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Miracles of Genetic
Engineering

By M. H. Fahmy

Agriculture and Agri-Food Canada
Lennoxville Dairy and Swine Research and Development Centre, Quebec

It seems the sky is the limit of what
molecular geneticist can do these days.
Developing new transgenic organisms
by inserting genes from one creature to
another is becoming common these
days and that they draw no special
attention anymore. This field is gaining a
great importance in control of certain
genetically transmitted diseases and
disorders in humans (diabetes and Alz-
heimer’'s, for example), that it has
become one of the leading research
areas nowadays.

When it comes to small ruminants
inserting genes responsible for certain
advantageous effects from one breed of
sheep to another or genes from goats or
deer to sheep or vice versa, though
seems complicated and fascinating, is
becoming common. Geneticists did not
stop at these achievements, but rather
went a step further; they exchanged
genetic material from plants to animals.
You may wonder how genes from plants
can be useful in animals! The whole
concept is fascinating and as mentioned
before, we are crossing the last frontier
between living creatures. | attended an
international meeting in 1993 and heard
a presentation on the subject. | was so
fascinated that | decided to let the read-
ers of The Shepherd share this interest-
ing story with me. The article was written
by Dr. Ward and his co-researchers in
Australia. They presented in a simple
and straightforward manner the concept
of gene manipulation and the fascinating
research they have been undertaking in
the field of genetic manipulation for dis-
ease control. The following is an abridged
version of their article simplified to suit
the readers of The Shepherd.

Dr. Ward and his co-workers started
by presenting the importance of the sub-
ject, they wrote: “The ability to control
the major diseases of domestic animals
is an important factor influencing the
productivity of animal farming enterpris-
es and the economic costs involved can
be substantial. For example, the costs of
controlling the major sheep diseases of
the Australian sheep industry in 1990-91
have been estimated at A$450 million
and, even with this expenditure, produc-
tion losses of A$500 million were
incurred. It is, therefore, not surprising
that disease control is a major preoccu-
pation of all producers. A range of con-
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trol measures have been adopted over
the years, broadly divided into chemical,
immunological, and genetic techniques.
They have been successful in reducing
the incidence and severity of many of
the highly-destructive diseases, but
each technique has associated draw-
backs to its universal or long-term
applicability.

Chemical control methods involve
both man-made chemicals and natural-
ly-occurring compounds. Both can be
associated with problems of residues in
the animal and the pasture, variable
rates of biodegradation, and some level
of toxicity to the animal itself. In addition,
the target organisms often develop
resistance to the chemicals, resulting in
a need for increased dosage and fre-
quency of application in order to main-
tain control. Chemicals are also recog-
nized as potentially damaging to the
environment, particularly if used indis-
criminately, and they have frequently
been implicated in widespread ecologi-
cal damage.

Controlling disease by invoking the
animal's immune system is an attractive
approach because it uses the animal's
natural defense system and provides no
danger to the surrounding environment.
It has proven very successful for some
diseases, but may present logistic diffi-
culties. Vaccination requires a suitable
antigen, multiple inoculation of each ani-
mal to establish immunity and boosting
at intervals to maintain antibody titles.

A highly desirable approach to dis-
ease control is to breed resistant ani-
mals. In this case, the animal requires
no specific husbandry and the resis-
tance is passed to succeeding genera-
tions. For example, using a conventional
selective breeding approach, sheep
have been selected that show increased
resistance to fleece rot and blowfly
strike and to internal parasites. The dis-
advantage of the method, however, is
the slow rate of progress in the desired
resistance trait and the difficulties inher-
ent in establishing suitable selection cri-
teria.

