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Assignment of eight loci to bovine syntenic groups by use of PCR:
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Abstract. The polymerase chain reaction (PCR) has
been combined with hybrid somatic cell technology to
extend the bovine physical map. Eight bovine loci—
glycoprotein hormone alpha (CGA), coagulation factor
X (F10), chromogranin A (CHGA), low-density li-
poprotein receptor (LDLR), human prochymosin
pseudogene (CYM), oxytocin (OXT), arginine-
vasopressin (ARVP), and cytochrome oxidase ¢ sub-
unit I'V pseudogene (COXP)—were assigned to bovine
syntenic groups with this approach. CGA was assigned
to bovine syntenic group U2, FI0 to U27, CHGA to
U4 [bovine Chromosome (Chr) 21], LDLR to U22,
CYM to U6, OXT and ARVP to Ul1, and COXP to U3
{(bovine Chr 5). Seven of these genes, CGA, FI0,
CHGA, LDLR, OXT, ARVP, and CYM, further delin-
eate regions of chromosomal conservation on human
Chrs 6, 13, 14, 19, 20, 20, and 1, respectively. CHGA,
OXT, and ARVP are unmapped in the mouse. Com-
parative mapping predicts the mouse CHGA will map
to Chr 12, and mouse OXT and ARVP will map to
mouse Chr 2. Furthermore, human CYM is predicted
to be sublocalized to 1p32-q21. The primers developed
for these eight loci will be useful for the development
of hybrid somatic cell panels in the future as well as
establishing a collection of bovine expressed sequence
tags.

Introduction

Syntenic comparisons among distantly related species
suggest that large chromosomal regions are conserved
within mammals (Womack and Moll 1986; Brubacher
et al. 1990; Copeland and Jenkins 1991; Nadeau 1989;
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Levan et al. 1991). Because of this chromosomal con-
servation, it is possible to use the extensive gene maps
of human and mouse to speed the development of gene
maps in other species. Inferences can be made about
information derived from the mapping of loci in one
species to their location in another. The development
of the domestic cow gene map has benefited from a
comparative mapping approach (Threadgill and Wo-
mack 1990; Threadgill et al. 1990a, 1991; Skow et al
1988). If the borders of the evolutionarily conserved
regions can be determined, then mapping information
from mouse and human will be immediately useful in
the bovine gene map. Likewise, syntenic information
from cattle can be used to make predictions regarding
syntenic organization in human and mouse.

The syntenic characterization of cattle has been
primarily through Southern analysis of bovine-rodent
DNAs. Recently, PCR has been used extensively in
the development of physical and linkage maps of
mouse and man (Cornall et al. 1991; Dionne et al. 1990;
Trapani et al. 1990; Iggo et al. 1989; Rose, 1991). Here
we demonstrate its value as a tool in bovine gene map-

ping.

Materials and methods

Bovine leukocytes were fused with hypoxanthine phosphoribosyl-
transferase-deficient rodent CHO, E-36, and thymidine kinase-
deficient (LMTK ™) cell lines, and the hybrid cell lines were devel-
oped as described previously (Womack 1990; Womack and Moll
1986). Genomic DNA was extracted from bovine, rodent, and bo-
vine-rodent cells according to established protocols (Blinn and Staf-
ford 1976).

Primers were designed from published bovine sequences (Table
1) and synthesized in the Department of Biology (Texas A&M Uni-
versity). A PCR cocktail consisting of 1.0 uM upper and lower prim-
ers and 0.2 mm dNTPs, 10 mMm Tris pH 9.0, 50 mm KCl, 1.5 mm
MgCl,, 0.01% gelatin (w/v), 0.1% Triton X-100, and 1-1.25 units of
Taq polymerase (Promega, Madison, Wis.). The cocktail was ali-
quoted into tubes with 100 ng of bovine CHO, E36, LMTK ™, or
hybrid cell DNA per reaction and overlaid with approximately 100
pl of sterile mineral oil. The reaction cycled for 1 min at 94°C, 2 min
at an optimized annealing temperature, and 2 min at 72°C for 25-35
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Table 1. Primers and conditions for amplification reactions.
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Gene  Upstream primer

