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Aminoacyl-tRNA synthetases (aminoacyl-RS) catalyze the
attachment of an amino acid to its cognate tRNA. Five of
20 human aminoacyl-RS (histidyl-RS, threonyl-RS, isoleucyl-
RS, glycyl-RS, and alanyl-RS) have been identified as targets
of autoantibodies in the autoimmune disease polymyositis/
dermatomyositis (PM/DM; 9). A sixth autoantigenic amino-
acyl-RS, lysyl-RS, was recently reported (10). The genes for
histidyl-RS and threonyl-RS have been assigned to chromo-
some 5, as have the genes for leucyl-RS and arginyl-RS (refer-
ences in 3). Six other aminoacyl-RS (glutamyl-prolyl-RS, va-
lyl-RS, cysteinyl-RS, methionyl-RS, tryptophanyl-RS, and
asparaginyl-RS) were assigned to chromosomes 1, 6, 11, 12,
14, and 18, respectively (3). The reason for a preponderance
of aminoacyl-RS genes on chromosome 5 is unknown, but it
has been suggested that regulatory relatedness might be a
factor (3). Recently the entire or partial cDNA sequences for
two autoantigenic aminoacyl-RS genes, glycyl-RS (gene sym-
bol GARS; 4) and alanyl-RS (gene symbol AARS; 1), were
reported. To understand further the genesis of autoimmune
responses to aminoacyl-RS and to determine whether genes
for autoantigenic aminoacyl-RS colocalize to chromosome 5,
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we have determined the chromosomal site of the GARS and
AARS genes by PCR-based screening of somatic cell hybrid
panels and by fluorescence in situ hybridization (FISH) anal-
ysis.

A Coriell rodent/human somatic cell hybrid panel (Mapping
Panel 2, Coriell Cell Repositories, Camden, NJ) was used to
localize the genes encoding GARS and AARS. PCR primer
pairs (GARS: sense 5’-cccagcatagtccaagacctagccaat; anti-
sense 5’-tcaggattctttcaactttaattgtggggg; AARS: sense 5’-agg-
caagaacgttggctgcctgcaggagg; antisense 5’-ggttctagaccgatg-
gcactgacgtggagg) were synthesized using 3'-UT nucleotide
sequences of the respective genes, and PCR was performed
under stringent conditions ((1) 94°C, 120 s; (2) 94°C, 30 s,
60-70°C, 30 s, 72°C, 60 s for 35 cycles; (3) 72°C, 300 s). A
PCR product of the expected size (280 nt) was generated
using GARS primers when the chromosome 7 hybrid was
used as template. With AARS primers the expected product
(288 nt) was generated using the chromosome 16 hybrid. The
identity of PCR products was confirmed by Southern hybrid-
ization with **P-radiolabeled internal oligonucleotide probes
(GARS, 5'-gtccactttacaaaagaaaacagcattgtga; AARS, 5’-att-
tgaatcttgggacctttaaagagcccc). Control experiments using to-
tal human genomic DNA were positive, and mouse and ham-
ster genomic DNA controls were negative by PCR screening
and by Southern analysis. Chromosomal assignments were
confirmed by PCR analysis using a BIOS rodent/human so-
matic cell hybrid panel (polychromosomal PCRable DNA so-
matic cell hybrid panel, BIOS Laboratories, New Haven, CT;
data not shown).

DNA purified from P1 clones was used to localize amino-
acyl-RS by FISH. P1 clones for GARS and AARS were ob-
tained from Genome Systems (St. Louis, MO) by screening
P1 libraries using established methods (8) with PCR products
generated with primer pairs specific for the 3’-UT regions
(see above for sequences). FISH analysis was performed by
Genomes Systems as described in their literature. Briefly,
biotin-labeled DNA was hybridized to normal metaphase
chromosomes from PHA-stimulated peripheral blood lympho-
cytes, incubated with fluorescein-conjugated avidin, and
counterstained with propidium iodide. Results were con-
firmed by cohybridizing with chromosome-specific centro-
mere probes, and the specific location of each locus was mea-
sured as the average percentage distance from the telomere
on 10 chromosomes. The results of FISH analyses using DNA
from the GARS- and AARS-specific P1 clones are shown in
Fig. 1. In each case centromere-specific labeling is evident.
The GARS locus was measured at 7pl15. However, assign-
ment of AARS was less clear due to the apparent staining of
chromosome-specific repetitive elements on chromosome 16.
Tentative assignment was made to 16g22. To verify this as-
signment we obtained a chromosome 16-specific panel of
mouse/human somatic cell hybrids from Dr. D. F. Callen and
Dr. M. J. Siciliano (2, 6). Partial chromosome 16 hybrids that
contain 16g22 (CY3, CY6, CY7, CY12, and CY165) were posi-
tive by PCR screening. Hybrid controls (CY2, CY5, I-E, and
92-2) specific for chromosome 16 but not containing 16g22
were negative. These results confirm the FISH analysis and
demonstrate that the locus of AARS is 16q22.