Genetic engineering techniques pro-
vide a novel way to establish animals
genetically resistant to disease. This
new technology allows small pieces of
highly characterized DNA to be inserted
into the genomes (genetic material) of

domestic animals in such a way that the
DNA becomes an integral part of the
genetic repertoire of the recipient ani-
mal. One of its major advantages is the
ability to transfer genes without regard
to interspecific barriers. Thus, genes
from diverse sources can be considered
far their potential to increase the resis-
tance to specific diseases. The method
is potentially faster than conventional
selective breeding, although, in practice,
the newness of the technology means
that progress is currently very slow. In
principle, it is also accurate because
only the gene sequence conferring the
resistance ftrait is transferred. In addi-
tion, multiple resistance factors can be
transferred by combining the genetic
information from several genes.

The Technology Involved in Genetic
Engineering

The six steps necessary in any
genetic engineering project aimed at the
improvement of domestic animal pro-
ductivity are:

1. Identification of a protein with the
properties necessary to establish the
desired phenotype (appearance or char-
acteristics).

2. Isolation and characterization of
the gene encoding the relevant protein.

3. Modification of the gene for ex-
pression as required in the host animal.

4. Transfer of the modified gene to
the host.

5. Identification and evaluation of the
gene's expression in transgenic animals
produced from the gene transfer proce-
dures,

6. Establishment of a breeding pro-
gram.

The first step in the procedure is one
of the most difficult to achieve because
of the limited knowledge at the molecu-
lar level of the factors that control the
physiology of important production char-
acteristics. Furthermore, while some
proteins can be clearly associated with
important functions, their role in the
maintenance of animal homeostasis
may be of such importance that any
attempt to alter their concentrations
would prove deleterious to the animal. In
spite of these problems, it is possible to
identify a number of ways to improve
animal productivity in a manner that is
safe for the animal and the consumer,
These include the introduction of specif-
ic biochemical pathways to supplement
rate limiting metabolites, the modifica-
tion of the structural proteins of wool
and milk, the production of foreign hor-
mones and proteins in the mammary
glands, the manipulation of the immuno-
globulin genes themselves and the pro-
duction of foreign proteins to act as
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defense agents against bacterial, fungal,
and parasite attack.

Once the appropriate protein has
been identified, gene encoding it must
be characterized. Depending on the
source of the protein and the host
species to be modified, the appropriate
coding sequence can either be in the
form of the complementary DNA (cDNA)
or the full genomic copy of the relevant
gene. It is then necessary to modify the
sequences surrounding the coding infor-
mation to enable its expression in the
new host species. While there are now a
number of rules to help guide the con-
struction of genes for transfer (trans-
genes), much of the experimental work
necessary at this stage to achieve ade-
quate levels of expression and the
desired tissue specificity remains ad
hoc.

The transfer of transgenes to domes-
tic animals is now a well-defined proce-
dure involving the microinjection of sin-
gle-cell embryos. This technology has
evolved from the pioneering studies of
gene transfer in the laboratory mouse.
In larger animals, the efficiency of the
process falls well short of that achieved
in the laboratory mouse because of dif-
ferences in the morphology of the
embryos and also, possibly, in the actu-
al mechanism of incorporation of the for-
eign DNA by the embryo. The dissemi-
nation of the transgenic animals to the
farming community can be achieved
through conventional breeding pro-
grams, although no domestic transgenic
animal research has yet reached this
stage of maturation.

After this general introduction, the
authors described their own innovative
research on the application of genetic
engineering to the control of blowfly
strike in sheep in Australia.

One of the most important problems
faced by the wool industry in Australia is
the attack of sheep by the larvae of the
blowfly Lucilia cuprina. The adult fly lays
its eggs on the skin of the sheep at sus-
ceptible sites that include local skin
lesions, wool contaminated by feces and
urine and wool undergoing attack by
bacteria and fungi that cause fleece rot.
Larvae hatch from the eggs and initially
feed off the local available nutrients. As
they grow and develop they become
more invasive, penetrate the skin of the
sheep, and commence feeding from the
living tissue of the animal. The physical
trauma caused by the invasion is severe
and, together with the accumulation of
toxins released by the larvae and the tis-
sue under attack, can result in the death
of the animal if left untreated.

