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SUMMARY

We.*lav? transgenic chickens that carry a CNA copy of the avian
leukosis virus (ALV) genome as a stable chromosomal element. Of 23 families 
produced two failed to produce infectious ALV, but did express the envelope 
glycoprotein of ALV on the cell surface. These two germ-line inserts acted 
as dominant genes for resistance to ALV in cell culture and one of them was 
shewn to induce resistance to infection and oncogenesis in animals. This is 
an exauple of pathogen-derived resistance as proposed by Sanford and 
Johnston (1985). We prepose that this general concept can be used to induce 
resistance to other pathogens and in other species.

INTRODUCTION

There is tremendous potential for the animal breeder to use molecular 
genetic technology to enhance conventional selection for disease resistance 
in domestic animals. The application of this technology requires the 
identification and molecular cloning of genes having a major influence on 
resistance. Once such genes cure cloned, specific gene probes can be used 
for early identification and selection of animals carrying desirable alleles 
at the identified locus. Such genes can also be inserted into the germ line 
and expressed, to produce unique disease resistant animals. This technology 
allows one to transfer genes fretn any species, including plants and 
microorganisms. The most important barrier to the use of these technologies 
is gene identification and choice of genes for cloning. One can intuitively 
select knewn disease resistant phenotypes for intensive study and cloning. 
The development of detailed genetic maps of the genomes of domestic species 
will also allow the identification and cloning of genes influencing complex 
phenotypes for disease resistance that have not been previously recognized.

Cur studies are aimed at developing gene transfer technology for 
pjcultry, which has lagged behind the technology for manuals because the 
reproductive system of birds does not lend itself to manipulation and 
microinjection of CNA into the newly fertilized ovum. However, retroviruses 
replicate through a chronoscmally integrated CNA intermediate and have 
entered the germ line of many species, including chickens, spontaneously.
We chose molecularly modified replication-conpetent avian leukosis viruses 
(ALV) with no foreign gene insert as the vector for our initial studies.

MATERIALS AND METHODS
Our procedures, viruses and chicken stocks have been described in detail 

(Salter et al.. 1986; 1987). We used replication-corrpetent ALV modified so 
that they had the long terminal repeats (LIE) of an endogenous virus of low 
pathogenicity, RAV-0, and the envelope gene of subgroup A viruses that are 
ccjtmon pathogenic viruses of chickens (Hughes et al.. 1986; Wright and 
Bennett, 1986). Cell-free or cellular material carrying these virus stocks
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were injected near the blastoderm of fertile RPL line 0 eggs just before 
incubation. Line 0 is free of endogenous viral (ev) genes that are 
homologous to ALV. Generation 0 (G-0) males that were viremic with ALV were 
mated to ALV-free line 0 females and the G-l progeny were screened for 
transmission of ALV ENA by dot-blot hybridization using ALV cENA as a 
pretoe. Male and female dot-blot positive progeny were again backcrossed to 
line 0 to produce G-2 progeny and their ENA was analyzed by dot-blot and 
Southern hybridization to look for Merdelian segregation suggesting 
germ-line insertion and stable inheritance.

Studies of ALV gene expression were conducted by standard methods of 
detecting infectious ALV or viral proteins (Crittenden et al■. 1989; Salter 
et al., 1989). In-vitro and in-vivo ALV and Rous sarcoma virus (RSV) 
challenge methods were conducted as described by (Sellter et al., 1989). 
Chickens carrying ev21 were described by Smith and Crittenden (1988).

RESULTS
Twenty G-2 families of transgenic chickens carrying 23 different stably 

inherited ALV proviruses were established. The inserts were named alvl 
through alv23 (Crittenden et al., 1989).

TVenty-one of the 23 inserts produced complete ALV. alv6 and alvll were 
interesting exceptions. alv6-carrying chick-embryo-fibrcblasts (CEF) and 
chickens expressed ALV envelope glycoprotein but did not express the 
structural protein, p27, nor were ALV particles found in CEF. 
Restriction-enzyme mapping did not reveal a gross alteration of the proviral 
genome. Thus, no obvious defect was found to account for the lack of virus 
production. In contrast, alyll-carrying material expressed both ALV 
envelope glycoprotein and p27. ALV particles were found in alyll-carrying 
CEF, tut restriction-enzyme mapping revealed a deletion of about 0.5 
kilobases in the pol gene of the alvll DNA provirus probably accounting for 
its defectiveness. Thus, by chance, two of 23 lines of transgenic chickens 
were defective for complete ALV production but did express ALV proteins 
(Crittenden et al., 1989).

The expression of subgroup-specific envelope glycoprotein in the cell 
membrane is known to interfere with penetration of ALV with the same 
subgroup specificity (Robinson et al., 1981). Therefore, CEF carrying 
either alv6 or alvll were assayed for susceptibly to focus formation by RSV 
belonging to subgroup A or subgroup B. Both sets of CEF were resistant to 
subgroup A but susceptible to subgroup B RSV, as expected. alv6-carrving 
CEF were quantitatively more resistant to subgroup A RSV than alvll carrying 
cultures and in-vivo studies were conducted with alv6 carrying birds 
(Crittenden et al., 1989; Salter and Crittenden, 1989).

