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Abstract
Granular Groenouw type I (CDGG1) and lattice type I (CDL1) comeal dys
trophies are two distinct potentially blinding conditions. These two entities 
were recently mapped to a region on chromosome 5q. We have investigated 
2 families of Swiss origin with CDGG1 and CDL1 by linkage analysis. Our 
data show a maximum lod score of 5.38 at 0 = 0.00 for marker D5S393 in 
CDL1 and 4.17 at 0 = 0.00 for D5S658 in CDGG1. When combined, these 
families show a maximum lod score of 9.22 for D5S393 at 0 = 0.00. This 
confirms previous reports. Furthermore, we describe a recombination cen- 
tromeric to D5S399 in a member of the CDL1 family. Haplotype analysis in 
the 4 branches of the CDGG1 family demonstrated a common chromosomal 
region including D5S393 and D5S399 in all the affected members. By com
bining our data with previously reported mapping information and assuming 
that CDGG1 and CDL1 are allelic manifestations of the same gene, we can 
refine the location of the CDGG1/CDL1 gene to a 1-cM region on chromo
some 5q. Using candidate genes in the 5q22-q32 interval, we investigated the 
possibility that mutations in the SPARC or LOX genes cause these comeal 
diseases. Several recombinations occurred between these two genes and 
CDGG1/CDL1 in our 2 families, thus excluding this hypothesis.

Key Words
Comeal dystrophy 
Groenouw type I 
Lattice type I 
Linkage analysis 
Chromosome 5

Introduction as hyaline deposits with phospholipid content [1] and sec
ondary accumulation of unesterified cholesterol [2], Typi
cally, these deposits give rise to multiple painful recurrent 
comeal erosions, and ultimately result in serious visual 
handicap around middle age. The superficial confluent 
form of granular dystrophy (superficial juvenile granular 
dystrophy) is probably due to a homozygous state [3],

In lattice dystrophy, grayish, linear, branching deposits 
progressively opacify the visual axis secondary to subepi- 
thelial and stromal accumulation of amyloid material.

Granular Groenouw type I (CDGG1) and lattice type I 
(CDL1) comeal dystrophies are two distinct potentially 
blinding conditions characterized by progressive opacifi
cation of the cornea. These phenotypes are transmitted as 
nonpleiotropic, autosomal dominant traits with complete 
penetrance by the first decade of life.

In granular dystrophy, discrete white stromal opacities 
increase in number, extension and depth, and are referred
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Symptoms are those of granular dystrophy but tend to 
appear at an earlier age. Lattice corneal dystrophy has 
been divided into three forms, namely the classic type I 
corneal amyloidosis strictly confined to the central cor
nea; the type II associated with familial systemic amyloid
osis [4] caused by mutations in the gelsolin gene [5] in 
which lattice lines are more peripheral, and the type III [6] 
with an adult onset and a presumably autosomal recessive 
mode of inheritance (except for type IIIA which is autoso
mal dominant) [7], Another rare recessive primary form 
of corneal amyloidosis characterized by central multi
nodular subepithelial opacities has been reported mainly 
in Japan under the name of gelatinous drop-like corneal 
dystrophy or familial subepithelial amyloidosis of the cor
nea [8, 9], Finally, a combined granular-lattice corneal 
dystrophy has also been described under the name Avelli
no. This corneal dystrophy consists of both granular and 
lattice changes in the same eye [10].

Recently, Stone et al. [11] mapped three autosomal 
dominant corneal dystrophies (lattice type I, Groenouw 
type I and Avellino) to a region flanked by markers IL-9 
and D5S436 on chromosome 5q. Although the cumula
tive lod score is impressive, only families with ancestors 
tracing back to Italy and Germany were studied. The anal
ysis of additional families with different origins is there
fore needed in order to assess whether these autosomal 
dominant corneal dystrophies are genetically homoge
neous, i.e. are caused by mutations in the same gene. Fol
lowing the report of Stone et al. [11], Eiberg et al. [12] 
reported linkage of Groenouw type I and Gregory et al.

[ 13] confirmed the genetic localization of lattice corneal 
dystrophy type I to the same region of chromosome 5 in 
Danish and English families. We report here linkage anal
yses in 2 large families of Swiss origin and refine the 
genetic location of both diseases CDGG1/CDL1 to a 
1-cM region between D5S393 and D5S396.

