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A new family of Greek origin maps to the CRD
locus for autosomal dominant cone-rod dystrophy
on 19q
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Angeliki Balassopoulou, Shomi Bhattacharya

Abstract
Retinal photoreceptor dystrophies (RD)
are a highly heterogeneous group of
genetic disorders of the retina, represent-
ing the most frequently inherited form of
visual handicap, affecting -1.5 million
people world wide. To date, more than 40
genetic loci have been implicated in RD.
One of them, the CORD2 locus, for an
autosomal dominant form of cone-rod
dystrophy (CRD), maps to chromosome
19q and has previously been reported in a
single large family of British origin. We
now report a new family with severe early
onset CRD, phenotypically very similar to
the British family, which also maps to 19q,
but is of Greek origin. Haplotype data of
the Greek family showed no recombina-
tion between and including markers
D19S219 and D19S246 and linkage analy-
sis gave a lod score of 2.7 (at 0=0) with
marker D19S412, confirming the data
obtained in the British family.
(C Med Genet 1998;35:429-431)
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Retinal photoreceptor dystrophies (RD) are a

genetically and clinically heterogeneous group
of human retinopathies representing the most
frequently inherited form of visual handicap,
with an estimated prevalence ranging from 1 in
3000 to 1 in 7000.' Cone-rod dystrophies
(CRDs) constitute a subgroup of the severe
inherited forms of RD, characterised by the
simultaneous involvement ofboth the cone and
rod photoreceptors."4 Affected patients suffer
early and progressive loss of visual acuity and
colour vision followed by night blindness and
loss of peripheral vision. In later life, vision is
frequently reduced to bare perception of
light.5 6 Considerable clinical heterogeneity has
been reported including cases of CRD associ-

ated with a variety of systemic diseases,79 and
genetic heterogeneity has been well docu-
mented with autosomal dominant, recessive,
and X linked forms.3
The gene for peripherin/RDS on chromo-

some 6p has been shown to cause dominant
CRD,10 11 and two, as yet uncharacterised,
genes on chromosomes 17p and 19q have also
been implicated.'2 13 In addition, there are two
inferred associations with uncharacterised
CRD reported in single cases and localised on
chromosomes 1 7q (associated with neuro-
fibromatosis type I, NFI) and 18q,
respectively.9 1

The CRD locus on chromosome 19q
(CORD2, MIM 120970) is based on linkage of
19q microsatellite markers to the disease in a
large British family from north Wales.'3 We
now report a family based in the region of
Attika in southern Greece that constitutes the
only known lineage of autosomal dominant
CRD in Greece to date and the second family
world wide to map to chromosome 19q.
We studied 16 members of a four generation

Greek family in which the inheritance pattern
of the CRD phenotype was consistent with an
autosomal dominant trait, with no evidence of
incomplete penetrance (fig 1). Seven people
were affected, four unaffected, and five were

spouses. Subjects were designated unaffected
only if they had no symptoms or clinical
evidence of CRD by the age of 15 years.
Affected subjects experienced loss of visual
acuity and colour vision between the ages of 5
and 10 years, and nyctalopia (night blindness)
before the age of 30 years. Examination of their
fundi showed marked pigmentation in the
macular area, and they all had a central visual
field defect detectable by automated perimetry.
This defect frequently appeared to be paracen-

tral owing to eccentric fixation. A series of
electrophysiological tests on patient IV.3
showed that a reduction in the amplitude of the

Table 1 Two point lod scores (Z) between CRD and markers on chromosome 19q

Recombination fraction (0)

