
Non-insulin-dependent diabetes mellitus (NIDDM)
is a complex metabolic disorder with a significant ge-
netic component [1]. Obesity is a frequent complicat-
ing factor that increases the risk of diabetes. The mul-
tifactorial nature of obesity, however, makes it diffi-
cult to genetically dissect obesity and related dis-
eases; therefore, genetically obese animals are useful,
and several models of obesity have been established

in rodents. In the mouse, a number of single gene de-
fects that result in obesity have been described. Mu-
tations in one of these genes, the ob gene, result in
both obesity and NIDDM [2]. Recently, the murine
ob gene and its human homologue have been cloned.
A mutation causing a premature stop codon or the to-
tal absence of ob mRNA results in obesity in ob/ob
mice [2]. The specific role of genetic factors in the
regulation of body weight and the identity of such
factors are not well defined in humans [3, 4].

The human OB gene consists of three exons and
two introns and spans about 18 kilobase pairs (kb),
encoding a 3.5-kb mRNA [5]. Although polymor-
phisms or mutations in the human OB gene associ-
ated with obesity and/or diabetes have not yet been
identified [3, 4, 6], it is reasonable to speculate that
mutations in the OB gene could result in obesity in
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Summary The mouse ob gene and its human homo-
logue OB have recently been cloned. The mutations
in the ob gene are known to be associated with ex-
treme obesity. The relationship between the human
OB gene and disease, however, is largely unknown
due to the lack of suitable markers within or adjacent
to the OB gene. To obtain informative markers, we
searched for simple tandem repeat polymorphisms
in the genomic sequence of the human OB gene and
identified a novel tetranucleotide repeat in the
3′ flanking region. Fifteen alleles were detected in
this marker with a heterozygosity of 0.85 and poly-
morphism information content of 0.83, indicating a
highly informative nature of this marker. Two-point
linkage mapping in two Centre Etude Polymor-
phisme Humaine (CEPH) reference families sugges-
ted that this marker is located in the interval be-
tween D7S514 and D7S530, the same interval where

the OB gene is located (recombination fractions
with D7S514 and D7S530 were 0.026 and 0.034, re-
spectively). Although allele frequency distributions
of this marker did not differ between 84 control sub-
jects and 69 NIDDM patients, there was a tendency
to higher body weight in control subjects with class I/
class I genotype than in those without this genotype
(68.8 ± 11.1 vs 60.8 ± 10.3 kg, p = 0.05). The highly
polymorphic nature of this marker and its location in
the OB gene makes this marker useful for linkage
studies of the OB gene with a number of phenotypes,
such as obesity, non-insulin-dependent diabetes mel-
litus, hypertension and the insulin resistance syn-
drome. [Diabetologia (1996) 36: 1398–1401]
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humans. In fact, plasma leptin levels have been re-
ported to correlate positively with BMI and body fat
percentage in humans [7].

To examine the relationship between the OB gene
and the pathogenesis of obesity, we searched for a
polymorphic marker in the OB gene and identified a
novel microsatellite marker in the 3′ flanking region
of the human OB gene. Using this newly found mar-
ker we investigated the association of the microsatel-
lite marker polymorphism with NIDDM and obesity.

Materials and methods

We studied 153 unrelated Japanese subjects (69 with NIDDM
and 84 control subjects); informed consent was obtained from
each subject. NIDDM patients (25 females and 44 males)
were diagnosed according to the World Health Organization
criteria and were under treatment at the outpatient clinic of
the Osaka University Medical Hospital. Modes of treatment
were: insulin therapy 32 %, oral hypoglycaemic agents 46 %,
and diet alone 22 %. Control subjects consisted of 28 females
and 56 males with normal glucose tolerance.

From published genomic DNA sequences of the human OB
gene (accession number: D63708), we searched for simple tan-
dem repeats (or microsatellites). A tetranucleotide repeat
polymorphism was identified in the 3′ flanking region of the
OB gene. A set of primers was synthesized to amplify the tetra-
nucleotide repeats by the polymerase chain reaction (PCR).
Primer sequences were: HOBF, 5′-AGT TCA AAT AGA
GGT CCA AAT CA (forward primer) and HOBR, 5′-TTC
TGA GGT TGT GTC ACT GGC A (reverse primer). PCR
reactions included 100 ng genomic DNA template, 0.2 mmol/l
of each primer, 2.0 mmol/l Mg2 + , 0.8 mmol/l each dNTP, 1.5 U
Taq-polymerase (Perkin Elmer, Branchburg, N. J., USA) and
reaction buffer in a total volume of 10 ml. The PCR reactions
were performed for 35 cycles of 30 s at 94 °C, 30 s at 54 °C,
and 1 min at 72 °C, with an initial denaturation of 3 min at
94 °C and a final extension of 10 min at 72 °C. PCR products

were run in 9 % polyacrylamide gel along with pBR322 DNA-
Mspl digest (New England Biolabs, Beverly, Mass., USA) as a
molecular weight marker. Amplified products were visualized
by staining with ethidium bromide.

