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LETTER 

Genomic Structure of the Human OB 
Receptor and Identification of Two Novel 

Intronic Microsatellites 
Wendy K. Chung, 1 Loraine Power-Kehoe, 1 Melvin Chua, Renata Lee, 2 

and Rudolph L. Leibel 

~Laboratory of Human Behavior and Metabolism, and 2DNA Sequencing Core, The Rockefeller University, 
New York, New York 10021 

Identification of the OB (leptin) receptor [OBR) as the gene that is defective in diabetes [Lepr db) mice and 
fatty [LeprrO rats provides an important candidate gene for the study of the genetics of human obesity. We 
defined the boundaries of the 18 coding exons for the long form of OBR, and sequenced the immediately 
adjacent intronic regions. These sequences can be used to generate reagents for genetic analysis (e.g., direct 
sequencing, single-stranded conformational polymorphism analysis, etc.) of the possible role of OBR in the 
regulation of adiposity in humans. In addition, we have identified two highly polymorphic intronic 
microsatellites that can be scored with the polymerase chain reaction. 

[The sequence data described in this paper have been submitted to GenBank under accession nos. 
U62487-U62521.] 

Obesity is a major and increasing public health 
problem. At least 25% of Americans (adults and 
children) are overweight (Anon. 1994; Kuczmar- 
ski et al. 1994). The heritability of body mass in- 
dex (BMI), a surrogate measure of obesity, has 
been estimated to be 0.77-0.84 (Stunkard et al. 
1986), and the concordance of BMI or skinfold 
thickness is as high as 74-84% in monozygotic 
twins, compared with 22-44% in dizygotic twins 
(Bodurtha et al. 1990). Although there is clearly a 
genetic basis for body fat content, the genes re- 
sponsible for determining adiposity in humans  
are not known (Bouchard and Bray 1995). 

Five autosomal obesity mutations in mice--  
obese (ob), diabetes (db), fat (fat), tubby (tub), and 
Yellow (agouti AY)--provide novel candidates 
that may play roles in the genetics of human  obe- 
sity (Leibel et al. 1995). The cloning of the recep- 
tor OBR for the obese gene product (OB or leptin) 
(OBR) (Tartaglia et al. 1995) and the demonstra- 
tion that  mutations of this receptor are respon- 
sible for the diabetes (db) phenotype in mice 
(Chen et al. 1996; Lee et al. 1996) and fatty (fa) 
phenotype in rats (Chua et al. 1996a,b; Iida et al. 
1996; Phillips et al. 1996) allow for genetic test- 

3Corresponding author. 
E-MAIL leibel@rockvax.rockefeller.edu; FAX 212-327-7150. 

ing by means of polymorphic markers located 
within the gene and by direct sequence analysis 
of OBR. 

OBR has at least five splice variants in mice 
(Lee et al. 1996). Only one of these splice variants 
contains an intracytoplasmic domain with box 
motifs for JAK-mediated signaling (Tartaglia et al. 
1995; Ghilardi et al. 1996; Lee et al. 1996). This 
splice variant with signaling potential is com- 
monly referred to as the long form of OBR. 

OBR is located on chromosome lp  in hu- 
mans (Chung et al. 1996). We have characterized 
the genomic structure of OBR and have defined 
the intronic sequence adjacent to each of the 18 
coding exons in the long form of the gene to 
provide reagents for detecting genomic sequence 
variants by either direct sequence analysis or 
other methods of muta t ion  detection such as 
single-stranded conformational  polymorphism 
(SSCP). We have also identified two polymor- 
phic, repetitive sequence markers within two in- 
trons of OBR that should be useful in either link- 
age or association studies. 

