (CSNB), might be a single
entity. Aland Island eye disease or Forsius-
Eriksson syndrome (MIM 300600) is an X
linked eye disorder so far reported in two
apparently unrelated Scandinavian families.2
This non-progressive condition is character-
ised by reduced visual acuity, reduced dark
adaptation, colour vision abnormalities,
infantile nystagmus, and high axial myopia.

Initially, AIED was thought to be a variant of
ocular albinism, primarily on the basis of the
fundal depigmentation in the original family.2
This has subsequently been disproved as there
is no demonstrable visual pathway misrouting'
and macromelanosomes are not present in the
skin of affected males or carrier females. Fur-
thermore, Waardenburg5 re-examined the ori-
ginal family and considered that the fundal
appearance with multiple areas of focal depig-
mentation was not typical of albinism. In
AIED female carriers are normal on clinical
and electrophysiological examination (al-
though two carrier females had slight latent
nystagmus,6 and this is one feature which
distinguishes this condition from X linked
progressive cone dystrophy.7

Congenital stationary night blindness is a
group of disorders with the common features
of reduced visual acuity, impaired dark adap-
tation, and infantile nystagmus. The major
clinical and electrophysiological features are
shown in table 1 and fig 1. All types of CSNB
exhibit a characteristic negative ERG to a
white flash under scotopic conditions. This is
termed the Schubert-Bornshein response,8

Scotopic Photopic 30 Hz (cone)

11

Table I Comparison of the cliticalfinidings reported inl CSNB1 anid CSNB2.

CSNB1 CSNB2
Clinical findings (complete) (incomplete)

Visual acuity Reduced Reduced
Night blindness + + -
Nystagmus + - + -
Dark adaptation-rod Absent Raised

(by 1 0 to 1 5 log units)
Colour vision + - tritanopia + - tritanopia
Visual field Normal
refraction Myopia Varied

(moderate to high) (hyperopia to myopia)
Fundus appearance Normal Normal hypopigmented
Rod ERG Absent Subnormal
Cone ERG Normal or subnormal Reduced
Oscillatory potentials Reduced Intact
EOG Normal Normal

III

IV

V

400 pLV

50 ms
Figure I Representative scotopic ERGs for comparison
purposes. I CSNBJ.'2 II CSNB2." IIIA IED.'
IVAIED.' V This study.
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and is characterised by a normal a wave but
reduced b wave (with or without a rod/cone
separation of the b wave). There are two types
ofCSNB depending on whether the rod deficit
is complete or incomplete, where the terms
complete CSNB (CSNB1) or incomplete
CSNB (CSNB2) are used respectively. Cone
function is always affected in CSNB2, but is
infrequently affected in CSNB1. In CSNB2,
since some patients have some residual rod
function, night blindness may not be a symp-
tom, although defective dark adaptation can
always be shown on formal testing. These tests
also show residual rod function which cannot
be detected in CSNB1.
The two types of CSNB appear unlikely to

be allelic on clinical grounds as no single
family has contained both forms. This is con-
sistent with the hypothesis that the fundamen-
tal defect lies in the inner photoreceptor seg-
ment in CSNB1, while in CSNB2 it is in the
bipolar cell layer of the retina. This assertion
that CSNB1 and CSNB2 are aetiologically
distinct has been disputed on electrophysiolo-
gical criteria9 but, as Musarella'0 and Myake et
alP point out, the lack of methodological ERG
standardisation precludes making any valid
conclusion on this issue. Although Khouri et
all reported both conditions in one family it is
now considered that all members of this family
had CSNB2."1 Assignment of the gene respon-
sible for CSNB2 is awaited and may facilitate
clarification of possible allelism to X linked
CSNB1 which appears to map to Xpll."'5

The basic defect in either CSNB2 or AIED
has not been elucidated but the two conditions
have been suggested to be clinically indis-
tinguishable.' 312
To explore the hypothesis that CSNB2 and

AIED are a single entity we have recently
ascertained and investigated a large five
generation family with an X linked cone and
rod disease, and undertaken a gene mapping
investigation.

Methods
FAMILY STUDY
The family with 10 affected males and 12
obligatory carriers was ascertained after
genetic counselling was sought following the
presentation of V 2 with congenital nystag-
mus and markedly impaired visual acuity. A
pedigree depicted in fig 2 was constructed
and information obtained from family mem-
bers, ophthalmologists, and family doctors.
Detailed ophthalmological examination and
investigation was performed on six adult males
and two obligate carriers. The examination
consisted of cycloplegic refraction, slit lamp
examination, indirect ophthalmoloscopy, fun-
dal photography, and electroretinography.

