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Please note 

This application form covers the development of genetically modified organisms that:  

1. Do not  meet Category A and/or B experiments as defined in the HSNO (Low-

Risk Genetic Modification) Regulations 2003;  

2. Occur either in a containment structure (i.e. laboratory) or outdoors within a 

containment facility; or  

3. Otherwise cannot undergo a rapid assessment for low-risk genetic 

modification. 

Any extra material that does not fit in the application form must be clearly labelled, 

cross-referenced, and included as appendices to the application form. 

Commercially sensitive information must be collated in a separate appendix. You 

should justify why you consider the material commercially sensitive, and make sure it 

is clearly labelled as such. 

If technical terms are used in the application form, simply explain these terms in the 

Glossary (Section 8 of this application form). 

Unless otherwise indicated, all sections of this form must be completed for the 

application to progress.  

Applicants must sign the application form and enclose the correct application fee 

(including GST). The application fee can be found in our published Schedule of Fees 

and Charges on the ERMA New Zealand website. We are unable to process 

applications that do not contain the correct application fee. 

An electronic and paper copy of the final completed form must be submitted.  

If you have any queries regarding the information required or would like to discuss 

your draft application form, please contact a New Organisms Advisor at ERMA New 

Zealand.  

This form was approved by the Chief Executive of  

ERMA New Zealand on 22 September 2009. This form replaces all previous versions.  
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Section 1: Application details 

a) Application title 

Developing genetically modified goats, sheep and cows for research purposes in containment 

b) Organisation name 

AgResearch Ltd  

c) Postal Address 

Private Bag 3123, Hamilton 3240 
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Section 2: Summary of application 

a) Provide a plain English summary of this application including:  

Á Explanation of the purpose of your research in the context of your organisation history and goals. 

Á The purpose of the application (e.g. what is the research you wish to perform and why do you consider that it is 
important? what are the benefits of this research?).  

Á If there are any alternative methods to achieve the aims of this research, explain why you wish to perform the 
research this way. 

Á Describe the project you wish to undertake (section 40(2)(a)(ii) of the HSNO Act). 

Á Are you aware of any possible adverse effects of the organism on the environment?  If so, any potential mitigation 
measures? 

Á Where do you intend to conduct these activities? Are there specific location(s) or are you seeking approval for all of  
New Zealand? 

Á How do other legislative requirements apply to your proposed activities? (e.g. the Resource Management Act, the 
Medicines Act. 

Á If this application is for a development outdoors within a containment facility, discuss why your activities are not 
òfield testingó activities for the purpose of the HSNO Act. 

Á If technical terms are used here or elsewhere in the application, add simple explanations for these terms in the 
Glossary (Section 8 of this application form). 
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 The activities proposed under this application provide the foundation for New Zealand to sit at the 
forefront of animal biotechnology to produce biopharmaceuticals and nutraceuticals. Biotech animals 
can be the reactors that provide a more versatile and cost-efficient means of producing therapeutic 
proteins compared to traditional cell culture systems. Large numbers of patients with serious diseases 
such as cancer have been treated with such therapeutics, for example Herceptin.  The use of biotech 
animals as reactors ideally suits the production of these therapeutics.  

This proposed research underpins New Zealandõs efforts to create additional opportunities for the 
pastoral industry through the application of new biotechnologies. AgResearch as a Crown Research 
Institute (CRI) is charged with the responsibility of ensuring New Zealand's transformation to a 
high-value, knowledge-based economy. AgResearch plays a key role in achieving this objective and 
has done so through the changes over the last 30 years from the DSIR, MAF and to the current 
system. Today AgResearch adds value to the New Zealand pastoral industry through innovative 
technologies. The government sees CRIs as agents for transformation by creating the value that will 
create advantage for New Zealand. Through the Foundation for Research Science and Technology 
competitive funding model the Government has invested over $12 million in this programme over 
the last decade. The success of this programme has attracted international partners and the 
Government has committed to extend its investment by another 8 million over the next five years.  

The Governmentõs investment is complimented by the strong interest that the major players in the 
biopharming sector in setting up operations in New Zealand in association with AgResearch. These 
players include GTC Biotherapeutics, GTC, USA; and Pharming NV, in the Netherlands. The 
Organisation for Economic Co-operation and Development (OECD) has estimated the potential 
contribution of the Bioeconomy to New Zealand GDP to be around $182 billion by 2030 (OECD 
2009). This requires New Zealand to capitalise on the scientific advances in the biotechnology sector 
and apply this in areas that complement primary production, The OECD report also suggests that 
New Zealandõs economy is at risk and Government and Industry need to actively support innovation 
in biosciences. 

Eleven years ago AgResearch obtained the first in a series of approvals from the Environmental Risk 
Management Authority (ERMA), to undertake specific transgenic work with cattle. In recent years 
AgResearch scientists have developed and bred small herds of transgenic cows. As a result of this 
work, AgResearch has developed a world-leading capability in transgenic livestock research and 
development. In addition, AgResearch has freedom to operate with all relevant transgenic 
technologies. New Zealand is free of certain animal diseases, such as transmissible spongiform 
encephalopathies and this positions AgResearch and New Zealand to take a leading international role 
in commercial applications of transgenic livestock.  

Therapeutic monoclonal antibodies such as Herceptin used to treat breast cancer constitute some of 
the most attractive candidates for biopharming because they comprise a fast growing segment within 
the pharmaceutical sector and command high market values. Sales of the currently approved 
monoclonal antibodies were more than USD$23B in 2006 (2012 est. USD$36B). The impending 
patent expiry of many leading products has created a number of highly attractive market 
opportunities for companies that have the ability to produce ôbiosimilarsõ; a market with high returns 
from sales into large well established markets. GTC has developed a transgenic production platform 
for the cost-efficient, large-scale production of recombinant therapeutic protein. The use of this 
platform has been validated through the approval of ATryn® (recombinant human antithrombin) by 
the European Medicines Agency in 2006 and for the US market. 
 
 
 
 
 
 
Purposes of Application 
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AgResearch seeks approval under this application to develop in containment (indoor and outdoor) 
goats, sheep and cows genetically modified: 

 to produce human therapeutic proteins, and  

 to alter levels of gene activities and proteins for the study of gene function, milk composition 
and disease resistance 

The scope of the activities is limited to undertaking research and development activities to 
completion of proof of concept. This will enable AgResearch to achieve the full characterisation of 
the transgenic livestock lines. AgResearch is not seeking regulatory approval to maintain transgenic 
goats, sheep and cows for the commercial production of therapeutic proteins.  

In recognition of AgResearchõs capabilities and New Zealandõs high animal health status, AgResearch 
has partnered with GTC Biotherapeutics to develop founder livestock in New Zealand.  The 
programme of work proposed under this application supports AgResearchõs Mission to create 
sustainable wealth in New Zealandõs pastoral and biotechnology sectors.  Appendix I is a summary 
of AgResearchõs 2020 Science strategy, five òBig ideasó that AgResearch is seeking to achieve in 
response to the challenges and opportunities facing the pastoral sector.  

The application is required in order for AgResearch  

(a) to develop proof of concept goats, sheep and cattle, for research into the production of 
human therapeutics, and gene function discovery. 

(b) to carry out FRST contracted research into the utility of new transgenic techniques for 
generating transgenic livestock and gene function in livestock.  

Project Description  

(i)Research using transgenics to produce human therapeutic proteins  

The programme of activity will not only build on the successes already achieved by GTC 
Biotherapeutics with its transgenic goats work in the United States (See Figure1), but will advance 
AgResearchõs existing programmes for the use of cows as bioreactors for the production of 
biopharmaceuticals and nutraceuticals.  Milk provides an opportunity to produce recombinant 
(genetically modified) forms of proteins that are either difficult to produce in economically viable 
quantities using conventional systems (e.g. cell cultures) or cannot be produced in a biologically 
functional way using any other method.  This method is particularly cost effective and the scale of 
production can be highly flexible enabling a practical way of producing sufficient quantity of the 
desired protein for biomedical or agricultural use.  For some niche applications, the amount of 
protein required globally could be produced from the milk of a relatively small number of transgenic 
animals that have been bred and maintained for that sole purpose. 
 
(ii) Research using transgenics to investigate gene function and milk composition 

 Milk composition 

AgResearch has produced several lines of cattle with altered amounts of milk proteins and 
demonstrated the effect of these changes on the composition of milk and dairy products.  Further 
research in this area will continue to investigate the utility of transgenics in altering milk composition 
for human health or processing characteristics.  
 

 Gene function 
The function of a gene can best be studied by loss and gain of function experiments which involves 
deleting the gene from an organism (or deleting its function via the expression of antagonistic genes) 
or switching it on in abnormal regions or at abnormal times or at higher levels. Such experiments 
require the modification of the organism on a genetic level.  While this type of work is commonly 
performed in mice, mice are not suitable for a myriad of scientific, medical and veterinary questions. 
For example genes involved in the choice of ovulating a single egg cannot be answered using 
rodents, genes of the immune and central nervous system are highly divergent in different orders of 
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mammals, genes involved in cancer and ageing are difficult to study in the short-lived mice.     
 
 
Figure 1 Creating Biopharmaceuticals from transgenic animals1 
 

 
 
 
Location and Containment 
The development of live transgenic goats, sheep and cows will be only undertaken in the MAF 
Biosecurity New Zealand (MAFBNZ) registered outdoor containment facilities located at the 
AgResearch Ruakura Research Centre in Hamilton. The operation of this type of facility is a 
permitted activity within a rural zone; all standard requirements to comply with regional and national 

                                                 
1 Adapted from GTC Biotherapeutics; http://www.transgenics.com/science/howitworks.html  
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legislation apply. 
 
No animals or animal products from the research and development activities will be permitted to 
enter the food and feed chains (see section 7 proposed controls). Products and waste from 
transgenic goats, sheep and cows containing animal tissue (including meat and products containing 
animal cells) may only leave the containment facility for the purposes of further research and 
development (e.g. assessment of protein expression in milk, assessment of gene expression in various 
tissues).   Disposal must also comply with any resource consent requirements under the Resource 
Management Act. 
 
Adverse effects 
The Ruakura Facility has been approved and operating for nearly 10 years and during this period no 
adverse effects have been identified or are anticipated other than those that can occur during normal 
farm activities.  Mitigation of any potential adverse effects is also achieved by the restriction of 
developed animals to the area within the containment facility. 

 

Alternative methods  of achieving research objectives 
The activities covered under this application are limited to developing transgenic animals to the 
proof of concept stage and maintaining these animals in containment for research purposes.  

Most proteins can be produced using a range of different production systems, the most common 
being cell culture systems (often termed bioreactor systems). These are essentially cells, mammalian, 
bacterial or fungal, which have the gene coding for the protein of choice inserted into their DNA. 
The cells are grown in large stainless steel tanks ð ôman-madeõ bioreactor vessels ð as opposed to 
animals which can be viewed as ônaturalõ bioreactors.  

The important advantages of using animals as the production ôvesselõ include:  

 Animals are able to produce large quantities of these proteins in their milk, so production is very 
efficient and cost competitive. The volumes of these biopharmaceutical products required globally 
can be produced from the milk of a relatively small number of transgenic animals. 

 This is a very flexible system. Animals can be bred as required, enabling fast up-scaling to meet 
market demand, compared to investment in expensive infrastructure required in current cell 
culture production systems. 

 The proteins produced are superior. Transgenic animals are able to produce highly complex 
proteins that cannot be produced by other systems and closely resemble the protein produced 
naturally in the human body. Also cell culture systems may not express genes accurately or 
produce the active form of the protein and results can differ between cell cultures and normal 
tissues. Importantly, tissue specific functions cannot be carried out in cell cultures. 

 
Ruminant species are particularly important to AgResearchõs work as we have an established track 
record in the development of transgenic cattle. As with other ruminant species cattle can produce 
prodigious amounts of milk in which recombinant proteins can be expressed.  This production 
capacity is crucial to the commercial viability of producing recombinant therapeutic proteins. Smaller 
mammals such as mice and rabbits produce only very limited milk yield thereby restricting the 
expression of recombinant proteins to small amounts. Both from technical and commercial 
perspectives transgenic animals provide a superior production platform than alternative means such 
as cell culture. 

The biological and physical risk of using large transgenic animals are assessed as being very low 
particularly taking into account the containment measures proposed. The difference in level of effect 
compared to alternative methods is therefore likely to be insignificant. In terms of cultural risks 
recombinant proteins using human derived DNA will be used regardless of the method of 
production so the effects are likely to be very similar between different methods.    
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Type of application  

AgResearch is applying for a development application because all of the activities include developing 
transgenic animals to the point of proof of concept and maintaining these animals are for research 
purposes. None of the activities proposed in this application meet the definition of field test as 
defined in the HSNO Act. 

b) Provide a short summary statement of the purpose of this application to be used on  
ERMA New Zealandõs public register 

This statement must be a maximum of 255 characters including spaces and punctuation. If native or human 
genetic material directly obtained from New Zealanders is to be used, include this information here. Sufficient details 
must be provided to enable the Authority to provide the information required in the register under section 20(2)(c) of 
the HSNO Act. 

To develop in containment genetically modified goats, sheep and cows to produce human 
therapeutic proteins, or with altered levels of endogenous proteins for the study of gene 
function, milk composition and disease resistance 
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Section 3: The proposed organism(s) to be developed 

Section 2(1) of the HSNO Act defines what òidentificationó is. You must provide sufficient information to fulfill the 
criteria listed in the HSNO Act to enable the Authority to uniquely identify the organism in the register (as required 
in section 20(2)(b) of the HSNO Act).  

As per sections 40(2)(a)(i)-(iv) of the HSNO Act, you must:  
Á Identify the new organism(s) (at the appropriate taxonomic level). Hint ñ you could start by discussing the 

characteristics of the host organism and then how the proposed genetic modifications are expected to alter these 
characteristics. 

Á Describe the project and the experimental procedures to be used. 

Á Provide details of biological material to be used. 

Á Provide details of the expression of foreign nucleic acid (if relevant). 

You must describe the biological characteristics of the new organism(s). The information should be relevant to:  
Á The hazardous nature of the organism(s) that you are aware of. For example, is it a bacterium that can cause 

disease in plants or humans? Will the modifications enhance the pathogenicity of a microorganism? 

Á Which of its characteristics may enable it to escape from containment?  For example, can it produce air-disseminated 
spores? Can it dig under fences? Can it jump or fly over high fences? 

Á The ability of the organism(s) to form an undesirable self-sustaining population and how easy such a population 
could be eradicated (section 43(b) of the HSNO Act) 
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Combined Organism Identification for Indoor and Outdoor development  

Latin binomial, including full taxonomic 
authority: 

Capra aegagrus hircus (Linnaeus, 1758) 

Common name(s), if any: Goat 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Animal, animal cell 
 

Taxonomic class, order and family:  Mammalia, Artiodactyla, Bovidae 

Strain(s) if relevant:  

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

Goats are well characterised and do not contain 
inseparable organisms 

  

Latin binomial, including full taxonomic 
authority: 

Ovis aries (Linnaeus, 1758)  

Common name(s), if any: Sheep 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Animal, animal cell 

Taxonomic class, order and family:  Mammalia, Artiodactyla, Bovidae 

Strain(s) if relevant:  

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

Sheep are well characterised and do not contain 
inseparable organisms 

 

Latin binomial, including full taxonomic 
authority: 

Bos taurus (Linnaeus, 1758)  

Common name(s), if any: Cow 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Animal, animal cell 

Taxonomic class, order and family:  Mammalia, Artiodactyla, Bovidae 

Strain(s) if relevant:  

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

Cows are well characterised and do not contain 
inseparable organisms 

 

Latin binomial, including full taxonomic 
authority: 

Mus musculus (Linnaeus, 1758) 

Common name(s), if any: Mouse 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Animal, animal cell 

Taxonomic class, order and family:  Mammalia, Rodentia, Muridae 
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Strain(s) if relevant:  

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

Mice are well characterised and do not contain 
inseparable organisms 

 

Latin binomial, including full taxonomic 
authority: 

Homo sapiens (Linnaeus, 1758) 
 

Common name(s), if any: Human 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Animal cell 

Taxonomic class, order and family:  Mammalia, Primates, Hominidae 

Strain(s) if relevant: Commercially available cell lines (e.g., HEK293, 
HeLa) 

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

Commercially available human cell lines are well 
characterised and do not contain inseparable 
organisms 

 

Latin binomial, including full taxonomic 
authority: 

Escherichia coli Migula (1895) Castellani and 
Chalmers 1919 

 
 

Common name(s), if any: E.coli 

Type of organism (eg bacterium, virus, fungus, 
plant, animal, animal cell):  

Bacterium 
 

Taxonomic class, order and family:  Enterobacteriaceae 
 

Strain(s) if relevant: Escherichia coli derivatives K12 and strain B 
 

Other information, including presence of any 
inseparable or associated organisms and any 
related animals present in New Zealand:  

E.coli are well characterised and do not contain 
inseparable organisms 

 

Biological Characteristics 

Characteristics that identify the organism: 
Domestic sheep are ruminant mammals typically kept as livestock. One of the earliest animals to be 
domesticated for agricultural purposes, sheep are raised for fleece, meat (lamb or mutton) and milk. A 
sheep's wool is the most widely used of any animal, and is usually harvested by shearing. Depending 
on breed, sheep show a range of heights and weights. Their rate of growth and mature weight is a 
heritable trait that is often selected for in breeding. Ewes typically weigh between 45 and 100kgs with 
the larger rams between 45 and 160 kg. 
 
