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PREFACE

This publication contains the proceedings of a seminar held in
Brussels on November 8-9, 1988. The title of the seminar was "Reducing the
costs of disease by improving resistance through genetics". The seminar was
held as an activity of the Community Programme for the Coordination of
Agricultural Research, 1984-1988.

Costs of disease depend on losses caused by morbidity, mortality and
production decreases and on the costs of preventive measures including
vaccination and medication. Production losses often contribute a major
portion to the total costs. To reduce costs of disease preventive measures
like vaccination, preventive medication and hygienic procedures are
applied. Genetic resistance is an attractive preventive measure because of
its consistent nature in the next generations, because it precludes
veterinary services and because there are no side-effects. Constraints are
the long term investment, relatively slow progress per generation (in
combination with production traits) and the considerable lack of knowledge
about inheritance of resistance mechanisms in farm animals.

This seminar was organised to review the research on the Major
Histocompatibility Complex disease associations as a model in the above
mentioned context. Other genetic disease approaches, i.e. direct selection
for disease resistance, or immune markers were reviewed for the same
reasons. The European Community, Scandinavia and Switzerland have long
supported genetic research on disease resistance. The European founders of
the MHC research of farm animals all participated in the seminar. New
developments in immunology and molecular biology and the future policies on
vaccine development and application also made this meeting timely.

The seminar was divided into four main sessions:

1) MHC serology and immunology

2) MHC polymorphism by protein chemistry and DNA-techniques
3) MHC and disease associations

4) Immune response markers and disease resistance

Researchers of different disciplines, working with different farm
animal species, exchanged knowledge and discussed their experiences with
regard to immunological and molecular techniques, experimental populations,

statistical evaluation, interpretations of results and needs for further

vii
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research and international collaboration.

The programme was planned and organised by Dr.Ir. A.J. van der Zijpp,
Department of Animal Husbandry, Agricultural University, Wageningen and by
Dr. W. Sybesma, Research Institute for Animal Production "Schoonoord",
Zeist, The Netherlands.

The Commission of the European Communities wishes to  thank
participants, speakers, chairpersons and those who took part in the

discussions.



SESSION 1

GENERAL ASPECTS

Chairperson: Dr. A.J. van der Zijpp



INTRODUCTION
A.J. van der Zijpp

Department of Animal Husbandry, Agricultural University
P.0. Box 338, 6700 AH Wageningen, The Netherlands

Disease resistance of farm animals can be obtained by vaccination and
genetic improvement. A third possibility is eradication. Eradication may be
a satisfactory method, but it also has negative implications for genetic
improvement for production and other traits besides cost. Vaccinations can
be very successful, but for some diseases there are also drawbacks.
Vaccines sometimes cause pathological responses, often associated with
stress, followed by secondary infections. Sometimes disease outbreaks occur
despite vaccination. Vaccines may temporarily reduce growth. Vaccines are
not applicable éverywhere in the world, especially where storage conditions
are unfavourable. Finally, application of vaccines is labour intensive.
Especially for those diseases where vaccines don't function optimally,
genetic resistance may present an alternative.

Before animal vaccines became widely available, improvement of genetic
resistance was part of any animal breeding programme. Natural selection for
disease resistance probably was significant, because neither vaccination
nor hygienic measures were common practice in the pre-war era. Now, with
all in - all out systems, isolation, hygienic measures and vaccinations,
natural selection in breeding populations is reduced to a minimum.
Virtually all animals are available for selection for production traits.
Little is known about phenotypic and genetic relationships between
production and disease resistance traits. What will happen to disease
resistance in the long run? What happens to disease resistance in less
favourable conditions e.g. pathogenic environments?

With recent developments in  immunological research and the
introduction of recombinant DNA techniques, the possibilities for
improvement of genetic resistance in farm animals have gained widespread
research support. A major area of interest in all farm animal species
became the Major Histocompatibility Complex. For mammals the MHC research
originated in the late 60's and 70's. In chickens the MHC originally was
detected as the B-bloodgroup in the late 40‘'s. In fish the presence of an

MHC has now also been indicated. Research efforts in farm animals have
3
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continually been inspired by the fast developing knowledge and
understanding of the MHC of mouse and man. The role of the human and mouse
MHC in immune regulation and its association with infectious diseases have
stimulated research for disease markers and for vaccine development in farm
animal species.

Other research workers have approached disease resistance via immune
response parameters, pathological indicators or effects of disease on
production traits. In both approaches the value of the markers or
parameters has to be proven with challenge testing or epidemiologically
supported population data on disease.

Effective resistance to disease is most 1likely obtained by the
combination of vaccination and genetic resistance. Gavora and Spencer
(1983) have repeatedly shown the combined advantage of genetically
resistant strains and vaccination for Marek's disease in the chicken.
Future vaccine development will increasingly be based on knowledge of the
interactions between MHC-coded gene products, T-cell receptors and
processed antigen. This may imply that knowledge about diversity of immune
mechanisms in populations becomes imperative for genetic resistance and
efficient response to vaccines.

The costs of disease have been estimated to be 10-20% of the total
value of production. Genetic improvement of disease resistance can
contribute to a reduction of these costs. For successful genetic
improvement the basic mechanisms of resistance have to be known and genetic

effects have to be sizable: major gene effects or high heritabilities.

The objectives of the seminar therefore are:

1. To provide an overview of current research on genetic resistance to
disease across farm animal species.

2. To compare diverse approaches e.g. MHC associations versus immune
response and/or pathological parameters as markers for disease
resistance.

3. To weigh different approaches to MHC-typing i.e. serology, protein
chemistry of gene products and DNA polymorphism.

4. To indicate important areas for future research and gain insight in

practical application of present knowledge.
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BIOLOGICAL SIGNIFICANCE OF THE MHC

R.R.P. de Vries

Department of Immunohaematology & Blood Bank
University Hospital, P.0. Box 9600
2300 RC Leiden, the Netherlands.

ABSTRACT

In this review the biological significance of the MHC is discussed.
The author confines himself to class I and II genes and their products.
Class I and II molecules present processed antigens to T cells. This
function is operative during the development of a self-tolerant T cell
repertoire and during an ongoing immune response. Both MHC class I and II
genes are extremely polymorphic. This polymorphism results in inter-
individual differences in immune reactivity. Therefore these genes are
so-called Immune response (Ir-) genes. The resulting differences in
immune reactivity are due to differential binding of processed antigen to
the products of these Ir-genes. The MHC polymorphism has been conserved
in evolution and there is evidence that selection by infectious disease
has been involved in this process. An explanation for this is presented,
which amounts to the idea that MHC polymorphism is a very pragmatic
answer to the unpredictable challenges of infectious diseases. One of the
consequences of this type of life-insurance 1is that individuals with
certain MHC alleles have an increased susceptibility to certain immuno-
pathological diseases. These recent developments in immunogenetics may be
applied to the development of sub-unit vaccines, have implications for
the prevention of T cell mediated immunopathological diseases and may
result in genetic manipulation aimed at introducing resistance genes in
susceptible animals.

BIOLOGICAL SIGNIFICANCE OF MHC CLASS I AND II MOLECULES

In this review I will confine myself to MHC class I and class II
genes and molecules. I realize that between the class I and II genes
several genes are located that may be quite relevant for the student of
the MHC. These genes include those coding for complement factors, tumor
necrosis factor (TNF), collagen-like genes and a heat shock protein.
Whether these genes may be considered to be part of the MHC is an
interesting question which I will not try to answer here.

The structure of a human MHC (HLA) class I molecule is known in con-
siderable detail (Bjorkman et al.,1987). In all probability the structure
of class II molecules is very similar (Brown et al.). The molecules stick
out of the cell membrane and both seem to have at their top a unique
"groove" which is formed by a bottom of beta-pleated sheets and walls of
alpha-helices. Because at least the best-documented function of these
molecules is to present antigen to T cells (Schwartz, 1985), it is now

6
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generally assumed that processed antigens (peptides) will bind to the MHC
molecules in this groove and thus be presented to the T cell receptor
(Parham, 1988). However, why is that so? Why could T cells not see free
antigen like B cells? I think there are two reasons for that. The first
is that MHC molecules and self peptides play a crucial role in the
development of the T cell repertoire. A crucial role in two ways: T cells
need to recognize self MHC molecules in order to survive in the thymus
(so-called positive selection) and secondly the T cells that have too
high avidity receptors for self MHC molecules are deleted (negative
selection) in order to develop tolerance for self (Marrack and Kapler,
1988; Janeway, 1988). So HLA molecules play a crucial role during the
development of the T cell repertoire. The second reason why [ think T
cells may need HLA molecules is to focus the immune response. This
explanation is intuitive and lacks formal evidence. While B cells have a
receptor for antigen (antibody) which can be secreted and binds antigens
in solution, T cells have to recognize antigen presented by a MHC
molecule on an antigen presenting cell, which also has to have the
capacity to process that antigen (Allen, 1987). So in other words: this
would enable the T cell system to focus on antigen in the lymphoid organs
where the cells are with which they have to interact in order to elimi-
nate the antigen. We should realise that the T cell system is older than
the B cell system. Thus the antibodies, with their capacity to circulate
and bind antigen everywhere where that might be necessary and their
capacity of somatic mutation that T cell receptors do not have, have been
superimposed on the cell-mediated immunity.

BIOLOGICAL SIGNIFICANCE OF MHC CLASS I AND II POLYMORPHISM

The MHC system is very polymorphic, in fact the most polymorphic
genetic system we know. This polymorphism is located around the groove
that is binding the peptide: both on the beta-pleated sheets at its
bottom and on the alpha-helices aligning it (Bjorkman et al., 1987; Brown
et al.). This suggests that it may affect antigen-binding and presenta-
tion to the T cell receptor. This is indeed the case and results in a
phenomenon which we call immune response genes (Benacerraf and McDevitt,
1972; Schwartz, 1985; Allen et al., 1987; Buus et al., 1987). This
phenomenon 1is illustrated in the left part of figure 1 where I have
depicted antigen presenting cells (APC) of three HLA different indivi-
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duals which have different HLA molecules with different grooves which
bind different peptides. Thus, individuals with different MHC types may
respond to different antigens.

The MHC class I and II polymorphism has been conserved in evolution.
Some alleles are found in different species and therefore must have
arisen many millions of years ago (McConnell et al., 1988; Figueroa et
al., 1988; Lawlor et al., 1988). THis suggests that selection has been
involved to maintain the polymorphisms (Howard, 1988). Evidence for this
has recently been obtained by examining the pattern of nucleotide substi-
tutions, which showed a significantly increased rate of non-synonymous
(amino acid altering) substitutions in the regions coding for the
"groove" and its surroundings (Hughes and Nei, 1988). The best candidates
for the selective forces maintaining this Ir-gene polymorphism are of
course infectious diseases, but there is not much evidence for that. We
have studied an experiment of nature that provides evidence for this
assumption (de Vries et al., 1979; de Vries et al., in press). In the
middle of the last century a group of 367 Dutch farmers emigrated to
Surinam was attacked by an epidemic of typhoid fever that killed half of
them and a few years later 20% of the survivors was killed by a yellow
fever epidemic. We could bleed the descendants of the 40% that survived
these two epidemics and compare the gene frequencies of 26 polymorphisms
with those of the Dutch population that stayed in the Netherlands.
Whereas the gene frequencies of most polymorphisms were not very
different, a few polymorphisms showed differences in frequencies that
were unlikely to be due to drift, among which HLA (de Vries et al.,
1979). At that time we could only type for HLA class I polymorphisms and
because the data suggested that stronger differences might be observed
for frequencies of HLA class II alleles we recently went back to do class
II typing. The most relevant results were: an absence of HLA-DR2 which
has a gene frequency of 0.17 among Dutch controls and significantly
increased frequencies of DR4 and DRwl3 (de Vries et al., in press). DR2
js therefore associated with mortality, whereas the presence of DR4 and
DRwl3 seems to. have conferred survival advantage during at Tleast the
typhoid fever epidemic. The latter two alleles share a T cell defined
epitope which we therefore think may be an immune response product
conferring resistance to typhoid fever.



WHAT IS THE BIOLOGICAL ADVANTAGE OF MHC CLASS I AND II POLYMORPHISM?

To my knowledge there is neither much evidence nor a good explana-
tion for heterozygote advantage acting at the level of the individual.
Perhaps the diversity of the products of the different loci should also
have to be taken into account here. There is also not much evidence that
the maintenance of MHC class I and II polymorphisms acts at the level of
the population, but at least there is a good explanation for that. We
have seen that MHC molecules and the self-peptides bound to them play an
important role in the development of the T cell repertoire, which has to
be tolerant to the self-antigens of an individual. This self-tolerance
results in "holes in the repertoire” and/or antigen-specific suppression,
which will have consequences for the response to foreign antigens. MHC
polymorphism will result in "polymorphism" of these "Achilles heels",
which is obviously advantageous at least for survival of the species.
Thus MHC polymorphism may lead to a spreading of the necessary risk of
each individual for infectious diseases and may be considered a form of
life-insurance: a very pragmatic answer to the unpredictable challenges
of infectious diseases.

MHC AND DISEASE

One of the consequences of this type of life-insurance is that
individuals carrying certain alleles have increased susceptibility to
certain immunopathological diseases. I will very briefly illustrate this
using data that we have generated during the last years from leprosy
patients (de Vries et al. II., in press).
Figure 1 just summarizes these data and the conclusions that we have
drawn. Different individuals with different MHC molecules present
different M. Tleprae epitopes to different T cell subtypes. In the
majority of cases so-called protective epitopes to a T cell subtype that
confers immunity and thus protects against leprosy. Certain HLA alleles
preferentially present M. leprae epitopes to T cells that also confer
immunity, but as a side-effect confer immunopathology which is called
tuberculoid leprosy. Finally people with still another HLA-allele can
present epitopes that are seen by suppressor T cells which suppress the T
cells that provide immunity and results in a type of immunopathology,
which is mainly mediated by antibodies and is called lepromatous leprosy.
What are the implications of all this? In the case of leprosy we have



HLA class II Ir-genes and leprosy type

M. leprae Tcell immunity leprosy
epitope

1 APc>—{>>—< Tok + -

2 APC - TDTH + T

3 APC <@ Ts - L

Figure 1: HLA class II Ir-genes and leprosy type. Antigen-presenting
cells (APC) of three individuals differing for HLA class II present
different M. leprae epitopes to functionally different T cells: Ty is
a helper T cell that confers protective immunity, the same is true for
T pTywhich, however, also causes type IV immunopathology (delayed-type
hypersensitivity (DTH)-reaction) seen in tuberculoid leprosy, and Ts
is a suppressor T cell responsible for the M. leprae-specific non-
responsiveness seen in lepromatous leprosy.

learned quite a lot about the pathogenesis of tuberculoid and lepromatous
leprosy, which is basically immunopathology. In Teprosy the challenge is
of course to develop a vaccine which will protect from the disease. The
jdeal vaccine that we would like to develop would be a vaccine that does
not contain the disease inducing epitopes, but only the protective
(=immunity inducing) epitopes. But we have also to take into considera-
tion that there will be also immune response gene control of the response
to these protective epitopes. So in other words when we make a subunit
vaccine, we have to make a vaccine that is seen by all individuals with
all HLA types.
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For T cell mediated immunopathological diseases in general several
other approaches are possible, when we confine ourselves to the T cell
receptor (TCR), MHC molecule and the disease-inducing peptide presented.
If there is no relevant HLA molecule, the antigen will not be presented.
So if we can down-regulate (preferentially locus-specific or allele-
specific) MHC molecules which will present certain epitopes, we can
prevent disease. A recent development is that it seems also possible to
functionally block the groove of the MHC molecule which will present the
antigen with a non-immunogenic peptide (Adorini et al., 1988). So injec-
tion of or otherwise providing the susceptible individual with a non-
immunogenic peptide which will block the groove of the MHC molecule that
can present a disease inducing epitope may prevent disease. If we know
the disease-inducing peptide, we can try to induce tolerance with it. Of
course we may also manipu1ate the T cell receptor and the T cell itself.

Finally,-genetic manipulation may be applied to both MHC and T cell
receptor genes if they are crucial in the resistance to certain diseases.
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MHC serology and immunology

Chairperson: Dr. M. Simonsen



THE CHARACTERISATION AND FUNCTION OF THE BOVINE MHC
R.L. Spooner, R.A. Oliver, E.J. Glass and E.A. Innes

AFRC Institute of Animal Physiology and Genetics Research,
Edinburgh Research Station,
West Mains Road, FEdinburgh, EH9 3JQ, Scotland, U.K.

ABSTRACT

The bovine MHC (BoLA) was first defined using serology. Sera from
parous cows or from animals intentionally immunised or skin grafted were
used in standard lymphocytotoxic assays. Some sera were absorbed with
lymphocytes to render them operationally monospecific. Three
international BoLA workshops have been organised and 34 internationally
agreed specificities defined, all but two are clearly products of a
single class I locus.

Alloreactive T cells recognise the same products as defined
serologically and in the protozoan parasite diseases Tropical
Theileriosis caused by Theileria annulata and Fast Coast fever caused hy
Theileria parva MHC restricted cytotoxic cells are generated and play an
important protective role.

INTRODUCTION

The MHC in man and mouse comprises a series of closely linked genetic
loci, which are the most polymorphic loci known. MHC gene products have
been shown to play a vital role in directing and controlling the immune
response, and can influence resistance and susceptibility to disease
(Dausset and Svejgaard, 1978). A knowledge of the MHC will be necessary
for the better understanding of pathogenesis, disease susceptibility and

the development of vaccines particularly those comprising simple peptide
antigens.

The characterisation of the MHC of domestic ruminants may constitute
a first step towards increasing the efficiency of food production through
improved disease resistance. Once identified, useful genes can be
propogated rapidly in a population through the application of artificial
insemination, embryo manipulation and DNA transgenic techniques.
Improvements gained through such genetic approaches will reduce the need
for sophisticated farm management, which is of importance in third world
countries, where low input, low cost, robust systems often have a better
chance of succeeding when intensive management and disease control
systems are prone to collapse. Fven where intensive livestock systems
already exist, the potential for increased production through reductions
in sub-clinical disease is too great to ignore.

15
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CHARACTERISATION MHC CLASS I

Serology. The most widely used method for studying MHC class I
polymorphism is serology. In man parous sera are used, while in cattle
alloantisera produced by skin grafting are favoured (Spooner, 1986).

The inheritance of serologically-defined bovine lymphocyte antigens
(BoLA) has been described (Spooner et al., 1978 and Amorena and Stone,
1978) and these have been shown to be controlled by alleles at a single
locus, the BoLA-A locus (Oliver et al., 1981). A series of
international comparison tests have defined at least 34 BoLA-A locus
alleles (Bull et al., 1989) which compares with at least 50 alleles
identified serologically in mice (Table 1). However the high frequency
of null alleles (undefined) in cattle shows that a considerable number of
bovine MHC class I gene products have yet to be identified. As more
typing reagents become available the antigens presently characterised
will, in a number of cases, be 'split' resulting in the detection of
epitopes which are characteristic of individual gene products. Such a
splitting of the A locus has been seen with the w6 specificity (Spooner
and Morgan, 1981: Anon, 1982) and the demonstration that w4, w7 and wlO
form part of a cross-reactive group (Spooner, 1986).

Marked differences in BoLA gene frequencies are seen between European
breeds (Oliver et al., 1981), and also between breeds throughout the
world including the tropics (Spooner et al., 1987b; Kemp et al., 1988).
There is little serological evidence for more than one MHC class I locus
in cattle apart from two putative specificities identified in the 3rd
BoLA workshop (Bull et al., 1989) and data on ED74 (R.A. Oliver and R.L.
Spooner, unpublished). This could be for two reasons: tight linkage of
the class I loci may result in sera identifying haplotypes, rather than
individual products. There is some evidence for this in so far as three
workshop defined specificities are seen together in some breeds e.g. in
Hereford cattle w9, wl3, w20 are often found together (R.A. Oliver and
R.L.. Spooner, unpublished). Also not all European sera work as well in
West Africa as in Europe for example only 6.4 behaves as a true wé
subgroup (Spooner et al., 1987b). These examples may reflect
recombination between MHC class I loci which have been fixed in the
different breeds. The sera produced in cattle may also identify only
the most antigenic locus.



TABLE 1. BoLA specificities identified at the 3rd international BoLA

workshop
BoLA-A BoLA-?
New 01d/provisional New 01d/provisional
wl wl w25¢ a
w2 w2 w32¢ .
w3 w3
wh wh
w5 w5
wb wb
w7 w7
wl w8
w9 w9
wl0 wl0
wll b wll
wl2(w30) wl2
wl3 wl3
wl4(w8)© wR.1
wl5(w8)© w8.2
wlé wl6e
wl7(wé) wh.1
wl8(wb) wh.1
w19(w6)© wh. 4
w20 w20
w21c
w22¢ .
w23£w5)c w5.1
w24 .
w26° .
w27éw10)c wl0.1
w28 .
w29¢ w28.1
w30c .
w31€ wl2.2
w33© .

symbol denotes no previous equivalent
number in parenthesis is the supertype specificity
new specificity defined by Third International BoLA Workshop

Monoclonal Definition of the Bovine MHC. Although alloantisera have

been the basic tool for bovine class I antigen definition, monoclonal
antibodies have the advantage that they see individual epitopes and that
they can be produced in large quantities. Several monoclonal antibodies

(mAbs) detecting epitopes on class I antigens of other species have been
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tested with bovine cells, but most detect non-polymorphic determinants
(Brodsky et al., 1981). Hitherto only a limited number of mAbs which
define bovine class I polymorphism have been reported (Spooner and
Pinder, 1983: Teale et al., 1986a; Chardon et al., 1983: Teale et al.,
1986b; Teale and Kemp, 1987). It is nevertheless likely, that interest
in the development of such reagents will be maintained. Evidence for
other expressed MHC class I loci in cattle has been obtained from the
sequential precipitation with several polymorphic bovine MHC class I
monoclonal antibodies and the non-polymorphic human MHC class I
monoclonal antibody, w6/32. Such an approach suggests that in excess of
4 different MHC class I antigens are found on the bovine cell surface (A.
Bensaid and A.J. Teale, unpublished), the results are open to the

criticism that each precipitation is incomplete.

T cell cytotoxicity. In the characterisation of the human MHC antigens

alloreactive cytotoxic T lymphocytes (CTL) have been useful in detecting
subtypes of serologically-defined class I antigen specificities (Horai et
al., 1982: Spits et al., 1982). In cattle serologically defined
subtypes also function as target antigens for alloreactive T cells (Teale
et al., 1986a) whereas the supertypic specificities do not (Spooner et
al., 1987a). There is better correlation between the CTL and
serological definition of BoLA specificities than is found in man.

The derivation of alloreactive T lymphocyte clones specific for
bovine class I antigens has recently been described (Teale et al.,
1986b). While not useful as tools for routine typing, cloned T cells can
be of use in fine dissection of selected haplotypes.

MHC restricted CTL are generated in infection with T. parva
(Goddeeris et al., 1986) and with T. annulata and are an important

protective mechanisms (Innes et al., 1989).

CLASS II ANTIGENS
Serology. Relatively little data is available on MHC class II serology

in cattle. This is largely due to the lack of a suitable serological
test. There are two principal reasons for this. First, class II
antigens are only expressed on around 307 of a normal PBM population and

second, most alloantisera possess anti-class I reactivity which must be



removed before class II definition can be undertaken. This can be
achieved by absorption with platelets and although the technique is
tedious some useful sera have been reported (Mackie and Stear, 1988).
Another method for separating cells involves the use of immunomagnetic
granules. This has been used for class II typing in cattle but again is
dependent on the production of suitable antisera (Lie et al., 1988).

A number of mAbs raised against MHC class II antigens of other
species react with bovine class II products (Spooner and Ferrone, 1984;
Lewin et al., 1985) and mAbs have been raised against the bovine antigens
themselves (Letteson et al., 1983: Lalor et al., 1986) however, none has

so far been shown to detect polymorphism.

T lymphocyte reactivity. In view of the difficulties involved in

serotyping bovine class II antigens the use of cellular techniques has
received greater emphasis. Using mixed lymphocyte reactions (MLR), in
which T cells mount a proliferative response to non-self class II
antigens, evidence was obtained suggesting significant polymorphism in
bovine class IT antigens (Usinger et al., 1977: Curie-Cohen et al.,
1977). Further MLR studies, using full sib families demonstrated that
the genes controlling the MLR were linked to the class I antigens
(Spooner et al., 1978: Usinger et al., 1981).

As with serotyping methods for class II antigens, the MLR has not
been widely used, due in part to the poor repeatability of results.
recently the development of alloreactive bovine T cell clones has been
reported (Teale et al., 1986b) and their use in the detection of class II
antigens polymorphisms described (Teale and Kemp, 1987). Such T cell
clones, characterised by the BoT4+ phenotype, mount reliable responses in
proliferation assays. Their use is therefore not subject to the
constraints affecting the standard MLR. They will probably be
particularly appropriate for the definition of functionally important
epitopes on MHC class IT molecules, as in other species (Rosen-Bronson et
al., 1986).
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CURRENT STATUS OF SLA CLASS I AND II SEROLOGY
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ABSTRACT

Eighteen SLA class I specificities have been internatio-
nally defined. In addition 13 specificities have been defined
nationally by highly correlated sera and in family studies.
Based on known recombinants and accumulated data from typing
of more than 700 informative families in several countries the
presently defined SLA specificities were tentatively allotted
to 3 class I allelic series; an internatinal nomenclature has
been established, accordingly.

In commmercial European breeds 41 SLA haplotypes have
repeatedly been demonstrated in families. When families of
national breeds were considered, additionally 62 haplotypes
could be demonstrated.

Particular haplotypes were found in all investigated
breeds, but in varying frequencies. In contrast other haplo-
types were only found in some breeds and always in relatively
high frequencies. Commercial breeds seemed less polymorphic
than national breeds not subjected to intensive selection.

Class II SLA specificities have not been internationally
defined. Six specificites in French commercial breeds,
however, have been tentatively defined by serology.

INTRODUCTION

The first swine lymphocyte antigens (SLA), described, were
those coded for by SLA class I genes. Initially class I allo-
antisera were characterized by several independent groups
using different nomenclature (Vaiman et al., 1970, Hruban et
al., 1977 and Sachs et al., 1976).

Recently the first international comparison test was
organized with the purpose of confirming the previous results
and setting up an international nomenclature. The essential
results of this test are presented in the following.

The current knowledge of the distribution of SLA class I
haplotypes in commercial European and national breeds is out-
lined and possible influence of e.g. selection forces on the
frequencies of these is discussed. Finally, the present status
of some recent developments in class II serology will be

commented.
23



24

INTERNATIONAL DEFINITION OF SLA CLASS I SPECIFICITIES

Table 1 lists the laboratories contributing sera and their
respective code names. SLA reagents were produced by alloimmu-
nisation of the animals (Vaiman et al., 1970 and Kristensen et
al., 1985). Lymphocytes from 264 unrelated Landrace or Large

White pigs were chosen by each of the 4 laboratories.

TABLE 1. LIST OF LABORATORIES CONTRIBUTING SLA ANTISERA AND
THE CELL PANEL

Abbrevi- Country Town No. of No. of
ation sera cells
CL Czechoslovakia Libechow 18 12
DB Denmark Berne* 35 0
DC Denmark Copenhagen 31 74
FJ France Jouy-en-Josas 61 117
FM FRG Munich 5 0
SB Switzerland Berne 4 62
us United States Iowa State 3 0

University

*: Sera produced in Switzerland, but located in Copenhagen.

The results were analyzed by calculation of correlation
coefficients and the X2 tests for independence and allelism
between each pair of reagents (Feingold, 1966). Serum clusters
were constructed on the basis of correlation coefficients
ranging from 0.70 to 1.00. As illustrated in Table 2, 18 spe-
cificities (W1 - 18) were internationally defined. Further
technical details have been reported (Renard et al., 1988).

In addition to these 18 specificities, 10 additional spe-
cificities are recognized in current French breeds (FJ1,4,13
19,20,23,25 and 28), Danish breeds (DC31) and Swiss breeds
(SB22). These specificities are recognized in several coun-
tries and 3 specificites (BM36,37 and 38) in Belgian breeds
(Dr. Varewijck, personal communication).

