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Key Issues
In evaluating the risks, costs and benefits associated with these applications, ERMA New
Zealand has identified the following key issues:
The length of the field trial
The proposed field trials will last for up to 20 years, although individual trees will only be
grown in the trial site for between three and ten years. The genetically modified trees will
not be grown for the normal duration that can be expected in a commercial plantation.
Consequently, the proposed field trials will not provide an opportunity for complete
evaluation of the genetically modified trees over their expected life span.
Pollen escape
The most important risks with this application are those associated with the possible escape
of pollen. Unless very strict containment is maintained, it would be prudent to assume that
there are significant risks from cross pollination with trees outside of the trial. The risk is
compounded from two factors. The first is the long duration of the trial (20 years) with the
increased number of opportunities this represents for the inadvertent development and
release of pollen. ERMA New Zealand considers that it is likely that some pollen may be
inadvertently shed during the trials due to reproductive structures not being removed
(either by being missed or not being recognised) prior to maturity. The second is
uncertainty about the viability and spread of the pollen once released, as little information
is available on this. Other consequences of pollen release will depend on whether the
genetically modified pollen has increased toxicity or allergenicity. Testing will be required
to determine this.
Horizontal gene transfer (HGT) to soil microorganisms
Given current knowledge about HGT, it is considered likely that some horizontal gene
transfer to soil microorganisms may occur. HGT, if it occurs is unlikely to just involve the
genetically modified material so that this issue needs to be considered in a broader context.
The key issue in relation to HGT is the consequence of the gene transfer which depends
on the function of the material transferred. There is considerable scientific uncertainty
about the effects of such transfer and the proposed trial offers opportunities for further
research in this area.
Unanticipated host-gene expression
It is possible that some unanticipated effects may result from the genetic modifications due
to the method of introducing the foreign genetic material. The magnitude of such
alterations are uncertain, although some may be detected during the laboratory phase, and
some can be specifically tested for. Such unanticipated changes need to be considered in
the context of the potential for natural variation in gene expression in plants due to the
plant propagation techniques.
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Social and Community effects
Submitters raised concerns about damage to „clean green image‟ and spiritual aspects
relating to the technology involved. However these matters are more related to any
subsequent application for release of the trees. Some sections of the community are likely
to be anxious about the field trial.
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1 Introduction
1.1 Application Brief
1.1.1

The New Zealand Forest Research Institute Ltd, is seeking approval to field trial
transgenic Pinus radiata D.Don (Application GMF99001) and P. radiata (radiata
pine) and Picea abies (Norway Spruce) (L.) Karst (Application GMF99005) plants in
containment under section 40(1)(c) of the Hazardous Substances and New
Organisms (HSNO) Act 1996.

1.1.2

The purpose of these applications falls under section 39(1)(b) of the HSNO Act
1996; Field testing any new organism.

1.1.3

The applicant wishes to conduct field trials rather than testing in a contained plant
house because of the extended nature of the trials and because of the limitations
of container size and size of the plant house for the large size and number that
trees will reach. The applicant also wishes to assess performance of the trees
under normal growth conditions.

1.1.4

The purpose of these field trials is to evaluate the reproductive development and
herbicide resistance of the transgenes in juvenile transgenic radiata pine and
Norway spruce, in order to determine the stability and integration of new genes
and what influence field conditions have on these expressions.

1.1.5

In addition, the field trial is aimed at determining whether the transformation
techniques used have any detrimental effect on the growth and morphology of the
transgenic trees based on the growth/branching/height gain characteristics
particularly to provide a way to change this pathway to obtain trees that flower
earlier or not at all (sterility) and those that are herbicide resistant.

1.1.6

GMF99001: The applicant proposes to field test P. radiata genetically modified for
changes in reproductive development. Table one gives a summary of the genes,
promoters and characteristics in the transformation events.
Table 1 Genes and Promoters in GMF99001

Gene

Source

nptII

E.coli

Expected function/characteristics
Resistance against aminoglycoside
antibiotics, such as kanamycin and
geneticin

aphIV

E.coli

Resistance against the antibiotic
hygromycin B

bla

E.coli

Resistance against ß-lactam antibiotics

uidA

E.coli

Production of the enzyme ßglucuronidase

LEAFY

E.coli

Meristem identity gene. Switches on
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reproductive development

1.1.7

CONTANS

E.coli

Flowering time gene. Involved in
switching on reproductive
development

PRFLL

E.coli

P.radiata homologue of Arabidopsis
LEAFY

APETALA1

E.coli

Interacts with LEAFY

P.radiata LTP

E.coli

A lipid transfer protein gene

P.radiata CHS

E.coli

A chalcone synthase gene

Barnase

E.coli

A ribonuclease gene

Promoter

Source

CaMV 35S

Cauliflower
mosaic virus

Characteristics
Constitutive promoter for expression
of genes in dicotyledonous plants

Maize ubiquitin

Zea Maize

Constitutive promoter for expression
of genes in mainly monocotyledonous
plant species

nos

Agrobacterium
tumefaciens

Constitutive promoter for expression
in plant tissue

lac

E.coli

Constitutive bacterial promoter used
to express genes in E.coli

CHS promoter

P.radiata

Tissue specific P.radiata promoter for
a specific chalcone synthase gene

LTP promoter

P.radiata

Tissue specific P.radiata promoter for
a specific lipid transfer protein gene

PRFLL promoter

P.radiata

Promoter of the PRFLL Controls
expression in female and juvenile buds
of P.radiata

P.radiata polyubi

P.radiata

P.radiata promoter of a polyubiquitin
gene. Expected to constitutively
express genes in P.radiata

GMF99005: The applicant proposes to genetically modify P. radiata and P. abies,
to make them resistant to herbicides like “Buster” and “Escort”. Table two gives
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a summary of the genes, promoters and characteristics used in the transformation
events.
Table 2 Genes and promoters in GMF99005

1.1.8

Gene

Source

nptII

E.coli

Expected function/characteristics
Resistance against aminoglycoside
antibiotics, such as kanamycin and
geneticin

bla

E.coli

Resistance against ß-lactam antibiotics

uidA

E.coli

Production of the enzyme ßglucuronidase

bar

Streptomyces
hygroscopicus

Productions of the enzyme
phosphinothricin-acetyl-transferase
(PAT)

ALS(csr1-1) or
HRA

A. thaliana and
various other
sources

Production of a modified acetolactatesynthase (ALS)

Promoter

Source

CaMV 35S

Cauliflower
mosaic virus

Characteristics
Constitutive promoter for expression
of genes in dicotyledonous plants

Maize ubiquitin

Zea Maize

nos

Agrobacterium
tumefaciens

Constitutive promoter for expression
in plant tissue

lac

E.coli

Constitutive bacterial promoter used
to express genes in E.coli

FMV and eFMV

Figwort Mosaic virus Tissue specific P. radiata promoter for
a specific chalcone synthase gene

P. radiata polyubi

P. radiata

Constitutive promoter for expression
of genes in mainly monocotyledonous
plant species

P. radiata promoter of a polyubiquitin
gene. Expected to constitutively
express genes in P. radiata

The transgenic radiata pine, if an approval were given, would be initially
maintained, prior to planting, in the special GMO plant house on the Forest
Research campus in Rotorua. Transgenic seedlings would be transported to the
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field test site located on Forest Research Institute Ltd campus. The plant house is
registered under the Australian/New Zealand Standard AS/NZS 2243.3:1995
Safety in Laboratories Part 3: Microbiology.
1.1.9

Table 3 is the proposed timeline should approval be granted for the applicant‟s
field trial.
Table 3 Timeline for applicant’s field trial

Event

GMF99001

GMF99005

Planting of transgenic
plants

2000-2010- when plants become
available from 8 transformation
events along with non-transformed
controls. The total number of plants
in the field trial at any one time will
be 330. Age of the plants will not be
older than 2.5 years when planted
out. ERMA New Zealand is to be
advised of exact date plants are
placed in the ground.

2000-2004 –when plants become available
from 4 transformation events along with
non-transformed controls. The total
number of plants in the field trial at any
one time is 330. Age of the plants will not
be older than 2.5 years when planted.
ERMA New Zealand to be advised of
exact date plants are placed in the ground.

Most plants to be
removed

Plants to be removed on/before the
age of 3.5 from planting with one
tree per line left.

Plants to be removed on/before 3 years
from planting for P. radiata and 5 years
from planting for P.abies, with one tree per
line left.

Assessment of
transgenic plants

Max 10 years after planting for one
tree per line (up to 2020)

Max 5 years after planting (up to 2009)

Monitoring of trial site
after removal of all
plants

2 years (max up to 2022)

2 years (max up to 2011)

Report to ERMA and
MAF

At completion of the trial

At completion of the trial
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1.1.10

GMF99001: ERMA New Zealand notes that the application from Forest
Research requires further clarification in terms of the time and process of carrying
out these genetic modifications. The applicant plans to begin in the year 2000 and
over the next one to two years to make changes in reproductive development for
eight transformation events. From each transformation event, 5 lines with 6-7
trees per line will be planted out. All transformation events except one tree per
line will be removed by the time the tree is age 3.5 from the date of planting. One
tree per line will be kept until it initiates reproductive structures (not longer than
10 years after planting), the reproductive structures will be cut off before they can
mature and either incinerated or transferred to the containment laboratory for
further analysis. In the lab the reproductive structures will be forced to maturity
by exposure to a dry environment or other techniques that might become
available. In the case that these reproductive structures can be matured in the lab,
they will be bagged to avoid pollen escape.

1.1.11 In a response to a query with the applicant on 3 October 2000 it was clarified at
what age would the trees be when planted, as the application only describes when
the trees will be removed at the age of 3.5 from planting. The embryonic tissue
from the transformation events carried out in the laboratory, will be cryopreserved
in liquid nitrogen until there is sufficient space to plant out these trees into the
field trial from the plant house facilities. They will be planted out into the plant
facilities for no longer than 2.5 years, and then planted out into the field for no
longer than 3.5 years. The trees will be removed at ground level, and incinerated.
It is therefore assumed that the age of the tree begins when the embryonic tissue
is taken from the cryopreservation and planted into the plant house facilities. The
application describes reproductive structures forming when plants are around the
age of 4-5, though the applicant does say that it is unlikely at the age of 6 these
structures will have formed.
1.1.12 GMF99005 The same technique of cryopreservation above is to be used in this
application for the 4 transformation events. These will be planted in the plant
house for no longer than 2.5 years and then planted out into the field trial site for
no longer than 3 years for P.radiata and no longer than 5 years for P.abies.
Reproductive structures are not expected to develop, but if any structures do
develop, these will be destroyed by autoclaving or incineration before pollen or
seed is produced.
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1.2 Project Team
1.2.1

1.2.2

The project team consists of the following ERMA New Zealand staff members and
external reviewers:
Project Leader (Operations Group)
Erika Anderson
Senior Advisor (Science & Analysis Group)

Dr Abdul Moeed

Advisor (Science & Analysis Group)

Dr Robert Hickson

Senior Analyst (Science & Analysis Group)

Janet Gough

Senior Advisor (Science & Analysis Group)

Bevan Tipene-Matua

This report was reviewed and signed-out by Dr Bas Walker (Chief Executive
ERMA New Zealand)

1.3 Purpose of the Evaluation & Review Report
1.3.1

The purpose of the Evaluation and Review (E&R) Report is to assist and support
decision-making by the Environmental Risk Management Authority (the Authority)
by:
consolidating the information provided by the applicant and submitters,
and obtained from other sources, into a common format which enables
conflicts and similarities to be readily identified;
presenting the relevant information in a format and sequence which is
consistent with the decision-making requirements of the HSNO Act and of
the Methodology;
evaluating the information (and assessments) provided to give an opinion
on its quality and credibility, to identify gaps and to analyse overlaps and
conflicts;
identifying key issues arising from the evaluation relevant to the Authority‟s
consideration of applications; and

1.3.2

The advice contained in the E&R Report is given solely on the basis of an
objective and expert review of the application and the assessments of risks, costs
and benefits provided in relation to that application. It does not make
recommendations, nor direct or prejudge the decision that the Authority might
make on the application.
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2 Application Process Review
2.1 Timeline
Date

Action

18 June 1999

The application was formally received in terms of statutory timing.

23 July 1999

The application was stalled. Consideration was given to the ability of the
applicant to provide further relevant information, as required in section
52(1) of the HSNO Act.

05 January 2000

The application was re-submitted.

28 January 2000

The applicant still did not address all of the issues raised in the request
for additional information of 23 July 1999 and further information was
sort.

14 July 2000

The application was verified.

19 July 2000

The application was publicly notified in The Dominion, The New Zealand
Herald, The Press and The Otago Daily Times.

30 August 2000

Public submissions closed.

By at least 7
October 2000

This E&R Report and any extra information will be sent to the
applicant, Ngā Kaihautu Tikanga Taiao and submitters who have asked
to be heard, at least 15 working days prior to the date of the hearing or
consideration of the application.
It is understood by ERMA New Zealand that Ngā Kaihautu Tikanga
Taiao will provide a separate report to the Authority on risks under
section 6(d) of the HSNO Act

1-3 November
2000

A public hearing of the application by the New Organisms Committee
of the Authority will be held.

2.2 Agencies notified
2.2.1

Various government departments and agencies were notified of the receipt of the
application (in accordance with section 53(4) of the HSNO Act), and provided
with an opportunity to comment or make a public submission on the application.
A list of the agencies notified is attached as Appendix 1 of this report.

2.2.2

Of the government departments and agencies notified, the following made public
submissions on the application. The Department of Conservation does not wish
to be heard in support of these submissions. The Department of Conservation
(DoC) provided a submission on these applications in a letter dated 23 August
Refer to Appendix 3 of this report.
Clare Miller, New Organisms Officer of DoC noted with respect to these
applications that:
“The Department of Conservation supports the monitoring period, and consider that it should be
sufficient time to detect any coppicing or regeneration. In summary DoC is generally satisfied with
the conditions for containment relating to this trial, subject to the issues mentioned being resolved
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Clare Miller (DoC)

2.2.3

The Ministry of Agriculture and Forestry (MAF) did not respond to a request to
make any submissions or comments on these applications.
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3 Information Provided
3.1 Application
3.1.1

The following documents were supplied by the applicant at the time the
application was received for the Evaluation and Review report.
Applications GMF99001 and GMF99005 to Field Test in Containment
any New Organism [Form 1: (ER-AF-NO4-3 8/98)].
Copies of cited literature (where available), as listed in the applications.
Confidential information was provided as part of the application relating
to the following issue:
A map of the trial site, however the location is confidential to ERMA New
Zealand.
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3.2 Submissions
3.2.1

The application was publicly notified in The Dominion, The New Zealand Herald, The
Press and The Otago Daily Times on 19 July 2000. In addition, various interested
parties identified by ERMA New Zealand were notified of the receipt of the
application by letter, and provided with an opportunity to make a public
submission on the application.

3.2.2

A total of 735 submissions were received on this application, of which 193
submitters indicated that they wish to be heard in support of their submission.

3.2.3

ERMA New Zealand compiled a Summary of Submissions Report (refer to
Appendix 2 incorporating within this the list of parties who have made
submissions)

3.2.4

A summary of key effects raised in the submissions is presented in Table 5 and
key issues other than those effects are presented below in Table 4. Some issues
raised by submitters were not of direct relevance to these applications. Some
comments were of a more general nature, for example opposition to genetically
modified foods. Many submissions appeared to be in response to information
provided by Greenpeace New Zealand on their website. Some of this information,
such as modification of lignin production in trees is not a purpose of either of
these applications.

3.2.5

Some submitters claimed that information presented to ERMA New Zealand is
mainly from proponents of the technology and is biased, and consequently that
ERMA New Zealand is not able to fully evaluate the applications.

3.2.6

ERMA New Zealand notes that it does not just consider information supplied by
the applicant. It independently conducts searches of scientific publications and
other relevant information via the World Wide Web, and takes account of
information provided by submitters. This is reflected in the detailed evaluation of
the issues presented in this report.
Table 4 Summary table of Issues raised in submissions

Potential Containment Issues
Pollen drift
Cross pollination
Breach of containment by natural disaster like
flooding, fire, and lightening
Breach of containment by sabotage
Breach of containment by planting of wrong
trees
Horizontal Gene Transfer to microbes with
the soil
Horizontal Gene Transfer within the guts of
herbivores
Monitoring (security checks)

Other Issues
Stability of constructs
Sterility may be reverted due to natural
mutations in the genome
Unknown consequences/uncertainty
Precautionary Principle
Royal Commission enquiry on genetic
modification
Moratorium
General environmental effects
Genetically modified food
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Support for the applications

3.3 Pre-hearing meetings
3.3.1

Because of the number of submissions involved ERMA New Zealand offered to
hold pre-hearing meetings with submitters and if available the applicant. This was,
amongst other things, to enable submitters who were unable to attend the hearing
to raise or explore issues. The response from submitters was very small, and the
pre-hearing meetings were cancelled due to this insufficient interest.

3.4 Additional information
3.4.1

Where there is insufficient information available for decision-making the
Authority, or the Chief Executive of ERMA New Zealand, may seek additional
information from the applicant and other sources.