Cattle, colloquially referred to as cows, are domesticated ungulates, a member of the family Bovidae. 
They are raised as livestock for meat (called beef and veal), dairy products (milk), leather and as draft 
animals (pulling carts, ploughs and the like). A newborn calf typically weighs 25 to 45 kilograms, and 
adult cattle can range between 400 - 2000 kilograms depending on age, breed and sex. 
. 
 
The domestic goat is a subspecies of goat domesticated from the wild goat of southwest Asia and 
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Eastern Europe. The goat is a member of the Bovidae family and is closely related to the sheep.  
There are over three hundred distinct breeds of goats. 
 
A mouse is a small mammal belonging to the order of rodents. The best known mouse species is the 
common house mouse (Mus musculus). Mice are common experimental animals in biology primarily 
because they are mammals, and also because they share a high degree of homology with humans. They 
are the most commonly used mammalian model organism, more common than rats. The mouse 
genome has been sequenced, and virtually all mouse genes have human homologs. 
 
E. coli is a Gram negative bacterium that is commonly found in the lower intestine of warm-blooded 
organisms.  Cells are typically rod-shaped and are about 2 micrometres (Ǫm) long and 0.5 Ǫm in 
diameter, with a cell volume of 0.6 - 0.7 Ǫm3.  It can live on a wide variety of substrates. E. coli uses 
mixed-acid fermentation in anaerobic conditions, producing lactate, succinate, ethanol, acetate and 
carbon dioxide.  Optimal growth of E. coli occurs at 37°C.  E. coli is frequently used as a model 
organism in microbiology and molecular studies. Cultivated strains (e.g. E. coli K12) are well-adapted 
to the laboratory environment, and, unlike wild type strains, have lost their ability to thrive in the 
intestine. 
 

Organisms behaviour in the environment: 
Sheep are a prey animal. When they are faced with danger, their natural instinct is to flee not fight. 
Their strategy is to use avoidance and rapid flight to avoid being eaten. After fleeing, sheep will reform 
their group and look at the predator.  They use their natural herding instinct to band together for 
safety. A sheep that is by itself is vulnerable to attack.  They are an efficient use of land; roughly six 
sheep can be kept on the amount that would suffice for a single cow or horse. Sheep can also 
consume plants, that most other animals will not touch, and produce more young at a faster rate 
 
Cattle are ruminants, meaning that they have a digestive system that allows use of otherwise 
indigestible foods by repeatedly regurgitating and re-chewing them as "cud". The cud is then re-
swallowed and further digested by specialised microorganisms in the rumen. Cattle thrive on grasses 
and other vegetation. 
 
Goats are reputed to be willing to eat almost anything. The digestive systems of a goat allow nearly 
any organic substance to be broken down and used as nutrients. Contrary to this reputation, they are 
quite fastidious in their habits, preferring to browse on the tips of woody shrubs and trees, as well as 
the occasional broad leaved plant. However, it can fairly be said that goats will eat almost anything in 
the botanical world. Their plant diet is extremely varied and includes some species which are otherwise 
toxic. 
 
 
Mammalian cell lines (sheep, goat, cattle, mouse, human) and embryos (sheep, goat, cattle, mouse) 
In vitro culture and survival of mammalian cell lines and embryos requires a highly sophisticated 
environment including specific growth media (liquid nutrient formulation), cultivation in a CO2 

incubator at 37-38 C under sterile conditions. These organisms are not mobile, are unable to escape 
containment on their own and do not survive under normal environmental conditions.  
 
 
 
Although mice may live up to two and a half years in captivity, the average mouse in the wild lives 
only about four months, primarily owing to heavy predation.   Laboratory mice are inbreed, for  a 
consist genetic background, as such they are much less environmentally fit. 
 
Escherichia coli derivatives K12 and strain B have lost their ability to thrive in the intestine the natural 
environment of the wild-type E.coli and are non-pathogenic to humans.  It is usually cultured in the 
laboratory on a rich nutrient broth or agar, which supplies plenty of nutrients for rapid growth. 
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Other information , including presence of any inseparable or associated organisms, and whether 

a prohibited organism is involved:  
There are no known inseparable or associated organisms and a prohibited organism is not involved. 
 

Project Description 

The reason why an application is necessary for the organism:  
An application is needed for this organism because it will be genetically modified from the original 
host, and thus will be a new organism in New Zealand.  It will only be in containment. 
 
The description of the project  
This application proposes to develop transgenic sheep, goats and cows, which include foreign DNA 
to allow them to express novel protein(s) in milk, or lead to the loss or gain of gene activities and 
proteins for the study of gene function, milk composition and disease resistance.  More specifically the 
proteins targeted for expression in milk have human therapeutic qualities, while the genetic 
modifications aimed at functional studies will result in altered levels of endogenous proteins or show 
increased resistance to disease.   
 
The project comprises distinct indoor and outdoor components which are outlined in the following 
diagram:  
 
 

 
 
 
The purpose for which approval for the organism is sought:  
The in vivo model animals to be used in this research are; mouse, sheep, goat, and cattle.  The purpose 
is to express human therapeutic proteins, or alter the gene activities and/or proteins to study gene 
function, milk composition and disease resistance. 
 

Details of genetic modifications 

 
Indoor Development Activities  
The genetic constructs to be used for the indoor development activities will be commonly used vector 
systems, functional sequence elements and a selection of genes, the complete list is stated in Appendix 
II. The use of these genetic constructs aims at introducing and validating a specific genetic 
modification which provides an intermediate step for the ultimate goal to produce, under the outdoor 
development activity, transgenic sheep, goats or cattle which will express novel protein(s) in milk, or 
lead to the loss or gain of gene activities and proteins for the study of gene function, milk composition 
and disease resistance.  
 
Details of the biological materials to be used:  
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The genetic constructs contain DNA derived from animals, microorganisms, viruses, plants or 
synthetic sequences. Please see Appendix II for complete list of biological material to be used.   
 
The expression of foreign deoxyribonucleic acid (DNA):  
Expression will be driven by elements within the genetic constructs. Some of the genetic constructs 
are intended to provide transient expression and will be only temporarily present and not maintained. 
A subset of genetic constructs is intended to be maintained with the hostõs genome and will be also 
relevant for the outdoor activities.  All elements for the indoor activities are detailed in Appendix II  
Please see Appendix II for complete list of biological material to be used. 
 

Table 1: Organisms to be developed in indoor containment 

 

Host organism:  

Escherichia coli Migula (1895) Castellani and Chalmers 1919 non pathogenic laboratory strains 

Modified using: 
Common vector systems delivering defined expression cassettes or non-viral episomal vectors listed 
in Appendix II containing coding, non-coding and/or regulatory regions, antisense sequences or 
other RNA interference-inducing sequences of eukaryotic, viral and/or prokaryotic genetic material 
donors associated with human therapeutics, milk protein composition, gene function or disease 
resistance as listed in Appendix II. 

Genetic material may be: 

Eukaryotic, including human2, viral, prokaryotic and/or synthetically produced genetic material 
associated with human therapeutics or altered gene activities and proteins for the study of gene 
function, milk composition and disease resistance, complete list in Appendix II. 

Regulatory elements, reporter and selectable marker genes and other features::  

Defined expression cassettes or episomal vectors may include standard or fully characterised 
regulatory elements including promoters, regulatory element binding sites, transcriptional activators, 
enhancers, terminators, recombination sites and multiple cloning sites and origins of replication.  
The vectors may also contain selectable marker genes, reporter genes, protein targeting, localisation 
and secretory signals, solubility enhancement tags, protein purification tags and affinity tags 
including epitope tags.  Appendix II has a complete list of features. 

Characteristics of the genetically modified organisms: 

No viral particles that are infectious for eukaryotic cells will be produced.  

Exclusions: 

a) Genetic material derived from MǕori persons. 

b) Genetic material derived from native flora or fauna. 

c) Genetic material that increases the pathogenicity, virulence, or infectivity of the host 

organism on mammalian cells  

d) Developments that use human embryonic stem cells 
 

Containment level/Category of Modification: 

PC1/A 

 

Host organism:  

Ovis aries Linnaeus, 1758, cells 
Bos taurus Linnaeus, 1758, cells 
Capra aegagrus hircus Linnaeus, 1758, cells 
Mus musculus Linnaeus, 1758, cells 
Homo sapiens Linnaeus, 1758, cells 
 

Modified using: 

                                                 
2 derived from non -MƑori  persons only  
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Common vector systems delivering defined expression cassettes or non-viral episomal vectors listed 
in Appendix II containing coding, non-coding and/or regulatory regions, antisense sequences or 
other RNA interference-inducing sequences of eukaryotic, viral and/or prokaryotic genetic material 
donors associated with human therapeutics, milk protein composition, gene function or disease 
resistance as listed in Appendix II. 

Genetic material may be: 

Eukaryotic, including human3, viral, prokaryotic and/or synthetically produced genetic material 
associated with human therapeutics or altered gene activities and proteins for the study of gene 
function, milk composition and disease resistance, complete list in Appendix II. 

Regulatory elements, reporter and selectable marker genes and other features::  

Defined expression cassettes or episomal vectors may include standard or fully characterised 
regulatory elements including promoters, regulatory element binding sites, transcriptional activators, 
enhancers, terminators, recombination sites and multiple cloning sites and origins of replication.  
The vectors may also contain selectable marker genes, reporter genes, protein targeting, localisation 
and secretory signals, solubility enhancement tags, protein purification tags and affinity tags 
including epitope tags.  Appendix II has a complete list of features. 

Characteristics of the genetically modified organisms: 

No infectious viral particles will be produced  

Exclusions: 

a) Genetic material derived from MǕori persons. 

b) Genetic material derived from native flora or fauna. 

c) Genetic material that increases the pathogenicity, virulence, or infectivity of the host 

organism.  

d) Developments that use human embryonic stem cells 
 

Containment level/Category of Modification: 

PC1/A in cell culture use 

 

For production of replication-defective lenti- and adeno-assciated viral particles  

Host organism:  

Homo sapiens (Linnaeus, 1758) cell lines 
Mus musculus (Linnaeus, 1758) cell lines 

Modified using: 
Lentiviral or rAAV plasmids containing coding, non-coding and/or regulatory regions, antisense 
sequences or other RNA interference-inducing sequences of eukaryotic, including human4, viral, 
and/or prokaryotic donors associated with human therapeutics, milk protein composition, gene 
function or disease resistance as listed in Appendix II 
The viral sequences required for virion packaging and/or replication are carried on separate 
plasmids to ensure that replication incompetent particles are produced. 

Genetic material may be: 

Eukaryotic, including human, viral, prokaryotic and/or synthetically produced genetic material 
associated with human therapeutics or altered gene activities and proteins for the study of gene 
function, milk composition and disease resistance, complete list in Appendix II. 

Regulatory elements, reporter and selectable marker genes and other features:  

Defined expression cassettes or episomal vectors may include standard or fully characterised 

regulatory elements including promoters, regulatory element binding sites, transcriptional 

activators, enhancers, terminators, recombination sites and multiple cloning sites and origins of 

replication.  The vectors may also contain selectable marker genes, reporter genes, protein 

targeting, localisation and secretory signals, solubility enhancement tags, protein purification 
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tags and affinity tags including epitope tags.  Appendix II has a complete list of features 

Characteristics of the genetically modified organisms: 

Cells express viral proteins and nucleic acids to produce viral particles.  These cannot replicate. 

Exclusions: 

a) Genetic material derived from MǕori persons. 

b) Genetic material derived from native flora or fauna. 

c) Genetic material, other than that required for lentiviral and rAAV vector production, that 

increases the pathogenicity, virulence, or infectivity of the host organism  

d) Developments that use human embryonic stem cells 

 

Containment level/Category of Modification: 

PC2/B 

 
 

Host organism:  

Ovis aries Linnaeus, 1758, embryos 
Bos taurus Linnaeus, 1758, embryos 
Capra aegagrus hircus Linnaeus, 1758, embryos 
Mus musculus Linnaeus, 1758, embryos, animals 
 

Modified using: 
Common vector systems delivering defined expression cassettes or non-viral episomal vectors listed 
in Appendix II containing coding, non-coding and/or regulatory regions, antisense sequences or 
other RNA interference-inducing sequences of eukaryotic, viral and/or prokaryotic genetic material 
donors associated with human therapeutics, milk protein composition, gene function or disease 
resistance as listed in Appendix II. 

Genetic material may be: 

Eukaryotic, including human5, viral, prokaryotic and/or synthetically produced genetic material 
associated with human therapeutics or altered gene activities and proteins for the study of gene 
function, milk composition and disease resistance, complete list in Appendix II. 

Regulatory elements, reporter and selectable marker genes and other features::  

Defined expression cassettes or episomal vectors may include standard or fully characterised 
regulatory elements including promoters, regulatory element binding sites, transcriptional activators, 
enhancers, terminators, recombination sites and multiple cloning sites and origins of replication.  
The vectors may also contain selectable marker genes, reporter genes, protein targeting, localisation 
and secretory signals, solubility enhancement tags, protein purification tags and affinity tags 
including epitope tags.  Appendix II has a complete list of features. 

Characteristics of the genetically modified organisms: 

No infectious viral particles will be produced  

Exclusions: 

a) Genetic material derived from MǕori persons. 

b) Genetic material derived from native flora or fauna. 

c) Genetic material that increases the pathogenicity, virulence, or infectivity of the host 

organism  

d) Developments that use human embryonic stem cells 
 

Containment level/Category of Modification: 

PC2/B in embryo culture use 

PC2/B for mice 
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 Yes No 

Does this application use native flora or fauna as host organism(s)? If Yes, 

provide additional details below. 
 ã 

Does this application use genetic material from native flora and fauna? If 

Yes, provide additional details below. 
 ã 

Does this application involve human cell lines? Answer Yes if human cell 

lines in any form are used, ie obtained directly from humans (either MǕori or 

non-MǕori) or from a commercial supplier etc. Please provide additional details 

below. 

ã  

Does this application use cell lines obtained directly from human beings?   ã 

Does this application involve human genetic material? Answer Yes if human 

genetic material in any form is used, ie obtained directly from humans (either 

MǕori or non-MǕori), from a gene bank, synthesised, copied and so on. Please 

provide additional details below. 

ã  

Does this application use genetic material obtained directly from human 

beings?  

ã  

 

Human genetic material 

Therapeutic proteins will in most cases be recombinant human proteins and therefore require the use 
of DNA coding for the human version of the protein rather than the host organism version.  Where 
possible only artificially synthesised gene sequences according to the human genome database will be 
used.  If a gene sequence is based on a single human donor this will be done with the appropriate 
consent from the donor and appropriate Ethics Committee approval will be obtained. In addition, 
commonly used human derived cell lines will be used as an established research tool for the 
expression of gene constructs. The intention is to base the work on commercially available human cell 
lines (see Appendix II) . Human embryonic stem cell lines will not be used. 

 
 

Outdoor Development Activities 
The genetic constructs to be used to produce transgenic animals includes DNA fragments comprising 
expression cassettes or non-viral episomal vectors which will express novel protein(s) in milk, or lead 
to the loss or gain of gene activities and proteins for the study of gene function, milk composition and 
disease resistance.  The modifications to the non-viral episomal vectors include reporter gene inserts, 
candidate gene inserts and additional vector elements. Please see Appendix II for complete list of 
biological material to be used. 
 
Details of the biological materials to be used:  
The genetic constructs contain DNA derived from animals, microorganisms, viruses, plants or 
synthetic sequences).  Please see Appendix II for complete list of biological material to be used.   
 
