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SUMMARY

Viruses are a very diverse group of pathogens with a variety of stra
tegies tor infection, replication and induction of disease. Therefore, 
it may be difficult to breed for generalized resistance to virus disease. 
Genes may act to resist infection with and the pathogenic effects of 
viruses at the cellular, animal, population or species level. The avian 
leukosis-sarcoma group of viruses illustrates several levels at which re
sistance may occur. While the conventional breeding methods of challenge 
and selection will still be used, new developments in biotechnology will 
add new techniques to enhance current practices of breeding for disease 
resistance. Studies of germ line insertion in the mouse have shown that 
subunits of gene complexes influencing immune response can be inserted in 
the genome and be normally expressed. To take advantage of these exciting 
prospects, the future animal breeder will have to have an understanding of 
molecular genetics in addition to his present capabilities.

INTRODUCTION

There are at least 10 families of viruses that use RNA as their 
genetic material and 5 that use DNA. Most of these families contain at 
least one species that infects and induces pathological changes in 
livestock or poultry (Luria, et al., 1978). All viruses have a 
reauirement for entering a living host cell in order to replicate.
However, each family differs structurally and uses a unique strategy for 
replication. Thus mechanisms of genetic resistance as well as other 
methods of control vary widely among families and species of virus. The 
animal breeder, on the other hand, needs to increase the frequency of 
genes that impart generalized resistance to disease (Clayton, 1974; Gavora 
and Spencer, 1978; Crittenden, 1983). Identification of such genes may be 
difficult but should have a high priority.

The laboratory mouse has been extensively studied as a model by 
researchers interested in various aspects of human health. Their findings 
should provide important guidance to those working on genetic resistance 
to disease in farm animals and poultry. There are 45 murine genes known 
to influence the outcome of infections with DNA or RNA viruses (Brinton, 
1985). Depending on the locus, either resistance or susceptibility can be 
dominant and, overall no distinctive pattern of associations among these 
genes has been observed. The genes tend to each influence infection or 
its outcome vis a vis a single family or strain of virus. It has been 
postulated that the pathogens exert a natural selection pressure that 
maintains in the populations alleles that fortuitously confer resistance 
(Brinton, 1985). Hence, these results do not appear favorable to those 
animal breeders looking for general resistance mechanisms. However, it 
should be kept in mind that much of the research on mice traditionally 
concentrates on the detection of single genes. It has been argued that it
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is not realistic to believe that the outcome of any natural infection 
would be controled completely by a single gene (Blackwell, 1985). It is 
known that the overall disease profile depends on the interpl^ of many 
genes. For example, the major histocompatibility haplotype JL confers 
a varying degree of resistance to Marek's disease in chickens depending on 
the line of chickens in which it is tested (Longenecker £t aj.., 1975). 
Other evidence indicates that it should be possible to improve aspects of 
immune response that provide a better chance of survival challenge with 
more than one pathogen (Gavora and Spencer, 1983).

Most studies of genetic resistance to virus infection and virus 
induced disease have been aimed at identifying "resistance" or 
"susceptibility" genes segregating within species of interbreeding host 
animals. Studies of virus host-range have shown that, with notable 
exceptions, virus infection is restricted to the species in which it is 
native. Studies aimed at understanding the mechanisms of such non-host 
resistance should provide new insight into how genes control resistance.

The concept of non-host resistance deserves particular attention. 
Non-host, a term used mainly in plant breeding, describes the resistance 
mechanisms that make, say cattle resistant to the infection with tobacco 
mosaic viruses, etc. We seldom realize that, in nature, non-host resis
tance is the rule and susceptiblity is the exception. An animal species 
is attacked by only a few of the great many potential parasites. A 
parasite-host relationship (compatibility) evolves by a specific adapta
tion of the parasite. The parasite overcomes non-host resistance by 
producing host species-specific suppressors which prevent the parasite's 
elicitors from acting, so that non-host resistance is not triggered 
(Lundgren, ejt aj^., 1982).

