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Linkage of the TG and PLAT loci to each other
can be excluded up to a recombination fraction of
0-005. These relatively small recombination frac-
tions are converted into essentially equal genetic
map distances by applying any of the commonly
used mapping functions that allow for interference.
The smaller range of exclusion associated with both
linkage tests involving the PLAT marker is attribut-
able to the smaller sample of subjects at this locus
and the occurrence of fewer informative heterozy-
gotes among those subjects sampled.

Discussion

The results of this linkage study exclude a significant
portion of chromosome 8 as the potential site of the
NF locus. Since the entire human genoine consists of
about 3300 cM of map distance,t and since chromo-
some 8 is an average size chromosome, we estimate
that chromosome 8 spans about 150 cM of map
distance. If the TG locus is actually located very
close to the telomere in 8q24, we can only exclude
linkage to NF in one direction. However, if it is
located more proximally, our data would permit
exclusion of 21 cM on either side of this locus. Since
the PLAT marker excludes linkage in both direc-
tions, the combination of these DNA markers
excludes between 29 to 50 cM (20 to 30%) of
chromosome 8. The application of additional
chromosome 8 markers to this NF pedigree is
therefore necessary to exclude this chromosome
fully as a potential location for the NF gene.

S R Diehl et al
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Further exclusion data for the Von Recklinghausen
neurofibromatosis gene: a genetic linkage study of 19 polymorphic
markers
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SUMMARY Linkage analysis on a panel of 15
Von Recklinghausen neurofibromatosis
(VRNF) families with 19 polymorphic markers
was carried out using the computer programme
M-Link. Our findings have excluded VRNF
from a significant proportion of the genome.
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Von Recklinghausen neurofibromatosis (VRNF) is
one of the commonest autosomal dominant dis-
orders in man with a prevalence of at least
20/100 000' of the population. The mapping of the
VRNF gene will be an important step towards our
eventual understanding of the pathogenesis of the
disease and a closely linked marker would be
immediately applicable in prenatal diagnosis where
appropriate.
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Further exclusion data for the Von Recklinghausen neurofibromatosis gene

Our initial studies2 excluded the possibility of
linkage between VRNF and myotonic dystrophy.
The exclusion of linkage between fi nerve growth
factor and VRNF3 discounted the most obvious
candidate gene. In continuing our linkage studies,
we have chosen systematically to exclude the gene

from given chromosomes using highly polymorphic
DNA probes available in our laboratory and from
various colleagues. We report here analysis of the
first 15 DNA polymorphisms tested and four en-

zyme polymorphisms, the segregation of three of
which had not been previously analysed in VRNF
families.

Materials and methods

Our family data base has been extended' and now
comprises 15 families with 88 affected subjects and
71 unaffected relatives. For the purpose of linkage
analysis, there are 112 potentially informative
meioses (50 phase known). The families have all
been personally examined (by SMH) and the
following criteria were used for diagnosis. (1) In
children, an affected parent and six or more cafe au
lait spots >1-5 cm in diameter (>0-5 cm in children
under five years). (2) In adults, six or more cafe au

lait spots and multiple peripheral neurofibromas.
Several of the older family members had only one or
two cafe au lait spots but the diagnosis was accepted
because of their very numerous neurofibromas.
Venous blood samples were collected into EDTA

for DNA extraction. Five of the largest families

have also given samples so that lymphoblastoid cell
lines could be established (courtesy of Dr J Gusella).
Family members were typed by Southern blot

analysis of the RFLPs identified by the DNA probes
listed in the table and the enzyme polymorphisms
were typed by the MRC Human Biochemical
Genetics Unit in London.
Linkage analysis was performed using the compu-

ter programme M-link4 and penetrance assumed to
be complete for this purpose. In the case of
unaffected relatives, only those over the age of five
years were included because of the uncertainty as to
when cafe au lait spots are manifested.

Results

The table gives the physical localisation and the
results on the various genetic markers used in the
present study; the DNA probes D19S9 and C-Mos
were uninformative. The remaining 17 markers all
showed significant evidence against linkage. In no
case was there any evidence of heterogeneity when
the family results were reviewed individually.

Discussion

These results exclude VRNF from a significant
proportion of the genome. Our previously published
work on chromosome 19 has been confirmed and
extended by Pericak-Vance et al,5 so that VRNF can

now be confidently excluded from this chromosome.
Chromosome 20 is also now excluded in view of

TABLE Linkage analysis between VRNF and marker loci.