3.4.2

The Authority sought additional information under section 52 on 28 January
2000 of the HSNO Act from the applicant on issues like the number of plants
included in the trial and the process of bagging of radiata pine reproductive
structures, the status of the GMO lab and greenhouse at Forest Research Campus,
containment systems (refer to the containment manual attached as Appendix 9,
this manual is in a draft format and has not been approved by MAF but is
expected to be approved within the month), field trial procedures and organism
details like plasmid diagrams for all transformations, common name, which were
incorporated into the new applications received 7 July 2000.

3.4.3

A further request for additional information was made on 29 September 2000,
and a response received on 3 October 2000. Both the request and the response
are attached as Appendix 8. At the time of writing there has been no time to
evaluate the quality of the additional information, or to determine whether it
changes the conclusions in this report. However this analysis will be done prior to
the hearing.

3.4.4

ERMA New Zealand considers that sufficient information has been provided for
the Authority to consider this application.

3.5 Review of information
3.5.1

There are a number of areas of uncertainty with regards to this application, e.g.
Horizontal Gene Transfer (HGT) of the genetic material to microorganisms,
pollen escaping, and unanticipated effects from introducing foreign genetic
material. The significance of these uncertainties is addressed in the evaluation of
this application (refer to section 7 of this report).
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4 Decision Making Path
4.1

The application is to be considered via the Decision path for applications to
develop/ import/ field test any new organism in containment, incorporating
the option of rapid assessment for development. A copy of the relevant decision
path is included as Figure 1 of this report. The source of this decision path is the
ERMA New Zealand Protocol Number 2, Series 2, Decision Paths: Figure 3.

4.2

Following the steps in the decision path (Figure 1), ERMA New Zealand received an
appropriate and valid application (refer to section 2.1), and undertook an initial
review of the applicant‟s identification and assessment of risks (refer to section 5 of
this report).
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Figure 1
Decision Path for Applications to Field Test in Containment
any New Organism
Source: ERMA New Zealand Protocol Number 2, Series 2, Decision Paths
(Figure 3)

Conduct a review of the identification and assessment of risks by the applicant. Evaluate:
• submissions and results of hearings (if application notified)
• expert review carried out by Authority staff or externally
• input from Nga Kaihautu Tikanga Taiao

N
Obtain
additional
Information

Is this information sufficient
to enable the application to be
considered?

1

Y

Establish any
relevant positions
on risk

Evaluate risks in
conjunction with
adequacy of containment

Are
the
risks after
application of
containment proposals
negligible, and costs
accrue only to the applicant
so that positive effects
evidently exceed
adverse
effects?

N
Evaluate risks, costs and
benefits in conjunction with the
adequacy of containment

Y
Consider experience gained from previous
approvals and select controls to provide for
matters set out in the Third Schedule in
relation to containment

Y

Do the
beneficial
effects of having the
organism in containment
outweigh the adverse
effects of the
organism should
it escape?

N

Decline
application

Approve application with controls
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Note 1:

The applicant has the opportunity to withdraw their application if they do not want it to go through a full
assessment.
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5 Identification of Effects
5.1 General
5.1.1

This section discusses the effects identified and aims to encompass the effects
identified by ERMA New Zealand, Forest Research Institute and submitters.
Refer to Table 5.

5.1.2

ERMA New Zealand has conducted its own identification of potential effects
related to the field testing of P. radiata and P. abies genetically modified to alter
reproductive behaviour and herbicide resistance, through brainstorming at project
team meetings, and by reviewing expert advice sought by ERMA New Zealand.

5.1.3

The applicant has identified potential effects based on: a brainstorming session,
experience from an earlier trial, experience from trials in other countries and
scientific evidence from previous research.

5.1.4

Table 5 presents the identified potential effects by area of effect. The potential
effects are evaluated in sections 6-11 of this report.

5.1.5

The effects identified in this section and analysed and evaluated subsequently
include risks, costs and benefits. Risks are potential effects and have a likelihood
of occurrence and magnitude or value of effect. The way in which the effect is
measured (valued) will depend on the type of risk. The ERMA Methodology
defines risks in terms of adverse effects. Potential beneficial effects are
considered as well. Costs and benefits are values of positive and negative effects.

5.1.6

Identifying environmental risks requires identifying the sources of risk, the areas
of impact (effect), and the exposure pathways. Identifying the source of risk
requires addressing the hazard and examining the incidents or triggers that may
release the intrinsic potential of the hazard. (Refer to Appendix 5). The discussion
of effects includes all components of the effects, i.e. hazards, incidents or triggers,
exposure pathways and areas of effect.

5.1.7

ERMA New Zealand has identified the hazard as being the existence of the
genetically modified trees, or more specifically the genetically modified material.
The incidents or triggers are the events that might result in adverse effects. In this
instance the primary incidents or triggers will be events that result in escape of
genetically modified material from the trial site. Thus ERMA New Zealand has
identified the following incidents or triggers:
The process of development of the trees (the transformation event)
Natural events such as geothermal activity, wind storms, flooding of the site
Lightning strike
Sabotage or theft
Herbivores eating the vegetative material
Genetically modified material decomposing and leaching into ground water
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Abnormal growth patterns in trees leading to early undetected development
of reproductive systems
Undetected regeneration from stumps
Horizontal gene transfer
Incorrect labeling of genetically modified trees (so that they are not planted
in the trial site
Organisational issues such as cuts in funding, loss of key personnel
Possible exposure pathways are surface water, groundwater, wind (vehicle for
vegetative material and pollen), people, and plant eating animals.
The relevant areas of impact, based on the requirements of the HSNO Act are
effects on:
Environment
Human Health
Culture
Society and Community
The Economy
5.1.8

The containment controls listed in section 12 are primarily designed to manage
risks by reducing the likelihood of escape from containment. Thus the controls
are directed towards eliminating incidents or triggers and sealing exposure
pathways.
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Table 5: Identification and Assessment of Effects (Risks, Costs & Benefits)
ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2

Environmental Effects
Beneficial effects
1.

Reduction in reproductive
potential

Refer to section 7.2 (i)

Refer to S.14 page 26

Refer to S.14 page 24

Damage/disease to ecosystems
and flora and fauna as a result
of transfer of material from
trial site and HGT.
Toxic effects on insects &
birds etc.

Refer to section 7.3.2.3

Refer to S.14 page 26 & 29

Refer to S.14 page 24 &
27

Refer to section 7.3.2.3 (c) ix
7.3.4.1 (k) xi

Refer to S.14 page 26

Refer to S.14 page 24

4.

Adverse effect on trees from
use of CaMV (35S).

Refer to section 7.3.4.1(a)ix.

Refer to S.14 page 31

Refer to S.14 page 28

5.

Unexpected behaviour of trees
(hazard – transformation not
as expected).

Refer to section 7.3.3.

Refer to S.14 page 30

Refer to S.14 page 28

Adverse effects
2.

3.
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ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

6.

Development of Superweeds.

Refer to section 7.3.4.1(k)
ix,x

Refer to S.14 page 32

Refer to S.14 page 29

7.

Development of antibiotic
resistance.

Refer to section 7.3.2.3(a) iii
& 7.3.2.3 (c)

Refer to S.14 page 32

Refer to S.14 page 29

8.

Reduced genetic diversity –
increased susceptibility.

Refer to section 7.3.4.1(l)

Refer to S.14 page 26

Refer to S.14 page 24

9.

Herbicide resistance
temporary.

Refer to section 7.3.4.1(k).

Not identified

Not identified

10. Increased use of spray

Refer to section 7.3.4.1(k).

Not identified

Not identified

11. Depleted food resources
resulting from pineconeless
forests
12. New virus created.

Refer to section 7.3.4.1(i).

Refer to S.14 page 26

Refer to S.14 page 24

Refer to section 7.3.4.1(b) &
(c).

Refer to S.14 page 31

Refer to S.14 page 28

Refer to section 8.2.1

Not identified

Not identified

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2



Human Health Effects
Beneficial effects
13. Reduction in the amount of
pesticide and herbicide use

Page 25 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field test in containment genetically modified radiata pine and Norway spruce

ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2

Adverse effects
14. Increased allergenicity from
transgenic pollen.

Refer to section 8.3.2.

Refer to S.14 page 26

Refer to S.14 page 23

15. Disease (pathways - Humans
eating herbivores that have
eaten genetically modified
vegetation).
16. Disease (pathway-HGT, viral
constructs)

Refer to section 7.3.2.4

Refer to S.14 page 27

Refer to S.14 page 24-25

Refer to section 7.3.4.1(b)

Refer to S.14 page 29-30

Refer to S.14 page 27-28

17. Disease (pathway –
decomposed material leaching
to water table).
18. Allergies and diseases resulting
from increased use of sprays.

Refer to section 7.3.4.1(k)

Not identified

Not identified

Refer to section 7.3.4.1(k).

Not identified

Not identified

19. Antibiotic resistance

Refer to section 7.3.2.3(a) iii
& 7.3.2.3 (c)

Refer to S.14 page 32

Refer to S.14 page 29

Cultural Effects
No beneficial effects were
identified
Adverse effects
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ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

20. Contrary to the Treaty of
Waitangi

Refer to section 9.2.5 and
9.3.4.

Page 4 of the assessment of
risk against outcomes of
importance to Maori.

Page 4 of the assessment
of risk against outcomes
of importance to Maori.

21. Contrary to cultural
beliefs

Refer to section 9.3.5

Page 2 of the assessment of
risk against outcomes of
importance to Maori.

Page 2 of the assessment
of risk against outcomes
of importance to Maori.

22. Adequacy of consultation
(on going consultation)

Not identified

Not identified

Not identified

23. Threat to Taonga

Refer to section 9.3.4.

Page 2 of the assessment of
risk against outcomes of
importance to Maori.

Page 2 of the assessment
of risk against outcomes
of importance to Maori.

24. Increasing and maintaining
scientific knowledge

Refer to section 10.2.3

Refer to S.14 page 4
Refer to S.14 page 35

Refer to S.14 page 4
Refer to S.14 page 32-33

25. Reduction in toxicity from
pulp mills

Refer to section 10.2.2

Not identified

Not identified

26. Reduced chemical use

Refer to section 10.2.2

Not identified

Not identified

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2

Social & Community Effects
Beneficial effects
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ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2

Adverse effects
25. Damage to „Clean Green
Image‟.

Refer to section 10.3.3.

Not identified

Not identified

26. Development of
Superweeds.

Refer to section 10.3.4.

Refer to S.14 page 32

Refer to S.14 page 29

27. Civil unrest resulting from
existence of genetic
modification trials.
28. Damage resulting from
spiritual/ religious
concerns.

Refer to section 10.3.5.

Not identified

Not identified

Refer to section 10.3.6.

Not identified

Not identified

Refer to section 11.2.1.

Refer to S.14 page 35-36

Refer to S.14 page 32-33

Economic Effects (external
1
effects only
Beneficial effects
29. Trial proves success and
provides a basis for future
commercial
developments.
Adverse effects

1

The economic effects discussed in this section are those that accrue to or are borne by the country. Economic effects that accrue only to the applicant are not included.
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ERMA New Zealand

Forest Research Institute
GMF99001 application
(the sections reference
refers to the application)

Forest Research
Institute GMF99005
application
(the sections
reference refer to the
application)

30. Trial not completed.

Refer to section 11.3.4.

Refer to S.14 page 36

Refer to S.14 page 33

31. New virus or disease
created.

Refer to section 11.3.5.

Refer to S.14 page 31

Refer to S.14 page 28

32. Trade affected by GM
field tests.

Refer to section 11.3.3 &
11.3.7.

Refer to S.14 page 30

Refer to S.14 page 28

33. Loss of organic market
status

Refer to section 11.3.7 and
11.3.8

Not identified

Not identified

Submitter
Identified by submitter

 Not identified by
submitter
Refer to Appendix 2



Page 29 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field test in containment genetically modified radiata pine and Norway spruce

6 Analysis and Evaluation of Effects
6.1.1

The following section analyses and evaluates the effects that have been identified
by ERMA New Zealand, Forest Research Institute and submitters, and listed in
Table 5.

6.1.2

The applicant has adopted a qualitative framework for analysing effects, and has
defined two scales of descriptors; one for likelihood and one for the magnitude of
effect. A two-way table (likelihood versus magnitude) has then been constructed,
and each cell of this table has been allocated a level of risk (four levels). The
applicant has analysed or assessed risks by assigning each risk to a point in the
likelihood scale and a point in the magnitude of effect scale. The level of risk is
then read off the two-way table.

6.1.3

ERMA New Zealand has conducted its own analysis and evaluation of potential
effects related to the field testing of P. radiata and P. abies genetically modified to
alter reproductive behaviour and herbicide resistance applying professional
judgement.

6.1.4

ERMA New Zealand has evaluated effects in a similar manner to the applicant,
but has used a different set of qualitative scales (see Appendix 4).

6.1.5

Effects have been analysed in terms of the area of effect, i.e. environmental,
human health, cultural, social and community, and economic. At times there is
overlap between effects, for example, horizontal gene transfer (HGT) has
implications for effects on environmental health and human health. Another
example is reduction in pollen leading to health benefits, and social and
community benefits. Where this occurs cross-referencing is used to minimise
duplication.

6.1.6

Within each area of effect (environmental, human health, cultural, social and
community and economic) effects are divided into beneficial effects and adverse
effects. Beneficial effects include benefits and potential benefits. Adverse effects
include costs and risks
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7 Analysis & Evaluation of Environmental Effects
7.1 General
7.1.1

ERMA New Zealand has evaluated the applicant‟s assessment of the potential
environmental effects on flora, fauna and ecosystem integrity. Potential
environmental effects have been identified in Table 5 of this report.

7.1.2

Following the guiding principles set out in the HSNO Methodology Order 1998:
Information Used by the Authority, the following statutory references are considered
to be relevant to the evaluation of environmental effects:
9(a) Recognise risks, costs, benefits, and other impacts associated with the
substance or organism in an application which relate to the safeguarding of
the life-supporting capacity of air, water, soil, and ecosystems, and provide
for this principle;
9(c) Take into account risks, costs, benefits, and other impacts associated with
the substance or organism in an application which relate to –
(i)
The sustainability of all native and valued introduced flora
and fauna;
(ii)
The intrinsic value of ecosystems;
10

Where an application relates to a new organism, the Authority must also
evaluate the information provided on the risks, costs, benefits, and any other
impacts which relate to –
(a)
The significant displacement of any native species within
its natural range.
(b)
The significant deterioration of natural habitats;
(d)
Significant adverse effects on New Zealand‟s inherent
genetic diversity.
(e)
The ability of the organism to establish an undesirable selfsustaining population anywhere in New Zealand;
(f)
The ease with which the organism could be eradicated if it
established an undesirable self-sustaining population;
(g)
The ability to cause disease, be parasitic, or become a
vector for human, animal or plant disease.

7.2 Beneficial Environmental Effects
i.

No direct beneficial environmental effects resulting from these field trials have
been identified.

ii.

There are potential future beneficial effects if genetically modified trees with
reduced reproductive ability were subsequently commercially grown. The
applicant has identified that creation of sterile pine trees can reduce the potential
for wilding plants, reduce the production of pine pollen (a human health benefit),
and increase the production of wood (an economic benefit).
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iii.

The Department of Conservation was supportive of measures to reduce
reproductive potential of pine trees because of the problem wilding pines have on
conservation and other lands.

iv.

The applicant has also identified that pine and spruce trees tolerant to glufosinateammonium and sulfonylurea herbicides may result in future environmental
benefits related to use of more “environmentally friendly” herbicides.

v.

It is noted that 226 submitters directly identified environmental benefits of the
application, including DoC (refer to Appendix 3 of this report for more
information).

7.3 Adverse Environmental Effects
7.3.1 General
i.

Table 5 shows the potential adverse environmental effects that might result from
the field trial identified by ERMA New Zealand, the applicant and submitters.
These are:
Damage/disease to ecosystems and flora and fauna as a result of transfer of
material from trial site and HGT. (Refer to Section 7.3.2.3)
Toxic effects on insects & birds etc. (Refer to Section 7.3.2.3 (c) ix &
7.3.4.1 (k) xi)
Adverse effect on trees from use of CaMV (35S). (Refer to Section 7.3.4.1
(a) ix)
Unexpected behaviour of trees (hazard – transformation not as expected).
(Refer to Section 7.3.3)
Development of Superweeds. (Refer to Section 7.3.4.1 (k))
Development of antibiotic resistance. (Refer to Section7.3.2.3(a)iii & 7.3.2.3
(c))
Reduced genetic diversity – increased susceptibility. (Refer to Section
7.3.4.1 (l))
Herbicide resistance temporary. (Refer to Section 7.3.4.1(k))
Increased use of spray. (Refer to Section 7.3.4.1 (k))
Depleted food resources resulting from pineconeless forests. (Refer to
Section 7.3.4.1(i))
New virus created. (Refer to Section 7.3.4.1(c))

ii.

The applicant has indicated that field trials are more likely than laboratory or plant
house studies to provide reliable and relevant information about some adverse
effects. Such trials will provide more realistic growing conditions, and also enable
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plants to be grown for a longer period so that the likelihood of observing some
unforeseen effects is greater.
iii.

The applicant states that trees will be grown in the field for between three and ten
years. This will provide some opportunities for longer-term environmental
evaluation of the genetically modified trees.

iv.