The advent of molecular cloning and the ability to transfer genes 
among species increases the importance of studies of non-host resistance 
in two ways. The identification and cloning of genes that restrict 
infection of non-host species can provide genes for transfer to the host 
species that may enhance resistance. They also can provide molecular 
probes for identifying structurally related genes for resistance 
segregating within the host species.

We will discuss here the several levels at which genetic resistance 
can act using the avian leukosis-sarcoma viruses as a model to illustrate 
genetic cellular resistance to infection, resistance to the pathogenic 
effect of virus infection and resistance to virus spread through a popu
lation of animals. Finally, we will discuss the implication of biotech
nology for improving the efficiency of breeding for disease resistance.

LEVELS OF RESISTANCE TO VIRUS DISEASE

Table 1 gives a general outline of the levels at which genes may act 
to control infection and or pathogenesis by viruses. A virus must gain 
access to the body and then the cell in order to replicate, spread through 
the tissues and cause disease. Mechanisms that protect body surfaces 
against the entry of pathogenic viruses appear to be mostly non-specific. 
They include the presence of lysozyme in body fluids, benign microflora, 
desication, and desquamation, expulsion of pathogens, e.g. by coughing, 
etc. At the cellular level, the blocks to adsorption, penetration and 
replication may be present in all somatic cells or may only prevent 
infection of target cells involved in a particular type of pathology.
These passive mechanisms of resistance are usually very specific for a 
species or even subtype of virus.
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TABLE 1. Levels at which genes may act to reduce virus infection or 
its pathogenic effects.

I. Entry into the host

II. Entry into host cells and viral replication
a. ) Adsorption
b. ) Penetration
c. ) Replication

III. Spread through the host
a. ) Non-specific immune mechanisms

1. ) Interferon
2. ) Natural killer cells
3. ) Macrophages

b. ) Specific immune mechanisms
1. ) Humoral immunity
2. ) Cell-mediated immunity

IV. Pathogenic effects of virus

V. Transmission through a population

The types of resistance that limit spread of virus through the host 
appear to be more generalized. For example, interferon induced by one 
family of virus can limit the replication of another virus in the same 
host (DeMaeyer and DeMaeyer-Guignard, 1979). The genetically controlled 
ability to mount an immune response may also have a general component. 
However, selection for high levels of humoral immunity may lead to 
autoimmune disease, or an overactive system of cell mediated immunity 
could lead to lymphocyte proliferation and increased susceptibility to 
some types of lymphoid neoplasms, for example Marek's disease of chickens 
(Rouse et d., 1973, Hudson and Payne, 1973). Thus, a balance between and 
proper interactions of humoral immunity and cell-mediated immunity may be 
the best way to achieve general resistance to virus disease.

Resistance to the pathogenic effects of a virus infection seems to be 
rather specific for the virus involved. However, the genetic ability of a 
population to limit the spread of infection could be general in the case 
of a highly developed immune system or could be rather specific for the 
infecting virus.

Thus one can envision genes acting in a variety of ways to limit virus 
infection and its pathogenic consequences at the cellular, individual or 
population level within a species or at a level preventing infection or 
pathogenic consequences in non-host species.

MECHANISMS OF RESISTANCE TO NEOPLASMS INDUCED BY THE AVIAN 
LEUKOSIS-SARCOMA VIRUSES

The avian leukosis-sarcoma viruses are a group of retroviruses that 
induce a variety of neoplasms in chickens. Avian leukosis virus (ALV) 
most commonly induces lymphoid leukosis, a bursal cell lymphoma of adult 
chickens by activating the host oncogene c-mvc (Purchase and Burruester,
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1978; Crittenden and Rung, 1984). Rous sarcoma virus (RSV) is a highly 
oncogenic virus developed by laboratory passage in young chickens. It is 
identical to ALV except that it has incorporated the host oncogene src 
into its genome (Weiss et. al., 1982). RSV induces solid tumors in muscle 
cells within a few days. Such sarcomas are rare in commercial chickens. 
Genetic resistance to the neoplasms induced by these closely related 
viruses can act at several levels and illustrates some of the mechanisms 
of resistance we have discussed.