DNA marker 0.00 0.05 0.10 0.20 0.30 0.40 0.50 Zmax Omax

cen
D19S225 -0 -0.79 -0.53 -0.29 -0.17 -0.10 0.00 0.00 0.50
D19S412 2.71 2.49 2.26 1.77 1.23 0.65 0.00 2.71 0.00
D19S606 1.20 1.09 0.98 0.74 0.50 0.25 0.00 1.20 0.00
D19S604 2.41 2.23 2.04 1.63 1.17 0.63 0.00 2.41 0.00
D19S180 -0 -1.10 -0.60 -0.20 -0.06 -0.01 0.00 0.00 0.50
tel
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Figure 1 Haplotype analysis in the Greek autosomal dominant cone-rod dystrophy
pedigree. The black bars represent alleles associated with the disease chromosome. Critical
recombination events are observed in I. 1, III. 1, and IV.2.

photopic ERG preceded a reduction in the
amplitude of the scotopic ERG.
Linkage analysis on the Greek family was

carried out as previously described.'3 Linked
loci involving cone-rod dysfunction were
screened using 13 microsatellite markers.'5
Markers D6S271, D6S286, D13S158,
D17S1791, D17S250, and D18S72 excluded
linkage to the loci on chromosomes 6p,'°01
6q, 16 13q, 17 17p,12 17q,9 and 18q,14 respectively
(data not shown). Two point lod scores were
calculated using data prepared by the LINK-
SYS data management package as input for the
LINKAGE programs.'8 19
The Greek CRD family showed linkage to

the 19q CRD locus with a lod score of 2.7 at a
recombination fraction of zero with marker
D19S412. Additional markers (D19S604 and
D19S606) in this region were used to confirm
linkage to 19q13.3 (table 1). The flanking
markers D19S219 and D19S246 for the
British family20 were uninformative in the
Greek CRD family and therefore the linkage
data obtained do not refine the disease region.
Recombination events were observed with
markers D19S225 (proximally) and D19S180
(distally), thus excluding linkage to the RP11

Figure 2 Schematic diagram indicating the relative
position ofpolymorphic markers on the long arm of
chromosome 19.

locus on chromosome 19q13.4,` and corre-
sponding to a genetic interval of 34 cM (fig 2).
Haplotype analysis showed no common dis-

ease alleles with the British CRD family across
the previously described region, therefore sug-
gesting two independent mutations and exclu-
sion of a founder effect.
Although a number of retinal dystrophies

have been well recognised and thoroughly
characterised, CRDs seem to comprise a
poorly understood subgroup that has
undergone relatively little genetic and molecu-
lar investigation. To date, there are no pub-
lished figures on the incidence or prevalence of
the disease in any population. However, our
present data on a second family mapping to the
19q locus could imply that this is one of the
more common loci for dominant CRD, since
the other three loci on 6q, 13q, and 17p were
reported in single families only, and both the
17q and 18q localisations were based on
individual case reports.
The clinical phenotype of this Greek family

is very similar to that of the large CRD family
reported by Evans et al." Early age of onset of
central visual loss and striking macular pig-
mentation are characteristic of both pedigrees.
The visual prognosis in the Greek family
appears slightly better, since patients aged
between 45 and 50 years are still able to read
20/400. In the British family, patients aged over
45 years had bare perception of light.

In the British family, there is also significant
evidence for segregation distortion, a phenom-
enon that is rarely observed in humans.
According to their data, the proportion of
affected/unaffected children born to affected
mothers was considerably higher than the
expected 1:1 ratio. In contrast, in the Greek
CRD family three out of five children were
born to two affected fathers and inherited the
disease. The same proportion is seen for the
affected children born to the three affected
mothers. However, owing to the small size of
the Greek family these findings must be viewed
with caution.
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assistance. M Papaioannou is a fellow of the National Greek
Scholarship Foundation. Drs D Bessant and A Payne are
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G9301094).

1 Bundey S, Crews SJ. A study of retinitis pigmentosa in the
city of Birmingham. II. Prevalence. J Med Genet
1984;21:417-20.

2 Yagasaki K, Jacobson S. Cone-rod dystrophy: phenotypic
diversity by retinal function testing. Arch Ophthalmol 1989;
107:701-8.