ERMA New Zealand notes, however, that these trees will not be grown for the
normal duration that can be expected in a commercial plantation. Consequently,
the proposed field trials will not provide an opportunity for complete evaluation
of the genetically modified trees. There will be some uncertainty in relation to
performance over the full life of a tree.

v.

ERMA New Zealand has identified three principle sources of adverse
environmental effects:
Escape of material from containment
The method of introduction of the foreign genetic material
The genetic elements introduced

7.3.2 Escape of ‘genetic material’ from containment
There is the potential for either plant parts or the foreign genetic material to
escape from a contained field trial
7.3.2.1

Escape of trees or parts of trees

a

General

i.

The pathways by which the trees may escape from the trial site are through
surface water, wind, human intervention and animals.

ii.

The effects resulting from these are growth and establishment of genetically
modified trees outside of containment.

iii.

The applicant has stated that all genetically modified trees will be planted in the
field trial site and that monitoring will adequately contain the trees and prevent the
escape of pollen or seeds because the reproductive structures are to be removed
before maturity leading up to pollen shed. The applicant has briefly noted some
contingency plans in the event of the trial being prematurely ended, changes in
personnel, natural disasters, and sabotage.

iv.

In the event of premature termination of the project all genetically modified trees
will be cut down and the trees destroyed. A principal investigator will be assigned
to the project at all times. The trial site will not be fenced to exclude unauthorised
personnel.

v.

A significant feature of these applications is the length of the trials – they may last
for up to 22 years (including the post-monitoring period). During this time staff
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will change and the FRI may cease to exist or move. The applicant states that
throughout the trial period a principal investigator will be assigned to oversee and
control the trials and the trees will be regularly monitored. At the end of the trials,
or if they are concluded earlier, the applicant states that all the genetically
modified trees will be cut down and destroyed.
vi.

ERMA New Zealand considers that given the long trial period there is a risk that
effectiveness of monitoring may decline over time if key personnel change, or are
absent for long periods of time, or resources are diverted elsewhere. The
likelihood of a natural disaster occurring will also increase.

vii.

One submitter (#2939/2940) considered that these trials should be regarded as
releases since not all viable biological material (such as needles and fallen
branches) could be destroyed or recovered. The applicant has stated that all
material will be removed and autoclaved. ERMA New Zealand considers that it is
unlikely that vegetative material by itself will leave the field trial site.

viii.

ERMA New Zealand has considered the possibility that plants are incorrectly
labelled in the plant house so that genetically modified trees may not be identified
as such and planted elsewhere. This would lead to genetically modified plants
being inadvertently released.

ix.

Natural disasters, such as flood or volcanic activity, could result in trees being
washed or moved out of the trial area, or trees not being monitored when they are
producing reproductive structures. The applicant states that the trial sites are not
considered to be vulnerable to major disturbances such as flooding or fires.

x.

ERMA NZ considers that some natural disasters are very unlikely (i.e., only
occurring in exceptional circumstances) but if there was widespread flooding or
mud flows then some trees may be carried away and retain their viability. ERMA
New Zealand considers that this is very unlikely, but if it occurred these plants
may not be able to be subsequently found.

xi.

The trial site is situated near to a plantation forest so that ERMA New Zealand
considers that the trial site would be vulnerable to an uncontrolled forest fire. A
large fire may result in the genetically modified trees being destroyed.
Alternatively, it may prevent monitoring of the site for a period when pollen
and/or seeds are produced, resulting in escape of pollen or seed.

xii.

Since the trial site will not be secured by fences unauthorised people could enter
the site and remove (inadvertently or deliberately) genetically modified trees and
take them elsewhere. The applicant states that the public will not be able to
identify genetically modified trees from unmodified trees. Recently genetically
modified trees, or trees suspected of being genetically modified, have been targets
for sabotage overseas.

xiii.

The applicant has stated that cuttings or fallen branches of pine and spruce trees
rarely spontaneously sprout, but that if branch tips were planted and watered they
could grow. The applicant considered that such an occurrence would be very
unlikely since it would require human intervention.
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xiv.

ERMA New Zealand considers that it is more appropriate to consider such an
occurrence as unlikely (i.e., could occur). Animals are not excluded from the
proposed trial sites so it is possible that deer or other large animals could step on
fallen tips in soft ground, mimicking planting, and that this could resulting in
unintended growth of genetically modified seedlings. Such events could occur
outside of the trial site and so growth of genetically modified seedlings may not be
detected. This scenario was also raised by some of the submitters.

xv.

Lower branches of P. abies can produce shoots and roots under some conditions
(notably in alpine areas; OECD 1999a), so there may be a greater potential for
spruce trees to establish outside of containment.

xvi.

Young seedlings are often more palatable to herbivores so that their chances of
survival could be low, but this does not preclude the possibility of unintended
establishment of genetically modified trees.

xvii.

The applicant proposes two years post-monitoring. This is on the basis that no
seeds will be shed, and that if seeds were produced most seeds would germinate
within one year or be destroyed by fungi. The applicant does not take into account
cones or seeds being carried out of the trial site by wind or animals and
subsequently germinating elsewhere.

xviii.

The Department of Conservation considered that a two year post-monitoring
period was adequate. They suggested that to prevent stumps regenerating either all
photosynthetic tissue be removed or that the stumps be treated with a herbicide
(see section 7.3.3).

xix.

The adequacy of a two year post-monitoring period was questioned by some
submitters. ERMA New Zealand notes that the trials will last for up to 20 years.
Consequently, the applicant will effectively be monitoring for unexpected stump
or seedling development within the trial site over many years so that the
appropriateness of a two-year post-monitoring phase can be assessed as the trial
continues. However, in the absence of a monitoring program outside of the trial
site regeneration of branch tips or escaped seed germination will not be
controlled.

xx.

Several submitters were concerned that the applicant will only report to ERMA
New Zealand and MAF at the completion of the trials. ERMA New Zealand also
considers that this is inadequate. More frequent and regular reporting will help to
maintain monitoring vigilance on the field trials.

b

Management of potential for trees to escape

i.

Clear communication and labelling of material will reduce the risk of planting
errors, and help identify genetically modified plants. A detailed contingency plan
outlining steps to take to secure the trial site and recover or destroy viable material
in the event of natural disasters, premature ending of the trials, or loss of key
personnel should be developed by the applicant. A clear and comprehensive
contingency plan can reduce delays in responding to natural disasters but once
trees leave the field trial area detection may be very difficult.
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ii.

Without continuous monitoring the theft or destruction of trees will not be able
to be prevented, but frequent regular visits to the area by FRI staff may provide
some deterrence.

iii.

Inadvertent rooting of branch tips could be controlled if the trial site was
effectively fenced and covered so that herbivores are excluded, but the applicant
has stated that secure fencing would be too expensive, and it is unlikely to prevent
loss of all plant parts capable of regeneration.

c

Summary of adverse environmental effects resulting from escape of plant
material

i.

ERMA New Zealand considers that it is possible that over the trial period that
some plant material with the potential for regeneration escape from the site and not
be able to be recovered. There is uncertainty over whether this material will be able
to grow into mature trees, but ERMA New Zealand considers such regeneration is
unlikely. The magnitude of effect will depend upon how many genetically modify
trees grew outside of containment and the characteristics of those trees.

7.3.2.2 Escape of genetic material through pollen from trees
a

General
The pathways by which the pollen may escape from the trial site are through:
wind, bees or other animals.
Effects would be cross-pollination, toxicities or allergies from contact with the
pollen (see also Human Health Effects section 8).

i.

The applicant proposes to remove reproductive structures of pine before pollen is
shed. Spruce trees are not expected to produce reproductive structures during the
intended trial period. It is proposed that trees will be monitored weekly between
March and October when reproductive structures are expected to develop, while
monthly checks will be made during the rest of the year.

ii.

ERMA New Zealand has concerns that the monitoring regime proposed by the
applicant will be inadequate if reproductive structures are produced outside of the
normal season or mature more rapidly as a consequence of the genetic
modifications (see section 7.3.2). In addition, given that some of the trees will
grow to be several metres tall, some reproductive structures may be overlooked.
Absence of staff or natural disasters could also prevent effective monitoring of the
trees. These possibilities were also raised by several of the submitters.

iii.

ERMA New Zealand notes that in the event that reproductive structures are
produced earlier than expected and/or not detected or removed, pollen and/or
seeds could be produced and released. If reproductive structures were produced
at a younger age the smaller size of the trees could reduce the likelihood of not
detecting them.
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iv.

Based upon the length of the trials and the number and potential size of the trees
ERMA New Zealand considers that it is likely (i.e., will probably occur at some
time) that some pollen will be produced and released if reproductive structures
develop to maturity to a pollen shed stage without being noticed or removed.

v.

Cross pollination with other pine or spruce trees outside of the trial site will result
in uncontained genetically modified pine trees, but the incident of pollination
would depend on the availability of receptive trees within the distance of the
pollen remaining viable. (Refer to Appendix 9 for the comment about viability
from the applicant.) The applicant stated that P. radiata only hybridises with Pinus
attenuata, which is not common in New Zealand. Hybrids between these two
species have not been reported to hybridise with other species. ERMA New
Zealand did not find any other reports of P. radiata naturally hybridising with
other tree species.

vi.

The applicant did not discuss the hybridisation potential of P. abies. P. abies has
only been shown to naturally hybridise with Picea jezoensis and Picea koraiensis
(OECD 1999a), neither of these species appear to occur in New Zealand.

vii.

Some submitters expressed concern that pollen from the genetically modified
trees could result in sterility to native trees, especially podocarps, leading to
adverse ecological effects on native forests. There are reports of closely related
plant species producing sterile hybrids (e.g. Rieseberg et al. 1999), but ERMA New
Zealand is not aware of any studies indicating that pine or spruce pollen interferes
with normal fertilization of other species, and there are no close relatives of
radiata pine or Norway spruce endemic to New Zealand. If cross species
pollination occurs between exotic and native gymnosperms species then adverse
effects on native flora could be expected to have already resulted. ERMA New
Zealand is not aware of such adverse effects.

viii.

ERMA New Zealand did not find any reports of pollen from genetically modified
plants leading to sterility in other species, although such effects will not always
have been assessed. While pollination and fertilization in conifers are not as
complex in flowering plants, they do have some specific recognition requirements
(see Owen et al. 1998). Consequently, ERMA New Zealand considers that
unanticipated changes in pollen (as discussed in section 7.3.2) are very unlikely to
result in genetically modified pollen gaining the ability to fertilize or sterilize
species that are not closely related to them.

ix.

Toxicity of pollen to insects and other animals is discussed in section 7.3.3.

x.

Allergenic effects of the pollen are discussed in section 8.3

b

Management of potential for escape of pollen

i.

ERMA New Zealand considers that more frequent monitoring is advisable to
detect early development of reproductive structures. Weekly or bi-weekly

Page 37 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field
test in containment genetically modified radiata pine and Norway spruce

monitoring throughout the year would increase the probability of detecting
reproductive structures before pollen or seed is shed.
c

Summary of adverse environmental effects resulting from escape of pollen

i.

ERMA New Zealand considers that it is likely that some pollen may be
inadvertently produced and released by genetically modified trees during the
period of these trials provided reproductive structures are not missed or not
recognised prior to maturity. The magnitude of effect will depend upon the
amount of pollen shed and whether the pollen has increased toxic or allergenic
properties.

7.3.2.3 Transfer of genetic material to microorganisms or animals
a

General

i.

There is the potential for genetic material to be transferred from the trees to
microorganisms and herbivores by horizontal gene transfer (HGT).

ii.

The pathways for these are soil microorganisms and consumption of plant
material by herbivores, leading to transfer of genetic material to microorganisms
or cells of the person consuming the herbivores.

iii.

Effects of such transfer could be increased prevalence of antibiotic or herbicide
resistance.

b

Horizontal transfer of plant DNA into soil microorganisms

i.

The applicant has stated that horizontal gene transfer is unlikely and that transfer
of a specific gene from plants to microorganisms has not been conclusively
demonstrated in nature.

ii.

ERMA New Zealand notes that the phytosphere, or region around plant roots,
has been identified as an area where HGT naturally takes place between
microorganisms and so the potential for transfer between plants and
microorganisms in this environment also exists (Dröge et al. 1998).

iii.

HGT between some microorganisms is now well established. However, it is not
ubiquitous, the types of genes transferred are limited, and the ability to transfer
varies between species and environments (Nielsen et al. 1998). Experimental
investigations of horizontal gene transfer from plants to microorganisms (such as
bacteria or mycorrhizal fungi) suggest that such events are less common than
inter-bacterial transfers, but transfer may occur under some circumstances.

iv.

There are five important factors in a consideration of horizontal gene transfer
between plants and microorganisms.
Exposure of microorganisms to foreign DNA
Uptake of the foreign DNA by microorganisms
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Integration of the foreign DNA into the microorganism genome
Expression of the foreign DNA in the microorganism
Selection for cells containing the foreign DNA by microorganisms
v.

Plant DNA can survive for relatively long periods in the soil so there is the
potential for microorganisms to be exposed to it (Nielsen et al. 1998). Some but
not all bacteria appear to be naturally competent (able to take up foreign DNA),
and the ability to take up foreign DNA is usually influenced by environmental
factors. The potential for HGT will, therefore, vary both amongst species and in
relationship to soil conditions (Nielsen et al. 1998).

vi.

DNA, if taken up, is often degraded and used for metabolism rather than being
integrated into the genome (Nielsen et al. 1998). Genes or sequences that have
little similarity to sequences within the microorganisms genome may often have a
much lower likelihood of being incorporated, so an important feature favouring
the acquisition of foreign DNA is the degree of sequence similarity to host DNA
(Dröge et al. 1999).

vii.

Due to differences in mechanisms of gene expression between bacteria and
eukaryotes, plant-derived sequences may not necessarily be efficiently expressed in
bacteria. Maintenance of foreign DNA in bacteria is often dependent upon it
conferring a selective advantage, although this is not always the case (Nielsen et al.
1998, Dröge et al. 1999). Genes can sometimes be maintained in the absence of
direct selection by being closely associated to another gene that is under positive
selection, a phenomenon known as “hitch-hiking” (Maynard Smith 1989), but
plasmid-borne genes are often lost in the absence of selection (Lipsitch et al. 1999,
Nielsen et al. 2000)

viii.

Several studies have investigated whether genetically modified plants pass DNA to
soil microorganisms (reviewed in Bertolla & Simonet 1999, Dröge et al. 1999).
Most of the published studies to date have not detected transfer of antibiotic
resistance genes from plants to bacteria, even when plants were genetically
modified so that they and a bacterium contained regions of genetic similarity that
would encourage transfer by homologous recombination. At least three studies
have, however, demonstrated transfer between plant material and microbes.

ix.

Transfer of a hygromycin resistance marker gene from cut leaves of some
genetically modified plants to the fungus Aspergillus niger occurred in 10 of 200
colonies in laboratory experiments, although some of these colonies did not
maintain the foreign marker gene after subculturing (Hoffmann et al. 1994).

x.

Transfer of an antibiotic resistance gene from potato to Acinetobacter has also been
reported, but only if the plant DNA contained sequence similarities to the
bacteria. Frequency of transfer using plant tissue (which could be expected in the
field environment) was several orders of magnitude lower than if purified plant
DNA was used (see Bertolla & Simonet 1999). Transfer of the nptII gene from
genetically modified sugar beet to a strain of Acinetobacter containing a defective
nptII gene has also been reported (Nielsen et al. 2000).
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xi.

These results indicate that horizontal gene transfer between plants and
microorganisms may occur (either stably or unstably) under some circumstances
at low but measurable frequencies. The likelihood of transfer appears to be greater
if the foreign genetic material contains some sequence similarity to the
microorganism. HGT between plants and microorganisms may also occur at very
low frequencies that cannot be detected using the current methodologies.
However, the large numbers of soil microorganisms means that even at very low
frequencies such a transfer is likely to happen (Dröge et al. 1999), especially where
there are close and intimate associations between plant tissue and microorganisms,
as in the phytosphere.

xii.

This assessment of likelihood differs from the view expressed with respect to the
Carter Holt Harvey pine tree application (GMF98011), where the likelihood of
horizontal gene transfer to soil microorganisms was assessed as very low. This
change in emphasis reflects the additional work being done on this issue by
microbiologists.

c

Environmental effects of HGT

i.

Soil microbiologists (e.g., Nielsen et al. 1998, Bertolla & Simonet 1999) consider
that in relation to HGT the important issue is not the frequency of transfer but
the consequence of transfer. In the absence of a selective advantage the genes,
even if transferred, may be unlikely to spread through microorganism populations
(Nielsen et al. 1998).

ii.

The current applications involve genetic modifications using plant and bacterial
genes. Some of these genes affect reproductive development and so ERMA New
Zealand considers that they are very unlikely to confer any selective advantage on
microorganisms. The bacterial uidA gene will also be used. This gene produces
beta-glucoronidase, which has been demonstrated to be safe and forms of it
occurs in a variety of microorganisms (Gilissen et al. 1998). The genes for
antibiotic resistance (GMF99001 and GMF99005) and herbicide resistance
(GMF99005) to be used in these applications may provide selective advantages to
microorganisms that contain them.

iii.

