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SUMMARY The linked polymorphic loci 5' to the insulin gene and 3' to the c-Harvey-ras-1 (c-Ha-
ras) gene, both localised to the short arm of chromosome 11, have been studied in 14 type I
diabetic pedigrees. The use of a cloned gene probe corresponding to the polymorphic locus
adjacent to the insulin gene, in combination with the restriction endonuclease PvuII, has
permitted an improvement in the resolution of sizes of insert at this locus. An MspI restriction
fragment length polymorphism at the c-Ha-ras proto-oncogene locus (4 cM upstream from the
insulin gene) was used to identify parental insulin gene related alleles unambiguously, and
subsequently a pedigree analysis was performed to determine whether subclasses of inserts at this
locus track with insulin dependent diabetes. Segregation analysis demonstrated no linkage
between the polymorphic loci 5' to the insulin gene, nor 3' to the c-Ha-ras, and type I diabetes.
However, a similar analysis confirmed an association between the HLA locus on chromosome 6
and insulin dependent diabetes.

Reiterated DNA sequences are dispersed through-
out the human genome and have been found to be
individually specific in their distribution.' One such
sequence is the polymorphic locus 5' to the insulin
gene on chromosome 1.2 The variability of this
locus is due to an insertion, 363 base pairs (bp) from
the start codon,3 of a 14 bp oligonucleotide consen-
sus sequence, repeated in tandem, to yield three
main allelic classes: a long (class 3) insert of 1600 to
2200 bp, a short (class 1) insert of 0 to 600 bp, and an
intermediate (class 2) insert rarely found in Cauca-
sians. Bell et aP' and Hitman et a15 have recently
shown an association between the class 1 insertion
and insulin dependent diabetes in Caucasians.
However, in the latter study, pedigree analysis of 17
type I diabetic families did not demonstrate linkage
between the class 1 insert and diabetes. Hitman et
a15 therefore excluded the possibility of close linkage
between the polymorphic locus and diabetes, using a
single locus recessive model. Four centiMorgans 5'
to the insulin gene is yet another hypervariable
region, located 1400 bp 3' to the c-Ha-ras-1 proto-
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oncogene.6'7 It is composed of a tandemly repeated
28 bp oligonucleotide. One difficulty encountered in
previous studies of the insulin gene hypervariable
locus has been the problem of differentiating alleles
of the same insert class. We have used two
approaches to solve this problem. The restriction
endonuclease PvuII excises the insulin gene associ-
ated polymorphic locus on a small restriction frag-
ment (approximately 800 bp for a class 1 insert and
2200 bp for a class 3 irnsert) (fig lb). This permits an
improved resolution of insert length measurement.
Because in some pedigrees it may still be difficult to
differentiate parental alleles which are of the same
subclass, we decided to use the c-Ha-ras associated
polymorphic locus as an additional allelic marker.
Although crossover events may be expected to occur
between the two polymorphic loci (four out of 100
meioses), such recombinants would be apparent
from the non-Mendelian inheritance of alleles with-
in pedigrees. We have applied these techniques to
the study of 14 insulin dependent diabetic pedigrees,
in an attempt to discover if subclasses of insulin gene
polymorphic inserts track with diabetes. Previous
workers have suggested that an inability to differ-
entiate insert subclasses may explain the paradox of
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FIG 1 (a) A representative autoradiogram ofa Southern blot containing DNA digested with PvuII and hybridised to a
probe complementary to the hypervariable region 5' to the insulin gene. Fragment sizes are indicated in kilobase pairs
(kbp). Genotypes are also indicated below each lane. (b) A simplified gene map of the c-Ha-ras-J and insulin gene loci on
I lp. B, M, and P indicate the cleavage sites for the enzymes BamHl, Mspl, and PvuIl respectively. The hatched regions
represent the areas corresponding to the gene probes used. The solid blocks are the coding regions. (c) A representative
autoradiogram ofa Southern blot containing DNA digested with MspI and hybridised to a probe complementary to the
c-Ha-ras gene. Fragment sizes are indicated in kbp.
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disease association between the class 1 insertion and
insulin dependent diabetes in populations, but no
close linkage in pedigree studies.
There is no evidence at present that the size of the

insert at the polymorphic locus affects expression of
the insulin gene,8 and it has been suggested that the
disease association between type I diabetes and the
class 1 insert may be because it is in linkage
disequilibrium with a diabetogenic locus lying 3' or
5' to it. The c-Ha-ras probe therefore provides a
means of investigating loci upstream (in a 5'
direction) from the insulin gene.