The expression of foreign deoxyribonucleic acid (DNA):  
Expression will be driven by elements within the genetic constructs, which are maintained with the 
hostõs genome.  These elements are detailed in Appendix II.  Please see Appendix II for complete list 
of biological material to be expressed 
 
 
 
 
 
Table 2 Organisms to be developed in outdoor containment for production of transgenic 
animals 
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Host organism:  

Ovis aries Linnaeus, 1758 
Bos taurus Linnaeus, 1758 
Capra aegagrus hircus Linnaeus, 1758 

Modified using: 
Defined expression cassettes or non-viral episomal vectors listed in Appendix II containing coding, 
non-coding and/or regulatory regions, antisense sequences or other RNA interference-inducing 
sequences of eukaryotic, viral and/or prokaryotic genetic material donors associated with human 
therapeutics, milk protein composition, gene function or disease resistance as listed in Appendix II 

Genetic material may be: 

Eukaryotic, including human6, viral, prokaryotic and/or synthetically produced genetic material 
associated with human therapeutics or altered gene activities and proteins for the study of gene 
function, milk composition and disease resistance, complete list in Appendix II. 

Regulatory elements, reporter and selectable marker genes and other features::  

Defined expression cassettes or episomal vectors may include standard or fully characterised 
regulatory elements including promoters, regulatory element binding sites, transcriptional activators, 
enhancers, terminators, recombination sites and multiple cloning sites and origins of replication.  
The vectors may also contain selectable marker genes, reporter genes, protein targeting, localisation 
and secretory signals, solubility enhancement tags, protein purification tags and affinity tags 
including epitope tags.  Appendix II has a complete list of features. 

Characteristics of the genetically modified organisms: 

No infectious viral particles will be produced.  

Exclusions: 

a) Genetic material derived from Mńori persons. 
b) Genetic material derived from native flora or fauna. 
c) Genetic material that increases the pathogenicity, virulence, or infectivity of the host 

organism. 
d) Developments that use human embryonic stem cells 

 

 
 

 Yes No 

Does this application use native flora or fauna as host organism(s)? If Yes, 

provide additional details below. 
 ã 

Does this application use genetic material from native flora and fauna? If 

Yes, provide additional details below. 
 ã 

Does this application involve human cell lines? Answer Yes if human cell 

lines in any form are used, ie obtained directly from humans (either MǕori or 

non-MǕori) or from a commercial supplier etc. Please provide additional details 

below. 

 ã 

Does this application use cell lines obtained directly from human beings?   ã 

Does this application involve human genetic material? Answer Yes if human 

genetic material in any form is used, ie obtained directly from humans (either 

MǕori or non-MǕori), from a gene bank, synthesised, copied and so on. Please 

provide additional details below. 

ã  

Does this application use genetic material obtained directly from human 

beings?  

ã  
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Human genetic material 

Therapeutic proteins will in most cases be recombinant human proteins and therefore require the use 
of DNA coding for the human version of the protein rather than the host organism version.  Where 
possible only artificially synthesised gene sequences according to the human genome database will be 
used.  If a gene sequence is based on a single human donor this will be done with the appropriate 
consent from the donor and appropriate Ethics Committee approval will be obtained.  

 

Experimental Procedures to be used 

Indoor Containment  

The studies within the indoor containment facilities encompasses research up to the point of 
successfully developing cultured embryos will be under containment conditions described in section 4 
of this application. These steps will include:  

 evaluation of constructs and strategies in cell lines and mice, and production of cells and 
embryos  

 production of replication-deficient lentiviral and rAAV vectors and transduction of cells or 
embryos with these vectors 

Production  of replication-deficient lentiviral and rAAV vectors in mammalian cells for the 
transduction of cells and embryos in vitro will be restricted to indoor containment. Following 
transduction of cells or embryos the viral vectors are incapable of spreading. Cells and embryos can be 
used for the transfer into recipients in indoor or outdoor containment.  

Transgenic sperm may be imported or derived from transgenic or chimeric males or by transfecting 
sperm cells with DNA constructs in vitro in indoor containment.  

Transgenic embryos and cells will be developed in vitro by one of a variety of methods briefly 
described below (indoor containment activities), and then transferred into the reproductive tracts of 
recipient animals (outdoor containment activity).  

Transgenic methodology  

Recombinant technology is based upon the knowledge of the function encoded in the sequence of 
particular pieces of DNA. This allows us to combine functional ôDNA modulesõ in a meaningful way 
to achieve an intended outcome.  

The main strategies include: 

 The deletion of a gene to prevent the production of a specific protein (eg a known allergen 
such as the milk protein beta-lactoglobulin in cows milk). This approach is commonly known 
as gene knock-out. 

 The addition of a gene for the production of a specific protein (eg production of insulin in 
cows milk), often called an overexpression strategy. 

 The addition of a gene for the production of a regulatory RNA molecule (eg production of a 
regulatory RNA that disrupts a specific gene to allow its function to be studied). The method 
referred to in the example is known as knock-down. 

 
Our DNA constructs will be based on functionally characterised õdefined expression cassettesó which 
are commonly used and/or have been well characterised and are consistent with the descriptions in 
the organism tables. Once the modules have been combined to form a functional DNA construct 
intended for a specific purpose, the DNA construct is verified through fragmentation analysis and 
sequencing.  Where possible, functional aspects of the constructs will be extensively validated in 
cultured mammalian cells. 

Generally, before progressing into large animals such as cattle, DNA constructs and their associated 
phenotypic consequences will be assessed in a mouse model. This will validate the approach and will 
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identify any potential animal welfare issues. 

In many instances, results for the assessment in a mouse model will already be available through the 
extensive information in the scientific literature. In this case, no further assessment in mice would be 
necessary. 

Once the integrity of the DNA construct is known and there is a good understanding of phenotypic 
consequences, only then progression into large animals will commence. 

Mechanisms of creating genetically modified animals will be internationally standard experimental 
methods;chemical/electrical transfection, transduction, mechanical transfer, and  nuclear transfer). 
The types of production methods that we will use are discussed below:  

Development of animals via transgenic embryos 

Production via nuclear transfer 

Transgenic embryos will be reconstructed by transfer of the nucleus of a transgenic cell grown in 
culture into a donor oocyte which has had its own nucleus removed.   

Following artificiall activation, the embryos are cultured in vitro and at the blastocyst stage transferred 
in singles or pairs to the uterus of synchronised recipient animals for in vivo development.  After 
delivery, transgenic offspring will be molecularly analysed to confirm their transgenic status.  

In the case of developing transgenic goats embryos produced by nuclear transfer and cultured in-vitro 
to the 2-8 cell stage are transferred into the oviductal lumen of synchronised recipients. Resulting 
pregnancies are regularly monitored by ultrasonography. After delivery, transgenic offspring will be 
molecularly analysed to confirm their transgenic status   

Production via sperm mediated transgenesis 

Briefly, sperm is incubated with an exogenous gene construct and is used as a ônaturalõ vector to 
introduce the exogenous DNA during the fertilisation process into the oocyte. The exogenous DNA 
can integrate into the genome of the resulting embryo and result in the production of a transgenic 
animal. (Lavitrano, 2006).  The treated sperm can be used directly for insemination or for in vitro 
ferilization to generate in vitro embryos that can be transferred to recipients, as described for embryos 
produced by nuclear transfer, to produce transgenic animals. 

Production via virus mediated transgenesis 

Transduction of oocytes or embryos with infectious non-replicating viral particles introducing the 
transgene carried by the viral vector into the oocyte/embryo. (Hofmann et al., 2003 and 2004).  
Embryos will be transferred to recipients, as described for embryos produced by nuclear transfer, to 
produce transgenic animals. 

Production via embryonic stem (ES) cell or induced pluripotent stem (iPS) cell mediated transgenesis 

Introduction of transgenic ES/iPS cells into preimplantation embryos by aggregation with morulae or 
by blastocyst injection. Pluripotent ES/iPS cells have the potential to contribute to all the tissues of 
the developing animal. Contribution to the germline will enable transmission to the offspring and 
production of animals carrying the transgene in all cells. (Nagy et al., 2006).  Aggregated embryos will 
be transferred to recipients, as described for embryos produced by nuclear transfer, to produce 
transgenic animals. A more direct route, is the in vitro differentiation of ES/iPS cells into artificial 
gametes which can be directly used for the production of transgenic animals via insemination of in 
vitro embryo production and transfer. 

Production via pronuclear microinjection 

Direct injection of a DNA construct into the pronucleus of a one cell embryo (Hammer et al. 1985). 
Embryos will be transferred to recipients, as described for embryos produced by nuclear transfer, to 
produce transgenic animals. 

Development of animals via modification of the male germline 

Production via transplantation of spermatogonial stem cells 
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Spermatogonial stem cells that have been genetically engineered are transplanted into the testis of an 
acceptor animal, which has been treated to destroy its own spermatogonial stem cell population. This 
animal then becomes a chimera.  Sperm produced from the transplanted cells will result in the 
production of a transgenic animal following fertilisation of an oocyte. (Hill and Dobrinski, 2006; 
Honaramooz et al., 2008). 

 

Outdoor Development Activities 

Embryo implantation, insemination with transgenic sperm and transplantation of transgenic cells will 
be undertaken in outdoor containment under the containment provisions described in section 4 of 
this application. The procedures that will be used are as follows:  

 Embryos developed in indoor containment will be transferred into the reproductive tracts of 
synchronised recipient animals 

 Cells developed in vitro will be transferred into recipient animals. 

 Insemination with transgenic sperm will be either by natural mating with males or artificial 
inseminations according to established farm practices.  

Expression cassettes are functional DNA constructs which will enable the expression of specific genes 
in cells or animals. They are designed for the production of specific proteins or in some cases for the 
production of regulatory RNA molecules. In general, they consist of regulatory sequences, controlling 
the gene activity and the gene that is to be expressed which contains the information for the 
production of the protein or RNA molecule. 
 

Ability to escape from containment and form self sustaining populations 

Organisms held in indoor containment 
The òorganismó could escape from containment as either: viral particles, cells, animals or via infected 
people.  Possible pathways of escape from containment could therefore include: 
Å infection with viral stock  
Å inadvertent or deliberate removal (sabotage) of biological materials 
Å escape of host cell or tissue cultures 
Å escape of animals. 
 
 Inadvertent removal or sabotage 
The operational procedures that reduce the risk of inadvertent infection also guard against inadvertent 
removal.  Only trained staff members have access to the organisms.  Handling and sterilisation 
procedures will ensure that viral particles or cells are not accidentally transferred. Log book entries will 
aid identification of practices that could result in inadvertent removal of viral vectors or cells.  
Sabotage is obviated by a high level of security (locked barriers, electronic and security staff checks) 
and limited access by a small number of trained staff.  However, determined attacks by extremist 
groups opposed to this type of research cannot be completely precluded. 
 
In the event of emergencies such as fire, sabotage, theft, or other accidental release, contingency plans 
are in place, according to section 8.9 of MAF/ERMA New Zealand Standard Facilities for microorganisms 
and cell cultures (the microorganism and cell culture standard) for accidental release or spillage of 
microbes (including viruses) and section 4.7 of MAF/ERMA New Zealand Standard Containment 
Facilities for Vertebrate Laboratory Animals (the vertebrate standard) for accidental release of animals.  
Specific procedures for dealing with microbiological or viral contamination are detailed in Appendix 
III.  In general, responses to release are to:  
Å contain any immediate hazard or released organisms 
Å destroy escaped microorganisms; or recover or eradicate escaped animals 
Å inform the laboratory supervisor as soon as possible. 
 
In addition and depending on the circumstances, responses to emergencies might be to: 
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Å apply necessary emergency procedures (e.g. first aid, hazardous material spill kit, fire 
 extinguisher) 
Å remove all non-essential personnel from the affected area 
Å alert emergency services 
Å report all incidents. 
 
 Escape of host cell or tissue cultures 
Cell lines and primary cell and tissue cultures are kept in liquid media, in plastic containers in a CO2 
incubator.  They are immobile, and require stringent conditions (sterility, nutrients, temperature, 
humidity, pH) to survive.  Therefore, even in the event of a breach of laboratory protocol, their escape 
and establishment outside these conditions is extremely unlikely.   
 
Animals held in containment 
Escape of animals under normal operating conditions is considered to be highly unlikely. Indoor 
containment activities are restricted to dedicated facilities within the AgResearch Ruakura containment 
facility including a small animal facility and a separate non-contiguous PC2 large animal unit that has 
been constructed within the Ruakura Outdoor Animal Containment Facility (ACF). The AgResearch 
Ruakura laboratory facilities are approved as containment facilities in accordance with the 
microorganism and cell culture standard. These laboratories comprise PC1 and PC2 containment areas 
which meet regulatory requirements, including the AS/NZS 2243.3 standards. Animals kept in 
outdoor containment will be in the facility registered in accordance with the MAF/ERMA Standard 
Containment Standard for Field Testing Farm Animals (outdoor standard) which provides for secure 
containment of farm animals.   
 
The range of genetic modifications proposed in this application is unlikely to enhance the ability of 
individuals to escape from containment. The main source of escape risk is from deliberate release 
through malicious or unauthorised acts. Strict security measures will be in place as described above to 
prevent this occurring.   Escape via accidental means (earthquake, fire) cannot be precluded but is 
considered to be highly unlikely to occur. Nevertheless contingency measures have been prepared and 
will be implemented in the event of escape.  
 
The host organisms covered in this application are domesticated species. However goats have also 
established feral populations in New Zealand. Consideration of the potential for self-sustaining 
populations therefore needs to consider both farmed and feral population establishment. As this 
outdoor development application is for large animals that will have clear identification features (tags 
and microchips) the possibility that they can be recovered or eradicated is high in the period 
immediately following a breach of containment. Over time eradication or recovery of escaped cows or 
sheep would also be possible as these are large and visually distinctive animals that prefer the open 
farmed environment. This is less so for goats which would naturally seek bush cover so over an 
extended period eradication would be more difficult.  
 
The potential for self sustaining populations to become established in farmed populations is 
considered to be remote. Transgenic animals would need to escape from containment and successfully 
breed with other compatible livestock and this breeding would need to go unnoticed for several 
generations.  The likelihood of escaped animals remaining outside of containment for any length of 
time is very low. All animals will carry distinctive ear tags and subcutaneous micro-chipping will be 
used where possible to ensure transgenic animals can be easily identifiable. 
 

The likelihood of self sustaining populations of cattle and sheep establishing in the wild is considered 
to be low given their highly domesticated nature and low mobility. In the case of goats where feral 
populations are well established, escaped transgenic animals could have a greater potential for 
interbreeding and establishing in these populations.  The chain of events for population establishment 
requires first that animals escape containment and this breach remains unnoticed, evasion of capture, 
survival in the open environment, finding a compatible mate, successfully breeding and passing on the 
transgenes to successive generations.  The likelihood of this chain of events occurring is possible but 
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considered unlikely to occur given the proposed containment measures and the location of the 
containment facility. The site at Ruakura is an open farmed landscape with little or no bush or 
plantation forestry and any feral goat populations are located many kilometres away. Successful 
establishment of a transgenic animal population outside of containment is therefore considered to be 
extremely unlikely.   
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Section 4: The proposed containment system (section 40(2) of the HSNO Act) 

In this section you should outline how you propose to adequately contain the new organism(s) and manage any hazards 
associated with the organism(s), i.e. discuss the method of containment (based on the characteristics of the organism). 
For example, bagging plants to prevent pollen escape or requiring spore-producing bacteria to be handled within class 
II biosafety cabinet. Hintñrefer to the appropriate MAF/ERMA Standards and AS/NZS 2243.3:2002 (or 
any updated version) requirements and your facilityõs containment manual where appropriate. 

Are you aware of any possible adverse effects of the organism on the health and safety of the person people working the 
containment facility? If so, what risk mitigation strategies do you propose?  For example, requiring pathogenic bacteria 
to be handled only by personnel using the appropriate safety gear. 

If this application is for development within an outdoor containment facility: 
Á Discuss whether controls are required for inspection and monitoring before, during and after a development 

outdoors within a containment facility. 

Á Section 45A(2)(a) and (b) of the HSNO Act requires that at the completion of an outdoor development the 
organism and any heritable material from the organism (along with some or all of the remaining genetic elements) 
are removed or destroyed. Describe how you would achieve these objectives. 