According to GDB (Genome Data Base, Johns Hop
kins University School of Medicine, Baltimore, MD, 
accessible through WWW at the address: http://gdbwww. 
gdb.org/), several genes map to 5q22-q32. Based on their 
location and function, two of them, SPARC and lysyl oxi
dase (LOX), were considered as potential candidates. 
SPARC, an acidic calcium-binding glycoprotein involved 
in extracellular matrix assembly and LOX, an extracellu
lar copper enzyme that initiates the crosslinking of colla
gen and elastin, were excluded due to several recombina
tions between them and the disease locus [14-17],

Materials and Methods
Complete eye examination was performed on all accessible living 

members of two large families of Swiss origin. Family LI is affected 
with lattice corneal dystrophy type I. The oldest affected member 
could be traced back to the end of the 19th century [18], The second 
family (G 1 a-d) has granular corneal dystrophy Groenouw type I, and 
genealogical studies have revealed over 1,400 family members 
(fig. 1). The pedigree has been reported elsewhere [18, 19], Blood 
samples were obtained after informed consent from 60 individuals 
(26 affected, 21 nonaffected and 13 spouses) and DNA was extracted 
from peripheral leukocytes. Molecular investigation did not start 
until complete clinical examination was performed and blood drawn
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Table 1. Genetic distance in morgans between markers and lod scores for linked markers in CDL1 and CDGG1 
families

Recombination fractionDist Marker

0.0 0.1 0.2 0.3 0.4 0 ^max
max

2.22 1.72 1.21 0.70 0.25 0.00 2.22
0.90 0.98 0.77 0.42 0.17 1.00

D5S642 CDL1
CDGG1 —oo

0.02
2.62 2.19 1.47 0.67 0.08 2.64—oo

0.97 1.02 0.79 0.48 0.17 0.05 1.07
0.53 0.49 0.28 0.07 0.13 0.56

D5S458 CDL1
CDGG1 -oo

0.03
1.56 1.28 0.76 0.24 0.10 1.56-oo

2.19 0.99 0.00 5.38
1.26 0.50 0.00 3.83

CDL1
CDGG1

5.38 4.40 3.34D5S393
3.83 2.99 2.12

0.01
0.00 9.229.22 7.39 5.46 3.45 1.49

3.09 2.17 1.08 0.05 3.89
0.52 0.00 2.79

S5S399 CDL1
CDGG1

3.76—oo

2.79 2.36 1.78 1.15
0.00

1.60 6.526.12 4.88 3.32 0.04—oo

3.89 3.31
2.56 2.55

2.57 1.75 0.87 0.00 3.89
1.06 0.47 0.00 2.56

D5S500 CDL1
CDGG1 1.68

0.00
6.46 5.56 4.26 2.81 1.35 0.00 6.46

2.08 1.77 1.25 0.62 0.08 2.09
0.65 0.68 0.47 0.23 0.05 0.05 0.73

D5S396 CDL1
CDGG1

-oo

0.02
2.76 2.25 1.48 0.68 0.07 2.80—oo

0.07 4.62CDL1
CDGG1

4.56 3.82 2.69 1.31D5S658 —oo

1.54 0.70 0.004.17 3.33 2.44 4.17
0.04

7.89 6.26 4.23 2.01 0.04 8.35—oo

1.59 0.79 0.12 2.51
1.47 0.68 0.05 3.04

CDL1
CDGG1

2.48 2.27
2.88 2.25

D5S436 —oo

-oo

4.52 3.06 1.40 0.09 5.395.37-oo

assumed to be equal [11] and the genetic distances used were 
obtained from Généthon [20].

SPARC was tested using a reported microsatellite. Its sequence 
and the PCR conditions have been described elsewhere [14-16]. For 
LOX, we used a reported Pstl polymorphism in the first exon [ 17]. A 
region around this restriction site was amplified by PCR, digested 
with Pstl, electrophoresed on polyacrylamide gels and scored for the 
presence or absence of the Pstl site.

from all family members. Haplotype analysis of affected and unaf
fected individuals was performed from PCR-amplified lymphocyte 
DNA using primers that flank microsatellites from the reported 
linked region (table 1). All microsatellites have been reported by 
Généthon [20] and are accessible through WWW at http://www.gen- 
ethon.fr/. PCR assays were carried out in a total volume of 10 pi 
using a Perkin-Elmer-Cetus 9600 machine. The reaction mixes and 
the PCR conditions were those described for the specific primers. 
One member of each pair of primers was FITC-labeled and PCR 
products were separated on an ALF automatic sequencer using 
Fragment Manager (Pharmacia Biotechnology, Sweden). Pedigrees 
and data were entered in Cyrillic (Cherwell Scientific Publishing 
Ltd., Oxford, UK) and directly exported in a format compatible 
with the computer program LINKAGE (version 5.2) [21]. Two- 
point linkage analysis was done with all the markers assuming a 
dominant disease allele with a penetrance of 100% and a disease 
allele frequency of 0.0001. Allele frequencies of the markers were