Males hemizygous for alv6 were mated to line 0 females and the day-old 
progeny were inoculated with subgroup A ALV. Table 1 shews that the chicks 
lacking alv6 had a high rate of infection and high mortality from neoplasms 
to 40 weeks of age while those carrying alv6 shewed no evidence of infection 
and no mortality with neoplasms (Salter and Crittenden, 1989). Elams viremic 
with ALV transmit virus to their progeny at high rates and this congenital 
transmission leads to high rates of mortality from neoplasms in progeny and 
is a major source of infection in breeding flocks. We mated males 
hemizygous for alv6 to line 0 females that were viremic with subgroup A 
virus and followed the alv6-positive and negative progeny for virus 
infection and mortality with neoplasms to 35 weeks of age (Table 1). The
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presence of alv6 reduced the rate of infection and neoplasms but did not 
eliminate the congenital infection of progeny. Perhaps alv6 is not as 
highly expressed in early embryos where congenital transmission takes place 
as it is in hatched chicks. Therefore, alv6 acts as a dominant gene for 
resistance to infection with subgroup A ALV both in-vivo and in-vitro.
Table 1 ALV viremia and mortality with neoplasms in alv6 positive and 
negative chickens after inoculation at 1 day of age or congenital infection 
with subgroup A ALV
E xP o s u r e  % a l v  v i r e m ia  % Mortality
m e th o d  a l v  t y p e  at 16 w e e k s  w it h  n e o p la s m s

(number) (number)
Day-old alv+ 0 (27) 0 (36)alv- 87 (23) 56 (39)
Congenital alv+ 27 (67) 7 (68)

alv- 92 (48) 47 (53)

alv6 and 11 have been stably inherited for five generations and alv6 has 
been maintained homozygous for two generations. However, two observations 
suggest that introduction of the envelope gene of subgroup A, at least by 
these procedures, is not a good approach for the control of ALV in the 
poultry industry. Older breeding birds carrying either alv6 or 11 have 
developed neoplasms typical of infection with ALV even though we have found 
no evidence of infectious ALV. We have crossed alv6 birds with birds 
carrying the endogenous virus, ev21, that is common in ccrmeroial White 
Leghorns and codes for complete subgroup E ALV (Smith and Crittenden,
1988). Birds carrying both genes produce infectious subgroup A ALV, a virus 
that is not produced by either parent. Preliminary evidence suggests that 
the products of these genes interact at the viral expression level and that 
phenotypically mixed and recombinant particles are produced. If the 
subgroup A envelope gene were introduced and expressed, with no other viral 
genes, it is possible that these detrimental effects would be eliminated.

DISCUSSION
Orr model system supports the suggestion of Sanford and Johnston (1985) 

that the introduction genes from the pathogen into the host can be a general 
method of producing resistant hosts. Other systems support this model. 
Plants transgenic for tobacco mosaic virus (TMV) coat protein genes are 
resistant to TMV (Nelson, et al., 1987). In animals, an increasing number 
of viral coat protein genes, transfected into cell culture, have induced 
resistance in cell culture. These include the envelope gene of the avian 
reticuloendotheliosis virus, a retrovirus (Delwart and Panganiban, 1989; 
Federspiel et al., 1989), glycoprotein D of herpes simplex virus-1 (HSV-1) 
(Campadelli-Fiume et al., 1988; Johnson and Spear, 1989), and glycoprotein 
50 of pseudorabies virus (PKV) (Petrovkis et al., 1988). The envelope 
glycoproteins of these two herpesviruses cross interfere with infection with 
the other virus suggesting the possibility that a single gene could 
interfere with several members of one class of viruses (Petrovkis et al., 
1988).

An extension of the ideas of Sanford and Johnston (1985) is the concept 
of dominant-negative mutations introduced by Herskowitz (1987), who proposed
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that modified genes of a pathogen could produce an altered protein that 
would interfere with the normal pathogenic process. Mutated genes coding 
for modified proteins introduced into cell lines have induced resistance to 
HSV-1 (Friedman et al., 1988), human irnnunodeficiency virus-1 (Trono et al., 
1989), and human T-cell leukemia virus-1 (Rimsky et al., 1989).

The introduction of anti-sense ENA sequences can also reduce the 
expression of genes of a pathogen at the nucleic acid level. Izant and 
Weintraub (1984) inserted a normal murine gene sequence in a backwards 
orientation to the promoter and the complementary anti-sense ENA strand was 
transcribed to RNA which annealed to and inactivated the normal message. 
Plants transgenic for anti-sense TMV sequences are resistant to TMV. (Powell 
et al., 1989).

We suggest that the use of selected normal or mutated genes cloned from 
pathogens to produce transgenic animals is an important approach to the 
induction of disease resistance. Since pathogens have smaller genomes than 
farm animals, this source of cloned and characterized genes may be easier to 
exploit than the more complex genes for disease resistance carried by the 
host.
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