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An essential step toward the direct assignment of a gene onto a 
particular chromosome (or a region within the chromosome) depends on the feasi
bility of correlating the change which occurred in a chromosome and specific 
alterations observed in gene product(s) or gene orders (relationship between 
certain linkage groups). Changes involving a whole chromosome or even part of 
a chromosome (particularly an autosome) in mammalian species are usually incom
patible with life. Therefore only heteroraorphic chromosome markers (Donahue 
et al., 1968), small deletions (Ferguson-Smith et al., 1973), balanced trans
locations (Miller and Miller, 1972) and made use of sex chromosomes (for the 
sex-linked gene) were useful among the pioneer studies in the field of gene 
mapping of mammalian species. However, usefulness of a chromosome marker depends 
on the close proximity of the marker to the gene to be mapped. In man this has 
been found not to be the case in many instances (Human Gene Mapping 2, 1975). 
Viable deletions and translocations are also rare in natural conditions. There
fore a much more fruitful approach to mammalian gene mapping was later developed 
using a parasexual system of interspecific somatic cell hybrids (Ephrussi, 1972). 
The newly formed hybrid cells have a tendency to lose their chromosomes. 
Fortunately in human-rodent cell hybrids and in livestock-rodent hybrids, pre
ferential loss occurrs in the chromosome complement of man or the livestock 
species (Weiss and Green, 1967; Westerveld et al., 1971; Gellin et al., 1979; 
Shimizu et al., 1981; Heuertz and Hors-Cayla, 1981; Saidi-Mehtar et al., 1981; 
Leong et al., 1981a). The established hybrid clones only retained certain human, 
or cattle, sheep and pig chromosomes. The assignment of gene(s) on a particular 
chromosome can then be made by correlating the retention of the gene(s) ^(usually 
recognized by the gene product) to be mapped with the retention of chromosome(s) 
among the independently established hybrid clones. Using primarily the methods 
mentioned above, many available gene linkages (O’Brien, 1980), and synteny data 
(Renwick, 1971), more than 400 genes of man have now been mapped. Of these genes 
over 200 were assigned by the somatic cell hybrids. In livestock species, the 
number of mapped genes was 19, 16, 11 and 5 in cow, sheep, horse and pig respec
tively (Table 1) by the somatic cell hybrid system. Only a small number of 
genes have actually been assigned to a specific chromosome(s) of these species 
(Table 2).
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Gene Mapping in Livestock Species by Somatic Cell Hybridization

Peripheral lymphocytes of the livestock species were commonly fused with 
rodent cells from established murine or hamster cell lines which were deficient 
in hypoxanthine-guanine phosphoribosyl transferase (HPRT-) or thymidine kinase 
(TK-) activity. The fusing agents which have been used were Sendai virus (Giles 
and Ruddle, 1973) in producing cattle-mouse hybrids (Shimizu et al., 1981) and 
polyethylene glycol (Pontecorvo, 1976) for obtaining cattle-mouse hybrids 
(Heuertz and Hors-Cayla, 1981), sheep-mouse hybrids (Saidi-Mehtar et al. , 1981) 
and pig-mouse hybrids (Leong et al., 1981a). The advantage of using polyethylene 
glycol as the fusing agent is that is is easily obtained and simple to use. The 
hybrid cells have the ability to survive and outgrow the parental cells in H.A.T. 
Medium (Littlefield, 1964) which contains hypoxanthine, aminopterin and thymidine. 
Aminopterin blocks endogenous synthesis of purines and pyrimidine, so that 
parental mouse or Chinese hamster cells (HPRT- or TK-) do not survive in H.A.T. 
medium. The parental lymphocytes do not normally proliferate or attach and are 
subsequently removed by changing the medium. Only the hybrids which obtained 
the HPRT or TK gene can use the exogenous nucleotides to survive and proliferate. 
Fibroblast cell lines established from livestock animals can also be used as 
parental cells to produce hybrids. However, in this situation, a total selective 
medium contains both H.A.T. (Littlefield, 1964) and Ouabain (Baker et al., 1974) 
is used for hybrid cell selection. It is important to establish hybrid clones 
which have vigorous growth potential. We have observed, in pig-mouse hybrids, 
that the parental mouse cells derived from RAG (HPRT-) cells (Klebe et al., 1970) 
grew much more vigorously than when the parental mouse were derived from A9 
(HPRT-) cell lines (Littlefield, 1966). The choice of proper rodent cell lines 
to be used in producing somatic cell hybrids may not be overlooked.