The mentioned specificities are recognized in several coun-
tries and for most of them highly correlated sera are avail-
able, either locally or from at least 2 countries (Vaiman et
al., 1988). Thus at present at least 30 SLA class I specifici-

ties can be recognized in the commercial breeds in Europe.
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THE SLA HAPLOTYPE CHART AND ALLELIC ASSIGNMENT

Based on analysis of at least 700 back-cross families 62
different haplotypes have until now been recognized (Table 3).
Of these 41 have been demonstrated in at least 3 different
European countries either in the comparison test or reported
in earlier studies (Kristensen et al., 1985). So far the re-
maining haplotypes have only been recognized in France, where
considerable effort have been devoted to find new haplotype
combinations in local French breeds such as Normand, Blanc de

1'Ouest, Bayeux, Basque and Gascon (Renard et al., 1986).

TABLE 3. SEGREGATING SLA HAPLOTYPE CHART

Loci Loci
Code -——-—-mmmmmm———— Code ———-mmmmmmm——
no. A C B no. A C B
*H1 W15 FJ1 B1 H32 B1
*H2 W10 W14 *H33 FJ1 B1
*H3 FJ20 W2 FJ23 *H34 W15 FaJ1 FJ23
*H4 FJ13 W9 *H35 w8 w9
*H5 W5 w4 H36 W5-W14
*H6 FJ20 W5 FJ4 *H37 FJ27
*H7 FJ20-W8 W2 B11 *H38 FJ33 FJ28
*H8 W17 H39 W17 W16
*H9 W5 FJ4 *H40 SB41
*H10 FJ33 W12 H41 FJ23
*H11 FJ20-W7 W2 *H42 FJ29
*H12 FJ13 FJ1 B3 *H43 W15 FJ1
*H13 FJ13 B3 H44 FJ20-W7 W2 B11
*H14 FJ33 W16 B11 H45 W10
*H15 FJ25 H46 FJ20-W7 W12
*H16 FJ13 DB19 H47 FJ35
*H17 DB19 *H48 w8 DC31
*H18 W5 H49 FJ20-W8 FJ1
*H19 w6 H50 FJ1
*H20 W13 W2 B11 *H51 W5-W14 B11
*H21 FJ20 w2 B11 H52 FJ1 B3
*H22 w8 W14 H53 FJ13 w9 Wé
*H23 W18 H54 FJ20
*H24 SB22 H55 FJ13 w9 B3
*H25 FJ20-W8 W2 H56 W5 W6
H26 FJ13 SB19 W6 H57 FJ20-W7 FJ23
*H27 W5 B11 H58 FJ20 W14 FJ23
*H28 FJ13 W6 H59 US line c¢
*H29 FJ13 H60 FJ20-W8
*H30 W9 *H61 W14
H31 w8 W16 B11 *W62 FJ25 w14

* Haplotypes recognized in at least 2 countries.
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SLA HAPLOTYPE FREQUENCIES IN SELECTED EUROPEAN SWINE BREEDS

The frequencies of SLA haplotypes in selected European
breeds are shown in Figs. 1 and 2. Some haplotypes, or combi-
nations of genes are found in almost all the breeds i.e. H4
although with variable frequency. For example the H4 is a
frequent haplotype in Swiss Landrace and in Danish Duroc.

Other haplotypes such as H7 seem to exist in a high fre-
quency in all investigated Landrace breeds and in most breeds
in very high frequencies (40%). Also Swiss and Danish Landrace
seem less polymorphic than Belgian and French Landrace. The
reason is at present speculative, but could be due to less
differentiating class I typing in these countries, or to more
intensive selection in these populations provided that selec-
tion influences the frequencies of haplotypes. The latter is
supported by the observation that local French breeds not
subjected to intensive selection displayed more polymorphism
(Renard et al, 1986).

SLA CLASS II SEROLOGY AND CLASS II CHARACTERISATION BY MLC

SLA class II serology is still in its infancy. SLA recom-
binants (Vaiman et al., 1979) were used to raise anti-class II
reagents. Preliminary cluster analyses enabled detection of
at least 6 class II specificities (Vaiman et al., 1982), but
the reagents were only moderately correlated (r values ranging
from 0.4 to 0.6).

In Danish Landrace a segregation distortion of haplotype
H7 has been demonstrated (Philipsen and Kristensen, 1985).
Typing of back-cross families reveal that in the majority of
sows or boars an excess of piglets inherit H7 (designated type
H(+)). In approximately 10% of the H7 carrying parents, how-
ever, a decreased number of piglets inherit H7 (designated
H7(-)).

As seen in Table 4 immunization of breeding animals with
known H7 segregation pattern has resulted in production of
antisera against the H7(+) type. Preliminary investigations
have indicated that these sera recognize class II structures.

(the reactivities are restricted to B-lymphocytes).
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SLA haplotype frequencies of selected european Landrace
populations.
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FiG 2: SLA haplotype frequencies of selected european Large
white or Duroc populations.
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subjected to intensive selection displayed more polymorphism
(Renard et al, 1986).

SLA CLASS II SEROLOGY AND CLASS II CHARACTERISATION BY MLC

SLA class II serology is still in its infancy. SLA recom-
binants (Vaiman et al., 1979) were used to raise anti-class II
reagents. Preliminary cluster analyses enabled detection of
at least 6 class II specificities (Vaiman et al., 1982), but
the reagents were only moderately correlated (r values ranging
from 0.4 to 0.6).

In Danish Landrace a segregation distortion of haplotype
H7 has been demonstrated (Philipsen and Kristensen, 1985).
Typing of back-cross families reveal that in the majority of
sows or boars an excess of piglets inherit H7 (designated type
H(+)). In approximately 10% of the H7 carrying parents, how-
ever, a decreased number of piglets inherit H7 (designated
H7(-)).

As seen in Table 4 immunization of breeding animals with
known H7 segregation pattern has resulted in production of
antisera against the H7(+) type. Preliminary investigations
have indicated that these sera recognize class II structures.

(the reactivities are restricted to B-lymphocytes).

TABEL 4. RESULTS OF IMMUNIZATION WITH SLA TYPE H7(+)

Donor Recipient
No. SLA No. SLA Antiserum
19 H7(+)/H7(-) 342 H7(-)/H2 Anti (+)
19 -/~ 26 H7(-)/H48 Anti (+)

CONCLUDING REMARKS

As mentioned earlier, the common commercial breeds can to
a large extent be SLA class I typed with the presently known
panel of reagents. Eighteen SLA class I antigens identify at
least 41 SLA haplotypes. Furthermore, it is probable that only
a part of the SLA class I polymorphism has been discovered.
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Recent development of powerful molecular methods have con-
tributed to illucidate the genetics of the SLA. To gain opti-
mal information, however, all available tools including clas-
sical serology should be used to further characterize the MHC

and its products.
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EGTRACT

Az a result of 3 international workshops on Eouine Lymphocyvte
jiloantigens (ELAY held between 1981 and 1987, 13 =serologically defined
ipecificities denoted as ELA-AL, A2, A%, A4, AS, Ab6, A7, AB, A%, AL0,
A4, ALS and ALY are attributed to locus ELA-A, and another 10 specifici-
ries denoted as ZLA-WIL, WiZ, WIE, Wls, W17, WiB, WZ0,WZL, WEE and WZZ
are known to segregate with ELA, bub their position with reocard to the
LA-A locus iz vet unciair, sxcept for A-W13E, 2 V23

2 and W23 which were
assigned to a second locus called ELA-B. In the oresent paper, geneti
svidence is oresented for possible international acceptance of the
specificities ELA-Wib, W17, WiB, and W20 and of 4 additional locally
defined specificities, as ELA-A alleles. The distribution of all ELA-A
antigens described here, was estimated in 5 Belgian horse populations.

Besides the El.A-antigens, other non MHC-specificities are
internationally established as products of 2 independentiy segregating
loci: ELY-1 and ELY-Z.

SHORT HISTORY
The research on Eguine Lymphocyte Alloantigens (ELA), which is the Maior
Histocompatibility Complex {(MHC) of the horse, was started up in the mid-
seventies by Swiss (Lazary et al., 1975; de Weck =t al., 1978) and éAnglo-
American laboratories (Bright et al., 1978). From the very beginning, the
study of the MHC in the horse was motivated by the finding of many MHC-
disease associations in human. By now, associations are known hetween the
presence of particular ELA specificities and an increased risk for diseas—
es such as chronic bronchitis and laminitis {Lazary et al., 19822, sweet
itch (Lazary et al., 1982<) and sarcoid tumors (Dubath et al., 19Bé&).

Between 1978 and 1980 several reports on lymphocyte alloantigens of
the horse were published. Apart from the laboratories in EBern and Cam-
bridge mentioned earlier, interest was taken in ELA research by different
universities and institutions, most of them located in the United States.
Generally, serologists involved in ELA research, exploited a most useful
phernomenon in horse immunology: 8¢ up to F0 percent of the serum samples
taken from primiparous mares shortly after parturation, do contain
alloantibodies directed against ELA antigens. By means of appropriate
diiution or absorption, such sera present the main source of reagents,
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Lazary et al., 198

s shown to be linked to the bloodgrous & locus, which

created "linkags group

alan observed with tne 04 and Zi-nvdroxviass genes

ATIONAL EiLA WORKSHDFS

At the beginning

many laboratories were working on

sach of them having defined their own specificities using local
nomenciatures. In order to avoid & Babylonic confusicon of tongues, a
first international workshop on lymphocyie alloantigens of the horse was

held in 1981 {(gull, 1983). Twelve different labs were participating

edchanging reagents for typing purposes. As a result, & serologically

& alioantigens were internaticonally acceoted. denoted
W2, W3, W4, WS and W&, The conditions for definino new ELA alloantigens
ware established as foilows. First, serum cluster analvsis on a lympho-
cyte panel, has to show an average correlation coefficient of at least

0.5, Second, each cluster should be composed by at least I difterent

reagent Third, sera belonging to a same cluster, must originate from at

aboratories. fnd of course, triplets may not be

—

least two differant

ohserved. During the same worishop, the NIH-test (Mational Institute of
Health, Bethesda, Maryland) was accepted as the standard microcvio-
toxicity test to be applied in lymphoovte typing of horses.

The second international ELA workshop {(Balley et al., 1984} revealed
the existence of 4 more ELA specificities, denoted ELA-W7., WE, WP, and

Wi, and of a non ELA lymphocvite antigen called ELY-Z.1. This specificity

El
was found to be present on both T and B lvmphocvtes, but evenso on ery-
T

throcytes and thrombocyies (Antczak, 1984). The ELY-Z.1 antigen segrega-

tes independently from the ELA locus, as well as from bloodgroup genes

and sex chromosomes (Bailey and Henney, 1984). Also during this workshop,
different methods for isolating lymphocytes from peripheral blood, were,

compared., The methods in which thrombin or carbonyl iron were used in

order to deplete thrombocytes or granulocytes, were quite satisfactory,
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At the fifth ELA workshop (report in preparation), two more ELA
specificities were accepted: ELA-WZZ and W23, and specificities Wi4, W1S
and Wi% were shown to be ELA-A alleles. This leads us to the present
situation resumed in table 1. Thirteen ELA antigens are considered to be
alleles at the ELA-A locus, and from the 10 ELA-W spe icities under
study, 3 antigens were classed in a second ELA-locus: ELA-WIZ, WE2 and
WZ3. The existense of this locus, called ELA-E, was proven by means of
recombination data. The ELY-1 and ELY-2 alleles are searegating indepen-

T

dently from each other and from linkage group III.

FURTHER SEROLOSIC AND GENETIC RESEARCH

At owr laboratory in Merelbeke, Belgium, most of the internationally
defined ELA and ELY antigens can be typed {for by means of Belgian sera
completed by sets of reagents from Switzerland (Frof. Dr. 5. Lazarvy,
Tierspital, Bern}q France (Ir. G. Guérin, CHMRZ, Jouy-en-Josas) and the

United States {(Frof. Dr. E. Bailey, University of Eentucky, Lexington,

fApart from the internationally established antigens, four additio-
nal ELA specificities were seroclogically and genetically defined as
alleles segregating ab the ELA-A locus: Be 7, Be Z2Z, Be 25 and Be 10B
(Varewyck et al., 1983). In table Z, a segregation analysis is shown,
sulting from informative backcrosses observed in horse families belon-
ging to different bresds being Belgian Warmblood, Belgian Trotter, Bel-
gian Draft horse, Shetland pony, Arab and Thoroughbred. In this analysis

all of the internationally established and of the four locallv defined

A ospeciticities were followed, except for ELA-ALS which seemed to be

poorly detined in ow laboratory Conditions, and for ELA-WZZ

which no sera were available at that time.

ELA-Wi&, W17, WiB and

WiToand Wil

o i

ELf-Wld never segregates simultane-

erited with

Be 7 and with the blank allele.
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At the Swiss lab (Hirni, 1788), the ELA-E specificity ELA-WIZ was
observed to segregate with ELA-AZ or AS; ELA-WIZ segregates with ELA-AZ,

and ELA-WZ

is inherited tooether with ELA-ARS or AlS. Recombinations were
obeerved hetween ELA-A alleles and all 2 of the ELA-E spe icities as
well as with the locally defined Swiss specificities Be VIII and Be Z00
which might also be ELA-B alleles. Antigen ELA-WZI was provisionally

assigned to a third locus called ELA-C, but no recombinations were

obsarved. Speciticities ELA-W W22 and W23

are absent on platelets and
the homozygous combinations ot WiZ and WZZ stimulate no heterozvgous

carriers. However, since these antigens are also present on T-lympho-

cytes, it Is not clair i ELA-B shou

TABLE Z @ Backcrosses for ELA-A alleles in different
horse populations.

+ - " -
ELA-AL 0 Wis z 5
a2 7 Wi7 7 i
A% 75 wig 13 19
a4 1z WZ0 i& 20
A5 15 Be 7 57 57
AT 12 Be 22 & I
A7 14 Be 25 g g8
a8 17 Be 108 1 8]
A7 7 Blank gz 84
Al0 12
Ald 4
aig 32
Total 555 555

o
e,
[

7.79 not significant {(g-i=1i&)

ELA and ELY gene freguencies in

oublished. Table 3 shows a summary of

ions taken from the

tarature (referencs 3. IE 1% interesting to note

that some for a given breed while others

¢

ELA-AL and ALG have very
andardorads. ELA-AZ and AY are abundantly

A

CLA-AT is often called "the Thorough-

resence in this breed. On the

R

T g g 1
ared all
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other hand, several antigens are absent in particular breeds, e.g. ELA-AL
in Thoroughbreds and Shetland ponies. As for the ELY alieles, ELY-1.1 is
guite freguent in all of the breeds investigated, but ELY-Z.1 occurs at
much lower freguencies except for Shetland ponies.

The total ELA gene frequencies resulting from the data in table 3,
are most satisfactory for the American Standardbred (0.97), but are lower
in French Trotters (0.83) and Thoroughbreds (0.77)}. Extremely low values
were observed in the combined draft horses (0.52) , Iceland ponies (0.38)
and Shetland ponies (0.31). Therefore, at the Beigian laboratorv five
different breeds were lymphocyte typed not only for the internationally
recognized ELA-A alleles, but also for the ELA-W specificities wich were
shown in this paper to segregate at the ELA-A locus, and for our locally
detinaed ELA-A specificities Be 7, Be 22, Be 25 and Be 10E. The data
presented in table 4, confirm the low total gene freguencies observed in
dratt horses and Shetland ponies when testing only for the established

PR

ELA-A alleies. The total gene freguenc

in Belgian Warmblioods is also

low, but the +igure found for Belgian Trotters is homologous to that

observed in French

rotters., On the obther hand, the total gene freguency
Thovoughbreds is higher than the values t

observed by us in
literature. This is partly due to the higher freguence of ELA-AS in the

Belygian Thorouahbred population. It is interesting to see what happens

when the cbhA-W alieles segregating also at the ELA-A locus, are evenso
taken into account. In that case, the bigg =]

Belgian Warmblood (+C.377) thanks to the presence of ELA-ALIE and #Al6. HNo
considerable progress is made in the other breeds. When our locally

defined ELA-A specificities are also considered, the total gene freguen-—

cies score always high except in the Eelgian fratt horse. Of
particular importance are specificity Be 25 in

in Belgian Draft horses, Belgian Warmbloods, Belgian
Thoroughbreds, It should also be noticed that t

almost absent in thes Belgian Draft horse.

system one of the most powerful ©

i
iJ
-t
w
-
3
R
w
-+
m
=i
i

nity testing. Combined of exclusion {(HBailey, 1984) were

i

oresented here. The CFE values

gian Warabloods.



TABLE 3

population Al Az A3 M AT AN AT BB AT A0 EYV-LIOELY-ZL
American Thoroughbred .00 L5 16 .00 .20 12 .00 .00 30 .08
American Standardbred .26 .02 .4 L0 06 10 06 0T 32 Rij
fimerican Trotter B VRN | G A 1 S A 1 S N M
American Pacer S SR VI S 1 S V-1 S R iR W
French Trotter 50 30 0 0 0 0 LS A B
Combined draft horses .05 .15 .i& 0B .00 .00 .00 .06 Wi .0h
Shetiand pony BRI S S S 1} S| (RS T S 1 27 32
Iceland pony ST § S B 1 R (O (- N RETIN Rizi
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XY

ELA-A alleles
for the ELY-all
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Beigian
Trotter

Belgian
Dratthorse

Thorouoh-

bred

n=:%& n=100 n=i&4

O g O 4 L R e

10
14

19

subtotal

Wié
17
i8

20

subtotal

Be 7
a0

e
ad

108

Total

ELY-1.1

0,022
8]

0,041
G.014

0.80&

0.089
0,017
0., 001

0

0,309
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0
.
0

023

0,043

T
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o
—
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£

0,575
0

el

2602

0. 144
L0073
0,024

O, 009

o
o
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[

e

iyl
0
0
0,072

i

0.916

3.9732

0.254

0.503

LY-2.1

0. 088

0,092

0,052
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ABSTRACT

MHC (B-complex) typing in chickens is usually done by
haemagglutination which has the undisputed advantage of speed
and ease, but also carries pitfalls that can lead to great
confusion. Standard test sera in general use are nearly all
defining B-haplotypes of White Leghorn and are not adequate
for testing of other races, as exemplified by their use in
heavy races used in the production of broilers. A development
of alloantisera for typing of White plymouth Rock and White
Cornish is described. A brief review is given of recent work
relating genetic disease resistance in chickens to its B-
complex.

INTRODUCTION

Chickens come in a dgreat variety of shape, size, and
color, and most of this variation is a product of
civilization: the result of selection for desired characters
including funny traits to suit the fancier's taste. By
authority of Darwin (cited by Hutt, 1949), the origin of all
domestic chicken is the wild Bankiwa chicken, or Red Jungle
Fowl, of South-East Asia, although this monophyletic origin is
not universally accepted.

The modern era of the chicken industry has seen two major
selective pressures applied with unquestioned skill and a com-
petitive zest bordering on the ruthless: one leading to
excessive production of eggs in conditions of minimal space,
another to excessively fast growth in meat-type chickens. Less
deliberately, some amount of selection may long have occurred
in both egg-layers and broilers against morbidity that
interfered with the desired performance. This is now the type

+Composite paper covering 2 presentations at the meeting by
Morten Simonsen, who is also accountable for the opinions
expressed.
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of selection which is deliberately coming to the fore:
indeed, it is the theme of this meeting. Selection for good
taste remains less conspicuous.

All these quantitative, commercially desirable traits are
multigenic to the extent that they are inheritable, and it has
long been a vexed question whether qualitative genetic markers
such as blood groups were of practical use to the breeder.

It must be well-known history in this audience that the
"B-complex" began as a "B-locus", i.e. one among several blood
group systems, long before it emerged as the MHC of the
chicken. However, once attained, the MHC status 1lends
automatically support to the credibility of the B-complex
being at least one of the sites of genetic polymorphism of
importance for disease resistance. Obviously, analogies are
being drawn to HILA in man, for which a great number of disease
associations with different MHC alleles have been firmly
established, although the exact mechanisms causing these
associations are not yet understood.

In the following I will briefly discuss some of the
better established associations between B-complex haplotypes
and resistance to poultry diseases. My main emphasis will,
however, be on the serology of the B-complex, which forms the
basis of disease resistance studies as carried out so far. In
so doing, I will put much emphasis on pitfalls and
shortcomings that are common in B-complex serology, and offer

suggestions for improvements.

THE B-COMPLEX STRUCTURE AND TERMINOLOGY

With the arrival of recombinant DNA technology to the
small chromosome harbouring the chicken MHC, there is now
rapid progress in delineating the structural genes of the B-
complex: their numbers according to MHC class, their relative
positions, etc. Here, Charles Auffray will bring us up to date
at this meeting. Meanwhile, the business of B-complex serology
goes on as usual. It remains essentially based on haemagglu-
tination, and for discussion of the practical problems posed
today in this field, the old 3-locus model of Pink et al.
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(1977) is still useful.

Let me remind you that the 3 loci of this model belong to
3 different classes of MHC: class I (B-F), class II (B-L),
andclass IV (B-G), whereas no class III (complement genes)
have yet been identified. For general review, see Crone and
Simonsen (1988).

In terms of both cellular expression and biochemical
structure, both class I and class II products of the B-complex
are clearly similar to the mammalian homologues. They differ
from these in being discouragingly difficult to separate by
crossing over (Skjedt et al. 1985), a fact which is actually
getting a very rational explanation from the genomic organi-
zation now emerging (Auffray, this volume).

Recombination does occur, however, by crossing over
between class IV and the 2 other loci, as first demonstrated
by Hala et al. (1976). Although the frequency with which such
recombinant chromosomes arise is no higher than about 1:2000
(Koch et al. 1983), they have been very valuable in serology,
and still are, because they facilitate the production and
control of antisera against one or the other of the 2 regions
separated by the crossing over. This is particularly important
since both class I and class IV are expressed in erythrocytes
and are about equally highly polymorphic (Simonsen et al.
1982). As we shall soon see, the ability to discriminate by
blood group serology between the antigens localized to class I
(B-F) and those carried by class IV (B-G) is essential to
avoid shear confusion.

By international agreement (Briles et al. 1982), the B-
haplotypes are designated numerically, Bl-n, and each
comprises an allelic form of B-F (class I), B-L (class II) and
B-G (class IV), denominated as the haplotype. Abbreviating
these genes (or clusters of genes) to F, L, and G respective-
ly, a B-haplotype has thus the general formula of
Bn = Fn, Ln, Gn. Since the L gene(s) is not expressed in
erythrocytes, the haplotypes determinable by haemagglutina-
tion is really only the Fn, Gn part of the haplotype.
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PITFALLS IN B-COMPLEX SEROLOGY

As mentioned above, recombinants separating F and L are
so rare as to be negligible in a closed population. For this
reason it is tempting to assume that all individuals in a
closed population that carry the same F allele will also be
identical in respect of L. Unfortunately, this may often be
untrue, as RFLP-typing with L probes is already beginning to
show. Presumably the most common cause for such discrepancies
will prove to be that there are just many more haplotypes than
we had thought. Some of them may differ only by minor changes
in one of the genes. If this happens to be an L gene, the
difference will clearly not be detectable by haemagglu-
tination, and may even not be seen with antibodies to
lymphocytes (immunofluorescence). Furthermore, minor changes
may not be of minor importance, as illustrated by the fact
that the great majority of human sufferers from juvenile
diabetes carry a point mutation changing but one amino acid in
the DQ B chain, which is a human class II product (Todd et al.
1987).

If typing for F cannot be relied upon as an indirect way
of typing also for L, what then about typing for G alone? This
is a practice which has been advocated and is often followed,
probably because monoclonal antibodies for some of the
classical G-alleles of White Leghorn are commercially avail-
able. The practice has been justified, though not by us, on
grounds of the extremely strong linkage disequilibrium between
F and G found by Simonsen et al. (1980) in outbred birds in
respect of 3 of the standard haplotypes (B6, B12, and B13). I
see no reason to assume a priori that typing for G should be
better correlated with L than is typing for F.

On the contrary, one would expect, since crossing-over with
G to one side and F and L to the other does after all occur
with a measurable frequency (1:2000).

The shortcomings of B-typing by haemagglutination in
White Leghorn are trivial, however, compared to the total con-
fusion that may result from trying to apply the standard
haemagglutinating test sera outside their own "province".
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What then is their "province"? For historical reasons, it is
the breed of White Leghorn, the famous and dominating egg-
layers of the industry which may all originate (short of
illigitimate later admixtures of genes) from one shipload of
chickens that sailed from the 1Italian part of Livorno to
North America in 1835. As to be expected, the MHC polymorphism
of the species is vastly in excess of such a sample. This fact
would not be so dangerous, were not haemagglutinating typing
sera also cross-reactive. Unfortunately, that they are,
sometimes in the extreme (e.g., an anti G12 serum raised in a
strain combination precluding contamination with non-B
antibodies will nevertheless agglutinate, more or less
strongly, blood of all other haplotypes than that of the
antibody producer).

In practice, one can usually reduce the nuisance of cross
reacting antisera within their "province" to a tolerable
degree by judicious choice of donor/producer combinations,
combined with absorptions with lightly, or moderately cross-
reacting haplotypes. In the end, a panel of reasonably
monomorphic F and G reagents, or at least with only a few
known, specific cross-reactions can be obtained that allow a
quite precise determination of F,G haplotypes inside the
"province". The moment one takes the same panel of test sera
to a new "province", one can get into dire trouble. This fact
will be illustrated in the following, moving from egg-layers
to broilers.

B-HAPLOTYPES IN DANISH BROILERS

Danish broilers are Danish in that they live and die in
Denmark, but their genes stem mostly from recent imports
(1960ies and 1970ies) of American material (Segrensen, 1986)
belonging to White Plymouth Rock (P.R.) and White Cornish
(C.). Both of these races were developed in the U.S. in the
late century. P.R. is of extremely mixed origin, while C. owes
a great deal of its genome to Indian fighting cocks.

Oour first attempts to type Danish broilers, both P.R. and
C., by use of anti-F and anti-G sera defining international
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standard haplotypes soon convinced us of the futility of the
exercise, but also provided the necessary background for
selecting cocks to sire offspring from which new haplotypes
could be isolated. Table 1 shows the typing data for the 11
cocks (6 P.R. and 5 C) that were selected to sire new MHC-
families. In the right hand column is listed the final B-
complex genotype of the cocks. It is seen that only one
standard haplotype was found (B13 in cock C 3380). The problem
is how to get from the main part of the table to the right
hand column, and this will now be described in very broad
outline. The detailed report by Arnull and Simonsen earlier
announced (Simonsen 1987) 1is unfortunately still in pre-
paration.

The 11 cocks of Table 1 were chosen on basis of their
cross-reaction pattern with standard sera, supposing that
most, or all would be heterozygous, and aiming of course at a
broad coverage of the haplotypes segregating in the 2
populations.

The 11 cocks were then used to sire each 3 hens of White
Leghorn, homozygous for either B15, or B19. (A 12%h cock of
unique cross-reaction pattern proved unfortunately sterile).
Offspring of 20-30 chickens of each "cock family" were reared
and tested with selected cross-reactive F and G antisera non-
reactive with the maternal haplotype. All of the "cock
families" segregated in ratios compatible with 1:1, thus
supporting the expected B haplotype heterozygocity of the
fathers. Not unexpectedly, some of the putative new haplotypes
seemed to be repeats, which fact permitted reduction of the
"cock families" to 7 (812, 818, 850, 1255, 3261, 3380, and
3612).