Flystrike can be prevented effectively
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Blade Sharpening
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SPECIAL
Reduced price

Videos featuring
Dr. Don Bailey with Dr. Woody Lane

An outstanding set of 3 video tapes with step-by-step instructions on all the critical procedures
that you need to know at lambing time.

Tape #1 “The Pre-Lambing Period” covers abortions, vaccinations, nutrition,
manage-ment tips, prolapse, and worming. (57 minutes)

Tape #2 “Lambing” covers sheep obstetrics, difficult births (malpresentations),
unassisted lambing, and reviving newborn lambs in distress. (48 minutes)

Tape #3 “The Post-Lambing Period" includes clip dip and strip, correcting teeth, tubing,
caring for chilled lambs, docking and castration, mastitis, entropion, and nutrition. (37 minutes)

Veterinarian Don Bailey and nutritionist Woody Lane, with more than 60 years of combined
practical experience, have spent 2 years producing these tapes. What is presented will help
you save sheep whether you are a beginner or an experienced sheep professional. Saving 2
sheep will pay for these tapes and as Don says, “You can't sell lambs if you don’t have them.”

m Reduced price is $49.00 for individual tapes or $99.00 for the set of 3, plus
7.50 for shipping. Visa or MasterCard. Call 800-854-6816 or send check
or money order to:

Garden Valley Productions
240 Crystal Springs Lane = Roseburg, OR 97470
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by the timely application of chemical
insecticides, the most effective being
those based on the organophosphates
and cyromazine. One of the difficulties
experienced by the producer, however,
is determining whether such treatment is
necessary in any particular year, since
flystrike occurs only under specific envi-
ronmental conditions that are hard to
predict in advance. If possible, it is to
the producer's advantage to avoid the
significant labour costs involved in treat-
ing sheep.

There are obvious benefits if sheep
could be developed with a genetic resis-
tance to blowfly strike. Attempts have
been made in previous years to identify
such animals and introduce resistance
to flocks that inhabit regions of Australia
where flystrike is prevalent. However,
flystrike resistance is multi-factorial and
its selection by conventional breeding is
slow and expensive. We believe that it
may now be possible, using the tech-
niques of genetic engineering, to intro-
duce a single gene conferring resistance
into the sheep genome.

In order to establish resistance in
sheep to blowfly strike, it was necessary
to identify proteins that would inhibit the
growth and development of fly larvae,
but at the same time exhibit no toxicity
towards the sheep itself. Of the areas of
fly larval morphology and biochemistry
that might be uniquely sensitive to
attack, the larval cuticle presents some
attraction because of its high chitin con-
tent. This polymer is composed of beta-
1, 4-linked N-acetylglucosamine sub-
units and is one of the most abundant
polysaccharides in nature. Chitin is not
found in mammals, but forms a vital part
of insect cuticle, insect peritrophic mem-
branes, and fungal cell walls.

Chitin is specifically degraded by the
chitinase family of enzymes. This family
includes enzymes that attack chitin
either as exochitinases (largely bacterial
in origin) or as endochitinases (largely
fungal and plant in origin). Recognizing
the link between the chitin component of
insects and the degradative activity of
chitinases, we examined a range of
chitinase enzymes and other chitinbind-
ing proteins for their ability to inhibit the
growth of Lucilia cuprina larvae and dis-
covered that several members of the
endochitinase family possessed signifi-
cant anti-larval activity. Because of the
absence of chitin from mammals, this
class of enzymes is, to the best of our
knowledge, harmless to all mammals.
Therefore, we propose that it may be
possible to induce flystrike resistance in
sheep if the genetic information for an
endochitinase could be inserted into the

18

sheep genome in such a way that it
could be expressed as an active
enzyme in the skin and skin secretions.
The genetic information encoding a
chitinase enzyme was isolated from the
plant Nicotiana tomentosiformis as a
cDNA clone.