To confirm that the detected bands were the products of ex-
pected sequences, each allele was subcloned into pT7 vector
and the sequence of each allele was determined by ABI 373S
sequencer (Perkin Elmer, Foster City, Calif., USA).

Two reference families (1347, 1416) in the Centre Etude
Polymorphism Humaine (CEPH) linkage database were geno-
typed with this microsatellite marker. Two-point linkage analy-
sis between this marker and others in the CEPH database (ver-
sion 7) was performed using LODSCORE and MLINK pro-
grams of the LINKAGE package (version 5.1).

Statistical analysis

Results are given as mean ± SD. Differences between group
means were tested by Student’s t -test. Chi-square test or Fish-
er’s exact test was used to compare the frequencies.

Results

Overall, 15 alleles were found for this marker, with a
heterozygosity of 0.85 and a polymorphism informa-
tion content (PIC) of 0.83. Histograms of the allele
distribution suggested that the alleles were composed
of two groups with different size distribution (Fig. 1).
Alleles were therefore classified into two groups: the
shorter one (termed class I) and the longer one
(termed class II). The existence of two groups of al-
leles with distinct size distribution was confirmed by
sequencing of the respective alleles from each group.
For example, sequencing of alleles from a heterozy-
gote I-4/II-5 revealed that I–4 consists of 12 repeats
and II-5 consists of 30 repeats.

Mendelian inheritance was confirmed in the fami-
lies studied. Two-point linkage mapping in CEPH
families suggested that this marker is located in the
interval between D7S514 and D7S530, the same
interval in which the OB gene is located. The
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Fig. 1. Distribution of alleles of microsatellite polymorphism
in the OB gene in control subjects



recombination fraction between D7S514 and the
marker was 0.026 with a logarithm of odds (LOD)
score of 9.43. The recombination fraction between
D7S530 and the marker was 0.034 with LOD score
of 6.84.

Allele frequency of OB allele in control and NIDDM
patients: The allele frequency distribution was similar
in the control subjects and NIDDM patients (Ta-
ble 1). Because of the well-known contribution of
the ob gene to obesity, control subjects and NIDDM
patients were divided into two groups according to
their BMI so that each group contained the same
number of subjects (lower BMI and higher BMI
groups). In control subjects, the frequency of I–4 al-
lele and class I alleles was slightly, but not signifi-
cantly, higher in the higher BMI group than in the
lower BMI group (I–4 allele: 15.5 vs 7.1%, odds ratio
2.4, p = 0.07; class I alleles: 32.1 vs 20.2%, odds ratio
1.9, p = 0.07, Table 1). When the subjects were di-
vided into non-obese (n = 148) and obese (n = 20)
groups according to the criteria of the National Dia-
betes Data Group, the frequency of class I alleles
was slightly, but not significantly, higher in the obese
group than in the non-obese group (35 vs 25%).

To examine the relationship between clinical char-
acteristics of the subjects and genotypes of the OB
gene, subjects were divided into three groups accord-
ing to their genotype: class I/class I, class I/class II,
class II/class II. In the control subjects, there was a
tendency for higher body weight and BMI in subjects
with class I/class I genotype than in those without this
genotype (body weight: 68.8 ± 11.1 vs 60.8 ± 10.3 kg,
p = 0.05; BMI: 24.0 ± 3.3 vs 22.2 ± 2.7 kg/m2,

p = 0.09). No significant differences were observed
in fasting plasma glucose, HbA1c, age-at-onset of dia-
betes, or BMI in NIDDM patients with different ge-
notypes (data not shown).

Discussion

Obesity is one of the major risk factors for a number
of chronic diseases including NIDDM, hypertension,
and ischaemic heart disease. Recently, the murine ob
gene and the human homologue, OB, were cloned
and characterized [2]. Mutation in the ob gene results
in severe obesity in ob/ob mice [2]. While no muta-
tions have yet been reported in the coding region of
the human OB gene, Karine et al. [8] genotyped sib-
lings in 78 families at markers flanking the human
OB gene and demonstrated that some individuals
with extreme obesity (BMIL 40 kg/m2) had an al-
lelic variant of the OB gene, suggesting that variation
in the OB gene may be one cause of genetically deter-
mined obesity in human populations. Clement et al.
[9] genotyped eight microsatellite markers spanning
the OB gene region in obese French families and re-
ported evidence suggestive of linkage of obesity with
three markers located about 2 cM from the OB
gene. These data suggest that the OB gene is a candi-
date for genetic predisposition to obesity in a subset
of families. Lack of informative markers within or ad-
jacent to the OB gene, however, has hampered fur-
ther analysis. To obtain such markers, we searched
for genomic sequences of the OB gene and identified
a microsatellite composed of tetranucleotide repeats
157 bp downstream of the end of the last exon of the
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Table 1. Distribution of OB alleles in subgroups of control subjects and NIDDM patients divided by BMI

Alleles (n)