RESULTS 

The genomic structure of the OBR long splice 
variant is outlined in Figure 1. The genomic se- 
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Coding exon 

1 2 3 

Number of first nur 
174 234 564 688 

GENOMIC STRUCTURE OF THE HUMAN OB RECEPTOR 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

897 1043 1188 1479 1597 1797 1946 2106 2189 2406 2589 2685 2791 2867 

Size 
60 bp 330 bp 124 bp 209 bp 146bp145bp 291bp 118bp 200bp 149bp 160bp83bp 217bp 183bp 96bp 106bp76bp 934bp 

fa db 

Figure I Genomic structure of the long form of OBR. The number of each coding exon and the first nucleotide 
of each of these exons (according to GenBank accession no. U43168) are indicated above the schematic diagram 
of OBR with the size of each exon indicated below. The sizes of the two introns between exons 7 and 8 and 
between 11 and 12 are indicated above. The exons corresponding to those mutated in the fatty rat and diabetes 
mouse are indicated below. The transmembrane domain is located in exon 16. 

quence immediately adjacent to each of the 18 
coding exons contained within the long splice 
variant is shown in Table 1 (GenBank accession 
nos. U62487-U62521). The exact size of each in- 
tron is undetermined, except for the introns be- 
tween exons 7 and 8, and between exons 11 and 
12, which are 153 and 80 base pairs, respectively. 

Two introns were incidentally discovered to 
contain repetitive sequences. The intron between 
coding exons 1 and 2 contained a CA repeat of 
variable length (OBR-CA), and the intron be- 
tween coding exons 14 and 15 contained a com- 
plex CTTF repeat (OBR-CTIT) (Fig. 2). Primers 

A 

181 bp 

1S? bp 
t s s  

-- 135 bp 

~ 127bp 
123 bp 
119 bp 

Figure 2 Polymorphic microsatellite markers 
OBR-CA (A) and OBR-CTTT (B). Five different alleles 
(151, 155, 157, 159, 161 bp) of OBR-CA, and four 
different alleles of OBR-CITI- (119, 123, 127, 135 
bp) are demonstrated. Two alleles of OBR-CI-I-F mi- 
grate at 123 bp but can be distinguished by hetero- 
duplexes on nondenatured gels or by direct se- 
quence analysis (data not shown). 

flanking the repetitive sequences were designed 
and used to amplify the regions from 100 unre- 
lated nonobese individuals randomly selected 
from the New York City population. The hetero- 
zygosity scores for OBR-CA and OBR-CTTF were 
0.448 and 0.535, respectively. 

DISCUSSION 

Knowledge of the genomic organization of OBR 
and the intronic sequence adjacent to each of the 
coding exons for the long form of the gene will 
enable testing of the plausible hypothesis that 
allelic variation in OBR contributes to interindi- 
vidual differences in body fat stores. Addition- 
ally, the two highly polymorphic repetitive se- 
quence markers within OBR provide reagents for 
linkage and association studies that may be per- 
formed prior to mutat ion screening to determine 
whether variation at the OBR locus is likely to be 
responsible for variation in body fat in any spe- 
cific population. 

We have analyzed the genomic structure rel- 
evant to the OBR splice variant (long form) that is 
apparently responsible for leptin signal transduc- 
tion (Ghilardi et al. 1996). However, there are 
other splice variants for which the terminal cod- 
ing exon is replaced by a smaller coding exon. 
Although mutations in these other alternatively 
spliced terminal exons have not yet been associ- 
ated with genetic forms of obesity in rodents, it 
may prove necessary to analyze these alternative 
terminal exons in the future. For example, a short 
splice variant may be responsible for transport of 
leptin across the blood brain barrier (Campfield 
et al. 1995; Schwartz et al. 1996). Similarly, there 
is evidence for variability in the 5' untranslated 
region (Cioffi et al. 1996). 
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Table 2. Sequences of Nested Primer Sets Used to Define the Boundaries of Each of the 18 
Coding Exons and the Adjacent Intronic Sequence 

