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Rationale and significance

The non-receptor tyrosine kinase TYK2 is a key component
of the interferon signalling pathway. It can bind to the interfer-
on ·/ß receptor where it mediates, together with another non-
receptor tyrosine kinase called JAK1, the phosphorylation of
downstream targets. Other cytokine receptors that mediate
their signals via TYK2 include the receptors for IL-6, IL-11,
CNTF, LIF, and oncostatin M (Briscoe et al., 1996). Functional
studies with Tyk2 deficient mice demonstrated that these mice
are viable and show very specific changes in several cytokine
responses. Surprisingly, interferon ·/ß signalling is only im-
paired but not completely abolished in these mice (Karaghio-
soff et al., 2000, 2003). Naturally occurring mutations in the
murine Tyk2 gene are associated with varying susceptibilities
to infectious and autoimmune disease (Shaw et al., 2003). The
human TYK2 gene consists of 25 exons spanning about 30 kb
on chromosome 19p13.2 (Firmbach-Kraft et al., 1990; NCBI
map viewer, human genome build 35.1). The murine Tyk2

gene also consists of 25 exons and is located on mouse chromo-
some 9A3 (NCBI map viewer, mouse genome build 32.1).
Because of their important role for various immunological
functions we started to characterize the non-receptor tyrosine
kinase genes in livestock species. Following previous studies in
pig (Kuiper et al., 2003; Leeb et al., 2004) we report here the
assignment of the bovine TYK2 gene and the tightly linked
PDE4A gene to BTA7q15 by FISH and RH mapping.

Materials and methods

Isolation and characterization of the bovine TYK2 clone 
The bovine BAC library RPCI-42 (Warren et al., 2000) was screened for

clones with the TYK2 gene according to the CHORI protocols (http://www.
chori.org/bacpac/) with a 954-bp 32P-labelled cDNA fragment corresponding
to nucleotides +2251 to +3204 of the porcine TYK2 cDNA. A bovine
genomic BAC clone designated RP42-545G13 of approximately 190 kb was
isolated. BAC DNA was prepared from 100 ml overnight cultures using the
Qiagen Midi plasmid kit according to the modified protocol for BACs (Qia-
gen, Hilden, Germany). BAC ends were sequenced using the ThermoSeque-
nase kit (Amersham Biosciences, Freiburg, Germany) and a LI-COR 4200
automated sequencer. The BAC end sequences were deposited in the EMBL
nucleotide database (Accessions AJ704778, AJ704779) and used in BLAST
analyses against build 34 of the human genome. 

Chromosome preparation
Bovine metaphase spreads for FISH on GTG-banded chromosomes were

prepared using phytohemagglutinin stimulated blood lymphocytes. Cells
were harvested and slides prepared using standard cytogenetic techniques.
Prior to fluorescence in situ hybridization the chromosomes were GTG-
banded and well-banded metaphase chromosomes were photographed using
a highly sensitive CCD camera and IPLab 2.2.3 (Scanalytics, Inc.). Identifi-
cation of chromosomes strictly followed the ISCNDB (2000) classification
(Cribiu et al., 2001).
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Fluorescence in situ hybridization (FISH) analysis
The bovine BAC clone RP42-545G13 containing the bovine TYK2 gene

was labelled with digoxigenin by nick translation using a Nick-Translation-
Mix (Boehringer Mannheim, Mannheim, Germany). FISH on GTG-banded
bovine chromosomes was performed using 750 ng of digoxigenin-labelled
BAC DNA. 1 Ìg sheared total bovine DNA and 10 Ìg salmon sperm were
used as competitors in this experiment. After hybridization overnight, signal
detection was performed using a Digoxigenin-FITC Detection Kit (Quantum
Appligene, Heidelberg, Germany). The chromosomes were counterstained
with DAPI and propidium iodide and embedded in antifade. Thirty meta-
phases that had been photographed were re-examined after hybridization
with a Zeiss Axioplan 2 microscope equipped for fluorescence.

