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Abstract. Polymorphic microsatellites have been developed in
the vicinity of nine genes on bovine chromosome (BTA) 24, all
orthologous to genes on human chromosome (HSA) 18. The mi-
crosatellites have been isolated from bacterial and yeast artificial
chromosome clones containing the genes. A linkage map was de-
veloped including these polymorphic markers and four anony-
mous, published microsatellites. Yeast artificial chromosomes
containing six of these genes have also been mapped using fluo-
rescent in situ hybridization (FISH), thereby tying the linkage map
together with the physical map of BTA24. Comparing gene loca-
tion on HSA18 and BTA24 identifies four regions of conserved
gene order, each containing at least two genes. These genes iden-
tify six regions of conserved order between human and mouse, two
more than in the human-bovine comparison. The breakpoints be-
tween regions of conserved order for human-bovine are also break-
points in the human-mouse comparison. The centromere identifies
a fifth conserved region if the BTA24 centromere is orthologous
with the HSA18 centromere.

Introduction

Gene mapping in cattle has progressed well with two medium
resolution linkage maps published recently (Barendse et al. 1997;
Kappes et al. 1997). All linkage groups have been assigned to
individual chromosomes, and their orientations have been estab-
lished relative to the centromere (Barendse et al. 1997). However,
the development of linkage maps has relied heavily on anonymous
microsatellites, as exemplified by the presence of only 160 and 55
gene polymorphisms on the recent linkage maps (Barendse et al.
1997; Kappes et al. 1997).

The bovine linkage map is now sufficiently dense and well
covered to permit a large scale search for QTL (quantitative trait
loci) underlying phenotypic variation among animals. Recently
published examples include searches in cattle for QTL influencing
milk yield (Georges et al. 1995) and fertility traits (Blattman et al.
1996). The resolution of the results obtained is generally rather
coarse, in part because markers are not very polymorphic in the
resource populations of interest for trait mapping, and in part be-
cause building the large resource populations needed for fine scale
mapping is prohibitively expensive. It is therefore difficult to di-
rectly identify the gene underlying an identified QTL. An alterna-
tive would be to investigate genes that potentially could influence
the trait. An efficient approach would be to investigate only such
candidate genes already known to map in the region where a QTL

has been mapped, i.e., the positional candidate approach (Ballabio,
1993). However, a sufficiently dense bovine gene map is not likely
ever to be obtained for this approach to be directly applicable.
Therefore, drawing on the information collected in the human and
mouse genome projects via use of comparative gene maps is a
prerequisite for making the positional candidate gene approach a
viable alternative.

Comparative gene mapping is the effort to obtain map posi-
tions for the same gene in several species. The framework for the
syntenic relationship between human and bovine genomes has al-
ready been established, most efficiently by fluorescent in situ hy-
bridization (FISH) using a collection of clones from a whole hu-
man chromosome as probe (ZOO-FISH) (Solinas-Toldo et al.
1995; Hayes 1995; Chowdhary et al. 1996). However, several
examples demonstrate that the linear order of genes along a chro-
mosome is often not conserved even though the overall gene
complement is (e.g., Johansson et al. 1995). It is therefore neces-
sary to determine the linear order of genes along chromosomes in
cattle as well as in the human and mouse in order to use informa-
tion obtained in the human and mouse genome projects.

ZOO-FISH results for cattle indicate that the only bovine chro-
mosome painted by human chromosome (HSA) 18 is BTA24 (So-
linas-Toldo et al. 1995; Hayes 1995; Chowdhary et al. 1996). A
small additional part of BTA24 corresponds to HSA4 (Solinas-
Toldo et al. 1995; Chowdhary et al. 1996). No gene present on
HSA4 has yet been mapped to BTA24, while our recent synteny
mapping of seven genes from HSA18 to BTA24 (Larsen et al.
1996) as well as two genes previously mapped to BTA24 (Wom-
ack et al. 1991) have corroborated the similarity between HSA18
and BTA24. To establish gene order within this region of con-
served synteny we report the development of polymorphic, bovine
markers in the vicinity of nine genes found on HSA18, and all
mapping to BTA24. Six of the genes have also been mapped using
FISH. In order to obtain polymorphic markers, we have devised a
new strategy for isolating microsatellites from bovine YACs. The
results demonstrate a major difference in linear order of genes
between the two species. Additionally, the break-points between
conserved segments are conserved when the human-bovine com-
parative map is extended to include mouse; however, more break-
points were observed between human-mouse using the same mark-
ers.