Visual fields were measured with a Goldman
perimeter. Colour vision was assessed using
the Farnsworth panel D- 15 test. Dark adap-
tation (binocular) was measured using the in-
tegral technique of Goldmann-Weekers. Pre-
adaptation was achieved at 650 cd/mi and the

DMD A,B
DXS228 1,2,3
PFC 5,6,7
DXS255 C,D,E,F
DXS1 4 8,9
DXS566 F,G,H

1im
c c

9 9
F F

AIED X chromosome

8
G

B B B

7 7 7
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8 8
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Figure 2 Recombination events with DNA loci from Xp2l to Xql 3. The affected X chromosome is outlined and inferred genotypes are bracketed

for subjects I-i and I-2. A dash (-) indicates no typing information available at that locus.

2 3
1517
E 7D
9 8
G H

B

15
El
91
[GI

11

III

IV

V

19
D
8
H

1045



Glass, Good, Coleman, Fullwood, Giles, Lindsay, Nemeth, Davies, Willshaw, Fielder, Kilpatrick, Farndon

Table 2 Details of ophthalmological assessment offamily members.

Patient Age Nystagmus Visual acuity Refraction Astigmatism Nyctalopia Dark adaptation Colour
threshold deficiency
(normal

R L R L <l00Asb)

III7 46 + 6 18 6 24 -16 -16 + - 631 Tritanopia
III8 49 + 6 12 6 18 -10 5 -95 + - 800 Tritanopia
IV 3 10 + 6 24 6 24 -175 -175 + - No data No data
IV 8 23 + 6 36 6 36 -30 -30 + - 315 Tritanopia
V1 3 - 6 12 6 12 -4 -3 + - No data No data
V 2 4 + 6 9 6 9 -3 -35 + - 230 No data
V 3 2 + No data -65 -7 + - No data No data
III6 40 - 6 6 6 6 -025 + 0 25 - - 27 Normal
IV11 24 - 6 18 6 9 +7 5 +05 - - 63 Normal

(ambylopic right eye)

course of dark adaptation was followed for 20
to 25 minutes, measuring threshold values
with short intervals.
Dark adapted full field electroretinography

(ERG) was performed on both eyes under the
following conditions: pupillary dilatation, dark
adaptation for 20 minutes, application of car-
bon fibre electrodes to the cornea referred to
Ag/AgCl disc electrodes at the outer canthus.
A common ground electrode was placed on the
forehead, and electrode resistance was main-
tained below 5k ohm. Filter band width was 1
to 2000 Hz. The stimulus consisted of single
blue/white flashes (480 nm) having an inten-
sity of 35 foot lamberts. Oscillatory potentials
were obtained using a stimulus intensity of 70
foot lamberts with a band pass filtering of 100
to 2000 Hz. The photopic ERG and cone
(30 Hz) flicker responses were obtained after
light preadaptation (70 foot lamberts) for 10
minutes using the blue/white light of intensity
70 foot lamberts (photopic) or 17 5 foot
lamberts (flicker). Visual evoked responses
(VERs) were obtained to diffuse blue/white
flash and 2 3 cycles per degree pattern appear-
ance checquerboard using the Apkarian tech-
nique16 to identify any misrouting of the visual
pathways.

DNA POLYMORPHISM ANALYSIS
Blood was obtained for DNA extraction from
28 subjects including nine affected males, six
normal males, 10 obligate carriers, and one
female of unknown status.'7 RFLP analysis
was performed by either DNA hybridisation,'8
or by PCR amplification followed by restric-
tion enzyme digestion.'9 CA repeat analysis
was performed as outlined in Weber and
May.20 Details of the DNA polymorphisms are
from Williamson et a12' apart from DXS56622
and RC12 (this paper).
A CA repeat was isolated from cosmid

RC12. This cosmid was isolated using an end
clone of a 640 kb YAC containing DXS7,

Table 3 Retrospective details of ophthalnmological
assessments of IV 8.

