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M Biotechnology Demystified
Biotechnology is increasingly a topic of interest- but what is it, and what does it mean for dairying
in New Zealand?

There are a number of streams to the science that come under the banner of 'biotechnology’.
Livestock Improvement is involved in two of these streams - DNA Parentage Testing and Genetic
Screening.

Other New Zealand organisations, like AgResearch, have won world acclaim for their work in
Cloning. They are also involved in Transgenic research in plants and mice, and they hope to have
approval soon to generate New Zealand's first transgenic cows.

Livestock Improvement has prepared this handout to take the mystery out of 'biotechnology" -
by explaining what it is,
what aspects of it have been and will be used to advantage the dairy industry, and

by demystifying the jargon which is commonly used.

B What is DNA2

DNA confains the 'blueprint' for the proteins Cene
which living organisms use to survive and grow.
DNA is found in all cells. It is arranged in a

series of chromosomes, each of which are a Protein
very long chain of 'building blocks' called bases. / \
The parts of DNA that code for proteins are Hormones Milk

called genes. The cell uses the gene as the
Temp|ofe to make the protein. Dependmg on
it's function, the protein will then be used in the
cell, or it will be secreted from the cell and used
elsewhere.

Enzymes Meat

Genes occur periodically along the chromosomes, and are separated by sections of DNA which
offen don't have an obvious function - sometimes called 'junk DNA'. An analogy is a railway frack.
The genes are like railway stafions separated by a length of track in-between. VWhile scientfists are
not sure of the function that most of the 'junk DNA' plays, it is possible that it is more than just @
link between genes.

Each gene has a promoter associated with it, which is a relatively short sequence of bases that
acts as a 'switch' to tumn the gene on and off.

Promoter Gene
(” Switch ™)




How DNA is passed on from parents to offspring

In most cases living organisms have two copies of every chromosome - one inherifed from each
parent. Because there are two copies of each chromosome, there are two copies of each gene.

In some cases there is no variation in the genetic code of a gene in the population. Hence, the
protein produced is always the same in the population.

In some cases there are two or more variants (alleles) of the same gene present in a population,
resulting from a mutation in that gene. As a result, an individual may have a different allele on each
of their two chromosomes. This can result in slightly different proteins being produced by the different
alleles, and this results in variation in the population.

So, what is being done with DNA to benefit farmers and consumers?

Il DNA Parentage Testing

At some places on DNA there are regions where there can be many different alleles of a marker
gene. Tests are designed fo identify the allele that animals have on each of their two chromosomes.
This information fells whether they are related to each other.

This is best shown in an example:

We wish to fest a calf to see whether the bull that is recorded as it's father is actually it's father. In
cattle, at one place on one of the chromosomes there may be five possible alleles of a marker -
A, B, C, D, E. So the father and the calf are tested to see which alleles they have.

Scenario 1 ” Scenario 2 "

Bull: AB Bull: AB

o =

Calf: CD Calf: AE

The calf will have inherited one of it's chromosomes from it's father, and in doing so will have
inherited one of it's father's alleles.

= Scenario 1 - the bull cannot be the father of the calf, because they don't have at least one
allele in common.

= Scenario 2 - it is possible that the bull is the father of the calf, because they both have the
A allele. If the bull and calf have an allele in common for another nine markers as well, it
is highly (99%) probable that the bull is the father of the calf.

This is how DNA Parentage Testing is carried out in a variety of species - humans, cattle, dogs,
horses to name a few. The same approach is used in forensic analysis of DNA taken from a crime
scene (blood, semen, hair, efc.) fo see if it maiches a suspect in the case.



Use of DNA Parentage Testing

In recent years Livestock Improvement has annually conducted DNA Parentage Testing of around
20,000 daughters of unproven bulls in the Livestock Improvement Sire Proving Scheme. Results
are used to ensure milk production from the right daughters is attributed to the right bulls.

Livestock Improvement offers a commercial DNA Parentage Testing service for cattle, called
GeneMark. $30-$40 depending on number of animals tested. The results of tests are matched
against the recorded sire, dam, or both, of the animal being tested. If Livestock Improvement
already has a DNA profile for the sire and dam no additional cost is involved. However, if the
sire and/or dam profiles are not available, they are tested at a cost of $40 per sample.

