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Summary

Affected-sib-pair analyses were performed using 104
Caucasian families to map genes that predispose to insu-
lin-dependent diabetes mellitus (IDDM). We have ob-
tained linkage evidence for D6S446(maximum lod score
[MLS] = 2.8) and for D6S264 (MLS = 2.0) on 6q25-
q27. Together with a previously reported data set, link-
age can be firmly established (MLS = 3.4 for D6S264),
and the disease locus has been designated IDDM8. With
analysis of independent families, we confirmed linkage
evidence for the previously identified IDDM3 (15q) and
DDM7 (2q). We also typed additional markers in the
regions containing IDDM3, IDDM4, IDDM5, and
IDDM8. Preliminary linkage evidence for a novel region
on chromosome 4q (D4S1566) has been found in 47
Florida families (P < .03). We also found evidence of
linkage for two regions previously identified as potential
linkages in the Florida subset: D3S1303 on 3q (P < .04)
and D7S486 on 7q (P < .03). We could not confirm
linkage with eight other regions (D1S191, D1S412,
D4S1604, D8S264, D8S556, D1OS193, D13S158, and
D18S64) previously identified as potential linkages.

Introduction

Insulin-dependent diabetes mellitus (IDDM) is an auto-
immune disease with immunologically mediated de-
struction of the insulin-producing beta cells within the
pancreatic islets. As an etiologically and genetically het-
erogeneous disease, the expression of the IDDM pheno-
type is influenced by a number of susceptibility genes as
well as by environmental factors. The HLA class II re-
gion (sometimes referred to as IDDM1) actually con-
tains several genes that are involved in IDDM suscepti-
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bility (Todd et al. 1987; Thorsby and Ronningen 1992;
Caillat-Zucman et al. 1993; Deng et al. 1995). IDDM2,
located on chromosome 11qlS.5 in the insulin gene
(INS) region, was initially identified by case-control,
then confirmed by intrafamilial, association studies and
affected-sib-pair (ASP) analysis (Julier et al. 1991; Bain
et al. 1992; Lucassen et al. 1993; Owerbach and Gabbay
1994; She et al. 1994; Bennett et al. 1995).

Genetic contribution to a disease can be evaluated by
the degree of familial clustering of a disease estimated
by X, the ratio of the risk for siblings of patients to
the population prevalence (Risch 1987). While the HLA
class II genes (X, = 3.1) are the most important suscepti-
bility factors (Davies et al. 1994; Hashimoto et al.
1994), they probably account for <50% of the total
genetic contribution to the disease (X. z 15) (Risch
1987). Further, INS (X, = 1.3) and HLA together only
explain a portion (X, = 4.0) of the familial clustering,
suggesting that other susceptibility factors must exist.
Indeed, linkage studies have suggested that ¢ 10 genes
are involved in the expression of insulitis and/or diabetes
in the nonobese diabetic (NOD) mouse (Todd et al.
1991; Ghosh et al. 1993). The number of susceptibility
genes is probably even higher in human IDDM, in light
of the ethnic and genetic heterogeneities apparent in the
disease. Recently, several groups have undertaken ge-
nome-wide linkage mapping of IDDM susceptibility
genes, using families with ASPs. A two-stage approach
has generally been used in most studies (Davies et al.
1994; Hashimoto et al. 1994). The first stage involves
an initial genome-wide screen using a subset of ASPs
and a large number of microsatellite markers, while the
second stage is used to confirm and/or replicate linkage
with additional families and markers. Such studies to
date have identified at least four more non-HLA geno-
mic regions containing IDDM genes (Davies et al. 1994;
Field et al. 1994; Hashimoto et al. 1994; Copeman et
al. 1995; Owerbach and Gabbay 1995). IDDM3 is lo-
cated in a region near D15S107 and D15S87 on chro-
mosome 15q26 (Field et al. 1994). Evidence for linkage
was suggestive in the initial data set studied and was
confirmed in the combined data set. IDDM4, located

911



Am. J. Hum. Genet. 57:911 -919, 199S

near the FGF3 locus on chromosome 1 1q13, has been
reported by three different groups (Davies et al. 1994;
Field et al. 1994; Hashimoto et al. 1994). Support of
IDDMS near ESR on chromosome 6q was found in two
of three data sets analyzed (Davies et al. 1994). Linkage
with markers on chromosome 2q was initially reported
by Davies et al. (1994), and IDDM7 was confirmed by
a linkage study (Owerbach, Gabbay 1995) and linkage
disequilibrium mapping (Copeman et al. 1995). Several
other genomic regions may also contain IDDM genes