IV 8 Nystagmus Visual acuity Refraction
age (bilateral)

R L

2 - 612 -9 -8
6 - 612 -12 -11
7 - 6 24 No data

10 - 660 -14 - 14
15 - 660 -15 - 15
23 + 636 --30 - 30

MAO-A, MAO-B, and NDP and maps ap-
proximately 250 kb proximal to MAO-A.
Primers were designed to flank the CA repeat:
5' CTG TGA GGG ACA GGG TGT A3'

5' TCT CAG CTT CCA TAA TTG CTC 3'.
At least two alleles were identified. Sequence
data from this article have been deposited with
the EMBL/GenBank Data libraries under the
Accession number X69634HFCA.

LINKAGE ANALYSIS
Computations were performed on an IBM AT
personal computer. The data were compiled
using the Linksys programme23 and subjected
to two point analysis using LIPED.24 Assump-
tions for the linkage analysis included a fully
penetrant mutant gene with a frequency of
0 0001 and only females known to be obligate
carriers were assigned definite carrier status.

Results
FAMILY STUDY
Nystagmus was detectable in eight out of nine
males. None of the affected males experienced
photophobia. A mildly albinoid fundus was
observed in three males but a skin biopsy from
one of these males showed normal melanocytes
without giant macromelanosomes. Iris transil-
lumination was not present and the foveal
reflex was considered normal. Fundal exami-
nation showed no signs of peripapillary myo-
pic degeneration in any of the affected males.
Visual fields were normal. Details of the affec-
ted males and carrier females who were avail-
able for detailed ophthalmological assessment
are summarised in table 2. Table 3 shows the
records of previous ophthalmological assess-
ments on IV 8 over some 20 years.
Although none of the males complained of

impaired nocturnal vision dark adaptation was
abnormal in the four males tested (fig 3) al-
though final adaptation levels were attained
within 20 minutes in all four males. The dark
adaptation threshold details are listed in table
2. In three out of four affected males an abnor-
mal cone-rod transition zone was recorded (fig
3) and in all four raised rod thresholds were
recorded (table 2).
Dark adapted (scotopic) ERGs showed a

slightly reduced monophasic a wave together
with a selective reduction and delay of the b
wave which showed subtotal loss of the oscilla-
tory potentials (fig 1). The a wave amplitudes
ranged from 110 pV to 200 pV (control
300,V). The b wave amplitudes ranged from

1046



Genetic mapping of a cone and rod dysfunction (Aland Island eye disease) to the proximal short arm of the human X chromosome

40 tV to 70 iiV (control 450 1V). No correla-
tion was apparent between the degree of the
myopia and the severity of the ERG abnormal-
ities in the affected males (fig 4, and table 2).
The light adapted (photopic) ERG from affec-
ted males was also grossly reduced for both a
waves (5 to 30 gV, control 150 1V) and b waves
(7 to 60 jV, control 200 lV) and oscillatory
potentials were again diminished. Another
ERG finding was a gross reduction of the cone
stimulated responses (30 Hz flicker). The cone
b wave ranged from 0,V to 20 gV (control
150 iV) (fig 4).
Fig 1 illustrates the scotopic ERGs from

examples of CSNB 1 ,8 CSNB2,8 AIED,2 a

Control
100
Asb

111 7

111.8

IV-11

V3

5 10 15 20

Minutes

Figure 3 Dark adaptation curves of affected males.

putative AIED family,3 and our own data for
comparison purposes (table 1).
The VERs showed no evidence of misrout-

ing or contralaterality. However, in the four
males studied by this method visual evoked
responses were reduced in amplitude indicat-
ing some loss of function of the central visual
pathways. The VERs are depicted in fig 5.

All investigations on the carrier females
were normal, two (III6, IVill) being avail-
able for detailed assessment.

LINKAGE ANALYSIS
The two point linkage data for AIED and 17
informative loci from the X chromosome are
depicted in table 4. This indicates positive lod
scores in Xpl 1, with significantly negative lod
scores computed for loci from distal Xp and
Xq. The uninformative or minimally informa-
tive loci were: DXS72, DXS268, DXS1,
DXS7, PGK1(CA), DXYS2, DXS178,
DXS88, DXYS12, DXYS1, F9, DXS159,
DXS94, DXS143, DXS31, DXS106,
DXS268, DXS1.