Methods

PEDIGREE STUDY
Fourteen families (fig 2) were assembled, all from
the Bart's-Windsor study, and comprised a total of
27 type I diabetics (14 female, 13 male, mean age
26-3±13-0 years, range 13 to 50 years), 38 non-

diabetics (18 female, 20 male, mean age 35-5±16&7
years, range 13 to 58 years), and one person with
non-insulin dependent diabetes. The mean age of
onset of diabetes in the affected subjects was
14-1±11P3 years (range 2-5 to 53 years) and at least
one of the affected persons from each pedigree had
circulating islet cell antibodies around the time of
onset of their clinical symptoms, which included
acute onset of weight loss, polyuria, and polydipsia
associated with a fasting hyperglycaemia (blood
glucose >7-0 mmol/l measured by a glucose
oxidase method) and requiring insulin therapy.

PREVALENCE STUDY
Forty-four unrelated subjects (21 female, 23 male,
mean age 28-7±17-0 years) with type I diabetes
mellitus (mean age of onset 12 8±9-9 years) were
obtained from the outpatients department of St
Bartholomew's hospital or from the Bart's-Windsor
study. Controls (20 male, 17 female, mean age
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FIG 2 Fourteen insulin dependent diabetic pedigrees. Letters (a, b, c, d) indicate different insulinilc-Ha-ras haplotypes and
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44*2±9*6 years) were obtained from a health
screening centre; none had a family history of
diabetes mellitus and overt diabetes was excluded by
measuring a fasting blood glucose (fasting blood
glucose <6-0 mmol/l).

DNA ANALYSIS
DNA was obtained from 10 ml of whole blood and
anticoagulated with 1 mg/ml disodium EDTA,
essentially using the method of Kunkel et al.9 Red
cells were lysed with a sucrose buffer (0.32 mmol/l
sucrose, 5 mmolIl MgCl2, 1% Triton-X-100, 10
mmolI Tris, pH 7-5). Leucocyte nuclei were pel-
leted by centrifuging at 10 000 g for 10 minutes at
4°C, resuspended in 4-5 ml saline-EDTA (75 mmol/l
NaCl, 24 mmol/l EDTA, pH 8.0), lysed with sodium
dodecyl sulphate (SDS) (17 mmol/l), and treated
with proteinase K (200 [ig/ml) (Sigma Chemicals, St
Louis, USA). After incubation for 16 hours at 37°C,
the DNA containing solution was extracted once
with 5 ml Tris buffered phenol (pH 8-0) and twice
with 10 ml chloroform-iso-octanol (24:1 v/v). The
phases were separated by centrifuging at 10 000 g
for 10 minutes at 10°C, the aqueous phase being
recovered at each step. DNA was then precipitated
by adding 0-5 ml sodium acetate (3 mol/l, pH 5-0)
and 11 ml absolute ethanol at room temperature.
The precipitated DNA was recovered and dissolved
in Tris-EDTA buffer (10 mmol/l Tris, 1 mmol/l
EDTA, pH 7.5). DNA 8 ,ug was digested with the
restriction enzymes MspI or PvuII in accordance
with the manufacturer's (BRL Ltd, Cambridge,
UK) instructions. The restricted fragments were
electrophoresed on a 1-2% agarose gel, transferred
to a nitrocellulose sheet (Schleicher and Schull)
using the technique of Southern,'0 and then baked
for three hours at 80°C. The filters were then placed
into a hybridisation buffer (0-75 mol/l NaCl, 75
mmol/l sodium citrate, 50 ig/ml sheared herring
sperm DNA, Denhardt's solution, 3-5 mmol/l SDS,
5% dextran sulphate (Pharmacia)) with a 32p labelled
plasmid, containing either the entire c-Ha-ras-1
proto-oncogene sequence (including 3' and 5' flank-
ing regions)6 or the polymorphic locus 5' to the
insulin gene (Phins 310)" at 65°C for 48 hours. The
filters were then washed once for 30 minutes in each
of the following solutions at 65°C: (1) 0-54 molIl
NaCl, 45 mmolUl sodium citrate (3 x SSC), pH 7-5,
Denhardt's, 3-5 mmol/l SDS; (2) 1 x SSC, 3-5
mmol/l SDS; and (3) 01 x SSC, 3-5 mmol/l SDS.
Hybridisation bands were then visualised by auto-
radiography at -70°C using Kodak CURIX MR4 x-
ray film with X-ograph speed X intensifying screens.
Band sizes were determined by running HindlIl
fragments of lambda phage and HaeII fragments of
PhiX phage (BRL) with each batch of DNA digests.
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HLA TYPING
This was performed as previously described5 using
lymphocytes isolated from 20 ml citrated blood and
a two colour fluorescent technique.