(Davies et al. 1994; Hashimoto et al. 1994). Of these
linkages, only the one on 18q (D18S64) was found in
a second data set. Linkage to kidd blood group near

D18S64 was obtained >10 years ago (Hodge et al.
1981; Hodge et al. 1983), although a second indepen-
dent study failed to replicate the linkage (Dunsworth et
al. 1982). The other linkages have not been replicated
in additional data sets. All these studies indicated that
mapping of genes for complex diseases such as IDDM
is extremely difficult and requires several hundred ASPs
as well as a high density map of polymorphic markers
(Davies et al. 1994). The large number of genes involved
and high degree of heterogeneity of IDDM mandates
that families from many ethnic groups and/or geo-

graphic regions be studied to ensure the identification
of all regions linked to IDDM and confirmation of link-
ages that have already been reported.
We have carried out a screen for IDDM susceptibility

genes, using 100 markers and 25-104 ASP families. We
have also analyzed additional families and markers in
three regions containing IDDM3, IDDM4, and IDDMS
as well as 10 other markers previously identified as po-

tential linkages.

Families, Material and Methods

Study Families
We have obtained genomic DNA from a total of 104

United States families of Caucasian ancestry for our

mapping studies. Each family has two affected siblings;
no families with more than two affected siblings were

included in this analysis. We ascertained 47 of the fami-
lies from the southeastern United States, mostly north-
central Florida (the Florida data set). Cell lines have
been established for most of the Florida families and
have recently become available to other investigators
through the human biological data interchange (HBDI).
Forty-nine other families were obtained from the HBDI
(HBDI data set), and 8 more were kindly provided by
Dr. Richard Spielman (University of Pennsylvania).

Microsatellite-Marker Typing
Microsatellite markers were genotyped using radioac-

tive labeling of PCR primers and denaturing polyacryl-
amide gel electrophoresis. In brief, one of the PCR prim-

ers was end-labeled using y32P-ATP and T4
polynucleotide kinase. PCR amplifications were per-
formed on 40 ng of genomic DNA (prealiquoted into a
96-well microtitre plate) in 12-pl reaction volume con-
taining 50 mM KCI; 10 mM Tris-Cl; pH 8.3; 1.5 mM
MgCl2; and 60 gM of each dNTP. Samples were sub-
jected to 27-30 cycles of 30 s at 940C for denaturing,
30 s at optimum annealing temperature, and 30 s at
720C for extension, using a Perkin-Elmer-Cetus 9600
thermal cycler. After PCR amplification, 2 volumes of
sequencing loading solution (0.3% xylene cyanol, 0.3%
bromophenol blue, 10 mM EDTA, pH 8.0, and 90%
(v/v) formamide) are added. The samples are then heated
at 950C for 10 min to denature DNA and 2-4 pl were
immediately loaded onto a 6% polyacrylamide DNA
sequencing gel. Products from 3-4 different markers
with nonoverlapping allele sizes (amplified in separate
reactions) can be combined together before loading to
genotype multiple markers simultaneously. Alterna-
tively, products of the same marker (but different sam-
ples) can be loaded four times (each separated by 30-
60 min). Multiplexing of different markers or multiple
loading of products from the same marker can greatly
increase the efficiency of genotyping. Most microsatellite
primers were purchased from Research Genetics. Some
of them did not give satisfactory results. New primers
for such problematic markers were designed on the basis
of published sequences. The newly designed primers
usually give better results (primer sequences are avail-
able on request).

Data Analysis
The ASP method compares the observed identity by

descent (IBD) values with random expectations of pa-
rental alleles in ASPs. In meioses from heterozygous par-
ents, random sharing of alleles by ASPs occurs at a 50%
frequency, and in fully informative families a 1:2:1 dis-
tribution for sharing 2, 1, and 0 alleles would be ex-
pected. Parents homozygous for an allele were consid-
ered uninformative for ASP analyses. The X2 test was
used to determine the statistical significance of the excess
of gene sharing by ASPs. The X2 score was calculated
using (1 IBD - 0 IBD)2/(1 IBD + 0 IBD), with 1 df.
Correction for multiple comparisons was not per-
formed, since (1) it is not required in a follow up study
of confirmed or suspected linkages, and (2) we wished
to identify potential linkages that would then be further
studied in additional data sets. To increase the informa-
tiveness of the families, polymorphic flanking markers
were used to deduce the transmission of alleles from
homozygous parents (referred to as "haplotyping").
Markers spaced at <5 cM were used in haplotyping to
minimize the possibility of double recombinants.
The maximum lod score (MLS) statistic T was calcu-

lated according to the method of Risch (1990) by us-
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ing the following equation: T = Nj(logj0[Nu/0.5N])
+ No(logio[No/0.5N]), where N1 and No are the num-
bers of ASPs sharing 1 and 0 alleles, respectively, and
N is the total number of informative meioses (No + N1).
This MLS statistic T is not exactly the same as the MLS
reported by Davies et al. (1994).