The applicant states that the antibiotic resistance genes to be used can be
considered abundant in nature and so their use will have minimal adverse impact.

iv.

ERMA New Zealand notes that there are marked variations within and between
countries in the prevalence of specific antibiotic resistance, and the mechanisms
of resistance to antibiotics in soil microorganisms have not been well studied and
there are likely to be a range of different mechanisms (Saylers 1997).
Consequently, transfer of resistance genes from genetically modified plants to
microorganisms may introduce new mechanisms of resistance into the population.
If the same or similar resistance genes are present in the environment, and are
transferred between microorganisms, then introduction of genetically modified
trees containing these genes is likely to have little immediate consequence. This is
likely to be the case for the nptII gene as kanamycin resistance is widespread in

Page 40 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field
test in containment genetically modified radiata pine and Norway spruce

overseas environments (Nap et al. 1992). ERMA New Zealand notes, though,
that data on antibiotic resistance in New Zealand environments is lacking.
v.

The applications propose the use of three different genes conferring resistance to
antibiotics. The nptII gene confers resistance to the aminoglycoside antibiotics
(kanamycin and neomycin), aphIV gene inactivates hygromycin, and bla confers
resistance against beta-lactam antibiotics (such as ampicillin).

vi.

Kanamycin is not used widely in medicine due to resistance and its toxicity;
although it is a reserve drug for tuberculosis. Neomycin is used topically in
medicine and also has veterinary uses. Hygromycin is not used in medicine. The
beta-lactams however are a very important class of antibiotics in medicine.

vii.

One submitter (#2939) expressed concern that if in the future these antibiotics
were to become more widely used the presence of large numbers of trees
containing the antibiotic resistance genes could limit the effectiveness of these
antibiotics. As discussed above if the antibiotic resistance genes were to be
transferred to soil microorganisms as a result of these field trials they are unlikely
to experience selective pressure.

viii.

Alternatives to antibiotic resistance marker genes are available, and techniques also
exist to remove marker genes from genetically modified organisms (Puchta 1999,
Sugita et al. 2000). There have been recommendations for the use of antibiotic
resistance genes in field trials or releases of genetically modified organisms to be
phased out (British Medical Association 1999, World Health Organisation 2000).

ix.

One of the herbicide resistance genes (bar) to be used in GMF99005 is derived
from a bacterium, and glufosinate-ammonium is known to adversely affect some
microorganisms (Ahmad & Malloch 1995), so that the application of this
herbicide could provide a selective pressure. The gene is usually modified for
expression in plants and so may not function optimally in bacteria (OECD 1999),
although with a selective pressure additional mutations could improve bacterial
expression. The consequences of transfer of this gene to microorganisms are
uncertain, but it may provide a pathway for transfer of this gene to other plants.
ERMA New Zealand notes, however, that since this gene already occurs in a soil
bacterium (Streptomyces) the effect of an additional source of the gene may not be
significant.

x.

The ALS gene, conferring resistance to sulfonylurea herbicides, is derived from a
natural mutant of a plant gene, and so may not function in bacteria.

xi.

ERMA New Zealand considers that further studies of the potential for horizontal
gene transfer are essential to provide information on the conditions under which
it can occur, and the consequences. If approved these field tests will provide
good opportunities to monitor HGT in the longer term, so that in the event of a
subsequent application for release of genetically modified trees there is more
substantial data available to evaluate any risks from HGT.
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d

Management of HGT to soil microorganisms
If HGT does occur in the phytosphere this is not amenable to management.

7.3.2.4 Transfer of the genetic material to animals that consume plant tissue
i.

The applicant states that transfer of plant DNA into the genomes of their animal
consumers has not been reported.

ii.

Small fragments of ingested DNA can pass into body cells after ingestion but this
DNA generally does not survive for long or integrate into host cells. Schubbert et
al. (1997) reported low frequency (0.04-0.08%) transfer of DNA from a bacterial
virus into mouse cells. This DNA was usually lost within 24 hours, although
integration into some spleen cells occurred at very low frequency (0.000012%).
Expression of this foreign DNA was not investigated. The mice in this
experiment were fed a pure solution of DNA so that it does not necessarily
represent a natural situation.

iii.

ERMA New Zealand is not aware of other published studies that demonstrate
transfer of ingested DNA into animal genomes, although there are reports of
transfer of DNA to bacteria in animal digestive systems, and of DNA transfer
between microorganisms and cultured cells.

iv.

One study demonstrated transfer of plasmid DNA to Streptococcus gordonii bacteria
in human saliva when a selective pressure is applied (Mercer et al. 1999).

v.

There have been reports of an as yet unpublished study that indicate that genes
from pollen can be acquired by bacteria in the stomach of bee larvae
(http://www.biotech-info.net/GM_genes_spread.html). ERMA New Zealand
has not been able to obtain a copy of this report or details of the study so that it is
not possible to determine its reliability or significance. However, comments
obtained from one of the anonymous reviewers of this paper indicate that there is
doubt over whether the genetically modified DNA is incorporated into or
transmitted by the bacteria.

vi.

There are a few reports of plasmid or DNA transfer from bacteria to cultured
mammalian cells (see Heitmann & Lopes-Pila 1993, Grillot-Courvalin et al. 1998).
Such cultured cells are in an artificial environment so that it is difficult to assess
the likelihood of such transfers occurring naturally. ERMA New Zealand is not
aware of studies demonstrating transfer of DNA from bacteria to animals
following food consumption. If this was a common occurrence then it could be
expected that antibiotic resistance genes and other bacterial-derived genes have
already been transferred to animal cells.

vii.

It is important to consider that a normal diet includes a very large amount of
DNA, and that the genetically modified component of the pine and spruce trees
will be a very small fraction of the tree genome. As discussed in relation to HGT
between plants and soil microorganisms, there are several significant steps
necessary for integration and expression of foreign DNA. If a gene was acquired it
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is highly likely to be incorporated only into a few of the body‟s cells, so that the
overall consequence would appear to be minimal.
viii.

As discussed above antibiotic treatment would provide a selective advantage to
bacteria that contain the antibiotic resistance genes and so increase the likelihood
that they are spread through the population, but ERMA New Zealand is not
aware of wild animals routinely coming into contact with antibiotics.

ix.

Furthermore, if such transfer of plant DNA to animals or bacteria in their
digestive tracts did occur it is likely to have been a natural process that has been
occurring on a very regular basis for millions of years. It could, therefore, be
expected that animals have already had frequent contact with organisms
containing the genes involved in the proposed genetic modifications. ERMA
New Zealand is not aware of evidence demonstrating that this has resulted in
significant adverse effects.

x.

Consequently, ERMA New Zealand considers that HGT from genetically
modified trees to animals to be very unlikely.

xi.

If such transfer did occur ERMA New Zealand considers that the consequences
would be minimal since wild animals are unlikely to come into regular contact
with antibiotics at levels necessary to exert a selective pressure.

b

Management of potential HGT to animals
Eating of genetically modified plant material by wild animals could be controlled
to some extent by fencing off the trial site. However, this would not be effective
for small animals such as insects and rodents, or for material such as pine and
spruce needles that are blown outside the trial site.

c

Summary of adverse environmental effects resulting from HGT

i.

ERMA New Zealand considers that HGT from plants to soil microorganisms is
likely during the field trials. In the absence of selective pressure (such as the
presence of antibiotics or herbicides) the magnitude of effects will be minimal for
a field trial.

ii.

ERMA New Zealand considers that HGT to animal consumers or their bacteria
will be very unlikely, and the magnitude of effects if it did occur would be minimal
for a field trial.

iii.

ERMA New Zealand notes that there are uncertainties in relation to the likelihood
of HGT and further research is required.

7.3.3 Method of introduction of foreign DNA
i.

The applicant proposes to introduce foreign DNA into plant tissue using
bombardment with DNA coated particles (“biolistics”). This method introduces
genetic material into the genome at one or more unknown sites. Studies indicate
that foreign DNA introduced by this method is often integrated into the genome in

Page 43 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field
test in containment genetically modified radiata pine and Norway spruce

multiple copies, some of the copies may have rearrangements or deletions in them,
and that integrated foreign DNA may be interspersed with regions of plant DNA
(Kohli et al. 1998, Pawlowski & Sommers 1998). The foreign DNA may insert at
sites of DNA replication or in transcriptionally active regions where chromosomal
protein structure is relaxed (see Kohli et al. 1998).
ii.

The site of insertion of the DNA, the number of copies of foreign DNA,
methylation, and/or a mechanism called “post-transcriptional gene silencing” can result
in no, poor, or variable levels of expression of the foreign genes (Matzke & Matzke
1998). Such variability in transformation success is a well recognised phenomenon
in genetic modification research, hence the use of selectable marker genes to find
cells that are transformed.

iii.

Silencing and inheritance of foreign genes can be irregular and unpredictable
(Pawlowski et al. 1998). Some genetically modified lines stably transmit their
genetic modifications but some do not, either because they are not introduced into
both sets of parental chromosomes or because the foreign genes are lost for other
reasons (e.g., Iglesias et al. 1997, Fladung 1999).

iv.

The inability to control the number of copies of foreign genes introduced, or their
site of insertion, is a major current limitation of plant genetic transformation
although more specific techniques are becoming available (Hansen & Wright 1999,
Srivastava et al. 1999). Potential effects of insertion of foreign DNA at unknown
sites are disruption to plant gene expression and metabolic pathways, leading to
unanticipated changes.

v.

However, both the applicant and ERMA New Zealand note that natural mobility
of mobile genetic elements, such as transposons, could result in similar effects.
The applicant considered that the genetic modifications would not present a higher
risk than those due to mobile genetic elements.

vi.

In addition to variable expression or inheritance of foreign sequences, ERMA New
Zealand has identified four main unanticipated effects that may result from the
method of introduction of foreign DNA:
Insertional mutagenesis, which will knock out or alter gene expression.
Pleiotropy, where one gene affects more than one trait.
Reactivation of mobile genetic elements (such as viruses and
transposable elements), in response to stress.
Somoclonal variation, where spontaneous variation occurs in organisms
derived from the same tissue.

vii.

All of these sources of effects relate to where in the genome the foreign DNA
inserts and the tissue culture conditions. These are discussed together below in the
context of changes in host gene expression. Some of the effects will be
environmental; others will be health or economic effects.
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a

Changes in host gene expression

i.

The applicant states that insertional mutagenesis is likely to be rare because of the
size of the host genome. However, as noted in section7.3.2, foreign DNA may
integrate into transcriptionally active regions so there may not be a random
probability of disruption. Nevertheless, ERMA New Zealand notes that insertional
mutagenesis does not appear to predominate since large numbers of a range of
plants have been genetically modified and many of these are viable and little
different from unmodified plants. Some mutations may also be compensated for
by other copies of the affected gene.

ii.

Three of the effects listed above - pleiotrophy, reactivation of mobile genetic
elements, and somoclonal variation - are not unique to genetically modified
organisms since they are also features common to traditional plant breeding and
tissue culture (Hirochika et al. 1996, Grandbastien 1998, Käppeli & Anderson 1998,
Matzke & Matzke 1998). This can make it difficult to determine whether an
unexpected change is the result of the genetic transformation or due to the
culturing conditions.

iii.

Since pine trees are often propagated using tissue culture there already exists a level
of unanticipated and ill-defined changes in plants obtained using this method
(Burdon 1999). Genetic transformation of pine tissue has resulted in some degree
of morphological variation (Walters et al. 1998). The applicant has several years
experience with tissue culture and genetic modification of pine trees and may be
able to provide additional comment on the extent to which undesirable or
unforeseen effects have been observed in previous tissue culture and genetic
transformation experiments.

iv.

Based upon published reports ERMA New Zealand considers that it is likely that
some degree of somoclonal variation and/or transposition events will occur in the
pine and spruce tissue cultures, either as a result of cell culture and/or the
introduction of foreign DNA.

v.

It is, however, difficult to predict what these will be since this will depend on the
nature of the change(s). As in traditional plant breeding, genetically transformed
individuals are screened so that some with significant undesirable characteristics are
detected and discarded early in the process. Other effects, such as altered
secondary metabolism pathways, may be more difficult to identify.

b

Management of unanticipated changes

i.

Insertional mutagenesis and some pleiotropic effects can possibly be controlled to
some degree by use of site-specific insertion of foreign DNA (Hansen & Wright
1999). This is not achievable in the methods used by the applicant. Reactivation
and somoclonal variation may be partially controlled by the culture conditions and
transformation technique (Arencibia et al. 1999).

ii.

Abnormal growth of genetically modified tissue is often observed and discarded
early in the screening process, so that only plants which appear to be similar to
non-transformed plants usually reach the field testing stage. The applicant has
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noted that genetically modified trees will usually grown for two years within a glass
house before planting outside so that major abnormal growth is likely to be
detected before field testing. Other changes will not be so easily detected.
c

Effects of changes in host gene expression

i.

ERMA New Zealand has identified the following effects as a consequence of
changes in host gene expression are:
Alteration in plant growth or development
Disruption of secondary metabolism

ii.

Changes in weediness
The magnitude of these effects are uncertain since they will depend upon the types
of phenotypic changes, if any, caused by such an insertion. For example, movement
of transposable elements may have no effect if they insert into non-coding regions.
Some changes in morphology or growth are likely to be detected early in the plant
propagation process, but other alterations will be more difficult to detect. ERMA
New Zealand notes that an advantage of a field trial is that some of the unforeseen
effects are more likely to be detected when grown in more natural conditions and
for longer periods of time.

d

Altered growth pattern or development

i.

Pleiotropic effects in genetically modified plants have been reported. A study by
Arencibia et al. (1999) determined that minor morphological and physiological
changes in genetically modified sugar cane plants were attributable to the genetic
transformation rather than to cell culture. These changes were not reported to have
a significant adverse effect on the crop.

ii.

Genetic modification of lignin production in aspen trees resulted in an unusual
stunted growth pattern in one tree (subsequently called “baby tree”). This marked
effect has not been observed in other lignin-modified trees
(http://www.admin.mtu.edu/urel/rschmag/chiang.html).

iii.

Introduction of a modified acetolactate synthase gene, which confers resistance to
the herbicide chlorsulphuron, into Arabidopsis thaliana resulted in reduced seed
production (Bergelson et al. 1996) and an increase in out-crossing (Bergelson et al.
1998). A natural mutation in the gene did not have the same effect.

e

Disruption of secondary metabolism
i.

As in many other plants, pine and spruce trees produce a broad range of secondary
compounds that usually involve sets of complex metabolic pathways. Disruption of
one gene may have no significant effect on a metabolic pathway if the other
parental copy of the gene is not disrupted and is able to compensate for the
mutation. However, in some cases normal active copies of both sets of genes may
be necessary.
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ii.

The applicant stated that no unanticipated disruptions are expected.

iii.

Some submitters expressed concern that unanticipated changes could occur as a
result of disruption to secondary metabolism.

iv.

Some genetic modifications that are intended to alter a secondary metabolism
pathway, such as lignin production, can lead to changes that are unanticipated but
nevertheless related to the desired modification. This is illustrated by production of
red lignin in genetically modified aspen trees (Tsai et al. 1998). The red colouration
was due to incorporation of higher levels of coniferyl aldehyde residues into lignin,
which was a consequence of the disruption in the lignin pathway by the directed
suppression of caffeic acid O-methyltransferase. Accumulation of intermediate
products following disruption of secondary metabolite pathways is to be
anticipated.

v.

The current applications are not intended to disrupt secondary metabolic pathways,
but there is the potential for inadvertent disruption. Inadvertent disruption by
tissue culture or insertion of foreign DNA could result in the accumulation or
depletion of an intermediate compound and lead to one or more of the following
effects:
Changes (increase or decrease) in plant toxicant levels
Changes in wood composition
Increase or decrease in volatile compounds
Changes in other morphological or physiological characteristics

vi.

Disruption of secondary metabolism may result in accumulation of secondary
compounds that are more (or less) toxic or allergenic to animals that consume parts
of the trees (such as pollen, leaves, wood, or roots). Such compounds could also
leach into the soil or be release when the tree dies or is cut down. ERMA New
Zealand did not find any reports of such adverse effects in published literature, but
some of these effects will not have been monitored. Changes in wood composition
have occurred as a consequence of directed changes in lignin composition (Tsai et
al. 1998). Pollen allergenicity is discussed under human health effects (Section 8.3)

vii.

The applicant has not indicated that testing for such adverse effects has been
undertaken on genetically modified trees already held in containment.

viii.

The likelihood and magnitude to which any of these effects may be affected cannot
be reliably predicted and can only be assessed by research on the genetically
modified plants. Some significant unanticipated effects, such as toxicity to animals
and changes in soil leachates, will be able to be screened for and tested.

ix.

ERMA New Zealand notes that if these applications are approved then testing for
plant toxicity and changes in soil nutrients is desirable. Such information would
likely be required in the event of future applications for release of genetically
modified trees.
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x.

In the context of the proposed field trials the magnitude of adverse effects in
relation to disruption to secondary metabolism are likely to be minimal to moderate
because of the limited number of trees and area of the trial.

f

Increased weediness of pines

i.

The applicant states that pine trees are not generally regarded as weeds and that
sprouting from cut stumps has not been observed.

ii.