Lymphoid leukosis is the most common neoplasm induced by the ALVs. 
However, lifetime mortality from ALV infection is usually less than 5% and 
the economic importance of lymphoid leukosis is largely due to the effects 
of subclinical infections with the virus (Gavora and Spencer, 1985). The 
infected birds have a significantly reduced egg production (by about 30 
eggs), egg weight, shell thickness, growth rate (by about 52), fertility 
hatchability as well as increased mortality from all causes (by 5 to 
302). The viral infection also affects variability and heritability of 
production traits and has undesirable consequences in selection for 
improved performance. Therefore, ALV can be viewed also as a model for 
the various types of economic losses caused by viral infections. It is 
possible that similar damage may exist, unobserved, in connection with 
other viral infections of livestock.

Resistance to Virus Infection: ALV and RSV can be classified into five
subgroups. Three autosomal loci have been identified that have recessive 
alleles for resistance to virus penetration of the cell membrane. Two of 
these loci specifically control resistance to subgroups A and C, while a 
third locus has recessive alleles for resistance to subgroups B and E and 
to subgroup E alone (Crittenden, 1975 and Payne, 1985). This type of very 
specific resistance acts in cell culture and in the intact chicken and is 
clearly a passive, non-immunological type of resistance (Crittenden,
1975). Selection for recessive resistance can be used to reduce or 
eradicate naturally occurring ALV from flocks (Hartmann et. al.., 1984).

Genetic segregation for specific receptors for penetration is 
apparently unique to this system. More than likely these receptors are 
needed for some necessary cell membrane transport system and the slight 
conformational changes involved in preventing specific virus penetration 
do not alter other physiologic functions of the cell membrane.

Resistance to the Development of Neoplasms: Inoculation of chickens
carrying the dominant allele for susceptibility to RSV infection 
invariably leads to the development of solid tumors within about a week. 
These tumors either progress in size or regress and disappear (Collins, et. 
al.. 1977 and Bacon, et. ajL., 1981). Regression appears to be controlled 
by the cell-mediated immune system (Cotter et. al_., 1976). Regression or 
progression is highly dependent on the haplotype of the major 
histocompatability complex (MHC) carried by the chicken (Collins, et al.. 
1977 and Bacon, et. aj^., 1981), and thus is strongly influenced by genetic 
variation in one multigene family known to influence immune response (Hood 
et al., 1984).

Lines of chickens equally susceptible to ALV infection vary widely in 
their susceptibility to lymphoid leukosis (Crittenden, 1975). In this 
system the haplotype of the MHC has little influence on the development of 
these neoplasms that originate in the bursa of Fabricious (Purchase and 
Burmester, 1976 and Bacon et. jQ., 1981). This phenomenon is a property of
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the bursal target cell. Purchase and Gilmour (1975) have shown that 
chemical bursectomy eliminates the development of lymphoid leukosis and 
that susceptibility to the disease can be restored by neonatal 
reconstitution of the bursa with bursal cells from a normal chick. 
Reciprocal bursal cell reconstitution between resistant and susceptible 
lines of chickens has shown that resistance is a property of the 
transplanted bursal cell and not the host chicken (Purchase et al..
1978). While the evidence is not firm, we think that the bursal target 
cells of lines resistant or susceptible to lymphoid leukosis are equally 
susceptible to ALV infection (Fung, et. al., 1978). One study suggests that 
the transformation of bursal cells is associated with or regulated by 
genes determining heavy chains of immunoglobulin molecules (Bacon et al.. 
in press).

These examples of host resistance to pathogenesis by a virus operate 
by two distinct mechanism. Regression of RSV tumors is clearly an 
immunological phenomenon controlled to a large extent by the MHC, while 
resistance to the development of lymphoid leukosis is a non-immunologic 
phenomenon dependent on the resistance of the bursal target cell to 
transformation.