Control subjects NIDDM patients

lower BMI
84

higher BMI
84

Total lower BMI
70

higher BMI
68

Total

class I
I-1 [121bp] 0 (0.0) 3 (3.6) 3 (1.8) 0 (0.0) 0 (0.0) 0 (0.0)
I-2 [125bp] 1 (1.2) 4 (4.8) 5 (3.0) 1 (1.4) 0 (0.0) 1 (0.7)
I-3 [129bp] 2 (2.4) 0 (0.0) 2 (1.2) 2 (2.9) 2 (2.9) 4 (2.9)
I-4 [133bp] 6 (7.1) 13 (15.4) 19 (11.3) 11 (15.7) 9 (13.2) 20 (14.5)
I-5 [137bp] 6 (7.1) 5 (6.0) 11 (6.5) 7 (10.0) 6 (8.8) 13 (9.4)
I-6 [141bp] 2 (2.4) 1 (1.2) 3 (1.8) 1 (1.4) 1 (1.5) 2 (1.5)
I-7 [145bp] 0 (0.0) 1 (1.2) 1 (0.6) 0 (0.0) 1 (1.5) 1 (0.7)

class II
II-1 [197bp] 1 (1.2) 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)
II-2 [201bp] 4 (4.8) 1 (1.2) 5 (3.0) 4 (5.7) 1 (1.5) 5 (3.6)
II-3 [205bp] 9 (10.7) 8 (9.5) 17 (10.1) 6 (8.6) 8 (11.8) 14 (10.2)
II-4 [209bp] 25 (29.8) 19 (22.6) 44 (26.2) 18 (25.8) 19 (27.9) 37 (26.8)
II-5 [213bp] 19 (22.6) 16 (19.0) 35 (20.8) 15 (21.4) 14 (20.6) 29 (21.0)
II-6 [217bp] 6 (7.1) 10 (11.9) 16 (9.5) 4 (5.7) 5 (7.4) 9 (6.5)
II-7 [221bp] 3 (3.6) 3 (3.6) 6 (3.6) 1 (1.4) 0 (0.0) 1 (0.7)
II-8 [225bp] 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.9) 2 (1.5)

class I total 17 (20.2) 27 (32.2) 44 (26.2) 22 (31.4) 19 (27.9) 41 (29.7)
class II total 67 (79.8) 57 (67.8) 124 (73.8) 48 (68.6) 49 (72.1) 97 (70.3)

Data are number of alleles with (%)



OB gene. PCR analysis of the microsatellite revealed
that this marker is highly polymorphic and informa-
tive with a heterozygosity of 0.85 and a PIC of 0.83.

Using the newly identified microsatellite marker,
we analysed the association of the OB polymorphism
with NIDDM and obesity. No significant difference
in the distribution of alleles and genotypes was found
between NIDDM patients and control subjects. In
control subjects, however, the frequency of class I al-
lele was higher in the higher BMI group than in the
lower BMI group, although the difference did not
reach statistical significance (odds ratio 1.9,
p = 0.07). Furthermore, there was a tendency for
higher body weight in subjects with class I/class I
genotype than in those without this genotype
(68.8 ± 11.1 vs 60.8 ± 10.3 kg, p = 0.05), suggesting
that class I alleles may be associated with higher
body weight. Recent reports in Caucasians suggest
that extreme obesity may be linked to markers flank-
ing the human OB gene [8, 9]. Due to the low fre-
quency of extreme obesity in the Japanese, we could
not study its association with the new marker. Since
the microsatellite marker we identified is much closer
than the markers used in previous reports, it will pro-
vide a powerful and useful tool for genetic linkage
and association studies between the OB gene and a
number of phenotypes such as obesity, NIDDM, hy-
pertension and the insulin resistance syndrome in dif-
ferent ethnic groups.

One of the unique characteristics of this microsat-
ellite is the allele size distribution with two distinct
size classes (Fig. 1). Two classes of alleles have also
been observed in French subjects from CEPH refer-
ence families, suggesting that both exist in both Japa-
nese and Caucasian populations. Studies of allele dis-
tributions in different ethnic groups will clarify the
evolution of the OB gene region as well as the rela-
tive contribution of different classes of alleles to a
number of phenotypes, including diabetes, obesity
and the insulin resistance syndrome. The existence
of different size classes of alleles has been reported
for a variable number of tandem repeat (VNTR)
polymorphism 5′ to the insulin gene (INS VNTR)
[10] and triplet repeat polymorphisms in genes re-
sponsible for several genetic diseases, such as myo-
tonic dystrophy. A difference in the size classes of
the INS VNTR was reported to affect the transcrip-
tion of the insulin gene [10]. The existence of differ-
ent size classes of alleles, together with its location in

the 3′ flanking region of the OB gene, suggest that
this polymorphism may directly affect the expression
of the OB gene. We are currently studying the rela-
tionship between serum leptin level and the OB ge-
notypes.

In conclusion, we have identified a highly poly-
morphic tetranucleotide repeat polymorphism in the
3′ flanking region of the OB gene. This marker will
be useful in future genetic studies on the linkage and
association of the human OB gene with a number of
phenotypes such as obesity and NIDDM.
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