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Introduction

In years to come, farming families will be faced with a myriad of opportunities to use the products of biotechnology - on their farms, and in their personal lives.

This paper will highlight the main types of product that are currently being produced by the world’s biotech companies. It will alert you to the opportunities that will exist for your business and for you personally, as the biotech industry continues to grow in the twenty first century.

There are a number of excellent pieces of written material that you can refer to if you wish to become familiar with some of the background to biotechnology. I have included a few in the references section at the end of this paper, and recommend them to anyone interested in this subject.

What is biotechnology?

Put simply biotechnology is: “The use of living things to solve problems, and make products.”

We have been doing this for a long time. Brewers use yeast to produce the alcohol and the bubbles in beer. Dairy manufacturers use bacteria to make cheese and yoghurt.

Modern biotechnology is taking us beyond this. Between 1900 and 1950 it was discovered that the genetic code which controls how offspring inherit certain characteristics from their parents is found on DNA, which is found in every living cell.

In 1954 the molecular structure of DNA was discovered. Over subsequent years it was shown how particular parts of the DNA, called genes, are used by the cell as a “blueprint” to form proteins.

The development of increasingly sophisticated computers and analysis equipment is now allowing us to locate the position of every gene on the DNA of a particular species. We can determine the function of the proteins that are produced from those genes. We can develop tests that tell us whether individuals have beneficial or unfavourable copies of a gene. And we can manipulate the DNA to remove unfavourable genes, or add beneficial ones.

All this means that modern biotechnology has the potential to deliver a range of products and services, with benefits that have never been available before.

Modern applications of biotechnology

Modern biotechnology delivers benefits to consumers in a variety of different ways, which are shown in Figure 1, and detailed a little more in the text below.
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Parentage testing Verification of the sire and/or dam of an individual based on an analysis of specific sequences of DNA from the animals involved. Parentage testing is widely available for many species, including cattle and humans. Livestock Advisory (LIA) and Ambreed use parentage testing as part of their sire proving programmes, and GeneMark offers the service to New Zealand dairy farmers.

Genetic testing allows us to identify whether an individual has favourable or unfavourable variants of specific genes. It is used in human medicine, and a small number of tests are available for dairy cattle. Through GeneMark, cattle can be tested for genetic diseases (BLAD, citrullanaemia) and milk protein genotypes. Current research by Via Lactia is expected to produce a range of new genetic tests for production, health, and reproduction in dairy cattle over the next 5-10 years.

Gene therapy  is the addition of a desirable gene to a specific site in the body of an individual who lacks that gene. This results in a desirable protein being produced at the site where the gene is added. While this technique is still largely experimental, a number of applications are being trialled in human medicine. A recent study has highlighted an agricultural opportunity, using gene therapy to increase growth hormone production in pigs.

Isogenics  Desirable genes from a particular species are inserted into the DNA of an individual from that same species. Alternatively, unfavourable genes are deleted from an individual’s DNA. This has not been widely practiced to date, but current AgResearch research proposals are focussed on work of this nature. Examples include:

·   Insertion of extra copies of a casein gene into a dairy cow, to increase milk  

              protein production.

·   Deletion of a whey protein gene from a dairy cow’s DNA, so that she will 

              produce milk that more closely resembles human milk.

Transgenics  Desirable genes that are derived from a different species are inserted into the DNA of an individual. There are numerous examples of transgenic organisms in existence, many of which are available commercially. Examples include:

·   Bacteria which contain the human insulin gene, which produce insulin for the 

               world’s diabetic people.

Agricultural crop plants (maize, soya, canola) which have a gene for RoundUp resistance.

Sheep whose DNA contains a human gene, which results in a human protein being produced in their milk. This protein is being clinically trialled as a possible treatment for cystic fibrosis. Originally developed in Scotland, a flock of these sheep are now being farmed in the Central North Island.

Cloning is the production of genetically identical individuals using advanced reproductive technologies. Cloning of plants has always been possible by taking cuttings. Cloning of mammals has not been possible until the mid-1990s. The very high cost of cloning puts it well beyond the reach of most commercial farmers at present, but AgResearch scientists appear to be optimistic that in 10-20 years it will be competitive with AB. Small companies are springing up in the US and elsewhere, offering people the opportunity to store their DNA, and that of their loved ones and pets, for use should the day arrive when cloning is readily available.

Other applications  A few novel applications for biotechnology using DNA are also being considered.

·   As a means of encoding secret messages for espionage purposes, or labelling valuable 

  items for security purposes.

·   As the basis of a new generation of supercomputers.

What involvement does the New Zealand dairy industry have in biotechnology?

The New Zealand Dairy Board has formed a new company, Via Lactia Biosciences, to co-ordinate an investment of $30 million per annum over the next five years into biotechnology. ViaLactia’s early research work is heavily focussed on discovering the genetic basis of valuable traits in dairy cows, ryegrass, clover, and micro-organisms used in dairy manufacturing.

ViaLactia have engaged the services of Celera Genomics, a large US based biotechnology company, to assist with this research. ViaLactia are also working closely with LIA, and making use of LIA’s database.

