
SHORT COMMUNICATION

Mapping of the Gene (NRAP) Encoding N-RAP in
the Mouse and Human Genomes

Gang Luo,* Elisabeth Leroy,† Christine A. Kozak,‡
Mihael H. Polymeropoulos,† and Robert Horowits*,1

*National Institute of Arthritis and Musculoskeletal and Skin Diseases, †National Human Genome Research Institute,
and ‡National Institute of Allergy and Infectious Diseases, National Institutes of Health,

Bethesda, Maryland 20892

Received April 10, 1997; accepted July 22, 1997

(Gross virus integration site), D19Mit17 (chromosome
N-RAP is a nebulin-related actin-binding protein 19 marker, MIT-17), and Mif-ps9 (macrophage migra-

found at the myotendon junction in skeletal muscle tion inhibitory factor-related sequence 9). Gin1 and
and at the intercalated disks in cardiac muscle. We Mif-ps9 were typed as described (7). D19Mit17 was
mapped the NRAP gene to mouse chromosome 19 us- typed using primers and assay conditions described by
ing interspecific crosses and to human chromosome 10 Deitrich and his colleagues (3, 4). Nrap was typed us-
using radiation hybrid panels. Comparative analysis ing purified insert from clone SC-1, which contains
of the mouse and human genomes indicates that the nucleotides 3534 to 4588 of the full-length mouse N-
NRAP gene is located in regions of conserved synteny RAP cDNA (GenBank Accession No. U76618) (9). Re-
between the two species. q 1997 Academic Press combination was determined according to Green (5),

and loci were ordered by minimizing the number of
recombinants.N-RAP is a recently discovered protein that is ex-

The probe for Nrap identified EcoRI fragments ofpressed exclusively in striated muscle (9). The C-ter-
12.7 kb in M. spretus and 17.4 kb in NFS/N and C58/minal half of N-RAP contains an actin-binding domain
J. HpaI digestion produced fragments of 19.4 kb in M.with sequence homology to nebulin, while a LIM do-
m. musculus and 12.7 and 8.0 kb in NFS/N and C58/main is found at its N-terminus. It is localized at the

myotendon junctions in skeletal muscle and at the in-
tercalated disks in cardiac muscle. N-RAP is hypothe-
sized to perform an anchoring function, linking the
terminal actin filaments of myofibrils to protein com-
plexes located beneath the sarcolemma (9). The name
of this protein stands for nebulin-related anchoring
protein, and it was chosen to reflect both the means
of its discovery as a nebulin-related protein and its
proposed function as an anchoring protein for actin
filaments. Here we report the mapping of the gene
encoding N-RAP in the mouse genome using interspe-
cific crosses (2), as well as in the human genome using
radiation hybrids (13).

Nrap was mapped in mice by analysis of the progeny
of two sets of multilocus crosses: (NFS/N or C58/J 1
Mus musculus musculus) 1 M. m. musculus (8) and
(NFS/N1Mus spretus)1M. spretus or C58/J (1). Prog-
eny of these crosses have been typed for over 1000

FIG. 1. Genetic map location of the gene encoding N-RAP onmarkers distributed over the 19 autosomes and X chro-
mouse chromosome 19 (A) and on human chromosome 10 (B). Recom-mosome including the chromosome 19 markers Gin1
bination fractions for adjacent loci are given to the right of the mouse
map, with the first fraction representing data from the M. m. muscu-
lus cross and the second from the M. spretus crosses. The recombina-1 To whom correspondence should be addressed at National Insti-

tute of Arthritis and Musculoskeletal and Skin Diseases, National tional distances calculated from the combined data are given in pa-
rentheses (mean { standard error). The human map shows the loca-Institutes of Health, Building 6, Room 114, MSC 2755, Bethesda,

MD 20892-2755. Telephone: (301) 402-1917. Fax: (301) 402-0009. E- tion of NRAP relative to several radiation hybrid markers in the
region (6).mail: horowits@helix.nih.gov.
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FIG. 3. Testing PCR primers for radiation hybrid mapping. (A) The schematic alignment of predicted PCR products from a region
within cDNA clone HHEA19W is shown. Primer pair 1 consisted of 5*-AGCAAACTTCGAGATGGTGGC-3 * (forward primer) and 5*-CGGGAA-
CCAAGCATCTGTCC-3 * (reverse primer); Primer pair 2 consisted of 5*-TCATTACACACCGACTGCTGACC-3 * (forward primer) and 5*-
GAAGGGCATCCAACCTCAGTTTA-3 * (reverse primer). (B) The left-hand panel shows the actual PCR products from human genomic DNA
using the primer pairs described in (A). Note that the products are larger than expected from the cDNA, suggesting the presence of introns.
The right-hand panel shows the species specificity of the primer pair used for radiation hybrid mapping. The forward primer was 5*-
CAAACTTCGAGATGGTGGCTATAAA-3 *, and the reverse primer was the same as for primer pair 1 in (A). No product is amplified from
the rodent genomic background that is present in the hybrid cells. PCR conditions were as previously described (11). (C) Schematic assembly
of the sequence obtained from the PCR products shown above (B, left) to yield 1539 basepairs of human NRAP genomic sequence (GenBank
Accession No. U96486). The correspondence to cDNA sequence from the cardiac EST is shown at the bottom. The results confirm that the
PCR products are derived from the human NRAP gene. Double-stranded nucleotide sequence was obtained by cycle sequencing using either
the AmpliCycle Sequencing Kit or the ABI Prism Dye Terminator Cycle Sequencing Ready Reaction Kit (both from Perkin–Elmer, Foster
City, CA), according to the manufacturer’s instructions.