STATISTICAL ANALYSIS
An unpaired t test was used to compare mean allelic
sizes of the hypervariable loci of insulin and c-Ha-
ras genes. Allelic frequencies for the insulin locus
were compared by calculating the absolute fre-
quency of class 1 and class 3 alleles within each
group, constructing a 2 x 2 contingency table, and
applying a %2 test. The distribution of haplotypes
within the pedigrees was compared by combining
relevant cells into a 2 x 2 contingency table and
applying Fisher's exact test.

Results

Autoradiography of a Southern blot containing
DNA digested with the restriction enzyme PvuII
and hybridised to Phins 310, labelled with 32p,
resulted in hybridisation fragments of about 800 bp
for a class 1 insertion and about 2200 bp for a class 3
insertion (fig la). About 50% of the parents of the
pedigrees were unambiguously heterozygous at this
locus. However, it was not possible to differentiate
class 1 inserts that differed in size by less than about
50 bp.

Autoradiography of Southern blots containing
DNA digested with the restriction enzyme MspI and
hybridisation to a genomic DNA probe for c-Ha-ras-
1, labelled with 32P, resulted in hybridisation frag-
ments of very variable size. In the pedigrees we

investigated, fragments between 900 and 3300 bp
were obtained (fig lc). MspI cleaves the c-Ha-ras
locus at a number of sites (fig lb), resulting in the
generation of many small fragments. Most of these
are not detectable, but the fragment containing the
polymorphic locus is sufficiently large to give a

hybridisation signal.

Haplotypes, comprising the alleles at the hyper-
variable insulin and c-Ha-ras loci, could thus be
defined for each subject. These haplotypes were
assigned letters (a, b, c, d) for simplicity (fig 2), but
represent different combinations of alleles for each
family.
Segregation analysis of the pedigrees revealed

that, within a particular family, subjects haplo-
identical to the diabetic proband on both their
homologous chromosomes had a 4/13 (31%) chance
of also having diabetes, whereas if they were
haplo-identical to the proband on one chromosome,
or non-haplo-identical, their chance of diabetes was
9/38 (33%). This difference, however, failed to
reach statistical significance. Similarly, subjects who
were haplo-identical to the diabetic proband on one
or both chromosomes had a 12/48 (25%) chance of
diabetes, whereas 1/3 (33%) of subjects who shared
no common haplotype with the proband had dia-
betes (table 1). These data suggest that the
inheritance of type I diabetes mellitus is not strongly
related to the insulin-c-Ha-ras locus.
A similar analysis was performed for the HLA

locus on chromosome 6 (table 2). It was found, in
contrast, that a significantly greater proportion of
first degree relatives who were HLA identical to the
diabetic proband were also diabetic (6/8), compared
with those who were HLA non-identical (7/48)
(p<O.OOl).
The inheritance of the insulin-c-Ha-ras haplotypes

were found to be Mendelian in all cases and no
recombinational events were detected in the pedi-
grees examined in this study, confirming the close
linkage between the insulin gene and c-Ha-ras loci.
The mean size of the class 1 insulin gene related

polymorphic insert was 810±62 bp for the affected
family members and 790±55 bp in the unaffected
subjects (p> 0-05) (fig 3). Similarly, there was no
significant difference in the mean size of the insert at
the c-Ha-ras related polymorphic locus (affected
1320±510 bp, unaffected 1360±520 bp).