The 14 haplotypes segregating in these 7 families also
comprised some repeats as indicated by serology. However, they
might differ by other criteria, in particular such that are
primarily, or wholly indicative of class II differences. Both
direct compatibility measured by the graft-versus-host (GVH)
splenomegaly reaction in chicken embryos, and the mixed
lymphocyte reaction (MLR) constitute in our experience such



48

0€T/921 - ++ - - + - ++ - - ++ LT9€ DO
¥ZT1/0€T - ++ - - + - ++ - ++ - z19¢€ O
€T /0¢€T - ++ - - + + ++ - - - 08€E€ D
oet/12T - ++ - ++ - - ++ - ++ - 18Z€ D
121/921 - - - ++ - - - - ++ ++ 192€ D
Ter/set - - - ++ - - ++ ++ ++ - GGZT ud
Tz1/621 - - - ++ - - ++ ++ ++ - ZveT ud
6z1/8C1 - - - - - - ++  (+) ++ - €02T ¥4
gz1/8et - - - (+) - - ++ 0 (+) - - 0s8 ¥d
X AVIRA - - - - - - ++ - - ++ 8T8 ¥d
62T/LTT - - - - - - - - ++ ++ z18 ¥y
mw>uoc0m g | ¥ 43) 124 619 6Td €19 €Td Z1o 64 99 94 Isqunu
Teutd e19s 3s93} paepuels Jo K3ToTzToods 300D
BISS 1S9} PIRPPUR]S YJTM S3O0D ISTTOIq [T 3FO suorieurinTbby T 19Vl




49

criteria (Simonsen et al. 1982, Crone and Simonsen, 1987).
Both of these test systems were applied to the study of
putative repeats.

Table 3 illustrates the mutual non-reactivity of the
"subfamilies" 818b and 850b, and likewise of 850a and 1255a,
where a and b refer to the 2 segregating haplotypes per
family. The non-reactive mixes with stimulation indices around
unity are shown in the upper left and lower right boxes,
autologous mixes being 1.00 by definition. The highly in-
creased stimulation indices in the lower left and upper right
quarters prove that the 2 sets of non-stimulatory haplotypes
are mutually stimulatory, as was indeed expected, though not
taken for granted.

The next step was production of haplotype-specific
alloantisera. The general design here was cross-immunizing
between the a) and b) subfamilies within each family. In each
combination, some animals received purified white blood cells
(WBC) ,while others received purified red blood cells (RBC)
from their sibling donors. The antisera resulting from in-
jection of WBC formed the raw material for preparation of
specific anti-F reagents, while antisera to whole blood were
the raw material for anti-G reagents. The rationale here was
of course that anti-WBC sera should not be contaminated with
anti-G antibodies, since G is not supposedly expressed in WBC.
In contrast, antisera to RBC are almost certain to contain
antibodies to both F and G antigens, since RBC express both F
and G.

Either kind of produced "raw material" was now in need of
judicious absorptions in order to yield a product acceptable
as a specific anti-F or anti-G reagent. Generally, antibodies
to non-B blood group antigens were removed by absorption with
pooled blood from all the other siblings belonging to the
"subfamily" of the antiserum producer. After such absorption
the antiserum must of course react with all siblings of the
donor "subfamily". This test being passed, the real
difficulties begin: how to select the cells for further
absorption that will remove as much cross-reactivity as
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possible with other haplotypes and yet leave an acceptable
titer of haemagglutination for the donor cells. In the case of
antisera to RBC there is the added difficulty of removing
antibodies to F without removing anti-G. Each anti-serum poses
its specific problems of this sort, and this is not the place
for detailed descriptions of the procedures followed. However
two general remarks are called for:

1) Having established first by haemagglutination with a
panel of haplotypes, which ones react with a potential new
test serum, it may be useful to submit these to the graft-
versus-host inhibition release test as earlier described
(Simonsen et al., 1987). This test can assist defining the
foreign haplotypes that can be used for absorption without
removing the main anti-F reactivity wanted.

2) A final quality test of the putatively specific anti-F
and anti-G sera is that an anti-F serum must be able to
inhibit GVH splenomegaly provoked with donor lymphocytes of
the haplotype reacting with the serum, while an anti-G serum
must not (F is expressed in T-lymphocytes, G is not).

Table 2 shows the principal outcome of all this labour.
Eight new haplotypes have been isolated, each defined by an
anti-F and an anti-G of considerable specificity within the
P.R. and C. populations. With two exceptions, each set of
antisera reacts in the broilers with the specific haplotype
only. The exceptions are the test sera for F126 and F127 which
both react equally well with both haplotypes, as well as with
B6 of the international standard (IS) haplotypes.

Cross-absorptions of the anti-F sera to B6, B126, and
Bl127 is exhaustive of all reactivity, hence there are no
serological grounds for sispecting dissimilarity. It is of
interest that B126 and B127 lymphocytes both prove to be
compatible in B6/6 embryos (no, or very little splenomegaly).
The suggestion is therefore that the L alleles of the BS,
B126, and B127 are also very similar, though probably not
identical. In contrast, the G alleles of these three
haplotypes are mutually clearly different: G126 is very
similar to G9, G127 is very similar to a G allele isolated
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from Red Jungle Fowl (not shown), and G6 is clearly distinct
from either.

The test serum for F 129 also reacts with B4, B12, and
B13, but these are merely cross-reactions, not signs of
identity. Otherwise the new antisera have few or no cross-
reactions with the standard haplotypes.

Table 4 introduces three more haplotypes isolated from
the population of White cCornish, B131, B132, and B133, and
gives additional data for B130, which is a frequent haplotype
in that population. They are presented together as B21-like,
but the similarity to B21 is decreasing from top to bottom as
evidenced by the direct compatibility test in B21/21
embryos (with B15/15 embryos as positive controls). In fact,
B132 and B133 are clearly incompatible, while B130 is almost
wholly, and B131 is partly compatible. It is interesting that
the latter two also have F alleles that react with anti F21
while the former two do not. Hence again, similarity for F
correlates with the GVH test which is in our belief
predominantly a test of L. In our interpretation, an
exceedingly strong 1linkage disequilibrium between F and L
makes it a general rule that serological identity or great
similarity between F alleles is associated with a comparable
similarity in L, reflected in the direct compatibility test in
the embryo. The only clear-cut exception is provided by a pair
of haplotypes isolated from Red Jungle Fowl, Bw3 and Bw4,
which are indistinguishable at F (and G) but clearly different
at L (by indirect immunofluorescence), and they do stimulate
each otherin both the GVH test and in MILR.

The two bottom lines in Table 4 show the serological
reaction pattern with the same panel of test sera applied to
the standard B21 and to Bwl, which is a Red Jungle Fowl
haplotype which is also compatible in B 21/21 embryos and
which also carries a B2l-like F allele, but has a different G
allele defined by its own test serum. It is interesting that
Bwl also reacts strongly with the B130 reagents for both F and
G, which do not react with the standard B21. The evidence as
it stands suggests that B130 of Cornish is extremely similar
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to the wild type version of B21 from the Jungle Fowl. Perhaps
it came with the fighting cocks from India.

Table 5 1lists the haplotype frequencies in the two
investigated broiler lines, calculated by Bernstein's formula
on basis of the phenotyping made possible with the new test
sera. We have identified a total of 14 new haplotypes,
denominated B121-B134 in accordance with the workshop decision
in Innsbruck (Briles et al., 1982) that provided for the use
of numbers above 100 for provisional designation of new
haplotypes. Together with the rediscovered classical B13, and
one or more "silent" haplotypes in P.R. that combined to
yield 5 birds of "silent" phenotype in a total of 575 birds,
we seem to have a pretty complete coverage of the genotypic B-
complex repertoire in these 2 lines; perhaps most complete in
the C line, where there was no silent phenotype in a total of
149 birds. Not a single bird in either line phenotyped as if
it contained more than 2 haplotypes.

B122, B128, and B134 have not been mentioned previously.
B122 is a variant of B123, apparently only differing in that
its G allele fails to crossreact with anti-G12, whereas the G
allele of B123 does. Likewise, B128 is a variant of B125.
While G125 crossreacts with anti G12, G128 crossreacts instead
with anti G19. B134 is the least well characterized. It
crossreacts with anti-G12 but not with any of the anti-F
reagents used. Both B134, B133, B132, and B131] have now been
obtained as homozygotes from F2 crosses with White Leghorn and
specific antisera to their F and G alleles are being produced
for further characterization of these haplotypes.

It is not to be expected that the new haplotypes
described here will cover nearly the whole of the repertoire
present in broiler lines of P.R. and C. used by the chicken
industry in general. But it is to be expected that at 1least
some of them will be common. Preliminary tests of other P.R.
and C. lines in use in Denmark indicates that this is also the
case.
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TABLE 5 Haplotype frequencies in the Danish STRYN® line 74 of
White Plymouth Rock (PR) and line 85 of White Cornish

(c).
B-haplotypes PR-74 C-85
121 0.1608 0.0951
122 0.0400 0
123 0.2333 0
124 0 0.0517
125 0.1104 0
126 0 0.2271
127 0.1213 0
128 0.0390 0
129 0.1433 0
130 0 0.3444
131 0 0.0878
132 0 0.0101
133 0 0.0552
134 0 0.0376
13 0 0.0841
y 0.0933 0
Total 0.9414 0.9931

Haplotype frequencies calculated as p = 1 - Vl - f, where f
is the phenotypic frequency. The frequency of the silent
haplotype, By, is calculated as p =V f.
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DISEASE ASSOCIATIONS WITH B-HAPLOTYPES

In view of the complexities involved in a meaningful
serotyping of B-complex haplotypes, as illustrated by the
previous section, it is almost impressive that the typing
seems to make sense at all in disease associations. The best
known example is the correlation between morbidity and
mortality from Marek's disease (M.D.) and certain haplotypes
of the B-complex, notably B21 going together with resistance.

There are many reports to this effect since the original
observation by Hansen et al. (1967). Some show that selection
for resistance, but being in the blind with respect to the B-
complex, dramatically can increase the frequency of B21
(Briles, 1977). Gavora et al., 1986). Others show B21-
linked, relative resistance to standard doses of injected
virus in laboratory experiments (e.g. Briles et al., 1982).
The latter report also contains the important finding, that
the B21 haplotype-conferred resistance in B-heterozygotes
greatly depends on the opposite B-haplotype. Thus B2/B21
heterozygotes were with high significance more resistant than
four other B21 heterozygote genotypes of the same cross
between 2 purebred Leghorn lines. The findings of Gavora et
al. (1986) are in full support of that finding.

However, not all investigations have indicated a
protective effect of B21 in MDV-infected chickens. The recent
work by Hartmann et al. (1986) is an interesting case in point
because they obtained the expected protective effect in one
but not in the other of 2 crosses involving the same paternal
line that segregated for B2, B13, Bl14, and B21, and 2
different maternal lines, one being homozygous B2/2, the other
B15/15. The protective effect of B21 was found in the progeny
of homozygous B2-hens, the lack of B21 protection in the
progeny of homozygous Bl5-hens. One interpretation is
therefore that the data confirm the findings above of an
inter-allelic synergy between B21 and B2. Alternatively,
unidentified non-MHC genes may have played a major role that
blurred the B21 effect in the other cross. It is of interest
that also coccidiosis caused a high mortality in both crosses,
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and that also the mortality from coccidiosis was
significantly reduced in B21 heterozygotes with B2, but not
with B15.

The other important group of oncogenic viruses in
chickens are the lymphoid 1leucosis viruses (LLV) and the
related Rous sarcoma viruses. There are several adverse
effects on production traits associated with LLV infection
which have been reviewed by Spencer (1984). He also cites
personal communications from Bacon and Crittenden to the
effect that the B-complex may influence the development of
immunity to LLV, but I am not aware of published details of
this work.

Lamont et al. (1987) have published the possibly first
example of bacterial infection under MHC control. With

injection of relatively low doses of Pasteurella multocida

strain X73 causing fowl cholera, there was a highly
significant reduction of mortality in a substrain homozygous
for Bl as compared to another substrain homozygous for B19.
This difference was reproduced with birds from the segre-
gating F2 cross, thus strongly reinforcing the conclusion that
the difference was truely linked to the B-complex haplotypes.
The serotyping was performed with anti-G antibodies, and the
authors claim that the linkage is with B-G, but there is no
evidence given to the effect that the 2 haplotypes are
identical at F and L (which they are probably not).

I want to mention finally some recent studies of our own
which were designed primarily as a definitive test of possible
associations between the B15, B19, and B21 haplotypes and egg
production in White Leghorn. Preliminary studies (Simonsen et
al., 1982a) indicated that these 3 haplotypes, which were
predominant in the gene pool of "Scandinavian" population
synthesized as a mix of commercial hybrids from seven major
international firms, responded differently to selection for
egg-laying. B15 seemed to be favoured at the expense of B19,
in particular in the Swedish and Norwegian parts of the
Scandinavian experiment. The new experiment simply monitored
the egg production in 3 new lines established from B-hetero-
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zygotes of the "Scandinavian" control 1line. The 3 1lines
segregated for 2 haplotypes each:

Line 81: B15 and B19

Line 82: B19 and B21

Line 83: B15 and B2l
Each generation was the progeny of heterozygous parents of the
previous generation and the 1lines were propagated and
monitored for 4 successive generations, F1-F4.

No significant differences were observed in egg-laying
parameters correlated to haplotype (Serensen et al., to be
published in detail). However, considering mortality in lines
82 and 83, there was an overall significantly reduced
mortality in the homozygous B2l birds in comparison with the
remainder (Table 6). All the birds were vaccinated against MD
as day-old chickens, and the deaths were due to a variety of
causes including coccidiosis, leukosis, and intestinal and
oviduct infections.

It is not impossible that the B21 haplotype is good to
have around for more reasons than the famous resistance to
Marek's disease. The reason why is a different matter, and the
answer is unlikely to be forthcoming soon. Not even the
mechanism of the relative resistance it confers to MDV
infection is at all understood, except that it appears from a
study of spontaneous, recombinant haplotypes between B21 and
B19 that F and/or L is the decisive part of the B-complex, not
G (Briles et al. 1983 ). It may also be pertinent in that
connection, that serology and GVH analysis combined has shown
a greater variation in G than in F and L in the "family" of
B21-like haplotypes which we have now isolated in Copenhagen
(B130 and B131 from Cornish, Bwl from Red Jungle fowl (Table
4), and 2 unpublished haplotypes, one from "Norwegian" Leghorn
and one from "Swedish" Rhode Island Red, which show a G allele
distinct from the others). We have preliminary findings from
RFLP analysis with our avian class II B probe (unpublished)
that the B-21-like haplotypes can in fact be distinguished
from one another with respect to L, but we still need to
perform a comparison with our F and G probes.
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It seems most unlikely that the significance of B-complex
typing for genetic disease resistance, or for other components
of heredity of practical interest to the chicken industry,
will advance beyond the present state of confusion without
much more basic research. In particular, it will be neces-
sary to form research groups that are equipped with the gamut
of skills needed to correlate all the existing analytical
approaches. No cheap and simple typing method of real use will
emerge without prior analysis in depth of what it really tells
us. Most of what is now going on in this field is in my
opinion too haphazard, but the European community clearly has
the potential for doing better.
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ABSTRACT

Because of disproportional high mortality rates in fish farming, com-
pared to most other animal production systems, there is a growing need for
genetic improvement of disease resistance of fish stocks. Present data on
defense mechanisms of fish, in particular with respect to the immune
system, disclose many similarities, but also differences, with other
vertebrate species. In higher vertebrates disease incidence has been
linked to the presence of specific products of the major histocompat-
ibility complex (MHC), a polymorphic genetic system which is involved in
the regulation of the immune response. Therefore, it is of interest to
analyze fish for the presence of such a system, too. The current report
describes some experimental data obtained with gynogenetic carp which in
this species suggest the existence of cell surface antigens with MHC
class I-like properties.

Disease resistance of fish

Improved disease resistance of fish has gained increased attention
because of the recent growth of fish farming. Disease outbreaks in fish
culture cause substantial economic losses due to high stocking densities,
and limited opportunities for individual prophylactic treatment. However,
not all fish are equally susceptible to the deleterious effects of a
pathogenic agent. For example, we have found clear strain differences in
the kinetics of Aeromonas salmonicida pathogenesis in carp (Figure 1),
indicative of a genetic component in the disease resistance of this animal
species. Therefore, in order to improve the disease resistance of fish, it
is of paramount importance to identify this component, and to establish its
relationship to the defense mechanism(s) of fish, such as that provided by
the immune system.

The immune system of fish

During the last decades it has become increasingly apparent that
teleost fish possess a well developed immune system which bears much resem-
blance to that of other vertebrates. Thus, lymphoid cells as well as mono-
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nuclear phagocytes and granulocytes of mammals and bony fish share many
morphological characteristics, and are in part accumulated in discrete
organs like thymus and spleen (Rijkers, 1981). Some of the other 1lymphoid
organs, however, differ: fish lack bone marrow, a bursa and lymph nodes,
but instead abundant 1ymphoid tissue is found in the kidney (pronephros and
mesonephros). In addition, no uniformity exists in the histological appear-
ance of the lymphoid organs between different fish species. From a
functional point of view, the thymus of bony fish may be considered as a
primary lymphoid organ important for the continuous production of lymphoid
cells. Pro- and mesonephros may serve the dual purpose of a stem cell
compartment, and a peripheral lymphoid organ. The spleen is thought to play
a relatively minor role in the immune response of fish (Rijkers et al.,
1980).

With respect to non-lymphoid defense mechanisms, there is a large body
of evidence that phagocytosis in fish is performed by mononuclear phago-
cytes (Ellis, 1977). In some species granulocytes take part in this
process, too. Several functional analogues of the soluble factors involved
in the non-specific mammalian defense mechanisms, like complement, lyso-
zyme, interferon and C-reactive protein, have also been identified in fish
(Rijkers, 1982). Furthermore, non-antibody hemagglutinins are present in
fish serum which resemble invertebrate agglutinins (Lamers and Van
Muiswinkel, 1986).

The capacity in teleost fish to mount a humoral antibody response, and
the formation of immunological memory are well developed (Rijkers, 1980).
However, here too there are some striking differences in comparison with
the mammalian immune system. Although the rate of immunoglobulin synthesis
in fish is comparable to that in man, the kinetics of antibody production
are very much dependent on ambient temperature. Antibodies in fish can be
detected in serum as well as in bile, and mucus of skin and intestine, and
are produced by plasma cells which are thought to originate from B-like
precursor lymphocytes (Rombout et al., 1986). The latter have only recently
been separated from their T-like counterparts by virtue of monoclonal
antibodies specific for membrane immunoglobulin (Lobb and Clem, 1982;
Secombes et al., 1983; DeLuca et al., 1983). The only free immunoglobulin
molecule found sofar is a tetramer whose amino acid composition and
physico-chemical properties closely resemble mammalian IgM (Litman, 1977;
Marchalonis, 1977). Recent results with the catfish Ictalurus punctatus,
however, suggest the presence of different isotypes of the constituent
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immunoglobulin 1ight and heavy chains within the same individual (Lobb and
Olson, 1988). Moreover, the genetic organization of teleost immunoglobulin
genes seems to be different from that in mammals (Wilson et al., 1988). The
affinity of the fish immunoglobulin molecule for its antigen appears to be
relatively low, and only a limited diversity has been reported (Vilain et
al., 1984). Nevertheless, from a functional point of view the antibodies
are perfectly capable of antigen neutralization.

At the cellular level, bony fish demonstrate many reactivities which
are considered to be characteristic of cell mediated immunity, 1ike a mixed
leukocyte response (Caspi and Avtalion, 1984; Miller et al., 1986), migra-
tion inhibition activity (Jayaraman et al., 1979), delayed type hypersens-
itivity reactions (Ridgway et al., 1966), and acute allograft rejection
(Hildemann, 1970; Rijkers and Van Muiswinkel, 1977). The presence of
soluble factors analogous in function with mammalian lymphokines has also
been demonstrated (Grondel and Harmsen, 1984; Caspi and Avtalion, 1984).

Considering the central role of the major histocompatibility complex
(MHC) in many of the humoral and cellular phenomena of the immune system in
other vertebrates, it is reasonable to suppose that fish also dispose of
such a system. In eutherian species, an association has been suggested
between specific products of the MHC, and disease incidence (Svejgaard et
al., 1982), which can be expressed as the relative risk of an individual to
contract a particular disease. This finding would also offer a possible
explanation for the genetic component of disease resistance in fish which
has been observed by us, and others (A. Pilarczyk, pers. communication).

Do fish have an MHC?
Although the theoretical presence of an MHC can be concluded from the

above described functional and operational characteristics of the immune
system of fish, the formal proof requires a different level of identifi-
cation, i.e., a serological and biochemical characterization of the gene
products of the MHC. An alternative for this approach is the identification
of DNA sequences in fish with homology to known heterologous MHC sequences.
However, using currently available mammalian MHC DNA probes it has not yet
been possible to obtain meaningful hybridization results on teleost genomic
DNA (Kaufman, pers. communication; Egberts et al., unpubl. observations).
Therefore, serology is needed to initiate the search for the fish MHC
analogue. A serological approach has been facilitated using genetically
well-defined homozygous fish. Inbred lines are commonly used in mammals,
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but these are as yet not available for fish, partly due to the long
generation time. Instead, gynogenesis in which eggs are fertilized with
irradiated sperm, followed by a cold-shock to diploidize the maternal
genome, provides a convenient way to obtain families of essentially
homozygous carp within a few generations (Nagy et al., 1983).

A first generation gynogenetic carp family was tested for homozygosity
using skintransplants between siblings (Van Muiswinkel et al., 1986). These
experiments showed that an incomplete homozygosity was achieved for histo-
compatibility genes involved in skintransplant rejection. In contrast, two-
way mixed leukocyte cultures performed between gynogenetic siblings reveal-
ed combinations of siblings identical for MLR genes.

Subsequently, gynogenetic carp siblings were used for the production
of alloantisera, with the aim to identify cell surface antigens with MHC-
like properties. Hitherto, the siblings were pre-immunized with a skingraft
from their prospective peripheral blood leukocyte (PBL) donor, and there-
after boosted with PBL. Alloantisera were then tested for their reactivity
with donor and third party cells by a direct hemagglutination assay.

Two alloantisera raised between gynogenetic siblings were selected,
each defining an allelic specificity designated K1 and K2, respectively
(Kaastrup et al., in prep.). Absorption analysis of these alloantisera with
erythrocytes expressing the same antigenic specificity showed complete
removal of all agglutinating antibodies. This indicates that these anti-Kl
and anti-K2 alloantisera were monospecific within the gynogenetic family.
Furthermore, immunizations between K-syngeneic gynogenetic siblings did not
evoke hemagglutinating antibodies, revealing that the K-antigen is a very
strong immunogen present on PBL of carp.

Screening the gynogenetic off-spring (n=23) of a K1/K2 heterozygous
female with anti-K1 and anti-K2 alloantisera using a hemagglutination
assay resulted in 7 siblings positive for K1 only, 9 positive for both Kl
and K2, and 7 positive for K2 only. Similar high frequencies of residual
heterozygosity have been observed in histocompatibility studies in goldfish
(Nakanishi, 1987). However, a second gynogenetic generation of homozygous
K1 as well as K2 females, generated according to methods described by
Komen et al. (1988), produced only K1 or K2 homozygous siblings, as
demonstrated by hemagglutination assays with anti-K1 and anti-K2 alloanti-
sera. These data indicate that the K1 and K2 antigens are products of the
same locus, and that the allelic products are expressed co-dominantly.

The cellular distribution of the allelic products K1 and K2 were
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Fig. 2. Flowcytometer (FACS) fluorescence profiles of peripheral
blood leukocytes (A) and erythrocytes (B) from a Kl-homozygous carp,
stained with FITC-conjugated monoclonal antibody ¥WCI12 only (--—---),
or in combination with either anti-K1 alloantiserum (.....) or non-
immune carp serum (. . .).
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studied using a fluorescence activated cell sorter. Erythrocytes and PBL of
both K1 and K2 homozygous siblings were stained with alloantisera. Essen-
tially two populations were revealed in PBL with control non-immune serum
and FITC-conjugated monoclonal antibody WCI12 reactive with carp serum IgM
(Secombes et al., 1983): an IgM-negative and an IgM-positive population.
Staining of PBL with specific alloantiserum showed that the K-antigen is
present on both IgM- and IgM* leukocytes, as indicated by the increase in
fluorescence emmission of both populations (Fig. 2A). Erythrocytes showed a
similar increase when stained with alloantiserum (Fig. 2B).

Most antisera to fish erythrocyte antigens that have been examined
(cf. Kirpichnikov, 1981) detect blood groups, similar to the ABO blood
groups in man. Commonly, these antisera have been produced in mammals and
require extensive absorption. However, the blood group antigens detected
have never been shown to be present on PBL, which would be a prerequisite
for the designation of MHC molecules. The alloantisera described in this
study using gynogenetic carp have been shown to detect antigens present on
both erythrocytes and PBL. Moreover, K-antigens also seem to be involved in
skin graft rejection. Skin grafts exchanged between K-syngeneic carp
siblings were rejected significantly slower (MST 15.4 + 3.7) compared to
transplants between K-(semi-)allogeneic siblings (MST 9.3 + 2.5). A similar
genetic relationship between erythrocyte antigens and skin graft rejection
has been noted in Xenopus laevis (Du Pasquier et al., 1975).

In conclusion, these data indicate that in carp, K-antigens have MHC
class I-like properties, because they are present as strong antigens on
leukocytes, and behave 1ike histocompatibility antigens in skin graft
rejection. The biochemical characteristics of the K-antigens are currently
being investigated. It is expected that such an identification and charac-
terization of the fish analogue of an MHC will contribute much to an
effective selection of broodstocks for improved disease resistance.

REFERENCES

Caspi, R.R. and Avtalion, R.R. 1984. The mixed leucocyte reaction (MLR) in
carp: bidirectional and unidirectional MLR responses. Dev. Comp.
Immunol., 8, 631-637.

Caspi, R.R. and Avtalion, R.R. 1984. Evidence for the existence of an IL-2
Tike lymphocyte growth promoting factor in a bony fish, Cyprinus
carpio. Dev. Comp. Immunol., 8, 51-60.

DeLuca, D., Wilson, M. and Warr, G.W. 1983. Lymphocyte heterogeneity in the
trout, Salmo gairdneri, defined with monoclonal antibodies to IgM.
Eur. J. Immunol., 13, 546-551.




70

Du Pasquier, L., Chardonnens, X. and Miggiano, V.C. 1975. A major histocom-
patibility complex in the toad Xenopus laevis (Daudin). Immunogenet-
ics, 1, 482-494.

El1is, A.E. 1977. The leukocytes of fish; a review. J. Fish Biol., 11, 453-
491,

Grondel, J.L. and Harmsen, E.G.M. 1984. Phylogeny of interleukins: growth
factors produced by leucocytes of the cyprinid fish, Cyprinus carpio
L. Immunology, 52, 477-482.

Hildemann, W.H. 1970. Transplantation immunity in fishes, Agnatha, Chon-
drichthyes and Osteichthyes. Transpl. Proc., 2, 253-259.

Jayaraman, S., Mohan, M. and Muthukkaruppan, VR. 1979. Relationship between
migration inhibition and plaque-forming cell responses to sheep ery-
throcytes in the teleost, Tilapia mossambica. Dev. Comp. Immunol., 3,
67-76.

Kirpichnikov, V.S. 1981. Genetic Bases of Fish Selection. (Springer Verlag,
Berlin).

Komen, J., Duynhouwer, J., Richter, C.J.J. and Huisman, E.A. 1988. Gynogen-
esis in common carp (Cyprinus carpio L.). I. Effects of genetic manip-
ulation of sexual products and incubation conditions of eggs. Aqua-
culture, 69, 227-239.

Lamers, C.H.J. and Van Muiswinkel, W.B. 1986. Natural and acquired agglu-
tinins to Aeromonas hydrophila in carp (Cyprinus carpio). Can. J.
Fish. Aquat. Sci., 43, 619-624.

Litman, G.W. 1977. Physical properties of immunoglobulins of lTower species:
a comparison with immunoglobulins of mammals. In "Comparative Immunol-
ogy" (Ed. J.J. Marchalonis). (Blackwell Sci. Publ., Oxford). pp. 239-
275.

Lobb, C.J. and Clem, L.W. 1982. Fish lymphocytes differ in the expression
of surface immunoglobulin. Dev Comp. Immunol., 6, 473-479.

Lobb, C.J. and Olson, M.0.J. 1988. Immunoglobulin heavy H chain isotypes in
a teleost fish. J. Immunol., 141, 1236-1245.

Marchalonis, J.J. 1977. Immunity in Evolution. (Edward Arnold, London).

Miller, N.W., Deuter, A. and Clem, L.W. 1986. Phylogeny of 1lymphocyte
heterogeneity: the cellular requirements for the mixed leukocyte
reaction with channel catfish. Immunology, 59, 123-128.

Nagy, A., Monostory, Z. and Csanyi, V. 1983. Rapid development of the
clonal state in successive gynogenetic generations of carp (Cyprinus
carpio). Copeia, 1983(3), 745-749.