Genome Screen for Linkage
Initially, 25-47 of the Florida families were analyzed

for 100 microsatellite markers distributed randomly
throughout the human genome. Regions showing evi-
dence of linkage in the first 25 families (IL2RB and
DlSS107), as well as candidate regions on 4q (D4S393,
D4S243, and D4S1596) syntenic to mouse chromosome
3, which contains Idd3 in the NOD mouse, and markers
on 6q (D6S31 1, D6S437, and D6S264) where the candi-
date gene SOD2 is located, were typed in an additional
22 families from Florida, 49 families from the HBDI
collection, and 8 families provided by Dr. Spielman.
While completing our analyses on these markers, the
linkages of IDDM3 (lSq), IDDM4 (llq), and IDDMS
(6q) were reported (Davies et al. 1994; Field et al. 1994;
Hashimoto et al. 1994), and preliminary evidence for
linkage, requiring confirmation, was reported for
DlS191, DlS412, D4S1604, and D8S556 in a French
data set (Hashimoto et al. 1994) and D2S326,
D3S1303, D6S264, CFTR (7q), D8S556, D10S193,
D13S158, D18S64, DXS991, and DXS999 in the U.K.
96 data set (Davies et al. 1994). As candidate regions, 10
of these markers (D1Sl91, D1S412, D4S1604, D8S556,
D2S326, D3S1303, D7S486 (close to CFTR), D1OS193,
D13S158, and D18S64) were also typed in all families.
Additional markers around IDDM3, IDDM4, and
IDDMS, and around linkages identified in our screen,
were also typed in all families.

Results

Overall Survey
Only IL2RB on 22q (P < .01) and DlSS107 on 15q

(P < .04) showed some evidence for linkage in our initial
survey of 25 ASPs. IL2RB showed no evidence for link-
age when all 104 ASPs were analyzed (table 1). The
initial result may represent type I error indicative of the
very small sample size used. DlSS107 showed linkage
in our overall data set (P < .008) (table 2) and in 31
families independent of those studied by Field et al.
(1994) (20 in the Florida data set, 3 in the HBDI data
set, and 8 provided by Dr. Spielman). Linkage in these
31 families (P < .02) thus provide additional evidence
for IDDM3 (table 1).

Linkage evidence for IDDM4 was not observed in
our independent data set (table 1), although positive
evidence was obtained in the HBDI data set (data not
shown, because of overlap of families with previous re-

ports). Evidence of linkage for IDDMS was not ob-
served in the Florida (table 1) or the HBDI (data not
shown) families. The linkage of IDDM7 was also ob-
served in our independent Florida data set (P < .02)
(table 1).
Both of our candidate gene regions gave positive re-

sults. Preliminary linkage evidence was obtained for
D4S1566 in the Florida (P < .03) and total (P < .03)
data sets, although the HBDI data were not significant
(table 1). Davies et al. (1994) found linkage with
D6S264 on 6q in one data set (U.K. 96) examined (P
< .01). We found strong evidence for linkage to D6S264
in our total data set (P = .0013), with significant linkage
in both the Florida (p < .03) and HBDI (P < .01) subsets
(table 1). Our findings thus establish linkage of D6S264,
and the disease locus is now designated IDDM8 (P.
McAlpine, personal communication; also see next sec-
tion).
Our Florida data set also showed linkage for two

markers identified as potential linkages in the only U.K.
96 data set studied by Davies et al. (1994): D3S1303 (P
< .04) and D7S486 (P < .03). The HBDI and our total
data set did not show linkage. Heterogeneity in evidence
for linkage or association was observed between data
sets by Davies et al. (1995) and Copeman et al. (1995)
in the study of IDDM4, IDDMS, and IDDM7. It is
most likely that the linkages on 3q and 7q are real, but
independent confirmation in other data sets is required.
Other markers that had previously shown evidence
for linkage in one data set (i.e., D1S191, DlS412,
D4S1604, and D8S556 [Hashimoto et al. 1994] and
D8S264, D10S193, D13S158, and D18S64 [Davies et
al. 1994]) showed no evidence for linkage in either the
Florida, HBDI, or total data sets (table 1).
Genetic Heterogeneity According to HLA-DR/DQ Status
of the Sib Pairs
To test HLA-associated heterogeneity, families were