3 Moore AT. Cone and cone-rod dystrophies. J7 Med Genet
1992;29:289-90.

430

i..- -'-.

 on M
ay 23, 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.35.5.429 on 1 M
ay 1998. D

ow
nloaded from

 

http://jmg.bmj.com/


A new family of Greek origin maps to the CRD locus

4 Szlyk P, Fishman G, Alexander K, et al. Clinical subtypes of
cone-rod dystrophy. Arch Ophthalmol 1993;111:781-8.

5 Heckenlively JR. RP cone-rod degeneration. Trans Am Oph-
thalmol Soc 1987;85:438-70.

6 Berson E, Gouras P, Gunkel R Progressive cone-rod degen-
eration. Arch Ophthalmol 1968;80:68-76.

7 Jalili I, Smith NJ. A progressive cone-rod dystrophy and
amelogenesis imperfecta: a new syndrome. Med Genet
1988;25:738-40.

8 Samra D, Abraham F, Treister G. Inherited progressive
cone-rod dystrophy and alopecia. Metab Pediatr Syst
Ophthalmol 1988;11:83-5.

9 Kylstra J, Aylsworth A. Cone-rod retinal dystrophy in a
patient with neurofibromatosis type 1. Can Ophthalmol
1993;28:79-80.

10 Nakazawa M, Kikawa E, Chida Y, Tamai M. Asn244His
mutation of the peripherin/RDS gene causing autosomal
dominant cone-rod degeneration. Hum Mol Genet 1994;3:
1995-6.

11 Nakazawa M, Kikawa E, Chida Y, et al. Autosomal
dominant cone-rod dystrophy associated with mutations in
codon 244 (Asn244His) and codon 184 (Tyrl84Ser) ofthe
peripherinlRDS gene. Arch Ophthalmol 1996;114:72-8.

12 Kelsell R, Evans K, Gregory C, et al. Localisation of a gene
for dominant cone-rod dystrophy (CORD6) to chromo-
some 17p. Hum Mol Genet 1997;6:597-600.

13 Evans K, Fryer A, Inglehearn C, et al. Genetic linkage of
cone-rod retinal dystrophy to chromosome 19q and

evidence for segregation distortion. Nat Genet 1994; 6:210-
13.

14 Warburg M, Sjo 0, Tranebjaerg L, Fledelius H. Deletion
mapping of a retinal cone-rod dystrophy: assignment to
18q2.11. AmJ Hum Genet 1991;39:288-93.

15 Dib C, Faure S, Fizames C, et al. A comprehensive genetic
map of the human genome based on 5264 microsatellites.
Nature 1996;380:152-4.

16 Stone E, Nichols BE, Kimura AE, et al. Clinical features of a
Stargardt-like dominant progressive macular dystrophy
with genetic linkage to chromosome 6q. Arch Ophthalmol
1994;112:765-72.

17 Zhang K, Bither P, Park R, et al. A dominant Stargardt's
macular dystrophy locus maps to chromosome 13q34. Arch
Ophthalmol 1994;112:759-64.

18 Attwood J, Bryant S. A computer programme to make
analysis with LIPED and LINKAGE easier to perform and
less prone to errors. Ann Hum Genet 1988;52:259.

19 Lathrop GM, Lalouel JM. Easy calculations of lod scores
and genetic risks on small computers. Am Hum Genet
1984;36:460-5.

20 Gregory C, Evans K, Whittaker J, et al. Refinement of the
cone-rod retinal dystrophy locus on chromosome 19q. Am
J'Hum Genet 1994;55:1061-3.

21 Al-Maghtheh M, Inglehearn CF, Keen J, et al. Identification
of a sixth locus for autosomal dominant retinitis pigmen-
tosa on chromosome 19. Hum Mol Genet 1994;3:351-4.

431

 on M
ay 23, 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.35.5.429 on 1 M
ay 1998. D

ow
nloaded from

 

http://jmg.bmj.com/