Nakanishi, T. 1987. Histocompatibility analyses in tetraploids induced from
clonal triploid crucian carp and in gynogenetic diploid goldfish. J.
Fish Biol., 31, 35-40.

Ridgway, G.J., Hodgins, H.0. and Klontz, G.W. 1966. The immune response in
teleosts. In "Phylogeny of Immunity" (Ed. R.T. Smith, P.A. Miescher
and R.A. Good). (Univ. Florida Press, Gainesville). pp. 199-207.

Rombout, J.H.W.M., Blok, L.J., Lamers, C.H.J. and Egberts, E. 1986. Immuni-
zation of carp (Cyprinus carpio) with a Vibrio anguillarum bacterin:
indications for a common mucosal immune system. Dev. Comp. Immunol.,
10, 341-351.

Rijkers, G.T. 1981. Introduction to fish immunology. Dev. Comp. Immunol.,
5, 527-534.

Rijkers, G.T. 1982. Non-lymphoid defense mechanisms in fish. Dev. Comp.
Immunol., 6, 1-13.

Rijkers, G.T., Frederix-Wolters, E.M.H. and Van Muiswinkel, W.B. 1980. The
immune system of cyprinid fish. Kinetics and temperature dependence of
antibody-producing cells in carp (Cyprinus carpio). Immunology, 41,
91-97.




71

Rijkers, G.T. and Van Muiswinkel, W.B. 1977. The immune system of cyprinid
fish. The development of cellular and humoral responsiveness in the
rosy barb (Barbus conchonius). In "Developmental Immunobiology" (Ed.
J.B. Solomon and J.D. Horton). (Elsevier North-Holland, Amsterdam).
pp. 233-240.

Secombes, C.J., Van Groningen, J.J.M. and Egberts, E. 1983. Separation of
lymphocyte subpopulations in carp Cyprinus carpio L. by monoclonal
antibodies: immunohistochemical studies. Immunology, 48, 165-175.

Svejgaard, A., Platz, P. and Ryder, L.P. 1982. HLA and disease: a survey.
Immunol. Rev., 70, 193-218.

Van Muiswinkel, W.B., Tigchelaar, A.J., Harmsen, E.G.M. and Rijnders, P.M.
1986. The use of artificial gynogenesis in studies of the immune
system of carp (Cyprinus carpio L.). Vet. Immunol. Immunopathol., 12,
1-6.

Vilain, C., Wetzel, M.C., Du Pasquier, L. and Charlemagne, J. 1984. Struc-
tural and functional analysis of spontaneous anti-nitrophenyl anti-
bodies in three cyprinid fish species; carp (Cyprinus carpio), gold-
fish (Carassius auratus) and tench (Tinca tinca). Dev. Comp. Immunol.,
8, 611-622.

Wilson, M.R., Middleton, D. and Warr, G.W. 1988. Immunoglobulin heavy chain
variable region gene evolution: structure and family relationships of
two genes and a pseudogene in a teleost fish. Proc. Natl. Acad Sci.
USA, 85, 1566-1570.




SESSION 3

MHC polymorphism by protein chemistry and DNA techniques

Chairperson: Dr. R.L. Spooner



BoLA POLYMORPHISM, BIOCHEMICAL ANALYSIS AT THE PRODUCT LEVEL

E.J. Hensen, I. Joosten, A. van de Poel and M.F. Sanders

Department of Infectious Diseases and Immunology
Faculty of Veterinary Medicine, University of Utrecht
3508 TD Utrecht, the Netherlands

ABSTRACT

The way polymorphism of the MHC is detected, using biochemical
analysis at the product level, is fundamentally different from serologi-
cal, cellular or DNA methods.

Polymorphism of both independent class I and class II loci was
investigated separately. A combination of immunoprecipitation with SDS-
PAGE gelelectrophoresis and/or isoelectric focusing (IEF) was used. Two
major results were achieved.

First the combination of methods made it possible to demonstrate that at
least two independent class I loci are expressed for each haplotype.
Secondly, the ID-IEF method could be used as a typing procedure. In
particular for class II typing, which was not possible until now, this is
a new perspective.

Eleven DR-like allelic specificities were found. Therefore, in cattle,
studies can now be started to demonstrate the influence of MHC class II
in, for example, disease resistance.

INTRODUCTION

Several techniques can be used to define the polymorphism of the BoLA

complex. The relevance for a classification of the fine specificities of
the products of the BoLA complex depends largely on the influence that the
fine specificities will have on the biological function.
The better understanding of the immune interactions in species like men
and mice, has illustrated that rather subtle differences in MHC molecules
can indeed have tremendous effects on the biological function. Therefore,
only a complete and precise classification of variants can answer
questions on the effects of variants on the development or the severity of
diseases.

The classification of BoLA Class I variants, as defined in the
international BoLA workshops, has been based on the results of serology.
The results so far are invaluable, but they do not fulfil the requirements
to answer the questions on their biological relevance.

Methods have been found which can complement the information obtained
by serology and/or can be used to improve the serology.

Cellular techniques, mixed lymphocyte cultures (MLC) and cell mediated
lympholysis assays (CML) have been used (Spooner et al., 1987; Teale and
75
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lympholysis assays (CML) have been used (Spooner et al., 1987; Teale and
Kemp, 1987; Davies, 1988), but have not resulted in an unambiguous
classification. Molecular biology and biochemistry have resulted in new
methods of good value. Biochemical methods are used in our studies. These
methods are of particular use to define subtle differences between
molecules, for which no reagents are available. Such reagents can be
prepared once such subtle differences between whole molecules have been
detected.

The completeness and discrimination of typing by serology largely
depend on the availability of the relevant sera. The typing and analysis
by biochemical methods is not based on identification, but on the
comparison between molecules based on their overall physiochemical
characteristics, such as size and charge. This typing is therefore

complete and highly discriminatory.

MATERIAL AND METHODS
Five main steps can be recognised in the procedure, which are listed

below, but are described in full detail elsewhere (Neefjes et al., 1986,

Joosten et al., 1988a and b).

1). Metabolic labelling of the molecules for identification in the last
step. This includes the separation of lymphocytes from a peripheral
blood sample and the overnight culture of the lymphocytes with 358-
methionine under standard cell culture conditions. Proteins produced
during the culture will incorporate the labelled amino acid at
appropriate places.

2). Lysis of the cells containing these molecules. Detergents are used to
solubilize the cellmembranes. The membrane proteins, including the
MHC molecules are subsequently isolated from the detergent phase.

3). Immunoprecipitation of the molecules of interest with reagents
recognising the basic structure of the molecules either class I or
class II. Subsequently, the samples are intensively digested by
neuraminidase, to remove sialic acid residues. These sialic acid
residues are negatively charged and would influence the overall
charge of the molecules.

4). Separation of the molecules on the basis of size and/or electric

charge in gelelectrophoresis. SDS-PAGE was used for the separation on
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molecular weight, 1D-IEF (one-dimensional isoelectric focusing) was
used for separation on electric charge. Up to 24 samples could be run
in parallel on a gel. This enables optimal comparisons.

2D-1EF gels were used if appropriate. First, a separation is done on
charge using a rodgelsystem (thin tubes). The content of the tube is
layered on top of an SDS-PAGE (along the x-axis) and run in the
second dimension (along the y-axis) for a separation on molecular
size,

Identification of the position of the molecules in the gels by
autoradiography and comparison and/or classification of their

positions.

RESULTS AND DISCUSSION

1).

2).

3).

Three topics are put forward.

The comparison between IEF results and classical serology of class I
antigens which has been performed in collaboration with the A.F.R.C.
Institute in Edinburgh (Dr. R.L. Spooner c.s.), and was published
before (Joosten et al, 1988a).

The demonstration of at least two expressed class I locus products
for each haplotype in cattle. The results of the serology suggested
until now, that only a single class I locus is expressed on the cells
for each haplotype in cattle. This was in contrast to all mammalian
species investigated, The IEF analysis gave evidence for the
expression of at least two class I loci for each haplotype.

The description of a DR-like, class II locus. From this locus 11
allelic variants were found, covering all the variants in the

population tested (n=98) (Joosten et al. 1988b, in press).

Class I typing

It was shown earlier that the BoLA class I molecules could be

precipitated, using reagents that were raised against the human homologous

molecules (Hoang Xuan et al.,, 1982; Bensaid et al., 1988), In the first

series of experiments a monoclonal antibody W6/32 (Parham et al., 1979)

was used. This antibody was known to be reactive with several mammalian

species both from our own experience and others. From the 14 well-defined

BoLA serotypes analysed in our study, 12 showed characteristic IEF banding

patterns. Using, the W6/32 antibody two BoLA types could not be detected.
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But, also 4 new patterns were found in haplotypes which could not be
defined by workshop sera. The definition of serological blanks is one of
the important advantages of the IEF technique.

Another advantage of the technique will be the subdivision of certain
serotypes in (also functional) subtypes or splits. Sofar one good example

is under study.

Two or more class I loci

Recently, there have been a few reports that more than one class I
locus would be expressed in cattle (Bensaid et al., 1988; Bull et al.,
1988). The IEF technique was supposed to give a direct answer. Neverthe-
less, it took us some time to obtain the evidence. The first complication
was a not constant number of bands for each individual serotype. We found
that W6/32 did not recognise 2 defined serotypes. This suggested that some
allelic products were not recognised. It was hard to envisage in the case
of these two serotypes that the products of two loci would both not be
recognised, suggesting that indeed only a single class I locus might be
expressed. It took some time to realise that under these conditions indeed
two independent locus products were both not recognised, and in several
serotypes the products of only one locus were detected. When we used more
than one reagent in some samples it appeared that these reagents each
recognised not necessarily all class I products of a haplotype.

Once these points were clear, one serotype was selected for further
study. We knew of this serotype that the use of a second antibody resulted
in an extra band after precipitation.

Using the technique of peptide mapping, we could demonstrate that the
peptide sequences of the two distinct bands were different. They therefore
are the products of independeht loci: the results have now been extended
to other serotypes (manuscript in preparation). These findings have
important implications for the serology of BoLA. A framework for the
further development of the serology can now be constructed by the IEF

technique.

Class II typing

All methods used thus far had their drawbacks, and no unambiguous
classification has been produced so far. Only RFLP data resulted in a

classification (Andersson et al., 1986a,b), but until now there was no
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illustration what proportion of the polymorphism detected would be
expressed and therefore functionally relevant.

From the biochemical data it appeared that, with the reagents raised
in rabbits against human purified class II products in cattle homologous
products were precipitated. In family studies, it became clear, from the
IEF patterns that we could detect the allelic products of a single locus.
This was selectively the case when the conditions of labelling and the
type of detergent were used as described (Joosten et al. 1988b).

The locus products detected are likely DR-like, since there is a
striking similarity both with the biochemical characteristics of the
products and the reactions with highly specific antihuman DR resp.
antisera. From this DR-like locus 11 allelic variants were detected in the

98 animals tested.

TABLE The frequency distribution of the 11 allelic variants which
have been found until now. The variants are provisionally named DF
(D for D-like and F for focusing)

The data of two halfsib families are included, DF types of the sires
are marked *,

BoLA class II DF patterns

Focusing pattern No. of animals
British Friesians Dutch Friesians

DF1 12 4
DF2 3 11
DF3 le* 4
DF4 20 10
DF5 16 5
DF6 14 11*
DF7 21 22%
DF8 1 -
DF9 4 3
DF10 8* 6
DF11 3 7

(Joosten et al. 1988), 98 animals

This IEF classification can be either used directly in association
studies, or as a framework to develop the class II serology. By changing

the conditions, the exploration of the DQ-like region, already detected by
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DNA studies (Andersson et al., 1986a; Andersson and Rask, 1988) can be
started on the product level.

The IEF technique, with the results obtained, has shown to be a
potent help to speed up the unravelling of the BoLA polymorphism and, if
applied to other species, their MHC polymorphism,
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COMPARISON of BoLA CLASS I AND CLASS II TYPING METHODS AND THEIR
APPLICATION TO MHC FUNCTION STUDIES

J.L. Williams, P. Brown, F.J. Glass, R.A. Oliver and R.L. Spooner

Institute of Animal Physiology and Genetics Research, West Mains Road,
Edinburgh, EH9 3JQ.

ABSTRACT

The organisation of the bovine MHC has been investigated by Southern
blot analysis using bovine class I and human class II cDNA probes. It
is 1likely that there are multiple class I loci, although only the product
of one locus has been identified serologically. The class II region is
complex, possibly with similar organisation to the human class II region
except that the DP sub-region may be missing. Only DR 1like products
have been identified so far using cross-reactive monoclonal antibodies.

A bovine MHC class I cDNA clone has been isolated and fully
sequenced. The amino acid sequence translated from the DNA sequence
displays the features expected of classical class I antigens.

Three methods for typing MHC products have been compared, serology,
IEF (isoelectric focusing) and RFLP (restriction fragment length
polymorphism). Serological and IEF typing correlate for class I alleles,
while antigens which are presently not identified by serology can be
identified by IEF. Different RFLP patterns can be associated with the
same expressed antigen. Therefore for RFLP's to be of value for MHC
typing they must first be compared with a method of typing the expressed
antigen.

We are using IEF typing for MHC class II function studies, and have
shown that the type of response to ovalbumin segregates with class II
type in families.

MHC and Disease

Individuals show a remarkable variation in the severity of disease
following infection with different pathogenic organisms. There are many
factors which influence resistance or susceptibility to disease, however
it is the immune system which plays the primary role in controlling an
infection once it has been established. The most important event in the
induction of an immune response is the recognition of foreign antigen by
cells of the immune system. For this recognition to take place the
antigen needs to bind to the cell surface products of the major
histocompatibility complex (MHC). T cells will only respond to antigen
when associated with an individuals own MHC molecules.

There are two classes of MHC molecule, class I molecules are
expressed on most cell types and present infection specific antigens, on
the surface of infected cells, to cytotoxic T cells. Class II molecules
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are expressed on antigen presenting cells (e.g. macrophages) which
process soluble antigen and present it to T helper cells. MHC molecules
are highly polymorphic, with different alleles binding the same antigen
with different efficiency and hence affect immune response.

We have therefore concentrated our study of the bovine immune system

on the MHC (BolA).

Genomic Organisation of the MHC

The human MHC (HLA) has ©been extensively characterised by
recombination (Kavanthas et al., 1981, Shaw et al., 1981) deletion
mutation analysis (Auffray et al., 1983), cloning (Trowsdale et al.,
1984) and pulse field electrophoresis (Hardy et al., 1986). It
comprises three major regions, class I, class II and class III and covers
about 3000 kbp (see Fig. la). The class I region encodes three highly
polymorphic classical molecules and in addition there are up to 18
related Qa Tla like genes which display limited polymorphism. The class
IT region is divided into three sub-regions, DP, DQ and DR, each of which
contains at least one pair of expressed @ and @ genes. The class III
region contains genes coding for complement proteins, 21 hydroxylase and
tumour necrosis factor and others (for review of the MHC see Klein,
1986) .

The organisation of the bovine MHC has been investigated by Southern
blot analysis using human and bovine DNA probes (see fig. 1b). Use of a
bovine class I cDNA (described below) reveals several polymorphic and
non-polymorphic fragments (fig. 3a, Oliver et al., 1989). The
polymorphic fragments may arise from classical class I genes while the
non-polymorphic fragments arise from conserved genes similar to the Qa
Tla genes of the mouse. It is therefore likely that there are multiple
classical and non-classical class I genes in the bovine genome.

BoLA class I products were first identified by serology (Spooner et
al., 1978) and three international workshops have now identified 34 class
I antigens, products of one genetic locus. Expression of other class I
loci has been suggested (Stear and Nicholas, 1982, Bensaid et al., 1988a)
but this has not been shown conclusively.

The BoLA class II region has been investigated using human locus

specific probes, most of these cross-react with bovine genomic DNA
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Fig 1. (a) Organisation of the MHC (HLA) region in man (Klein, 1986)
and (b) possible organisation of the MHC (BoLA) region in cattle
(see text).

suggesting the presence of similar genes (see fig. 3b, also Andersson and
Rask, 1988). Thus the bovine genome certainly contains genes similar to
HLA DQ DR DO and DZ. However cross-reaction between probes makes the
presence of a DP like region in cattle uncertain. The only definitive
way to determine the number of genes at each locus is by cloning and
mapping the MHC region. It 1s however possible to make comparisons of
gene numbers between haplotypes by the analysis of RFLPs. Andersson and
Rask (1988) have shown that the number of DQ 1like genes is variable
between haplotypes, with single « and g gene in some haplotypes. We
find that there are few fragments revealed using a DRd probe, however a
DRB probe reveals many fragments (see Fig. 3b). This would be
consistant with a single DRe and multiple DRp genes, as in man. So
far only DR 1like molecules have been found at the cell surfaces using
cross-reactive HLA mAbs.

The order of bovine MHC genes on the genome is not known, although
strong linkage between DQ and DR is observed (Andersson et al., 1986;

Sigurdardottir et al., 1988). Field inversion gel electrophoresis (FIGE)
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studies have found DQ and DR genes on the same Sfi restriction fragment,
demonstrating that they are separated by no more than 1000 kbp (Bensaid
et al., 1986b). We find that the linkage between the class I and class
IT region is less strong. The class I and class II regions have not yet
been linked on the genome. From our own cosmid cloning we only find one
class I gene per clone. This is similar to the situation in man,
whereas in mouse and rat cosmid clones usually contain multiple class I
genes (J. Howard, Cambridge personal communication). Therefore it is
reasonable to propose a similar organisation for the bovine MHC to that
of man (Fig. 1).

BoLA class I genes

We have isolated a bovine class I cDNA (pBoLA-1) from a liver cDNA
library (Brown et al., 1988). This cDNA has been completely sequenced,
is 1263 bases in length and codes for a protein of 339 amino acid
residues. The clone lacks the 5'untranslated sequence, the start codon
and some 3'untranslated sequences. Comparison of the sequence of
pBoLA-1 with class I sequences from man, mouse, rat etc shows 70-80%
similarity in the extra cellular domains, with regions of variation
clustered in the protein domains proposed to form the antigen binding
site (Fig. 2). The residues present in pBoLA-1 at known variable sites,
fit more closely the pattern of substitutions found in classical rather
than non-classical (Qa or TLa) class I like genes, suggesting that

pBoLA-1 encodes a classical class I molecule.

Identification of MHC alleles

In order to study the role of the MHC in regulating immune response
it is first necessary to identify the different MHC alleles. For MHC
typing we have used three approaches, serology, restriction fragment
length polymorphism and isoelectric focusing of immuno-precipitated MHC
products. Serology has been dealt with in detail earlier (Spooner et
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al., this meeting). While it is the most convenient method for typing
large numbers of animals it is limited by the sera available. Only the
products of one class I locus can be identified, while the BoLA class II
products are serologically wunidentified. We have therefore also

developed other methods for BoLA typing.

RFLP analysis. BoLA class I sequences have been analysed with a bovine
class I cDNA (Brown et al., 1988), revealing between 10-15 invariant and
8-10 polymorphic fragments depending upon the enzyme used. The
polymorphic fragments can be assigned to haplotypes on the basis of
segregation in families. Particular fragments are found in animals
inheriting one haplotype from the bull and different fragments are found
in animals inheriting the other haplotype, identified by the segregation
of serologically defined class I antigens. Other fragments are clearly
inherited from the Dams. In one family we identified a TaqIl 7.6 kbp
fragment which occurred in offspring inheriting the wl0 serological
specificity from the bull, however on examining RFLPs from unrelated
animals we found that this fragment not only occurred in wl0 animals, but
also in wll and w32 animals (see fig. 3a). Of the 16 animals included
in this sample two are wll and both have a 6.5 kbp Taql fragment, however
this is not present in all wll animals, likewise the 5.9 kbp fragment
seen here in animals with a putative 2° locus specificity (w30).

BoLA class II sequences have been examined by using HLA, DQ and DR
cDNA probes which hybridise strongly to bovine genomic DNA. When these
studies were begun we were unable to identify BoLA class II products, we
therefore examined the segregation of class II RFLPs in families,
inferring the segregation of class II genes with haplotypes defined by
serological typing of class I antigen. We are now able to identify
class II products by isoelectric focusing (see below). Thus segregation
of BoLA haplotypes in the family group shown in fig. 3b was first
followed using the class I sera Ed99 and EdS85. We have now found that
the Ed99 haplotype also carries the IEF class II EDF8 type and that
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Fig. 3. (a) Genomic DNA from 16 unrelated cattle digested with Taq 1 and
BoLA class I fragments revealed by hybridisation with pBoLA-1
(see text). The serological class I type of the animals is
shown at the top. Fragments occurring with particular
specificities are indicated by arrows. W30 is a putative second
locus speficity. (b) Genomic DNA from a group of half sibs (the
bull is class II typed as FDF2/EDF8), digested with Taq 1 and
hybridised with the P 9 fragment of a DR@ cDNA probe. Four dams
are included. Fragments segregating with the bulls MHC class
II type are indicated by arrows.

of Ed85 the class II EDF2 type. Different TaqIl DRg restriction
fragments are found segregating with Ed99/EDF8 and Ed85/EDF2 (fig. 3b).
Examination of unrelated FDF8 and EDF2 animals reveals that, as with
class I the same fragments are found in some, but not all EDF8 or EDF2
animals.

The level of polymorphism at the DNA level is greater than that of
the expressed protein hence comparison of MHC class I serological typing
or class II IFEF typing with RFLP, shows that the same expressed antigen
can be encoded within sequences which give rise to different RFLPs.
Similar results are found in man (Cohen et al., 1985).

Therefore for RFLP typing to be useful in MHC function or disease
studies it must be correlated with antigen typing. This is best done by
assigning fragments to haplotypes in family studies, then identifying the
different haplotypes expressing specific antigens in population studies.

IEF
" We are using isoelectric focusing of immunoprecipitated, 358 labelled
BoLA products as a method of identifying different expressed products.
The patterns seen for class I are complicated. Serologically identified
specificities give rise to between 2 and 6 bands depending on specificity
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Fig. 4. (a) Autoradiograph of an IFF gel of W6/32 precipitated 358

labelled BoLA class I molecules from unrelated animals. The
serological class I types are shown at the top and bands
correlating with these types are indicated. (b) BoLA class II
antigens precipitated with polyclonal anti-HLA class II. The
animals were used were the progeny of a bull which was
heterozygous for the bands 1 and 4. Two bands are precipitated
per haplotype. Eight haplotypes are shown and the deduced
typings are at the top.

and monoclonal antibody used for precipitation (see Fig. 4, Joosten et
al., 1988 and Oliver et al., 1989). Nevertheless the bands precipitated
by the monoclonal antibody W6/32 show excellent correlation with
serological specificities, with the advantage that antigens as yet
undefined by serology can be identified.

This 1is the only method available for identifying BoLA class II

antigens. Comparison of products precipitated by a polyclonal
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anti-class II serum with 1locus specific HLA monoclonal antibodies
suggests that the most highly expressed BoLA class II antigen, that we
identify by IEF, is analogous to the HLA DR product. The patterns seen
on BoLA class II IEF gels are less complex than those for class I, for
most animals two major bands are ohbserved (see fig. 4b). It is not known
whether the two bands are products of different genes or, as 1s more
likely, the same gene product at different stages of processing or
modification. We are currently able to identify BoLA class II
haplotypes by IEF and use this method for identifying animals of
particular MHC type for functional studies.

MHC and Immune function in cattle

An immune response 1is triggered by the recognition of antigen in
association with MHC class II molecules by T helper cells. This
recognition results in the clonal proliferation of T cells and is
dependent on the antigen, MHC and T cell receptor molecules involved.
We have developed an in vitro T cell proliferation assay to investigate
immune response to antigen in cattle (Glass and Spooner, 1988). This
assay has demonstrated that T cell proliferation is dependent upon
antigen presenting cells and can be inhibited by anti-MHC class II
antibodies. Following immunisation with ovalbumin cattle can be divided
into two groups, (Glass, Oliver and Spooner, unpublished) responders
which show high proliferative response in this assay, and non-responders.
Animals with different MHC class II haplotypes show different responses

and the type of response segregates with class II type in families.

Conclusions

The MHC of cattle is multigenic with two linked regions encoding the
BoLA class I and class II surface glycoproteins. It is 1likely that
there are at least two expressed class I loci, as in man, although only
the products of one locus have been positively identified. The class II
region contains similar genes to those of the human class II region,

although DP like genes may be absent.
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BoLA class I alleles have been identified by serology, IEF and RFLP,
and class II alleles by IEF and RFLP. For MHC typing serology is the
most straightforward method, in the absence of sera IEF typing identifies
the expressed products. Polymorphism at DNA level is greater than that
of the expressed protein, therefore interpretation of RFLP patterns
requires comparison with serology or IEF. The IEF method is the only
way of identifying BoLA class II alleles, and we are currently using IEF
to identify animals of particular class IT types for functional studies.
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THE MOLECULAR GENETICS OF THE SLA COMPLEX
Patrick CHARDON

Laboratoire de radiobiologie aRﬁ1iquée -CEA-INRA
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ABSTRACT.

~ Knowledge about the overall ore nizatjon of the SLA complex, the
major histocompatibility complex (MHC) in pig, has greatly progressed in
recent years thanks to direct_gene map?1ng, to gene cloning and to the
study_of restriction fragment 1enRth polymorphism ?RFLP%.

The 1linkage group of the SLA complex,  including the Glyoxalase 1
enzyme and the C and J blood group systems is located near the centro-
mere of chromosome 7. As expeCted, all three_classes of MHC gene famj-
Ties were found to make up the SLA region., The class I gené familly
consists of no more than 7 or_ 8 genes Split into 3 subgroups including
1) the %enes coding for the clasSical transplantation “antigens, 2) a
divergent member of "the class I MHC gene family, whose expreSsion is not
ubiquitous, and 3) at least one pseudogene. Positive and negat1ve requ-
latory elements are found in the 5' flanking sequences of the expresSed

enes.

g The SLA class II genes have_been characterized b{_ RFLP and. by

analysis of a series of Clones isolated from a genomic 1ibrary _derived

from® a miniature swine genome. There might be numerous class II beta

genes, while there is probably only one DR™alpha and one DQ alpha_genes.
the class III region is_composed of one set of a C2 gene, a B gene

and a C4 gene. Evidence also exists that one 21-hydroxylase gene™ is

lTocated in the SLA region.

INTRODUCTION

Before the advent of molecular techniques,our knowledge of the
swine major histocompatibility complex (SLA) was obtained by sero-
logical, cellular and immunochemical methods. The occurrence of recombi-
nants definitely established that the SLA complex consists of different
sets of genes, classified as class I and class II, according to the
structural features of their products, their tissue distribution and
their  functions. Evidence for further complexity came from the
demonstration that class I or conventional transplantation antigens were
certainly coded for by at least two distinct loci and possibly three
(vaiman et al. 1979). Similarly, it has been shown that the tissue-
restricted class II molecules were coded for by more than one Tlocus
(Chardon et al. 1981 ; Osborne et al. 1983). Since the SLA complex is
known to affect hemolytic complement activity, it was assumed that a set
of class III gene(s) were also linked to the SLA complex (Vaiman et al.
1978).

The recent introduction of molecular techniques in the field of
immunogenetics, has substantially increased our knowledge of the organi-
zation of the SLA region at the molecular level, even though this know-
ledge still lags far behind what is known about the human HLA or mouse
H-2 complex.
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The results obtained by these new techniques have often confirmed
previous conclusions, particularly the strong homology of the SLA com-
plex to other mammals' MHC. However, they have also revealed some
unusual features that appear to be specific to SLA.

THE SLA LINKAGE GROUP : CHROMOSOMAL ASSIGNEMENT

It has been known for some time that the C and J blood group
systems are in the same linkage group as the SLA complex (Hruban et al.
1976). Subsequently, the SLA complex was mapped on chromosome 7, and
there seems to be agreement on its location near the centromere region,
although there is still uncertainty about whether it is located on the
short (p) or long (q) arm (Geffrotin et al. 1984 ; Rabin et al. 1985).
On the basis of the quantitative differences in glyoxalase 1 activity in
different SLA haplotypes, it has been concluded that the glyoxalase 1
gene is closely linked to SLA (Lie et al. 1985). Finally, a syntheny
between nucleoside phosphorylase (NP) and mannose phosphate isomerase
(MPI) has been described and assigned to chromosome 7 (Dolf and
Stranzinger 1986).