In most cases, susceptibility to a pathogenic virus infection or 
spread through the animal leads to disease. These observations suggest 
that, at least in the case of virally induced neoplasms, resistance to the 
pathogenic effects of viruses is influenced by host genes. This 
phenomenon may also be a characteristic of the chronic viral diseases that 
are not readily controlled by eradication or vaccination.

Resistance to Virus Transmission Within a Population: ALV is transmitted
horizontally from bird to bird and congenitally from dam to progeny 
through the egg. Congenital transmission leads to infection of the embryo 
and usually to immunological tolerance to viral antigens accompanied by 
persistent viremia. Such viremic dams regularly transmit to their 
progeny, thus maintaining infection in poultry flocks. Horizontal 
infection after hatching more often leads to immunity and low levels of 
congenital transmission (Purchase and Burmester, 1978). It is now clear 
that lines of chickens vary widely in their immune response to horizontal 
infection and subsequent congenital transmission (Crittenden, et al..
1984). One class of genes has a major influence on immune response to 
ALV. Chickens inherit endogenous ALV DNA that segregates at distinct 
loci. Some genes are expressed as complete virus or viral antigens that 
are immunologically related to ALV antigens (Crittenden, 1981).
Expression in the embryo apparently induces immunological tolerance to 
endogenous antigens shared with ALV, leading to a reduced immune response 
to horizontal infection with ALV and consequently an increased probability 
of shedding by the dam (Crittenden et. al,., 1984).

Recognition of viral antigens as self is only one of a variety of 
possible genetic mechanisms that could influence the rate of transmission 
among members of a population of animals.

Other Examples or Resistance Mechanisms: Investigations in laboratory
mice provide further detailed insight into the processes involved in 
resistance to viral diseases. Efforts to identify the critical gene 
products will, no doubt, result in further elucidation of the mechanisms. 
The understanding of these processes should also allow a transfer of the 
new knowledge from laboratory animal investigations by the use of DNA 
probes or antibodies detecting the critical gene products, into livestock
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research applications. Three examples of relevant research results from 
research on laboratory mice follow (Brinton, 1985): (1.) In mice
infected with the Friend leukemia virus, the product of the resistant 
gene, Fv, affects the replication of the virus by reducing the amount of 
circular viral DNA and DNA integration in the genome of resistant cells. 
The reasons for the reduced DNA circularization are not well understood. 
(2.) The product of gene Mx seems to reduce primary transcription of the 
influenza virus mRNA's in infected mouse cell nuclei and this reduces the 
viral protein synthesis. (3.) A flavivirus resistance gene also acts at 
the level of viral RNA synthesis, which is consistently reduced in 
infected resistant cells. Several species of deleted viral RNA1s appear 
to be generated, preferentially amplified and packaged into virus 
particles by resistant cells. Some of these defective RNA's then 
interfere with the replication of the normal, viral RNA.

Similar resistance mechanisms that function at the level of processing 
viral genetic information are yet to be discovered in livestock species 
but they very likely exist. The resistance of bursal cells from some 
chickens to neoplastic transformation by the lymphoid leukosis virus 
points out a possible example of such a mechanism at work. (Purchase .et 
al., 1978).

FUTURE IMPROVEMENTS OF GENETIC RESISTANCE TO VIRAL DISEASES OF LIVESTOCK

Despite the recent exciting developments in cellular and molecular 
biological research, in the near future most improvement in genetic 
resistance to disease in livestock will be accomplished by traditional 
means - selection and crossbreeding. In the absence of adequate 
understanding of the body defenses and their importance for resistance to 
individual diseases, the best strategy will remain selection based on 
response, to naturally occuring or deliberate viral challenge. This 
selection acts on resistance mechanisms in their entirety while selection 
for specific resistance genes or markers is expected to affect only a part 
of the overall resistance that is, in most instances, polygenic.
Selection on specific mechanisms is however, justified when it eliminates 
the necessity to expose the animals or birds to pathogens. This may be 
particularly important in dealing with viruses that have been eradicated 
from breeding stocks.