The authors then went through a
highly technical discussion on the proce-
dures they applied to insert the genetic
material from the plant to sheep. The
results of their research indicated that
the transgenic sheep resisted the fly-
strike. Dr. Ward and his co-workers
gave the following general implications
of their research.

It is apparent that the expression in
transgenic animals of foreign proteins
with insecticidal, fungicidal, or bacterici-
dal activities offers the possibility for a
novel and powerful approach to the con-
trol of disease on the farm. The primary
requirement is the identification of a pro-
tein possessing appropriate therapeutic
properties while invoking no adverse
reaction in the host animal. The ability of
genetic engineering to canvass the
entire rage of nature’s genetic resources
holds the promise of the identification of
many new molecules with such charac-
teristics. A key requirement, however, is
a thorough knowledge of the structure
and physiology of the target organism
and the animal host in order to ensure
that the selected proteins are both safe
and effective. The selection of a chiti-
nase to attack the larvae of the blowfly
provides a good example. In this case,
the role of chitin in the structure of the
larval cuticle and the peritrophic mem-
brane was known from fundamental
studies of insect morphology and physi-
ology. Similar basic scientific investiga-
tions had identified the mechanism of
action of various chitinases on chitin
substrate and the absence of any appro-
priate substrate in mammalian tissues.

While the attack of sheep by blowfly
larvae is a serious and costly manage-
ment problem, other organisms also
cause difficulties to the wool grower and
chitinase may also offer some protection
in these areas. Lice, for example, are
also a major husbandry problem on the
sheep and must be removed by chemi-
cal treatment. Since lice also have a
chitinous cuticle and peritrophic mem-
brane, it is not unreasonable to expect
these organisms to be vulnerable to
chitinase, although this has yet to be
demonstrated experimentally. Another
example is that of fleece rot, due to fun-
gal and bacterial attack on the wool
fibres themselves. Fungi possess chitin
in their cell walls and are known to be
sensitive to chitinase action. It has also

been demonstrated that endochitinases
possess a low but measurable level of
lysozyme activity thus providing a
method for the attack of the cell wall of
grampositive bacteria. Unlike other
mammals, sheep secretions are known
to be deficient in lysozyme.

Genetic engineering is still such a
novel technology that its use engenders
considerable uncertainty in the commu-
nity. The concept that genetic sequences
can be moved between the plant and
the animal kingdoms is a source of com-
munity unease. The driving force behind
this disquiet is the concern that nature is
being artificially manipulated in a way
that may lead to the loss of many of the
values currently associated with a natu-
rally-evolving ecosystem. The evolution-
ary process is considered by some to be
the only reliable pathway for genetic
change, with an inbuilt mechanism for
removing unsuitable phenotypes. There
are, however, manfest examples of the
limitations and inefficiencies of evolu-
tion. For example, it is a simple matter
for a gene to be lost from a complex
organism, but its restoration is an
extremely difficult task for the evolution-
ary process. It can be argued that, in
some instances, genetic capacity lost
during a species evolution would be of
advantage to the modern form, particu-
larly where man has imposed an addi-
tional selection for increased domestic
productivity.

Genetic engineering in agriculture
offers much more than a technology for
the production of rapid genetic change
for improved domestic animal produc-
tion, although over the next decade at
least it is in this area that most effort will
be concentrated. Its true value lies in its
potential to access the genetic resource
of the plant. It has been argued on
moral grounds that genes should not be
moved between species but there is no
convincing scientific basis for such a
view. It is obvious that each gene con-
sidered for such transfer must be evalu-
ated on its merits and the more informa-
tion that is available about the gene
product and its likely interaction with the
new host, the more easily can a judge-
ment be made of the likely benefits that
might accrue both to the host and soci-
ety.
A valid criticism of genetic engineer-
ing of domestic livestock is that it sup-
ports and intensifies the modern “high
technology” approach to farming.
However, it is not so much the use of
modern technology in farming that caus-
es concern as it is the effect such prac-
tices can have on the welfare of the
farmyard animals. The intrinsic value of
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animals beyond their productive value to
the farmer is now recognized and pro-
vides a challenge to genetic engineering
to utilize the technology with the welfare
of the animal as a primary considera-
tion.