Location of 
intronic 
sequence Outer primer Nested primer 

5 
3 
5 
3 
5 
3 
5 
3 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 
3' 
5' 

of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 
of exon 

1 5 '-GTAACAAAACCACACAGAATTT1-FG 
1 5'-GCTATTGGACTGACI-I-FTCTTAT 
2 5 '-ATAAGTTAGAAAAGTGAGTACCACTTG 
2 5 '-AAI-I-CGAATG GACA1-FATGA 
3 5 '- CCACATAACAGATGAATAATTTTAAG 
3 5'-GAACATACAGTG CTG G CTAA 
4 5'-ACATAAGGAGAGTGTCGT 
4 5 '- GTGI-I-CATGAATGTI-GTGAAT 
5 5 '-AGACCCAG GAACTATACTGTCTACTA 
5 5 '-AGATGATG GTAAT-I-FAAAGAI-I-FCTT 
6 5'-CCCTCACCTGAACCTCATAC 
6 5 '- CAGAGAAI-I-CTACAACAG1-FATCAGAG 
7 5 '-AGTACACTG CATCATAG GTAAACT 
7 5'-ATCTATAAGAAGGAAAACAAGAI-I-GT 
8 5'-CTGG1-FGACCATCTG CAAGTC 
8 5 '-AGI-I-TACCTATGATG CAGTGTACTG CTG CAAT 
9 5'-TAGGAAGATTGGCTGGAAAA 
9 5'-TCCATCTAI-I-CATCCCATATC 
10 5 '-I-FTTCCCAAGATATTTTCAATAAT 
10 5'-CAGAGTGATGGT1TFFATGAAT 
11 5'-ATATCCATGACAACTGTGTA 
11 5'-ACTGGGATATTGGAGTAAT 
12 5'-AAAGTAAAGTGACATTI-I-TCTCCT 
12 5'-GGAGAATAA1-FAATGGAGATACTATG 
13 5'-'I-FAAATTAAAATI-I-GCAACAGAAG 
13 5'-AGCACATACTGTFACGGTTCT 
14 5'-ACI-I'C1-FAACAGATGAAGAGATTCT 
14 5'--I-FCCTGGATACTATCACCCAG 
15 5'-TGAAACTAI-I-AA1-FATCTYTGGTI-I-FC 
15 5'-ATCAT1TFATCCCCATTGAGAAG 
16 5'-ATAAGATGGAAGAGGAAATAA1-FAC 
16 5'-AGAGTGATGCAGG1TFATATGTAAT 
17 5'-AAAA1-FAAGTCC1-FGTGC 
17 5'-AACCCCAAGAA-I-I'G'I-FCCTGGGCA 
18 5'-C1TFAI-I-F1TCCATGATGTATCAACACTG 

5'-AACCACACAGAA1T1TFGACAAATC 
5 '-GATGTG CCI-I-AGAG GATTATG 
5'-AAAAGGAAGTAGTCATAGGI-I-GAAT 
5'-CTGTTGAACCTAAGTTTAATTCAAG 
5'-TTAGCCAGCACTGTATGTTC 
5'-CTTAAAATTAI-I-CATCTG1-FATGTGG 
5'-ATTCACAACA1-FCATGAACAC 
5'-ACGACACTCTCCI-I-ATGT 
5 '-AAGAAATCTF1-AAATTACCATCATCT 
5 '-CACCATTG GTACCAT1-FCCAC 
5'-AGACCCAGGAAGTATACTGTCTACTA 
5'-TACATCCCTGCTAGTAGACAGTATAC 
5'-AGAATT1-FAGGTGGAAAGTATATGAC 
5'-CAAAAGAGA1-FGT-I-I-GGTGGATG 
5'-TTTAGTTAAGTACCCATCAGTTTC 
5'-GAAI-I-ATATGTGATTGATGTCAATATC 
5'-AACCATCACTCTGCAAATA 
5'-CAGAGTGATGGI-I-1TFATGAAT 
5 '-AATG T1-FATAG TAA1-FTCTG C1-FTCAC 
5 '-G CAGAAATTACTATAAACATI-G GAI-I-A 
5'-A1-FACTCCAATATCCCAGT 
5'-TACACAG1-FGTCATGGATAT 
5'-CATAGTATCTCCATTAATTA1-FCTCC 
5 '-AG GAGAAAAATGTCACT1-FAC1-FT 
5'-AGAACCGTAACAGTATGTGCT 
5 '- CAAATT1-FAA1TFAACCT1TFCATG 
5'-A1-F1-FAT-I-FCACCATC1-FCATI"AAG 
5 '- CTAATGTA1-F1-FATTA1-FGAGTG GAAA 
5'-CACTCCI-I'CCATAAATAI-I-G GGT 
5' - GAAAACCAAAGATAATTAATAGTTTCA 
5'-ATTACATATAAACCTGCATCACTCT 
5 '- GTAAI-I'A1-FI"CCTCI-I-CCATCTTAT 
5'-TG CCCAG GAACAAI-I-CTTG G G GTT 
5 '- G CACAAG GACTTAAT-ITF 
5'-TGAAATTG1TI'CAGGCTGGAAAAGAAG 