Although in most instances our overall knowledge about genetic 
resistance to viral diseases is only rudimentary, there are further 
examples where advanced and practically useful information is available.

In chickens, resistance to Marek's disease virus has been extensively 
studied. The important findings include the demonstration of successful 
selection for resistance, alone (Cole, 1968) or in combination with 
production traits (Friars, et. al,., 1972; Gavora and Spencer, 1985), as 
well as the finding that resistance is associated with a particular major 
histocompatibility haplotype (Longenecker et al.. 1976; Briles et al.. 
1977), that is now being used in practical breeding. Responses to 
selection for resistance to Newcastle disease have been also demonstrated 
(Gordon et. al.. , 1971)

Bovine leukemia is induced by an oncogenic retrovirus. Heritability 
of susceptibility to infection was estimated at .48 (Burridge et al..
1979). Although the viral infection does not seem to have measurable 
effects unless it progresses to lymphosarcoma (Bartlett, 1979), the virus 
remains a concern as an obstacle to exports of breeding stock.
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The nature of the causative agent of scrapie in sheep is not 
completely understood but it is usually included among viral diseases. 
Susceptibility to the scrapie agent, under experimental conditions, 
appears simply inherited, as a dominant trait (Dickinson et. al_., 1968; 
Nussbaum et. al.., 1975), and may be associated with some ovine major 
histocompatibility haplotypes (Millot, et. .al., 1982).

BIOTECHNOLOGY AND SELECTION FOR RESISTANCE TO VIRUS DISEASE

The ability to clone genes and transfer them among species introduces 
a new technology to animal breeding. Genes influencing immune response 
and disease resistance are being intensively studied in mice, man and some 
farm animals. Four classes of genes are in the forefront of this work. 
Those of the MHC, immunoglobulin genes, genes for thymus cell receptors 
and genes for lymphokines have been cloned (Hood et. al_., 1984). Immuno
globulin genes and genes of the MHC have been successfully transfered to 
the germ line of mice and functional proteins have been expressed in the 
appropriate cell types (Grosschedl, et. a_l., 1984; Storb, £t al.., 1984; 
Frels, et. al., 1985; LeMeur et. al., 1985; Yamamura, et. al., 1985). These 
remarkable preliminary studies suggest that members of complex multigene 
families influencing immune response can be transfered and expressed in a 
new environment.

Opportunities exist for introducing genes for antigens into the germ 
line that are regulated by appropriate promoters so that the antigen is 
expressed after immunological competence is reached. These inserts could 
then act as inherited vaccines (Crittenden, 1986).

Insertion of new functional genes has been accomplished, but no method 
of inactivating detrimental genes has been achieved by germ line 
insertion. One method has potential. It has been shown, in a few 
systems, that putting a cloned gene in a backwards orientation to its 
promoter will result in the transcription of anti-sense RNA that can then 
anneal to and inactivate the normal messenger RNA preventing gene 
expression (Izant and Weintraub, 1985). Such an approach needs further 
exploration.

Basic work has started in these areas but it will be years before 
these new approaches can be usefully applied to animal breeding programs. 
Such basic work is in the forefront of science and has great popular 
appeal for support. However, meaningful contributions to animal breeding 
programs will only be made through the integration of these new methods 
with conventional approaches. Specifically expertise in animal breeding 
and disease and facilities for measuring quantitative traits and disease 
resistance in populations of intact animals are essential for the 
following purposes: (1.) Identification of the problems or traits to be 
the subject of biotechnology research. (2.) Extensive testing of animals 
altered by biotechnological approaches to evaluate performance. (3.) 
Integration of altered individuals and new procedures into conventional 
breeding programs to maximize overall genetic improvement.

In order to acheive these goals, molecular geneticists and animal 
breeders must communicate and collaborate. Students in animal breeding 
will need broad training both in quantitative genetics and molecular 
genetics in order to achieve the integration needed to bridge the present 
gap in concepts and technology between these fields.
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