The Department of Conservation (submitter #2415/2416) was supportive of
efforts to reduce exotic conifer fecundity but stated that the applicant was incorrect
to call wilding pines a minor problem. The Department of Conservation pointed
out that 260,000 hectares of land they administer is threatened by wilding conifers,
including P. radiata, and that such trees also compete with pasture and other exotic
trees.

iii.

The applicant also states that an increase in weediness is not anticipated.

iv.

ERMA New Zealand considers that some caution must be attached to this view
since insertion of DNA into an unknown location (or somoclonal variation) may
disrupt some genes or pathways that influence invasive characteristics (such as seed
production). The potential for the genetically modified trees to have increased
weediness potential can be assessed during growth in containment and during field
trials if these are approved.

v.

Since these applications are for field trials, ERMA New Zealand considers that if
the area is effectively monitored the magnitude of an increased weediness effect
within the trial site will be minimal to minor because adventitious growth of pine
trees would be detected. If trees were subsequently released for commercial
production and had increased weedy potential the magnitude of adverse effects
could be medium or higher. Such effects may take many years to become apparent.

g

Management of unanticipated effects

i.

Toxicity and weedy characteristics of genetically modified trees could be assessed
while young trees remain in a contained plant house and by further testing if the
field trials are approved.

ii.

The Department of Conservation recommended removing all photosynthetic tissue
from cut stumps or applying a herbicide to the stumps to prevent any regrowth.

iii.

ERMA New Zealand notes, however, that monitoring of untreated stumps in a
field trial would provide important information on regeneration ability that would
be important if an application to release some of the genetically modified trees was
subsequently made.

Page 48 of 152
October 2000
ERMA New Zealand Evaluation & Review Report: GMF99001 & GMF99005 Application for approval to field
test in containment genetically modified radiata pine and Norway spruce

h

Summary of effects related to method of introducing the foreign DNA

i.

ERMA New Zealand considers that it is very likely that some unanticipated
changes in host gene expression will occur, either as a direct result of introducing
foreign DNA or because of the tissue culture conditions. The magnitudes of such
effects are uncertain and may range from minimal (where there are minor changes
in growth or morphology) to moderate (if there is an increase in toxicity) in the
context of a field trial.

ii.

ERMA New Zealand notes, however, that natural variation in gene expression can
occur in non-modified plants due to the movements of mobile genetic elements
and that this does not necessarily result in adverse effects.

7.3.4 Effect of types of foreign genetic material introduced
7.3.4.1

These field trials involve the use of viral, bacterial and plant genetic elements.
ERMA New Zealand has identified five principle sources of effects relating to
this material:
Use of the cauliflower mosaic virus 35S Promoter
Use of foreign genetic material in general
Use of antibiotic resistance genes
Alteration of flowering (GMF99001)
Use of herbicide resistance genes (GMF99005)
Ecological effects resulting from the use of antibiotic resistance genes have
already been addressed in section 7.3.2 (Horizontal Gene Transfer).

a

Cauliflower Mosaic Virus 35S Promoter

i.

The applicant will use the cauliflower mosaic virus (CaMV) 35S promoter to
control some of the genes in the modifications. The safety of this promoter has
recently been questioned, and several of the submitters commented on this. The
35S promoter is a DNA element that controls the expression of some of the
CaMV genes. It is termed a strong constitutive promoter, which means that it
results in high level expression of the genes which it controls, and that these genes
may be active in many cells.

ii.

A paper by Kohli et al. (1999) described a “hot spot” of recombination within
CaMV 35S promoter in genetically modified rice. A recombination “hot spot” is
a site that influences where recombination occurs along chromosomes. Kohli et
al. (1999) identified five of eleven recombination events involved a region of the
CaMV promoter, and consequently termed it a hot spot.

iii.

In response to this Ho et al. (1999) called for the withdrawal of all genetically
modified organisms containing the CaMV promoter. This was based upon Ho et
al‟s contention the presence of such a hot spot in the 35S promoter is highly likely
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to result in recombination and horizontal gene transfer. It is their view that
horizontal gene transfer of the promoter could lead to unpredictable effects on
gene expression, reactivation of dormant viruses or the creation of new viruses,
including those that may infect humans.
iv.

Consequently, recombination involving the CaMV promoter may provide a
pathway for adverse effects.

v.

The paper by Ho et al. (1999) has been criticized by some scientists (Hull et al.
2000, Morel & Tepfer 2000), primarily on Ho et al.‟s interpretations of the
scientific observations. Ho et al. (2000) responded to some of these.

vi.

The applicant briefly addressed the issue of the safety of the CaMV promoter and,
referring to the decision on GMF98011 and the paper by Morel & Tepfer (2000),
concluded that adverse effects due to this promoter were very unlikely.

vii.

ERMA New Zealand has evaluated relevant literature to assess the potential and
significance of the CaMV promoter to recombine. In addition, ERMA New
Zealand also consulted Professor Adrian Gibbs, a virologist at the Australian
National University‟s Research School of Biological Science, for his views on the
Ho et al. (1999, 2000) and Hull et al. (2000) articles. This is a more detailed analysis
than undertaken for earlier applications involving the CaMV promoter because
more information is now available.

viii.

Professor Gibbs was critical of both the Ho et al. (1999) and Hull et al. (2000)
articles. In his view neither were convincingly argued. Professor Gibbs thought
that the ideas set out in Ho et al. (2000) were more carefully presented, but did
not provide a detailed evaluation of their paper or say whether he agreed or
disagreed with their conclusions.

ix.

Hull et al. (2000) suggested that since some plants are naturally infected with
CaMV particles, and that these infections are not associated with adverse human
health effects, then concerns about use of the promoter in genetically modified
plants are baseless. With respect to natural CaMV infections in plants, Ho et al.
(2000) noted that this virus is not integrated into the genome and so not exposed
to the plant‟s recombination system, therefore it is incorrect to assert that a
genetically modified plant containing an integrated CaMV promoter is identical to
a CaMV-infected plant. Professor Gibbs and ERMA New Zealand consider that
this is a valid criticism.

x.

As already noted (section 7.3.2) DNA introduced by biolistics has a tendency to
join and rearrange prior to or during integration (Kohli et al., 1998). While Kohli et
al.‟s (1999) results indicate that some recombination involving the CaMV
promoter does occur, it was not established whether such recombination occurs
before or after integration of the DNA (Hull et al. 2000). The methodology of
Kohli et al.‟s (1999) study did not permit them to examine recombination events
between the CaMV promoter and the plant genes, although no adverse effects on
gene expression or development were mentioned.
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xi.

Morel & Tepfer (2000) noted that the results of the Kohli et al. (1999) study need
to be put into context since the inclusion of three 35S promoters in a construct
(as in Kohli et al. 1999) is likely to facilitate more recombination events between
these elements than is observed in the other regions. Morel & Tepfer also noted
that the 35S promoter is not a hot spot relative to the rest of the CaMV genome.
Hull et al. (2000) pointed out that recombination and recombination hot spots are
not unique features for the CaMV 35S promoter, being found in a range of
species, including humans.

xii.

ERMA New Zealand is not aware of any reports that have specifically investigated
the potential of post-transformation recombination involving the CaMV promoter
(or any other foreign DNA) in genetically modified plants. In this respect the
conclusion by Hull et al. (2000) that “there is no evidence that the 35S promoter, or other
retroelement promoters will have any direct effects …” is misleading since rearrangements
involving foreign DNA have often not been examined in detail.

xiii.

There is, however, a range of information indicating that the CaMV promoter is
not intrinsically unstable. The CaMV promoter has been used since 1980 (Hull et
al. 2000) and genetically modified plants containing the CaMV promoter have
been developed and grown since then, often with stable gene expression, as
illustrated by commercial use of genetically modified crops.

xiv.

ERMA New Zealand is aware of one study that has assessed the activity of the
CaMV promoter throughout an annual cycle of a genetically modified plant (aspen
trees; Nilsson et al. 1996). No structural instability or loss of expression was
reported in this study.

xv.

ERMA New Zealand did not find any reports of large phenotypic changes (that
would be indicative of chromosomal rearrangements) associated with loss of
foreign gene expression in plants. Such changes may occur early after the
transformation process so that the plants do not develop or they are discarded.

xvi.

ERMA New Zealand notes that few cases of loss or variable expression of foreign
DNA in genetically modified plants have been examined in detail so that
chromosomal rearrangements associated with loss of expression cannot always be
excluded.

xvii.

Consequently, ERMA New Zealand considers that there is still uncertainty
regarding the potential of the CaMV promoter (or any foreign DNA) to undergo
recombination after it has integrated into a plant genome (see also the discussion
below). Further studies, such as Nilsson et al.‟s (1996), where expression and
stability of foreign genes are assessed during different stages of the growing cycle
are desirable. If the FRI applications are approved the trials would provide
opportunities to study this issue.

xviii.

Recombination involving the CaMV promoter may have the following effects:
Generation of new viruses
Over-expression of genes leading to cancer or virus reactivation
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General instability
b

Generation of new viruses

i.

Ho et al. (1999, 2000) suggested that since recombination involving the CaMV 35S
promoter may occur and the promoter is derived from a virus then recombination
may lead to new viruses being developed. This issue was also raised by several of
the submitters.

ii.

Ho et al. stated that the CaMV is closely related to hepatitis viruses so that
recombination may occur between them, resulting in new human viral diseases.
CaMV and hepatitis viruses are similar in that they are both classified as
pararetroviruses, but Hull et al. (2000) pointed out that they have substantial
functional and structural differences so that they cannot be considered so closely
related. A crude analogy is to say that human and fish can be considered closely
related because they are both vertebrates; this would be true but it does not take
account of major differences between them.

iii.

A sequence database search performed by ERMA New Zealand revealed that there
are no significant sequence similarities between the CaMV promoter and hepatitis
or other animal viruses. Consequently, if the CaMV promoter is prone to
recombination ERMA New Zealand considers that it is very unlikely that there will
be a tendency for the CaMV promoter to preferentially recombine with hepatitis or
other animal viruses.

iv.

Recombination between viruses does occur and may reactivate defective viruses or
generate viruses with new host ranges or pathogenicity (e.g., Chenault & Melcher
1994, Wintermantel & Schoelz 1996, Gibbs & Weiller 1999). The host range and
pathogenicity determinants of viruses reside in the proteins that they produce
rather than their promoters (e.g., Wintermantel & Schoelz 1996, Powers 2000), and
the examples of viral recombination that Ho et al. (1999, 2000) cite to support their
argument involve genes rather than promoters.

v.

The genetic modifications proposed in the FRI applications involve the CaMV
promoter but no viral genes. ERMA New Zealand searched for but did not find
any reports of generation of new viruses through the acquisition of a different
promoter. Recombination between genes sharing sequence similarity appears to be
the predominant mechanism for generating viral recombinants (e.g., Wintermantel
& Schoelz 1996), although other types of recombination events have been found
(Gibbs & Weiller 1999).

vi.

Gibbs & Weiller (1999) reported a virus which appeared to result from a
recombination event between a plant virus and an animal virus. They suggested that
an animal became infected by the plant virus through contact with sap and that
subsequently recombination between the viruses occurred to generate a virus with a
new host range. ERMA New Zealand notes that this situation appears to have
involved two functional viruses rather than DNA integrated into a plant genome,
and that the recombination did not involve changes in promoters.
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vii.

For a recombination event to occur between the CaMV promoter and a virus
would first require both to be together inside a cell where the viral genetic material
is not encapsulated. No viruses are reported from pine or spruce trees (see
http://image.fs.uidaho.edu/vide/famindex.htm), so there appears to be a very low
likelihood that recombination between the CaMV promoter and a virus in the
genetically modified trees will occur.

viii.

If the CaMV promoter has the potential to recombine with hepatitis or other
animal viruses ERMA New Zealand considers that this is likely to have already
occurred since CaMV has been consumed, through the eating CaMV-infected
vegetables, by humans and other animals for very long periods of time (Hull et al.
2000).

ix.

Since the promoter does not affect the virus‟ host range ERMA New Zealand
considers that it is very unlikely that a recombination event between the CaMV
promoter and another virus would affect the viral host range or infectivity. If such
a recombination event did occur and a new virus was created the magnitude of
effect would depend upon the host range, infectivity, and symptoms of the virus.
The creation of a new virus would be a biosecurity and/or health concern.
c

CaMV promoter leading to cancer or reactivation of viruses

i.

Since a promoter controls the expression of a gene the main effect of a foreign
promoter becoming associated with an endogenous gene will be an altered pattern
of expression. Ho et al. (1999, 2000) note that the CaMV promoter can be
expressed in a wide variety of organisms and suggest that if the CaMV promoter
does come to control other genes in animals it may lead to over-expression of those
genes and result in cancer or reactivation of dormant viruses.

ii.

The CaMV 35S promoter is regarded as a strong constitutive promoter which
means that a gene controlled by it can be expressed at high levels and in most or all
tissues most or all of the time. However, high level expression of the CaMV
promoter in plant tissue does not always occur (Wilkinson et al. 1997), and some
plant (and animal) promoters provide similar or greater levels of expression
(Schledzewski & Mendel 1994). Many viruses also have strong constitutive
promoters (see Watson et al. 1987) so that a change in viral promoter may have
little effect on a virus.

iii.

As discussed above (section7.3.2), ERMA New Zealand considers that it is very
unlikely that plant DNA is integrated into and expressed in an animal‟s genome. If
such integration does or did occur ERMA New Zealand is not aware of features
that would make the CaMV promoter more likely than any other plant DNA to
survive the digestive process and be taken up by animal cells. ERMA New Zealand
therefore considers that the likelihood of the CaMV promoter integrating into
animal cells is very unlikely.

iv.

Since no viruses are reported from pine or spruce it is very unlikely that use of the
CaMV promoter itself will result in reactivation of viruses in these trees. As noted
in section7.3.2, stress, cell tissue culture, and/or genetic transformation can lead to
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reactivation of viruses, so that any dormant undetected viruses in pine and spruce
could be expected to have already been reactivated and detected.
v.

Therefore, ERMA New Zealand considers it very unlikely that use of the CaMV
promoter will result in reactivation of viruses or cancer.

d

Inherent instability of foreign DNA

i.

An additional aspect of Ho et al. (2000), and also other criticisms of genetically
modified organisms (e.g. Cummins 2000), is the suggestion that any foreign DNA
is likely to be less stable than endogenous DNA. This issue was also raised by some
submitters, some of whom believed that foreign DNA was introduced using viruses
or mobile genetic elements.

ii.

In their discussions Ho et al (2000) and Cummins (2000) do not always make it
clear whether by “stability” they refer to stability of expression, stability of
inheritance, or tendency of the DNA to rearrange.

iii.

Ho et al. (2000) contend that although genomes are naturally fluid, with
transposition and recombination events altering or moving DNA around, the
plant‟s own promoters and genes will be structurally more stable than the CaMV
promoter (or other foreign DNA) for three reasons:
i. “The plant’s genes and their promoters exist in an organized genome, where recombination is
predominantly between homologous alleles, so each promoter will remain associated with alleles of
the same gene after recombination.”
ii. “… each host gene and its promoter have been adapted to each other, structurally and
functionally, in the context of the whole genome, for hundreds of millions of years, and therefore
expected to be much more stable than the transgenic DNA containing the CaMV promoter.”
iii. “Integrated, inactive viruses and retrotransposons, similarly, have been “tamed” by the plant
…”

iv.

ERMA New Zealand does not consider that these assertions of Ho et al. are
consistent with information derived from published research in molecular evolution
and genetics.

v.

Recombination does commonly involve homologous (i.e., related) alleles or genes,
but it does not logically follow that recombination between a promoter and a
different gene will be less stable or that long term adaptation is a necessary
requirement for structural stability. Laboratory experiments in viruses, bacteria, and
other organisms over the last 40 years have brought different combinations of
genes and promoters together and these have been stably inherited (Griffiths et al.
1996).

vi.

Changes in promoter-gene associations do occur and appear to be one mechanism
for evolutionary change (Kloeckener-Gruissem & Freeling 1995, Kidwell & Lisch
1997). As discussed above, the consequence of a change in promoter-gene
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associations will be a change in the patterns and/or timing of gene expression
rather than a change in structural stability of the DNA.
vii.

In some cases transposons appear to have co-adapted with a host genome so that
they do not have such disruptive effects, but this is not true of all mobile genetic
elements. Inactive viruses or transposable elements can become active again
(Kidwell & Lisch 1997), so that it is inaccurate for Ho et al. (2000) to conclude that
integrated inactive viruses and retrotransposons are necessarily “tamed”.

viii.

Viral and transposable elements may be considered as adapted to particular
genomes, but they have an inherent ability to move as a consequence of specific
sequence elements that they contain (such as coding for an enzyme that permits
transposition). Similarly, highly variable microsatellite sequences can be considered
natural parts of the genome, but they have features such as di- or tri-nucleotide
repeats that lead to a slippage process resulting in an increase or decrease in
numbers of the repeat units.

ix.

Therefore, the key issue in relation to structural stability is whether the genetic
material contains elements that promote mobility or rearrangement. As discussed in
section 6.3.2 ERMA New Zealand considers that the method of introducing the
foreign DNA can also influence structural stability.

x.