Indoor Activities 

Indoor containment activities will be restricted to dedicated facilities within the AgResearch Ruakura 
campus. The AgResearch Ruakura laboratory facilities are approved as containment and transitional 
facilities in accordance with MAF/ERMA New Zealand Standard Facilities for microorganisms and cell 
cultures (the microorganism and cell culture standard), and in accordance with MAF Regulatory 
Authority Animal Health and Welfare Standard 154.02.17 ôTransitional Facilities for Biological Productsõ 
(MAF Reg. number 364). These laboratories comprise PC1 and PC2 containment areas which meet 
regulatory requirements, including the AS/NZS 2243.3 standards.  

The animal indoor facilities are approved as PC2 animal containment facilities in accordance with 
MAF/ERMA New Zealand Standard Containment Facilities for Vertebrate Laboratory Animals (the 
vertebrate standard) (MAF Reg. number 2743).   

A register is maintained of all GMOs held within the transitional/ containment facility.  Entry to 
containment facilities is controlled by electronic identity card readers, both from outside the building 
and to the specialised laboratory and animal facilities within.  Visitor access is via a staffed reception 
area.  After normal working hours the Containment Facility is locked, alarmed, and is patrolled and 
monitored by a commercial security company.  All staff members are required to undergo formal 
safety training, plus special training appropriate to their work area.  Personal protective clothing is 
required to be worn.  The building, operating procedures, and records are subject to regular internal 
and independent external audits for health and safety and regulatory compliance.  

PC1 General molecular and cell culture laboratories 

Cloning of candidate gene cDNA, transfer into plasmid expression vectors, introduction of DNA 
construct into bacteria and mammalian cells will be performed under PC1 conditions, according to the 
current standard practice in our laboratories. All plasticware, glassware and waste associated with 
genetically modified bacteria and mammalian cells will be chemically sterilised (with òVirkonó or 
sodium hypochlorite bleach) and/or autoclaved according to MAF-approved protocols specified in the 
laboratory operating manual (Appendix III).   

PC2 Embryo culture laboratory 

The production and handling of genetically modified embryos will be performed under PC2 
conditions, according to the current standard practice in our laboratory. All plasticware, glassware and 
waste associated with genetically modified cells and embryos will be chemically sterilised (with 
òVirkonó or sodium hypochlorite bleach) and/or autoclaved according to MAF-approved protocols 
specified in the laboratory operating manual (Appendix III). 

PC2 Viral vector laboratory 

All production, handling and disposal of viral vectors will occur within purpose-built, fully enclosed 
containment structure (virus and cell culture laboratory).  The current laboratory located in the Animal 
Physiology Building is constructed and operated according to PC2 standards.  Sole access is via an 
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electronic proximity card controlled, positive-pressure, servicing area with PC1 status.  The PC2 suite 
has a separate mechanical lock, is under negative air pressure with HEPA filtered outflow, and is 
equipped with dedicated (colour coded) labware, consumables, and instruments including: 

Å class II biological safety cabinet 

Å CO2 incubator with heat sterilisation capability 

Å clearly labelled cold storage (fridge/freezer, liquid nitrogen dewer) 

Å dedicated pipettors 

Å dedicated inverted microscope 

Å foot operated (hands-free) wash basin and eye wash 

Access is restricted to staff trained in the specific protocols of the PC2 laboratory, and there is clear 
signage of the entry restrictions, biohazards and containment status within the servicing area and on 
doors.  The PC2 suite is monitored by an infra-red motion detector which alerts a security company 
(Waikato Security) of any intruders during non-working hours.  The laboratory is constructed for 
worker safety and security such that the inside of the PC2 suite is visible through glass windows from 
both the servicing area and the central corridor.  A log book is maintained of all PC2 laboratory use.  
No wild viruses will be cultivated or studied in this laboratory or the wider facility.  Viral vectors will 
only be produced there on an experimental (small) scale.  Virally transduced material will only leave 
this PC2 area after sufficient washing steps to dilute any remaining viral vector to non-significant levels 
and be contained as required by transfer approvals. 

PC2 Animal Facility 

Live transgenic animals may be held in a PC2 containment facility that has been approved in 
accordance with the vertebrate standardõ.  The standard sets out procedures which apply to all animals 
and does not specify procedures for individual animals. Access is restricted by electronic proximity 
card or locked access points to authorised investigators and animal maintenance staff.   

 

Outdoor Activities  

The sheep, goats and cows will be kept in an outdoor containment facility on the AgResearch Ruakura 
Research centre designed and managed in accordance with the MAF/ERMA Standard Containment 
Standard for Field Testing Farm Animals (outdoor standard)  AgResearch has safely operated this facility at 
Ruakura in Hamilton for the past 10 years. (MAF Reg. number 2893).   

Cattle 

The outdoor containment facility at Ruakura consists of a fully-enclosed, double-fenced site 
specifically designed to house genetically modified cattle and for recipient animals carrying genetically 
modified embryos.  The Ruakura facility includes within the double perimeter a building for staff, 
animal handling facilities, a milking facility and all equipment required for the scientific research.  The 
facility is fully enclosed and self-contained for animal management and research purposes. The 
perimeter is alarmed, stock proof and capable of preventing entry and escape of cattle (plus sheep and 
goats).  Access to the facility is highly restricted.   

MAF Biosecurity supervises the site and currently audits the facility every three months. ERMA 
requires a comprehensive yearly report about the experiments and progress with the programmes.  
The cattle are managed using normal farm practice in accordance with the Animal Welfare Act 1999; 
and animal welfare and ethics guidelines administered by MAF Biosecurity New Zealand and the 
Ruakura Animal Ethics Committee. Animal numbers will be managed through the outdoor standard 
which restricts numbers to the identified capacity of the containment facility.  
 
Goats  

The outdoor standard specifies fencing requirements for goats. Animal numbers will be managed 
through the outdoor standard which restricts numbers to the identified capacity of the containment 
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facility.  

Sheep  

The outdoor standard specifies fencing requirements for sheep. Animal numbers will be managed 
through the outdoor standard which restricts numbers to the identified capacity of the containment 
facility. 

Physical Containment 

The Ruakura outdoor animal containment facility design and management has been based on the outdoor 
standard.  

The perimeter fencing of the facility completely encloses the site within a double perimeter, capable of 
preventing the livestock species which are being contained from escaping, or the livestock on 
neighbouring properties from gaining entry to the facility. The two fences are separated by at least a 
two-metre spacing. The area between the fences will be clear and managed to control grass growth by 
either mowing or if possible grazing by a species of livestock suitable for the purpose (sheep) and only 
if this species is not present within the containment facility. The perimeter is required to be alarmed 
and monitored to act as an early warning of possible breakout of stock and is physically inspected by 
facility personnel at least weekly.  In order to avoid any possibility of trees falling across the perimeter 
fence during a storm, the fences have been positioned so as to avoid large old trees or the trees have 
been removed from the site. Likewise, no perimeter fences have been placed over or near waterways, 
which could put the integrity of the perimeter at risk. Entry and exit points are locked and gates 
through the perimeter have been fitted so they are not able to be lifted off their hinges. Signs on entry 
points and in other positions on the facility perimeter identify the site as a containment facility and that 
unauthorised entry is prohibited. 

Goats are additionally likely to be contained within a housing structure which provides animals with 
access to outdoor pen areas.  The purpose of this structure is primarily to ensure that the recipient and 
transgenic goats do not come into contact with any ruminants of different health status, and to prevent 
the exposure of the animals to soil-persistant pathogens of goats, but it will also increase the level of 
physical containment of these animals. 

 
Operational aspects 

As required by the outdoor standard The facility is managed so that only authorised persons have 
access at all times.   

Regular users (ôAuthorised Staffõ  of the Containment Facility - this includes the Operator, Manager, 
Principal Investigators, Animal Technicians, Facility Workers, Veterinarians, etc) have received training 
which informs them of the controls imposed by the outdoor standard, the controls imposed by 
previous ERMA approvals and the access requirements for the facility. Regular users have be given a 
numbered Controlled Copy of the approved Containment Manual.  A sheet recording the number of 
manuals issued, along with a Declaration has been provided for Authorised Containment Facility users 
to sign, indicating that they have received, read and understood the ôContainment Manualõ Quality 
assurance programme document. These records are held by the Facility Manager, along with the 
Master Copy of the Manual.  All other people, including other AgResearch Employees will be treated 
as Visitors. 

 Visitors may be permitted entry with written approval from the operator or the facility manager, full 
contact details are recorded and visitors are accompanied at all times by an Authorised staff member. 

A Day book or approved recording methodology is used to record every entry and exit from the 
facility as well evidence of perimeter checks and any other events of interest. 

The Containment Manual outlines the Quality assurance programme and processes for the facility and 
is approved by the facility supervisor. The current approved Containment Manual for the Ruakura 
Facility is version 6.1.1  

Internal and external Audits (external by MAF Biosecurity) will be carried out to verify that activities 
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associated with the Facility continue to comply with the requirements of the quality assurance 
programme and any further controls imposed by ERMA. A management review process using audit 
results and other relative information will be carried out at least annually of the quality assurance 
programme to ensure its continued suitability and effectiveness and to introduce any necessary 
changes and improvements. 

The Operator has over nine years experience with the current facility at Ruakura with both the 
management and the compliance requirements. 

All staff providing daily care for the animals have demonstrable experience with the livestock species 
being worked with or will be under the direct supervision of a person who is experienced with looking 
after that species.  

All animals on the facility shall be uniquely identifiable using at least two forms of identification and 
detailed records maintained for each which comply with the requirements of the outdoor standard . 
No animals will leave the facility without facility operator or manager approval or in most cases the 
written authority of the facility supervisor. 

Registers will be used to record any genetic material collected and stored, along with samples or 
product which have been given approval to be transferred to another facility. 

Contingency Plans are in place for this facility to make the process for dealing with any adverse or 
unexpected events clear so as to minimise the risk to the animals involved and the environment 
outside the containment facility. Contingency Plans for the Ruakura facility are attached in Appendix 
III. 

 
Prevention of accidental release of organisms or viable genetic material 

The operation and management of the outdoor containment facility will be in accordance with the 
outdoor standard.  

The outdoor containment facility will be enclosed by perimeter fences constructed in accordance with 
at least the requirements of the outdoor standard and operated as described previously in this section.  

 
Disposal of animals and waste products 

For this Facility the current agreed disposal method for animals / tissue products is by burial in 
unlined offal pits and for milk / liquid products is by spraying onto pasture following treatment to 
destroy any viable genetic material. AgResearch is not seeking to change these methods of disposal for 
this application unless ongoing consultation with Ngati Wairere or Tainui identifies a preferred 
methodology. 

In the event of mortality of genetically modified or conventional animals in the containment facility, 
carcasses will be immediately removed to prevent access by scavengers and the carcasses disposed of 
in accordance with agreed disposal methods.  
 

Movement of samples outside of the containment facility 

Throughout research and development, samples of milk, blood and other products (e.g. fibre,) will 
need to undergo testing. These samples will be tested offsite either in MAF Biosecurity New Zealand  
registered containment or transitional facilities or facilities that have MAF Biosecurity New Zealand 
approved traceability systems in place. Any material not destroyed through the sampling process will 
be returned to the containment facility. There may also be occasions where material is needed to be 
sent offshore to collaborative partners or for further processing. If this material contains living 
modified organisms (LMOs) export permits will be obtained to ensure New Zealand is in compliance 
with its obligations under the Cartagena Protocol.  

 
Exclusion of unauthorised people from the facility: 
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Identification of entrances, numbers of, and access to entrances, and security requirements for the 
entrances and the facilities shall be in accordance with the outdoor standard.  

At all times only persons authorised by the Operator or the Manager of the containment facilities will 
have access to the containment facilities. 

 
Exclusion of other organisms from the facility and control of undesirable and unwanted 
organisms within the facility 

Control of undesirable and unwanted organisms within the facilities shall be in accordance with the 
outdoor standard. 

 
Prevention of unintended release of the organism by experimenters working with the 
organism 

The maximum number of animals housed in the outdoor containment facility will not exceed the 
capacity of the containment facility as approved under the outdoor standard and any requirements of 
the appropriate Animal Ethics Committee. 

All conventional animals within the facility will be double tagged (i.e. by two different ear tags). All 
genetically modified animals will be individually identified by an ear tag for visible identification and 
also implanted with a subcutaneous electronic microchip for individual electronic identification.  In the 
event that subcutaneous microchips cannot be implanted until animals reach a certain age, animals will 
have two different types of ear tags in place at all times to allow for immediate identification. 

 
Control of the effects of any accidental release or escape of an organism 

If a breach of containment occurs, the facility operator will ensure that the MAF Inspector responsible 
for supervision of the facility has received notification of the breach within 24 hours. 

In case of unintended or accidental release or escape of genetically modified animals, all reasonable 
attempts will be made to recover the escaped animals and return them to the outdoor containment 
facility. If there has been any possibility of mating occurring, steps shall be taken to abort any possible 
resulting pregnancies, and the foetuses and mothers disposed of in accordance with agreed disposal 
requirements.  

 
Qualifications required of the persons responsible for implementing these measures 

All personnel involved in the production and development of genetically modified animals are suitably 
qualified.  The Operator of the facility has many years of experience in maintaining such a facility and 
the laboratory has a team of highly qualified scientists with extensive experience.  They will be advised 
of the controls imposed on the applicant in the decision for this application. 

The facility supervisor and ERMA New Zealand will be advised if there are any changes in ownership 
of the property, housing or operational interest relative to the containment facilities (Indoor and 
Outdoor) in which the organisms are maintained. 

 

Outdoor Development activities additional considerations 

Controls required for inspection and monitoring before, during and after a development outdoors 

ERMA or its authorised agent (MAF Biosecurity) or properly authorised enforcement officers, may 
inspect the containment facilities at any reasonable time. The Manager responsible for maintaining 
genetically modified animals in the outdoor containment facility, will report immediately to ERMA 
New Zealand and the facility Supervisor (at least within 24 hours) on any event that is likely to be in 
the public interest, e.g. unexpected mortality in genetically modified animals, a breach in security, or 
presence of TSE. 

Registers shall be maintained with records of the identity and fate of all animals developed or 
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maintained under this approval and the concurrent applications.   

A report shall be provided to ERMA New Zealand in each December on the topics listed in section 
4.13 of the outdoor standard. This report shall also include a summary of any unforeseen positive or 
negative effects to the environment, public health, Mńori culture, or the economy or society.  

 

Management of heritable material at the completion of an outdoor development 

AgResearch proposes the following controls in the event that all operations involving genetically 
modified animals under this approval cease: 
a)  All genetically modified animals and their progeny, will be destroyed in accordance with the 

disposal requirements in approved controls, unless a further HSNO approval has been 
obtained or exists for the animals; and 

b)  All heritable material (including semen and ova) derived from genetically modified animals 
 shall be removed into secure containment or destroyed in accordance with the disposal 
 requirements. 
c) Any genetic elements present in the soil will be left to break down or become inactive. 
 

AgResearch considers that no further post development monitoring of the approval is required.  
Furthermore, based on the results of the monitoring for horizontal gene transfer under approval 
GMD02028 and the current state of scientific opinion with regard to the risks resulting from 
horizontal gene transfer as set out in section 6, AgResearch does not propose to undertake monitoring 
for the transfer of genetic elements to other organisms on or around the site. 
. 
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Section 5: Details of consultation (if applicable) 

If applicable, discuss the consultation process undertaken and summarise the outcomes. Specific details of the 
consultation process (such as copies of written responses) should be attached as a separate Appendix. Any adverse or 
beneficial effects identified during this consultation should be discussed more fully in Section 6.  

Consultation 
In the course of preparing this application AgResearch has not identified a specific need for 
consultation with Maori or stakeholders as the scope of activities and the specific facility being used 
have been the subject of extensive consultation previously and regular monitoring meetings for the 
current approvals have not identified any new issues requiring specific mitigation. 
 
AgResearch has also undertaken consultation with Maori on a National basis in early 2008 prior to 
submitting previous applications with a wider scope of activities and location potentials which were 
then subject to a public submission process and are now subject to legal proceedings, (see Appendix 
VI for a summary of the outcome of that process).  

It has also previously (2008) consulted with other parties who may have an interest in this area of 
research. This has included dairy sector stakeholders, other research organisations, universities, 
biotechnology companies in NZ as well as companies that may have a commercial interest in the 
outcome of this future research work. All have been very supportive of the proactive approach 
AgResearch is endeavoring to take in keeping them informed and seeking their views. 

AgResearch has also previously (2008) provided information to groups expected to be opposed to the 
activities.  We have not received any feedback from them directly, but anticipate that they will make 
submissions on the application if it is notified. 