The etiology of autoimmune PM/DM is not known. The role
of genetic factors relating to the histocompatibility complex
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FIG. 1.

In situ hybridization of human metaphase chromosomes. P1 DNA from aminoacyl-RS-specific clones was biotinylated and

cohybridized with centromeric probes. For GARS (A) and AARS (B) fluorescence detection shows the aminoacyl-RS probe (arrows) and

centromere probe (large bands) located on the same chromosomes.

has been reported (5), but because the aminoacyl-RS autoan-
tigens have been shown to drive the immune response and
because the autoantibodies antedate clinical disease (7), it is
probable that the gene products are directly related to disease
pathogenesis. It has been proposed, for example, that a viral
agent initiates the disease, perhaps by specific association
between aminoacyl-RS and viral RNA (9). For this reason
and because genes for two autoantigenic aminoacyl-RS (histi-
dyl-RS and threonyl-RS) have previously been localized to
chromosome 5, we decided to determine the chromosomal
assignment of genes for two autoantigenic aminoacyl-RS that
had not yet been localized. Using PCR-based screening and
Southern analysis of somatic cell hybrid panels followed by
FISH analysis, we have assigned the genes for GARS and
AARS to 7p15 and 16922, respectively. The finding that we
report here, that genes for autoantigenic aminoacyl-RS do
not localize to the same chromosome, indicates that cis co-
regulation of these genes is an unlikely factor in the genera-
tion of autoimmune responses to these proteins. Further-
more, the assignment of the gene for AARS demonstrates
the value of chromosome-specific hybrid panels for mapping
genes.

ACKNOWLEDGMENTS

We are grateful to Drs. D. F. Callen and M. J. Siciliano for provid-
ing the chromosome 16 hybrid DNA samples.

REFERENCES

1. Adams, M. D., Soares, M. B., Kerlavage, A. R., Fields, C., and
Venter, J. C. (1993). Rapid cDNA sequencing (expressed se-

10.

guence tags) from a directionally cloned human infant brain
cDNA library. Nature Genet. 4: 373-380.

Callen, D. F., Doggett, N. A., Stallings, R. L., Chen, L. Z.,
Whitmore, S. A, Lane, S. A., Nancarrow, J. K., Apostolou, S.,
Thompson, A. D., Lapsys, N. M., Eyre, H. J., Baker, E. G., Shen,
Y., Holman, K., Phillips, H., Richards, R. I., and Sutherland,
G. R. (1992). High-resolution cytogenetic-based physical map of
human chromosome 16. Genomics 13: 1178-1185.

Cruzen, M. E., Bengtsson, U., McMahon, J., Wasmuth, J. J.,
and Arfin, S. M. (1993). Assignment of the cysteinyl-tRNA syn-
thetase gene (CARS) to 11p15.5. Genomics 15: 692—-693.

Ge, Q., Trieu, E. P., and Targoff, I. N. (1994). Primary structure
and functional expression of human glycyl-tRNA synthetase,
an autoantigen in myositis. J. Biol. Chem. 269: 28790-28797.
Goldstein, R., Duvic, M., Targoff, I. N., Reichlin, M., McMen-
emy, A. M., Reveille, J. D., Warner, N. B., Pollack, M. S., and
Arnett, F. C. (1990). HLA-D region genes associated with auto-
antibody responses to histidyl-transfer RNA synthetase (Jo-1)
and other translation-related factors in myositis. Arthritis
Rheum. 33: 1240-1248.

Liu, P., Siciliano, J., White, B., Legerski, R., Callen, D., Reeders,
S., Sicilano, M. J., and Thompson, L. H. (1993). Regional map-
ping of human DNA excision repair gene ERCC4 to chromosome
16p13.13-p13.2. Mutagenesis 8: 199-205.

Miller, F. W., Waite, K. A., Biswas, T., and Plotz, P. H. (1990).
The role of an autoantigen, histidyl-tRNA synthetase, in the
induction and maintenance of autoimmunity. Proc. Natl. Acad.
Sci. USA 87: 9933-9937.

Smoller, D. A, Petrov, D., and Hartl, D. L. (1991). Characteriza-
tion of bacteriophage P1 library containing inserts of Drosophila
DNA of 75-100 kilobase pairs. Chromosoma 100: 487—-494.
Targoff, I. N. (1992). Autoantibodies in polymyositis. Rheum.
Dis. Clin. North Am. 18: 455-482.

Targoff, 1. N., Trieu, E. P., and Miller, F. W. (1993). Reaction
of anti-OJ autoantibodies with components of the multi-enzyme
complex of aminoacyl-tRNA synthetases in addition to isoleu-
cyl-tRNA synthetase. J. Clin. Invest. 91: 2556—2564.