METHODS 

Generation of Genomic Fragments Defining 
Splice Sites 

The human PromoterFinder DNA walking kit library 
(Clontech, Palo Alto, CA) was used to generate polymerase 
chain reaction (PCR) fragments containing the genomic 
DNA adjacent each exon by performing two long PCR re- 
actions with one of the manufacturer's adaptor primers 
and one of a set of two nested primers derived from the 
OBR cDNA sequence. The pairs of nested primers that were 
used to determine the boundaries of each exon and the 

adjacent intronic sequence are listed in Table 2. Long PCR 
reactions were performed in 50 pl volumes consisting of 
1 • TaKaRa Ex Taq buffer, 200 mM each dNTP, 100 ng 
DNA library, 0.2 pM adaptor primer 1, 200 ng nested 
primer, and 2.5 units TaKaRa Ex Taq. Cycling conditions 
consisted of 35 cycles of 94~ for 30 sec, 55~ for 30 sec, 
and 72~ for 4 rain. 

PCR products from the second, nested PCR were elec- 
trophoresed through a 2% agarose gel and stained with 
ethidium bromide. PCR products were isolated by cutting 
bands from the agarose gels, centrifuging the DNA 
through a cotton plug, and removing contaminating 
primers using Qiagen (Chatsworth, CA) Qiaquick spin pu- 
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rification columns according to the manufacturer's in- 
structions. 

PCR template (250 ng), 50 ng of primers, and fluores- 
cent terminators were used in a 10 B1 cycle sequencing 
reaction electrophoresed on an ABI 377 automated se- 
quencer (Applied Biosystems; Foster City, CA) according to 
manufacturer's protocols. 

Exon junctions were identified as the point at which 
the genomic sequence diverged from the cDNA sequence 
reading in both the 5' and 3' direction and which con- 
tained an adjacent consensus splice site. 

Isotopically Labeled Genotyping 

End-labeling 

Forward and reverse primer (100 pmole of each) were end- 
labeled in a 25 Ill reaction volume containing 10 mCuries 
[-/-32p]ATP, 1• polynucleotide kinase buffer (New En- 
gland Biolabs, Beverly, MA), and 20 units polynucleotide 
kinase for 30 min at 37~ 

PCR 

PCR reactions for amplification of small fragments includ- 
ing complex repeat sequences utilizing end-labeled prim- 
ers consisted of 20 pl reaction volumes comprised of 100 
ng genomic DNA, 1 • reaction buffer supplied by Boe- 
hringer M a n n h e i m  (Indianapolis,  IN) in which the 
[MgC12] is 1.5 mM, 0.25 mM each dNTP, 30 pmole of each 
end-labeled PCR primer, and 1 uni t  Taq polymerase. 
Primer sequences for the two polymorphic microsatellites 
were as follows: OBR-CA forward: 5'-GACAACCTGATG- 
GTGTATCCTTC-3'; OBR-CA reverse: 5'-CATCCAGAA- 
CAACATGTACAGAC-3' ;  OBR-CTTT forward :  5' 
AGAGGATACTACCATCCTAATAC-3'; and OBR-CTTF re- 
verse:  5 ' - C A A C A C A A C C A G A C C G T G C C G - 3 '  All 
thermocycling was performed in a Perkin Elmer 9600 with 
35 cycles of denaturation at 94~ for 30 sec, annealing at 
55~ for 30 sec, and extension at 72~ for 30 sec. 

Electrophoresis of Polymorphic Markers 

Five microliters of the PCR reaction was electrophoresed 
on a 6% polyacrylamide gel at 60 W for 2.5 hr. Gels were 
dried and exposed to film. 
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