10% 5%
G0 SLA--J - C MPI NP
P Q CHROMOSOME 7
GLO :glyoxalase 1 MPI : mannose phosphate
J, C : bood group isomerase
systems NP : nucleoside phosphorylase

% recombinant

Fig. 1 Organization of the SLA Tinkage group on chromosome 7.

THE GENETIC ORGANIZATION OF THE SLA CLASS I REGION

The SLA class I gene family, unlike homologous families in other
mammals, consists of no more than seven or eight genomic DNA sequences.
So far, five of these sequences have been isolated from genome libraries
built from the DNA of a homogygous miniature swine with the d haplotype
(Satz et al. 1985). Three of these genes, designated PD1, PD14 and PD6
were entirely sequenced.
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Structure of SLA class I genes
The PD1, PD14 and PD6 sequences each span about 3.5 kilobases (kb)
and appear to correspond to functional but distinct SLA genes. The PDl

and PD14 gene display great homology, although different restriction
maps within and around the coding region were obtained. The structure of
PD1 and PD14 MHC class I genes, 1like that of human and mouse class I
genes, consists of eight exons separated by introns. The size of the
homologous exons of both genes is the same except for the exons of the
leader sequence which s 66 bp long in PD1 and 76 pb in PD14. The
average percentage of nucleotide homology between the coding sequences
of PD1 and PD14 is 88, and for the introns, it is 84. However, for the
deduced amino-acid sequences it is about 86. Despite the great resem-
blance, of the proteins encoded by PD1 and PD14, they are readily
distinguisable by serology (Singer et al. 1982).

The 5' upstream region of PD1 contains putative gene regulation
sequences. Two positive regulation elements are located within 500 bp of
the transcriptional promoter, one of them enhances the expression of the
gene in response to interferon stimulation. A negative regulatory ele-
ment is located 500-1000 bp uptream of the promoter(Singer et al.1987).

The greatest heterogeneity is seen for exon 2, where 28 out of 40
nucleotide differences lead to amino-acid substitution. Most of these
differences are clustered in three short stretches of DNA, respectively
in nucleotide positions 716-722 (amino-acid residues 40-42), 855-870
(amino-acid residues 66-70) and 883-904 (amino-acid residues 75-82)
which all belong to the first extracellular domain of the molecule.

Note that the two last clusters correspond precisely to the hyper-
variable DNA sequences found within the putative antigen presenting site
of an HLA-class I molecule which is clearly endowed with the capacity to
accommodate distinct peptides.

The differences observed between exons 3 of PDl and PD14,
corresponding to the second domain, are distributed more regularly along
the sequences, although a tendency to clustering is also observed. The
homology is greatest for exon 4, which codes for the more proximal third
domain and for exons 5 to 8 that encode the transmembrane and intracyto-
plasmic segments of the molecules, and ranges between 97 and 100 per
cent.

Both proteins code for by PD1 and PD14, whose molecular weight is
about 45 000 daltons, contain a single potential glycosylation region in
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the first extracellular domain at amino-acids 86-89, which precisely
corresponds to the glyosylation site in HLA-B7. Similarly, both proteins
have cystein residues at positions 101-164 and 203-259 that ensure the
possibility of constituting stable loops.

The PD6 gene

In contrast to PD1 and PD14, the PD6 sequence only exhibits a loose
overall homology with the two other genes, and might infact correspond
to a greatly divergent class I gene, while still belonging to the same
SLA class I family (Ehrlich et al. 1987).Thus genomic probes specific to
PD1 or PD14 genes only hybridize weakly with the PD6 sequence, and the
same occurs when PD6-specific probes are hybridized to the other members
of the SLA class I family.

The overall homologies of PD6 to PD1 and PD14 are low , around 50%
whereas the homology within the exons are markedly greater, reaching 73%
The PD6 sequence 1is common to all pigs and so far displayed no
restriction polymorphism.

Judging from the DNA sequence, the PD6 product 1like other class I
antigens, consists of a leader peptide, three extracellular domains, one
transmembrane domain and one or more cytoplasmic domains. A potential
glycosylation site is found at amino-acid 86-89. One cysteine residue in
the second domain is absent, which should preclude disulfide bridge
formation, whereas a cysteine residue is found within the transmembrane
segment.

It has been shown that four out of five SLA class I sequences
cloned, including PD1, PD14 and PD6, can be transcribed and regulated in
transfected L cells, but one of them, PD15, appears to be a pseudogene.
PD1 and PD14 genes encode class I molecules which are readily identifia-
bie at the surface of mouse transfected cells. So far, similar results
have not been obtained for the PD6 product, although a hybrid molecule
consisting of exons 1-3 of PD6 and 4 to 8 of H-2 D9 has been found to be
expressed in transfected L cells. PD 1 is also expressed in transgenic
mice (Frels et al. 1985).

Moderate amounts of PD6-specific RNA were seen in kidney and heart,
whereas only a small amount was detectable in thymus and almost none in
testis. The liver and peripheral lymphoid organs, i.e. lymph node and
spleen express high quantities of PD6-specific RNA, constituting about
10 per cent of the total class I MHC RNA. Among the peripheral lymphoid
cells, PD6 is preferentially transcribed in T-cells .
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No relationships have yet been established between the SLA class I
serologically defined specificities and the SLA sequences already indi-
vidualized.

Molecular cloning has confirmed the existence of two SLA class I
functional genes, but that of the third gene predicted from immunogene-
tical analyses remains to be shown.

Southern blotting and molecular hybridization have also been
carried out in outbred unrelated pigs of the Large White, Landrace and
Duroc breeds and in SLA serologically informative families. The number
of class I sequences in commercial breeds was the same as in the minia-
ture breed. The results confirmed the molecular SLA class I extensive
polymorphism first reported in miniature pig, as few bands were common
to any of the distinct haplotypes. As regards serological results,
further polymorphism was found at the molecular level (Chardon et al.
1985a, 1985b).

MOLECULAR ANALYSIS OF THE SLA CLASS II REGION

A number of results were obtained from hybridization experiments on
enzymatically digested genomic swine DNA using various HLA class 1II
probes specific for HLA-DR and HLA-DQ alpha and beta chains (Chardon et
al.1985 a).These results can be summarized as follows : a) after Eco-Rl
cleavage of DNA from SLA heterozygotes, the HLA-DR beta probe revealed
the existence of about sixteen bands i.e. 6 to 8 genes per haplotype.
Many of these bands were polymorphic and when observed in families,
always followed the haplotype segregation as revealed by mixed 1ympho-
cyte reaction tests (MLR). b) The number of bands obtained by hybridiza-
tion with a human DQ beta probe never exceeded five or six for a given
individual. Usually, one or two intense bands were accompanied by seve-
ral faint ones, and some of the DQ beta bands appeared to be common to
DR beta bands. c¢) The SLA DQ-1ike and SLA DR-like heavy chain gene
families appeared to be small as no more than 2 bands were observed in
any individual. However, with appropriate restriction enzymes, polymor-
phic fragments were generated. d) Preliminary tests with a specific DP
beta probe yielded no clear hybridizing band. The screening of a pig
genomic library with a Tlarge set of human HLA class II probes has
permitted the cloning of a variety of SLA class II sequences. A prelimi-
nary analysis of all these clones led to the conclusion that there was
one DR alpha non polymorphic gene, one DQ alpha polymorphic gene and
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numerous class II beta sequences by haploid genome. The class II beta
sequences showed extensive cross-hybridization in RFLP tests, therefore
precluding the allocation to specific loci ( Sachs et al. 1988 ).
Analysis of several SLA recombinants with all four class II probes
confirmed that all the class II genes were clustered inside the SLA
region originally defined by the mixed 1ymphocyte reaction. Furthermore,
no alteration in any of the class II bands was observed, which was
consistent with the results of the MLR tests (Chardon et al. 1985b).

REGION CLASS 1 CLASS 1l CLASS |
chromosome? ? "
¢ I o
SUBREGION DD' (MLR) B C? A (SEROLOGY)
nb specificity 12 40
genetic distance <4 0.4 cM > <« 0.04 >
l B2m
ANTIGEN 33 29 43 12
kD membrane
GENES DO DP? DQ DR C2 Bf C4 210H PD1, 14 6 (clones)
b aba b
number 1 121 6 1 11 1 l 7 l
? 2
EXPRESSION lymphoreticular ubiquitous? T cells?
cells

Fig. 2 Genetic organization of the SLA region.

THE SLA CLASS III REGION

Direct evidence for SLA region involvement in complement physiology
was obtained when a C4 specific restriction fragment was observed to
cosegregate with one SLA haplotype in a family (Kirszenbaum et al.
1985). This was established by Southern blot hybridization using a human
cDNA C4 probe of 300 bp, which corresponded to the C4d segment of the
protein.

The 1linkage of C4 to the SLA complex was recently confirmed in
miniature swine by american researchers at Ames Iowa, who also
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demonstrated using C2 and Bf human probes, that the SLA complex contains
the C2 and Bf related genes (Lie et al. 1987). Restriction fragment
length polymorphism was identified for Bf, which segregated together
with specific SLA haplotypes. Although no such polymorphism was found
for C2, overlapping restriction fragments were found with the C2 and Bf
probes, which strongly suggested that these 2 genes are closely linked.

Similarly, we have recently firmly established that the gene coding
for the enzyme 21-hydroxylase or cytochrome P450 also belonged to the
SLA complex. Because identical band patterns were obtained by RFLP
analysis at the genomic level and by restriction map studies on 21-0OH
cloned gene there is 1ikely only one of this gene by haploid genome in
the pig.

There is as yet no firm indication concerning the relationship
firstly, between the different SLA class III gene families, and secondly
between the SLA class III region and the class I and class II regions.

FUTURE PROSPECTS

Because the genes coding for tumor necrosis factors (TNF) have
been mapped within the human HLA region and mouse H-2 region, we
recently started looking for homologous genes in pig. Our interest in
21-0H and possibly in TNF genes was aroused by the role of these genes
in important metabolic pathways. Our working hypothesis is that geneti-
cally determined variations in both the regulation and structure of
these genes might affect performance traits, without entailing harmful,
1ife-threatening consequences.

In conclusion, the SLA region is progressively becoming the best
known genomic region in pig, with more than 20 genes already characte-
rized, and many more no doubt remain to be discovered. Accurate
knowledge of this important region might radically affect future
breeding and selection programmes in pig species.
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ABSTRACT

Resistance or susceptibility to the development of tumors induced by Marek's disease
virus or Rous sarcoma virus in chickens is controlled by the major histocompatibility B
complex. The recent cloning of chicken B complex B-L (class II), B-F (class I) and B-G
(class IV) genes has provided new tools for molecular genotyping which should complement
available serological and cellular assays and help identifying the B complex genes involved in
disease control. The identification of 22 genes in the 320 kb of the B complex which have
been cloned make it a prime target for a large scale collaborative sequencing project.

INTRODUCTION

The chicken major histocompatibility (MHC) B complex controls many important
immunological functions, as its mammalian homologues. Among them is the control of
developping tumors induced by DNA and RNA viruses which are of economical importance
(Hala et al., 1981). Thus, resistance or susceptibility to Marek's disease depends on the B
complex haplotype. Chickens of the B2l haplotype and to a lesser extent those of the B2, B6
and B14 haplotypes are resistant to infection by the herpes virus causing the disease and the
appearance of lymphomas, whereas chickens of other B complex haplotypes are generally
more susceptible. Similarly, the ability of tumors induced by Rous sarcoma virus to progress
or regress in individual chickens is controlled by several genes, including one linked to the B
complex.
Attempts to increase genetic resistance to such diseases are usually based on typing methods
for the polymorphic cell surface antigens encoded in the B complex. The most commonly
used are haemagglutination tests with polyspecific alloantisera which mostly detect
polymorphism of the B-G erythrocyte specific antigens, also called class IV antigens, which
have no known equivalents in mammals. Typing for the classical MHC class I (B-F) and
class II (B-L) antigens can be achieved by immunofluorescence tests with specific polyclonal
or monoclonal antibodies, and by mixed lymphocyte reaction tests for B-L antigens. One
primary goal that has been intensively pursued using these methods is to identify which of the
B-F, B-L or B-G antigens and genes are responsible for the control of diseases. Many lines
of chicken which are highly inbred, homozygous and congenic for the B complex have been
established, and used in genetic crosses to search for recombinants within the B complex. In
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contrast with the situation observed in mammals, the recombination frequency was found to
be very low (0.04%). The available recombinants allowed the exclusion of the B-G region,
but never separated the B-F and B-L subregions. Only rare recombination events which
occurred in the past have been traced by typing outbred populations.

In this paper, I report on the recent progress made towards the identification of B complex
genes associated with resistance to viral induced tumors by using recombinant DNA
techniques.

CLONING OF B COMPLEX GENES

Our first attempts were based on the use of a human class II § chain DNA probe to detect
homologous sequences in chicken by cross-hybridization in low stringency conditions. The
HLA-DQp probe detected mRNA of the appropriate size in chicken tissues where the B-L
antigens are expressed, and was used to isolate chicken genomic clones containing B-Lf
genes (Bourlet et al., 1988). Identification of the B-LP genes was based on the pattern of
transcription of the genes detected by Northern blot analysis, which correlated with the
expression of B-L antigens detected with an anti-B-L monoclonal antibody. Probes derived
from the isolated genes detected restriction enzyme length polymorphisms (RFLP) between
congenic lines of chickens, mapping them to the B complex. Finally DNA sequence analysis
of one B-Lf gene established a high degree of similarity with the mammalian MHC class I
chain and gene (45% at the aminoacid level, and 65% at the nucleotide level).
Subsequently, we have constructed a cosmid library from DNA of the B12 haplotype and
isolated five genes termed B-LBI to B-LBV. In search of the B-La gene(s), we used radio
labelled cDNA transcribed from mRNA of various tissues and ceil lines as probes to
hybridize Southern blots of cosmid clones containing the B-L genes and new overlapping
cosmid clones obtained by chromosome walking. The presence of fifteen additional genes
was revealed by this method in the 320 kb of DNA that we have isolated and mapped in detail
(Guillemot et al., 1988). Two of these genes represent the centromeric rDNA units of the
nucleolar organizer located on the same microchromosome as the B complex. By cDNA
cloning and DNA sequencing, we identified a family of six class I B-F genes representing the
full complement of class I highy related genes in the B12 haplotype. The remaining seven
genes do not have characteristics of B-Lo or class III complement genes and remain to be
identified.
Although much remain to be done to establish a complete molecular map of the B complex, it
is already clear that the B-L{ and B-F genes are very closely linked at distances of 10-30 kb,
accounting for the absence of detectable recombination separating them. In addition, the
classical B complex genes are found intermingled with unknown genes, a peculiar feature of
the B complex not observed in mammals. By immunoscreening of cDNA expression
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libraries, cDNA clones for B-G and B-F antigens have been isolated by other laboratories
(Goto et al., 1988 ; J. Kaufman and K. Skjoedt, personal communication). By using these
B-G probes, we have mapped the first B-G gene 15 kb upstream of the B-LPI gene, in a
region that probably represents the centromeric part of the B complex (Fig.1).

Figure 1 - A molecular map of the chicken B complex
Class I (B-F) genes are indicated by dark boxes, class II (B-Lp) genes by striped boxes,

B-G by a grey box and other genes by open boxes. Adapted from Guillemot et al. (1988).

MOLECULAR GENOTYPING USING B COMPLEX DNA PROBES

As pointed out above, one of the first evidence that we had cloned B-L sequences came
from the detection of RFLP markers between congenic lines of chickens. Similarly, B-G
probes have revealed extensive polymorphism at the DNA level, and together with the study
of recombinant haplotypes, has allowed to map the hybridizing sequences to the B-G
subregion (Goto et al., 1988).
We have used B-LP and B-F probes to search for recombinants in the progeny of crosses
between the CB (B12) and CC (B4) congenic lines. The results obtained show that there is
complete agreement between serological, MLR and RFLP typing, and no recombinants were
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observed. Together with previous studies, this indicates that the distance between the B-F
and B-L subregions is below 0.01 cM, in agreement with the physical distance obtained by
DNA cloning (Hala et al., 1988). Moreover, this study demonstrate that RFLP markers
distinguishing the B4 and B12 haplotypes segregate in the F1 and F2 generations in a
mendelian fashion together with the B complex.

RFLP analysis has now been extended to the use of B-F, B-L and B-G probes in several
animals in a variety of B complex haplotypes in a collaborative effort with laboratories in
France (F. Coudert and G. Dambrine), Austria (K. Hala), Switzerland (O. Vassila), Norway
(I. Olsaker) and the United States (S. Lamont, C. Warner, S. Bloom and M. Miller).
Whereas these studies are for the most part at an early stage, there are already good
indications that molecular genotyping of the B complex will develop radily as a powerful tool
to complement serological and functional studies in a similar fashion as what was achieved
recently in the HLA system. There are already close to one hundred RFLP markers which
have been defined and this number is likely to increase rapidely with the use of more
restriction enzymes. Patterns of RFLP markers are emerging which are characteristic of each
standard B complex haplotype and we have started to describe numerous splits of the B21
and B19 haplotypes using B-L and B-F probes (Chaussé et al., 1988).

Molecular genotyping is likely to contribute rapidly to the definition of new markers closely
linked to resistance or susceptibility to the development of viral induced tumors, when used
in pathological studies. This will possibly help identifying the genes responsible and the
mechanism by which they contribute to resistance or susceptibility.

TOWARDS A COMPLETE MAP AND SEQUENCE OF THE B COMPLEX

At present, we have completed a detailed study of 320 kb of DNA of the B complex.
When compared with the structure of the HLA and H-2 complexes, the B complex has
several original features. The first one is the very small size of the genes determined by the
fact that introns are in the range of 100 bp. Thus a B-LP or a B-F gene span in the range of
1.5 to 2 kb instead of 5 to 20 kb in mammals. The second is the compaction of the complex
of genes itself, with little space between the genes. On the average, there is one gene every 10
kb and in some regions they are even more tightly linked. The third is the absence of clear B-
F and B-L regions, the probable absence of class III genes and the presence of numerous
unrelated genes in close proximity with B-L or B-F genes. Whereas these features will
stimulate much speculation on the evolutionary history of the MHC and the presence of the B
complex on an microchromosome, they have obvious practical applications.
One is that a complete molecular map should be obtainable with limited efforts if one assumes
a total size of 1000 kb including the B-G region. The current development of new
instruments and methods for rapid automated DNA sequencing have been stimulated by the
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prospect of sequencing the entire human genome. I would like to propose that a one
megabase sequencing project aimed at establishing the entire structure of the B complex
should be considered as a prime target for evaluating the feasibility of much larger projects
and improving instruments and methods for sequence handling and analysis. Moreover, we
can already anticipate that a large part of the sequence will be useful to understand the
evolution of the MHC class I and class II genes, and will help identifying the structure of the
non classical genes and possibly their functions, as well as defining the DNA regions
controlling these multiple genes. The establishment of such a large structure should also be
regarded as one approach towards the identification of the genes responsible for genetic
control of diseases which could then be transferred into the germline of economically
important lines of chicken.
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ABSTRACT

The distribution of caprine leucocyte antigens (CLA) in goats
from 4 different breeds (N=546) affected by caprine
arthritis-encephalitis virus (CAEV) induced arthritis were
determined and compared breed for breed with those of
infected but clinically healthy controls (N=402)).
Differences in frequencies of some of the CLA specificities
between the affected and control groups were found, but after
correction of the ordinary P values for number of observed
alleles, only the CLA Be7 specificity in the Saanen breed
showed a significant deviation at the 0.05 probability level.
11 groups (multiple-case families or halfsibling groups with
at least two informative diseased offspring/group), were
analyzed for manifestation of the disease and segregation of
the parental haplotypes. The results of the maximum
likelihood test of association (P<0.005) and the calculated
high lod score value of 5.70 gave evidence for linkage
between the locus encoding the determined class I CLA alleles
and a hypothetic locus(i) coding for genes responsible for
arthritis resistance/ susceptibility. The particular class I
CLA allele associated with the disease susceptibility varied
from family to family, however.

INTRODUCTION

In recent years, 24 codominant alleles encoded by one
locus of the goat MHC have been serologically characterized.
These caprine leucocyte antigens (CLA) represent class I gene
products (Ruff, 1987).

The most ubiquitous infectious disease agent in goats
is the caprine arthritis-encephalitis (CAE) virus (Cork et
al. 1974; Clements et al. 1979). The virus belongs to the
family of Retroviridae, subfamily Lentivirinae. It is closely
related to the maedi-visna virus in sheep (Clements et al.
1979; Crawford et al. 1980), as well as to other representa-
tives of the lentivirus subgroup, such as HIV in humans, BIV
in cattle and equine infectious anaemia virus (Gonda et al.,
1987).
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The CAE virus is mainly transmitted through colostrum
and milk of infected dams (Cork et al. 1974; Adams et al.,
1983) and causes life-long persistent infection (Adams et al.
1980). The clinical manifestation and degree of the disease
can vary. Kids are affected by encephalitis between 2 and 4
months of age (Cork et al., 1974). A special form of arthri-
tis is developping in infected animals usually older than 1
year of age. This form of arthritis is not observed in non-
infected animals. Interstitial mastitis and pneumonitis are
also observed (Crawford and Adams, 1981). Histologically,a
mononuclear cell infiltration dominates the chronic inflamma-
tory lesions (McGuire et al., 1986).

The virus occurs worldwide (Adams et al., 1984). The
percentage of CAE virus positive goats in Switzerland is
high, and is similar to that in Canada and the USA, being
about 65-70%. Of the seropositive Swiss goats, 33% show
clinical symptoms of arthritis (Krieg and Ruff, 1988).

The aim of the presented investigations was to type CLA
alleles in seropositive animals and to determine their di-

stributions in arthritis-affected and arthritis-free groups.

MATERIAL AND METHODS

Animals

The age of the investigated goats ranged from 2 to 10
years, most of them being 2-4 year old females in lactation.
546 animals with clinically diagnosed arthritis were typed
for CLA. The following breeds were represented: Saanen (SA;
N=146), Toggenburg (TO; N=181), Chamois coloured (CH; N=160)
and Appenzell (AP; N=59). The 402 control goats were
clinically free of arthritis, but housed together with the
diseased animals.

Serological test for CAE virus infection

An indirect enzyme-linked immunosorbent assay (ELISA)
was applied using maedi visna virus as antigen (Zwahlen et
al., 1983).
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CLA-alloantiserum reagents

The preparation, characterization and clustering of the
alloantisera have been described in detail (Nesse and Larsen
1987; Ruff 1987). The leader sera (2 to 4) per cluster
showing correlation values 0.8 were selected for characteri-
zation of single CLA specificities.

Evaluation of the results

The typing results were computed for each CLA specifi-
city and breed. The following parameters were calculated:
relative risk (RR); Chi-square (X ); and the etiological
fraction (EF). P values were corrected as follows: P x number
of specificities occurring in the breed = cP. For the evalua-
tion of associations in the halfsibling groups, we considered
only informative offspring. The following criteria must be
fulfilled:

-The common ancestor must be CLA heterozygous.

-At least 2 affected and 1 arthritis-free halfsibling of
comparable age and enviroment exist.

-The other parent of the individual must be free of
arthritis, or in the case of deceased animals, stated by
the owner to have been free of symptoms.

For the statistical analysis, the maximum likelihood
test of association as described by Morton (1982) was
applied. The family data were also analysed by sequential
tests based on the "lod score" method according to Morton
(1955). For the tests, the determined CLA locus was conside-
red as the first locus and the susceptibility to disease was
treated as a single second "locus". The calculations were

carried out on the basis of unknown phases of inheritance.
RESULTS

Population studies

Differences in frequencies of some of the CLA
specificities between the affected and control groups were
found but after correction of the ordinary P values for
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number of observed alleles, only the CLA Be7 specificity in
the Saanen breed showed a significant deviation at the 0.05
probability level (Ruff and Lazary, 1988).

Multiple-case half sibling groups

Eleven groups (multiple-case families or halfsibling
groups with at least two informative diseased
offspring/group), were analyzed for manifestation of the
disease and segregation of the parental haplotypes.

Figure 1 shows the pedigree of halfsiblings sired by a
Saanen buck. He was not affected by arthritis during his use
and transmitted either Be2 or Be7 CLA specificities to his
offspring. All the animals in this group were bred and held
at the same farm. Of the 7 descendants investigated, 3
suffered from CAE virus-induced arthritis. All of the cases
inherited the antigen Be2 from the sire, whereas non of the
arthritis-free animals expressed the paternal Be2 specifi-
city. The ratio of Be2:Be7 was 3:0 in the affected group and
0:4 in the nonaffected group, respectively.

Another Toggenburg halfsibling group is shown in Figure
2. The clinically ill sire transmitted either Be9 or Be20
specificity to his 9 offspring. 3 of the 4 affected animals
carried the Be9 antigen, in contrast to only 1 of the non-
affected goats. The animals were all bred on the same farm
and infected with colostrum of seropositive dams from the
first day of life. The ratio of Be9 to Be20 was 3:1 in the
affected group and 1:4 in the arthritis-free animals.

In order to show a genetic association between the MHC
region and the susceptibility to arthritis, the data has been
subjected to the maximum likelihood test of association as
described by Morton (1982). The combined relative risk X
turned out to bg 3.16. The combined test for association
resulted in a X : value of 41.12 (P £0.0001). The test for
heterogeneity among m investigated samples (m=11) gave a
X'm- of 20.04 (P<<0.025£. Finally Fischer's F test was
performed on the above X values and showed a significant
level of P 0.005 with F=20.52.
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The calculated high lod score value of 5.70 gave
evidence for linkage between the locus encoding the determi-
ned class I CLA alleles and a hypothetic locus(i) coding for
genes responsible for arthritis resistance/ susceptibility.
The particular class I CLA allele associated with the disease
susceptibility varied from family to family, however.

BE2/BE7
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BE2/BE17

BE2/BE1
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0@
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O
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d) OBEQ/BEZ

BE7/BE2

BE7/BE2

<l> (O)BseE2/8E17

Fig.1 Inheritance of the paternal class I-marked
haplotypes in CAE-affected (black) and healthy (white)
progeny of the Saanen sire. The ratio of the antigens
Be2:Be7 was 3:0 in the informative affected and 0:4
in the healthy group. Squares symbolize male and
circles female goats.



112

BE9/BE20

O
d)BEQO/BEﬁB
O
(b BE20/BE24
O
‘BE 9/BE17
O
68520/ BE17
O
@BE20/ BE24
O
(5859/852
O
6BE 9/BE26
6 O
BE20/BE 2

O
‘BE 9/BE17

Fig.2 Inheritance of the paternal class I-marked
haplotypes in CAE-affected (black) and healthy (white)
progeny of the Toggenburg sire no.2. The ratio of the
antigens Be9:Be20 was 3:1 in the affected and 1:4 in the
healthy group. Squares symbolize male and circle female
goats.



113

CONCLUSION

These data provide the first evidence that CAE virus
induced arthritis in the goat is genetically influenced by
the MHC system, but also suggest that susceptibility/
resistance genes are not directly associated with the
determined class I gene products but are rather in close

genetic linkage.
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ABSTRACT

A preliminary investigation of associations between cattle MHC (BolA)
and subclinical mastitis measured by somatic cell counts (SCC) of quarter
milk samples of 239 animals from 3 different breeds and crossbreeds is
presented. The statistical analysis is based on a statistical model which
includes effects of external and genetic relationship groups (fixed or
random) as well as effects of MHC genotypes or alleles. With this model it
is possible to estimate unweighted allelic effects of all alleles simul-
taneously by multiple regression. An analysis of variation in cow average
logarithmic SCC indicated no significant random sire effect, no signifi-
cant influence of BolLA alleles but a significant effect of herds, lacta-
tion numbers and breeds. These results are discussed in relation to other
investigations of MHC associations in cattle concerning mastitis, bovine
leukosis and tick and worm infestations. A general problem of demonstrat-
ing significant and/or consistent disease associations from population
data is discussed in relation to loci studied, disease parameters studied,
experimental design and selection on MHC.