Materials and methods

Identifying bovine sequence tagged sites (STS’s).Seven loci (Thy-
midylate Synthase (TYMS), Adenylate Cyclase Activating Peptide, Pitu-
itary 1 (ADCYAP1), Melanocortin-2 Receptor (MC2R), Neural Cadherin
(CDH2), Gastrin Releasing Peptide (GRP), Transthyretin (TTR), and Plas-
minogen Activator Inhibitor 2 (PAI2) were amplified as described (Larsen
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et al. 1996). Bovine STS (Table 1) were developed for three more genes
from HSA18 for which sequences were available in GenBank/EMBL (ac-
cession numbers in parentheses). A bovine fragment from the Laminin
Alpha 1 (LAMA1) gene was cloned using primers from a human cDNA
sequence (X58531) aligned with a mouse cDNA sequence (J04064). The
expected size of this fragment was 263 bp based solely on the cDNA
sequence (the intron/exon structure of the LAMA1 gene was unknown). It
was not surprising that the cloned PCR product was larger than predicted
(437 bp) and contained an intron. A second, bovine-specific primer pair
was designed with one primer in the intron. Primers for the Myelin Basic
Protein gene (MBP) were designed using a human genomic sequence
(M63599) of the 58 flanking region, aligned with a mouse cDNA sequence
(X67319) for Golli-MBP, a transcript overlapping the MBP gene. Bovine-
specific primers were developed from the cloned product. Primers for the
gene Deleted in Pancreatic Carcinoma-4 (MADH4, previously known as
DPC4) were designed within exon 8 of a human cDNA sequence (U44378)
without any second species sequence. This human-specific primer pair
worked so well that no bovine-specific primer pair was designed. PCR
conditions for amplifying these three genes were 0.125 mM dNTP, 0.3mM
of each primer (Table 1), 0.35 UTaq DNA polymerase (Promega), 1x
Mg-free buffer (Promega) and MgCl2 (concentration according to Table 1)
in a 10ml reaction volume. Amplification profile was 2 min at 95°C; 30
cycles of 30 s at 94°C, 30 s at annealing temperature, and 40 s at 72°C; 5
min at 72°C in a MJ PTC100 thermal cycler.

Screening large insert libraries.Large insert libraries were screened
by PCR to identify positive colonies. The first library screened was a
bovine BAC library containing 23,040 clones (Cai et al. 1995). There was
an expected success ratio of 0.7 for finding a clone containing any given
gene from this library (Cai et al. 1995). We also screened a bovine YAC
library containing 21,500 clones (Libert et al. 1993). The much larger
average insert size led to a virtually 100 percent chance of finding a gene
within this library, however the expected level of chimerism is approxi-
mately one third (Libert et al. 1993).

Isolating microsatellites.BAC DNA was purified with alkaline mini-
prep and digested overnight with restriction enzymeAluI or HaeIII ac-
cording to the manufacturer’s recommendations. The fragments were then
ligated into Ready-to-go™ pUC18/SmaI/BAP (Pharmacia). Ligated DNA
was then transformed into competent cells and the resulting colonies
screened for microsatellites by probe hybridization as described below.
Positive clones were sequenced and primers designed flanking microsat-
ellites.

A major problem when preparing ligations from YAC DNA is that only
about 5% of the total DNA is bovine with the balance coming from the
yeast host cell. Preparative pulsed field gel electrophoresis was not an
option for us. Initial experiments aimed at enriching for bovine DNA
employed PCR with one or more primers specific for bovine short inter-
spersed nuclear element (SINE) sequences. However, the PCR produced
either too few fragments from YAC-containing yeast or too many frag-
ments from yeast control DNA. We therefore devised the method, de-
scribed in detail below, which relies on cloning of restriction fragments
into a plasmid vector followed by PCR with one SINE primer and one
vector primer. This seems to produce a better specificity and a better
coverage of the bovine DNA compared with PCR using only SINE prim-
ers.