Genetic HGM8 Recombination fraction (0)
marker localisation

0-01 0-05 0-10 0-15 0 20 0-25 0 30 0-35 0 40 045

Gc 4qk12- q13 -5 07 -2 31 -1-11 -0-52 -019 -0(01 0-08 0(11 (009 0(05
MetD 7q22- q32 -2-43 -1-17 -0(58 -0-28 -0-12 -0-02 0-03 0(05 0(05 0(03
NJ3 3-2 7pter- q22 -4-79 -1.66 -0-63 -0 22 -0 07 -0-04 -0-07 -0(10 -0(10 -0(06
TG 8q24 -7-49 -3-45 -1-86 -1-05 -0-57 -0(27 -01() 0(00 0(03 0(02
HRAS1 llp15 -18 43 -8-93 -5-10 -3 07 -1-80 -096 -0-42 -0 10 0(07 0(09
ETS1 IIq23-.q24 -12-85 -5 45 -2-60 -1 22 -0 43 0-04 0 30 0-40 (137 0(22
PAH 12q21-qter -7-17 -3 16 -1 64 -0 92 -0-54 -0-33 -0 21 -0(15 -(011 -0(06
IGHG 14q32-3 -13 50 -6 80 -4-11 -2 67 -1-75 -1i13 -0 70 -0-42 -0(23 -(0 10
GM 14q32-3 -2-89 -0-96 -0-27 0-02 0 13 0-16 0-13 008 0(04 0(01
Pi 14q32-1 -7 89 -4 52 -3-10 -2-27 -1 69 -1-25 -0 91 -0 63 -0(41 -0(20

a globin 16pter--pl2 -4-49 -1-93 -0-74 -0-17 0-12 0-25 0-27 0 23 0(16 0-07
APRT 16q22 -7.93 -3-79 -2-14 -1 27 -0-74 -0 39 -0 17 -0(05 0(02 0(03
D20S6 20p -7-66 -3-78 -1 93 -1.01 -0-49 -0 21 -006 -0-01 (1)( ((0
D20S5 20pl2 -6-79 -2-75 -1 20 -0-47 -0-09 0 09 0-15 0-13 0(08 0(03
D20S4 20q13 2 -10-44 -5 12 -3 03 -1-93 -1-26 -0-82 -0 53 -0.33 -0 19 -0(09
IGLV 22ql1 q1--q 2 -15 82 -7-56 -4 13 -2-37 -1-33 -0-69 -0 31 -0.10 -0-02 00
C6 Unassigned -8-00 -3-97 -2-35 -1.49 -0-95 -0-58 -0-34 -0-17 -0-08 -0(02
D19S9 19cen--qI32 Uninformative
C-Mos 8ql1-.q22 Uninformative
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Meena Upadhyaya, Mansoor Sarfarazi, Susan M Huson, and Peter S Harper

its small size and the negative data for the three
RFLPs reported here, two of which have been
localised to 20p and one to 20q. Negative linkage
between VRNF and the IGLC locus on the long arm
of chromosome 22 is interesting in view of the recent
wor.k of Seizinger et al6 which suggests that the locus
for bilateral acoustic neurofibromatosis (BANF)
may be in this region.
Our negative results, taken with the previously

published negative results of linkage analysis be-
tween VRNF and the locus SIS (22q12-> 13), suggest
that VRNF and BANF are genetically as well as
phenotypically distinct.
The negative linkage between VRNF and the

chromosome 16 DNA markers, a globin and APRT,
is in agreement with the previously published data8
on protein markers PGP (16pter-pl2) and Hp
(16q22).
Although the VRNF gene has not been localised,

the combined data have already excluded significant
areas of the genome and illustrate the value of
collaborative studies to maximise information. In
future, one needs to concentrate on the genomic
regions which have not been studied. Pooling of
data will also allow the detection of possible genetic
heterogeneity in VRNF.

Localisation of the VRNF gene to a specific
chromosome will be a significant advance towards
isolation of the gene. Closely linked markers will not
only be useful for assessing the status of the subject
at risk for the disease but will also be able to provide
prenatal diagnosis for at least a proportion of those
families who request this.

We are grateful to the families and to the neurofib-
romatosis patients' association, LINK, for their help
with this study; to the staff of the MRC Human

Biochemical Genetics Unit for Gc, GM, Pi, and C6
typing; and to Miss Sharon Horne for secretarial
assistance. We would like to thank Peter O'Connell
for the gift of probe MetD, Francisco Ramirez for
NJ3 3-2, G Van Ommen fe- TG, Graham Carter for
HRAS1 and C-Mos, Smita Kittur for ETS1, Savio
Woo for PAH, Diane Wilson Cox for IGHG, John
Old for a globin, P J Stambrook for APRT, Duncan
Shaw for D20S6 and D19S9, Linda Meredith for
D20S5, Paul Goodfellow for D20S4, and Jean-
Claude Kaplan for IGLV. We are grateful to G
Wolak for plotting the pedigrees.
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A genomic search for linkage of neurofibromatosis to RFLPs
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SUMMARY Our initial attempt to map NF was linkage in previous reports. This analysis
directed towards chromosomes 4 and 19, both showed no evidence in support of either
of which had provided positive evidence for hypothesis. Our second attempt at mapping
Received for publication 17 March 1987. NF was a general search of the genome,
Accepted for publication 23 March 1987. analysing a set of markers selected according to
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