INTRODUCTION

In the following are summarized the results obtained from a detailed
discussion of statistical models for MHC associations in farm animals
(Pstergdrd et al., 1988). The choice of statistical model for studying a
potential association between an MHC locus and a disease related trait
depends on the available observations. In most experiments environmental
conditions vary and this may influence the expression of the trait consi-
derably. Therefore, the statistical model should include the possibility

of correcting for effects of external factors, e.qg., different herds,

different years, etc.. Also a correction for genetic relationship, i.e.,

for halfsib groups correction for sire effects, should be possible within
the model. When the disease parameter 1is quantitative, an analysis of
variance with external and genetic relationship groups defining incomplete
blocks for comparison of effects of MHC genotypes and alleles has these
characteristics. In addition, additive genetic effects of background genes
may be evaluated by considering the genetic effects as random. The
special requirement for studies of MHC associations is that the statis-
115
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tical model should enable an evaluation of different hypotheses for the

influence of the MHC locus on the variation of the trait. The alleles at

the considered MHC locus may influence the trait in an additive or a non-
additive way. In the former case the alleles are the relevant entities to
study whereas in the latter it 1is the genotypes. In case a particular
allele is a susceptibility gene, it may be relevant to compare the influ-
ence of this allele to the average of the remaining alleles but otherwise
it is most informative to consider the effect of all alleles simultaneous-
ly and from this describe the ranking of the alleles with respect to the
variation of the trait. These aspects may be included in the model by
defining allelic effects as multiple regression coefficients of variables
counting the number of specific alleles in the genotypes (0, 1, or 2).

This is designated a multiple allele procedure.

In most models used previously a set of analyses, one for each allele,
are necessary for describing the influence of different alleles. Each
analysis includes the effect of the MHC locus by means of a single regres-
sion coefficient (or class factor) corresponding to presence or absence of

a particular allele (single allele procedure). In these models unweighted

allelic effects cannot be estimated. In stead, the evaluation of the
influence of each allele is by means of a comparison of the average
allelic effect of that particular allele, averaged over genotypes includ-
ing the allele, with an average effect of all other alleles, averaged over
genotypes not including the allele. The weights included in the averages
differ from sample to sample being complex functions of the observed
number of individuals with the different genotypes.

When a dichotomous trait as diseased or not diseased is considered the
considerations above are still valid. In this case, an analysis of devian-
ces based on a logistic regression model can be applied as exemplified by
Pstergard et al. (1988).

STATISTICAL ANALYSIS OF ASSOCIATIONS BETWEEN CATTLE MHC (BOLA) AND SOMATIC
CELL COUNTS (SCC)

This study was initiated to analyse further the association between
BoLA-allele w16 and high incidence of mastitis indirectly observed by
demonstrating a similar association for the M' blood group factor (Larsen
et al., 1985). A possible biological explanation for this association may
be that the M' factor influences the growth of specific bacteria directly
(Kaartinen et al., 1988).
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MATERIALS AND METHODS

A sample of 308 cows from 8 herds and of three breeds (Danish Red,
Danish Black Pied and Danish Jersey) and crossbreeds were studied. The
cows were divided into 3 groups according to lactation number. A subsample
of 239 cows with 2 well-defined BolLA-alleles and at least 6 animals
positive for each allele was considered for the statistical analysis. The
paternity was known for 180 of these cows and they were the daughters of
83 bulls.

The BoLA typing was performed in accordance with the 3rd International
Comparison Test (joint report in prep.) using 71 antisera detecting 24
BoLA specificities (alleles at one locus). In the statistical analysis
only 18 specificities were included: The old notation was used for the
specificities w4, w5, w6, w6.2, w6.4, w7, w8, w9, w10, wl1, wi12.1, w12.2,
wlé6, w20; the provisional notation for 21, 22 and 28; and C012.3 was the
local specificity COD043 which seems to be a subtype of w12.

Quarter milk samples were collected 6 times with 14 days intervals.
Bacteriology and various indirect inflammation markers were investigated
but for this analysis only direct somatic cell counts (SCC) were con-
sidered, i.e., the average logarithmic SCC-value for each cow.

The statistical analysis was performed by means of the following

general linear model (multiple allele procedure):

TEE—TEEE)ijkl(s,t)n =m+a; + bj +cp + (hS + ht) * © ikln (1)
with m = general mean

a; = fixed effect of ith herd

bj = fixed effect of jt: lactation number group

C, = fixed effect of k' breed

hx = fixed effect of N allele (additive effect)

th .
eijkln = random effect of n~ cow with genotype 1
consisting of the alleles s and t
All fixed effects were relative to the average, i.e.,
Zi a; = Zj bj = Zk = ZX hx = 0.
RESULTS AND DISCUSSION
The model Eq. (1) was chosen to describe the effect of herds, lactati-
on number groups, breeds and BolLA alleles on the variation in average
logarithmic somatic cell counts. The effect of sires was not included in
the model since the variance component corresponding to a random sire

effect was not significantly different from =zero. Interactions between
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alleles could not be included in the model due to the small sample size.
Similarly, interactions between alleles and breeds could not be included
so it was assumed that alleles had the same effect in different breeds.
This may be unrealistic if the effects of the locus studied were due to
gametic disequilibrium to a "disease locus".

The BolLA alleles could not be demonstrated to have a significant
influence on somatic cell counts (Table 1), but herds and lactation number
groups had a very significant effect. The effect of breeds was unexpected-
ly small due to confounding of breeds with BolLA alleles. If the effect of
breeds was not corrected for effect of BoLA alleles, a very significant
effect was found (P=0.0001).

TABLE 1  Analysis of variance for log(SCC)

Source DF F-value P-value
herd 7 2.75 .0094
lactation no. 2 20.50 .0001
breed 3 2.41 .0681
BolLA 17 0.66 .8396

The reason why it was not possible to demonstrate an influence of the
BoLA alleles on SCC could be that 1) there is no effect, 2) the effect is
based on interactions between alleles or 3) the number of animals with the
interesting alleles were too small in this sample. However, the allelic
effects estimated independently of the sample composition gave valuable
information about the ranking of the alleles with respect to SCC. The
estimates of allelic effects were shown in Fig. 1 together with their
standard errors plotted from the base line to facilitate comparisons. The
allelic effects were rather similar for the different alleles indicating
that no single '"susceptibility or resistance gene" was present. One
allele, 21, deviated significantly from the average of the 18 alleles when
not correcting for the number of comparisons made (e.g. by using the
Bonferoni inequality (cf. @stergard et al., 1988)). The alleles 21 and 28
had nearly identical effects in that they increased the somatic cell
counts about 2.5 times compared to the average effect of the 18 alleles. A
similar conclusion would not be possible to draw from the single allele
procedure where unweighted parameter estimates are not available. The
allele w11 had the opposite effect in that it approximately halved SCC

compared to the average effect. The effect of w16 was to increase the so-
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Fig.1 Additive effects of alleles on a logarithmic scale for SCC
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matic cell counts about 1.3 times compared to the average effect and so

the effect of w16 was consistent with previous results.

REVIEW OF DISEASE INVESTIGATIONS

Investigations of MHC and disease associations in cattle populations
published over the last few years have considered, beside mastitis, bovine
leukosis and tick and worm infestations, and the effect of one Class I
locus. In the following, mainly statistical aspects of the investigations
are discussed.

The studies of bovine leukosis are the most detailed. Progression of
bovine leukemia virus infection has been studied in 2 different herds (117
Shorthorn cattle and 240 Holstein-Friesian cattle, respectively) where
also two halfsib groups were considered (Lewin and Bernoco, 1986; Lewin et
al. 1988) and in a group of 88 cattle of Australian Illawarra Shorthorn
sampled according to a case-control scheme (Stear et al., 1988a). Also a
few other animals of various breeds were included in the latter analysis.

In the studies by Lewin and coworkers the parameters considered were
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frequency of seropositives, percentage of peripheral blood B-lymphocytes
and persistent lymphocytosis whereas in the latter study only persistent
lymphocytosis was reported. The number of alleles present in the three
populations in reasonable numbers were 10, 9 and 6, respectively. Some
alleles were present in all samples but different effects were found using
the single allele procedure. One highly significant difference was obtain-
ed (P=0.00008) and this corresponds to a very significant test even if the
test level was corrected according to the Bonferoni inequality method:
w8.1+ animals were more frequently seronegative than w8.1- animals. The
possibility of sire effects was not discussed. In the case-control data
analysed be Stear and coworkers (1988) the two groups of animals seemed to
have rather different allele frequencies (not significant when corrected)
and a reason for this may be that it is very difficult to define controls
in farm animals. In the analyses of segregation in halfsib families, some
significant differences were obtained. In conclusion, aspects of BLV
progression seems to be influenced by genes in the MHC region.

Mastitis has been studied in 2 investigations in addition to the
present one: 1) The animal material consisted of 64 cows from 3 Icelandic
dairy herds (Oddgeirsson et al., 1988) and the parameters based on measu-
rements of quarter milk samples were infected or not infected, direct
somatic cell counts and ATP and antitrypsin level. Fifty five sera were
used for BolLA typing but the corresponding number of specificities obser-
ved in the samples were not shown (w16 was not detected). Only sera with
significant associations were mentioned and so it was not possible to
calculate the corrected P-values. It was concluded based on the single
allele procedure that BolLA had an effect on SCC and antitrypsin level. The
effect of sires was not discussed. 2) Breeding values for clinical
mastitis for a number of sires and their male offspring (cf. Solbu et al.,
1982) were studied (Spooner et al., 1988). Analyses of breeding values
have the drawback that they can only demonstrate additive genetic effects.
Different statistical models were considered in relation to corrections
for sire effects and these models produced somewhat different results. The
allele w16 and at least 4 other alleles were included in the analyses. The
allele w16 appeared to be associated weakly with susceptibility. In
conclusion, in all studies the effect of w16 has been consistent whereas
too little information has been gathered with respect to the other alle-
les.

Investigations of tick and worm infestations have been performed by
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Stear and coworkers. One herd (332 Brahman x Shorthorn cattle) was inves-
tigated over several years for number of surviving ticks after artificial
infestation (Holroyd and Stear, 1985). In a selection experiment of
Africander-Hereford cross cattle with 6 sire 1lines selected for high or
low faecal worm egg counts, faecal worm egg counts after natural infection
were measured in 132 animals (Stear et al., 1988b). In one herd of Zebu
cross cattle (247 individuals) both groups of parasites were considered
(Hetzel et al. 1988). The number of alleles analysed in the three studies
were 16 (11), 24 and 17, respectively. In the two latier investigations
the model for the single allele procedure included fixed sire effects. In
conclusion, no strongly significant differences were observed. The analy-
sis of segregation in halfsib families indicated, however, a possible
effect of w16 with respect to reducing the number of eggs and this was
consistent with previous results (Stear et al., 1984). The allele wlé
(CA27) seemed also to confer resistance to tick infestation (not signifi-
cant) (Holroyd and Stear, 1985).

CONCLUSION

Based on the review it may be concluded that there seems to be diffi-
culties in demonstrating significant and/or consistent MHC associations by
means of population data. Several reasons for this may exist and here four
will be mentioned:

1) The genetic basis for studying the association between alleles at
one MHC locus, in the reviewed investigations a Class I locus, and varia-
tion in a particular quantitative trait may be that the locus is the only
major locus for the trait, i.e., the disease gene belongs to this locus;
that the locus is one of a few major loci possibly showing some epistatic
interactions; or that the locus does not directly influence the trait con-
sidered but 1is a marker locus for the trait due to gametic disequilibrium
or linkage to a major locus, e.g., a Class II locus. For the latter two
hypotheses associations to different alleles in different populations are
likely and so studies of inheritance are necessary to elucidate the
influence of the considered locus.

2) The same disease complex may be studied by means of several disease
parameters. As an example, subclinical mastitis may be assayed as infected
quarter, as increased SCC or as changes in several other indirect inflam-
mation markers. Basic biological studies are needed to find out which of

these parameters, if any, are most likely to be influenced by the products
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of the MHC region. If possible, continuous disease parameters should be
chosen since they give the most detailed information about the variation
between individuals.

3) The investigations reviewed have used field data including halfsib
families except for the case-control study of persistent lymphocytosis.
The data were very unbalanced with respect to the distribution of MHC
genotypes and alleles on external and genetic factors influencing the
variation in the trait so they were suboptimal for drawing inference about
the effect of MHC genotypes and alleles. The statistical power of tests
for MHC associations may be increased very much by considering infection
experiments with groups of animals with only a few different alleles or by
other planned experiments with proper randomization. Finally, the single
allele procedure seems to be insufficient in demonstrating small effects.

4) If the MHC polymorphism has been build up over many, many genera-
tions due to small heterozygous advantages then the differences between
allelic effects may in general be very small (Klein and Figueroa, 1986).
In addition, cattle populations are under constant selection pressure for
disease resistance so susceptibility genes with large effect may be very
rare.

Despite these general problems there still may be particular alleles
and traits that are strongly associated. Such alleles may be interesting
for basic research on diseasz mechanisms 1in that they may give informa-
tion about the etiology of the diseases. In human medicine the MHC alleles
are used as diagnostic tools in a few cases. A similar application of MHC
associations in cattle is wunlikely. A main purpose of investigating MHC
associations in farm animals has been to find associations which could be
used in breeding for more resistent animals. At this moment this purpose
cannot be fulfilled in cattle. In the future, MHC genotyping may be used
to control that breeding populations maintain a reasonable high frequency

of alleles associated with disease resistance.
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ABSTRACT.

. Associations have been found between the swine major histocompati-
bility complex SLA on the one_hand and carcass composition _and growth
performances on the other. The SLA complex appears to influence a
variety of reproductive parameters, including the ovulation rate, preim-
plantation em.r{gn1c gevelopmﬁntwg?g L%28e¥03;éeio ng]et v1ab1l13y w?%ﬂ
gg;%ggn agLAbASplot§Bes.wespé1$ficacy was affected in ma%?ﬁg§1aig which
boars and_ sows had common SLA haplotypes, and in males, “the SLA was
found to affect sex organ development.

INTRODUCTION

The two major families of genes of the major histocompatibility
complex (MHC) encode cell-membrane polymorphic glycoproteins whose role
is to activate the immune system machinery by presenting processed
antigens to T cells. Besides having a predominant role in immune physio-
logy, the MHC region has been shown to take part in various non immune
biological events such as production and hatching in the chicken
(Simonsen et al. 1982 ; Morton et al. 1965). As regards mammals, the
influence of the HLA complex in sterility is a controversial issue in
man, but the effect of the RT1 Tinkage group on fertility and embryonic
development in the rat is well documented (Kuntz et al. 1980).
Similarly, 1in the mouse, traits related to reproduction have been shown
to be controlled by genes of the H-2 complex. For instance ,an H-2
linked gene was called PED, in reference to its role in the development
of preimplanted mouse embryos (Warner, 1986). Thus the MHC appears to
affect productive and reproductive traits in laboratory and farm
species, but neither the genes nor the mechanisms responsible have yet
been identified.

These observations prompted us to investigate the role of the MHC
in zootechnical performances in the pig. In addition, markers for
productive and more importantly for reproductive traits are needed in
order to improve swine prolificacy.

The genetic organization of the SLA complex is beginning to be
fairly well understood. As in other mammals, the SLA complex in the pig
comprises genes coding for molecules of the three MHC classes (Chardon
et al, 1988). However, the swine SLA complex displays an unusual fea-
ture, as the genome only contains 7 or 8 DNA class I sequences. The
number of class II sequences appears to be comparable in pig and other
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mammals. As far as we know, there seems to be a single C2 and Bf gene
(Lie et al., 1987) as well as one C4 and one 21-hydroxylase gene in the
SLA complex.

SLA class I serology is now well developed and allows characteriza-
tion of most of the existing haplotypes in commercial breeds. A SLA
haplotype chart was recently etablished as a result of the cooperation
of several European laboratories ( Renard et al. 1988 ). However as
only the class I specificities are readily definable, comparisons bet-
ween unrelated haplotypes must be made with caution.

SLA COMPLEX AND IMMUNE RESPONSES

As expected the SLA complex was found to constitute the strongest
transplantation barrier, while the A and E blood group systems behaved
like minor histocompatibility systems.

The SLA complex has been shown to influence the immune response to
various antigenic compounds including complex antigens like bordetella
bronchiseptica, and also to interfere in complement hemolytic activity
(Vaiman et al. 1988). Similarly there is good evidence that the SLA
complex influences the expression of an inheritable swine cutaneous
malignant melanoma (Tissot et al. 1987).

SLA AND PRODUCTION TRAITS.

Several years ago we reported preliminary results which suggested
that the SLA region might influence growth rates and carcass composi-
tion. A more recent investigation in groups of unrelated French Large
White and Landrace young gilts provided new evidence that the SLA region
influences body composition, especially 1ipid metabolism as shown
in table 1.
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Table 1 :Significant associations between SLA haplotypes and carcass
o

aracteristics.
Breeds and number Large White (139) Landrace (100)
Haplotypes_ and number HO4 (31) HO4 (23) H23 (23)
of swine with haplotype
carcass length (mm) -12,79"
+/-5.99
shoulder (kg) +0.180™** -0.184™*
+/-0.055 +/-0.074
*
ham k +0.179
(k) 4720090
loin  (kg) +0.301% +0.250"
+/-0.162 +/-0.156
*
bell k -0.149
y (kg) +/-0.081
Backfat (kg) -0.542"** +0.310% -0.471"**
+/-0.158 +/-0.143 +/-0.145
Fat thickness
%%k
rum mm -3.08
P (mm) +7-0.94
back  (mm) -2.23"* -1.39%
+/-0.76 +/-0.71
shoulder (mm) 3,477 +2.18" .33
+/-1.03 +/-1.04 +/-1.06
Fat per cent -2.49" +1.36" -2.47"*
+/-0.86 +/-0.76 +/-0.76
lean per cent +1.86"" -1.02* #2117
+/-0.72 +/-0.64 +/-0.64
loin/backfat rate +0.488™* -0.26" +0.384™*
+/-0.183 +/-0.13 +/-0.136

As shown in table 1, the carcasses of the Large White females bearing
haplotype H-04 and of the Landrace breed bearing haplotype H-23 had a
significantly lower - than - average fat content. In addition these
animals had a meat content 2 per cent higher than that of those bearing
haplotypes other than H-04 in Large White and H-23 in Landrace. In the
latter breed, however, haplotype H-04 was associated with greater car-
cass fatness. In addition, significant associations have been found in
Large White females between some SLA haplotypes and features reflecting
meat quality, especially reflectance and H-16, H-8 and H-4 haplotypes.
Similarly, haplotype H-02 was associated with score and water holding
capacity .
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SLA AND REPRODUCTIVE TRAITS

The first indication that the SLA region might influence pig repro-
duction was the observation of a deficit of SLA homozygotes in litters,
suggesting some kind of selection favoring heterozygotes (Vaiman and
Renard, 1980). Since this original finding, many investigations have
been carried out in different pig populations on the presumptive role of
the SLA complex in reproduction and foetus and piglet development. As
shown in table 2, a wide range of parameters was assessed.

Table 2 : List of association found between the SLA complex and
pathological and physiological reproductive traits.

1-Ovulation rate 7-Piglet weaning weight
2-Preimplantation embryonic development 8-Piglet survival rate

3-Litter size at birth 9-Prolificacy

4-Homozygotes at birth. 10-Male sexual tract development
5-Litter size at weaning 11-Segregation distorsion
6-Piglet birth weight 12-Tissue androstenone level

Among the variables studied the ovulation rate seems to be signifi-
cantly affected. Rothschild and colleagues found that in an experimental
herd of commercial pigs selected over many generations for its ovulation
rate, a significant shift occurred in the frequency of SLA haplotypes,
compared to the control 1ine (Rothschild et al. 1984). The same authors
subsequently adopted a more direct approach by counting the corpora
lutea in miniature swine dams which had been inbred for three distinct
SLA haplotypes (Conley et al. 1988). They found that the ovulation rate
was higher in sows homozygous for the d haplotype than in sows with the
SLA a/a and a:c genotypes (P<fb.01). In addition, the SLA d/d females
tended to have more embryos although the numbers recovered between days
2 and 6 after mating did not differ significantly among the three SLA
dam genotypes.

It is interesting to note that the litters from sows bearing one or
two d haplotypes or sows mated to a SLA d/d boar were significantly
larger than those of other matings (P <f0.05). On the other hand, SLA
genotypes had no noticeable effects on the concentrations of
oestradiol-17 beta and oestrone in peripheral and uterine blood in the
three lines of miniature pigs.
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Reports dealing with the associations between SLA and litter size
in commercial breeds led to somewhat contradictory conclusions (Vaiman
et al. 1988). The overall impression was that litter size at birth and
weaning was at most only slightly influenced by the SLA region, with
possible exceptions. Thus sows homozygous for haplotype SLA H-16 tended
to have small litters, whereas females carrying the haplotype H-6 were
found to have consistently larger litters than SLA H-6 negative sows.
Further, the frequency of the SLA H-6 haplotype among a group of French
hyperprolific sows, selected on the basis of three successive farrowings
with at least seventeen piglets born, each time, was about three times
greater than in the overall population (15 v.s. 5 per cent). However,
since the SLA H-6 haplotype appears to influence growth performances in
males negatively, counter selection against it may have contributed to
its disappearance from one of the herds investigated.

Although no large scale studies have yet been made, several
findings appear to confirm that SLA homozygosity in piglets may affect
Titter size negatively.

This may be connected with investigations showing that matings
between boars and sows with identical SLA haplotypes occasionally gave
smaller Tlitters than matings between fully SLA disparate parents. The
reasons are not yet known. From preliminary results for miniature pigs
it can be inferred that the SLA region may influence the embryonic
development rate (Schwartz et al. 1988). Thus, on day 6 of gestation,
embryos from SLA d dams contained fewer blastomeres, (23 cells on an
average), than embryos from SLA a or SLA ¢ sows (89 and 79 cells respec-
tively). Fewer blastomeres were also noted in SLA d-dams than in dams
with the two other haplotypes at days 9 and 11. Since the embryos that
develop fastest appear to have a selective advantage over the others,
the embryo development rate might be an important variable.

That this rate may be affected by the SLA complex has been documen-
ted in a Large White breed. In one study involving the SLA H-2 haplo-
type, litter size reduction was combined with a significant reduction in
the number of SLA H-2 homozygous piglets at birth compared to the
number expected, as shown in table 3.
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Table 3 : Inf]uence of the SLA H2 Haplotype on embryonic
development and litter size.

Mating type Embryonic development at 31 &32 days
Placenta Amniotic Embryo Embryo
weight}g) fluid(m1) weig%t 1eng¥h(mm)

boars sows

HZ?- M sz_ 27.8%(70) 171* 1.76% 25.9*%

H2/- x -/- 43.5 (59) 208 2.69 29.2
30 35 days embryo Litter size H2/H2 piglets

%?y y at bir?h %n) at bir%hg(%)

H2/- x H2/- 35 5 17) 9.86* (6) 9*

H2/- x -/- 19.8 (27) 12.75 (12)

* <(% The SLA H2 haplotypes found in the boars and sows were
f e-ggm§a§£1cggpargd:tgu?ﬁgrngmbgw g¥ogoEpo?gb{ﬁ%gafgundnumber
of l1tters d:instead of 25% expected.

A gamete selection mechanism during fecundation and/or a higher
mortality rate in pregnancies involving SLA H-2 homozygous embryos might
account for this observation. To clarify this question, planned matings
were carried out in order to investigate the development rate and the
embryonic loss before day 35 of gestation in groups with or without the
expected SLA H-2 homozygous embryos. Table 3 shows that a embryonic
development dropped significantly in the group with SLA 2 homozygous
embryos from the 31st day of gestation onwards. More important was the
finding that the percentage of embryo loss in this group at day 35 was
twice that observed in the group without SLA H-2 homozygous embryos.
Before day 30, however, there was no significant difference between the
two groups. A simple calculation shows that the higher mortality rate
found in the group with SLA H-2 homozygous foetuses may alone account
for the litter size reduction noted at birth. Therefore, it appears that
no further selective losses occurred after day 35 of gestation. Although
the precise mechanism responsible for the greater losses in the SLA H-2
homozygous group is not known, the existence of recessive lethal genes
within the SLA region can be suggested.

The SLA complex appears to interfere significantly during both
foetal 1life and post-natal development. Negative or positive effects
have been observed, depending on the haplotypes considered. Thus,
Landrace sows bearing the haplotypes H-23 had piglets which were lighter
than average at birth and to some extent at weaning. It is not yet clear
whether this effect is related to the fact that, as mentioned above, the
haplotype H-23 has been found to be significantly associated with
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reduced carcass fatness in Landrace females. On the other hand, piglets
bearing the haplotype H-12 were found to be heavier than average at
birth and even more so at weaning.

No correlations could be established either between the SLA markers
and mating failures ,or between the SLA complex and still-birth rate.
On the contrary the mortality rate before weaning was lower in piglets

bearing the haplotype SLA H-1, although it rose significantly after
weaning. The increased mortality in SLA H-1 piglets appeared to be
connected with a higher rate of fatal diarrhea, whose ethiology was,
however, not established.

SLA segregation distorsion has been reported in Landrace animals.

The influence of the SLA region on male sexual tract development

was unexpected. The males whose SLA phenotypes were characterized were
primarily selected for their high or low tissue content of androstenone,
a sexual steroid compound which is a pheromone in swine and is responsi-
ble for boar taint. Although the SLA complex did not markedly affect
the androstenone level, two haplotypes-SLA H-15 and SLA H-16-had signi-
ficant positive effects on testes, epididymes and Cowper's gland deve-
lopment. On the other hand the SLA H-4 haplotype was found to affect
these organs negatively. Thus, the SLA region is in some way related to
the metabolism of male sex hormone target tissues. It is of interest to
note that testes weight in boars has been found to correlate with the
ovulation rate of related sows.

DISCUSSION

The data accumulated during the last decade are strongly suggestive
of the influence of the SLA region upon a large number of traits, some
of economic importance. These findings are encouraging for future
research, as better knowledge of the swine MHC may eventually provide a
means for more efficient selection programmes designed to improve
zootechnical performances.

The mechanisms responsible for the involvement of the SLA region in
productive and reproductive traits are not yet known. It is not clear
how class I and class II products could influence non-immune cell phy-
siology. Nevertheless, there have been concordant reports on physiolo-
gical associations between human class I MHC antigens and several cell
surface receptors, including epidermal growth factor and insulin
receptors.



131

Such observations provide clues as to how the MHC antigens might be
involved more generally in cellular and tissue physiology.

SLA complex genes other than those of class I and class II can be
considered as particularly relevant to the variety of effects observed.
Thus, the gene coding for the 21-hydroxylase enzyme or cytochrome P450,
one of the main enzymes involved in steroid biosynthesis, would be
particularly relevant in this respect.

Another important family of genes was recently mapped to the HLA
and H-2 class III region. These genes code for two related polypeptides,
the tumor necrosis factor alpha and beta molecules, which proved to be
cytokines with pleiotropic activity (Carroll et al. 1987 ; Muller et al.
1987).

Among many other functions, these molecules act as growth factors
and are even involved in the physiological regression of the corpus
Tuteum. Whether TNF-1ike genes also map inside the SLA complex has not
yet been established, but there is good reason to believe that this is
so, on the basis of to what is known about humans and mice. An addi-
tional gene was very recently discovered thin the class III region of
HLA and H-2 (Levi-Strauss et al. 1988). It apparently codes for an
unusual protein, whose role is still unknown, but illustrates once more
the extreme complexity of the MHC region, as well as the great degree to
which this region is preserved during evolution.

Finally, the role of the SLA complex in specific and non specific
immune defences should not be overlooked.
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ELA DISEASE ASSOCIATIONS
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A better definition of the ELA system has made it possible to
carry out association studies for equine diseases. Incomplete
definition of the MHC system in this species and, in allergic
diseases, the lack of a precise etiological diagnosis
(unknown allergens responsible for the same clinical
diagnosis) could be responsible for finding only weak or
negative associations until now. Indeed, susceptibility to
sarcoid is the only disease in horses which to date, shows a
strong association with the ELA system.