Downstream primer

Annealing Size
temp (°C) (bp) Reference

CYM 5'-CCAGGGCTTCTGTACCAGTGGCTTC-3' 5-TGAGAATCATCTGTCTGGAAACCTC-3 67 253  Hidaka et al. 1986
CGA S-TCAACTTTCAGGATGTTGTGTATAA-3 5-GATCACAGACCACAGTTTTGCAGAC-3 60 559  Goodwin et al. 1983
LDLR 5-TGAGCTGCTGCCTTGAGTCCTCTCC-3' 5-GCAGGCTTGCCTGGCAGAAGTAAAC-3 65 519 Hobbs et al. 1985
F1o 5"TGTCCAGCAGCTTCACCATTACGCC-3' 5-GCCTTCATGATCTTGTCGATCCACT3 70 229 Funget al. 1984
CHGA 5-ACACAGGCAGCCTTCCAAAGTTTGC-3' S5-'CACAATATAGTCAGGAGTCCTCAGC-3' 66 100 Tacangelo et al. 1986
COXP 5'-GAATGATGGCACAGATTTGCTCTGG-3' 5-TACACACAGCGCTTCTCCCAGGTGA-3' 67 582 Bachman et al. 1987
OXT  5-GCCATTAGCCGACATAACCTTGACC-3 5-ACGGTGTCTAAGAGGGCAGCCGCAT-3' 70 160  Rupert et al. 1984
ARVP 5-TTCCTCAGCCTGCTGGCCTTCACCT-3 5.TGAAGGGGATTTCGGACGGAGAGGG-3' 67 206 Rupert et al. 1984

Bachman et al. Gene 55: 219-229, 1987; Fung et al. Nucleic Acids Res 12: 4481-4482, 1984; Goodwin et al. Nucleic Acids Res 11: 6873-6882, 1983; Hidaka et al.
Gene 43:197-203, 1986; Hobbs et al. Proc Natl Acad Sci USA 82: 76517655, 1985; lacangelo et al. Nature 323: 82-86, 1986; Rupert et al. Narure 308: 554-557,

1984,

cycles in a Perkin-Elmer Cetus thermocycler. The primer pairs were
optimized for amplification at the highest temperature possible. This
temperature allowed preferential amplification of the bovine target
sequence with little or no amplification of the rodent sequence. The
subsequent reaction products were electrophoresed on a 3%
Nuseive, 1% Seakem Me (FMC, Rockland, Me.) agarose gel con-
taining ethidium bromide and were photographed.

Presence or absence of bovine-specific PCR amplification prod-
uct was tested in 20 clones from a well-characterized, bovine-rodent
somatic cell panel. Segregation profiles of bovine-specific PCR
products were compared with those of previously assigned markers
for each of the 31 bovine syntenic groups. Statistical analysis based
on correlation (Chevalet and Corpet 1986) was performed between
the tested locus and each of the representative markers (p < 0.02).
This test determines whether the locus is syntenic, asyntenic, or
undeterminable with each of the syntenic groups.

Results

Partial sequencing of the amplified DNA products by
modified PCR sequencing (Allard et al. 1991) of FI10
and CYM was used to confirm gene specificity of the
amplification reactions (data not shown). The ampli-
fied product of both of these primer sets corresponded
to published sequence data. The amplification of the
predicted fragment was used as evidence of successful
targeting of amplification (Fig. 1).

Eight loci were assigned to bovine syntenic groups
by use of PCR in bovine X hamster and bovine X
mouse hybrid cells. Each hybrid clone from the so-
matic cell panel was tested for its ability to amplify a
predicted size fragment by PCR with primers designed
from published bovine sequences. The amplified frag-
ment represents the presence of the bovine template.
The presence or absence of this bovine template in
each of the 20 hybrid clones determined the syntenic
assignment for each gene. Statistical analysis of data
corresponding to the retention or loss of bovine-
specific PCR products demonstrated that CYM,
CHGA, CGA, F10, LDLR, OXT, ARVP, and COXP,
mapped to syntenic groups U6, U4, U2, U27, U22,
Ull, Ull, and U3, respectively (Table 2).