Fig 2 illustrates the haplotypes depicting the
phase known recombinants for loci derived
from Xp21.3 to Xql3. IV-3 is recombinant for
(DXS255, DXS566)-X-(AIED, DXS288,
PFC, DMD). V 1 and V 2 are phase known
recombinants for DMD-X-(AIED, PFC,
DXS255). In addition the woman of unknown
carrier status (III5) has inherited the same
haplotype as her carrier sister and therefore
her normal son IV-7 most likely represents a
DXS14-X-(AIED, DXS255, PFC, DXS228,
DMD) crossover.

Scotopic Photopic 30 Hz (cone)

Control

1117 _"_ _ _ _

1118

IV 11

V-2

V.3

Vi1

400 RV

50 ms

Figure 4 Scotopic, photopic, flicker ERGs of affected
males and a carrier female.
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Figure 5 Visual evoked responses of affected males.
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Table 4 Two point lod scores of AIED locus versus marker loci.

Locus DNA Location 0
polymorphism

0 00 0 001 0 05 0 10 0.20 0 30 0 40 Zmax 0

DXS41 99-6 Xp22.1 - -J -4 12 -0 89 -0-38 0.02 0 14 0(12 0 50 0 07
DMD CalA Xp2I.3-p21.1 - X 6 51 1 61 0.91 -0 36 0-11 0 00 0 01 0 45
DXS84 L754 Xp21.1 - -4 35 0 94 -0 36 0 11 0.23 0 18 0.23 0.32
DXS228 laA6 2 (cA) Xpll.4-pll.3 2.71 2 70 2 49 2 25 1 74 1 17 0 57 2 71 0 00
MAO-A (cA) Xpl l .4-pl l.3 1.33 1-32 1 31 1-29 1 10 0 82 0 45 1 33 0 00
Awaited RC12 (cA) Xpll.4-pll.23 1.10 1 10 102 093 073 051 027 1 10 000
DXS426 (cA) Xpl l.4-pl l.23 0 90 0 90 0 81 0-72 0-52 0 30 0 09 0 90 0 00
PFC (cA) Xpll.4-pll.23 3.56 3 55 3 20 2 85 2 12 1 38 0-66 3 56 0 00
DXS255 M27[3 Xpll.21 - 1 46 2 79 2 70 2 20 1 52 0 76 2 79 0 06
DXS14p58.1 Xpll.21 - -036 1 10 1-13 088 048 010 1 14 008
DXS453 (cA) Xpll.23-q21.1 - 0-12 1 57 1 61 1 36 097 052 1 62 008
DXS566 N96(cA) Xql3 - -425 -094 -042 -002 012 0(11 013 035
DXS456 (cA) Xq2l-q23 - 8 89 -225 - 118 -0 33 - 0 01 0(06 0 06 0 40
DXS454 (cA) Xq2I.1-q23 - -554 -210 1-48 - 084 -0-47 0.21 0-00 0 50
DXS42 p43-15 Xq25-q25 - -425 -094 -042 002 012 0 11 013 035
DXS424 (cA) Xq24-q26 - -9-34 -257 - 143 -044 -0 03 0 09 0 09 0 41
DXS52 ST-14 Xq28 - 1008 -323 -201 -087 -033 007 000 050

Discussion
The clinical information from our family
shows evidence of a cone and rod dysfunction
and has a number of common features with the
previously reported examples of AIED235 and
CSNB2.8
The essentially normal fundal appearance of

our affected subjects is consistent with their
skin and hair pigmentation. There is no evid-
ence of albinism. One of our affected subjects
did not have detectable nystagmus and another
developed this sign between the ages of 15 and
23 years, consistent with the documenting of
nystagmus in 11 out of 13 affected males by
Rosenberg et al,3 and in all the affected males
from the original family of Elenius et al.2 The
observation of Miyake et al5 that just 35% in
their series of CSNB2 exhibited nystagmus
suggests that less severe early visual depriva-
tion exists for the CSNB2 entity. Neverthe-
less, nystagmus represents a non-specific loss
of vision in early life, and therefore does not

necessarily correlate with levels of visual func-
tion. The family that we have studied has
provided the opportunity to examine their
visual function from infancy to late adulthood
(2 to 49 years) which differs from the essen-

tially adult age group available to Elenius et al2
and Rosenberg et al3 but is closely comparable
to the age range studied in CSNB2.5 The
records of previous ophthalmological assess-

ments on IV 8 over some 20 years suggest that
the condition shows progression throughout
childhood until early adult life consistent with
the retrospective information available to

Rosenberg et al.3 It is possible that the decline
in visual function seen in IV 8 could be attri-
buted to the increasing myopia alone as the
result of normal growth in the first two decades
of life but this seems less likely since the
myopia in AIED is unaccompanied by signs of
myopic degeneration of the fundus.23 The
essentially stationary nature of the condition is
consistent with AIED235 and CSNB2.'