Total DNA from the YAC clone was purified with a miniprep proce-
dure (Kaiser et al. 1994). 0.25–0.75mg DNA was digested over night with

restriction enzymeEcoRI or HindIII in a total volume of 20ml. The whole
volume was ligated into Ready-to-Go pUC18/re/BAP (where re means
eitherEcoRI or HindIII) as recommended by the supplier (Pharmacia). 0.5
ml of the ligation was used as template using one of two primers from
pUC18 (BSF (TTT TCC CAG TCA CGA CGT TG) or BSR (TGT GGA
ATT GTG AGC GGA TAA)) and one of three primers from bovine SINE
sequences (retrol (GAA TAC TGG AGT GGG TTG CCA), retro2 (AGG
CTA CAG TCC ATG GGA TT) or AMSI (CAA GAA TCT TCT CCA
ACA CCA CAG TTC A) (Kaukinen and Varvio, 1992; Lenstra et al.
1993)). The PCR was set up as above, but using 2 unitsTaq DNA poly-
merase per 25ml reaction. The temperature profile for this PCR was 2 min
at 95°C; 35 cycles of 30 sec at 94°C, 2 min at 60°C, and 2 min at 72°C;
10 min at 72°C. The PCR products were analyzed by the hybridization of
a biotin labeled (CA)20 oligonucleotide using the Phototope kit (New En-
gland Biolabs), and CA-repeat positive fragments were gel purified and
ligated into the T/A cloning vector pCR2.1 (Invitrogen). This method for
enriching for fragments containing CA-repeats is in principle slower than
a method employing solution hybridization and reamplification (Brown et
al. 1995). However, the method described here worked more reliably in our
hands.

The ligated DNA was transformed into One-shot™ competent cells
(Invitrogen). Resulting colonies were gridded onto LB-plates (150 mm
diameter) and colonies lifted onto nylon filters (MSI Magnagraph). DNA
was released and bound to the filters as described (Maniatis et al. 1982). A
(CA)20 oligonucleotide was labeled with Fluorescein as recommended in
the ECL 38 oligolabeling and detection system (Amersham) and used as
hybridization probe at 45°C. Blots were washed in 1% SDS, 25 mM NaCl,
5 mM NaPhosphate (pH 7.2) for 5 min at room temperature and 2 × 15 min
at 45°C and detection was performed as recommended in the ECL 38
oligolabeling and detection system (Amersham). Colonies showing a hy-
bridization signal were further analyzed for insert size and for presence and
position of the CA-repeat by PCR with primer-pairs BSF/BSR, BSF/
(CA)20 and BSR/(CA)20. The hybridization conditions employed were of
relatively low stringency, and consequently, most of the CA-repeats iden-
tified were short. However, some of the CA-repeats were part of a larger
structure with several repeats. Primers were designed for all repeats longer
than (CA)5 (Table 2). In addition, primers were designed for an (AT)8

repeat present in the 38 untranslated region of the ADCYAP1 gene, and for
a T15 repeat from a clone also carrying a CA-repeat. For each primer-pair
one primer was labeled with a fluorescent dye (FAM, HEX, or TET) for
automated genotyping. A few nucleotides (PIGtail) were added to the
58-end of the other primer to facilitate non-templated adenylation during
PCR (Brownstein et al. 1996).

Sequence was determined using the Prism Dye-deoxyterminator kit
with Taq polymerase FS (Perkin-Elmer/ABI) and standard vector primers
M13-reverse, M13-forward and T7-promoter primer or a pCR2.1-specific
primer, pCR2.1-reverse (CTA TGA CCA TGA TTA CGC C). Templates
were plasmid DNA from alkaline minipreps with PEG precipitation (ac-
cording to the Prism protocol). The reactions were run on an ABI model
373 automated sequencer. Sequences were analyzed using the GCG pro-
gram suite (GCG, 1996). DNA sequences generated in this study have been
submitted to GenBank (accession numbers AF010230–AF010232,
AF018087–AF018092, AF019947–AF019949, AF026036, and U78859).

FISH. Two mg of total YAC/yeast DNA from a YAC miniprep was
labeled with biotin by nick-translation (BioNick, Life Technologies). This
labeled DNA was hybridized to R-banded chromosomes and detected es-
sentially as described (Hayes et al. 1992) except that it was prehybridized

Table 1. PCR conditions for three genes from HSA18.