subdivided into two groups according to HLA sharing
(identity-by-state of HLA-DR/DQ haplotypes): sib pairs
who share two identical HLA haplotypes (HLA 2) and
sib pairs who share one or zero HLA haplotype (HLA
1,0). Linkages with markers on 6q (IDDM8), 1 lq
(IDDM4), and 15q (IDDM3) were also analyzed ac-
cording to the HLA-DR types of the sib pairs (DR3/4,
DR3/non-DR4, or DR4/non-DR3). There were varia-
tions in proportions of genes shared by ASPs for most
markers analyzed here between the HLA 2 and HLA
1,0 categories (table 1) or between HLA-DR genotypes
(data not shown). However, there were no particular
trends, and none of the comparisons reached statistical
significance.
Mapping of IDDM8 on Chromosome 6q
We have analyzed 15 markers on 6q in all 104 fami-

lies, to further localize IDDM8. As shown in table 3
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Table 2

Mapping of IDDM3 on Chromosome I 5q26

Distance
Marker (cM) 1 IBD 0 IBD PGS P MLS

D15S130 ......... 0 79 70 53.0 ns .1
DlSS230 ......... 10 108 81 57.1 .050 .9
D15S533 ......... 13 113 78 59.1 .011 1.4
DlSS107 ......... 14 114 77 59.7 .0074 1.6
DlSS120 ......... 17 104 78 57.1 .054 .8
D1SS87 ......... 22 102 81 55.7 ns .5
D1SS642 ......... 31 86 72 54.8 ns .3

NoTE.-Seven markers on chromosome 15q were analyzed, and haplotyping analysis was performed to
increase the informativeness of the markers. Genetic distances from DlSS130 were taken from published
maps (Gyapay et al. 1994) for all markers except D15S533, which was mapped only to the 15q region. Its
location between D1SS230 and D1SS107 was confirmed by several recombinational events in our own data
set. Probability (P) was estimated using the x2 test. Maximum lod score (MLS) was estimated using Risch's
equation (1990). PGS = percent of gene sharing; ns = not significant.

and figure 1, the strongest evidence of linkage was ob-
tained at D6S446 after haplotyping (MLS = 2.8).
D6S264 had a MLS of 2.0 in our data set and 1.4 in
the U.K. 96 data set (Davies et al. 1994). These two
data sets together gave a MLS of 3.4 for D6S264. It is
interesting that ESR, near which IDDM5 was previously
mapped, had an MLS of only 0.9 in our data set. The
MLS for ESR was nevertheless slightly higher than those

for its flanking markers (table 3 and fig. 1). Since evi-
dence of linkage for IDDM5 had been obtained in sev-

eral data sets (Davies et al. 1994) and ESR is separated
from D6S264 by -28 cM, the 6q region appears to
contain two distinct diabetes genes. The disease locus
near D6S264 has now been designated IDDM8. Indeed,
the results obtained in the U.K. 96 data set (Davies et
al. 1994) also had distinct peaks at ESR and D6S264

Table 3

Mapping of IDDM8 on Chromosome 6q

Distance
Marker (cM) 1 IBD 0 IBD PGS P MLS

D6S311 ........ 0 88 85 50.9 ns .0
D6S476 ........ 2 101 88 53.4 ns .2
ESR ........ 4 110 82 57.3 .043 .9
D6S440 ......... 6 109 90 54.8 ns .4
D6S290 ......... 7 108 90 54.5 ns .4
D6S442 ......... 10 110 89 55.3 ns .5
D6S41S ......... 13 107 89 54.6 ns .4
D6S437 ......... 15 107 82 56.6 ns .7
D6S253 ......... 22 112 81 58.0 .026 1.1
D6S396 ......... 25 109 83 57.1 ns .8
D6S264 ......... 32 117 75 60.9 .0024 2.0
D6S297 ......... 35 113 76 59.8 .007 1.6
D6S446 ......... 41 116 68 63.1 .0004 2.8
D6S281 ......... 42 107 63 63.3 .0007 2.5
TBP ........ 43 79 48 62.2 .006 1.7