INTRODUCTION

Several pathological conditions show associations with
various gene products of the MHC in humans (Tiwari and
Terasaki, 1985). However, a disease association, regardless
of its strength, is a statistical phenomenon which makes no
statement regarding a cause-and-effect relationship between
the allelic MHC gene product and the disease. In most cases
of MHC associated diseases in humans the etiological
factor(s) is unknown. The conditions are characterized by
various malfunctions of the immune apparatus; chronic
inflammatory processes of "autoimmune" nature, involving
humoral and cellular components are the main pathological
findings. One of the basic questions remains unsolved; is
the immunological malfunction in these patients (carrying
certain MHC haplotype) the consequence of a specific effect
of an unknown etiological factor (virus, toxin etc.) on the
immune gene(s) or do these individuals already possess a
defective immunological function (genetically determined by
the MHC) before the appearance of the clinical disorder(s)
leading to the disease in time without the influence of any
external factor.

For MHC-influenced diseases, the finding of associations
has opened new possibilities for genetic studies, at the
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level of gene products and genes. A better definition of the
genetic basis in combination with functional studies could
lead to more effective curative and preventive procedures for
controlling these diseases.

Our efforts at characterisation of the equine MHC have
had the aim, in a later phase, to study the possible
influence of this genetic region on some of the main equine
diseases. Diseases with autoimmune components or of auto-
immune nature (Pemphigus foliaceus) appear to be rare in the
horse. On the other hand, chronic inflammatory disorders of
the joints with unknown etiology are interesting candidates
for future studies in combination with the ELA system.
Disorders of allergic nature exist in horses: allergic
pneumopathies and summer eczema. Allergic conditions in
humans do not show strong associations with the MHC-region.
The results of our investigations in horse are summarized in
the present paper. Up to now, equine sarcoid, a skin tumor,
shows the strongest association with the ELA system in horse.
In this paper the latest results of the association between

ELA and sarcoid susceptibility is presented.

MATERIAL AND METHODS

The animals and methods used are given in the cited
original papers. In the present paper the demonstrated
association between ELA and sarcoid susceptibility is based
on 224 Swiss, French and Irish warmblooded Hunter-type horses
with clinically and partially histologically diagnosed
sarcoid. The 609 control horses had the same age and sex
distribution. They represented the same breeds as the groups
of affected horses, but there were no detectable sarcoids,
nor was there a history of previous sarcoid affection.

ELA specificity determination was performed by the
microcytotoxicity test according to Bernoco et al.(1987).
The typing results were computed according to Svejgaard et
al.(1983) for each ELA specificity and breed for breed.

Relative risk and etiological fraction were calculated.
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For statistical significance, the Chi square test was
applied.

In multiple-case families, at least three members (pa-
rent(s), full- and/or half-siblings etc.) were affected by
sarcoid. In most cases the families consisted of half-sib-
lings. In these cases only the two ELA alleles (or haplo-
types) of the common ancestor in question were analyzed for
an association with disease susceptibility. Since the
antigens A5, W20 and W13 occurred with increased frequencies
in affected animals, suggesting a contribution to the patho-
genesis of the disease, offspring which inherited one of
these antigens (haplotypes) from their other ancestor were
excluded from the statistical analysis as non-informative.
Apparent homozygotes (the other ancestor could not be typed)
were included in our calculations.

The Chi square test was carried out separately on
affected and healthy informative offspring on the basis of
the number of observed/expected haplotypes transmitted.
Offspring from families with common ELA antigens were
combined for calculation. In the Chi square analysis
performed for the control population the distribution of ELA
phenotypes demonstrated a good fit to Hardy-Weinberg
expectation: P>0.4.

RESULTS

ELA/Laminitis
Two studies on the distribution of ELA antigens in

animals suffering from laminitis have been published (Lazary
et al., 1985a; Meredith et al., 1986). The same frequencies
of ELA antigens were observed in both diseased and control
groups.

ELA/Allergic Pneumopathy

In the single study to date (Lazary et al., 1985a),
diseased animals (N:162) displayed the same distribution of
the ELA antigens as the control group. The occurrence of this
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disease seems to be more frequent in some families than in
others.

ELA/Summer Dermatitis

Affected groups of Iceland ponies (N:116) living in
different European countries showed, in comparison to
controls (N:178), an increased frequency of the second ELA
locus coded W22 specificity: RR: 2.04, X : 5.88
(Haldersdottir, pers. communication).

Accumulation of cases in certain Haflinger- and Arabic
horse families and breeding lines was observed but typing
result suggest, that besides the ELA system other genetic
factor(s) also influence the manifestation of this disease

(unpublished results).

ELA/Sarcoid

To date, sarcoid disease has shown the strongest
association with the MHC region in the horse. Studies have
been performed at the population level (Lazary et al., 1985b;
Meredith et al., 1986, Brostrdm et al., 1988) in Swiss,
French, Irish and Swedish warmblooded horses and in Thorough-
breds. ELA W13, a second locus specificity shows the
strongest association throughout these breeds (results given
in Table 1). Further analysis of the typing results of the
diseased groups showed clearly that diseased animals not
carrying the W13 antigen displayed however, one or the other
(A5 or W20) ELA antigen at higher frequency than the
controls, instead of W13.

To clarify the importance of the other ELA haplotypes
(without W13) for sarcoid susceptibility, typing studies with
sarcoid diseased and healthy offspring of W13 carrying and
non-carrying descendents (Gerber et al., 1988; Brostrdm et
al . 1988) were commenced. The results show clearly that in
families with multiple sarcoid cases the predisposition is
associated with certain haplotypes within families. However,
the disease associated ELA haplotype can contain various ELA
antigens (A3 with W13, A5, A15 with or without W13, W20 or A1
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A3, WI3/A2

A3,WI3/BE22

A3, WI3/Wle BE26/WIS
A3,WI3/BE26

Fig. 1 Typing results of affected offspring of
stallion No. 1. Symbols: circles, females; squares,
males; black symbol indicates that the individual is
affected with sarcoid.

AS, WI3/ WIS

o

O
AS WII’AZ
: O

AS, WI3/W4

Fig. 2. Typing results of affected offspring of
stallion No. 3.
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in Arabs without W13), varying from family to family. The
typing results for offspring of two stallions is shown in
Figures 1 and 2. From the heterozygous sires, the A3,W13 and
the A5,W13 haplotypes were transmitted to the offspring
together with the sarcoid susceptibility. A summary of the
typing results of families with W13 and with A5,W23 haplo-
types is shown in Table 2.

DISCUSSION

Laminitis and allergic bronchitis do not seem to be
associated with the ELA system. For both these disorders on
the other hand, the etiological factors are not well defined
for the individual diseased animals and the groups are
classified solely on the basis of clinical symptoms . The
same classification problem is also true for the summer
dermatitis affected animals; different allergens from
Culicoides, simulids etc. could be the etiological factors in
any individual case. In all these studies with allergic
diseases we need a better grouping on the basis of the actual
specific allergens.

Up to date, the susceptibility to equine sarcoid is the
only disease which in different breeds and countries (USA,
Sweden, Switzerland) shows the same strong association with
the MHC region at the population level and in family studies.

As the family data demonstrate, there is not just one
class I or II ELA antigen involved, but possibly an unknown
gene(s) linked to this region. Another possibility is that a
"Sarkoid susceptibility gene(s)" does not exsist as such, but
rather that the development of this disease is based on the
specific immunological response of the host against the viral
etiological factor, which on the other hand is specifically
influenced by the different haplotypes.
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ABSTRACT

An immunocompetence profile has been developed for pigs. In vitro and
in vivo immunoassays were used to determine several immunological parameters
being assumed to have direct impact on disease resistance. The repeatabili-
ties of the parameters tested were estimated and the correlations among the
single traits were calculated.

INTRODUCTION

There is a great variation in the immune responsiveness of normal pigs
both after artificial immunization and after natural infection. A consider-
able part of this variation is genetically determined. It would be of great
practical implication to use this genetic variation for breeding animals of
superior resistance to infectious diseases. The critical questions still
open are: Which immunological parameters can be successfully used as
markers of increased disease resistance ? What is the environmental and
genetic variance of these parameters ?

Though our knowledge about the involvement of the different compart-
ments of the immune system in resistance to infectious diseases is very
limited, it is well established that T lymphocyte dysfunction is the cause
of severe infections with viral pathogens whilst B lymphocyte dysfunction
results in infections with the more common bacterial pathogens; neutropenia
or deficiency of granulocyte function results in repeated bacterial
infections.

We made an approach to define an immunocompetence profile in pigs by
measuring several parameters of cellular and humoral immunity in blood

samples drawn from living animals.

MATERIAL AND METHODS

Pigs from the breeds German Edelschwein ( DE ), Pietrain ( Pi ),
German Landrace ( DL ) and crosses among these breeds were tested at an age
of 8 - 12 weeks. All animals were kept under comparable environmental
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conditions on the same farm. From each animal 20 ml blood samples were
drawn, heparin was used as an anticoagulant.
The aim of the laboratory tests was:

- the determination of the cellular constituents of the blood, i.e. total
number of leucocytes, differential blood cell counts, percentage of
rosetteforming cells, sIg+ cells, characterization of the lymphocyte
subpopulations by monoclonal antibodies;

- the evaluation of functional tests measuring immunocompetence, i.e.
mitogenic stimulation of lymphocytes, various phagocytosis assays,
natural killer cell activity ( NK )against K 562 target cells;

- determination of Ig isotype concentration in blood plasma by laser
nephelometry.

The techniques for the determination of the cellular blood constituents and
of the serum Ig values were described previously ( Buschmann et al.,1985 ).

14C-thymidine

The mitogenic stimulation of lymphocytes was measured in a
incorporation assay. The following mitogens were used: Phytohemagglutinine

( PHA ) 20 ug/ml; Concanavalin A ( Con A ) 100 ug/ml; Pokeweed Mitogen (PWM)
100 ug/ml; Bacterial Lipopolysaccharide from Salmonella typhosa ( LPS )

2 mg/ml. Always 100 ul lymphocyte suspension ( 5 x 106 / ml ) were incubated
with 100 ul mitogen solution ( controls containing only medium ).

Concerning phagocytosis assays the following yeast cell killing
system was newly established: 100 ul Baker's yeast suspension ( 106/m1 )
were incubated 1h ( 37° , continuous agitation ) with 100 ul autologous
plasma, 100 ul HBSS and 100 ul granulocyte suspension ( 7 x 106 / ml ).

Then 100 ul 2.5% cold sodium desoxycholate solution ( pH 8.7 ) were added
for 1lysis of the granulocytes. To remove the disturbing DNA released from
the lysed granulocytes 1 ml of a warm ( 37° ) DNAse solution ( 1 mg / 100 ml
PBS ) were added and incubated for 5 min under periodic agitation. After
centrifugation and resuspension of the cell pellet in PBS ( w/o Mg++ ca't )
30 ul propidium iodide ( 0.05 mg / ml PBS ) were added and the percentage

of yeast cells with red fluorescence ( killed cells ) was evaluated in a
laser flow cytometer ( Spectrum IIT from Ortho ).

The determination of chemiluminescence was done in an assay using
phorbolmyristate-acetate ( PMA ) as a soluble initiator of the metabolic
burst in granulocytes ( Winter and Buschmann, 1987 ).

Nitroblue tetrazolium reduction ( NBT ) was measured in tubes into
which granulocytes ( 7 x 106 / ml ), opsonized zymosan and NBT solution

had been pipetted. After 10 min incubation the reaction was stopped by
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adding cold 1mM N-ethylmaleimide, and the pellet was suspended in N-N-di-
methylformamide. Formazan was extracted in a boiling water bath, clarified
by centrifugation and the optical density was determined ( 540 nm ) in a
spectrophotometer.

The NK-cell activity was measured against Cr-51 labelled K 562 target
cells after elimination of adherent cells on FKS coated plastic dishes, the
effector : target cell ratio being 100 : 1.

Part of the animals had been immunized with 1 ml tetanustoxoid ( 150
E / pig ) and 5 mg ovalbumine + 2.5 ml incomplete Freund adjuvant ( IFA )
intramuscularly. Reimmunization was performed 10 days after the first
immunization. Antibody titres were determined 10 days after the first and
4 days after the second immunization. Specific antibody activity was tested
in a passive hemagglutination assay and in an ELISA assay ( Buschmann et
al., 1985 ). With these two antigens we had observed a dose-response
relation in pigs and a significant booster effect after repeated injections
was seen; further a switch from IgM to IgG antibodies occured in the course

of the immune response in the majority of the animals immunized.

RESULTS
Significant breed differences were observed in:

- the number of leucocytes in the blood;

- the percentage of eosinophiles and monocytes;

- the percentage of E and EAC rosetteforming cells;

- the percentage of surface-Ig positive cells;

~ the mitogenic stimulation of lymphocytes by PHA, PWM, LPS;
- phagocytic killing of yeast cells by granulocytes;

- the Ig levels in serum;

- the antibody titres after primary immunization with tetanus toxoid.

Systematic influences of sex and season were obvious. Only a small
proportion of the parameters tested showed sex differences at the border
of significance. More distinct were seasonal differences, especially in the
mitogenic stimulation of lymphocytes and in the number of E and EAC
rosetteforming cells; these parameters were highest in June and lowest in
November ( P 0.17 ).

As the blood samples were taken repeatedly from the same animals
within two weeks the repeatability of the testing results could be evalua-
ted ( Table 1 ).



TABLE 1 Repeatability of the testing results in pigs.
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Parameter tested

Repeatability R

IgM ( before immunization )

Ig6 (" " )

IgA (" " )
Number of leucocytes in the blood
Percentage of lymphocytes
neutrophiles
eosinophiles
monocytes
basophiles

E-rosetteforming cells

sIg+ lymphocytes
Mitogenic stimulation by PHA
" n n COn A
" " n PWM
" " n LPS

Phagocytosis of yeast cells

EAC-rosetteforming cells

o
~
~

.74
.65
.50
.26
.26
14
.57
.26
.56
.1
.19
.48
.37
72
10
.32

O O O O ©O O O O O O o o o o o o

Glucose metabolism during phagocytosis of:

- killed Staphylococcus epidermidis

- polystyrene latex particles

0.26
0.62

Summing up the results from tablel, high repeatability estimates
were obtained for the determination of serum immunoglobulin levels, for
the percentage of monocytes in the blood, and for the T cell dependent

parameters ( E rosetteforming cells, mitogenic stimulation by PWM ). Low

repeatability estimates were found for most parameters of blood cell

differentiation and for all B cell dependent parameters ( EAC rosetteform-

ing cells, sIg+ cells, mitogenic stimulation by LPS ).

Among the significant correlations found the positive correlations

between the various mitogenic stimulation assays were most remarkable ( for

the complete data see Buschmann, 1986 ).

further observed between the following antibody titres in the immunized

animals:

Positive correlations were
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Primary antibody response to tetanustoxoid - primary antibody response
to ovalbumin r = 0.39; secondary antibody response to tetanustoxoid -
secondary antibody response to ovalbumin r = 0.26; primary antibody
response to tetanustoxoid - secondary antibody response to tetanustoxoid
r = 0.55; primary antibody response to ovalbumin - secondary antibody
response to ovalbumin r = 0.69.

The latter results show that there must be some genes which regulate
the antibody-forming capacity non-specifically in pigs. The antibody
response to both antigens was only weakly correlated with the number of
E-rosetteforming cells in the blood ( 0.15 - 0.18 ) and was not at all
correlated with the results of the lymphocyte stimulation tests with PHA,
Con A, PWM, and with the serum Ig levels. The B cell dependent stimulation
by LPS, however, was positively correlated with all primary and secondary
antibody titres measured ( 0.17 - 0.66 ). As there is no correlation to
the number of B cells in the blood ( EAC rosetteforming cells, sIg+ cells)
the conclusion is justified, that a superior antibody-forming capacity is
not related to the number of B cells but to the reactivity of the single
B cells ( LPS stimulation assay ).

In the meantime these correlation estimates were repeated after the
testing results of 150 German Landrace x Pietrain pigs had been evaluated
using our new immunocompetence profile including the determination of NK
cell activity and the percentage of lymphocytes reacting with a panel of
monoclonal antibodies obtained from the American Type Culture Collection,
Rockville ( Table 2 ). Again positive correlations were found among the
various lymphocyte stimulation assays. Further a positive correlation
exists between the NK activity and the PHA stimulation rate. Several
positive correlations exist among the results obtained with monoclonal
antibodies ( mAb ). A positive correlation exists between the NK cell
activity and the labelling of lymphocytes by the mAbs Hb 143 and Hb 147.

The practical value of our immunocompetence scheme was tested in
pigs that had received a whole-body gamma irradiation with a sublethal
dose ( 250 and 300 rd ). In the irradiated animals a retarded beginning
of the antibody response compared with the sham-irradiated controls was
observed. A sublethal irradiation before immunization proved to be more
immunosuppressive than an irradiation with the same dose following
immunization. Further the mitogenic stimulation of lymphocytes was

markedly depressed in the irradiated animals, the B cell dependent
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stimulation by LPS being extremely radiosensitive. On the other hand the
phagocytosis assays showed increased values in the irradiated animals having
received 250 rd.

In addition the effect of some adjuvants ( incomplete Freund adjuvant,
azimexon, glucan, bestatin, BCG ) and of the immunosuppressive drug cyclo-
phosphamide ( endoxan ) was tested in pigs by using the immune competence
scheme. Clear effects on the antibody-forming capacity and on the mitogenic
stimulation rate were observed. The serum immunoglobulin levels of pigs,
however, were stable against irradiation and application of immunomodu-

lating drugs.

DISCUSSION

Monitoring the immune system becomes increasingly important in
veterinary medicine and in animal breeding. For this purpose an immuno-
competence profile for swine was developed. It is assumed that the
majority of the parameters tested have a direct impact on disease
resistance.

Important areas for future research are the detection of gene
systems regulating the variation found in the parameters of immunocom-
petence. Further the correlation between immunocompetence parameters and
production traits must be studied. Additional data on the relative impact
of the immunological traits measured on disease resistance are required.
The practicability of this approach for improving disease resistance will
increase with the number of immunological parameters which can be measured

with the precision required.
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ABSTRACT

Results are summarized of a series of studies designed to quantify the genetic
basis for resistance and resilience in Haemonchus contortus infected sheep and to
obtain estimates of productivity responses to selection for these traits. The
heritability of resistance to infection was estimated at 0.30-0.40, but the
heritability of resilience was too low to allow substantial progress by direct
selection for this trait. It was concluded that selection for polygenically controlled
resistance would lead to substantial progress for this trait and would also increase
productivity of infected animals whilst not affecting productivity in the absence of
infection. Moreover, evidence was obtained for the presence of a major resistance
gene and it was shown that practical breeding strategies exploiting such a major
gene would lead to dramatic improvements of resistance to infection with
H. contortus.

INTRODUCTION

Haemonchus contortus is a nematode that parasitizes the abomasum of sheep.
By its blood-sucking activity this worm parasite may cause severe anaemia and
ultimately death in infected sheep. In those climatic areas of the world in which
warm and humid conditions occur simultaneously, H. contortus is the predominant
gastro-intestinal parasite of sheep, and production losses caused by this parasite
can be very substantial. In some areas of the world profitable sheep farming
depends on the use of anthelmintics and in these areas resistance of
gastro-intestinal nematodes to the various anthelmintics is developing rapidly
(Waller, 1986). Thus there is an urgent need for alternative strategies of helminth
control. Since development of a protective vaccine has met with little success so
far, exploitation of host genetic resistance could be one approach.

Whether selective breeding for resistance is an attractive alternative or
addition to current parasite control methods, ultimately depends on the costs and
benefits of such an approach, and the availability of a practicable procedure for
measuring resistance in candidate breeding animals.
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Benefits of a breeding program are expressed in economic units and therefore the
effect of selective breeding should be evaluated in terms of reduction of
production loss, rather than in increase of resistance to the parasite per se.

Here we distinguish between 'resistance’ - the ability to suppress
establishment and/or subsequent development of infection, and 'resilience' - the
ability to maintain a relatively undepressed production level when infected. The
heritability of these characters and their genetic correlations with production
traits should determine which one would be the selection criterion to be chosen in
the most effective breeding strategy.

The studies presented here were designed to
(1) quantify the genetic basis for resistance and resilience in H. contortus

infected sheep, and
(2) quantify the genetic relationships among resistance, resilience and important

production characters. Results are evaluated by prediction of direct and
correlated responses to selection for these traits and by comparison of

different breeding strategies.

MATERIALS AND METHODS

Detailed descriptions of animals used, experimental designs, experimental
methods and statistical analyses are given elsewhere (Albers and Gray, 1986;
Albers et al., 1987; Albers et al., in press a; Albers et al., in press b; Gray et al., in
press).

In short: to estimate heritabilities of, and genetic correlations between,
relevant variables, a half-sib design was used. Over 1,000 3-month old Merino
lambs, descending from sixty different sires, were tested for resistance and
resilience. Resistance was measured by determining faecal parasite egg output and
haematocrit after a single dose infection of 11,000 H. contortus larvae. Resilience
was measured as the difference between productivity when infected and
productivity when uninfected, i.e. depression of production due to infection. Live

weight gain as well as wool growth were used as production traits.
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RESULTS AND DISCUSSION

Heritability estimates obtained for resistance and resilience traits are given in
Table 1. Estimates for resistance characters were moderately high and of the same
magnitude as those normally found for production traits, for which selection has

been successful in practical sheep breeding programs.

Table I Heritability estimates with standard errors for resistance and
resilience characters.

Trait Heritability St. error

resistance: faecal egg count 0.30 0.10
haematocrit 0.40 0.12

resilience:  live weight gain depression 0.09 0.07
wool growth depression 0.08 0.07

In contrast, the heritability estimates for loss of production due to infection
(resilience) were low, indicating that selection for resilience would result in slow
rates of progress. Because genetic correlations between resistance and resilience
were positive (Albers et al., 1987), selection for resistance would result in progress
for resilience as well and vice versa. Due to the much higher heritability for
resistance, however, progress for resilience obtained through selection for
resistance, would be as high as progress for resilience resulting from direct
selection for this trait (Table 2).
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Table 2 Relative genetic progress for resistance, resilience and productivity
obtained by selection for resistance and resilience (response to direct selection

=100)
Response Trait Selection trait
Resistance Resilience
(faecal egg ct)  (l.w. gain
depression)
Resistance  (faecal egg ct) 100 19
Resilience (L.w. gain depression) 53 100
(wool growth depression) 182 64
Productivity (l.w. gain) =27 35
when (wool growth) -05 -20
uninfected

A genetically high resistance level would also have the advantage of reducing
pasture contamination. Thus, selection for resistance clearly should be preferred to
selection for resilience.

Table 2 also shows another important result: selection for resistance (i.e. low
faecal egg counts) has a negligible effect on productivity of uninfected animals, so
in this respect there are no negative side effects of selective breeding for parasite

resistance.

One of the sixty sire groups used in the studies described above displayed an
extremely high level of resistance (Albers et al., 1987). Average faecal egg counts
for the 17 lambs of this group were 556 eggs per gram at 4 weeks after infection as
against 9,033 eggs per gram for offspring of all sixty sires; the resistant sire group

clearly was an outlier in the total distribution of sire groups.
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In subsequent experiments (Gray et al., in prep) the extremely high level of
resistance in offspring from the particular ram was confirmed under conditions of
natural infectlon (expt. A) and when offspring was infected with two different
strains of H. contortus larvae (expt. B) (Table 3).

Table 3 Faecal egg counts and haematocrit declines of offspring from the
extremely resistant ram and groups of lambs sired by a susceptible sire after
naturally acquired infection (expt. A) and after artificial infection with two
different strains of H. contortus (expt. B).

Expt. Sire group  Worm strain n Faecal Haematocrit
egg ct decline
(epg) (%)
A resistant - 49 1,676 2.6
susceptible - 49 13,710 7.2
B resistant 'Kirby' 24 18,784 6.5
susceptible 'Kirby' 24 38,083 10.2
resistant 'McMaster' 25 25,237 9.7
susceptible 'McMaster' 25 40,592 12.4

All differences between resistant and susceptible sire groups, except for the
difference in haematocrit decline in McMaster-strain infected lambs, were

statistically significant.
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It is tempting to think that the extremely resistant sire was the carrier of a
major resistance gene. Some evidence for a major gene conferring resistance to
H. contortus in sheep was described earlier by Whitlock and Madsen (1958). Also in
several mouse models, genetic control of resistance to nematode parasites has been
shown or hypothesized to be regulated by only one or a few genes (Wakelin, 1985).
However, in our case it appears to be very difficult to confirm the major gene
hypothesis through segregation experiments. The lack of sufficient numbers of
sheep and the wealth of variability in infection results proves to be a very difficult

combination to tackle.

Nonetheless, further research input into this potential major resistance gene
seems justified. A sixty per cent increase in resistance of young lambs (expressed
as faecal egg counts on a square root scale) would be achieved after one year of
using rams homozygous for a dominant resistance gene. In contrast, if resistance
would be polygenically regulated with a heritability of 0.29, twelve years of
screening would be necessary to achieve only thirty per cent improvement in
resistance (Albers and Gray, 1986). However, if simple and cheap procedures to
identify genetically superior individuals are available, even such a rate of progress
makes selection for resistance to H. contortus an attractive proposition in heavily

infected areas.
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SUMMARY

Resistance to infectious diseases is influenced by environmental
factors as well as genetic constitution. Qualitative and quantitative
inheritance of resistance is known for a variety of poultry diseases.
However, genes directly responsible for resistance or susceptibility have
not yet been identified. In this paper the direct and correlated responses
to selection for antibody production to sheep red blood cells (SRBC) are
presented and the strategy to identify the genes responsible for antibody
production to SRBCs will be discussed.

After seven generations of selection for antibody production to SRBCs
we have obtained high (H) and low (L) antibody titer producing lines of ISA
Warren origin. Differences in antibody production (titer 7.1 versus 2.1 for
H and L lines in the seventh generation) became significant (P<0.5) from
the first selection onwards. Upon contact exposure to Marek's disease virus
the H line showed 20-30% less mortality than the L line (P<0.001).

The divergence in H and L lines demonstrates that genetic variation in
immune responsiveness and disease resistance exists and exemplifies genetic
differences between breeds and crosses in poultry production. As has
previously been demonstrated in the mouse, genes contributing to these
immunological and pathological differences between H and L lines may belong
to polymorphic immunoglobulin (Ig) loci and/or loci of the major
histocompatibility complex (MHC). To establish the role of these loci in
the chicken, F, and F, generations will be obtained by crossing the H and L
lines. In the % and % hybrids background genes of H and L lines will be
randomly distri%uted. %ith the application of serological techniques for
identifying Ig-allotypes and MHC-alleles it will then become possible to
determine the effects of the individual alleles on SRBC antibody production
and resistance to Marek's disease.

Keywords: Selection lines, B-complex, Marek's disease, SRBC.

INTRODUCTION

Principal methods to control infectious diseases include hygienic
measures, effective management of housing, climate and nutrition,
preventive medication, vaccination, eradication and breeding for genetic
resistance. Breeding for resistance may be preferred, because it diminishes
the need for continuous or repeated preventive measures and it is conferred
to following generations.

A detalled treatise on genetic variation in immune responsiveness and
disease resistance was presented by Hartmann (1982) and Van der Zijpp
(1983). Recent studies emphasize the interactions of the immune system in
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the defense against disease (Powell, 1987). Resistance is the result of a
complex reaction composed of innate and acquired immunity. Molecules of the
chicken major histocompatibility complex (B-complex) play a central role in
the immune defense. In a detailed review Bacon (1987) has indicated that
chickens can be typed for disease resistance traits on the basis of their
polymorphic B-haplotypes.

In many situations genetic resistance in combination with several
preventive methods leads to the best results. Gavora & Spencer (1983)
studied the effect of combined vaccination and selection on Marek's disease
resistance. Maximum resistance to Marek's disease, expressed in percentage
mortality, was found in vaccinated chickens of the most resistant strain;
for maximum productivity, however, vaccination had to be applied in a
strain selected for production. This implies that breeders have to consider
the pathogenetic environment and the opportunities for effective
vaccination to define their breeding goals with respect to diseases. For
some diseases, such as Marek's disease and coccidosis, the present interest
in genetic resistance is based on availability of vaccination or medication
procedures and their effectiveness in diverse geographical locations and a
variety of stocks.