Foreign DNA that lacks features necessary for mobility will have no inherent ability
to move or rearrange, and so when incorporated into a chromosome is just as likely
to be as structurally stable as an endogenous gene. This is illustrated by the
acquisition, and subsequent stable inheritance, of genes by bacterial species
(Blattner et al. 1997), and by the retention of some inactivated viruses in some plant
or animal groups over long periods of time (Johnson & Coffin 1999).

xi.

As discussed in the previous section, there is uncertainty over whether the CaMV
promoter contains elements that promote rearrangements in genetically modified
plants. The rearrangements that have been associated with foreign DNA may be
the result of multiple copies of DNA being integrated rather inherent instability of
the elements.

xii.

Ho et al. (2000) also refer to “natural genetic engineering” that is “regulated by the
organism as a whole”. ERMA New Zealand does not consider this to be a
scientifically supported view. Selection, the process by which genomic changes are
accepted or rejected, is generally regarded to be a consequence of the environment
rather than being regulated by the organism.

xiii.

Many methods of genetic modification utilize natural methods of genetic
modification, the difference being the type of genetic material that is introduced.
Gene silencing and “intruder scanning” mechanisms are methods suggested to
control incorporation of foreign or mobile genetic material (Matzke & Matzke
1998), so it appears that foreign DNA can be considered subject to the same
controls as naturally mobile DNA.

xiv.

ERMA New Zealand considers that there is very little support for the view that
foreign DNA is inherently mobile or unstable. As discussed in section7.3.2, a key
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issue in relation to stability is the number of copies and arrangements of the foreign
DNA integrated into the genome, and this is an area needing more research.
Rearrangements of some of the introduced foreign DNA in GMF99001 and
GMF99005 are likely to occur using the biolistic method. The applicant has
produced genetically modified pine trees and may be able to provide further
information at the Hearing on the stability of expression of the foreign genes in
these.
xv.

If these field trials are approved there will be an opportunity to systematically
collect information on the expressional and structural stability of the foreign DNA
in the genetically modified plants over an extended period of time and under
normal environmental conditions.

e

Summary of potential effects of use of the CaMV promoter

i.

Available evidence suggests that the CaMV promoter is not inherently unstable.
There is nevertheless some uncertainty regarding the potential of the CaMV
promoter to undergo recombination.

ii.

ERMA New Zealand considers that if the CaMV is recombinogenic it is very
unlikely to result in the generation of a new virus or lead to cancers.

iii.

Foreign DNA is not inherently structurally unstable. The ability to recombine or
move within or between genomes is a consequence of specific sequence elements
f

Alteration of reproduction (GMF99001)

i.

The applicant intends to modify reproduction in pine by the introduction of genes
or constructs involved in reproductive development or the destruction of cells.
This may result in earlier production of reproductive structures (due to expression
of the genes LEAFY, CONSTANS, PRFLL, APETALA1, LTP and CHS), or
sterility due to the expression of the Barnase gene.

ii.

Sterility has been identified as a beneficial environmental effect by the applicant
because it can reduce the incidence of wilding trees.

iii.

The Department of Conservation was supportive of efforts to reduce wilding
potential of pine trees but expressed concern about future release of pine trees with
enhanced reproductive ability because this could increase problems of pines
establishing outside of plantations.

iv.

However, the Department of Conservation was concerned that production of trees
with more rapid reproductive ability could lead to increased numbers of wilding
trees.

v.

ERMA New Zealand notes that there can be variable effects resulting from
expression of foreign genes affecting plant reproduction. For example, overexpression of the CONSTANS gene in Arabidopsis thaliana resulted in earlier
flowering and flowering that was insensitive to day length (Onouchi et al. 2000).
Over-expression of the PTLF gene accelerated flowering in only one line of poplar,
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although some trees showed altered growth rate and crown development. Overexpression of the LEAFY gene led to earlier reproduction in aspen trees, but in
only one hybrid poplar (Weigel & Nilsson 1995, Rottmann et al. 2000).
vi.

As discussed in section 7.3.2.2, earlier flowering may lead to unintended pollen
release.

vii.

Although this application is for a field trial and pollen is not expected to be
produced or released into the environment because reproductive structures are to
be removed before maturity, they may be missed or not recognised, several
submitters were concerned about future consequences of altered reproduction.
Disruption of reproduction so that no pollen-producing or seed-producing cones
develop has several potential consequences:
Changes in resource use
Adverse environmental effects on animal food supplies
Adverse environmental effects due to temporary sterility
Beneficial environmental effects due to reduction in wilding plants (section
7.2)
Positive human health effects due to reduction in pollen (section 8.3.2)

g

Changes in resource use as a consequence of tree sterility

i.

Some submitters were concerned that sterilising trees will result in more rapid
growth and have an adverse effect on the availability of soil nutrients and water.

ii.

Plant growth is limited by environmental conditions and there is often a trade-off
between growth and reproduction for the available resources (Odum 1971).
Prevention of reproduction is expected to lead to more vegetative growth of the
pine trees, but ERMA New Zealand considers that growth will still be limited by
nutrient and water supply.

iii.

Whether resource use by sterile trees will be greater than that of normal fertile
trees is uncertain. ERMA New Zealand did not find any scientific information
relating to this topic. Resource use by genetically modified sterile pine trees can be
compared with non-modified fertile trees if this field trial is approved so that the
likelihood and magnitude of any resource use effect from tree sterility can be
assessed.

iv.

If in the field trial there is an adverse effect on water and nutrient supply ERMA
New Zealand considers that this would result in a local adverse effect due to the
relatively small area affected. In the context of any subsequent approvals for large
scale planting of sterile pine trees the potential adverse effects on environmental
nutrient levels would be greater.

h

Management
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Resource use of genetically modified and non-modified trees could be studied
during a field trial.
i

Adverse effects on forest food supply as a consequence of sterile trees

i.

Sterile trees will not produce pollen or seeds so that animals that use these
resources may be adversely affected (referred to as the “Silent Spring” effect by
some submitters). Native birds do not use pine trees as major food resources since
they are primarily fruit and nectar feeders (Clout & Gaze 1984). Some introduced
animals, such as finches and possums eat pine seeds so may be adversely affected
by cone-less pine plantations (Dr Mick Clout, School of Biological Sciences,
University of Auckland, pers. comm.). An adverse effect on possums could be
considered a beneficial ecological effect, but ERMA New Zealand considers that
this is unlikely to result in a significant reduction in possum numbers because of
their very high populations in other habitats.

ii.

ERMA New Zealand considers that the effect on food resources in the field trial
will be minimal since only a small number of trees are involved and there will be
many other cone bearing trees nearby. If sterile pine trees are subsequently
planted out in large numbers there are likely to be larger adverse environmental
effects on introduced species that utilise the pine pollen, cones, and seeds.

j

Adverse environmental effects due to temporary sterility

i.

As already noted (section 7.3.7.1 (d)) genetic modifications may not always be
stably inherited so that ERMA New Zealand considers that it is likely that some
sterile trees may regain fertility in a post release scenario. This may lead to
unanticipated pollination of other pine trees, some of which may become sterile as
a consequence of subsequent re-expression of the barnase gene. The likelihood and
magnitude of this effect will not be able to be evaluated in the field trial, and
would be an effect associated with release of genetically modified trees.

ii.

In production forestry pine trees are usually managed in plantations with new
trees being planted rather than regenerated from seed. Consequently, ERMA New
Zealand considers that if other pine trees were made sterile by pollen from
genetically modified pines an adverse effect on pine plantations is unlikely. As
already noted, any reduction in reproductive ability of pine trees is supported by
the Department of Conservation.

iii.

Redevelopment of reproductive structures would be likely to adversely affect
wood production so there would be an adverse economic effect, the magnitude of
which would depend on the extent of reversion.

k

Herbicide resistance (GMF99005)

i.

The applicant has stated that herbicide resistance is a desirable trait for plantation
forest management because herbicide use is currently restricted and involves more
toxic herbicides. The applicant did not discuss in detail the rational and benefits
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for adopting herbicide applications as a more common management tool. The
applicant stated that scientific benefits would result from studying herbicide
resistance traits in gymnosperms.
ii.

The herbicide resistance genes involved are bar and pat (conferring resistance
against the herbicide glufosinate-ammonium [phosphinothricin]; “Buster”) and
ALS or HRA (conferring resistance against sulfonylurea herbicides, such as
“Escort”).

iii.

The applicant noted that these herbicides are “environmentally friendly”, in that
they are less toxic than some other herbicides.

iv.

Increased use of pesticides in the environment has considerable public opposition
and several submitters, including the Department of Conservation, commented
on adverse environmental, health, and economic effects of increased herbicide
use. Alternative methods for suppressing weeds in forest plantations, such as
closer planting and selection of ground cover, have been proposed (Willoughby
1999).

v.

Risk assessments of glufosinate-ammonium concluded that it does not have any
known allergenic properties, it is degraded in the gut, and that consumption of
food containing the protein did not result in toxicity to canaries, rabbits, or dogs
and was not likely to be a carcinogen (OECD 1999b). An EPA assessment of
glufosinate-ammonium concluded that it is not likely to be a carcinogen, but there
were toxicity and some adverse neurological effects at high doses in rats
(www.epa.gov/fedregstr/EPA-PEST/2000/March/Day-31/p80000.htm).

vi.

Use of herbicides of lower environmental toxicity can still have adverse
environmental effects. Ahmad & Malloc (1995) report that glufosinate-ammonium
at a concentration of 1 mM in agricultural soils reduced numbers of isolated fungi
and bacteria by about 20% and 40%, respectively. Isolation of bacteria from
boreal forest soils was reduced by about 20% after spraying with this herbicide.
Glufosinate-ammonium leaches from the soil and there is the potential for
groundwater contamination (see Cox 1996).

vii.

The sulfonylurea herbicide metsulfuron methyl (the active ingredient in “Escort”)
also tends to leach in permeable soils, with a half-life of one to three months
depending on soil pH. Residues disperse to deeper soil and result in minimal
exposure to the environment and wildlife. There is low toxicity to fish, birds, and
mammals, and it can be an irritant. There are no reported effects on soil
microorganisms (http://infoventures.com/e-hlth/pesticide/chlorsul.html).

viii.

Some submitters noted that the herbicide glyphosphate (Roundup) has recently
been linked with increased incidence of agricultural worker illnesses, and
expressed concern that less toxic herbicides may still have adverse human health
effects.

ix.

Several submitters were also concerned that use of herbicide resistance genes and
the possibility of horizontal gene transfer could lead to the development of
“superweeds”, that is plants that cannot be controlled by these herbicides.
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x.

The applicant noted that there are no reports of superweeds being formed from
HGT. There are reports of canola plants that have become resistant to three types
of herbicide following cross pollination between three varieties of genetically
modified canola plants,
(http://www.producer.com/articles/20000210/news/20000210news01.html).
These are the results of natural pollination rather than HGT. Such plants are not
strictly “weedier” (i.e., more invasive) just more difficult to control. HGT of
herbicide resistance genes was discussed in section 7.3.2.4 (c).

xi.

Increased use of herbicides as a consequence of planting herbicide tolerant plants
has been predicted to have adverse effects on birds that utilize the weeds as food
(Watkinson et al. 2000). This conclusion has been challenged because no
observable adverse effects on birds have yet been noted where herbicide tolerant
crops have been grown (Firbank & Forcella 2000).

xii.

In the context of the field trial, where there would be a limited number of plants
within a contained area, applications of herbicides are unlikely to be extensive.
Non-tolerant plants in the trial will also be present, so it can be expected that
spray drift will be closely monitored and kept to a minimum. However, there will
be potential for contamination of ground water and adverse effects on soilmicroorganisms. ERMA New Zealand therefore considers that the magnitude of
effects related to herbicide use will be minimal or minor.

xiii.

ERMA New Zealand notes that if this field trial was approved and genetically
modified trees with resistance to herbicides were subsequently given approval for
release, a consequence would be wider application of these herbicides. This would
result in increased herbicide use and levels in the environment and a decrease in
diversity of under-story plants and microbial communities in forest plantations.
Decreases in species diversity could be expected to result in a reduction in food
and habitat for some native and introduced animals that utilize forest plantations.

xiv.

ERMA New Zealand also considers that the effectiveness of herbicide resistance
in trees may be reduced over time for several reasons. Firstly, as noted in section
7.3.4.1(d), stability of inheritance may be variable so that trees may loose their
resistance to the herbicides. Secondly, natural mutations in the ALS gene provide
some level of resistance to some sulfonylurea herbicides (Bergelson et al. 1996) so
that resistance in some under-story plants is likely to develop. Thirdly, if the
herbicide resistance genes are able to move by HGT (section 7.3.2.4 (c)) there may
be selection for plants that acquire resistance to the herbicides from bacteria.

xv.

Large scale release of herbicide resistant trees could result in the application of
other herbicides to control wilding herbicide-tolerant pine and spruce trees, or
other problem plants that acquire tolerance to these herbicides.

xvi.

Consequently, ERMA New Zealand considers that if such genetically modified
trees were released in the future then the extent of long-term economic benefits
from the introduction of herbicide resistance genes is uncertain.

l

Reduced genetic diversity
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i.

Genetic transformation events are currently inefficient so that production of large
numbers of trees with the desirable phenotype(s) are likely to be derived by clonal
propagation of the stocks. Asexual propagation is already a feature of pine
plantations in New Zealand (Burdon 1999), and some lines of asexually
propagated trees can be more susceptible to certain pests and less tolerant of
some environmental conditions (see
http://www.fore.canterbury.ac.nz/euan/clone.htm). ERMA New Zealand was
unable to find information on the degree of genetic diversity in existing nonmodified pine plantations. The applicant may be able to provide further
information on this at the Hearing.

ii.

Increased genetic diversity has been shown to result in improved disease control
(Zhu et al. 2000).

iii.

Since these applications are for field trials ERMA New Zealand considers that the
magnitude of effects related to reduced genetic diversity are minimal. However, if
subsequent approvals are given for large scale plantings of genetically identical
trees there may be adverse environmental and/or economic effects of magnitude
minor to major if there is increased pest and disease occurrence.

m

Other environmental issues

i.

One submitter (#2547) was concerned about biosecurity risks due to genetically
modified plants being grown in the FRI GMO facility near to imported Pinus taeda
tissue. This submitter stated that the P. taeda material was approved for laboratory
use only and so was not assessed for the presence of pathogenic organisms.
Consequently, in his view genetically modified P. radiata trees developed during
this time may have become infected with pathogens, and would disseminate them
if planted outside.

ii.

ERMA New Zealand understands that the importation permit was issued for the
P. taeda material (33556(a) on 21 July 1995). Refer to Appendix 6.
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7.3.5 Summary of evaluation of environmental effects
7.3.5.1

The following table contains a summary of adverse environmental effects for a field
trial, with an estimate of the likelihood of occurrence, and the magnitude of the
effect if it did occur. The effects are ranked in order of „riskiness‟ from highest to
lowest, using a simple symmetrical ordering system based on the likelihood and
magnitude of the adverse effect.

7.3.5.2

The small scale of the field trial and the nature of the trial are such that these risks
are minimised. The proposed controls (Section 12) are designed to reduce the
likelihood of the adverse effects occurring.
Table 6: Summary of key environmental effects relating to the field
trial
Nature of adverse
effect in the field trial

Likelihood

Magnitude of
adverse effect

Cross pollination of non
genetically modified trees resulting
from pollen escape

Pollen escape –
likely (7.3.2.2(c)i

Minimal-moderate, but
dependent on amount
of pollen shed

Damage to soil microorganisms
from HGT

Likely (7.3.2.4 (c) i

Cross pollination –
likely

Minimal (7.3.2.4 (c) i
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Change in host gene expression

Very likely (7.3.3
(h) i

Minimal-moderate
(uncertain) (7.3.3 (h) i

Escape of genetic material and
regeneration of trees

Unlikely (7.3.2.1 (c)
i

Dependent on number
of trees

7.3.5.3

Changes in host-gene expression are considered to be very likely, but should be
detected early enough for effects to be minimal.

7.3.5.4

The escape of pollen is considered likely because of the uncertainty in
determining when reproductive structures are likely to form on the genetically
modified trees, and the known difficulty in identifying and removing all
reproductive structures on trees that may reach 3 metres high before such
structures are formed. The controls proposed by ERMA New Zealand are
designed to prevent this occurrence.

7.3.5.5

Damage to soil microorganisms from HGT is considered to be likely, but the
anticipated effects are considered to be minimal. The field trial would provide a
useful opportunity to measure such effects.

7.3.5.6

While there might be some escape of vegetative material from the trial site
through animals, wind etc, it is considered unlikely that such material would
regenerate
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8 Human Health Effects
8.1 General
8.1.1

The following evaluation relates to the assessment of potential effects on human
health. Potential health effects have been identified in Table 5 of this report.