Gene Primary PCR primers
Annealing
conditionsa

Size of PCR
product (bp) Secondary PCR primersb

Annealing
conditionsa

Size of PCR
product (bp)

MADH4 TGGTGTTCCATTGCTTACTTT 50 C, 169 bp N.A.c

CTCTCTCAATGGCTTCTGTCC 1.5 mM N.A.c

LAMA1 gtttCCTGTTTCCTGCCATTCTCd 58 C, 437 bp TGGAAATGAACAGCGGTAAG 58 C, 244 bp
gtTTGTGACCCAGTGATATTCTCTCd 1.5 mM GCAATGCACACATCAGCAC 1.5 mM

MBP CCGGGGAGGGAGGACAACACC 62 C, 231 bp AATGGCGGCCCAGAAGAG 66 C, 118 bp
GAAGCGCCCGATGGAGTCAAG 1.8 mM GGAGTCAAGGATGCCAGTGTC 1.5 mM

a Annealing temperature and concentration of MgCl2.
b Bovine specific primers designed at sites interior to the primary PCR primers.
c No secondary primers were designed for this gene.
d Several nucleotides (PIGtail) were added to the 58 end of this primer to facilitate non-templated adenylation during PCR (Brownstein et al. 1996).
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with 100 mg sonicated salmon sperm DNA and 200mg sonicated bovine
total genomic DNA at 37°C for 30 min.

Genotyping.The international bovine reference family panel comprises
347 individuals in full-sibling pedigrees sired by 15 bulls (Barendse et al.
1997). Microsatellite genotypes were obtained using PCR amplification
with up to three primer-pairs simultaneously using the following PCR
conditions: 0.125 mM dNTP, 0.8mM of each primer (Table 2), 0.35 U
AmpliTaq Gold polymerase (Perkin-Elmer), 1× Mg-free buffer (Perkin-
Elmer) and 1.5 mM MgCl2 in a 10ml reaction volume. The temperature
profile was 15 min at 95°C; 5 cycles of 40 s at 95°C, 40 s at 56°C, 50 s at
72°C; 30 cycles at 40 s at 95°C, 40 s at 57°C, 50 s at 72°C; 20 min at 72°C.
PCR products were diluted and mixed with other PCR products before
electrophoresis on a Perkin-Elmer/ABI 310 Genetic Analyzer. Peak sizes
were determined using the ABI-Prism Genescan Analysis Software v.
2.0.2. The ABI Genotyper Software v. 1.1 was used for semiautomatic
allele identification and data files for linkage analysis were prepared using
Microsoft Excel.

Inspection of the genotypes for UW76 revealed a pattern in two fami-
lies that indicated a null allele (an allele that was not amplified using the
primers employed here) in each case originating in the sire. Genotypes in
these families were recoded with the sire homozygous for a “dummy”
allele to allow the inheritance of the dam alleles to be analyzed. Likewise,
both alleles for UW72 in one dam were null alleles, and this family was
also recoded. The resulting inheritance was in agreement with Mendelian
expectations, and these recoded genotypes were therefore used in the link-
age analyses. Genotypes of all other locus/family combinations adhered to
the expectations for co-dominant inheritance.

Linkage analysis.Linkage was analyzed using the program CRI-MAP v.
2.4 (Green et al. 1990) running on a HP9000 mainframe. In order to
provide ties with the published linkage map (Barendse et al., 1997), geno-
types for four anonymous microsatellites were included in these analyses
(CSSM23, CSSM31, TGLA351, and AGLA269; Barendse et al., 1997).
Initially, pairwise linkage was assessed using the option TWOPOINT with
a threshold for significant linkage of 3 LOD-units. Four loci (ADCYAP1,
UW74, UW75, UW78) known to reside within the same YAC were
grouped into a haplotype system with no recombination between loci. A
multipoint map was constructed using the option BUILD and double re-
combinants that indicate possible data-errors were localized using the op-
tion CHROMPIC. Data were rechecked and construction of the multi-point
map repeated. The FLIPS option was used to compare the relative prob-
ability of alternative orders.