AgResearch will be notifying all stakeholders previously identified of the submission of this 
application. 
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Section 6: Identification of risks, costs and benefits 

This section must include information on the beneficial and adverse effects, risks, costs and benefits referred to in the 
HSNO Act and the HSNO (Methodology) Order 1998. It is easier to regard risks and costs as being adverse (or 
negative) effects and benefits as beneficial (or positive) effects. You should consider both non-monetary and monetary 
(dollar value) costs and benefits, the distribution of their occurrence as well as who and what might be affected.  

Provide a description of where the information in the application has been sourced from e.g. from in-house research, 
independent research, technical literature, community or other consultation. Please attach copies of all reference material 
cited in the application. 

a) What are the nature of the adverse effects and the costs of the organism(s) that you are aware of? 

i. On the environment (section 40(2)(a)(v)of the HSNO Act) 

For example, could the organism adversely affect the environment while in containment? If the organism were to 
escape could it have an adverse effect on the environment?   

Identification  
 

Impact  
(Nature of adverse effect) 

Pathway  
(Route by which source has impact) 

A1. Degradation of natural 
environment through release or 
escape of GM animals 

Escape or release of modified animal from containment or 
use of embryos, sperm or ova in breeding outside 
containment. AgResearch has successfully maintained 
genetically modified organisms in both indoor and 
outdoor containment without escape for over 10 years. 
The likelihood of escape is considered to be highly 
improbable and the magnitude of degradation to the 
environment minimal. This risk therefore has not been 
evaluated further. 
 

A2. Contamination of environment 
or poisoning of animals or plants 
by toxins in waste 

 

The research objectives do not include introducing toxins 
to genetically modified animals the likelihood of any such 
effects occurring is considered to be highly improbable. 
Given the highly modified environments where livestock 
will be held and strict disposal requirements the magnitude 
is considered to be minimal and localised to the Ruakura 
site. This risk therefore has not been evaluated further. 
. 

A3.  Poisoning or infection of animals 
through consumption of animal 
products 

 

Livestock products would need to be transferred from 
containment facility and enter the animal food chain. This 
would require deliberate action in breach of the 
containment controls. The likelihood is considered highly 
improbable and magnitude minimal. This risk therefore 
has not been evaluated further. 
 

A4. Livestock infected with new 
pathogenic virus 

For this to occur the host-virus interaction would need to 
be altered so that previously benign virus becomes viably 
pathogenic to the host organism. The probability of the 
insertion of a viral receptor altering the host-virus 
interaction with one of the relatively few viruses which is 
highly pathogenic to the host organism is considered to be 
highly improbable.  Even without mitigation steps the 
impact is limited to genetically modified animals as 
conventional animals will not have receptors required to 
allow this to occur so the magnitude of any event is likely 
to be minimal. The overall risk is considered to be 
negligible and has not been evaluated further.    
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A5. Increased impacts on ecosystems 
by micro-organisms  

Horizontal gene transfer to micro-organisms in 
containment area (e.g. soil) 
Transfer of micro-organisms out of containment unit 
Infection of valued species or adverse effects on soil biota 
in farmed or natural ecosystems 

A6. Creation of a new reservoir 
of animal diseases 

Cells become susceptible to the new virus 
Greatly increased replication of the virus in livestock 
Infection of other species 
 

A7.  Development of new diseases 
 

Acquisition of gene by micro-organism alters 
pathogenicity to animals 

 
  
 

A5.  Increased impacts on ecosystems by micro-organisms  

 
Analysis 
It is considered highly unlikely that genetic sequences themselves will cause an adverse impact on the 
soil ecosystem because genetically modified DNA is not inherently infectious. Further the genetic 
modification would need to convey a selective advantage in order for the modification to become 
common in the population. It is considered very unlikely there would be any selective pressure for a 
fragment of such a gene sequence in micro-organisms, plants and animals.  
 
The mechanism of horizontal gene transfer has been extensively discussed by the Authority in 
previous decisions (GMD02028, GMF03001 and GMF06001).  In addition, ERMA New Zealand has 
produced a generic issues report òRisk assessment of horizontal gene transfer from GM plants to 
bacteria and human cellsó evaluating the scientific evidence related to the potential for HGT to occur 
from GM crops (ERMA New Zealand 2006).  
 
AgResearch is not aware of any major change in opinion or evidence that HGT via bacteria can occur 
in principle, but that the probabilities are very low. A recent report states that although DNA can 
persist it degrades into small fragments abolishing its biological efficiency, a massive dilution of the 
transgene in the overall DNA pool present in soil and only very few bacteria able to take up DNA 
(Pietramellara et al.  2006).  
 
Evaluation 
The very low incidence of existing even mildly pathogenic organisms which have arisen from the 
exposure of soil micro-organisms to this vast array of naturally occurring genetic elements is evidence 
that effects of adding to these millions of genetic elements a small handful of new sequences are 
highly unlikely to be of any magnitude. AgResearch also concludes that while HGT of the gene 
constructs from transgenic animals is theoretically possible, based on existing knowledge such events 
are extremely rare. The overall likelihood of HGT acting as a pathway from which some adverse 
consequences might occur is considered to be highly improbable. 
 
 

A6.  Creation of a new reservoir of animal diseases 

 
Analysis 
AgResearch notes the discussion of this issue in the ERMA evaluation report on application 
GMD02028 and the comments made in that report by Dr Joseph OõKeefe. AgResearch is not aware 
of any new information on this effect in particular relating to the potential of transgenic animals to 
become reservoirs of other livestock viruses.   
Transgenic livestock could become potential reservoirs for new viruses if they were to express cell 
surface proteins acting as receptors for viruses normally not infecting this particular species. However, 
viruses have adapted to utilise cellular proteins, for example, the CD4 molecule used by HIV which is 
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a major histocompatibility class II co-receptor and has an important functional role in the 
development of immunological responses. Currently the study of viral receptors is most advanced in 
viral infections of humans.  There is much less known of the receptors used by viruses that infect 
animals. Thus, there will be uncertainty over the potential use of a virus receptor in transgenic animals. 
However, simple attachment of a virus to a cell does not guarantee infection since other genes may 
influence the ability of the virus to replicate in the cell. The magnitude of an effect if an introduced 
gene allowed another virus to infect an animal would depend on: 
Å Whether the virus already had the ability to infect these livestock animals 
Å Whether the virus could replicate in the livestock cell 
Å Whether it could produce infectious particles, the nature and severity of the disease 
Å Ability to spread 
Å Ability to be controlled.  
Å Ability to recombine with a virus infectious for the particular livestock species 
 
Evaluation 
The potential risk of a virus expanding its host range by introduction of the viral receptor into a 
particular livestock species can be managed by using only well characterised sequences that are not 
known to be viral receptors. Contact with other susceptible organisms is restricted by containment.  
Furthermore AgResearch has excluded from this application the use of of known animal virus 
receptor genes. This restriction on the use of viral sequences is similar to that imposed by the 
Authority on application GMD02028. Taking into account the retrictions on use of viral material in 
the organism description and the isolation of livestock through containment the likelihood of creating 
a reservoir of new animal diseases is highly improbable and the level of magnitude minimal.   
 

A7. Development of new diseases 

 
Analysis 
AgResearch sought expert advice from Dr Russell Poulter, Department of Biochemistry, Otago 
University on the safety of holding in outdoor containment transgenic animals.created using viral 
vectors  Dr Poulters review of the use of viral systems particularly lentiviral systems and associated 
biosafety considerations is attached as Appendix V. 
 
As set out in Dr Poulterõs review the transgenic animals that will be produced will be effectively 
equivalent to animals made by injection of a transgene (naked DNA) into the pronucleus of an oocyte 
(the method employed to make Dolly the Sheep and the transgenic sheep flock developed in NZ). 
That is to say there will be no viral genes present in the transgenic animal. This is because the method 
of viral production which uses a cell line that cannot produce replication competent viruses and which 
can be shown empirically to produce ôghostõ or ôshellõ viral particles that do not contain any viral 
genes.  
 
AgResearch notes the discussion of the potential for the development of new pathogens and diseases 
in the ERMA evaluation report for application GMD02028 (GM Cattle). To the extent relevant to this 
application AgResearch is unaware of any new studies that provide further insight into the 
development of new pathogens and diseases particularly from the use of viral sequences in transgenic 
animals.  
 
It is theoretically possible that inserted viral sequences in the transgenic animals might be able to 
recombine with other viral sequences to produce a fully competent virus. Infection by viruses usually 
require high concentration of large number of particles. The required circumstances are more likely to 
occur in the laboratory rather than in outdoor animals.  For outdoor activity, there would be only a 
small chance that a very small number of viral particles might be carried over with an embryo into a 
recipient. For a new virus or disease to then occur requires a multi-step process:  
Å Exposure to the pathogen 
Å Recombination of the pathogen involving a DNA sequence from the genetic modification 
Å The recombination event results in the alteration of the pathogenicity or virulence of the 
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 pathogen 
 
As set out in Dr Poulterõs review modern transgenic viral systems do not include any replication 
competent virus particles. The transforming viral preparations are made in a ôpackagingõ cell line which 
produces viral ôghostõ or shell particles that contain no viral genes. The only genetic material they 
contain is the transgene. This system is described in detail in the lentivirus review. A similar system is 
used in Adeno Associated Virus (AAV) transgenesis. AAV is a small non-pathogenic parvovirus that 
has been much used and well characterised during human gene therapy trials. The packaging cell line 
encapsulates the transgene within a particle encoded by an AAV capsid gene (analogous to the 
lentiviral gag and also env). The particle also encapsulates a replication protein encoded by Adenovirus 
(or in some variants herpes virus) analogous to the lentiviral pol protein. 
 
Evaluation 
Any viral vector system that uses a 'split genome' strategy (e.g. lentivirus, adeno- associated viral AAV) 
to produce infectious particles are not able to replicate. No viral genes are present in these particles. 
An animal produced by these technologies is not infectious. Therefore assuming the transgenic system 
does not contain any replication competent virus (discussed in Dr Poulterõs review) the animals can be 
considered as fully equivalent to those made with naked DNA injection. The argument is that if made 
properly the lentiviral (and AAV) systems produce ghost virus particles containing the transgene. 
There are no replication competent virus particles and therefore there isn't a safety problem involving 
a viral infective system. Even if the surrogate animal has recently had a transgenic blastula implanted, 
and even if the blastula still had some of the transforming virus associated with it, the transforming 
virus is a ghost or looked at another way a shell, and does not present an infective risk. This is the 
fundamental rationale for the split viral packaging systems. AgResearch considers that based on the 
above analysis the likelihood of developing new diseases is highly improbable and the level of 
magnitude minimal.    

 

ii. Adverse effects of occupational exposure (section 40(2)(a)(v) of the HSNO Act) 

For example, could the organism adversely affect the health and safety on any person exposed in the workplace 
environment while in containment?  

Impact  
(Nature of adverse effect) 

Pathway  
(Route by which source has impact) 

B1.  Poisoning or infection of humans 
through consumption of animal 
products 

 

Animal products would need to be transferred 
from containment facility and enter the human 
food chain. Laboratory staff will not consume any 
animal products arising out of this application. 
The likelihood is considered highly improbable 
and the magnitude minimal. This risk has 
therefore not been evaluated further. 
 

B2.  Allergic reactions to new allergens 
 

The exposure pathway requires public contact 
with livestock or waste, or consumption of 
animal products. Containment facility follows 
MAF / ERMA standards and protective gear 
will be used. The likelihood is considered 
highly improbable and magnitude minimal. 
This risk has therefore not been evaluated 
further. 
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B3.  Creation of a new reservoir of human 
diseases 

Cells become susceptible to the new virus 
Greatly increased replication of the virus in 
livestock 
Infection of humans 

B4.  Increased impacts of existing bacterial 
pathogens due to antibiotic resistance 

Horizontal gene transfer to micro-organisms in 
containment area (e.g. soil) 
Transfer of micro-organisms out of containment 
unit 
Infection of humans 

B5. Development of new human diseases  
 

Recombination of a human virus with a DNA 
sequence from the genetic modification 
Infection of humans 
 
 

 

B3. Creation of a new reservoir of human diseases 

Analysis 

Transgenic animals may act as a novel reservoir for human disease if the animal is susceptible to a 
human virus through insertion of a viral receptor. The sequence of events for this effect to occur 
requires that a human virus receptor is expressed at the surface of cells in the transgenic livestock 
animals. The cell surface receptor has to be accessible for the virus to enable binding to the receptor. 
Besides binding, the virus would need the ability to infect the cell, replicate and produce infectious 
particles. Alternatively, potential recombination with a virus normally limited to the infection of 
livestock animals that results in the expansion of its host range to humans.  

 

Evaluation 

The potential risk of a virus expanding its host range by introduction of the viral receptor into cattle 
could be managed by using only well characterised sequences that were not known to be viral 
receptors. Known human virus receptors for example: d1d2-ICAM-1; CD155; neutralising-Fab; 
transmembrane members of Ig Superfamilies (e.g. PVR ð poliovirus receptor); carcinoembryonic 
antigen (CEA) family; CD4 and CRK-5 and others will be pre-screened by the appropriate literature 
searches prior to the use in Tg-GM of particular genes.  Such genes will share a number of obvious 
features (for example they will be expressed on the cell surface). Furthermore AgResearch has 
excluded from this application the use known human virus receptor genes. This restriction on the use 
of viral sequences is similar to that imposed by the Authority on application GMD02028. Taking into 
account the restrictions on use of viral material in the organism description and the isolation of 
livestock through containment the likelihood of creating a reservoir of new human diseases is highly 
improbable and the level of magnitude minimal.   

 

B4.  Increased impacts of existing bacterial pathogens due to antibiotic resistance 

Analysis 

AgResearch may use genes that confer resistance to neomycin , blasticidin, zeocin® , chloramphenicol  
and hygromycin  for the selection of stable mammalian cell lines. In addition, the bla gene conferring 
ampicillin resistance will probably be present on the plasmids to be amplified in E. coli. Markers that 
confer resistance to puromycin and kanamycin are also commonly used in development work.  

 Evaluation 

Monitoring for this type of event required in the GMD02028 approval has not identified any of these 
events occurring to date.  AgResearch notes the assessment of this effect in previous ERMA 
evaluation and review reports (GMD03105, GMD04026). These evaluations note that for antibiotic 
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resistance conferred by the viral vectors or modified cell lines to have a clinical effect it must be 
transferred to pathogenic microorganisms treated by that specific antibiotic. The pathway for this to 
occur is highly improbable because the viral vectors do not infect bacteria and most of the antibiotic 
resistance genes are under the control of eukaryotic promoters which are very unlikely to be expressed 
in bacteria. The potential magnitude of antibiotic resistance spreading from the GMOs to clinically 
significant pathogens is considered to be minimal.   

B5. Development of new human diseases  

Analysis 

As set out in Dr Poulterõs review (Appendix V) modern transgenic viral systems do not include any 
replication competent virus particles. The transforming viral preparations are made in a ôpackagingõ 
cell line which produces viral ôghostõ or shell particles that contain no viral genes. The only genetic 
material they contain is the transgene.. A similar system is used in Adeno Associated Virus (AAV) 
transgenesis. AAV is a small non-pathogenic parvovirus that has been much used and well 
characterised during human gene therapy trials. The packaging cell line encapsulates the transgene 
within a particle encoded by an AAV capsid gene (analogous to the lentiviral gag and also env). The 
particle also encapsulates a replication protein encoded by Adenovirus (or in some variants herpes 
virus) analogous to the lentiviral pol protein. 

The sequence of events for this effect to eventuate requires the recombination of a human virus with 
a DNA sequence from the genetic modification that results in the alteration of the virulence of the 
virus. The genetic modifications used to develop transgenic animals held in outdoor containment will 
first be undertaken in indoor containment.  The development work that AgResearch proposes to 
undertake will minimise the potential for recombination, especially in the case of (HIV derived) 
lentiviral vectors, by adopting expression systems which utilise a strategy of split-genome 
complementarity during virion production and minimizing homologous sequences that could permit 
recombination events. Other safety features include disabling the promotor functions located in the 
right LTR. The risk of developing new human diseases from the transgenic animals developed under 
this application is further reduced by limiting the exposure of transgenic animals to humans. This is 
achieved by containment procedures that restrict the movement of the transgenic animals and allow 
only authorised human contact to the extent necessary to undertake the development work.  