Probe name: RP42-545G13
Probe type: bovine genomic BAC clone
Insert size: 190 kb
Vector: pBACe 3.6
Proof of authenticity: DNA sequencing
Gene reference: Firmbach-Kraft et al. (2001)

Radiation hybrid (RH) mapping
To confirm the cytogenetic localization of the bovine TYK2 gene a

bovine radiation hybrid panel was analyzed. The Roslin/Cambridge bovine
RH panel was purchased from Research Genetics (Huntsville, Ala., USA).
The RH panel of 94 clones was created by exposing a bovine fibroblast pri-
mary cell line to 3,000 rads of X-rays and fusing the irradiated cells with
non-irradiated HPRT-deficient hamster recipient cells (Wg3H). A pair of
bovine primers (PDE4A–F 5)-TAG GCC TTC CAG AGT CCA G-3);
PDE4A–R 5)- CTG GAA CCC TTC AGC TCA C-3)) for PCR amplification
was designed based on the SP6 sequence of BAC clone RP42-545G13 to give
a 327-bp fragment. This STS is located in intron 7 of the PDE4A gene. PCR
reactions were performed in a total of 20 Ìl containing 25 ng of RH cell line
DNA, 15 pmol of each primer and 0.75 U Taq polymerase (Qbiogene, Hei-
delberg, Germany). The reaction started with an initial denaturation at 94 ° C
for 4 min followed by 35 cycles under the following conditions: denaturation
for 30 s at 94 °C, annealing for 60 s at 58 °C and extension for 30 s at 72 °C.
PCR products were separated on 1% agarose gels. Two separate PCRs were
carried out and scoring of the presence or absence of products was carried out
independently by two investigators. The RHMAP3.0 package (Lange et al.,
1995) was used for a two-point analysis against approximately 1,400 bovine
microsatellite markers typed previously on the panel (Williams et al., 2002).

Results and discussion

The bovine BAC clone RP42-545G13 was retrieved from
the BAC library using a heterologous porcine TYK2 cDNA
probe. Sequencing and BLAST analysis of the SP6 BAC end
sequence (AJ704778) revealed a match within the human
PDE4A gene at 10.429 Mb on HSA19 (build 35.1; BLAST E
value 0.009). The BAC end sequence also showed 75% identity
over 758 bp with sequences from intron 7 of the porcine
PDE4A gene (AJ632303). The T7 sequence of the BAC clone
did not show any significant homology to the human genome.
Consequently, the T7 BAC end sequence was used to query the
publicly available bovine whole genome shotgun sequences of
the TraceArchive. Thus, the T7 BAC end sequence was step-
wise extended to a sequence contig of 3.5 kb. The extended T7
sequence contig gave a highly significant BLAST hit at 10.231
Mb on HSA19 (build 35.1; BLAST E value 2 W10–43). Therefore,
the comparative mapping established that the 190-kb bovine
BAC clone covered approximately 198 kb of human genomic
DNA sequence with seemingly good overall conservation of
synteny. The human interval that is covered by this bovine
BAC clone contains the complete genes ICAM1, ICAM4,

Fig. 1. Chromosomal assignment of the TYK2 and PDE4A genes by
FISH analysis. The digoxigenin-labeled BAC clone RP42-545G13 contain-
ing the entire TYK2 gene and parts of the PDE4A gene was hybridized to
GTG-banded metaphase chromosomes of a normal cow. Double signals are
visible on both chromosomes 7q15. The chromosomes were counterstained
with DAPI and propidium iodide and subsequently identified by GTG band-
ing and DAPI staining.

ICAM5, MGC19604, RAVER1, ICAM3, TYK2, CDC37, and
the 5) end of the PDE4A gene. Experimental evidence for the
gene content of the bovine BAC clone is available for the TYK2
gene (hybridization probe during the library screen) and the
PDE4A gene (partial DNA sequence). The chromosomal loca-
tion of this bovine BAC clone was determined by fluorescence
in situ hybridization (FISH) to bovine metaphase chromo-
somes (Fig. 1).

Mapping data:
Location: 7q15
Number of cells examined: 30
Number of cells with specific signals: 0 (0), 1 (0), 2 (2), 3 (3),

4 (25) chromatids per cell
Most precise assignment: 7q15
Location of background signals (site with 12 signals): none

observed

To confirm the chromosome location of the BAC clone the
Roslin/Cambridge bovine RH panel was analyzed. The STS
marker used for RH mapping was designed from the SP6 BAC
end sequence located in intron 7 of the PDE4A gene. Two-
point analysis revealed close linkage of PDE4A to the anony-
mous BTA7 marker RSJW410 at a distance of 0.0 cR (LOD
score 18.0). The closest microsatellite marker is IDVGA62 at a
distance of 10.4 cR (LOD 14.9), which has been physically
mapped to BTA7q15 (Ferretti et al., 1997). Thus the RH results
for the bovine TYK2/PDE4A BAC confirmed and refined the
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results obtained by FISH. The chromosomal assignment of
TYK2 and PDE4A to BTA7q15 is in good agreement with
known conservation of synteny between HSA19p and BTA7
(Band et al., 2000).
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