TABLE 2 Number of affected and unaffected relatives who possess shared haplotypes compared with probands of 14 type I
diabetic pedigrees.

Number of /hotnotlogos chromosomes Itnsl-Ha-ras locus (chrotnosome 11) HLA (DR) locus (chromosome 6)
at which haplo-identical to probatid

Diabetic Non-diabetic Diabetic Non-diabetic

No No No No

Neither 2 1) 7
One chromosome 8 27 7 34
Both chromosomes 4 9 6 2

T'h e-Ha-ras alleles were used to identify insulini gene related alleles unambiguously. Subjects HLA haplo-identical on both homologous chromosomes
(chromosomes 6) were defined ais HLA identical, other subjects as HLA non-identical. Similarly, subjects ins/c-Ha-ras identical on both homologous
chromosomes (chromosomes 11) were defined as ins-C-Ha-ras identical and others as c-Ha-ras non-identical. 2 x 2 contingency tables were constructed.
cotitiiiiting numbxrs of faimily mnembcrs who were diatbetic or unatffected. either HL.A identicaIl or non-identical. or ins/c-Ha-ras identical or non-identical.
A Fishier's exact tcst wais thcni applied. p<()X(X)l and p> 005 respectiveiv.
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FIG 3 A histogram showing the distribution ofsizes of class
I insert 5' to the insulin gene in diabetic and non-diabetic
subjects of14 diabetic pedigrees.

Analysis of the population data showed no signifi-
cant difference between the size of the class 1
insert in type I diabetics (mean 789±67 bp) com-
pared to normal controls (mean 791±78 bp,
p>0-05). However, we confirmed the finding of
previous studies that the class 1 insert is more
prevalent in type I diabetics compared with Cauca-
sian controls, comparing allelic frequencies in a 2 x
2 contingency table and applying a x2test (p<005).

Discussion

One difficulty encountered by Hitman et at5 has
been overcome by using a combination of gene
probes in order to track the inheritance of hyper-
variable insulin alleles through pedigrees. The abil-
ity to differentiate these alleles, even though they
may be of the same subclass, has permitted the
inclusion in our analysis of families that were
initially uninformative in Hitman's study. The in-
ability to distinguish between subclasses of insulin
allele has previously been cited as a reason for the
discrepancy between the results of population and
pedigree studies. However, using a more refined
technique, we have found no difference between the
distribution of insert sizes in type I diabetics
compared to non-diabetics, either within pedigrees

or populations. Analysis of the c-Ha-ras locus in the
pedigrees suggests that if a diabetogenic locus exists
on the short arm of chromosome 11, it is probably
not 5' to the insulin gene.

Segregation analysis of the pedigrees showed that
irrespective of whether a person shared the same
insulin-c-Ha-ras haplotype as an affected family
member, the chance of him also being diabetic was
still about 1/4, suggesting that if the polymorphic
locus of the insulin gene is involved in the genesis of
type I diabetes, it is probably a minor component.
There is strong evidence that type I diabetes is either
a bigenic or polygenic disease. Chromosome 6
markers have been strongly implicated in the
aetiology of the disease" and the HLA locus should
also be considered. A segregation analysis consider-
ing this locus showed that persons who were HLA
identical to the diabetic proband were more likely to
be diabetic than if they were HLA non-identical.
Our data therefore suggest that the HLA locus is of
greater importance to the inheritance of type I
diabetes mellitus than the chromosome 11 short arm
markers.
The paradox of disease association between the

class 1 insert and type I diabetes in prevalence
studies, but no close linkage between this locus and
inheritance of diabetes mellitus in families, still
requires explanation. A polygenic model of inheri-
tance may account for these findings. If such a
model is correct, it may be possible that in the
pedigrees we have analysed the genetic contribution
from loci other than the polymorphic insulin locus is
of more importance. A class 1 insertion may be
sufficient to cause diabetes in combination with
other genetic and environmental factors, but it may
not be a necessary factor in all cases.
The use of linked hypervariable loci provides a

powerful tool for identifying and tracking the
inheritance of certain segments of chromosomes in
pedigrees. The present study suggests that the
insulin gene polymorphic locus is not itself of major
importance in the aetiology of type I diabetes.
However, a similar approach may be adopted to
study the inheritance of other disease associated
loci.
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