Evaluation 

The potential to regenerate infectious replication competent viruses has been extensively evaluated in 
previous ERMA decisions (GMD03105, GMD99001). The Authority has concluded that while the 
possibility cannot be entirely ruled out is considered to be highly improbable. The slitting of the 
lentiviral and AAV molecules into three elements (transgene/gag.pol/env or transgene/capsid/Rep) 
and the specific modification of these split elements makes it essentially impossible for replication 
competent virus to be generated in the recipient cells/animals. If a replication competent virus did 
arise by recombination and escape from containment the magnitude of effect would depend on the 
fitness of the virus. Taking into account the proposed containment requirements and restriction on 
disposal of animals and animal products along with the sequence characteristics of the viral constructs 
to be used in the development work, AgResearch considers the likelihood of creating new human 
diseases to be highly improbable and the magnitude minimal.  

 
?  
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iii. On the relationship of Mńori to the environment and the principles of the Treaty of Waitangi 
(section 6(d), 8 and 40(2)(b)(v)of the HSNO Act) 

For example, if the organism were to escape could it have an adverse effect of potential specific importance to 
Mńori. When identifying potential effects you should consider effects to environmental (e.g. physical impacts on 
native flora and fauna, water bodies, traditional food resources etc), cultural (e.g. the recognised kaitiakitanga role 
of Mńori), health and wellbeing (e.g. specific physical and spiritual health effects), economic (e.g. the ability of 
Mńori to develop economically) and Treaty of Waitangi (e.g. the ongoing management by Mńori of their 
cultural or natural resources). Include any relevant issues raised or information obtained through consultation.  

 

Impact  
(Nature of adverse effect) 
 

Pathway  
(Route by which source has impact) 

D1.  Effects on whakapapa and mauri 
 

Modification itself is spiritually offensive to some Maori 

D2.  Effects on native fauna 
 

No native species are included as host organisms. The 
likelihood of this event occurring is highly improbable 
and the magnitude minimal. This risk has therefore not 
been evaluated further.  

D3.  Effects on relationship with ancestral 
land 

 

Presence of spiritually offensive organisms on ancestral 
land 
Contamination of ancestral land with genetic materials, 
waste, carcasses of spiritually offensive organisms (both 
containment facility and other sites of disposal of waste) 

D4.  Consumption of products from 
spiritually offensive organisms 

Animal products would need to be transferred from 
containment facility and enter the human food chain. This 
would require deliberate action in breach of the 
containment controls. The likelihood is considered highly 
improbable and magnitude minimal. This risk has 
therefore not been evaluated further 
 

 

AgResearch has previously sought the views of Maori by undertaking National consultation and holding 
regular monitoring meetings with Tangata whenua for the Ruakura site. The National consultation process is 
described in Appendix IV.  The responses received from this process are directly relevant to this application 
and so have been used to inform our analysis on the impacts on Maori.  

The consultation process did not identify any potential adverse effects specific to Maori which were not 
dealt with in the GMD02028 application process and decision.  

AgResearch considers that most of the concerns or issues Maori raised relating to tangible cultural effects 
such as disposal of waste, impacts on whenua and containment of the animals can be mitigated through on-
site practices as has been the case under AgResearchõs current approvals (GMD02028, & GMF98009). This 
leaves the spiritual belief based element of risk, the significance of which varies within Maori and the 
mitigating effect that cultural benefits have in offsetting spiritual concerns.  

During AgResearchõs national Maori consultation in 2008 it was evident that as participants at the various 
hui gained a greater understanding of the aims of the transgenic programme and the way in which the 
operations would be run they gained greater confidence about the transgenic programme.  Discussions did 
not mitigate spiritual or intangible issues but certainly improved the participants understanding on how 
tangible issues such as containment and disposal would be managed. AgResearch is continuing to participate 
in forums, including Hui convened by ERMA, to help gain a better understanding for all around these 
possible effects.  

 
 

D1.  Effects on whakapapa and mauri 
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Analysis 
Potential adverse effects on the relationship of Maori and their culture and traditions with their ancestral 
lands, water, sites, waahi tapu, valued flora and fauna and other taonga were considered at some length by 
the Authority in GMD02028.  
.   
 
Evaluation 
These effects are of a nature that cannot be easily mitigated. The organism description excludes the use of 
Maori genes in developments. Furthermore any impacts of this nature are limited due to the activities being 
restricted to the single site at the Ruakura facility.   
 

D3.  Effects on relationship with ancestral land 

 
Analysis 
AgResearch acknowledges that some tangata whenua will find the activities relating to genetic modification 
offensive and this may interfere with their relationship with the ancestral lands incorporated into the 
containment facility.   
 
Evaluation 
These effects cannot be avoided.  However, AgResearch will continue to discuss activities with tangata 
whenua of the Ruakura containment facility and endeavour to accommodate their wishes regarding disposal 
methods or other mitigation processes while seeking to identify better methodology for these. 
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iv. On society and the community including public health (section 40(2)(a)(v) of the HSNO Act) 

For example, could the organism in containment adversely affect individuals or communities? If the organism 
were to escape could it have an adverse effect on society or on peopleõs wellbeing?   

 

Impact  
(Nature of adverse effect) 

Pathway  
(Route by which source has impact) 

E1.  Social effects of consumption of products from 
modified organisms by persons who object to 
GM 

Animal products would need to be transferred 
from containment facility and enter the human 
food chain. This would require deliberate action in 
breach of the containment controls. The likelihood 
is considered highly improbable and magnitude 
minimal. This risk has therefore not been 
evaluated further 

E2.  Ethical effects on human dignity of use of 
DNA sourced from human without consent 

Dignity offended by use of DNA without consent 

 

E2.  Ethical effects on human dignity of use of DNA sourced from human without consent 

 
Analysis 
Therapeutic proteins will in most cases be recombinant human proteins and therefore require the use of 
DNA coding for the human version of the protein rather than the host organism version.  Where possible 
only artificially synthesised gene sequences according to the human genome database will be used.  In 
addition, commonly used human derived cell lines  will be used in function assays and tests. The intention is 
to base the work on commercially available human cell lines. Human embryonic stem cell lines will not be 
used. If a gene sequence is based on a single human donor this will be done with the appropriate consent 
from the donor and appropriate Ethics Committee approval will be obtained. 
 
Evaluation 
It is highly improbable that donor DNA would be used without appropriate consents.  

v. On the market economy (section 40(2)(a)(v) of the HSNO Act) 

For example, could there be any adverse effects on the New Zealand economy at a local, regional or national 
level?  Are there any public commercial risks or costs?  

 

F1.  Economic effects on pastoral sector or tourism  Impacts on New Zealandõs clean green image 
and flow on impacts to sectors of the economy 
that utilise this marketing theme such as 
tourism  

 Impacts on organic production and buyer 
choice 

 Loss of GE-free status and flow on price 
effects to exporters and producers relying on 
this status 

 Impacts of introducing a genetically modified 
organism into the dairy sector 
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F1.  Economic effects on pastoral sector or tourism 

 
Analysis 

AgResearch considers that the context of the application is critical to defining the scope of any economic 
risk assessment. Consistent with the requirements of the Act and the Methodology Order only those effects 
relating to the organism themselves can be legitimately considered.   

AgResearch agrees with previous ERMA evaluations that the potential market economy effects are unlikely 
to exist for containment activities generally. The central theme raised in previous applications to ERMA 
(Brassica (GMF06001), Onions (GMF03001), Cattle (GMF98009, GMD02028), Pine trees (GMF99001, 
GMF99005) and also in the deliberations of the Royal Commission on Genetic Modification, concern the 
potential for cross contamination of GM with Non-GM organisms. The concern is the possible impacts on 
market prices for conventional products and New Zealandõs clean green image.  Studies on the impacts of 
GM organisms on the New Zealandõs economy have focused on release scenarios of GM plants and GM 
products e.g. therapeutics (Sanderson et al 2003, Kaye-Blake et al 2007)). AgResearch is not aware of any 
research undertaken on the economic impacts on the national economy of utilising GM organisms in 
containment for research and development activities.  

In discussion with dairy industry stakeholders for previous transgenic animal applications, AgResearch 
noted concerns from some individuals (see Appendix VI for the list of stakeholders previously consulted) 
who may be involved in producing similar products using conventional animals.  These concerns relate to 
buyer sensitivities in overseas markets to genetically modified organisms in the food chain. The fact that all 
of AgResearchõs activities under this application are for research and development activities and further, are  
in containment ameliorated these concerns. The determining factor is that containment reduces the 
possibility of GM animals accidentally integrating into other conventional animal production systems.   

A further consideration is that there will not be any genetically modified organisms released into the food 
chain as a result of this application.  This application is not seeking approval to market or sell a genetically 
modified organism as a food or medicine.  This removes any arguments about price impacts for 
conventional or organic food producers.  There are separate regulatory approval processes for food 
(NZFSA) and medicines (Medsafe) that address issues of marketing (labelling) and product quality matters.  

AgResearch notes a report prepared by the Agribusiness and Economics Research Unit of Lincoln 
University (Kaye-Blake et al 2007) in which a preliminary economic evaluation of biopharming in New 
Zealand was prepared. The report includes discussion on recombinant human lactoferrin produced in cows 
and also low-GI potatoes. The report attempts to model the economic case for biopharming using a cost-
benefit approach to valuing changes in products and production methods. AgResearch agrees with the 
authors qualifications that the findings are indeed preliminary and that much of the required information to 
undertake such modelling was not available. AgResearch notes that the reports assumptions, and economic 
modelling results quoted there-in, exclusively relate to GM release scenarios rather than containment which 
is the context of this application.  

Evaluation 
Taking all of the above into account AgResearch considers that it is highly unlikely that any market 
economy effects will result from this containment application. Market economy effects are certainly more 
relevant to release applications but containment of transgenic animals significantly reduces these concerns 
to negligible levels. Furthermore as AgResearch is not applying to release a genetically modified organism in 
the food chain, adverse impacts on other food producers and exporters are not expected to occur. As such 
the likelihood of market economy impacts occurring is highly improbable and the magnitudes minimal.  
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vi. Are there other potential adverse effects that do not fall under sections (i) ð (v)?  

G1.  International obligations  

G.2. Animal welfare Addition or removal of DNA or malformation of embryo following 
Nuclear transfer could cause minor abnormalities or cause 
premature death in developed embryos or animals soon after birth. 

 

G1.  International Obligations 

 
Analysis 
AgResearch will meet all International regulatory requirements that exporting of developed animals require.  
 
Evaluation 
AgResarch is not aware of any impacts on New Zealandõs international obligations.. 
 

G2 Animal welfare 

 
Analysis 

It is acknowledged that the addition or removal of DNA or malformation of embryo following nuclear transfer 
could and in some cases does cause minor abnormalities or cause premature death in developed embryos or animals 
soon after birth. 

The potential impacts of this and general animal welfare issues will be addressed prior to the commencement of any 
research programme involving transgenic livestock.  

All researchers undertaking research activities involving animals are required to submit a comprehensive application 
to an ethics committee covering all aspects of the project for approval prior to work commencing. Ethics approvals 
have standard reporting requirements and committees are able to also stipulate more rigorous reporting and or 
conditions on an approval depending on the nature of the project.  

For AgResearchõs existing operations at Ruakura three members of the current Animal Ethics committee have 
authorised access to the Animal Containment Facility to enable inspection at any time. There are also currently two 
large animal veterinarians who have authorised access to the facility as well who are actively involved with animal 
health planning or treatments. All staff are aware of their responsibilities under the Animal Welfare Act and the 
requirement to provide care which conforms with the recognised five freedoms of:  

 Proper and sufficient food and water;  

 adequate shelter;  

 the opportunity to display normal patterns of behaviour;  

 appropriate physical handling; and  

 protection from, and rapid diagnosis of, injury and disease 

 
Evaluation 
Effects on individual animals or embryos may eventuate but is mitigated by Animal Ethics Committee approval 
process for the program. 
 
 

 

 

  

b) What is the nature of the potential beneficial effects associated with the organism(s) that you 
are aware of?
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i. Beneficial effects on the environment and ecosystems  

For example, could the organism beneficially affect the environment while in containment? If the organism 
were to escape could it have a beneficial effect on the environment?   

 

 

A. Potential beneficial effects on the environment (i.e. the sustainability of native and valued 
introduced flora and fauna and the intrinsic value of ecosystems) 

 

Taking into account that the purpose of the application is to produce therapeutic proteins and study gene 
regulation in livestock, AgResearch does not expect any direct environmental benefits to result from this 
application. The potential for beneficial serendipitous outcomes however cannot be discounted. 
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ii. Beneficial effects on the relationship of Mńori to the environment and the principles of the 
Treaty of Waitangi 

For example, if the organism were to escape could it have a beneficial effect of potential specific importance 
to Mńori. As for the identification of adverse effects, you should consider effects to environmental, cultural, 
health and wellbeing, economic and Treaty of Waitangi. Include any relevant issues raised or information 
obtained through consultation. 

Benefit Pathway 

B1.  Health benefits See C 

B2.  Fostering new ventures  Opportunity for Maori to become part of the 
technology revolution 

 Opportunity for Maori to drive the application 
of science on their ancestral lands 

 Opportunity for young Maori scientists to 
become actively involved in science and 
technology, creating a pathway between Maori 
and  science 

 Improved employment opportunities in rural 
areas.  These are set out above 

 

B1.  Health benefits 

Analysis 
Several participants at the Hui convened by AgResearch as part of its National consultation prior to the 
previous suit of transgenic animal applications being lodged (see Appendix IV) recognised potential health 
benefits arising from the research. 

òIn terms of herceptin, I donõt think you should trade off a drug for a life ð if people need it, they should get itó (Jo 
McLean, Christchurch Hui) 
 
òThere will be benefits for Mńori but at the same time there are cultural issues.  ... People in my family have diabetes, 
asthma, MS.  If we can alleviate suffering we should ð no race is immune from suffering.ó (Ted Palmer, Dunedin 
Hui) 

 
òWhenever we talk about genetic modification we always have negative images of it.  They do a disservice to whatõs 
happened here today.  If the question was if I or my moko needed this?  Thatõs the test of my commitment.  Thereõs the 
economic and social value for us as people.ó (Wi [Charlie] Pera, Gisborne hui) 
 
òOur people need to come to terms with it.  A lot of our people oppose it but then some of our old people have 
benefitted from this.ó (Toko Renata, Auckland hui) 

 
Two hui participants suggested that Mńori genes should be used, to ensure that the research would be of 
direct benefit to Mńori 

òSo what are you saying, the genes come from North America, I think that might be alright for Pakeha.  What use is 
that to us?ó (Horiwa [Olivia] Bradbook, Gisborne hui) 
òA question for us as Mńori, at this point in time is we need a robust debate on the issue about òno Mńori genesó 
being used in this type of research.  Would we benefit from our genes being used? Especially if it leads to helping our 
people.ó (Abe Witana, Whangarei hui) 

 

Evaluation 

AgResearch considers there are likely to be benefits to Maori from the health opportunities that may result 
from future transgenic commercial operations. Maori suffer from many of the diseases that are potential 
targets of future transgenic work and therefore should benefit from improved access to developed 
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medicines.  The probability and magnitude of benefits are dependent on those of the public health benefits 
discussed below. 

 

B2. Fostering new ventures 

 
Analysis 

The new economic opportunities discussed in section 6 (iv)D1 are largely related to pastoral production.  
Maori own a significant proportion of New Zealandõs pastoral land.  Many of the larger and more 
progressive incorporations are leading innovation in the pastoral sector and looking to invest in new 
technology-based opportunities. 

In the medium to long term Maori are therefore likely to share in a variety of economic opportunities 
ranging from operating transgenic farms to involvement in processing and production operations.  

Evaluation 

The probability and magnitude of economic benefits for Maori are similar to those of the economic benefits 
for New Zealand generally discussed below in section 6 (iv)D1 

iii. Beneficial effects on public health, society and community 

For example, if the organism were to escape could it have a beneficial effect on society or on peopleõs health 
and wellbeing? Could the organism in containment have benefits for individuals or communities? This might 
include increased knowledge. 

Benefit Pathway 

C1.  Development of cost-effective new 
treatments 

 Insert genes to produce milks containing 
proteins of benefit to humans as 
medicines, or nutraceuticals  

 

C1.  Development of cost-effective new treatments 

 
Analysis 

The health benefits of the activities for which approval is sought under this application are closely related to 
some of the economic benefits identified below. The main objectives of AgResearchõs activities under this 
application are to achieve proof of concept for therapeutic targets. This work will lay the foundation for the 
future development of new treatments.  .  