In the reported studies on somatic cell hybrids produced from livestock 
species with rodent cell lines, the preferential loss of chromosomes always 
occurred in the livestock species. From the study of pig-mouse hybrids, the loss 
(segregation) of particular pig chromosomes appeared to be random (Leong et al., 
1981a). With recent advances in chromosome banding techniques, the loss or 
retention of a particular chromosome of a livestock species in the hybrid cells 
can be unequivocally identified (Fig. 1). Needless to say, the feasibility of 
chromosome identification is a prerequisite for gene mapping on livestock chromo
somes (Ford et al., 1980). The other important factor is the possibility of 
detecting the retention of gene(s) of livestock species in the hybrids. So far 
only those genes coding for directly detectable gene products such as enzymes 
(Fig. 2), structural proteins or cell surface antigens were readily accessible 
for gene mapping study in the livestock species (Gellin et al., 1979; Echard,
1981; Heuertz and Hors-Cayla, 1981; Leong et al., 1981; Saidi-Mehtar et al., 1981; 
Shimizu et al., 1981).

It should be known that certain pitfalls have been encountered using 
somatic cell hybridization. For example, using human-mouse hybrids (the parental 
cells were from mouse L-cells), the human pyruvate kinase-3 (PK3) was assigned 
to human chromosome 7 (Shows, 1974). However, when the parental mouse cells were 
mouse RAG cells, human PK3 was not expressed when the hybrids retained the human 
chromosome 7. On the other hand, it was known that human thymidine kinase (TK) 
gene was on chromosome 17 (Miller et al., 1971). In some long established human- 
mouse hybrid cell lines, the human TK gene was expressed, even when no human 
chromosome 17 was observed (Migeon et al., 1969). One possible explanation was 
that the human TK gene had been incorporated into a mouse chromosome. These 
studies indicated that the absence or presence of a gene product may not always
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be in concordance with the loss or retention of a specific chromosome found in 
hybrid cells. Another major limitation of using lymphocytes in producing live
stock-rodent somatic cell hybrids for gene mapping is that only those genes which 
are expressed in lymphocytes can be mapped. Many genes expressed only in other 
differentiated cells such as liver cells cannot be mapped using this system.
This drawback can be overcome by using new approaches to gene mapping in mammalian 
species.

New Approaches to Gene Mapping in Livestock Species

This section introduces the use of recently developed recombinant DNA 
technologies coupled with somatic cell hybridization in gene mapping studies.
Many examples cited in this section come from the article of Ruddle (1981) ;

(1) By combining somatic cell hybridization and DNA hybridization:

DNA preparation from interspecific somatic cell hybrids containing 
different human chromosomes have been used in solution hybridization with a and 
8-globin cDNA probes. Using Cot analysis (Britten and Kohne, 1966), the a-globin 
gene was mapped to human chromosome 16 and the 8-globin gene to human chromo
some 11 (Deisseroth, et al. , 1977; Deisseroth et al., 1978). This approach does 
not depend on the expression of a gene(s) on a particular chromosome, the gene 
itself can be directly mapped ot its specific chromosome. When clonal DNA of the 
genes of livestock animals become available, this approach will be feasible for 
gene mapping in livestock species. Some drawbacks of using the solution hybridi
zation techniques are that some livestock species gene probes may cross-hybrldize 
to rodent DNA sequences (certain degree of homology) and cause confusion. This 
problem can be avoided by the following procedure:

(2) Somatic cell hybridization and restriction fragment analysis.

If a particular restriction endonuclease site happens to be close to or 
within the gene to be mapped and if the number of the restriction endonuclease 
sites differ (generate different lengths of restriction fragments) between the 
rodent species and the livestock species, the DNA fragment pattern from the 
parental cells and the hybrid cells can be separated by gel electrophoresis and 
the gene of interest on the specific DNA fragment can be identified by the 
Southern blotting technique (Southern, 1975). By correlating the retention of a 
particular human (or livestock species) chromosome with the expression (pattern) 
of the particular DNA fragment of the gene, the gene of interest can be mapped 
onto that particular chromosome (See Fig. 1 from Ruddle, 1981). The procedure 
is not dependent on hybridization specificity, thus eliminating the problem of 
cross-hybridization. Over a dozen human genes have already been assigned to 
specific human chromosomes using this procedure (Ruddle, 1981). This approach 
should be potentially useful in gene mapping on chromosomes of livestock animals.

(3) Localization of genets) onto chromosome(s) by in-situ hybridization.