CGA and LDLR have previously been mapped in
mouse and human (Naylor et al. 1983; Francke et al.
1984; Lindgren et al. 1985, Wang et al. 1988). CYM,
CHGA, OXT, ARVP, and F10 have been mapped only
in humans (Kolmer et al. 1991; Modi et al. 1989; Mur-
ray et al. 1987; Sausville et al. 1985; Riddell et al. 1985;
Rocchi et al. 1986; de Grouchy et al. 1984). COXP is a

pseudogene that has no demonstrated homolog in ei-
ther human or mouse. COXP and CYM were assigned
gene symbols according to previously determined
rules for human gene nomenclature (Shows et al.
1979). By aligning the assigned human loci with their
corresponding locations in cow and mouse, a three-
way comparative map can be established (Fig. 2). (For
detailed descriptions of other loci found on the com-
parative map, see Human Gene Mapping 10, 1989;
Womack et al. 1989, 1991).

Discussion

Using PCR in combination with a well-characterized
hybrid somatic cell panel, we have assigned eight
genes to bovine syntenic groups and have used seven
of these assignments to further extend the bovine-
human or the bovine-human-mouse comparative
map.

This is the first description of a PCR, somatic cell-
based mapping study in cattle, and a few observations
about the technique are in order. A critical factor in
this technique is the ability to selectively amplify the
bovine DNA without amplifying the corresponding ro-
dent gene in the hybrid cells. In our hands, optimiza-
tion of annealing temperature was the most efficient
way of achieving preferential amplification. PCR gene
mapping was very useful with primers designed from
all regions of bovine sequences (exons as well as non-
coding regions) when amplifying relatively short frag-
ments (up to 600 bp) with the annealing portion of the
reaction run at the highest temperature allowable.