In this way DNA Parentage Testing offers farmers unparalleled reliability and accuracy in establishing
the parentage of cows.

DNA Parentage Tesfing for humans works on the same basis, and is used increasingly in cases of
disputed paternity. Human parentage festing can cost thousands of dollars.

B Gene Discovery

While most of the work in gene discovery applies to humans, the fechniques are also applied o
other organisms - plants and animals.

The most popular targets for gene discovery are genes which control fraits of high economic value.
In humans, genes which affect the health of a person or their children are popular targets. For
instance, the genes which result in muscular dystrophy, haemophilia, and Hunfingfon's disease
[among others) have been discovered. The gene for human insulin was discovered a number of
years ago, and knowledge of the genetic code of this gene has been used to enable large quantities
of insulin to be produced for people with diabetes.

In plants and animals, genes which affect yield or production, and genes which offer resistance
fo disease, are popular. For instance, a gene which increases the litter size of pigs has been
discovered.

Livestock Improvement commercially offer seven production genes (Optimum, Quantum, A2 and the
4 Protein genes). Quantum and Optimum were discovered through our own research program as part
of boviQuest. We are actively seeking more production genes.

B Genetic Screening

Once a gene (and the dlleles of that gene| has been discovered, a Genetic Test is designed to
fell which allele(s) of that gene a particular individual has. That information can then be used to
decide whether an animal or plant should be kept, culled (in the case of an animal) or treated to
overcome or take advantage of the effects of a gene.

Marker Assisted Selection

In some cases genes cannot be precisely located. They can, however, be pinpoinfed to a general
region of a particular chromosome bounded by two marker genes. In this case the genetic test
fargets the marker genes, and the assumption is made that an individual with favourable marker
genes will also have the favourable allele of the actual gene of interest. This is called Marker
Assisted Selection.
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For instance, in the diagram the friangles represent marker genes which have two alleles - {1) and
(2). The location of the marker genes is known and the fact that, somewhere between them, is the
desired gene [the rectangular box). The individual is tested for their marker alleles. If they have

the (1) allele for each of the markers, they probably have the favourable allele of the gene. If they
have the (2] allele for each of the markers then the unfavourable allele of the gene is probably there.

Livestock Improvement knows of genes in seven chromosomal regions which affect milk production.
This Marker Assisted Selection approach has now been used for two years by the Livestock Improvement
Genetics Division to select bulls that have the favourable alleles for one or more of those genes.

Direct Selection For A Gene

In some cases the exact location of a gene is known. In this situation, a specific test can be designed
to identify the alleles possessed by a particular individual.

In cows, examples of fests for specific genes which are available include Red Factor, BLAD, and
some of the proteins found in milk. In humans the number of genetic tests which are available is
increasing rapidly, especially for genes related to genetic diseases.

Bl Transgenics

DNA is the same in all living organisms. The DNA in bacteria is made of the same bases and in
the same way as DNA in plants, and in animals. Thus it is possible to take DNA from one organism,
and insert it into the DNA of another organism, fo create a transgenic.

Making A Gene Construct

The first step in the process of creating a fransgenic organism is selecting the gene for transfer and
the organism which will receive the gene. This requires the gene to be put info a gene construct
before transfer, which contains a few relevant components.

Promoter for gene Promoter for selectable marker

Gene Selectable Marker
= The gene - a functional copy of the selected gene needs to be there

= A promoter - a promoter fo switch on the expression of the gene in the new organism, in the
desired way. For instance, if the gene is fo produce a protein expressed in the milk of a cow
a promoter might be attached for a milk protein gene from a cow

= A selectable marker - a gene (and its promoter) for a protein which can be selected for, so
organisms which have successfully incorporated the new gene can be separated from those
which haven't. These markers are often genes that give resistance to an antibiofic.




Inserting The Gene

Once the gene construct has been made it can be inserfed info the DNA of a cell from the "recipient
organism. A number of copies of the gene construct are inserted info a number of cells, and those
ceﬂs are then screened to find the ones which have taken up one (or more) copies of the gene
construct based on expression of the selectable marker.

Gene constructs may be inserted info the cell using various methods. At present, the inserfion process
is random in all these methods, and there is no direct control of how many copies of the gene are
incorporated info the recipient DNA, or where they become incorporated.