In-situ hybridization is a procedure which allows direct assignment of 
the labelled DNA (3H-thymidine- or 325I-labelled nucleotide) of a gene onto 
cytological chromosome preparations. In the conventional 3H-thymidine procedure, 
hybridization of a single gene copy has to be amplified about 100-fold (e.g. the 
ribosomal gene in many mammalian species) in order to be detected by autoradio
graphy of cytological chromosome preparations. Therefore, it is questionable 
that the procedure will have any usefulness for allocating these unique sequence
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TABLE I

Mammalian Gene maps*

Species
Diploid
Number

Known linkage and 
syntenic group

Number 
mapped j

Human 46 23 416
Chimpanzee 48 18 37
Gorilla 48 21 38
Orangutan 48 14 26
Rhesus monkey 42 14 26
Baboon 42 3 8
African green monkey 60 10 21
Mouse 40 20 550
Rat 42 12 44
Deer mouse 48 4 10
Golden hamster 44 6 12
Chinese hamster 22 4 10
Cebus 54 11 14
Microcebus 66 12 18
Rabbit 44 15 40
Cat 38 17 33
American mink 30 1 2
Dog 78 3 9
Pig 38 2 5
Indian Muntjac 6?,7<? 1 2
Cow 60 4 19
Sheep 54 4 16
Horse 64 4 11
Red Kangaroo 20 2 4

* This data is compiled mainly from information available at the 6th Human 
Gene Mapping Workshop, Oslo, 1981 and O'Briwn (1980) with additional 
new information on livestock species.
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Figure 1. A fluorescent banded karyotype by Hoechst 33258 staining (QFH-banding) 
of a pig-mouse somatic hybrid cell. The chromosomes which could be 
identified were Indicated by numbers. Nine porcine chromosomes were 
retained in this cell including the chromosome no. 9. (Leong et al., 
1981).

Figure 2. Electrophoretic patterns of superoxide dismutase. Channels 1-2, 5-6 
and 10: cell lysates from pig-mouse hybrid clones showing only mouse
(RAG) SOD-1 band. Channels 3-4 and 7-9: cell lysates from pig-mouse
hybrid clones showing mouse, intermediate (heteropolymerlc) and pig 
SOD-1 bands. Channels 11-12: A mixture of parental pig lymphocyte
and RAG cell lysates, showing mous? and pig SOD-1 bands. Channels 13- 
14: Cell lysates from parental lymphocytes: showing pig SOD-1 band.
Chennels 15-16: cell lysates from parental RAG cells: showing mouse
SOD-1 band. The hybrid clones which expressed the pig SOD-1 band and 
the heteropolymeric band were found always concordantly retaining the 
pig chromosome 9. This observation made it possible to assign gene 
for pig SOD-1 to pig chromosome 9. (Leong et al., 1981).



Table II. Genes for different biochemical markers mapped in livestock animals.

Gene assigned to chromosome
Species Synteny group Other genes mapped Gene chromosome Reference

Pig 1. MPI-PKMZ-NP Echard et al.,(1981)
2. HPR-G6PD-PGK Gellin et al.,(1979)

S0D1 9 Leong et al. , (1981)
HPRT X Leong et al., (1981)
G6PD X
GAL X

Cow 1. LDHB-PEPB-TPI LDHA,MDH2,LDH1, Heuertz and
2. PGM3-ME1-S0D1 S0D1.PKM2.PGM1 Hors-Cayla (1981)
3. PGD-EN01 PGM2,AK1,MPI
4. G6PD-PGK-HPRT

Sheep 1. EN01-PGD PGM1 (or PMG2), Saidi-Mehtar et al.,
2. ME1-PGM3 IDH1,GP1,LDNA (1981)
3. LDHB-PEPB-TPI MDH2.ADA
4. G6PD-PGK-GAL

Horse 1. GC-ALB Weitkamp (1979)
2. G6PD-HPRT-PGK Deys (1972)



genes which are not presented in multicopy. Recently, several refinements in the 
in-situ hybridization techniques, such as the use of *2^I-labelled nucleotide in 
the DNA probe by nick translation to produce high specific activity (Robins et al.,
1981). Use of dextran sulphate to increase hybridization efficiency (Wahl et al.,
1979), and the single-stranded probes which prevent hybridization to themself 
also increase the efficiency of in-situ hybridization (Diaz et al., 1981). It 
has been reported that several single copy genes have been mapped onto chromosomes 
directly by in-situ hybridization (Gerhard et al., 1981; Harper et al., 1981; 
Malcolm et al., 1981) in man. Once the highly specific activity DNA probes of 
the gene become available, the in-situ hybridization technique will be a very 
powerful tool for gene mapping in livestock species.

Gene Mapping onto Subreg ion  w ith in  a Chromosome

Using a parental cell line carrying a translocation chromosome in pro
ducing somatic cell hybrids, it has been possible to map gene(s) on the trans
located segment(s) of the chromosome. In man, over 300 translocation cell lines 
have been established and more than 100 genes in man have been assigned to 
particular subregions of a chromosome by the use of translocation cell lines. 
Different types of translocation have also been reported'.in cattle (Gustavsson, 
1969; Eldridge, 1980; Papp and Kovacs, 1980) and in pigs (Henricson and Backstrom 
1964; Hageltorn et al., 1973; Bouters et al., 1974; Hageltorn et al., 1976; 
Locniskar et al., 1976; Maden et al., 1978; Papescu and Legault, 1978). Lympho
cytes (or cell lines) derived from animals carrying certain types of transloca
tions can be used for subregional gene mapping. Animals carrying the trans
location usually have higher incidences of spontaneous abortions, low fertility 
and producing calfs or piglets with congenital defects. Such animals should 
not be ignored and if possible chromosome analysis should be attempted. In 
order to facilitate subregional gene mapping, large numbers of translocation cell 
lines from livestock species have to be established.