All our affected subjects have significant
myopia (ranging from -30 D to -3 D) ac-

companied by astigmatism consistent with the
findings in the original family.25 However,
Rosenberg et al3 found one affected male with
near normal refraction and suggested that an

age dependent transition from hyperopia to

myopia may occur. In contrast in persons
affected with CSNB2 the refractive error var-

ies between mild myopia to hypermetropia'
and indeed the greater proportion may be
hypermetropic." "13

In keeping with the two previous reports of
AIED,23 and despite the subjective lack of
awareness of nyctalopia, defective dark adap-
tation is present, together with preservation of
the peripheral photopic visual fields. As com-
parisons of the dark adaptation curve show this
adaptive process is very similar.23 A close
match between our family, AIED,2 3 and
CSNB2' is also apparent.
Comparisons of the scotopic ERG data in fig

1 show a near identical ERG appearance
(Schubert-Bornschein type) with the previous
AIED reports2 3 and CSNB2' suggesting a
similar level of rod system involvement
between AIED, CSNB2, and our family.

Depressed, near extinct cone flicker re-
sponses in our affected subjects (fig 4) show
great similarity to those recorded by Elenius et
a12 and by Rosenberg et a13 (fig 1). Although a
significant reduction in the amplitude of the
cone flicker responses was recorded in CSNB2
(mean 30 Hz flicker b wave amplitude, 11 p.V)
using a comparable method,8 this is a less
severe diminution in cone function than our
results (mean 30 Hz flicker b wave amplitude,
5 pV) indicate. The near complete loss (but not
absence) of oscillatory potentials observed on
the subnormal b wave of the scotopic ERG
from affected males in this family (fig 4) is of a
very similar appearance to that published in
the two earlier reports,23 as can be seen in fig 4.
Rosenberg et aP interpret this as a 'preserva-

tion' of oscillatory potentials but all the os-
cillatory potentials illustrated appear to be
markedly reduced to similar levels. However,
this 'preservation' of the oscillatory potentials
differs from the oscillatory potentials more
often associated with the scotopic ERGs in
CSNB2,5 in that those recorded from CSNB2
subjects show less accentuated reductions and
very often approach a normal appearance.
These comparisons imply that CSNB2 has a
less severe cone involvement in the disease
process than the AIED entity. Furthermore,
differences in the diminution of oscillatory
potentials observed between CSNB2 subjects
suggests a range of severity exists for rod and
cone system defects in CSNB2 at the level of
the bipolar cells. Affected subjects from our
family show a tritanomalous colour deficiency
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which is similar to that reported by Elenius et
al.2 The mild red-green deficiency observed by
Rosenberg et aP in their affected subjects may
be explained by the bias of the screening tests
used towards any colour vision defect being
reported as a red-green defect. However, only
about a third of CSNB2 subjects have a similar
blue-yellow defect in colour vision,8 again
indicating a less marked cone pathology for the
CSNB2 entity.

In summary, we have presented a family in
which affected males show reduced rod and
cone function, and there are no clinical or
subclinical carrier abnormalities. The features
in our family are similar to the original AIED
family25 and the second putative family,3 and
the minor differences observed can probably
be attributed to the different age groups
studied. We confirm that the condition is of
early onset and may be progressive until early
adulthood, but then stabilises. There are many
common features between our family, AIED,
and CSNB2 which supports the original asser-
tion by Krill' that AIED and CSNB2 are the
same entity. However, variance between the
conditions does exist in that nystagmus is
much less frequently encountered in CSNB2
and that myopia is either absent or much less
severe in CSNB2. Since the scotopic ERGs are
essentially indistinguishable,'2 and the dark
adaptive processes appear to be nearly ident-
ical, a similar rod system defect appears to be
present. This study suggests a less severe
involvement of the cone system occurring in
CSNB2 as cone specific electrophysiological
investigations generally show a milder disturb-
ance of function in CSNB2. If the conditions
are indeed allelic then it appears that CSNB2
is a less severe form of the disease than AIED.
The issue of whether CSNB2 and AIED are
allelic may be addressed by molecular studies
and in particular by observation of key recom-
bination events.