Results

The bovine BAC library was screened with PCR for seven loci
(TYMS, ADCYAP1, GRP, MC2R, CDH2, TTR, and PAI2). One
BAC was identified for each of ADCYAP1, GRP, and PAI2, and
two BACs for MC2R. This is close to the 70% success ratio
expected from this library (Cai et al. 1995). The bovine YAC
library was screened by PCR for the above mentioned loci as well
as for LAMA1, MADH4, and MBP. One YAC was identified for
MBP, two YACs for LAMA1 and GRP, and more than two YACs
for each of the other genes investigated. Among the 12 YACs
containing either ADCYAP1 or TYMS, 8 YACs contained both
loci. This indicates that the two genes are close together in the
bovine. Indeed, the size of the smallest YAC measured that con-
tains both genes as well as the three microsatellites isolated from
this region is about 550 kb (Larsen & Eggen, personal communi-
cation). A fine scale map of this region was made using informa-
tion on the STS content of each YAC. The locus order was deter-
mined to be ADCYAP1/UW78-TYMS-UW74-UW75; the order of
ADCYAP1 and UW78 could not be distinguished by this means.
The YAC ends have not been mapped relative to each other.

Seven YACs containing a total of six genes have been region-
ally mapped on BTA24 using FISH (Table 3). One major motive
for using FISH was to avoid isolating microsatellites from chi-
meric YACs, but for genes where only one or two YACs were
identified, this was not possible. Additionally, the FISH assign-
ments provide ties between the linkage and physical maps of

Table 3. Seven YACs mapped by FISH to BTA24.

Gene YAC Specific location1 Other locations1,2

ADCYAP1, TYMS ABS011021 24q23
ADCYAP1, TYMS ABS088020 24q23 2q43
TTR ABS018003 24q21–22 6q19–21
CDH2 ABS125029 24q21–23
CDH2 ABS026035 24q21–23
GRP ABS038091 24q27 2q35–41
MBP ABS067117 24q12 8q18 and 2q23–24

1 All locations according to the Texas nomenclature (Popescu et al. 1996).
2 Secondary FISH signals from presumably chimeric YACs.

Table 2. Microsatellites developed in this study.

Locus name
Associated
gene D-numbers Primer sequences

Observed size
of PCR
product

Number of
allelesa H0

a Repeat structure

ADCYAP1 ADCYAP1b — GCTCAGGCGAATCTTCAATCc 154–162 bp 4 0.32 (AT)8

gtTTACGAAGCACTAGAGAATGCACf

UW64 CDH2 D24S48 CAAACTCAGGTCTCCATATTGCc 65–68 bp 4 0.50 (T)15

gtttCCCCTGGTGGCTAAGATGf

UW65 MADH4 D24S49 GGACACAATTCAGCAACTAACACa 177–187 bp 4 0.53 (CA)14

gttTGGAGCACCCATAAGGAAACf

UW67 TTR D24S50 ACAGGGCTAAGATCCCACAe 229–241 bp 9 0.53 (T)11(N)50(GT)10(AT)8(T)12

gttTGGGGGAAGTAGAGGAGGTf

UW69 LAMA1 D24S51 GCAAACCTCACTAATTCTTCTTCAd 117–138 bp 6 0.62 (CA)9

gttTCTCAGCATTGCCTGCTTf

UW72g MBP D24S52 ACGTTGTTTATAGTTAATGACGGGd 160–185 bp 7 0.86 (CA)21

gtttCTGTATTGCACCTCCTCCACf

UW74 TYMS D24S53 TGGGATTGCACAGTCAGACd 195–197 bp 2 0.20 (CA)11

gttTCACCCCACTAACTTTCACATACf

UW75 TYMS D24S54 CAGACATGACTGAGCATGAGTGd 91–97 bp 4 0.60 (CA)9
gtttCTGCAACTACCCTGAGTGATACC

UW76g PAI2 D24S55 TACAGTAGCCCAAAGGGACCd 181–189 bp 2 0.18 CA-compound
gtttGTGAGTCAGTGGCCTTATTCAGf

UW77 GRP D24S56 GTGACATGATCTGGTTTGTGATTc 126–132 bp 4 0.18 (CA)10

gTTTCACTTACTGAGCCATCTCCf

UW78 ADCYAP1 D24S57 ACCTCTAAGTCCATCCATGTTGd 247–249 bp 2 0.42 (AC)4C(CA)6
gtttGAAATGCTTCATGTTTCACCTGf

a mong the parental animals in the IBRP families.
b This marker is in the 38 untranslated region of the ADCYAP1 gene.
c Fluorescent dye TET added to the 58 end of this primer during synthesis.
d Fluorescent dye FAM added to the 58 end of this primer during synthesis.

e Fluorescent dye HEX added to the 58 end of this primer during synthesis.
f Several nucleotides (PIGtail) were added to the 58 end of this primer to facilitate
non-templated adenylation during PCR (Brownstein et al. 1996).
gNull-alleles observed at this locus.
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BTA24. The YACs mapped include No. ABS067117 containing
MBP that maps in band q12, very close to the centromere, and No.
ABS038091 containing GRP that maps near the telomere (Fig. 1).
This is the first FISH assignment of a polymorphic marker near the
BTA24 telomere.