CONCLUSION

The somatic cell hybridization technique has been demonstrated to be a 
useful tool for gene mapping in man and other mammalian species as well as in 
livestock animals. Although certain limitations of using the somatic cell hybrid 
system have been enbountered, some of these drawbacks can be overcome by the new 
approaches of using a combination of recombinant DNA technologies together with 
the somatic cell hybrid system in gene mapping studies. The resolution of gene 
mapping in man has been greatly improved by the refinement of banding techniques 
for chromosome analysis, such as the high resolution G-banding (Yunis, 1978) and 
by many available translocation cell lines which allow the assignment of a gene(s) 
onto a small subregion within a chromosome. Furthermore, the new approaches, 
such as using Southern blotting technique in restriction fragment analysis 
(Southern, 1975), have the potential to achieve the resolution of mapping within 
a 100 kilo base pair level in man and other mammalian species (Ruddle, 1981).
These new approaches should also be able to be adapted for gene mapping studies 
in livestock animals. Since more information such as linkage relationship and 
synteny data are now available in many mammalian species, one can predict some 
chromosome homology between mammalian species may also exist. For example, the 
genes for human superoxide dismutase (SOD-1), interferon receptor (IFRC), 
phosphoribosylglycinamide synthetase (PRGS) are syntenic and all located on 
chromosome 21. Similarily the genes for mouse S0D-1, IFRC and PRGS are also 
syntenic and have been mapped to mouse chromosome 16 (Human Gene Mapping 6, 1982).
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Such homology will be very useful for initiating gene mapping programs in live
stock animals (Leong et al., 1981b). The gene mapping studies will provide us 
with a better understanding into the chromosomal and genomic organization in 
livestock species which in turn will be beneficial to our breeding programs of 
improving livestock production.

SUMMARY

By the use of interspecific somatic cell hybrids, family Pedigree analysis 
and other methods, over 400 gene loci in man have been mapped on human chromo
somes. In livestock animals the number of mapped genes were 19, 16, 11 and 5 in 
cow, sheep, horse and pig respectively by the somatic cell hybrid system. New 
approaches which use the somatic cell hybridization together with the recombinant 
DNA technologies have been developed for gene mapping. In situ hybridization 
techniques have been refined to facilitate allocation of unique sequence gene 
(single copy or only a few copies) directly onto its specific chromosome(s) of 
man and other mammalian species. With the refinement of chromosome banding 
techniques for chromosome identification together with the use of many available 
translocation cell lines, gene(s) can be mapped onto subregions within a chromo
some. The resolution of the gene map can be greatly improved by the use of 
restriction fragment analysis and Southern blotting technique. These new 
approaches should also be feasible for gene mapping of livestock animals when 
the clonal DNA probes of genes of the livestock species become available.

RESUME

En utilisant des hybrldes de cellules somatiques interspecifiques, 1'analyse 
de pedigree gdndalogique et autres mdthodes, plus de 400 gAnes ont dtd localises, 
sur les chromosomes humains. Pour le b£tail, le nombre de gAnes localises a Atd 
19, 16, 11 et 5 pour la vache, le mouton, le cheval et le pore, respectivement, 
avec 1'usage des cellules somatiques hybrides. Des nouvelles mdthodes technolo- 
giques, telle que 1'hybridization de cellules somatiques et la recombinaison du 
DNA, ont At A developpAes pour "placer" les gAnes sur les chromosomes respectifs. 
Les mAthodes pour 1'hybridization in situ ont AtA raffinAes pour faciliter 
1'allocation de sequences gAnAtiques uniques (une ou quelques copies du gAne) A 
un chromosome spAcifique chez l'homme et les autres espAces mammifAre. Avec le 
raffinement du chromosome en bande pour 1'identification des chromosomes et 
l'usage des nombreuses "translocation cell lines" disponsibles, les gAnes peuvent 
Atre assignAs aux sous-rAgions comprenant le chromosome. La resolution de 
l'enlignement des gAnes peut Atre artAliorAe considerablement avec 1'analyse des 
"restriction fragments" et l'application du "Southern blotting" technique. Ces 
nouvelles mAthodes devraient s'applique A l'enlignement des gAnes chez les 
animaux domestiques aussitdt que les "clonal DNA probe" pour les gAnes de ces 
derniers sont disponsibles.
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