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Abstract. Our group has developed more than 600 DNA markersmouse investigated to verify the identity of the canine product. These
to build a map of the canine genome. Of these markers, 125 cofrimers were used to screen a canine genomic cosmid library. Sub-librarie

respond to genes (anchor loci). Here we report the first six autothat yielded PCR products of an expected size were rescreened by color

somal genes assigned to canine chromosomes by ﬂuorescencea}ﬁbr.i‘.jizatio” with PCR products oligo-labeled wigh*P-dCTP as probes.
ositive colonies were picked and used as templates in PCR reactions wi

S.'tu hybridization (FISH), using cosmid DNA.“ adef"“e phOSpho'the appropriate primers to verify the identify of the clone. In some cases
ribosyl transferase on Chromosome (Chr) 3; creatine kinase MUSequencing reactions were carried out to further confirm their identity.
cle type on Chr 4; pyruvate kinase liver and red blood cell type on  cosmid DNAs were prepared with a standard alkaline lysis protocol
Chr 2; and colony-stimulating factor-1 receptor, glucose trans{Sambrook et al. 1989). One microgram of each cosmid was labeled witl
porter protein-2, and tumor protein p53 on Chr 5. These assignbiotin 14-dATP according to the Bio-Nick Labeling System (Gibco-BLR),
ments are based on the karytotype proposed by Stone and assoi-generate 200-500 base pair long fragments.
ates (Genome 34, 407, 1991) using high-resolution techniques. In
addition, we have assigned the Menkes gene to the X Chr of thghromosome preparation, in situ hybridization, and post-
dog. hybridization banding.To obtain chromosome spreads, lymphocyte
cultures were synchronized with methotrexate and treated with 5-bromode
oxyuridine for the finh5 h before harvest, as described by Stone et al.
. (1991). The FISH technique was performed according to Yu and col-
Introduction leagues (1992) with some modifications. Briefly, for each slide, 100-150
. ) ) . ng of biotinylated probe was used in the presence of-180x excess
We have been conducting a major project for the last five yearsheared dog genomic DNA and herring testes DNA to suppress back
developing about 600 canine DNA markers. This project, whichground. Signals were detected with fluorescein avidin D (Vector) and one
has received financial support from the American Kennel Club, theamplification step. Chromosomes were examined with a Leitz Orthoplar
Morris Animal Foundation, and the Orthopedic Foundation for fluorescent microscope and photographed with Ektachrome 400 ASA
Animals, has as its major objective the development of a linked<odak film. After the signals were recorded, the slides were washed in
marker approach to canine genetic diseases. The canine DN XSSC/0.5% Tween 20 and stained with Wright stain solution in phosphats

markers are of two types; approximately 500 of them are micro- uffer pH 6.7 to obtain G-bands.

: ! . . For each cosmid probe, 10-20 metaphases were analyzed. Chrom
satellites, and about 125 are anchor loci. Anchor loci are actualymes with signals were identified by G-banding and shown to be the
genes previously cloned in other species, for which we have isosame. At least three complete karyotypes were constructed for each prok
lated a portion of the canine homolog. Since genes are conserved
and microsatellites generally are not, the inclusion of anchor loci
markers allows us to begin developing a canine genetic map th&esults

can be related to the genetic map of other species. The develop-

ment of a genetic map for species offers many advantages. For thgne karyotyping carried out in this study was based on the idio-
dog, a major area will be the use of homologous maps in thgyram proposed by Stone and coworkers (1991). In situ hybridiza
human and mouse to develop candidate genes for a canine genefjgn, of cosmid probes gave good signals on distinct chromosome:
disease. _ _ The first probe hybridized, as a partial check on the procedure, wa

We have developed 125 canine anchor loci that we plan to maghe Menkes geneMNK), which hybridized to Xq as expected
to specific dog chromosomes, using fluorescence in situ hybrid(Taple 1).
ization (FISH) and G-banded karyotypes. Herein we demonstrate A series of six autosomal genes were studied. Their assign
the localization of seven genes, six of which are autosomal, thénents in the dog are presented in Table 1 along with their huma
first autosomal genes mapped by in situ hybridization in the dogand mouse chromosomal assignments and any human diseas
caused by defects in these genes.

For the MNK cosmid we recorded 11 metaphases (six from &
female culture, 5 from a male culture), obtaining signals on 41% of
. ) . chromatids. We analyzed 27 metaphases from the APRT cosmi
Anchor loci isolation and probe generatioRolymerase chain reac- obtaining signals in 63% of the chromatids; for CKMM, 20
tion (PCR) primers for each of the anchor loci reported were designeqnatanhases were analyzed and signals recorded in 68% of chr
based on conserved regions in homologous genes of other mammahe]@atids CSF1R gave signals on 82% of chromatids (28 metaphas
genomes (Vgnta et al., manuscript submltted_). The PCR product obtaine d.d GLUT?2 had 24 metaoh lvzed and si Isin 95
from the canine genome was sequenced and its homology to the human afgcorae )- . a metaphases analyzed and signais in
of the chromatids; for PKLR, 22 metaphases were analyzed an
_ signals were found on 92% of the chromatids, and TP53 had 3
Correspondence tavl.L. Guevara-Fuijita metaphases analyzed and signals on 62% of chromatids. For tt
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Table 1. Chromosome assignment of anchor loci (genes) in the dog.

