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SUMMARY
We have previously reported on factors affecting the efficiency of liposome-mediated gene 

transfer to chicken sperm cells. The effect of different types of liposomes on the efficiency of 
trapping of DNA into the liposomes, transfer of DNA from the liposomes to the sperm cells and the 
fertility of the sperm cells was determined. The optimum conditions were then used to generate 
transgenic chickens. From 15-25% of the first generation offspring produced carried the foreign gene 
as determined by Polymerase Chain Reaction analysis of genomic DNA. The foreign gene was also 
present in a high percentage of the second and third generation offspring produced by test-mating 
with control birds. However, we were unable to detect significant amounts of CAT protein or activity 
from these birds. It is possible that these transgenic birds carry only partial copies of the foreign 
gene.

INTRODUCTION

The generation of transgenic animals carrying foreign genes is a novel method for introducing 
desirable traits into animals. However, current methods for gene transfer, of which nuclear 
microinjection is the most common, are technically difficult, limited in application, time consuming 
and expensive. The use of sperm cells as vectors to carry foreign DNA to the egg offers is potentially 
a simple method for producing transgenic animals in all species. Attempts to use sperm cells for this 
purpose have been largely ineffective (Brinster, 1989, Gavora, 1991), probably due to the need for 
efficient loading of DNA into the sperm cells. The use of liposomes along with sperm cells has been 
reported (Bachiller et al., 1991; Rottman et al., 1992) but no stable transgenics have been generated 
by this method. We have previously reported (Squires and Drake, 1993) on the factors which affect 
the efficiency of DNA incorporation into liposomes and subsequent transfer of DNA from the 
liposomes to sperm cells while still maintaining their fertility. Here we report on the generation of 
transgenic chickens carrying a VLDL-CAT construct using liposome-sperm mediated gene transfer.

MATERIALS AND METHODS

Liposomes were prepared by reverse phase evaporation as previously described (Squires and 
Drake, 1993). The pSV2TC plasmid contained the VLDLCAT construct made by linking the 
promoter sequences of the VLDL gene from chicken to bacterial chloramphenicol acetyl transferase 
(CAT) in pGEM (supplied by R. Deeley, Queen’s University, Kingston, Ontario). A 7.6 kb fragment 
containing the VLDLCAT construct was removed from the plasmid by digestion with BamHL DNA 
was encapsulated into liposomes prepared from 10 p,mol/ml dipalmitoylphosphatidyl choline, 5% 
stearylamine and 10% lysophosphalidylcholine (DPPC, SA, LPC) or mixed with lipofectin reagent 
at 0.006 or 0.06 p.mol/ml. Sperm cells were mixed with the liposome-DNA for 10 min at 40 C, and 
used for insemination of hens. In some experiments, intramagnal catheters were placed (Lakshmanan 
et al., 1990) and used for insemination of the hens.

Chicks produced from these experiments were bled al hatch and genomic DNA was prepared 
from the blood by phenol-chloroform extraction. The presence of the transgene in genomic DNA 
was determined using 30 amplification cycles of the Polymerase Chain Reaction (PCR) with primers 
that amplify a 586 bp fragment across the VLDLCAT junction. This fragment contained diagnostic 
PvuH and Hind HI restriction sites that were used to confirm that the correct sequences were 
amplified. As a positive control for amplification, primers for the endogenous VLDL gene were used.
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Mter ampkScaUon the PCR reaction mixture was run on a 2% agarose gel, blotted to nitrocellulose 
and probed with CAT sequences to identify the VLDLCAT fragments. A bird was considered 
positive only after positive results were obtained from 3-4 successive blood samples

CAT activity was measured in extracts of liver from birds that were treated with estrot-en n  
mg/kg intramuscularly). The "direct diffusion" method of Neuman et aL, (1987) and Eastman fl9871
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RESULTS

The results from PCR screening of transgenic birds generated with DPPC SA. LPC 
hposomes and spermintroduced via an intramagnal catheter are shown in Figure’ 1. In this 
experiment 13% of the chicks produced from the liposome-treated sperm were positive for the 
ransgene. In the second generation, produced by mating with control birds, 19% of the offspring of

Z  ° i ' he 0£fcpnng of 3 Second bird positive for the transgene, to the " to l 
generation, produced by mating the second generation with control birds, from 7-24% of the birds 
were positive for the transgene. ne Dlras

Figured Production of transgenic birds using DPPC, SA, LPC liposomes with sperm cells
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PFicn.r,. a, ^ ° n(dff Xprenment using O-06 Mmol/ml lipofectin and birds with intramagnal catheters 
(F gure 2), 20% of the first generation, 21% of the second generation and from 18-31% of the third 
generation were positive for the transgene.

Figure 2. Production of transgenic birds using 0.06 /imol/ml lipofectin with spenn cells
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to a third experiment (Figure 3), lipofectin reagent at 0.006 /imol/ml was used to transfer
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DNA to the sperm cells, which were used to inseminate both noncatheterized hens and hens that 
had an intramagnal catheter. In both groups of hens, 24% of the chicks produced in the first 
generation were positive for the transgene. In the second generation, 20% of the offspring were 
positive and in the third generation, from 3-35% of the birds carried the transgene.

Figure 3. Production of transgenic birds using 0.006 /rmol/ml lipofectin with sperm cells
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Attempts to measure either CAT activity or CAT protein were not conclusive, with levels in 
transgenic birds similar to controls.

DISCUSSION
These results demonstrate the generation of stable transgenic chickens by liposome-sperm- 

mediated gene transfer. A high efficiency of transgenics was produced in all experiments with an 
average efficiency of 20% in the first generation. There was also no difference in the efficiency of 
production of transgenic birds when sperm was introduced via an intramagnal catheter or 
intravaginally, suggesting that sorting out of liposome-treated sperm does not occur in the lower part 
of the reproductive tract of the hen. We also noted that the positive amplification control VLDL 
primers were much more efficient at amplifying the endogenous VUDL gene than the VLDLCAT 
primers were in amplifying the transgene. Thus, the values for the efficiency of production of 
transgenics may be slightly underestimated, since some DNA samples may not have properly 
amplified in the PCR reaction.

The percentage of positive offspring in the second generation was expected to be 50%, but 
averaged 24%. This could be due to mosaicism in the first generation, as has been demonstrated for 
transgenics produced by other methods (Bosselman et aL, 1989; Overbeek et al.,1991; Love at al.,
1994). The percentage of positive transgenics in the third generation was also expected to be 50%, 
but our results averaged 19% (range of 3-35%). It appears that the transgene may have been lost 
from some genetic lines.

We were also unable to delect expression of the transgene in a significant number of animals, 
although some birds did express small amounts of activity. This lack of expression may be due to 
degradation of the transgene, since our PCR protocol amplifies only a portion of the VLDLCAT 
gene. This hypothesis is supported by results obtained by Bachiller et al. (1991) who reported the 
presence of partial fragments of the foreign transgene in some animals. Alternatively, the position 
of insertion in the genome or other unknown factors related to this particular construct may have 
prevented expression. Our work is continuing to generate transgenic animals using easily measured 
phenotypic markers.
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