NoTE.-IBD values for all markers except D6S311 and TBP are results after haplotyping with flanking
markers listed here. The distances were taken from the published maps (Davies et al. 1994; Gyapay et al.
1994) except D6S476 and D6S396, which were mapped using our own data set. The distance between
D6S264 and D6S281 estimated from our data set is in close agreement with that calculated using the U.K.
diabetic families (Davies et al. 1994) but is 12 cM smaller than that from the other published map (Gyapay
et al. 1994). Probability (P) was estimated using the x2 test. Maximum lod score (MLS) was estimated using
Risch's equation (1990). PGS = percent of gene sharing; ns = not significant.
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Figure I Schematic presentation of the locations of IDDM3, IDDMS, and IDDM8. A, MLS for markers on 15q26 in the combined
data set (table 2), plotted against genetic distances of the markers. B, Plot, based on the data in the combined data set in table 3. A peak MLS
was observed at D6S446. ESR had only slightly higher MLS than its flanking markers. IDDM8 is probably located in the interval after D6S396,
since this marker did not show significant evidence of linkage.

and can be interpreted to support the same hypothesis.
IDDM8 may lie in the region after D6S396, since this
marker did not show evidence of linkage. The telomeric
limit of the disease gene could not be determined by
using this data set.

Analyses of IDDM3 on Chromosome 15q26 and IDDM4 on
Chromosome I I q 13
To define the location of IDDM3 on 15q26, we have

analyzed seven microsatellite markers flanking DiSS107
in all 104 sib pairs (table 2 and fig. 1). Haplotyping
with flanking markers was performed to increase the
informativeness of markers. D1SS107 showed the
strongest linkage evidence. Three other markers
(DlSS130, D1SS87, and D1SS642) showed no evidence
for linkage, even at P = .05. These results suggest that

IDDM3 is most likely located in the region surrounding
DlSS107 and probably within the 22-cM interval be-
tween DlSS130 and D1SS87.
We analyzed all 104 families with seven microsatellite

markers surrounding the FGF3 locus in order to narrow
the interval containing IDDM4. Four markers (Dl 1S1357,
D11S913, D11S1337, and D11S901) have not been stud-
ied in previous reports. Dl S11337 had the most significant
P value (.0041) among all seven markers (table 4). The
proportions of gene sharing were lower for markers on
both flanking sides of D11S1337, suggesting that IDDM4
may be located in the surrounding region of D 1S1337.

Discussion
Mapping of genes predisposing to complex disorders

such as IDDM is a difficult task. Suarez et al. (1994)

--- I I
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Table 4

Analyses of IDDM4 on Chromosome I I q

Distance
Marker (cM) 1 IBD 0 IBD PGS P MLS

D11S1357 ......... 0 89 66 57.4 ns .7
D11S913 ........... 7 104 71 59.4 .013 1.4
D11S1337 ......... 8 117 77 60.3 .0041 1.8
FGF3 ........... 13 114 84 57.5 .033 1.0
D11S1314 ......... 16 119 81 59.5 .0072 1.6
D11S916 ........... 18 119 81 59.5 .0072 1.6
D11S901 ........... 30 99 68 59.2 .020 1.3

NOTE.-PGS = percent of gene sharing; MLS = maximum lod score; and ns = not significant.

have shown by computer simulation that, if a number
of loci, each with a moderately small effect on a disease,
are implicated, then linkage will be difficult to detect
and replicate, because of heterogeneities expected be-
tween data sets within, as well as between, studies. As
shown in our own studies and in those previously pub-
lished (Davies et al. 1994; Field et al. 1994; Hashimoto
et al. 1994), the generally accepted lod score of 3 (P
< .001) for detecting linkage in monogenic diseases
could easily miss a signal in a complex disease, even with
,>100 ASPs. Therefore, we have reported any linkage
evidence with P < .05 for both confirmatory and explor-
atory reasons. In light of the large number of markers
tested, such evidence is by itself not strong. It has been
suggested that a P value of 3 x 10-5 (MLS = 3.6) is
required to confirm a true linkage in genome-wide ASP
analyses when parents are also typed (Lander and
Schork 1994). Such criteria may be difficult to achieve
in complex diseases such as IDDM because of heteroge-
neity that arise when different data sets are pooled.
Other authors have sought a P value of .001 in one data
set and then attempted to obtain further evidence (P <
.05) in other independent, additional data sets (Davies
et al. 1994). The rate of false-positive linkage is un-
known if such criteria are used; however, we believe that
less stringent criteria should be applied for the initial
establishment of linkage for complex diseases and that
more stringent criteria should then be applied to defini-
tively confirm the existence of disease genes as suggested
by Lander and Schork (1994).