A direct benefit of the application is the demonstration that more affordable medicines are feasible using the 
transgenic animal platform. This step is essential in the process of bringing new medicines to market. The 
role of recombinant DNA expression products for human therapeutic uses is well established. Recombinant 
DNA (rDNA) technology has made a revolutionary impact in human healthcare by enabling mass 
production of safe, pure and efficient rDNA expression products (Bhopale 2005). A wide range of 
recombinant products for human therapeutic use already exist including for diabetes, blood clotting, growth 
hormone deficiencies, cancer drugs, hepatitis and many vaccines. A list of important FDA approved 
recombinant products for human therapeutic use is set out in Appendix VII.   

The use of transgenic animals has been the next step in the development of technologies utilising rDNA. 
Domestic livestock such as cattle, goats and sheep have the innate ability to produce large amounts of 
protein in their milk. This attribute can be further exploited through production of therapeutic proteins in 
milk. The use of domestic livestock can have significant advantages compared to other production methods 
in terms of safety and biological activity. Biopharming represents a safer procedure for the production of 
biopharmaceuticals compared with utilising human tissues. This is specifically in regard to prevention of 
transmissible human diseases such as human immunodeficiency virus/acquired immune deficiency 
syndrome (HIV/AIDS). Also, recombinant proteins can be produced in transgenic animals that are the 
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same as those produced by humans, and these proteins are likely to be less allergenic than the corresponding 
non-human products harvested from non-engineered animal tissues (CAST, 2007).   

Recombinant human antithrombin (rhAT, commercial name ATryn) is the most advanced of the transgenic 
milk derived compounds. ATryn is the first transgenically produced human therapeutic protein product 
which has been approved for human application by the European Union EMEA and the FDA in the USA.  
The development of a recombinant option for antithrombin will provide a safe and reliable supply of this 
important factor for patients with herditary deficiencies of antithrombin, who require treatment with this 
factor prior to surgery or childbirth. GTC Biotherapeutics has also begun development of ATryn in Europe 
as a potential treatment for disseminated intravascular coagulation (DIC) associated with severe sepsis. DIC 
occurs in an estimated 220,000 severe cases in the European Union ð approximately 50% are fatal, 
representing a major unmet medical need (Echelard, 2006).A list of products using transgenic animals is set 
out in Appendix VIII. 

 

Evaluation 

The above discussion demonstrates that benefits to human health from the use of transgenic animals as 
protein production systems are well underway. The feasibility of producing human proteins in domestic 
animals has been well documented and their effectiveness in treating human diseases is being established 
through clinical trials (CAST, 2007, Echelard, 2006).  

The likelihood of these benefits occurring in New Zealand over the medium to long term is considered to 
be high. The public health benefit of biopharmaceuticals production using transgenic animals is the potential 
to increase the availability of these new medicines and foods. The increased efficiency, safety and reduced 
production costs are the underpinning factors that together should result in more affordable medicines.  The 
activities proposed under this application will enable AgResearch to contribute to increasing the availability 
of these therapeutic remedies. The magnitude of benefit to New Zealand cannot be precisely measured. 
Nevertheless the number of products currently under evaluation or investigation provides strong evidence 
of significant potential benefits to human health, including those of New Zealanders, over the medium to 
long term.  

 

iv. Beneficial effects on the market economy 

For example, could there be any beneficial effects on the New Zealand economy at a local, regional or 
national level?  Are there any public commercial benefits? 

Benefit Pathway 

Economic  

D1  Seeding the development of new 
agriculture based biotechnology 
industries.   

 New products 

 New industry for processing of proteins 

 Downstream flow-on benefits to creation of new 
industries 

 

D1.  Seeding the development of new agriculture based biotechnology industries  

 
Analysis 

The pastoral sector is the backbone of New Zealandõs economy and its continued success is essential to this 
countryõs wellbeing.  AgResearchõs mission is to contribute to this ongoing success by creating sustainable 
wealth in the pastoral and biotechnology sectors through science and technology. AgResearch is focused on 
identifying scientific and technology opportunities and transforming them into tangible benefits. 

It is important that New Zealand is positioned firmly at the forefront of the international biotechnology 
sector, and provides innovative products for the dairy industry.  New Zealand already has considerable 
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expertise in milk production and an enviable international reputation for the high health status of its 
animals. AgResearch scientists continue to make groundbreaking developments that benefit our dairy and 
meat industries, and we are well placed to lead the world by applying our expertise in biotechnology to 
benefit areas beyond agriculture. 

These sentiments are reflected in several high level government policy statements. The Governments 
Growth and Innovation Framework (GIF) identified biotechnology as a sector with high growth potential 
for New Zealand. The Biotechnology Taskforce convened as part of the GIF process, recognised that basic 
biotechnology research plays an import role in enabling innovation across a range of sectors 
(http://gif.med.govt.nz). In 2003, New Zealand adopted a Biotechnology Strategy with the aims of growing 
the sector within a framework of robust regulatory oversight and community engagement (New Zealand 
Government, 2003). 

The national economic case for biotechnology, which the activities under this application will contribute, is 
well supported and best summed up by the following statement in the Governmentõs Biotechnology 
Research Roadmap: 

òNew Zealandõs ability to truly òadd-valueó to the products produced by its primary industries will be a key 
determining factor in our future economic competitiveness. Biotechnology research will have a pivotal role 
to play in New Zealand achieving this. Over the longer term New Zealand also needs to òfutureproofó its 
economy by diversifying its economic base. This will only be achieved by creating sustainable economic 
advantages in new areas of activity or by transforming existing industries.ó(MoRST, 2007)  

The proposed development activities underpin New Zealandõs efforts to create additional opportunities for 
the pastoral industry through the application of new biotechnologies.  New Zealandõs competitive advantage 
in biopharming is best illustrated by the strong interest from the major players in the biopharming sector, 
namely, GTC Biotherapeutics ( USA) and Pharming NV (Netherlands) to set up operations in NZ in 
association with AgResearch.  

Biopharmaceuticals, or biosimilars, are continuing to exhibit substantial revenue growth. Sales of the 
currently approved monoclonal antibodies was more than USD$23 billion in 2006 estimated to grow to 
USD$36 billion by 2012 (Lawrence et al. 2007). The impending patent expiry of many leading products has 
created a number of highly attractive market opportunities for companies that have the ability to produce 
biosimilars. GTC Biotherapeutics has developed a transgenic production platform for the cost-efficient, 
large-scale production of recombinant therapeutic protein. The use of this platform has been validated 
through the European Medicines Agency (EMEA) and United States Food & Drug Administration (FDA) 
approval for ATrynÈ (recombinant human antithrombin). AgResearchõs partnership with GTC 
Biotherapeutics offers a huge opportunity in this biosimilars area and plays into the strengths of both 
companies. 

The value of new industry development will be realised through increased levels of overseas investment in 
New Zealandõs agriculture sector. The discussion highlights that the transgenic animal platform is a reality 
and significant investment has occurred in transgenic animal research and product development globally.  

A good example is AgResearchõs collaborative program with GTC Biotherapeutics. This program will build 
on GTC Biotherapeuticsõs existing transgenics IP resulting in the breeding of ôproof of conceptõ animals 
which will express the desired proteins in their milk. Over the medium term new industry will need to be 
established for the specialised milking of these goats and the subsequent purification of the milk to produce 
a pharmaceutical grade starting material which will be used in all the subsequent preclinical and clinical trials. 
During this trial period there will need to be extensive infrastructure development -from the logistics of 
farms, feed, laboratory services though to the actual breeding of the specialized transgenic goat herd. 

Flow-on opportunities may also be created for the wider NZ biotechnology sector in areas such as the 
extraction and purification of these commercially valuable proteins. This will not purely be limited to new 
infrastructure to meet these highly specialized but creation of an associated new generation of knowledge-
based cutting edge technology industries. 
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Evaluation 

AgResearch contends that the activities proposed under this application if approved are highly likely to 
contribute to New Zealandõs goals and objectives for biotechnology and the contribution of this sector to 
national wellbeing. The benefits are likely to be at least moderate for the basic and applied research. 

The benefits arising from the development of new industry and related activities are expected to accrue over 
the medium to long term. However, the following factors indicate that AgResearch and New Zealand have 
already advanced some way down the path of realising these benefits:  

 The capability in transgenic livestock technology already exists in New Zealand. AgResearch has 
world leading research capabilities in livestock genetics and reproductive technologies. AgResearch 
has a proven track record in the field of transgenic livestock applications. The activities outlined in 
this application will further underpin New Zealandõs capability in developing and using transgenic 
livestock.  

 AgResearch has developed close relationships with two pioneers of transgenic animal technology, 
Pharming and GTC Biotherapeutics. These relationships provide AgResearch access to an extensive 
pipeline of new potential candidates thus supporting the development of New Zealandõs transgenic 
livestock activities. AgResearch GTC Biotherapeuticshas finalised an agreement with GTC 
Biotherapeutics to develop founder transgenic animals for two monoclonal antibody products. 
Opportunities may also be generated for the wider NZ biotechnology sector in areas such as 
extraction and processing of proteins. 

 New industries based on transgenic livestock can fully leverage New Zealandõs competitive 
advantage in the pastoral farming sector, including low cost farming systems, disease free status and 
superior genetics of New Zealand livestock. 

 New Zealand is a highly attractive location for companies wanting to locate production activities 
outside of the USA. There are a variety of reasons for this including: 

o the attraction of the ôrelatively disease freeõ image of New Zealand that translates into 
product safety perceptions; 

o companies spreading potential risks (disease etc) which may be associated with only having 
one production facility; 

o New Zealandõs location provides good access to the Asia Pacific region;  

o The intellectual property regime in New Zealand enables work to begin on developing 
products such as monoclonal antibodies, before work can be started in the USA (due to 
patent protection). This means companies gain earlier market access.  

AgResearchõs expertise has already attracted overseas investment and it is highly likely to continue to do so 
in the future. This is regardless of whether or not production of biopharmaceuticals is ultimately located in 
New Zealand.  The demand for research and development activities for basic research and to support pre-
clinical and clinical trials demands less investment and relies more on AgResearchõs research expertise. The 
benefits are likely to be significant to AgResearch over the medium term. The likelihood of increased 
international investment in new industries and production activities is dependent on the market success of 
products produced via transgenic animals.  Benefits are expected over the long term given the infancy of the 
global market at the present time but could be significant in magnitude for New Zealand over a medium to 
long term timeframe.  
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v. Are there other potential beneficial effects that do not fall under sections (i) ð (iv)?  

 

Benefit Pathway 

E1.  Research and development  Increase in new knowledge and development of 
new technologies   

 Build R&D capacity  

 Enhance New Zealandõs reputation for research-
driven innovation in pastoral industries 

 

 

E1.  Research and development 

 
Analysis 
AgResearch identified three areas of benefit relating to research and development: 

 Increase in new knowledge and development of new technologies   

 Capacity building  

 Enhance New Zealandõs reputation for research-driven innovation in pastoral industries 

AgResearch has had a transgenic animal programme at Ruakura for 10 years based at the Ruakura Animal 
Containment Facility. The research has been successful in that we have several lines of transgenic cattle that 
have additional cattle genes which produce extra kappa casein in the milk and also cattle that express myelin 
basic protein (MBP) in their milk. The extra kappa casein experiment was done to produce milk that would 
have a higher cheese yield and the MBP experiment to produce a protein that could ultimately treat multiple 
sclerosis. The purified MBP is currently being tested for efficacy in a mouse model at the Malaghan Institute 
in Wellington.  

AgResearch is also building up a herd of transgenic cattle that produce human lactoferrin in their milk. This 
is being done in conjunction with a commercial partner, Pharming. We also have a research programme 
aiming to produce human Follicle Stimulating Hormone (FSH).  

The proposed research builds on AgResearchõs previous technological achievements, which includes not 
only the demonstration of the production of recombinant proteins in the milk of transgenic animals but the 
introduction of site-specific modifications to improve transgenic technology.  New scientific knowledge and 
new technologies will be generated in the following areas under this application:  

 New recombinant antibody constructs that minimise immune response in patients; 

 Generation of transgenic cell clones and animals producing fully functional monoclonal antibodies; 

 Development of transgenic livestock with site-specific genome modifications; 

 Evaluation of episomal vectors for biopharming; 

 Isolation and characterisation of amniotic stem cells and their utility for bioreactor applications; 

 protein expression and modification potential of the mammary gland in livestock animals 

 the functional characterisation of tissue specific regulatory sequence elements in livestock animals;  

 The reproductive biology and embryonic development in livestock animals. 

Strong research and development programmes enable capacity building within New Zealand. This capability 
not only reduces reliance on international expertise but enhances the reputation of New Zealand and our 
ability to attract international investment. Maintaining capacity and capability in the science and technology 
of animal transgenics provides the foundation for applied research and productive capability that underpins 
investment in the New Zealandõs agricultural biotechnology sector.  AgResearch wishes to maintain and 
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enhance this capacity to deliver applied science solutions.  

 
Evaluation 
The benefits of transgenic technologies are likely to range from moderate to significant for both 
AgResearch and the wider New Zealand biotechnology sector. The likelihood of achieving the objectives 
relating to building capacity is very high should this application be approved. The value of AgResearchõs 
R&D programme can be confirmed by the investments that the Government, through FRST, has made in 
the animal transgenic programme. The transgenic animal research programme has attracted over $12 million 
in Foundation for Research Science and Technology funding since 1999 with a further $8 million 
committed over the next five years. Furthermore, AgResearchõs partners have committed to invest $200,000 
p.a as seed money towards the goat project. This reflects just the direct cost of operations and takes no 
account of the substantial intangible benefits derived from increases in scientific reputation and capacity 
that derive from successful research outcomes.  
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Section 7: Is there any other information relevant to the consideration of this application that has 
not been mentioned earlier?  

AgResearch proposes for the Authorityõs consideration a set of controls taking into account the level and 
nature of the risks presented by the proposed activities and our experience in operating the transgenic 
livestock programme at the Ruakura facility for the past 10 years without incident.  

 

Proposed Controls  

1. To limit the likelihood of any accidental release of any organism or any viable 

genetic material: 

1.1 Initial cell line development, or in vitro fertilisation if it occurs in New Zealand, shall be 
carried out in an indoor containment facility approved by the Ministry of Agriculture and Forestry 
(MAF) under the Biosecurity Act 1993, in accordance with the MAF/ERMA Standard 154.03.02 
Containment Standard for Micro-organisms and Cell Cultures:2007a.  

Development and maintenance of  transgenic animals shall be undertaken in containment 
facilities registered in accordance with MAF Biosecurity/ERMA New Zealand Standard 
154.03.03: Containment Facilities for Vertebrate Laboratory Animals Physical containment level 2 (PC2). 

 

1.2  The operation and management of any indoor containment facility shall be in accordance 
with MAF/ERMA Standard 154.03.02 Containment Standard for Micro-organisms and Cell 
Cultures:2007a or for whole animals MAF Biosecurity/ERMA New Zealand Standard 154.03.03: 
Containment Facilities for Vertebrate Laboratory Animals Physical containment level 2 (PC2). 

 

1.3 Artificial insemination or embryo transfer or in vivo fertilisation and the maintenance of 
transgenic animals for research or commercial production purposes shall be carried out in an 
outdoor containment facility7 approved by the Ministry of Agriculture and Forestry (MAF) under 
the Biosecurity Act 1993, in accordance with the MAF/ERMA New Zealand Animal Health and 
Welfare Standard 154.03.06: Containment Standard for Field Testing Farm Animals. 

  

1.4 The operation and management of any outdoor containment facility shall be in accordance 
with MAF/ERMA Standard 154.03.06: Containment Standard for Field Testing Farm Animals. 

 

1.5 The outdoor containment facility shall be enclosed by double 2 metre high perimeter fences 
constructed in accordance with at least the requirements of the standard specified in control 1.4.  

 

1.6 No genetically modified animals or their progeny are permitted to leave the outdoor 
containment facility except in accordance with the requirements of the standard listed in control 
1.4.  All such animals shall be returned to an approved containment facility 

Genetically modified organisms may be exported in accordance with New Zealandõs obligations 
under the Cartagena Protocol. 

                                                 
 



Page 52 of 62 

 

 

1.7 No Conventional animals, including surrogate mothers and recipients, or their progeny are 
permitted to leave the outdoor containment facility except in accordance with the requirements of 
the standard listed in control 1.4.   All such animals shall be returned to an approved containment 
facility. 

 

1.8 All genetically modified animals and their progeny, no longer required for development or 
maintenance purposes shall be destroyed, and disposed of in accordance with control 1.9.   