Growing The Transgenic Organism

Once a cell has been identified as being fransgenic, it can be isolated and grown info a viable
organism. In New Zealand approval to do this must first be granted by the Environmental Risk
Management Agency (ERMA). ERMA is a government body that considers the risks associated with
the creation of transgenic organisms. It decides whether the creation of a transgenic organism can
proceed, and speciﬁes congiﬁons that the organism must be managed under to prevent its spread.
Public submissions are considered as part of all ERMA applications.

Techniques for growing new plants from a single cell are well established. However, ways fo grow
new animals from a single cell are not as well known, and current methods rely heavily on techniques
developed for cloning of animals (see below).

Once the transgenic organism has been successfully grown, it must undergo rigorous tesfing to

determine whether:

® The infroduced gene is being expressed in the fransgenic animal in the desired place, at an
acceplable |eve?

® The normal functfion of the organism has not been disrupted in any way by the incorporation
of the infroduced gene info the host DNA.

If testing shows that the organism is expressing the infroduced gene, and in all other ways is
performing normally, then it may be approved by ERMA for widespread use.

The transgenic Froperfies of the new organism may be muliiplied by cloning (plants, and o some
extent in animals) or through conventional matings fo create transgenic offspring.

A Few Examples Of Transgenic Organisms

The gene for human insulin has been inserted into E. coli - a common bacteria. The transgenic
bacteria are grown in large vats in production faciliies, producing insulin as they grow. The insulin
is filtlered out of the bacteria affer killing them off.  Through this method, insulin supply for diabetics
is more plentiful than in the past. And the insulin they receive is human insulin, not pig insulin
extracted from the organs of dead pigs as it used fo be.

A gene for a human protein used fo treat Cystic Fibrosis has been inserted info a line of fransgenic
sheep. The gene is expressed in the udder of those sheep, so the protein is secreted info the milk
and can be g\tered out from there. This provides a supply of the protein which can be used fo treat
Cysfic Fibrosis sufferers. While inifially developed in Scotland, @ Hpock of these sheep is now located
in the Central North Island of New Zealand.

A gene which gives resistance to RoundUp herbicide has been inserted into maize, soya, and

canola. Farmers sowing seed containing this gene can spray their paddocks with RoundUp to
control all other plants which may be growing there, leaving the crop plants unaffected. Plants
conctjloining this gene are available commercially in the United Stafes at present, and are widely
used.



M Cloning

Cloning is the process of making multiple copies of an organism that are genetically identical.

Cloning of plants is common - there would be few people who have not grown cuttings at one point
in their lives. Insects such as aphids reproduce via cloning regularly, and identical twins are clones.

Cloning of mammals has not been common, with the first cloned sheep created in the mid-1990's
in Scotland. A group at Ruakura are now routinely cloning cows and sheep.

(1) Oocyte @\ /H
O, &

Oocyte contains
nucleus from animal
to be cloned

(2) Somatic Cell
from animal
to be cloned
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Cloning of a cow requires:
1. An oocyte, or egg from a cow [nof necessarily the same cow which is to be cloned). The
nucleus is removed from the oocyte, leaving only the shell and the cell contents behind.

2. A cell from the cow to be cloned.

The oocyte with the nucleus removed (1) and the cell (2] are combined together. Using a series
of hormones and chemicals, the cocyte is 'fooled" info thinking that it has been fertilised. At that
point it starts to grow and divide to form an embryo.

That embryo is inserted into a recipient animal, which acts as a surrogate mother to it during
gestation. Over the following nine months, the embryo develops info a calf.

Current Performance Of Cloning

Based on current (2003) figures from Ruakura:

e 40% of the embryos that are inserted into recipients go on to implant in the uterus and form a
viable pregnancy

® 10% of the embryos which successfully implant result in a live calf

e Overall, 4% of the embryos survive to form a live calf.

These figures from Ruakura reflect a level of performance which is 10 times better than was the case
when the first cloned sheep, Dolly, was created in Scotland.

For comparison, if a fresh embryo from @ conventional Embryo Transfer programme s inserted into
a recipient, about 60% of the embryos will go on and result in a live calf. If the recipient is
inseminated with fresh semen, about 65% of them will go on to produce live calves.

A high incidence of health problems have been observed in some lines of cloned calves. These
range from birth having to be induced, to navel problems, and problems with the function of internal
organs. The reason for this is not well understood, and is the subject of ongoing research.