Linkage evidence for IDDM8 in our American Cauca-
sian families (MLS = 2.8 for D6S446, and MLS = 2.0
for D6S264) and the weaker evidence in the U.K. 96
data set (MLS = 1.4 for D6S264) together confirm the
presence of a disease locus in the region, using the crite-
ria of Davies et al. (1994). In the combined data set of
U.K. and our U.S. families, linkage evidence for D6S264
almost reached the stringent criteria (MLS = 3.6) sug-
gested by Lander and Schork (1994). Since D6S264 is
28 cM more telomeric than ESR (IDDMS), our results

suggest that there are probably two distinct IDDM genes
on 6q (IDDMS near ESR and IDDM8 near D6S264-
D6S446). This conclusion is also supported by the U.K.
data set (Davies et al. 1994). It is worthy to note that
the percentage of genes shared by ASPs for D6S264 was
62.5% in the U.K. data set (Davies et al. 1994), which
is very similar to that observed in our USA families
(60.9%). IDDM8 (Xs = 1.8 for D6S446) can explain a
higher proportion of the familial clustering of IDDM
(i.e., higher X, value) than other non-HLA susceptibility
genes in this data set (X, = 1.4, 1.6, 1.2, and 1.3 for
IDDM3, IDDM4, IDDMS, and IDDM7, respectively).
Recently, suggestive evidence indicated that an im-
printed gene(s) on chromosome 6 may be involved in
transient neonatal diabetes mellitus (TNDM) (James et
al. 1995). This gene(s) appeared to be important for
pancreatic n-cell development. It will be interesting to
see whether this TNDM gene is identical or related to
IDDM8 or IDDMS, located on 6q.
By the criteria of Davies et al. (1994), IDDM3 can

now be confirmed as a true linkage. The P value for
linkage of IDDM3 was .001 in the combined data set
of three independent subsets (Field et al. 1994), and we
have now obtained linkage evidence in a fourth indepen-
dent data set (P < .02). Analyses using additional mark-
ers suggested that DlSS107 showed the strongest evi-
dence of linkage in this region. The percentage of gene
sharing at DlSS107 in our combined data set (59.7%)
was slightly higher than those observed by Field et al.
(1994) (53.5%-58.3%). The difference may be due to
random variation. However, the percentage of gene
sharing at DlSS107 in our Florida data set (62.7%)
appeared to be higher than that for our HBDI data set
(57.9%), which is not very different from those reported
by Field et al. (1994).

Support for IDDM4 was obtained in the U.K. 96,
U.K. 102, 25 Canadian, 133 French, 22 North African,
at least 125 other American families (with overlap be-
tween studies). Our data from the HBDI families should
not be considered as independent confirmation of link-
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age, because of overlap of families with previous reports.
Our Florida families did not provide additional evidence
of linkage for IDDM4. There was no significant evi-
dence of linkage for IDDMS from our Florida families.
These results suggested that there were strong heteroge-
neities from one data set to another. Some of these heter-
ogeneities may be due to real genetic differences, and
some are just due to random chance.
Our analyses also provided additional, independent

evidence for IDDM7 previously mapped to 2q (Davies et
al. 1994; Copeman et al. 1995; Owerbach and Gabbay
1995). The families from Florida gave a P value of .02
and thus further strengthened linkage evidence for
IDDM7. Our results provided additional, independent
evidence for two other regions (D3S1303 and D7S486);
however, the combined evidence in our data set and that
from the U.K. data set (Davies et al. 1994) was not
strong enough to confirm linkage definitively in these
two regions. Our linkage evidence for D4S1566 was
novel and warrants further study in other independent
families. Linkage evidence for eight other markers pre-
viously documented in individual data sets was observed
in neither the HBDI nor the Florida data sets of this
study. Some of these linkages may be true and others
may be false; however, these regions should still be ana-
lyzed in additional families.
IDDM is a complex disease, and it appears from this

and other recent studies that genes in five (IDDM3,
IDDM4, IDDMS, IDDM7, and IDDM8) and perhaps
more regions, in addition to IDDM1 and IDDM2, are
involved in its inherited predisposition. Well-designed
association (linkage disequilibrium) analyses using dia-
betic families, as well as ethnically matched patient and
control populations, will be important for the identifi-
cation of these genes. Their elucidation will be of great
help for the prediction of risk for IDDM and for the
design of future intervention strategies to prevent the
onset of clinical disease.
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