PCR gene mapping was used to extend the bovine—
human and the bovine-human-mouse comparative
maps. The mapping of LDLR to U22 and of CGA to U2
further defines regions of syntenic conservation
among bovine, human, and mouse. LDLR identifies a
homologous region of bovine U22, a portion of the p
arm of HSA 19 (Francke et al. 1984), and MMU 9. An
evolutionary breakpoint is observed between LDLR
and INSR. However, this breakpoint is not observed
in cattle, since both LDLR and INSR are located on
U22. Assuming a most parsimonious model, the syn-
tenic configuration of the portion of HSA 19p, extend-
ing from AMH to LDLR, defines the mammalian an-
cestral synteny.
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Fig. 1. Representative ethidium bromide-stained gels of amplified
PCR products representing the genes in this study. Bovine control
(B), cell line chinese hamster ovary (C), cell line E36 (E), cell line
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Table 2. Concordancy and statistical analysis.*
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COXP ARVP OXT CYM CGA F10 CHGA LDLR
Syntenic Group ~ ° Con® Con ¢ Con ¢ Con ¥ Con ¥ Con Con Con
1 0.13 60 047 75 0.36 76 0.04 55 0.20 60 036 70 047 75 —0.24 45
2 0.42 68 033 63 0.33 63 -0.59 21 1.0 100 0.19 58 029 63 -0.39 32
3 1.0 100 0.38 75 0.29 70 -0.25 45 0.44 70 0.52 80 —-0.02 55 0.13 55
4 0.05 60 -0.10 55 -0.19 50 ~0.02 55 0.44 70 0.05 60 089 95 -0.38 45
5 0.09 50 047 65 0.53 70 0.17 S5 —0.20 40 -0.13 40 -0.68 15 0.24 55
6 —0.30 45 -0.20 50 -0.25 45 1.0 100 —0.52 25 -0.02 55 -0.10 50 0.54 80
7 0.00 50 022 55 0.00 50 0.31 65 —0.40 30 0.00 S0 052 25 0.35 65
8 0.31 60 -0.02 35 —0.36 36 0.39 65 0.20 60 0.09 50 0.17 35 0.24 55
9 -0.30 50 022 75 0.15 69 -0.22 63 0.38 63 -0.22 63 022 75 -0.22 63
10 -0.10 45 -0.02 40 -0.29 35 0.45 70 0.10 55 0.15 35 045 70 0.52 70
11 0.29 70 088 95 1.0 100 -0.25 45 0.22 60 029 70 -0.25 45 -0.13 55
12 0.43 75 0.54 80 0.43 75 -0.32 40 0.52 75 043 75 0.12 60 —0.18 50
13 0.21 65 030 70 0.21 60 0.34 70 0.10 55 021 &4 034 70 -0.18 50
14 0.15 S8 -0.10 47 -0.19 42 -0.07 47 —-0.06 47 -0.09 47 -0.07 47 0.29 63
15 -0.20 40 -0.10 45 -0.22 40 Q.73 85 —0.40 30 0.00 50 -0.10 45 0.35 65
16 -0.10 55 020 70 0.38 75 -0.18 50 -0.12 45 0.13 65 0.06 60 -0.07 60
17 0.21 65 030 70 0.21 60 0.34 70 0.10 55 021 65 034 70 -0.18 50
8 0.51 80 0.58 85 0.51 80 —0.24 55 0.33 60 0.15 70 0.1 65 —0.19 65
19 0.05 60 0.13 65 0.05 60 0.66 85 —0.44 30 0.05 60 —-0.48 35 0.63 85
20 0.13 65 -0.10 60 —0.13 55 0.06 60 0.35 65 038 75 0.3 70 0.20 70
21 —-0.20 35 -0.3 30 —-0.43 25 0.32 60 -0.10 45 0.02 45 0.54 70 0.42 60
22 -0.10 55 -0.10 60 -0.13 55 0.54 80 -0.35 35 0.13 65 —0.42 40 1.0 100
23 -0.10 40 0.00 45 0.09 50 0.39 65 0.00 50 0.09 S0 0.17 55 0.24 55
24 -0.30 35 0.06 50 -0.07 45 0.45 70 -0.10 45 -0.07 45 024 60 0.29 60
25¢ -0.30 33 0.50 67 0.71 83 —0.63 17 0.71 83 0.00 33 032 50 0.00 33
26 -0.20 50 -0.10 55 -0.19 50 0.21 65 -0.22 40 -0.19 50 —0.48 35 Q.63 85
27 0.43 75 030 70 0.43 75 -0.10 50 0.10 55 0.89 95 -0.10 50 0.06 60
28 —-0.10 40 -0.20 35 -0.13 40 0.17 55 0.20 60 0.31 60 0.17 55 0.24 55
29 -0.20 40 035 65 0.22 60 0.52 75 0.00 50 0.00 50 0.10 55 0.35 65
X 0.07 35 0.41 70 0.50 75 -0.66 20 0.10 55 -0.15 45 —-0.24 40 -0.52 30

* Each locus was tested against each syntenic group with statistically significant values for synteny in bold typeface, asyntenic groups in plain text, and underlined values
representing undetermined relationships between the tested locus and that syntenic group (error rate Q = 0.025, and probability for correct decision P = 0.91).

b Correlation coefficient.
¢ Percent concordancy.
4 A limited number of clones were tested for syntenic Group U25.

CGA defines a conserved segment consisting of bo-
vine U2, most of the q arm of HSA 6, and MMU 4.
CGA extends the known bovine U2-HSA 6 homology
to include the MMU 4 region. CGA is another example
of disruption of ancestral syntenies in the mouse with
remaining conservation of these syntenies between hu-
man and cow. HSA 6 is the only known location for
homologs to the genes in syntenic group U2 and U20.
The location of CGA on HSA 6 is defined as either
p23-p21.1 or q12-q21. The comparative map is not suf-
ficiently defined to enable the determination of the
correct locality. BF and C4 both map to HSA 6p21.3
and Bos taurus 23 (bovine syntenic group U20). There-
fore, it is more likely that CGA would be sublocalized
to the g arm of human 6; however, the data are still
unclear.