Putative assignment of the gene responsible

Xpter

tAIED
in this4
study

Xcen
12.1

12.2

Xq 13 - PGK,DXS566

21.1
21.2

21.3 DXYS1

Combined
AIED
location

Previous
AIED
location

for AIED was made to Xp21 following the
report of a male with a contiguous gene dele-
tion having a complex phenotype of Duchenne
muscular dystrophy, glycerol kinase defi-
ciency, congenital adrenal hypoplasia, and
mental retardation.'225 In addition an eye dis-
ease was identified in this male characterised
by congenital nystagmus, iris transillumina-
tion, fundal depigmentation, and a negative
scotopic ERG with no rod component.'2 How-
ever, the 30 Hz cone flicker response was of
normal amplitude and the oscillatory poten-
tials appeared normal.'2 Although this subject
was considered to be an example of AIED the
closest match for the ERG features (in view of
the preserved flicker responses) is CSNB2 or
CSNB1.8 3 Moreover the lack of a rod com-
ponent in the scotopic ERG argues against this
being CSNB2 or AIED. The deletion map-
ping for this patient suggested the causative
gene to be located within the interval DXS67-
DMD in Xp2l.3-21.2.25 Recombination at
DXS164, just 5' to the limit of the deletion
observed in their patient's DMD gene,25 was
observed in the CSNB2 pedigree studied by
Musarella et al'3 suggesting these two con-
ditions are distinct. No recombinants were
observed with the Xpl 1 loci TIMP, DXS255,
and DXS14 suggesting an Xpll localisation
for the CSNB2 gene.'3
Linkage analysis of the original AIED

family enabled a localisation for the gene to be
made to pericentromeric X, between DMD
and PGK.26 In addition recombination at
DMD precluded an Xp21 localisation for the
gene in this pedigree26 suggesting either that
AIED is genetically heterogeneous or more
likely that AIED and the gene from the patient
of Weleber et al'2 are distinct. Assignment of
AIED to between DMD and PGK was refined
by the report of a second family that very
closely resembled the features of the original
AIED family.3 Localisation of the mutant gene
to the interval DXS7-DXYS1 was made on
the basis of phase known recombinant infor-
mation. This study showed tight linkage to the
Xpll loci TIMP and DXS255 and again
showed Xp2 1 recombination.27
Our family has clinical features consistent

with that of the previous AIED reports2 3 5 and
confirms tight linkage to Xp 11 loci with no
recombination observed with the loci DXS228
and PFC.28 Furthermore a localisation outside
Xpl 1 appears unlikely as recombination is
observed with loci derived from distal Xp and
Xq (table 4). Phase known recombinations
with DMD, DXS255, and the proximal Xq
locus, DXS566, known to be closely linked to
PGK in Xql3,22 are depicted in fig 2. These
events suggest that the gene responsible for
AIED is located within the DMD-DXS255
interval in our family. Moreover, since III5
appears to be a carrier for the AIED gene, the
recombination at DXS14 observed in her un-
affected son IV-7 (confirmed as normal by
ERG study, details available) supports a locali-
sation for the gene distal to DXS255.29 Assum-
ing unity for the three pedigrees, the combined
localisation ofAIED between DXS7-DXS255
is illustrated in fig 6.

22.3

22.2

22.1

21.3
Xp 21.2

21.1

11.4
11.3
11.23

11.22
11.21
11 I

Figure 6 AIED gene location.

1049



Glass, Good, Coleman, Fullwood, Giles, Lindsay, Nemeth, Davies, Willshaw, Fielder, Kilpatrick, Fartndon

The data on the genetic localisations of
AIED and CSNB2 are as yet insufficient to

clarify whether they are indeed allelic. A
greater body of mapping data exists for
CSNB1 in which many more families have
been studied. Assignment of this locus to the
11 cM interval (DXS228, DXS7, MAO-A,
DXS7)-(DXS426, PFC, TIMP, OATLI) is
suggested by Bech-Hansen et al30 and to the
TIMP-OTC interval by Li et al.31 However,
the recent observation of recombination
between CSNB1 and DXS732 orients CSNB1
proximal to DXS7, and thus the question of
allelism between AIED/CSNB2 and CSNB1,
on the basis of genetic mapping information,
remains open.
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Research Council of Great Britain (AHN,
KED).
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