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derlying metabolic defect remains 
unknown. The genes for infantile 
(CLN1), juvenile (CLN3) and Fin­
nish-variant late-infantile NCL 
(CLN5) have been mapped to 
lp32, 16pl2 and 13q, respectively 
[1-3]. The gene for classical late- 
infantile NCL is so far unmapped, 
but has been excluded from these 
regions [3, 4] and therefore repre­
sents a fourth genetic locus. In the 
absence of other likely candidate 
regions in which to look for the 
CLN2 gene, a systematic search of 
the genome was commenced using 
highly polymorphic microsatellite 
markers.

A total of 24 families were stud­
ied from eight different countries. 
There were 10 families with two 
affected children giving a total of 
34 affected individuals with 25 
normal siblings. The diagnosis was 
made according to established cri­
teria [5]. In all cases histology was 
said to confirm the diagnosis of 
classical late infantile NCL, and in 
22 cases (64%) details of the clini­
cal history, neurophysiology and 
histology investigation results were 
available and were known to be 
typical. In two families, the diagno­
sis of the second affected child was 
made on histological evidence only 
before the onset of symptoms.

A set of highly polymorphic mi­
crosatellite markers (heterozygosi­
ties >70%) were chosen at 20- to 
30-cM intervals across all 22 auto­
somes. Microsatellite loci were 
analysed using initial PCR amplifi­
cation and one of three methods of 
allele detection. (1) Amplification 
was carried out with the incorpora­
tion of a32P-dCTP and standard 
detection methods as described 
previously [4], (2) 64 Généthon mi­
crosatellite markers were typed us­
ing the semi-automated method 
described by Vignai et al. [6]. Am­
plification and blotting of microsa­
tellites was carried out at the Géné­
thon laboratories and detection 
was carried out in London. Detec­
tion was by hybridisation with eith­
er y32 P-d ATP-labelled oligonucleo­
tides or by chemiluminescence- 
based methods using a modifica­
tion of the ECL procedure (Amers- 
ham). (3) Fluorescently labelled 
primers with an average spacing 
of 10-20 cM were chosen from 
the chromosome-specific sets de­
scribed by Reed et al. [7] and used 
for further marker typing using an 
ABI 373A automated sequencer. 
Pairwise lod scores were calculated 
between the disease locus CLN2 
and each marker locus using the 
MLINK option of LINKAGE [8].

The neuronal ceroid lipofusci­
noses (NCLs) are a group of neu- 
rodegenerative disorders charac­
terised by the accumulation of ce­
roid- and lipofuscin-like material 
in neurons and other cell types. 
There are at least four childhood 
types, each displaying autosomal 
recessive inheritance; infantile 
(MIM 256730, Haltia-Santavuori 
disease, locus CLN1), classical late- 
infantile (MIM 204500, Jansky- 
Bielschowsky disease, locus 
CLN2), Finnish-variant late-in­
fantile (MIM 256731, variant 
Jansky-Bielschowsky disease, locus 
CLN5), and juvenile (MIM 
204200, Batten’s disease, locus 
CLN3) NCL. The major clinical 
features include seizures and visual 
failure, with progressive mental 
and motor deterioration. Treat­
ment is symptomatic and the un-
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Table 1. Mapping results for
Number of cM excluded 
loci tested

Chromosomal Maximum 
probability likelihood

Chromo­
some

CLN2

170 0.01 1.10141
3.69 1.076 552

90 0.34 1.013 9
7.29 1.123 144

24.39 117.161245 15
105 0.54 1.056 8

0.18 24.7716 1307
82 0.00 0.997

60.16 17.618 289
50 0.15 2.25910

162 0.00 2.281511
0.24 8.2212 10212

6 40 0.82 1.7513
53 0.63 1.59714
57 0.75 3.06615

0.00 1.338 11116
80 0.00 2.10717

0.01 7.396618 7
40 0.15 0.5119 4
40 0.02 0.4120 2

0.56 0.522 2021
45 0.05 0.2222 2

edged: The Wellcome Trust, Medi­
cal Research Council (UK), Na­
tional Institutes of Health, The Re­
search Trust for Metabolic Dis­
eases in Childhood, Action Re­
search, The Sigrid Juselius Foun­
dation, The Academy of Finland, 
and the Child Brain Disease Foun­
dation. We also thank Professors 
Pirkko Santavuori and Brian Lake 
for their clinical advice and Mr. 
Keith Parker for invaluable techni­
cal assistance with the ABI se­
quencer. Thanks go to Professor 
John Edwards for providing the 
EXCLUDE program and to Dr. 
Alan Young for providing the GAS 
computer program. We are also 
grateful to June Davies and John 
Todd for advice in the use of fluo- 
rescently labelled microsatellites.

est regions which have not yet been 
excluded, and that chromosomes 1, 
5, 7, 8, 11, 12, 16, 17 and 22 have 
been almost entirely excluded. 
Chromosomes 5 and 9 are the most 
likely locations for CLN2 accord­
ing to EXCLUDE as they were giv­
en high chromosomal probabilities 
and maximum likelihoods.

Our future strategy will be to 
investigate the regions which are 
indicated by FASTMAP and EX­
CLUDE, in particular those chro­
mosomes which are known to be 
gene rich [11,12].

Results of these calculations were 
used as input for the FASTMAP [9] 
and EXCLUDE [10] programs.

A total of 173 markers have 
been typed, none of which provides 
significant evidence for linkage 
(data not given, but can be pro­
vided on request from the authors). 
Table 1 gives the number of loci 
typed for each chromosome togeth­
er with the approximate genetic 
distance excluded using the stan­
dard criterion of Z < -2 from pair­
wise lod scores (total excluded: 
1,664 cM) and the results of EX­
CLUDE. Analysis using the sum­
mary multipoint maps of each 
chromosome produced using 
FASTMAP increases the total ge­
netic distance excluded to 
2,460 cM, and suggests that chro­
mosomes 4,9, and 13 have the larg-
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