8.1.2

Following the guiding principles set out in the HSNO Methodology Order 1998:
Information Used by the Authority, the following statutory references are considered
to be relevant to the evaluation of environmental effects:
9(b) Recognise and provide for the principle of maintenance and enhancement
of the capacity of people and communities to provide for (i) Their own economic, social, and cultural well being; and
(ii) The reasonably foreseeable future needs of future generations;
9(c)

Take into account risks, costs, benefits, and other impacts associated with
the substance or organism in an application which relate to (iii) Public health;
(v) The economic and related benefits to be derived from the use of
a particular hazardous substance or new organism;

10(g) The ability to cause disease, be parasitic, or become a vector for human,
animal or plant disease.
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8.1.3

Effects have been analysed in terms of the area of effect, i.e. environmental,
human health, cultural, social and community, and economic. At times there is
overlap between effects, for example, horizontal gene transfer (HGT) has
implications for effects on environmental health and human health. Another
example is reduction in pollen leading to health benefits, and social and
community benefits. Where this occurs cross-referencing is used to minimise
duplication.

8.2 Beneficial Human Health Effects
8.2.1

The applicant has not identified or assessed any beneficial human health effects.

8.3 Adverse Human Health Effects
8.3.1

General

8.3.1.1

The applicant has identified the possibility of increased allergenicity from
transgenic pollen, but notes that there is no scientific evidence that the addition of
the genes will alter the allergenicity of pollen.

8.3.1.2

ERMA New Zealand notes that there is no intention to allow pollen to be
produced.

8.3.2

Human health effects resulting from changes to pollen allergenicity

8.3.2.1

Spruce pollen is not generally regarded as allergenic. Pine pollen is regarded as a
mild allergen in New Zealand, although a large proportion of the population may
have some degree of adverse reaction to it (Dr David Fountain, a pollen
researcher from Massey University, pers. comm.). Change in pollen allergenicity
of genetically modified trees could potentially occur as a consequence of the
genetic material introduced or unanticipated changes in the plant genome as a
result of the genetic modification.

8.3.2.2

The applicant stated that they have no scientific evidence indicating that the
introduction of the foreign genes will alter pollen allergenicity.

8.3.2.3

ERMA New Zealand looked for but did not find any reports of genetically
modified crops producing pollen that has altered allergenicity, but testing for
altered pollen allergenicity in genetically modified plants does not appear to be
routinely performed or reported. Some transgenic crops, including some using the
cauliflower mosaic virus promoter and the antibiotic resistance genes used in the
current applications, have been grown for several years without reports of
allergenicity. In these situations marked changes in allergenicity would be
expected to be quickly detected, so it does not appear that these genetic elements
have inherent allergenic properties.

8.3.2.4

Pollen allergens appear to be primarily due to proteins in the pollen outer surface.
Protein pine pollen allergens are known to exist but have not been fully
characterised (Cornford et al. 1990).
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8.3.2.5

Studies of several other conifers (Cryptomeria japonica, Chamaecyparis obtusa, and
Juniperus ashei) have identified and characterised two proteins that are responsible
for allergenicity in these species. These are direct gene products rather than being
formed by a secondary metabolic pathway (Yokoyama et al. 2000). However, it is
not known whether pine allergenicity is the result of similar gene products, and
genomic disruptions due to the genetic modifications could inadvertently lead to
accumulation of other allergenic compounds within pollen grains. There are nonprotein chemicals in pine pollen with pharmacological activity (Fountain &
Cornford 1991, Fountain et al. 1991, 1995), and these could be affected by
disruption of plant secondary metabolism.

8.3.2.6

ERMA New Zealand considers that there is uncertainty over the likelihood of
changes in pollen allergenicity as a consequence of the genetic modifications. If
pollen is not produced the potential consequences of a change in allergenicity may
be minimal since only those directly handling pollen will be affected. However, in
other species, pollen allergens are known to be expressed in other parts of the
plant (Fountain et al. 1992). If small amounts of pollen escape there are likely to
be localised adverse community effects if pollen of increased allergenicity is
produced. If genetically modified trees were subsequently grown in large numbers
and pollen of increased allergenicity or toxicity was freely disseminated the
magnitude of the effect could extend to major or massive.

8.3.2.7

While skin testing can be done to assess allergenicity, Dr Fountain informed
ERMA New Zealand that this method is dependent on the diagnostic reagents
used and may not be a reliable predictor, especially where the allergens are not
characterised, as in the case of pine. Consequently, determination that pollen from
the genetically modified trees is, or is not, more allergenic than normal pine and
spruce pollen would require more extensive investigation. ERMA New Zealand
notes that such testing should be required to be done prior to any applications for
release of pollen producing genetically modified trees.

8.3.2.8

Adverse effects due to increased herbicide use (refer to section 7.3.3(k), antibiotic
resistance (refer to section 7.3.2.4 (k) iii-xi) and contamination of ground water
(refer to section7.3.3 (k) xii) have been discussed in the referenced sections.

8.4 Summary of Evaluation of Human Health Effects
In terms of human health benefits, ERMA New Zealand considers that it is very
unlikely that the field trial will have adverse effects on human health. The
magnitude of allergenic effects will be minimal to minor if pollen is released.
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9 Cultural Effects
9.1 General
9.1.1

The following evaluation relates to the adverse effects associated with Māori
culture, including the relationship of Māori and their culture and traditions with
their ancestral lands, water, sites, wāhi tapu, valued flora and fauna, and other
taonga (section 6(d) of the HSNO Act, and requirement 9(c)(iv), section 8.4.1 of
the ERMA New Zealand Annotated Methodology). Potential cultural effects have
been identified in Table 5 of this report.

9.2 Adequacy of consultation and other information sources
9.2.1

The applicant has corresponded and held consultation meetings with local iwi
representatives since 14 May 1999. This includes a meeting with the Forest
Research Māori Campus Consultative Committee on 3 May 2000 and a meeting
with the local iwi on 17 September 2000.

9.2.2

The applicant refers to the responses from Ngati Raukawa, Te Arawa and
Tuwharetoa to application GMF98011, a similar application by Carter Holt
Harvey to field trial transgenic radiata pine. Te Arawa and Ngati Raukawa did not
oppose application GMF99011 although the neighbouring iwi, Ngati Tuwharetoa
did oppose the application.

9.2.3

The applicant also wrote twice to neighbouring iwi Ngati Raukawa and
Tuwharetoa to submit their views on the proposal. The applicants states that
Tuwharetoa advised (by phone) that they did not wish to comment on the
application, but wanted to be kept informed, as the “trial falls into the Te Arawa
responsibilities” (Appendix to the applicant‟s application -Report on Māori
consultation, page 2).

9.2.4

The Forest Research Māori Campus Consultative Committee communicated to
Forest Research, via a memorandum on June 8 2000, stating that whilst the
“proposal appears at face value to be a trial of low risk and with minimal cultural
impact for Māori”, they felt they could not “fully or adequately address the
assessment of risk outcomes of importance to Māori…” (Appendix to the
applicant‟s application -Report on Māori Consultation, page 18).

9.2.5

The Committee stated they needed more data to ascertain that the applicants had
“conducted relevant research into the various areas of the Assessment towards
understanding the significance of the intended activity (and) compiled a cultural
monitoring and maintenance programme” (Appendix to the applicant‟s
application -Report on Māori Consultation, p18-19). The Committee also wanted
to ascertain if the applicant have policies and a charter with respect to the Treaty
of Waitangi.

9.2.6

The committee concluded that they do not have the time and resources to
comment on the proposal and suggested the applicant engage a temporary
consultant to provide the information needed.
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9.2.7

The applicant met with local iwi on Sunday 17 September 2000 to discuss the
application and no formal response has been provided. However, it is understood
that it was decided that another hui would be scheduled in two weeks time to
discuss the application further as it was felt that there was not enough people at
the hui to give a response.

9.2.8

Nga Kaihautu have confirmed that the iwi consulted by the applicant were the
appropriate groups to deal with.

9.2.9

ERMA New Zealand considers that the applicant has made sufficient effort to
consult with the relevant iwi.

9.3 Identification of effects on Māori
9.3.1 Identification and significance of risks taking account of the
conditions proposed
9.3.2

A submission has been received from Rea Rangiheuea from Tuhourangi iwi. She
states that local iwi had not formulated a response and will be providing advice on
the application after further consultation meetings. This submission also requests
that the hearing should be held in the rohe (traditional lands) of Te Arawa and in
an environment that is non-threatening to the local iwi (such as a marae).

9.3.3

Two submissions, raising concerns about the impact on Māori, were received
from Mr Mathew John Duigan and Mr Julian Williams. These are discussed
below.

9.3.4

A submission by Mr Mathew John Duigan states that this application poses a
potential threat to Māori taonga (namely native trees), which are taonga
guaranteed protection under article two of the Treaty of Waitangi. Mr Duigan
states that “there may be cross pollination with native or exotic species in the wild,
polluting non GE trees with this vile man altered crop”. He also states, “If we are
to close the gaps between Māori and non-Māori in New Zealand, we must start by
honouring the principles and intent in the Treaty”. ERMA New Zealand
considers that these issues relating to cross pollination with native species are able
to be dealt with by the imposing controls.

9.3.5

A submission from Mr Julian Williams raises issues about the impact of this
application on Māori spiritual and environmental grounds. He states, “…Maori
have a vested interest in the well being of this land under kaitiakitanga, and in
respect of some of that land being under development in forestry projects”. Mr
Williams is also of the opinion that a referendum should be held with marae to
canvass the opinion of Māori. Mr Williams raises concern about the impact of this
application on spiritual values and states, “…it is abhorrent to say the least as
Tane-Mahuta (god of the forest) installed in every one of his children protective
spirits (Poutiriao) these keeping the nature of the tree or plant or animal in equal
balance…”

9.3.6

Te Arawa, Ngati Raukawa or Tuwharetoa have identified no risks to Māori as a
result of this application. Although this is subject to a further consultation hui.
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9.3.7

The applicant has not identified any risks to the relationship of Māori culture and
traditions with their ancestral lands, water, sites, waahi tapu, valued flora and
fauna and other taonga.

9.3.8

ERMA New Zealand has not identified any risks posed by this application to the
relationship of Māori culture and traditions with their ancestral lands, water, sites,
waahi tapu, valued flora and fauna and other taonga.

9.4 Summary of Evaluation of Cultural Effects
9.4.1

There has been no evidence provided on Māori cultural or traditional perspectives
that are specific to this application. No iwi consultated raised such concerns,
though raised was the concern not enough data was supplied to form an adequate
opinion.

9.4.2

Accordingly it is ERMA New Zealand‟s view that it is unlikely that this application
will adversely affect the relationship of Māori and their culture and traditions with
valued flora and fauna.
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10 Social and Community Effects
10.1 General
10.1.1

ERMA New Zealand has evaluated the applicant‟s assessment of potential effects
on the economy. Potential social and community effects have been identified in
Table 5 of this report.

10.1.2

Following the guiding principles set out in the HSNO Methodology Order 1998:
Information Used by the Authority, the following statutory references are considered
to be relevant to the evaluation of social and community effects:
9(b)

Recognise and provide for the principle of maintenance and
enhancement of the capacity of people and communities to provide
for (i)

Their own economic, social, and cultural well being; and

(ii)

The reasonably foreseeable future needs of future
generations.

10.2 Beneficial Social and Community Effects
10.2.1

The applicant has identified the following research benefits from this application
that have potential beneficial social and community effects.
Better understanding of the behaviour of transgenic trees in the field which
will make a significant contribution to the public debate on genetic
engineering
Improved understanding of reproductive development that will contribute
to the understanding of the process and allow comparisons between
angiosperm and gymnosperm organisms
Procedures for producing pine trees that flower earlier, and accelerate the
breeding process
Changes to energy flows in conifers and increased wood produced
Environmentally friendly strategies for weed control (herbicide resistance)
Maintaining New Zealand as a leader in forestry development
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10.2.2

Submitters have also identified beneficial effects from use of less chemicals,
reduced amounts of pollen, and less toxic effluent from pulp mills.

10.2.3

ERMA New Zealand notes that scientific benefits from improved understanding
of the behaviour of trees in the field and better understanding of reproductive
development are direct benefits of the field trial.

10.2.4

Benefits from the use of less chemicals, reductions in pollen production, and less
toxic effluent would not be realised as a result of the field trial, but are more
relevant to a release application that might eventuate if desired outcomes are
confirmed during the field trial.

10.3 Adverse Social and Community Effects
10.3.1

The applicant has not identified any adverse social and community effects.

10.3.2

Social and community issues raised by submitters include possible damage to
„clean green‟ image (links to economic effects), spiritual concerns, and liability.

10.3.3

ERMA New Zealand considers that the field trial is very unlikely to cause any
adverse effect on New Zealand‟s clean green image (see also Section 11.3).
However, if the trial was successful and an application for release was lodged then
this effect could need more careful consideration.

10.3.4

The development of superweeds has been considered in Section 7.3.3 (f) under
Environmental Effects, however, such development would also have social and
community effects by reducing the ability of home gardeners, farmers and
territorial and regional authorities to control weeds. It is considered very unlikely
that the proposed trial would lead to the development of superweeds.

10.3.5

ERMA New Zealand recognises that civil disobedience could lead to sabotage of
the trial, and the dispersal of genetic material. This has been addressed in Section
7.3.2.1 under Environmental Effects. The applicant has noted the precautions that
will be adopted to prevent the identification of genetically modified trees.

10.3.6

Submitters have raised spiritual and religious issues arising from their concerns
about genetic modifications. These concerns are relevant both to the field trial
and any subsequent application for release. ERMA New Zealand recognises that
these beliefs are firmly held and may affect people and communities.

10.3.7

Submitters have also raised an issue about liability and lack of insurance for field
trials. ERMA New Zealand notes that as the law stands at present there is no
mechanism for requiring applicants to have public liability insurance.

10.4 Summary of Evaluation of Social and Community Effects
10.4.1

In evaluating the potential social and community effects associated with this
application, ERMA New Zealand notes that:
The trial will operate for a maximum of 22 years, including two years
monitoring
The maximum number of trees is 330 (limited by the size of the proposed
planting area)
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The application is for a contained field trial
Only one tree per line will be allowed to develop reproductive structures
and none of these will be allowed to mature
10.4.2

ERMA New Zealand notes that there are potential research benefits from the trial
that may lead to beneficial effects on society and communities in the event of a
successful trial and subsequent commercialisation provided approval for release
was granted. In addition, there are potential benefits from the trial including
increased knowledge of the effects of transformation on the organisms that will
assist society in making decisions about subsequent applications.

10.4.3

The identified potential adverse social and community effects are primarily related
to any subsequent application for release of the trees. However, there may be
adverse effects on society and communities associated with the proposed field
trial resulting from concern related to the use of genetic modification.
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11 Economic Effects
11.1 General
11.1.1

ERMA New Zealand has evaluated the applicant‟s assessment of potential effects
on the economy. Potential economic effects have been identified in Table 5 of
this report.

11.1.2

Following the guiding principles set out in the HSNO Methodology Order 1998:
Information Used by the Authority, the following statutory references are considered
to be relevant to the evaluation of economic effects:
9(b) Recognise and provide for the principle of maintenance and enhancement of
the capacity of people and communities to provide for (i)
Their own economic, social, and cultural wellbeing; and
(ii) The reasonably foreseeable future needs of future
generations;
9(c) Take into account risks, costs, benefits, and other impacts associated with
the substance or organism in an application which relate to (v) The economic and related benefits to be derived from the
use of a particular hazardous substance or new organism.
(vi) New Zealand‟s international obligations.

11.2 Beneficial Economic Effects
11.2.1

The applicant has referred to potential commercial economic benefits that would
result if the trials proved successful and provided a basis for future commercial
forestry developments. These benefits would be related to the social and
community benefits listed below. The main benefits are:
Faster growing trees with an accelerated breeding process leading to
increased wood production and shorter rotations, thus potentially
increasing commercial gain to forestry companies and economic benefits to
New Zealand.
Benefits resulting from increased scientific knowledge benefit from
maintaining a leading position in production forestry.
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11.2.2

Nine submitters identified potential economic benefits from future commercial
planting, but did not assess or evaluate these benefits. Submitters also included
the use of less herbicide as a social and environmental benefit.

11.2.3

ERMA New Zealand notes that there are no direct economic benefits likely to
accrue to New Zealand from the field trial itself. All direct economic benefits are
potential benefits that might flow from a successful trial and subsequent release of
the organism(s).

11.2.4

Economic benefits may result from the realisation of scientific benefit. These
scientific benefits will accrue primarily to the researchers and the institution, and
indirectly to New Zealand. These benefits are directly related to the field trial

11.3 Adverse Economic Effects
11.3.1

The applicant states that they are not expecting any adverse effect on human
health or the environment and that consequently the direct cost is negligible. In
addition, the applicant states that if the application were not approved there would
be a significant cost to the New Zealand forest industry, the scientific community
and the public. The applicant has not assessed this cost.

11.3.2

ERMA New Zealand has identified the following potential adverse economic
effects to New Zealand from the field test.
The trial not being completed due to loss of key personnel, loss of funding,
or failure of organisation
The development of a new virus disease affecting production forests
Adverse effects on trade as a result of the presence of the field test.
Loss of sustainable forestry accreditation or organic market status
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11.3.3

Submitters have identified potential adverse effects from loss of competitive
advantage arising from genetically modified crop free status and concern about
corporate dominance.

11.3.4

ERMA New Zealand notes that the trial has a long time period, and that the
likelihood of loss of key personnel or loss of funding should be considered
possible. However, if either of these events forced the premature termination of
the trial the effect would be minimal, and the risk low, since termination would
require all trees to be uprooted and transgenic material to be destroyed. If
termination were forced by failure of the organisation, similar procedures would
be required.