A polymorphic CA-repeat was cloned from the BAC for each
of the genes ADCYAP1, GRP, and PAI2, and developed into
microsatellite markers (Table 2). Two polymorphic CA-repeats
were cloned from YACs containing TYMS, and one from YACs
containing LAMA1, CDH2, and TTR. Two chimeric YACs
yielded microsatellites mapping to two different chromosomes: (1)
from a YAC containing MADH4 (No. ABS097155), one micro-
satellite mapped to the expected location on BTA24 and one
mapped to BTA17, and (2) from the YAC carrying MBP (No.
ABS067117), one microsatellite mapped to BTA24 and one
mapped to BTA8. The BTA8 and BTA17 microsatellites have
been published (Larsen et al. 1997a, 1998). One additional marker
was developed from a TA-repeat present in the 38 un-translated
region of the ADCYAP1 gene. This TA-repeat was present in the
original STS for ADCYAP1 reported previously (Larsen et al.
1996).

Two-point linkage analysis showed that each locus studied
here was linked to at least one of the other loci with a LOD score
>3. A multipoint linkage map was constructed including these loci
as well as four anonymous microsatellite loci (CSSM23, CSSM31,
TGLA351 and AGLA269; Barendse et al. 1997). The linkage map
produced here covers 76.7 cM (Fig. 2), from UW72 to UW77. The
loci shown in boldface in Fig. 2 constitute a framework map with
a statistical support of 3 LOD units against inversions, and linkage
distances, obtained using the option FIXED, are given for these
markers only. The approximate locations are shown for the re-
maining markers (not bold). These markers could not be localized
with a LOD score higher than 3 (TGLA351 and UW65) or their
inclusion resulted in a large increase in map size (TGLA351 and
AGLA269).

The gene order as determined by a combination of linkage and
FISH is shown in Fig. 2. Fig. 2 also shows the relationship of this
order with the gene order on HSA18. The centromeric end of the
BTA24 linkage map, marked by PAI2 and MBP, shows corre-
spondence with HSA18 from q22.1 to near the telomere (HSA18
map positions are from Silverman et al. 1996) but the region is
inverted on BTA24. These two genes are separated to two mouse
chromosomes, PAI2 on mouse chromosome (MMU) 1{61} and
MBP on MMU18 {55} (numbers in bracket { } after MMU#
denote map position in cM counted from the centromeric end of

the mouse chromosome according to the Mouse Genome Data-
base, 1997). Next in the linkage map is an evolutionarily con-
served segment including CDH2 and TTR that corresponds to
HSA18q12 and MMU18{6–7}. These genes map to BTA 24q21–
23 with FISH but the most probable order is reversed relative to
the HSA18 order. Following is a region mapping to BTA24q23
including TYMS, ADCYAP1, and LAMA1. This region seems
conserved between bovine and human, in which it maps close to
HSA18pter, but these loci are separated onto MMU5{18} (TYMS)
and MMU17{38} (LAMA1) indicating at least one translocation
specific for that lineage. The last region is defined by the interval
MADH4-GRP on BTA24qter, corresponding to HSAq21.1–q21.3
and MMU18{47.5}–18{40}. The results given here imply that
several inversions and/or translocations have taken place in one or
all lineages since the latest common ancestor. The region contain-
ing loci orthologous with HSA4 would be expected to fit between
PAI2 and TTR in the map developed here. It is possible that
investigating more loci would identify further rearrangements.

The BTA24 centromere may be the same as the HSA18 cen-
tromere, as an inversion specific for the human lineage involving
the pericentric region and the present p-arm has been demonstrated
(Clemente et al. 1990, McConkey, 1997). This would change an
acrocentric chromosome found in most primates into the metacen-
tric chromosome HSA18, however, another rearrangement would
be necessary to place MBP near the centromere instead of the
distal telomere.