The example provided in this paper
of the use of a plant protein to provide
protection in animals from the ravages
of a specific insect is a useful example
of the way genetic engineering can be of
value to the animal, the farmer, and
society in general. The animal would
clearly benefit from resistance to the
ravages of blowfly larvae. The farmer
benefits from the reduced costs and
decreased husbandry involved in the
care of sheep in areas susceptible to
blowfly strike. Society benefits from the
greatly reduced use of chemical insecti-
cides currently used to control blowfly
strike in sheep.

Reference:
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New England Third
Annual Fall Sheep
Symposium

October 28, 1995

The NESWGA is sponsoring their
third Fall Sheep Symposium on October
28, 1995, at the UMass Hadley Farm in
Hadley, Massachusetts. Another infor-
mative program is being offered and
includes talks on foot rot, setting up for
shearing, intensive pasture manage-
ment, condition scoring, the "ten com-
mandments” for flock health and well
being, and wool handling. Once again, a
broad array of commercial displays will
be there.

The program begins with registration
and coffee at 8:30 a.m. The program is
co-sponsored again this year by the NH
Sheep and Wool Growers Association,
and UNH Cooperative Extension.

The NESWGA Fall Sorted Wool Pool
will be held in the livestock barn at the
Hadley Farm the same day from 8:00
a.m. to 2:00 p.m. Please make note of
these hours . . . they will be strictly
adhered to!

Pre-registration is available at
reduced rates. For registration informa-
tion, contact Bruce Clement, UNH
Cooperative Extension, 33 West Street,
Keene, NH 03431, (603) 352-4550.
Registration is also available at the
door.
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The 1995 Alberta Sheep Symposium presents:
HIGH PERFORMANCE MANAGEMENT

FOR SHEEP PRODUCERS
Red Deer, Alberta, Canada
e November 24-26, 1995

"+, Speakers include:
- —Dr. G. Simm, Scotland; Selection Programs
—Dr. J. Rook, U.S.; Health Care
%= (  —Dr.J. Stookey, Saskatoon; Sheep Behaviour
[ Sy —Dr. W. Lane, U.S.; Nutrition
—M. Zillig, Nova Scotia; A.l. & Crossbreeding
—Dr. H. Cole, Alberta; A.l.
—R. Neville, Alberta; Advanced Grazing Management

For registration forms and information:

Wray Whitmore
™ RED DEER 403-427-5083 (phonE), 403-427-1057 (FaX)

Will Verboven
mienguose 403-735-5111 (phone), 403-735-5110 (Fax)

We’re now 2 publications

—“Wool Fax Weekly” ($50)
—*“Wool Market Review” ($50)
Both issues for Shepherd readers ($75)

Send your check with this ad to:

Wool Market Publications, P.O. Box 218, Boston, MA 02124

Telephone: (617) 288-1516 Facsimile (617) 288-1050

SUFFOLKS—STRONGER THAN EVER!

Join us as the nation’s finest Suffolks compete for top honors at the

1995 North American International Suffolk Show
Wednesday, November 15, 1995, 8:00 a.m.
NAILE, Louisville, Kentucky

NATIONAL SUFFOLK SALE
Tuesday, November 14, 1995, approx. 8:30 p.m.
immediately following annual banquet & meeting
in south wing

at the NSSA Booth—free literature
Talk with Suffolk representatives

NATIONAL SUFFOLK SHEEP ASSOCIATION
3316 Ponderosa Street ® Columbia, MO 65201-7605

(314) 442-4103 o FAX (314) 443-3632
Serving you and your needs since 1934.
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