J. Inheritance of the variant fragments was compared man NRAP gene, we compared the mouse N-RAP
cDNA sequence against the GenBank database of ex-with inheritance of over 1000 markers previously typed

in these crosses, and linkage was observed with mark- pressed sequence tags (ESTs). The best matches in-
clude unpublished sequence from a human cardiacers on chromosome 19. As indicated in Fig. 1A, Nrap

mapped between D19Mit17 and Mif-ps9. EST, clone HEA19W (GenBank Accession No. Z36252),
as well as from two human skeletal muscle ESTs (Gen-To obtain sequence information concerning the hu-

FIG. 2. (A) Alignment of three overlapping human ESTs with high homology to mouse N-RAP. The ESTs are clone HHEA19W from
human cardiac muscle (GenBank Accession No. Z36252) and clones 562648 and 562730 from human skeletal muscle (GenBank Accession
Nos. AA102195 and AA111837, respectively). (B) Alignment of the contiguous sequence derived from the human ESTs with mouse NRAP.
The human EST contig is 88% identical to the mouse skeletal muscle NRAP cDNA between basepairs 4252 and 4856 (GenBank Accession
No. U76618).
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3. Dietrich, W. F., Miller, J., Steen, R., Merchant, M. A., Damron-Bank Accession Nos. AA102195 and AA111837). These
Boles, D., Husain, Z., Dredge, R., Daly, M. J., Ingalls, K. A.,three ESTs exhibit considerable overlap and align to
O’Connor, T. J., et al. (1996). A comprehensive genetic map ofform 605 bp of contiguous sequence (Fig. 2A). The EST the mouse genome. Nature 380: 149–152.

contig aligns with basepairs 4252 to 4856 of the full- 4. Dietrich, W. F., Miller, J. C., Steen, R. G., Merchant, M., Dam-
length mouse N-RAP cDNA (Fig. 2B). We used the se- ron, D., Nahf, R., Gross, A., Joyce, D. C., Wessel, M., Dredge,

R. D., et al. (1994). A genetic map of the mouse with 4,006quence alignment shown in Fig. 2B to design a series
simple sequence length polymorphisms. Nature Genet. 7: 220–of PCR primers that would amplify regions of the
245.NRAP gene from human genomic DNA, but would not

5. Green, E. L. (1981). ‘‘Genetics and Probability in Animal Breed-amplify homologous products from rodent DNA (Fig. ing Experiments,’’ Macmillan, New York.
3A). These PCR primers consistently yielded products 6. Hudson, T. J., Stein, L. D., Gerety, S. S., Ma, J., Castle, A. B.,
from human DNA that were larger than predicted (Fig. Silva, J., Slonim, D. K., Baptista, R., Kruglyak, L., Xu, S. H., et
3B, left), but did not amplify products from mouse or al. (1995). An STS-based map of the human genome. Science

270: 1945–1954.hamster DNA (Fig. 3B, right). Double-stranded se-
7. Kozak, C. A., Adamson, M. C., Buckler, C. E., Segovia, L., Para-quence data from the PCR products showed a perfect

lkar, V., and Wistow, G. (1995). Genomic cloning of mouse MIFmatch to the HEA19W sequence, but with the addition
(macrophage inhibitory factor) and genetic mapping of the hu-of two introns (Fig. 3C). Additional experiments using man and mouse expressed gene and nine mouse pseudogenes.

23 different primer pairs covering the available se- Genomics 27: 405–411.
quence from clone HHEA19W consistently yielded PCR 8. Kozak, C. A., Peyser, M., Krall, M., Mariano, T. M., Kumar,

C. S., Pestka, S., and Mock, B. A. (1990). Molecular geneticproducts with sizes consistent with the gene structure
markers spanning mouse chromosome 10. Genomics 8: 519–shown in Fig. 3C (data not shown). The results demon-
524.strate that the primers specifically amplify a region of

9. Luo, G., Zhang, J. Q., Nguyen, T. P., Herrera, A. H., Paterson,the human N-RAP gene, but do not amplify N-RAP B., and Horowits, R. (1997) Complete cDNA sequence and tissue
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Mapping of NRAP in the human genome was per- 10. Poirier, C., and Guenet, J.-L. (1996). Mouse chromosome 19.
Mamm. Genome 6: S309–316.formed by PCR analysis using the GeneBridge 4 radia-

11. Polymeropoulos, M. H., Xiao, H., Torrey, E. F., DeLisi, L. E.,tion hybrid panel (13). Statistical analysis of the data
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