Discussion

The recently published linkage maps of the bovine genome differ
in their orientation of the BTA24 linkage map relative to the cen-
tromere (Barendse et al. 1997, Kappes et al. 1997). This is prob-
ably because both markers physically assigned in one of the maps
are located in the middle of BTA24 (Barendse et al. 1997). Our
FISH assignments of YACs carrying the GRP and MBP genes and
associated microsatellites near the telomere and centromere, re-
spectively, support the orientation in Kappes et al. (1997). It was
also possible to estimate that the linkage group covers 90–95% of
the physical length of the chromosome, mainly excluding the cen-
tromere from coverage. The coverage might be even more com-
plete when expressed in recombination units, as recombination
often is suppressed near the centromere (e.g., Johansson Moller et
al., 1996).

The genes on HSA18 investigated here showed completely

Fig. 1. R-banded whole (a) and partial (b, c, d)
metaphase spreads after in situ hybridization with
YACs containing (a, b) TTR, (c) MBP, and (d) GRP.
Large arrows indicate specific signals on BTA24 and
small arrows indicate signals due to chimerism. Bovine
chromosomes are numbered according to the Texas
nomenclature (Popescu et al. 1996).
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conserved synteny with BTA24, but Figure 2 demonstrates that
this conserved synteny does not translate into conserved order.
Instead, the genes define four regions of conserved order, and the
centromere may constitute a fifth region. Similarly, the human-
mouse comparative map shows extensive rearrangement in the
mouse relative to the human for regions corresponding to HSA18
(Carver and Stubbs, 1997). There is greater similarity in order of
the genes investigated here between human and cattle than be-
tween either of these and mouse, in contrast to the conclusion
based on genes mapped to all the bovine chromosomes (Barendse
et al. 1997).

Most genes reported on recent BTA24 maps support the re-
gions of conserved order defined here. The exception is one gene
(mitochondrial NADH-ubiquinone reductase, 24 kDA subunit;
NDUFV2) between MC2R of the HSA18 p-arm and the centro-
mere, mapping to BTA5 (Agaba et al. 1997). This result must be
viewed as provisional until supporting evidence emerges, but it
indicates the existence of a small sixth region, that has undergone
an independent translocation (we have previously mapped the
MC2R gene to BTA24 using synteny (Larsen et al. 1996)). Addi-
tionally, a small region of BTA24 was painted with a HSA4 spe-
cific probe (Solinas-Toldo et al. 1995; Chowdhary et al. 1996).
This chromosome therefore seems unusually rearranged. A study
of the chromosome pair HSA13/BTA12 indicated only a single
inversion within a region of conserved synteny covering the whole
chromosome (Sun et al. 1997).

It is interesting that the pericentric inversion specific for the
human lineage involving the present p-arm (Clemente et al. 1990;
McConkey, 1997) would place ADCYAP1 and TTR not too far
apart in the primate ancestor. That is what we observe here for
cattle, and a short inter-gene distance has been observed in the pig
as well (Larsen et al. 1997b).

LAMA1 was the only Comparative Anchor Tagged Sequence
(CATS) locus chosen from HSA18p (Lyons et al. 1997). However,
sections of HSA18p correspond to MMU5, 17 and 18. We have
included one gene from HSA18p corresponding to MMU5
(TYMS) and one gene corresponding to MMU17 (LAMA1) and
previously mapped one gene corresponding to MMU18 to BTA24
by synteny (MC2R). The genes from HSA18q included here are
mostly CATS loci, with two exceptions: MADH4 is a proxy for
DCC, chosen because the PCR worked well and because MADH4
is slightly more centromeric than DCC (Hahn et al. 1996; Silver-
man et al. 1996), thereby making the gap towards TTR on HSA18

smaller. PAI2 is a proxy for BCL2, as the initial PCR aimed at
cloning a bovine BCL2 fragment did not work in our hands, in
spite of testing two different primer pairs. PAI2 was also chosen as
an anchored reference locus in the original publication of O’Brien
et al. (1993). The two loci map close together on HSA18 (esti-
mated distance is 0.3 ± 0.7 mb; (Genetic Location Database, LDB,
1997) and as well as on MMU1 (1.3 cM apart; Mouse Genome
Database, 1997).
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