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Comparative mapping of the prion gene (PRNP) locus in cattle, sheep
and human with PCR-generated probes
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Prions are the unconventional causative agent of sub-acute trans- All the probes were either nick-translated or directly labeled by
missible spongiform encephalopathies in human and various manPCR in the presence of biotin 16-dUTP and digoxigenin 11-dUTP
mals; for example, Scrapie of sheep, Bovine Spongiform Enceph(Boehringer; Richard et al. 1994) with the above described prim-
alopathy (BSE) of cattle, Cruetzfeldt-Jakob disease (CJD) and Faers.

tal Familial Insomnia (FFI) of human (Prusiner 1994). These = Chromosome preparations were arranged from fibroblast cul
diseases are characterized by the accumulation in the brain tisstigres by standard procedures, except for the hypotonic treatmer
of a prion protein, PrP* that is a partially proteinase-resistant 0.02m KCI, 37°C, 13 min (bovine and ovine). After a few days at
isoform of the cellular protein, PFPPrions are the product of a -20°C, the slides were stained with 0.005% Quinacrine Mustarc
single gene that is highly conserved in mammals. Hamster priofior 10 s (QFQ-banding), and well-spread metaphases, with dis
gene is composed of two exons; the entire coding region of thinctive banding, were imaged on a Leitz Aristoplan microscope
gene is contained within the second exon (Goldfarb et al. 1991)egnnected to a CCD-camera (Photometrics) controlled by a Mac
On the contrary, the genes of human, cattle, sheep, rat, and mougfiosh Quadra 950 computer. The probes generated by PCR we
have three exons, with the entire protein-coding region containegyyigized in situ to metaphase chromosomes at a final concer
within exon 3 (Inoue et al. 1_997). Cytogenetic analysis of the prionyation of 0.5 ngk! (5 ng/slide) in the presence of 8g of Cot-1
genes has been reported in human, where the gene has been gya whereas nick-translated probes were used as described
Mezzelani an workers (1 . For -color FISH, the probes
in situ hybridization (Sparkes et al. 1986). In cattle, the gene ha%:re edzte;e% C\c/)iaoav?d?nfcgﬁjsu)gat%dmllzcl)Tcg ?Vec?or’) taﬁdp ggﬁ_

been mapped to syntenic group U1l (BTA 13) with a panel Ofdi A ; ;

X . . digoxigenin-rhodamine (Boehringer). DAPI was used to counter-
bovine-rodent hybrid somatic cells (Ryan and Womack 1993;_.~. P :
Hawkins et al. 1995) and has been recently incorporated into 'stain the chromosomes. Digitized images were taken separately f

Bach fluorochrome and merged with the software IPlab Spectrur
radiation hybrid framework map of BTA 13 (Slpter et al. 1997). . . . . . i
Here we report the direct localization of the PrP gene in cattleMUltIPrObe (Signal Analytics) and Gene Join (Office of Coopera

o .. tive Research, Yale University).
sheep, and human by means of fluorescence in situ hybrldlzatloIHVe S .
(FISH) with PCR-generated probes. The results of the hybridization of the PrP genes on bovine,

Three pairs of oligonucleotides were designed, spanning th8VINe: and human chromosomes are shown in Fig. 1. The bovin
protein coding region to the' 3JTR region, on the basis of avail- and oviné PrP genes were mapped on the chromosomes of the tv
able sequences in cattle, sheep, and human (Yoshimoto et al. 19 Jecies either as smg_le probe_s (F'g'_ la—_d) or cohybridized in .
GenBank accession number D10612, nucleotides 153-1723; Gol§1al-color FISH experiment (Fig. 1g-j). Fifty metaphase spread:
mann et al. 1990, accession number M31313, nucleotidel/eré €xamined in both cases, with 70% showing a specific signz
61-1651; Puckett et al. 1991, accession number X83416, nucled! at least one of the homologous chromosomes. The intensity «
tides 1_2'131)_ The primer seq’uences wér@éAGTCATCAfG- he hybridization signal was weak in the case of nick-translatec
GTGAAAAGC 3'/5 TCACATCTCTAAACAATGTCAAA 3 probes_; a much stronger signal was obtained when the same prob
(cattle), 3 GAAGTCATCATGGTGAAAAGC 3/5' AAGCAT- were dlrec_tly labeled by PCR (Richard et aI._1994). The chromo-
GAAC'ILCTTCAGCACT 3 (sheep), 5 TTTTGCAGAGCAGT- somgl assignment for tHerP gene was 13q17' in cattle_ e_md _13q17/
CATTAT 3'/5' AATTTCAGTCAGATATTAAACATT 3" (hu- g18 in sheep (Fig. 1la—d). The ovine and bovm_e.hybrldlzatlon spot:
man), and produced PCR products of 1570, 1590, and 2130 by5’,n the same metaphases overlapped, as anticipated from the hi

respectively. Amplifications were done on 50 ng of genomic DNA, conservation of the loci in the two species (Fig. 1g-j). FISH with
in tﬁe presgnce gf 10 pmoles of each primel’,QOI\Z gNTPs, 15 the human probe extending to thel3TR region showed that the

mm of MgCl,. Thermal profiles were: 9€ x 5 min, 35cycles of PRNP gene is located on HSA 20p12/p13 (Fig. 1e, f). The data ar

94°C x 30 s. 54°C x 60 s. 72°C x 90 s. and 72°C x 10 min. Thein agreement with the results of Sparkes et al. (1986), who mappe

amplified fragments were run on agarose gels, purified, and set-he gene to 20p12-pter. Of 55 metaphases examined, 60% exhi

quenced to confirm their identity ited a specific signal on one or both of the homologous chromo-
In addition, oligonucleotide primers were synthesized that amSomes. The regional localization of the probes was established b

; : ; determining the FLcen values on cattle and sheep chromosome
plify a 738-bp product corresponding to the ORF region of the :
human PrP gene (X83416, nucleotides 1-738), which was used ifp-2° * 0-07 andOOl.jGJriggf, respgctlvglg)c?nbd Fll__p:‘er on héjmalr
the comparative FISH mapping. The primer sequences were romosomes (0.14 + 0. ) as described by Lichter and col
TTTTGCAGAGCAGTCATTAT 3 and 8 TCATCCCACTAT- eagues (1990). In an additional experiment, the protein codinc

CAGGAAGA 3'. PCR conditions were as above except for thereg_ion of the human PrP gene, that_ i_s, the 738-bp fragment de
thermal profile: 94€ x 2 min, 35cycles of 94°C x 30 s, 59°C x scribed above, was used as a hybridization probe on sheep a
45 s. 72°C x 1 min. and@2°C x 10 min. ' cattle chromosomes. Thirty bovine and ovine metaphases wer

examined, with 30% showing specific spots on at least one of the
_ two Chromosomes (Chrs) 13 (Fig. 1k—n). The low efficiency of
Correspondence td:uca Ferretti this comparative FISH was probably owing to the very small size
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Fig. 1. Partial metaphase spreads showing the results of the hybridizatioprobe on chromosomes of humaug;, f andi, j) cohybridization of the

of PrP probes spanning the protein coding region and therR region as ovine and bovine probes on cattle and sheep chromosomes, respective
described in the text. Banded chromosomes are shown alone to the left arfld, | andm, n) protein coding region of the human PrP gene on bovine and
with the hybridization signal to the righ{a, b) Bovine probe on cattle  ovine metaphases, respectively.

chromosomes(c, d) ovine probe on sheep chromosomés, f) human

of the probe (738 bp) and to a significantly lower level of homol- References
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