F10, CYM, OXT, ARVP, and CHGA extend the
human-bovine comparative map only, since they are
not yet mapped in the mouse. OXT and VAS map to
HSA 20. The loci that have been assigned to the hu-
man—mouse-bovine comparative map extend along
the entire region of HSA 20, indicating extensive evo-
[utionary conservation for this human syntenic
group. OXT and ARVP have not been assigned in
mouse; however, on the basis of the demonstrated
conservation seen in the comparative map (Lalley and
Diaz 1984), we predict the physical location of OXT
and ARVP will be MMU 2.

F10 demonstrates a new region of conservation be-
tween bovine U27 and HSA 13. ESD is the only other

gene on the comparative map of HSA 13 and has been
found to be syntenic with bovine syntenic group U13
(BTA 2) and mapped to MMU 14. FI0 has been sub-
localized to 13q34, making F10 a good distal marker to
help determine the comparative map in this region of
the genome. It is interesting to note that the human—
mouse comparative map suggests that HSA 13 is
highly conserved between these species. F10 may then
be a good subject for further investigation into the hu-
man-mouse comparative map for this region.

CHGA is found to be on an evolutionarily con-
served segment with IGH on bovine U4 (BTA 21)
(Threadgill et al. 1990b). The homologous human re-
gion has been located on 14q32. The homologous re-
gion of telomeric HSA 14 has been mapped to MMU
12. On the three-way comparative map, this also in-
clude FOS. However, FOS is located on BTA 10, re-
vealing a region that has been conserved between
mouse and human and disrupted in cattle. The con-
served region surrounding CHGA and represented by
IGH on the comparative map also contains five loci
that have been mapped to both mouse and human, but
not yet assigned in cattle. The mouse-human compar-
ative map for this region is highly conserved, with all
five of these loci mapping to MMU 12. Therefore, we
predict the mouse homolog of CHGA is likely to map
to MMU 12.

CYM was found to map to bovine syntenic group
U6. It has recently been demonstrated that CYM maps
to HSA 1; however, it has not been sublocalized
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Fig. 2. Comparative maps based on the human idiogram with the
bovine syntenic group (B) and the mouse chromosome (M) location
indicated to the right. All loci indicated have been mapped in human
and bovine. Loci that have not been mapped in the mouse are indi-
cated (*). Brackets are generalized localizations used for clarity.

(Kolmer et al. 1991). The human bovine comparative
map consists of five defined regions of conservation.
Four of the regions are derived from syntenic groups
U1l and U3. There is only one region of HSA 1 that is
defined by bovine syntenic group U6. The region is
defined by PGM1 at HSA 1p22 that maps to bovine
syntenic group U1, and SPTAI at HSA 1921 that maps
to bovine Ul. This region contains three genes—
PGMI, AMYI, and NGFB—that map to bovine U6.
Since this is the only region defined by U6, we sublo-
calize CYM to the boundaries of the comparative map
HSA 1p32-g21.

PCR in combination with somatic cell genetics is
very useful for assigning bovine genes to bovine syn-
tenic groups. We have mapped eight genes by this
technology, two that define new regions of chromo-
somal conservation between mouse, human, and cow,
and five that define regions between human and cow.
It should also be noted that, through the development
of PCR assays for these eight genes, we have devel-
oped the bovine equivalent of expressed sequence tags
(ESTs; Adams et al. 1991). Expressed sequence tags
and nonexpressed sequence-tagged sites (STSs; Olson
et al. 1989) are becoming standard markers for physi-
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cal mapping in the human genome. The primers de-
signed in this study can be used by other investigators
interested in either the individual locus or in the phys-
ical regions represented by the loci. This process can
occur without the time and expense involved with
transfer of biological materials. The development of
bovine ESTs will capitalize on the current technology
to gain rapid and detailed development of the bovine
gene map. These eight ESTs map to seven bovine syn-
tenic groups, resulting in a panel of PCR-based assays
that will also function as rapid sources for the future
characterization of hybrid somatic cell panels.

The continued development of a three-species
comparative map will aid in the further localization of
homologous segments across species and will provide
for an efficient basis for the generation of linkage maps
in this and other economically important species.
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