Chromosomal Assignments

Cosmid anchor loci probes Dog Human Mous®& Associated diseases

MNK (ATPase, CU™ transporting, alpha polypeptide) X Xq13.2-q13.3 X(Mo) Menkes disease
Verga et al. (1991)

APRT (Adenine phosphoribosyl transferase) 3 16 q 24 8 (Aprt) urolithiasis
Fratini et al. (1986)

CKMM (Creatine kinase muscle type) 4 19913.3 7(Ckmm)
Nigro et al. (1987)

CSFIR (Colony stimulating factor 1-receptor) 5 533 18(Csfmr) c-fms proto-oncogene
LeBeau et al. (1986)

GLUT2 (Glucose transporter protein-2) 5 3026 3(Glut-2) non-insulin-dependent diabetes (?)
Fukumoto et al. (1988)

PKLR (Pyruvate kinase, liver and RBC type) 2 1921 3(PkKIr) pyruvate kinase deficiency hemolytic anemia
Satoh et al. (1988)

TP53 (Tumor protein p53) 5 17p13.1 11(Trp53) colorectal cancer; Li-Fraumeni syndrome

Isobe et al. (1986)

2All references for the mouse loci from Silver, L.M. (1993)

autosomal genes, at least 50% of chromatids showed signal in &
cases.

Figure 1 shows examples of signals obtained from each locus
and an example of a G-banded metaphase stained after carryi
out the FISH procedure.

Discussion

These six autosomal genes localized to canine chromosomes a
the first autosomal genes to be physically mapped in the dog. Wi
have great confidence in the assignments, based on the idiogra
by Stone and associates (1991). There is some discussion of d
veloping an internationally agreed upon karyotype for the dog. We
have employed the one developed by Stone and colleagues (199
since it is the most recent and the best described. In any case, tl
canine chromosomal assignments of the genes in Table 1 can |
easily reassigned if a different idiogram is eventually agreed upon
Another idiogram for the canine chromosomes has been propose
by Selden and coworkers (1975). In the case of the loci studied i
this paper, it is possible to assign chromosome numbers based ¢
Selden’s idiogram as well: Chr 4 is the same in both idiograms,
and Chr 2, 3, and 5 would be 6, 5, and 7 respectively.

It is interesting that three of the six genes are assigned t
canine Chr 5. This appears to be simply due to chance. Two o
these genes@LUT2 and CSF1R are relatively close together,
while the third TP53 is distant from the other two. None of these
loci are syntenic in the mouse or the human. Inspection of the
current human and mouse genome maps indicate<ahefT?2 is
not located in a conserved linkage group but tB8F1RandTP53
are in relatively well conserved regions between mouse Chr 18 an
human Chr 5q and between mouse Chr 11 and human Chr 17
respectively (Mouse Genome Database 1995).

The canine genome map is in its infancy. Our long-range goa
is to put over 600 markers on the canine map. We have develope
500 microsatellite markers and 125 anchor loci markers. Ancho
loci are small pieces of actual canine genes, highly conserved i
other species, generally the mouse and human (Venta et al., man
script submitted). It is the cosmids containing six of these ancho
loci that we have mapped in this study. Thus, using the anchor loc
already developed, we have the potential to map approximatel
125 canine genes with the FISH technique.

For mapping the microsatellites, we plan to use a linkage ap
Fig. 1. Metaphases showing distinct fluorescence signals (arrows) on do ro_ach, much as with the_C_:entre _d’E_tudes du Polymo_rphlsme Hu
chromosomes after hybridization with the following cosmid probes: (a) ain (CEF.)H) h_umar_l families. This I|r_1kage study_ will Inclu_de the
Menkes on Xq; (b) APRT on Chr 3; (c) CKMM on Chr 4: (d) TP53 on Chr anchor loci, which will allow the mapping of the microsatellites on
5; (€) GLUT2 on Chr 5; (f) CSF1R on Chr 5; (g) PKLR on Chr 2; (h) shows chromosomes relative to the anchor loci.
the same metaphase as in (g), stained after FISH to identify chromosomes There is considerable conservation of linkage homology acros
by G-banding. mammalian species. The mapping of the anchor loci will allow




270 M.L. Guevara-Fujita et al.: Canine genes assigned by FISH

investigators studying dog genetic diseases to begin developing Mouse Genome Database (MGD) (July, 1995), Mouse Genome Informat
better list of candidate genes for specific genetic diseases, based orics Project, The Jackson Laboratory, Bar Harbor, Maine. World Wide
potential homologs in other species. _Web (URL: http:/_/www.mformatl(?s.Ja_x.org). .
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