Once the genetic basis of valuable traits (e.g. production, health, or reproduction in dairy cows) has been discovered, ViaLactia will then develop commercial products and services that allow farmers and others to capture the value offered by this knowledge. Possible options include:

·    Sale of genetic tests to plant and animal breeding organisations, to allow more 

                valuable plants and sires to be selected.

·   Sale of genetic tests to farmers who wish to use that information in herd management, 

               selection, and breeding decisions.

·   The possible development of isogenic and/or transgenic plants and animals for sale to 

     farmers. This would only take place following consultation, and would conform to the 

     accepted procedures and safety requirements of the day.

·   Partnership arrangements with pharmaceutical firms to develop any findings that may 

     have application to humans into medical products and services.

ViaLactia is wholly owned by the New Zealand Dairy Board, and governed by a board which includes senior dairy farmer representatives. The company has an objective of assisting New Zealand dairy farmers to continually improve productivity in coming years.

Conclusions
Modern dairy farmers need to be aware and discuss possible value adding applications for parentage testing on dairy farms. Parentage testing is a technology that is already widely available. How can farmers use this existing technology to improve profitability on their farms?

Transgenic organisms are not currently available on a commercial basis in New Zealand. However, they are used widely in many parts of the world. Farmers need to formulate views  about the use of transgenics in agriculture. In particular,  whether the use of transgenic organisms is more acceptable under some circumstances than others, 
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The current voluntary moratorium on experiments involving isogenics and transgenics, and Royal Commission on GMOs, reflects a level of public concern over at least some components of biotechnology. However, research in all the areas listed in this paper will continue internationally, regardless of the stance that New Zealand chooses to take in the short term.

A wide range of products and services, for business owners and private consumers, will result from this research. Many of these products and services will offer genuine value creating opportunities. The plants and animals used by farmers will be healthier, and more efficient. Our meat and dairy products will be more valuable. The practice of human medicine will advance rapidly, as biotechnology enhances our ability to diagnose and treat human medical conditions.

I personally believe that we have little to fear from biotechnology in terms of product safety. There will be risks - in this biotechnology does not differ from other technologies which are widely accepted and used internationally such as agrichemicals and pharmaceuticals. A well designed and policed regulatory framework, which ensures that biotech products and services are rigorously tested before release, will go a very long way to minimising these risks.

In my view, the most significant opportunities and risks posed by biotechnology are summarised well in the concluding paragraphs of a recent review paper published in the scientific journal “Science.”

“Biology enters the twenty-first century in possession, for the first time, of the mysterious instruction book first postulated by Hippocrates and Arsitotle. How far will this take us into explaining the vast complexity of the biological world? Will we ever be able to draw a protozoan or a peacock knowing only its DNA sequence? We are hard pressed to provide an answer at the beginning of the century. Still, we proceed with great optimism. The solutions to many problems long resistant to attack are now within reach. The prospects of twenty-first century biology are surely breathtaking.

At the same time, we must confront this new world soberly, and with some trepidation. The genetic diagnostics that can empower patients to seek personalised medical attention may also fuel genetic discrimination. The understanding of the genetic circuitry that will provide cures for countless diseases may also lead some to conclude that humans are but machines designed to play out DNA cassettes supplied at birth - that the human spirit and human potential are shackled by double-helical chains. So the most serious impact of (biotechnology) may well be on how we choose to view each other and ourselves. Meeting these challenges, some quite insidious, will require our constant vigilance, lest we lose sight of why we are here, who we are, and what we wish to become.”
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Workshop summary

What is biotechnology?

Use of living things to solve problems and make products, modern biotechnology uses DNA as a tool.

Modern applications are such things as:
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Strong public concern

Genetic testing

· Not altering genes, just mapping, getting more information on them (reading the genes) 

· No issues as there is no fundamental genetic genes being changed. 

         Allows bull selection for better sire proving

· Inbreeding a concern, but can breed out diseases

· Need a focus on the dam as well as the bull.

· Identify desirable genes in calves and then you are able to choose if you wish to rear the animals.

· Consumers accept this technology.

Gene therapy

· How does it affect the stock?
· Don’t know the immediate consequences, will need to wait for five years to see.

· Make a choice as a country and an industry regarding involvement.

· Will end up as superman ‑ not good. 

· What are the implications of eating too much of a particular gene?

· What are the trade implications to other countries with GM?

lsogenics and transgenics

Isogenics is selecting desirable/undesirable genes from a particular species and inserting/deleting them into/from an individual from the same species.

Transgenics is selecting desirable/undesirable genes from a particular species and inserting/deleting them into/from an individual from a different species.

There were strong thoughts on this aspect of biotechnology. Issues of concern were the use of this technology in animals/plants for food production/pharmaceutical products. Will we get a cycle of disease by genetic engineering?

Cloning

Is the production of genetically identical individuals using advanced reproductive technologies. This was not discussed as there was too much debate on earlier topics. Similar concerns would have risen.
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