 

1.9 Disposal of animals shall be in accordance with the requirements of the Standard listed in 
control 1.4. Using an acceptable method agreeable with local Iwi and appropriate for the 
containment facility location.  

1.10 In the event of mortality of any animals in the containment facilities, carcasses shall be 
immediately removed to prevent access by scavengers and the carcasses disposed of in accordance 
with control 1.9. 

1.11 Milking of genetically modified cattle shall be performed within the outdoor containment 
facility and the milk shall be transported, in secure containers to prevent spill, to the indoor 
containment facility (approved under control 1.1) for evaluation.  A log of the quantity of milk 
obtained and its fate shall be maintained and recorded in a register 

Records will be maintained in accordance with the requirements of the standard listed in control 
1.4. 

1.12 All untreated/unprocessed surplus raw milk or other waste product will be disposed of in 
accordance with the requirements of the standard listed in control 1.4 within the containment 
facility.   

1.13 No part or product of genetically modified animals shall be ingested by any person at any 
time without the correct regulatory approvals being in place. 

1.14 Any animal with signs of any exotic disease, including transmissible spongiform 
encephalopathies, shall be reported to MAF via the Exotic Disease and Pest Emergency Hotline.  
Disposal of animals will be according to MAF direction. 

 

2. To exclude unauthorised people from the facility: 

 

2.1 The applicant shall comply with the requirements contained in the standards listed in controls 
1.2 or 1.4 relating to identification of entrances, numbers of, and access to entrances, and security 
requirements for the entrances and the facilities. 

2.2 At all times only persons authorised by the Operator or the Manager of the containment 
facilities shall have access to the containment facilities.  

3. To exclude other organisms from the facility and to control undesirable and 
unwanted organisms within the facility: 

3.1 The applicant shall comply with the requirements contained in the standard listed in controls 
1.2 or 1.4 relating to exclusion of other organisms from the facilities and the control of 
undesirable and unwanted organisms within the facilities. 

4. To prevent unintended release of the organism by experimenters working with the 
organism: 
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4.1 The applicant shall comply with the requirements contained in the standard listed in control 
1.2 or 1.4 relating to the prevention of unintended release of genetically modified animals cells or 
embryos by experimenters working with the organisms. 

4.2 The maximum number of animals housed in the outdoor containment facilities shall not 
exceed the capacity of each containment facility as approved under control 1.4 and any 
requirements of the appropriate AgResearch Animal Ethics Committee. 

4.3 All conventional animals within the facility shall be double tagged (i.e. by two different ear 
tags). All genetically modified animals shall be individually identified by an ear tag for visible 
identification and also implanted with a subcutaneous electronic microchip for individual 
electronic identification.  In the event that subcutaneous microchips cannot be implanted until 
animals reach a certain age, animals shall have two different types of ear tags in place at all times 
to allow for immediate identification. 

5. To control the effects of any accidental release or escape of an organism: 

5.1 If a breach of containment occurs, the facility operator must ensure that the MAF Inspector 
responsible for supervision of the facility has received notification of the breach within 24 hours. 

5.2 In case of unintended or accidental release or escape of genetically modified animals, the 
applicant shall recover the escaped animals and return them to the outdoor containment facility. 
If there has been any possibility of mating occurring, steps shall be taken to abort any possible 
resulting pregnancies, and the foetuses and mothers disposed of in accordance with control 1.9.   

 

6. Inspection and monitoring requirements for containment facilities: 

6.1 The Authority or its authorised agent or properly authorised enforcement officers, may 
inspect the containment facilities at any reasonable time. 

6.2 The Manager responsible for maintaining genetically modified animals in the outdoor 
containment facility, shall report immediately to ERMA New Zealand and the facility Supervisor 
(at least within 24 hours) on any event that is likely to be in the public interest, e.g. unexpected 
mortality in genetically modified animals, a breach in security, or presence of TSE. 

 

6.3 The applicant shall maintain a register with records of identity and fate of all animals in the 
development. 

 

6.4 The applicant shall provide a comprehensive report to ERMA New Zealand in each 
December covering activities under the combined AgResearch program aligned with this 
approval, with particular reference to the topics listed in section 4.13 of the MAF Biosecurity 
Authority Standard 154.03.06. This report shall also include a summary of any unforeseen positive 
or negative effects to the environment, public health, Mńori culture, or the economy or society 
resulting from the activities under this approval. 

 

6.5 The applicant shall provide a final report to ERMA New Zealand, within six months of the 
conclusion of activities under this approval. The report shall include:.  

a) whether there have been any unforeseen positive or negative effects to the 
environment, public health, Mńori culture and the economy or society resulting from 
the research; and 

b) whether the controls imposed have been practicable and/or effective in their control 
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purpose. 

7. Qualifications required of the persons responsible for implementing those 
controls: 

7.1 The applicant shall inform all personnel involved in the production and development of 
genetically modified animals of the controls imposed in this decision. 

 

7.2 The applicant shall notify the supervisor and ERMA New Zealand if there are any changes in 
ownership of the property housing or operational interest relative to the containment facilities in 
which the organisms under this approval are maintained. 

 

8. To ensure that, after the end of the development, heritable material is removed or 
destroyed: 

8.1 In the event that operations involving genetically modified animals cease,  

a)  All genetically modified animals and their progeny, shall be destroyed and disposed of 

in accordance with control 1.9, unless a further HSNO approval has been obtained; and 

b)  all heritable material (including semen and ova) derived from genetically modified animals 
shall be removed into secure containment or destroyed in accordance with the requirements of 
the standards listed in control 1.2 or 1.4.  
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Section 8: List of appendices, referenced material and Glossary (if applicable) 

a) List of appendices attached 

Appendix 
Number 

Title  

  
Appendix I:   AgResearchõs 2020 Science strategy 
Appendix II:  List of Biological Material to be Used 
Appendix III:   Containment requirements  
Appendix IV:   Maori Consultation  

A Information pack sent to Maori 
B Written responses from iwi 
C Report on AgResearch Maori Consultation - ICS 

    Solutions  
D Resolution of Regional Representative Hui and 

 AgResearch response 
Appendix V:  Review of  Viral Vector Systems ð Dr Russell Poulter 
Appendix VI:   Stakeholder Consultation list ð Dairy Industry 
Appendix VII  FDA approved recombinant products for human  

 therapeutic use  
Appendix VIII:  The current range of transgenic animals used   
   globally in biomedical research. (CAST 2007) 
Appendix IX:   Copies of references cited in the application 
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b) Glossary 
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d) Glossary 

Term Definition  

  
Adenovirus -  a class of non-integrating, single stranded DNA viruses capable 
of respiratory and enteric infections in humans.  Disabled forms are widely used 
for transient gene expression. 
Biopharmaceuticals - Biopharmaceuticals are medical drugs manufactured by 
biotechnology methods that have biological sources, usually involving live 
organisms or their active components. This includes all recombinant proteins, 
(monoclonal) antibodies, vaccines, blood/plasma-derived products, non-
recombinant culture-derived proteins, and cultured cells and tissues. 
 
Bioreactor - An apparatus, such as a large fermentation chamber, for growing 
organisms such as bacteria or yeast that is used in the biotechnological 
production of substances such as pharmaceuticals, antibodies, or vaccines, or for 
the bioconversion of organic waste. 
Biosimilars (or follow-on biologics) -  officially approved new versions of 
innovator biopharmaceutical products, following patent expiry. 
Biotechnology - Any technological application that uses biological systems, 
living organisms, or derivatives thereof, to make or modify products or processes 
for specific use. Biotechnology products include antibiotics, insulin, interferon, 
recombinant DNA, and techniques such as waste recycling. Much older forms of 
biotechnology include bread-making, cheese-making and brewing wine and beer. 
Blasticidin - Blasticidin-S is an antibiotic used to select transformed cells in 
genetic engineering. 
 Blastocyst - the structure formed in early embryogenesis, after the formation of 
the blastocoel, but before implantation. 
Carcinoembryonic antigen (CEA) - a glycoprotein involved in cell adhesion. 
Chimeric - a single gene construct made by splicing two DNA sequences from 
genetically distinct  sources 
Cloning -  (gene cloning)  the insertion of a DNA sequence into a vector that 
can then be propagated in a host organism, usually bacteria, generating a large 
number of copies of the DNA. 
Chloramphenicol  -  a bacteriostatic antimicrobial originally derived from the 
bacterium Streptomyces venezuelae 
Conventional -   An animal which is normal for its type and species which 
hasnõt undergone any genetic modification  
DNA  -Deoxyribonucleic acid, the chemical at the centre of the cells of living 
things which controls the structure and purpose of each cell and carries genetic 
information during reproduction. 
Ectoparasites ð Parasites which live on the surface of their hosts. 
Encephalopathies ð Brain diseases 
Episomal ð extra chromosomal 
Expression construct -  a DNA molecule containing a combination of 
sequences (including coding and regulatory elements) necessary to produce 
expression of a transgene 
Functional genomics -  the study of how genes and gene products work.  
Gene - A unit of hereditary information. A gene is a section of a DNA molecule 
that specifies a set of instructions, most commonly for the production of a 
particular protein.  Gene insertion is the addition of one or more genes into the 
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genome of an organism from an external source, and gene expression is the 
process by which a geneõs coded information is made available and translated 
into the structures present and operating in the cell (either proteins or RNAs) 
leading to production of a protein and hence the appearance of the phenotype (a 
term used to describe the behaviour or physical appearance of an animal). A 
gene product is the functional component produced according to the 
instructions of a gene. 
Genetic modification (GM) -  A commonly used term for the manipulation of 
an organismõs hereditary material (DNA) using artificial techniques with the aim 
of removing, modifying or adding genes to or from the organism in order to 
delete, change or incorporating specific characteristics. A genetically modified 
organism (GMO) is an organism whose genome has been altered by the 
inclusion of foreign genetic material. This may be derived from other individuals 
of the same or wholly different species, or of an artificial nature. (Transgenic has 
the same meaning genetically modified organism and is used interchangeably 
with this term in this application ).  
Gonadotrophins ð Protein hormones secreted by gonadotrope cells of the 
pituitary gland. 
Green fluorescent protein (GFP) -   the product of a reporter gene derived 
from a gene from the jellyfish, Aequorea victoria.  The (original) GFP product 
gives off a green glow under UV-blue light.  There are a number of variants 
developed for laboratory use. 
Histopathological  ð examination of tissues by biopsy, surgery or autopsy 
HIV  - human immunodeficiency virus, the infectious agent of acquired 
immunodeficiency syndrome (AIDS). 
Host -   the organism or cell into which donor DNA is inserted. 
Hygromycin B -  an antibiotic produced by the bacterium Streptomyces 
hygroscopicus. It is an aminoglycoside that kills bacteria, fungi and higher 
eukaryotic cells by inhibiting protein synthesis. 
IMAGE clone - a copy of cDNA from I.M.A.G.E. (Integrated Molecular 
Analysis of Genomes and their Expression), a consortium initiated in 1993 to 
share genetic material and information. 
Genomic DNA ð Part of the DNA double helix that carries genetic information 
Lentivirus - a type of complex retrovirus which is associated with acquired 
immunodeficiency syndrome.  Modified lentiviral vectors offer the advantage of 
stable transduction of both dividing and non-dividing cells.  
Lentiviral vectors - a tool based on lentivirus commonly used by molecular 
biologists to deliver genetic material into cells 
Lipofection (or liposome transfection) - a lipid-based transfection technique 
used to inject genetic material into a cell by means of liposomes which are 
vesicles that can easily merge with the cell membrane since they are both made 
of a phospholipid bilayer.  
Lysozyme ð family of enzymes which damage bacterial cell walls 
mRNA  -  messenger RNA, an intermediate copy of a gene used to specify the 
sequence of building blocks of the protein.  The mRNA species present in each 
cell reflect those genes that are expressing or òturned onó. 
Morpholinos ð molecules used to modify gene expression. 
Morulae ð early embryo 
Neomycin - antibiotic 
 
Nutraceutical  - A term coined by blending "nutrition" and "pharmaceutical" 
which refers to foods with medical benefits for human health including the 
prevention and treatment of disease 
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Oocytes -  egg cells 
Pathogenicity -  disease causing 
Plasmid -   A small circular piece of cytoplasmic DNA that can transfer into 
host cells and utilise cellular machinery for replication; used as vectors of 
recombinant DNA. 
Polyadenylation -  modification of mRNA 
Prions ð infectious agents composed of proteins 
Promoter -   a region of DNA which binds the enzyme (RNA polymerase) that 
initiates expression of a gene. 
Proteins -  Proteins are large molecules required for the structure, function, and 
regulation of the body's cells, tissues, and organs. Each protein has unique 
functions. Proteins are essential components of muscles, skin, bones and the 
body as a whole. Protein is also one of the three types of nutrients used as energy 
sources by the body.  
Recipient -  A female animal which has the ability or opportunity to be used to 
perform the role of a surrogate via artificial breeding  
Recombinant DNA -  DNA molecules that have been created by combining 
DNA from more than one source. Recombinant DNA technology is the 
technology upon which genetic engineering or genetic modification is based. The 
process involves DNA being joined together in novel combinations. 
Reporter gene -   a gene with a product that can be readily visualised, or 
catalyses a reaction that can be visualised, and thus showing that a genetic 
mechanism is working or that gene transfer has occurred. 
Retrovirus -  the class of RNA virus which has been widely used for gene 
therapy.  Retroviral vectors are usually derived from a mouse leukaemia virus. 
RNA  -   ribonucleic acid; a chain molecule copied from parts of the genomic 
DNA and having informational, structural and enzymatic roles in gene 
expression and protein synthesis. 
RT-PCR -  reverse transcription-polymerase chain reaction; process by which 
RNA is copied and subsequently multiplied to produce usable quantities of 
cDNA from small amounts of original material. 
Sequence -  the arrangement of the four types of nucleotides, abbreviated òaó, 
òcó, ògó and òtó, as they occur in a DNA or RNA/cDNA chain.  This code can 
specify the protein product of a gene, or confer structural, binding or catalytic 
properties of the nucleic acid. 
Somatic cells/tissues -  cells or tissues from body sites not involved in 
reproduction. 
Spermatogonial -  sperm cells 
Surrogate -  A female animal which becomes pregnant following implantation 
of a fertilized egg or embryo for the purpose of carrying the fetus to term and 
then rearing the resulting offspring. 
Titer  -  concentration of viral vectors in a stock solution. 
Transduction -  genetic modification as conferred by a viral vector. 
Transfection -  process of inserting foreign DNA into a eukaryote (plant or 
animal) host cell, usually in a plasmid vector. 
Transgene -   a gene of interest transferred into a new host cell. 
TSE -  Transmissible spongiform encephalopathy: A neurodegenerative family 
of diseases, mainly of the brain, passed infectiously in feed by miss folded forms 
of normal cellular prion protein.  E.g. scrapie in sheep, BSE in cattle, CJD in 
humans, CWD in deer.  New Zealand does not have animal TSEõs and is known 
internationally as BSE and scrapie free. 
Vector -  a plasmid or virus, capable of replication when in an appropriate host, 
used in research to transfer DNA. 
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Section 9: Declaration and signing the application form 

In preparing this application I have: 
Á Taken into account the ethical principles and standards described in the ERMA New Zealand 

Ethics Framework Protocol (http://www.ermanz.govt.nz/resources/publications/pdfs/ER-PR-
05-1.pdf); 

Á Identified any ethical considerations relevant to this application; 

Á Ensured that this application contains an appropriate level of information about any ethical 
considerations identified, and provided information about how these have been anticipated or 
might be mitigated; and 

Á Contacted ERMA New Zealand staff for advice if in doubt about any ethical considerations. 

I have completed this application to the best of my ability and, as far as I am aware, the information I 
have provided in this application form is correct. 

 

 

 

 

 

 

Signed  

 
Date 4/11/2009 

Signature of applicant or person authorised to sign on behalf of applicant 

 
 
 
 
 
 
 
 
 
 
 
 
 
Before submitting your application you must ensure that: 

 All sections are completed. 

 Appendices (if any) are attached. 

 Copies of references (if any) are attached. 

 Any confidential information identified and enclosed separately. 

 The application is signed and dated. 

 An electronic copy of the final application is e-mailed to ERMA New Zealand. 

http://www.ermanz.govt.nz/resources/publications/pdfs/ER-PR-05-1.pdf
http://www.ermanz.govt.nz/resources/publications/pdfs/ER-PR-05-1.pdf
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