Breeding for disease resistance is based on pathological and
immunological traits and on genetically linked markers. These traits and
markers have to show genetic variation, have to be relevant for disease
resistance or susceptibility and have to be determined easily in routine
testing on large numbers of animals. In mice extensive selection studies
have been carried out by Biozzi et al. (1979). These authors concluded that
antibody production was negatively correlated with microbicidal activity of
macrophages, but cell-mediated immunity was not affected. This pattern
determines their effective resistance to a variety of diseases.

In this study we present results obtained from the selection of
chicken lines for high (H) and low (L) antibody production to SRBCs,
demonstrating a significant effect on resistance to Marek's disease. Using
immunological and biotechnological techniques in association studies, the
effects of particular loci and genes on antibody production and Marek's

disease mortality can now be established.
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CHARACTERIZATION OF HIGH AND LOW ANTIBODY PRODUCING LINES

Selection for antibody production to complex antigens to which animals
have not previously been exposed, may provide a tool to breed for disease
resistance. In mice, lines have been selected for antibody production to
complex antigens and tested extensively for immunological and pathological
differences (Biozzi et al., 1979). Selection for high antibody production
resulted in diminished microbicidal activity of macrophages, while cell-
mediated immunity remained unaffected. Pathological differences became
obvious through effective resistance of lines to a variety of diseases.

In 1980 we started a selection experiment using hybrid ISA Warren
chickens. Chicks were intramuscularly injected at 37 days of age with
SRBCs, and total hemagglutinating antibody titers were determined five days
post immunization. Results of selection for high and low antibody
production, as well as for a randombred control (C) line after seven

generations are shown in Table 1 and Figure 1.

Table 1. Titers of SRBC-agglutinating antibodies in generation seven of
control (C) and selected high (H) and low (L) line chickens.

Line
Sex C H L
Male 4.59 (n = 176) 6.79 (n = 123) 1.88 (n = 188)
Female 5.23 (n = 172) 7.37 (n = 125) 2.39 (n = 189)

In the base population, a heritability of hemagglutinating antibody
titers for half sibs was estimated at .57 * .21. Realised heritabilities
(h2) were calculated after seven generations of selection by regression of
cumulative response on cumulative selection differential (Table 2). In the
L line, realised heritabilities are closest to the half sib estimate in the
base population.

The frequency distribution of chicks is shown in Figure 2. In each
generation the overlap between the H, L and C line decreases, signifying
the response to selection.

The immunological characterization of the differences between the
lines (Van der Zijpp & Nieuwland, 1986) has produced significant

differences in the humoral response against diverse antigens between lines
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SRBC antibody titer (Selection result)

Titer difference
H line

@ C line

Generation

Figure 1. Selection response in H and L lines for SRBC antibody titers
relative to a random control (C) line.

Day 5 Titer Frequencies per Line — S7

301 % N A H - line
® C - line
- B L- line

12 14

6 10
Antibody titer

Figure 2. Frequency distribution of H, L and C lines after seven
generations of selection.
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Table 2. Realised heritabilities for haemagglutinating SRBC antibody titers
based on seven generations of selection of high (H) and low (L)

lines.
Line h2 Males Females
H .16 .22 .13
L .22 .31 .17

(H > L). This difference is also reflected in the number of haemolytic
plague forming cells, in favor of the H line. Tests for cell-mediated
immunity revealed no differences between lines. Differences in
phagocytosis, antigen uptake and enzyme levels, were small and usually not
significant. Intracellular degradation of antigen and surface presentation
and persistence of antigen have not yet been studied, but may contribute
significantly to the overall difference between lines.

Differences in productivity between the lines have been observed in
the sixth generation. In Table 3 production data have been summarized.
Except for egg weight the H and L line have been less productive compared
to the C line. The L line, in comparison with H, has gained in bodyweight,
but reduced the total number of eggs very significantly. Data of previous
generations have not yet been analysed, so it is not known whether these
data confirm trends over generations. A distinct negative genetic
correlation was found in the base-population : rg = -.57 for bodyweight at
57 days of age and primary titer where as rp was -.06. In all following
generations the body weight of the H line chickens at that age was
significantly reduced compared to the L line chickens. In contrast, the H
line chickens have a higher relative spleen weight before and after
immunization.

Disease resistance has been determined in a contact challenge
experiment for Marek's disease. The percentage mortality for H and L line
birds is shown in Table 4.

Differences between sexes and lines were significant (P<0.001). Preliminary
results have indicated significant differences in the frequency of
B-complex alleles between the lines.

Although data of the characteristics of H and L lines are accumulating

slowly, they apparently show many similarities with the selection lines of



Siegel and Gross at Virginia Polytechnic Institute and State University
(Siegel & Gross, 1980; Siegel et al., 1982; Dunnington et al., 1986).
Despite different breeds (White Leghorn versus ISA Warren), effects on
immune responsiveness, Marek's disease resistance and body weight were

similar.

Table 3. Production data of lines selected for antibody production for 6
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generations.
Line
Trait H c L
Bodyweight hens (g) b a a
at 126 days of age 1749 1797 1792
Age at first egg (days) 142.3%% 141.3%  143.6°
Total number of eggs 211.6%  213.4% 198.6°
Egg weight (g) 1.7 48.8°  49.3°

a, b : significantly different P < .05

Table 4. Percentage mortality measured 15 weeks after exposure of Marek's
disease virus to high (H) and low (L) lines.

Line number Marek's disease mortality
males females males females

H 100 92 13 28

L 125 130 33 59

LOCI AND GENES INVOLVED IN ANTIBODY PRODUCTION AND MAREK'S DISEASE
RESISTANCE

Biozzi et al. (1979) estimated that about ten independent loci
controlled the antibody response to SRBCs in mice. The inter-line
difference could be explained only in part by two defined loci. Positive
associations were demonstrated with an allotypic marker of the Ig heavy
chain and with certain alleles of the mouse MHC (H-2). The Ig locus
explained 10% and the H-2 complex explained 20% of the difference in

agglutinin synthesis.
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Association studies were extended after the discovery of large, or
even absolute differences in frequency of Ig allotypes and H-2 alleles
between the H and L lines. F, and F, hybrids, as well as backcrosses

between F1 hybrids and H or i parenial lines were produced. The normal
immunization procedure was carried out and hemagglutination titers to SRBCs
determined. Maximum differences in agglutinin titer between Ig allotypes
and H-2-haplotypes were 10 and 20% respectively. The inter-line divergence
may be determined directly by these loci or by closely linked loci.

In chickens extensive polymorphism has been described for IgG CH and
IgM CH allotypes (Benedict & Berestecky, 1987). Fourteen allotypic

and five for IgM C,, which

specificities have been described for IgG C w

belong to the G-1 and M-1 loci respectivelyﬁ
The B-complex encompasses three tightly linked loci which code for B-F
(class I), B-L (class II) and B-G (class IV) molecules. The B-G molecules
are highly polymorphic products of genes closely linked to the class I and
II genes. Polymorphism of B-G molecules can easily be defined using typing
sera in a direct hemagglutination test. For example, the thus defined B-G21
allele is associated with resistance to Marek's disease. However,
resistance is rather influenced by the B-F21 or B-L21 locus than by the
B-G21 locus (Briles et al., 1983; Crone & Simonsen, 1987).

Based on preliminary results, we expect to find distinct differences
of the B-haplotype distribution between the H and L chicken lines. However,
a complicating factor, when compared to the mouse experiments, is that four
to six haplotypes may be present in both lines. We will therefore proceed
to evaluate the effects of these haplotypes in H, L and C lines on antibody
production and morbidity caused by Marek's disease with a mixed model now
(Bentsen and Larsen, 1988). The results obtained in the F2 generation, an
evaluation of B-G haplotypes against random background genes, can then be

compared with the statistically obtained estimates.

CONCLUSIONS

Selection for antibody production to SRBC in the chicken has been
succesfull. Correlated responses ‘'sofar appear to be limited to effects on
humoral response to other antigens and to spleen size. A challenge to
Marek's disease virus resulted in highly significant differences in favor

of the H line. Research will now be aimed at estimation of effects of
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particular loci, on differences in antibody production and Marek mortality.
If these gene complexes play an important role molecular identification of

these genes for transfection studies becomes feasible.
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GENETIC RESISTANCE TO BOVINE MASTITIS
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ABSTRACT

The genetic background for the incidence of and resistance/susceptibi-
lity to mastitis is briefly reviewed.

A Danish research project on genetic resistance to mastitis is descri-
bed. The main results show that the heritability for incidence of clinical
mastitis is low (0.03), that clinical mastitis and somatic cell count are
highly genetic correlated (0.8l) and that the genetic correlation between
incidence of clinical mastitis and butter fat yield is unfavourable (0.66).
Several teat traits have favourable genetic correlations with incidence of
clinical mastitis.

Selection strategies including clinical mastitis, somatic cell count
and teat traits in different combinations with butter fat yield showed a
lesser increase in clinical mastitis than strategy based only on butter fat
yield. However, this was at the expense of genetic progress in yield. Con-
straining the strategies to keep mastitis at its present level further re-
duced the genetic progress in yield. Genetic reduction of the incidence of
clinical mastitis is possible, but at a large expense in yield.

Marker genes of the B-lactoglobulin system and the M blood groups sy-
stem showed an effect on incidence of clinical mastitis. Elimination of the
susceptible genes is not recommended because of lack of knowledge about ef-
fects on other traits.

INTRODUCTION

Mastitis is a widespread multifactorial bovine disease of great econo-
mical importance. In Denmark 30-40% of all veterinary treatments of dairy
cows are due to mastitis. In most countries with a developed dairy industry
mastitis is one of the major reasons for culling of cows.

Traditionally, mastitis controlling programs have focused on manage-
mental and environmental factors. Such programs, together with adequate
therapy, have been effective in reducing the incidence of some types of
mastitis. This was seen as a shift in major causative organisms, that has
occurred during recent decades (e.g. Schalm et al., 1971; Dood, 1985).
However, the effect on the mastitis problem as a whole has been limited.

Several studies have shown that genetic variation in mastitis resi-
stance/susceptibility exists. For a review of the literature until 1979 see
Lie et al. (1980). More recent Solbu (1984), Emanuelson (1987) and Madsen
et al. (1987) found significant genetic variation in the incidence of cli-
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nical mastitis, but heritabilities were very small, from 1% to 5%.

Unfavourable genetic correlations between incidence of clinical masti-
tis and milk production traits have been reported by Wilton et al. (1972),
Bunch et al. (1984), Emanuelson (1987) and Madsen et al. (1987).

DEFENCE MECHANISMS AGAINST MASTITIS

The cow has general defence mechanisms against infectious diseases and
the mammary gland has specific defence mechanisms related to mastitis re-
sistance/susceptibility.

The general defence mechanisms are related to the actual status of the
ocow, and it is known that mastitis often occurs in connection with stress
or other diseases e.g. milk fever, ketosis and other digestion disorders.

The local defence mechanisms of the mammary gland can be divided into
passive and active mechanisms as shown in fig. 1.

Udder

Teat

Teat tip
Teat canal

( Morphology

Passive { Teat canal kreatin
Flirstenberg’s roset

Interference
Adherance
\
. PMN
( Phagocytosis Macrophages

Lysozyme
Lactoperoxidase/thio-

cyanate/hydrogen

Enzyme systems
Active

B -lymphocytes
IgA, IgGl, IgG2, IgM

Immunoglobulins

{ Lactoferin
{

Cellular immunity T-lymphocytes

Fig. 1 Local defence mechanisms of the mammary gland against
mastitis.

It is known from the literature that several of the passive defence
mechanisms show genetic variation. Especially the morphological traits have
relative high heritabilities (see review by Lie et al. (1980) and by Seyko-
ra and McDaniel (1985)).
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More of the active defence mechanisms, as for instance the content of
phagocytising cells, enzyme systems and the concentration of antibodies are
also known to be genetically influenced (for a review see Lie et al. (1980)
and Miller (1982)).

MARKERS FOR MASTITIS RESISTANCE/SUSCEPTIBILITY

The different defence mechanisms can be regarded as quantitative in-
dicator traits for mastitis resistance/susceptibility. But the active de~
fence mechanisms may be regarded as indicators of both resistance and di-
sease. Evidently, this circumstance affects the potential applicability of
such parameters in breeding for mastitis resistance.

Traits with simple inheritance such as blood group systems, poly-
morphic protein systems in blood and milk as potential marker genes for
mastitis resistance/susceptibility have been studied by Mitscherlich et al.
(1966) and Larsen et al. (1985). Lately studies have included the major
histocompalibility complex (BoLA). Solbu et al. (1982) found an association
between BoLA wl6 and susceptibility, and BolA w2 and restistance to masti-
tis. Meyer et al. (1984) found association between mastitis susceptibility
and BoLA w6 together with wl3.

DANISH RESEARCH ON GENETIC RESISTANCE TO MASTITIS

In 1978 a comprehensive research project was initiated. The aim of the
project was to produce the necessary genetic knowledge to decide whether or
not mastitis resistance ought to be included in the breeding programs.

The investigation was carried out in 67 herds of Red Danish dairy
cattle during the period from August 1978 to December 1982. A total of 1344
cows sired by 124 sires were fully involved in the investigation as "expe-
rimental cows" while the remaining cows in the herds participated partly
only. The experimental cows initiated 1344, 1045, 628 and 385 1lst, 2nd, 3rd
and 4th plus later lactation respectively. Experimental cows plus the re-
maining cows (in the following named "all cows") initiated 4767, 3720, 2290
and 2398 1st, 2nd, 3rd and 4th plus later lactation respectively. The plan
for yield, disease, conformation recordings and blood and milk sampling is
outlined in table 1.
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TABIE 1 Experimental recordings, milk and blood sampling, objective

and frequency.

Sample/recording Objective Frequency
Quarter milk Mastitis diagnostics, based Every 3rd month
samples on bacteriological examina-

(Experimental cows) tion, somatic cell count and
oconcentration of BSA

Disease recordings Recording of clinical masti- Daily

(A1l cows) tis and other clinical

diseases
Milk samples SCC as a potential indicator Monthly
(All cows) for mastitis resistance
Mild yield Correlation between yield Monthly
(All cows) mastitis, SCC etc.
Blood samples Blood and serum protein Once/cow

(Experimental cows) types, conc. of immunoglo-
bulins, albumin and total
protein in serum as poten-
tial marker genes

Milk samples Milk protein types as po- Once/cow
(Experimental cows) tential marker genes

Udder and teat Correlation between udder/ Once per lac-
traits teat morphology and mastitis tation

(Experimental cows)

Milking performance Correlation between milking Once per lac-
(Experimental cows) performance and mastitis tation

The project has been reported in details by Madsen et al. (1987). The
main results based on lst lactation data concerning clinical mastitis, milk
production capacity, and some indicator traits and marker genes as well as

the effect of different selection strategies are presented in the following

The incidence of clinical mastitis (CIM), defined as the number of ve-
terinary treated cases of mastitis within lactation. Treatments of the same
quarter within fourteen days were not considered as a new case.

Milk production capacity was the 305-days lactation butter fat yield
(BF305). The daily excretion of somatic cells, logjg-transformed (LDSC),
distance floor/teat tip, front (DFTT), distance between front teats
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(DRFLF), length of front teats (TL) and total milking time (TMT) were used
as indicator traits for mastitis resistance/susceptibility.

Marker genes
As marker genes 1l blood group systems (A, B, C, F, J, L, M, S, Z, R’

and T’), 5 blood protein-enzyme systems (Transferrin, Amylase, Ceruloplas—
min, Carbonanhydrase and Adenosindeaminase), and 4 milk protein systems

(B-lactoglobulin, cg)-, B-, and K-casein) were used.

Statistical methods
The phenotypic and genetic parameters for CIM, BF305 and the indicator

traits were estimated by an iterative multi trait resticted maximum like-
lihood (REML) procedure. The model used included the effects of herd, year-
month of calving, age at calving and sire of the cow.

The effects of the marker genes on CIM were estimated simultaneously
by least squares as proposed by Mather (1977). The model used included the
effects of herd, year-month of calving, age at calving and the effects of

all the marker systems.

Results

Phenotypic and genetic parameters for CIM, BF305 and the indicator
traits are given in table 2.

The results show that the heritability of CIM is low (0.03), while the
indicator traits have heritabilities in the range from 0.13 (LDSC) to 0.44
(DRFLF). A high positive genetic correlation (0.8l) between CIM and LDSC
was found. Thus, high cell count is genetically linked to higher incidence
of clinical mastitis. A strong positive genetic correlation (0.66) was
found between BF305 and CIM, which is unfortunate since selection for yield
would result in a genetic determined increase in the incidence of clinical
mastitis. The genetic correlations between CIM and the teat traits were ad-
vantageous and numerically in the range from 0.13 to 0.24.

Results from the analysis showed that only few of the included poten-
tial marker genes exhibited any effect on CIM. Cows carrying the genotype
AA of B-lactoglobulin were more frequently affected by clinical mastitis
than those of genotype BB. In lst lactation the difference in CIM between
genotype AA and BB was 0.32. Cows lacking the M” blood group factor showed
a lower incidence of clinical mastitis than cows with the M” blood group

factor. The difference in CIM in 1lst lactation was 0.19.
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TABLE 2 Means, ghenotypic (sp) and genetic (sp) standard deviations,
heritabilities (h4) and phenotypic (rp) and genetic (rp) correlations
for incidence of clinical mastitis (CLM), 305-days butter fat yield
(BF305), average daily cell excretion, logjg-transformed (LDSC),
distance floor/teat tip, front (DFTT), distance between front teats
(DRFLF), teat length, front (TL) and total milking time (TMT).

hZ, rp and rpl)
Trait Mean sp SA CIM BF305 ILDSC DFTT DRFLF TL T™T

M 0.47 1.06 0.19 0.03 -0.01 0.25 -0.07 0.04 0.10 0.06
BF305 210.2 35.1 14.6 0.66 0.17 0.10 -0.27 0.18 -0.03 0.13
IDsCc 5.197 0.39 0.14 0.8 0.60 0.13 -0.20 0.09 0.11 0.03
DFTT 47.8 3.19 1.80 -0.24 -0.07 -0.40 0.32 -0.12 -0.28 -0.14
DRFLF 18.6 3.26 2.16 0.13 -0.02 0.21 -0.20 0.44 0.06 0.14
TL 5.8 0.94 0.51 0.24 0.10 0.30 -0.59 0.22 0.30 0.13
™T 5.62 1.4 0.73 -0.06 -0.10 -0.05 -0.04 0.38 0.11 0.20

1) h2 on the diagonal, rp above and rp below. All mutual correlations
between the teat traits and milking time are from Jensen (1985).

Selection strategies

Selection for improved mastitis resistance may either be direct selec-
tion towards a lower incidence of clinical mastitis or by indirect selec-
tion based on indicator traits or marker genes.

The expected effects of different selection strategies among bulls on
the incidence of clinical mastitis, butter fat yield, teat traits and
milking time are given in table 3.

The results in table 3 show that one-sided selection for increased
butter fat yield (strategy 1) would cause a genetic increase in the inci-
dence of clinical mastitis of 40%. Using strategy 2, which is an approxima-
tion of the present breeding strategy in Denmark would genetically increase
the level of clinical mastitis by 33%. Extending this strategy by including
clinical mastitis and/or somatic cell count (strategies 3 to 6) would re-
sult in a rather limited effect on the genetically conditioned increase in
the incidence of clinical mastitis.

The results from strategies 2 to 6 with constraints on the incidence
of clinical mastitis show that it is possible to keep the genetic level for
clinical mastitis at its present level and still improve mild yield capaci-
ty, or though at a slower rate. The loss in genetic progress in yield may
be considerably reduced, if clinical mastitis and/or somatic cell count is
included in the selection index.
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TABLE 3 Effect of different selection strategies after selection
with a selection differential corresponding to 10% progress when se—
lection for butter fat only. The traits included are: incidence of
clinical mastitis (CIM), 305-days butter fat yield (BF305), average
daily excretion of somatic cells, log)g-transformed (LDSC), distance
floor/teat tip, front (DFTT), distance between front teats (DRFLF),
length of front teats (TL) and total milking time (TMT).

Stra- Traits in aggregate genotype and/or in indexl) Relative level

tegy BF305 DFIT DRFLF TL TMI LDSC CLM  CIM BF305 BF3052)
1 Al 140.3 110.0 -
2 Al Al Al Al Al 132.5 109.3 102.9
3 AL AL AL AL Al A 127.5 108.5 102.9
4 A1 Al Al Al Al I A 125.6 108.4 104.6
5 Al AL AL AT AL A,I 125.6 108.4 104.6
6 Al Al Al Al Al I A,I 124.9 108.4 105.0
7 Al 54.9 94,9 -

E3) 58/kg 70/cm -96/cm -157/cm -88/min -1500/case

1) A indicate that the trait is included in the aggregated genotype,
I indicate that the trait is used as source of information in the index.

2) Constant incidence of clinical mastitis constrains these indeces.

3) Economic weight, Dkr./unit.

Strategy 7 (one-sided selection for lower incidence of clinical masti-
tis) shows further that the incidence of clinical mastitis can be reduced
considerably by selection, but dairy merit would then decrease.

Among marker genes the A-gene in the B-lactoglobulin system and the
M’~gene in the M blood group system was most promising. The effect of eli-
minating these genes would be a decrease in clinical mastitis in 1st lacta-
tion by 8.8% and 12.3% respectively. Knowledge of the effect of these genes
on other traits of importance, as well as the linkage of the M blood group
system to the BoLA system (Leveziel and Guérin, 1980; Dam et al., 1984; Le-
veziel and Hines, 1984), is still inadequate. Hence, using these genes as
markers for mastitis resistance/susceptibility is not recommendable pre-
sently.
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SESSION 6

General discussion

Chairpersons: Dr. W. Sybesma and Dr. A.J. van der Zijpp



GENERAL DISCUSSION AND CONCLUSIONS

The seminar "Reducing the costs of disease by breeding for disease
resistance" provided an overview of mainly European research on genetic
resistance to disease. In the first three sessions the Major
Histocompatibility Complex, with major emphasis on genetic structure and
techniques for typing, was discussed for fish, poultry, swine, cattle and
horses. The fourth session was devoted to associations between the MHC and
diseases. In the fifth session a series of papers was presented on
selection for immune response parameters in pigs and poultry, resistance
versus resilience for parasitic infections in sheep and genetic aspects of
mastitis. During the closing session the following items were discussed
with respect to future research policies and strategies.

Species. In comparison to man and mouse the study of the MHC of farm
animals is still in its infancy. The knowledge of the MHC is most advanced
in cattle and poultry, both with regard to genetic structure and function
e.g. T-cell-restriction of the MHC. Fish are the 1least advanced in this
sense but have high potential for experimental and practical applications.
Work in progress in Danish and Dutch laboratories shows that an MHC
probably also exists in fish, because allograft responsiveness has been
correlated with serologically detectable cell surface antigens. A
biochemical characterization of the putative MHC-molecules hopefully will
present the final proof. In other species efforts are continuing to confirm
the presence of class II products, and to characterise the genetic
structure of class I and II regions.

Methods. In most species, research in MHC polymorphism involves
serological identification with allo-antisera, gene product
characterization with SDS-PAGE, 1- and 2-dimensional iso-electric focussing
(IEF), and restriction fragment length polymorphism (RFLP) analysis with
human or mouse, or with species-specific MHC-DNA probes. Species-specific
probes were considered essential for the study of the genetic structure of
the chicken and fish MHC. For the IEF technique allo-antisera, not
necessarily species-specific, and monoclonal antibodies directed to
monomorphic determinants of class I and II molecules are applied. Typing of
many animals for association studies will most easily be resolved by
serology. To understand and improve serology, IEF and RFLP both contribute

181
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to, and, may be used as a tool for efficient production of reagents.
Functional tests, like the graft-versus-host reaction and MLR, also provide
a significant base for identification of MHC reagents. In poultry a new era
of typing will start when oligonucleotide sequences corresponding to the
allelic variants of the distinct MHC-molecules become available. In
combination with the Polymerase Chain Reaction, oligotyping offers an
interesting future for disease association studies. In order to speed up
oligotyping prospects, Dr. Auffray proposed a cooperative effort to
sequence one haplotype of the chicken MHC and to extend the analysis to the
expressed genes for about 30 different haplotypes. The different techniques
will remain important to understand the relationship between genes
(expressed, pseudo), the gene products (class I and II molecules) and their
serology (antigen binding sites), and function of the MHC.

In many laboratories two techniques at the most can be routinely
handled. For our understanding of the structure of the MHC international
cooperation utilising the local expertise is essential. Only then the
number of loci and genes for each class of MHC-products for a particular
species can be assessed and the linkage patterns resolved.

Biological function. Much more research should be devoted to
understanding the immune mechanisms of the MHC in farm animals. Most
relevant are studies on interactions between MHC molecules, processed and
presented antigens and T-cell receptors. Successful application of new
vaccines or vaccines based on recombinant DNA technology may be dependent
on overcoming genetic restriction and bypassing the polymorphic nature of
the MHC in outbred populations. The interactions with other genes (gene
products) in or outside the MHC complex should also be included. Dr. Vaiman
acknowledged in swine the presence of genes for complement factors Bf, C2
and C4 and the gene for the 2l-hydroxylase enzyme, a main enzyme for
steroid biosynthesis. The understanding of immune mechanisms in relation to
disease, production traits, vaccination and stress is needed to identify
the function of the MHC region and other "disease" genes in response to
pathogens, and to provide a strategy for disease association studies. The
technique of transfecting genes for MHC-molecules, T-cell receptors, or
lymphokines has already lead to gene therapy in the mouse. This tool for
the study of interactions is already being used in farm animals.

Experimental animal populations. There is a great need for pedigreed
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families and populations for the studies of the structure of the MHC
(segregation analysis, population analysis) and for disease association
studies. Gynogenetic fish, and inbred and congenic strains of poultry and
swine have contributed greatly to the identification and characterization
of the MHC in these species. For disease association studies in some
species 1like fish and poultry, selection experiments with pathogenic
challenges can show the involvement of the MHC. In other farm animals, for
example in horse for sarcoid and goat for viral induced arthritis, family
segregation analysis is the only feasible method, because no effects are
seen at the population level. In general a more extensive MHC
characterisation (class I and II, different loci) and correct clinical

definition of disease is needed for further progress.

Parameters of disease. Mortality is a very global criterion for
disease resistance. Knowledge of the pathogenesis of diseases should be
directed towards improved clinical definition of disease. Improved clinical
definition of specific diseases would also support the search for markers
for disease by linkage studies.

Linkage maps. For identification of genes or gene markers for diseases
and production traits, the present knowledge of linkage maps should be
increased. In this respect fingerprinting with hypervariable DNA probes
could be of great help, provided funds become available for this labour
intensive work. Of course linkage maps only become useful when experimental
populations of known susceptibility or resistance are available, and their
crosses.

Loss of genetic variation. Breeding goals for disease resistance
cannot be defined without definition of the future pathogenic environment.
Selection for resistance to one disease favours certain MHC-haplotypes, as
shown by Simonsen and coworkers, but how does the decrease in polymorphism
affect the response to other, or newly arising pathogens? On the other
hand, also shown by Simonsen, some heterozygous combinations are favoured,
therefore supporting polymorphism in the population. Gene banks should be
established to prevent loss of genes with possible interesting resistance
functions. This need is even more urgent with the present strong emphasis
on selection for production traits and maximal exclusion of natural
selection. Because we do not know very much about genetic relations between

production traits and diseases we cannot predict the loss of interesting
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genes, nor do we know which diseases will be most relevant in four or five

generations.

Conclusions

European research on the MHC of farm animals and on genetics of
disease has recently made much progress because of the application of new
biotechnological techniques and the early investment in this area of
research. For future success and application, international cooperation
should be established to integrate diverse technical approaches, to exploit
or organise experimental animal populations and to profit from increased
understanding of the biological function of the MHC and pathogenesis of
disease. International collaboration is a prerogative for the establishment
of linkage maps or sequencing the genome, or parts thereof. Thus, there is
a need for future meetings for exchange of ideas and data on the genetic
basis of disease resistance in farm animals, and the loss of polymorphism
of the MHC within species.

In conclusion: Research on animal disease genetics supports the
advantageous use of genetic resistance and development of vaccines, and
clarifies the relationship between productivity and disease. Furthermore
this research profits from the enormous investment in medical research. New
strategies for breeding for disease resistance have become available now,
although they need to be continually and carefully considered in the light
of future disease environments and of policies for vaccination in farm

animals.
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