Results

Although we have evidence that all 4 branches with 
Groenouw type I corneal dystrophy originate from a sin
gle ancestor, we analyzed each branch individually and 
then added the lod scores. Pairwise lod scores for
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CDGGl/CDLl locus and 8 microsatellite markers are 
given in table 1. Linkage analysis in the CDGG1 families 
showed a maximum lod score of 4.17 with marker 
D5S658 at a recombination fraction (0) of 0.0 and 3.83 
with D5S393 at 0 = 0.0. In two branches of this family, 
markers D5S458 and D5S436 recombined with the dis
ease, thus delineating an interval of 10 cM. When the 
affected haplotype from each branch was tabulated to
gether, a genomic region extending from D5S393 to 
D5S396 was found to be common to all affected individu
als (fig. 1). Based on data from Généthon, the sex-average 
genetic distance between these two markers is 1 cM [20],

Analysis of the family with lattice type I corneal dystro
phy generated a maximum lod score for D5S393 of 5.38 
at 0 = 0.0. Interestingly, a recombination was found in one 
individual between D5S393 and D5S399. This healthy 
individual (2,782, fig. 2) inherited the affected haplotype 
from D5S399 to D5S436 from his mother (2,781), thus 
excluding the linkage of this region to the disease. The 
proximal part of the haplotype was homozygous. There
fore, a new marker (D5S666) was used to analyze this por
tion of the chromosome (fig. 2). If both diseases are allelic 
manifestations of a common gene, we could pool the data 
from both families. A maximum lod score of 9.21 at 0 = 
0.00 was then obtained for D5S393 and 6.45 at 0 = 0.00 
for D5S500.

In a second approach to locate the CDGGl/CDLl 
gene, we investigated the possible role of the SPARC 
and LOX genes. A microsatellite from the SPARC gene 
showed several recombinations with both Groenouw type 
I and the lattice type I dystrophies, as did a polymorphic 
Pstl site in the LOX gene (data not shown).

2781 2764
Markers Alleles

1 ] 1ID5S642 Multiple 
D5S458 Multiple 
D5S666 Multiple 
D5S393 Multiple 
D5S399 Multiple 
D5S500 Multiple 
D5S396 Multiple 
D5S658 Multiple 
D5S436 Multiple 
SPARC Multiple 
LOX 1, 2

33 44
121 10 11
44 64
49 98
77 88
32 3 3
34 66

13 13 1813
74 37
2I 1 1

È o
2827 2828 2782

1 2
43 43 43
111 106 1112
44 4 44
89 93 89

7 43 87
3 22 2 32
6 64 63 4
1315 1616 15 18
74 8 37 4
1 1I 1

i 1

2782 2782

1 143 44
10 101 11
4 44 4
99 8 9
47 4
2 3 2

6 6
2

64
Discussion 16 1615 13

74 7
2I

Corneal dystrophy Groenouw type I (CDGG1) and lat
tice type I (CDL1) have recently been linked to a 10-cM 
region on the long arm of chromosome 5[11,12]. Gregory 
et al. [13] further mapped CDL1 to a region distal to 
D5S393. We report here additional linkage data of these 
two corneal dystrophies, refine the location of CDGG1 
and CDL1 to a 1-cM within the region defined by D5S393 
and D5S396, and exclude two candidate genes.

Results of the linkage analysis in the large family with 
CDL1 confirmed the previous mapping data by Stone et 
al. [11] and showed a maximum lod score with D5S393 
and extended toward D5S658. One critical individual 
presented a recombination event between D5S393 and 
D5S399. This unaffected individual has inherited the

Fig. 2. Partial pedigree of family LI showing recombination at 
locus D5S399. For simplicity, only the affected haplotype is drawn.

same distal haplotype as his affected mother and was 
homozygous for the proximal part. Using an additional 
polymorphic marker (D5S666) located at the same posi
tion as D5S458, we were able to separate the 2 chromo
somes and confirm the crossover. This would suggest that 
the CDL1 gene is proximal to D5S399. Of course, it is not
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CDLl family. Three corneal dystrophies map to the same 
region on chromosome 5q [11] and it is not yet known 
whether they represent different allelic mutations of the 
same gene or a mutation in three adjacent genes. The link
age analysis reported here suggests that CDGG1 and 
CDLl are identical or are within a common 1-cM region.

possible at the present time to exclude a double recombi
nation event. However, such a phenomenon would be 
very unlikely as the distance between D5S399, D5S500 
and D5S396 is 0.00 cM. Another explanation could be 
that this nonaffected patient is, in fact, a nonpenetrant 
carrier. Here again, this is unlikely as it would be the first 
reported case of nonpenetrance in this disease. If one 
takes into account the proximal boundary set by Gregory 
et al. [13] at D5S393, the critical region for CDLl is now 
1 cM which, translated into physical distance, would be 
about 1 Mb, well within the clonable range.

Linkage analysis of the CDGG1 families showed the 
highest lod score at marker D5S658 and D5S393 with 
recombination at D5S458 and D5S436 thus defining a 
10-cM region when each family was analyzed individu
ally. However, if these families are analysed together, we 
can establish a common haplotype for the markers 
D5S393-D5S399-D5S500-D5S396. Interestingly, this 
common region is the same as the one defined by the
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