11.3.5

ERMA New Zealand has addressed the possibility of the development of a new
virus disease in Section 7.7.4. If this were to occur there could be a significant
adverse effect on production forests. ERMA New Zealand considers that this is
very unlikely, and that in the context of the field trial the effect would be
moderate-major since it is very likely that such an event would be detected and the
virus eradicated. In the event of an application for release this should be
addressed more rigorously.

11.3.6

ERMA New Zealand notes that it is very unlikely that there would be significant
adverse effects on trade as a result of this field trial. However, in the event of
inadvertent release, this effect could be major.

11.3.7

If the trial site were located close to a production forest with Forest Certification
from the international Forestry Stewardship Council, then it is possible that this
certification could be lost. ERMA New Zealand notes that the trial site is within
the Forest Research Institute block and it is very unlikely that the trial could
impact on other production forests in this way.

11.4 Summary of Evaluation of Economic Effects
11.4.1

ERMA New Zealand considers that there are no direct beneficial economic
effects likely to result from the field trial. If the trials(s) are successful and a
subsequent application for release was approved then there would be a case for
significant potential economic benefits.

11.4.2

Similarly, adverse economic effects of the trial are limited because of the small size
of the trial. However, given the importance of P. radiata and P. abies to the New
Zealand forest industry any effects (beneficial or adverse) may affect both the
industry, and New Zealand trade.

11.4.3

In the event of inadvertent release of the genetically modified trees, the adverse
economic effects on trade could be major.
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12 Application of Controls
12.1 The Third Schedule of the HSNO Act 1996, Part I, identifies Matters to be
Addressed by Containment Controls for Development and Field Testing of
Genetically Modified Organisms (GMO‟s).
12.2 Controls can be designed with the aim of reducing the probability of any escape
from containment, and reducing the likelihood that a self-sustaining population may
form in the event of an escape. However, such controls cannot totally eliminate the
possibility that escape will occur, as complete compliance cannot be guaranteed.
12.3 The controls set out below are designed to manage the risks associated with field
testing of genetically modified radiata pine and Norway spruce. Specifically, they
relate to the maintenance of the genetically modified trees in containment so as to
prevent unintended release of any genetically modified material like pollen. These
controls are put forward as the basis for assessing the risks associated with approving
the application. The Authority may wish to amend these controls (in order to make
them more or less „stringent‟) to achieve a level of likelihood of escape that is
appropriate for the application.
12.4 If approval is granted, operation of the containment facilities must specifically ensure
the following (with respect to the matters identified in the Third Schedule of the
HSNO Act, a copy of the Schedule is included as Appendix 7 of this report):
Table 7: Proposed Controls according to the Third Schedule of the
HSNO Act 1996
(Source: Hazardous Substances and New Organisms Act 1996 Third Schedule Part I
Matters to be Addressed by Containment Controls for Development and Field Testing
of Genetically Modified Organisms)

1

To limit the likelihood of any accidental release of any organism or
any viable genetic material:

1.1

The field test of genetically modified radiata pine and Norway spruce
shall be carried out in a containment facility2 registered by the Ministry of
Agriculture and Forestry (MAF) under the Biosecurity Act 1993, in
accordance with the MAF/ERMA New Zealand Standard 155.04.09:
Containment Facilities for New Organisms (including genetically
modified organisms) of Plant Species.
The duration of field trial for application GMF99001 is not to exceed 22
years and for application GMF99005 9 years from the first planting date.

1.2

Genetically modified tree seedlings shall be stored until planting in the
field in plant house facilities operated, constructed, and maintained in

The containment facility refers to the area where the genetically modified trees are to be grown, and that is registered by MAF
under the Biosecurity Act 1993.
2
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accordance with the MAF/ERMA New Zealand Standard 155.04.09 and
the Australian New Zealand Standard AS/NZS 2243.3:1995 Safety in
Laboratories: Part 3: (Microbiology), at Physical Containment Level 2 (PC2)
for genetically modified plants.
1.3

Handling of genetically modified trees to be used in the field tests shall
ensure that there is no spillage outside the field trial site

1.4

All plant material to be used in this field test shall be identified at all
times.

1.5

The maximum number of genetically modified plants in each field trial
shall not exceed 330 at any one time.

1.6

Genetically modified trees shall be transferred from the plant house to
the field test site in secure containment, and this must include packaging
in closed non-crushable boxes and in a covered vehicle if one is necessary
for transportation.

1.7

The genetically modified trees from the plant house facilities shall be
planted in the field trial site no later than 2.5 years from being planted in
the plant house and spaced 2-3 metres apart in the field trial.

1.8

All genetically modified trees no longer required and any biological
material derived from genetically modified trees no longer required for
the purpose of this application shall be disposed of by incineration on
FRI site.

1.9

At the completion of the field trials or in the event that operations
involving genetically modified plants cease, all plants in the field trial site
and all biological material shall be destroyed by cutting trees at ground
level followed by their incineration on FRI site. Tree stumps shall be
treated with herbicide to prevent plant re-growth. For application
GMF99005 the herbicide shall be other than “Buster” and “Escort” for
which the trees have introduced resistance to. The trial site shall be
monitored for any re-growth for a period of no less than two years. If any
re-growth appears within the first year the stumps shall be treated with
herbicide as in the first instance and the trial site monitored for further
two years. This process shall be repeated until there is no re-growth for a
minimum period of two years.

1.10 During the field trial period (22 years for application GMF99001 and 9
years for application GMF99005) the trees in the field trial site shall be
monitored in the first week of each month by competent personnel
familiar with the development of reproductive structures in the
genetically modified trees. A log of each monitoring shall be maintained
and made available for inspection throughout the life of the field trials.
To prevent unintended/accidental release of genetically modified trees
from the field trial site, any reproductive structures identified on the
plants shall be immediately removed well in advance of pollen shed stage
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and transported in secure containment in accordance with section 8 of
AS/NZS 2243.3 and 4.6 of MAF/ERMA New Zealand Standard
155.04.09 for further research in containment or destroyed by
incineration or autoclaving. In application GMF99001 monitoring of the
development of reproductive structures should be every 7th calendar day
in the period from March to October of each year. The trees in
application GMF99005 shall be monitored every 7th calendar day for the
development of reproductive structures in the period from March to
October of each year. The trees shall be trimmed to maintain a constant
height of up to 3 metres for ease of inspection of the development of
reproductive structures.
The reproductive structures taken to the containment laboratory for
further research shall be bagged to further ensure that the pollen is
contained within the bags. After their use the bags shall be incinerated.
1.11 The field trial sites shall be delineated by marker posts.
2

To exclude unauthorised people from the facility:

2.1

The applicant shall inform the Supervisor and ERMA New Zealand of
any changes in the:
role of the principal researcher responsible for the field trials;
FRI‟s location, ownership, access to resources that may affect the
management of the trials.

2.2

With respect to the field test sites, a fence shall be constructed to
delineate the field trial and restrict unauthorised persons from accessing
the containment facility.

3

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

3.1

With respect to the field test sites, a fence should be constructed to
restrict undesirable people and organisms, such as herbivores that may
feed on genetically modified trees from gaining access to the modified
trees.

4

To prevent unintended release of the organism by experimenters
working with the organism:

4.1

See 1.10 above.

5

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

5.1

In case of unintended or accidental release/escape of genetically modified
plants involved in the field trials, the applicant shall make all reasonable
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efforts to recover the plants and if they cannot be replanted in the trial
site shall destroy them by incineration (see section 4.7 of MAF/ERMA
New Zealand Standard 155.04.09).
5.2

If for any reason a breach of containment occurs the applicant shall
notify the facility Supervisor3 (see section 6.4.6 of MAF/ERMA New
Zealand Standard 155.04.09).

6

Inspection and monitoring requirements:

6.1

The Authority or its authorised agent or properly authorised enforcement
officers, may inspect the field trial site and the register at any reasonable
time. The field test site shall at a minimum be inspected and monitored as
required in controls 1.11 above.

6.2

The applicant shall inform the Supervisor of the occurrence of the
following events:

6.2.1

Planting date of the trees in the field;

6.2.2

Progress of the field trials at the end of each calendar year.

6.3

The Supervisor and ERMA New Zealand shall be advised of any changes
to the timetable for the field trials of genetically modified trees if
different than indicated in the application.

6.4

A comprehensive report on the progress and the outcome of the field
trial shall be provided to ERMA New Zealand by 15 December 2010 and
again by 15 December 2020 (expected date for completion of the field
trial) and 2022 (completion of post field trial monitoring) for field trial
under application GMF99001.
A comprehensive report on the progress and the outcome of the field
trail shall be provided to ERMA New Zealand by 15 December 2007
(expected date for completion of the field trial) and 2009 (completion of
post field trial monitoring) for application GMF99005. These reports
shall focus on adherence to the containment controls outlined in this
decision and any incidents that may be of interest to the public, ERMA
New Zealand or MAF.

3

7

Implementation of controls:

7.1

The applicant shall inform all personnel involved in the field tests of
genetically modified trees of the controls imposed by the Authority.

An inspector appointed under the Biosecurity Act.
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13 International and Related Matters
13.1 Previous Considerations
13.1.1

The applicant notes that the organism that is the subject of this application was
approved for field testing by the Minister for the Environment on the
recommendation of the Interim Assessment Group (IAG). This field test (Trial
number 45) was approved on 18 December 1997 with the trial period covering
January 1998 - January 2003. The field test is being undertaken at Forest Research
Institute‟s Rotorua site, by the Forest Research Institute.

13.1.2

The genetic modifications involved in this application were approved by the FRI
Institutional Biological Safety Committee (IBSC) under delegated authority from
the Environmental Risk Management Authority on 11 January 1999. The ERMA
New Zealand approval code for the development of these transgenic radiata pine
plants is GMF98001.

13.2 International obligations
13.2.1

ERMA New Zealand and the applicant are not aware of any international
obligations relevant to this application.

13.3 Status of Associated Approvals
13.4

Organisms imported into New Zealand are also bound by the Biosecurity Act
1993, overseen by MAF Quality Management. The applicant, having obtained
approval from the Authority for the importation of a new organism would require
an Import Health Permit from MAF prior to any importation of the organism.

13.5

The applicant has indicated that this organism is not subject to any other
legislative requirements.
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14 Precedents
14.1 The Authority must consider each application on its merits, and is therefore not
bound by the stance it has taken in previous decisions. However the Authority may
wish to reflect on previous decisions where these involve similar issues to those
raised by this application.
14.2 The Authority has to date approved one other application to field test radiata pine,
received from Carter Holt Harvey Ltd (Application code GMF98011). In this case
the genetic modification involved the insertion of two marker genes (an antibiotic
resistance gene and a reporter gene), both under the control of a promoter sequence
derived from the cauliflower mosaic virus (CaMV).
GMF98011 Field test of P. radiata
14.3 The purpose of the field test (which is currently underway) is to evaluate the
expression of the marker genes in juvenile trees to assess stability, levels and zones of
gene expression and the influence of field conditions, as well as to determine whether
the transformation events has any detrimental effect on the growth and morphology
of the trees. The trial (of up to 120 trees) will be terminated and the trees removed
before they reach maturity, estimated as three and a half years.
14.4 In its decision on GMF98011 the Authority formed the view that “the risks associated
with this field test are negligible” and considered the fact than an application had been
made to be evidence of benefit. In the absence of any external costs, benefits were
considered to outweigh costs.
14.5 The decision on GMF98011 was made under clause 26 of the ERMA New Zealand
Methodology.
14.6 In additional to the ability of the organism (trees) to escape from containment, the
Authority considered the transfer of DNA including antibiotic resistance and the
CaMV promoter to soil microorganisms, the transfer of DNA to gut bacteria of
herbivores, and the uptake of DNA by mycorrhizal fungi, and concluded that the
probability of any of these events was low, or that it is unlikely that these events
would occur. The Authority also considered the ease of eradication and noted that
coppicing of stumps or regeneration from roots has never been observed in P.
radiata. The Authority did note that in the event of an application for release the
applicant should take careful note of concerns expressed in submissions about the
long-term effects of such transformations.
14.7 ERMA New Zealand considers that application GMF98011 presented some similar
issues and circumstances to the current applications. However, there are several
areas of difference. GMF99005 plans to include P. abies as well as P. radiata., the
transformation vectors will include a broader range of genes and promoters,
including genes involved in reproductive development and herbicide resistance, and
for GMF99001 it is intended that 1 tree per line of which there are 5 lines per
transformation events should be allowed to initiate reproductive structures while in
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the field, the duration of the field trials being 22 years. Therefore increasing the
possiblility of Horizontal Gene Transfer. Thus, the value of the precedent of the
previous approval is reduced.
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15 Overall Evaluation of Effects
15.1 Risks, Costs and Benefits
15.1.1 Earlier sections of this report have discussed the environmental, human health,
cultural, social and community, and economic effects of the applications in terms
of their likelihood of occurrence and magnitude of effect. Effects, as noted in
5.1.5, include risks, costs and benefits. Clauses 26 and 27 of the HSNO
Methodology Order 1998: Information Used by the Authority provides guidance to
the Authority for making decisions on applications. The criteria specified in these
clauses require the balancing of risks, costs, and benefits.
15.1.2

Thus the following overall evaluation describes the effects of the proposed field
trial application in terms of the risks, costs and benefits, and includes the effects
should containment be breached.

15.2 Environmental
15.2.1 In evaluating the potential environmental effects associated with the application
ERMA New Zealand considers that the proposed containment controls and the
field trial regime as outlined in the application would minimise the likelihood of
adverse effects arising.
15.2.2 The key risks to the environment from the trial are considered to be associated
with
Escape of pollen
HGT to soil microorganisms
Changes in host gene expression
Escape of viable material and growth of genetically modified trees
outside the trial area.
15.1.3

ERMA New Zealand considers that the monitoring regime proposed by the
applicant could be inadequate to prevent pollen escape if reproductive structures
are produced outside of the normal season or mature more quickly as a result of
the genetic modification. ERMA New Zealand considers that more frequent
monitoring to detect early development of reproductive structures would minimise
the risk of pollen maturity and dispersal, and has proposed controls designed to
minimise the possibility of pollen escape.

15.2.3 HGT to soil microorganisms although likely, there is some uncertainty about
whether it would occur, and the effects if it did occur. However, any likely effects
are considered to be minimal taking into account the nature and the size of the
experiment. ERMA New Zealand considers that a field trial of this nature may
provide a good opportunity to monitor HGT in the longer term
15.2.4 ERMA New Zealand considers that changes in host gene expression are possible,
given the particular methods to be used by the applicant for insertion of foreign
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DNA. The effects would be minimal to moderate. As the plants will be grown in a
glass house for two years before being planted in the trial site, and major growth
abnormalities resulting from changes in host gene expression are likely to be
detected prior to planting in the trial site. However, other changes may not be
detected so early in the development.
15.2.5 The escape and subsequent growth of trees is considered to be unlikely, with
effects dependent on the number of trees. There is some uncertainty about
whether such an escape would be detected. In addition to the proposed
containment controls, ERMA New Zealand considers that a detailed contingency
plan outlining steps to secure the trial site and recover or destroy viable material in
the event of natural disasters, premature ending of the trials, or loss of key
personnel, will assist to minimise this risk.
15.2.6 ERMA New Zealand considers that there are no identified and assessed costs or
benefits to the environment likely to result from the small scale field trial.

15.2 Health
In evaluating the potential health effects associated with the application ERMA
New Zealand considers that it is unlikely that the trial will have adverse effects on
human health. The magnitude of allergenic effects will be minimal to minor if
pollen is not released.
ERMA New Zealand considers that the human health risks, costs and benefits
from the trial do not require further consideration.

15.3 Cultural
In evaluating the potential cultural effects associated with the application ERMA
New Zealand considers that it is unlikely that the trial will adversely affect the
relationship of Maori and their culture and traditions with valued flora and fauna.
ERMA New Zealand considers that there are no identified and assessed costs or
benefits to the Maori culture likely to result from the small scale field trial.
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15.4 Social and Community
15.4.1

In evaluating the potential social and community effects associated with the
application ERMA New Zealand notes that submitters have raised a number of
social and community issues including possible damage to „clean green‟ image
(links to economic effects), spiritual concerns, and liability. ERMA New Zealand
considers that these issues are primarily related to any subsequent application for
release of the trees. Although adverse effects on resulting from concern related to
the use of genetic modification are possible, the actual risk is unknown.

15.4.2

ERMA New Zealand has not identified any social and community costs other
than costs to the Institution of terminating the trial and eradicating the trees in the
event of adverse events.

15.4.3

The key social and community benefits from the trial are:
improved understanding of the behaviour of trees in the field
better understanding of reproductive development
increased knowledge of the effects of transformation on the organisms
that will assist society in making decisions about subsequent
applications

15.4.4

The benefits of the trial accrue to the Forest Research Institute and the
researchers. Any risks and costs are born by Forest Research Institute.

15.5 Economic
15.5.1

In evaluating the potential economic effects associated with the application
ERMA New Zealand notes that by nature field trials seldom have direct economic
effects because of their research nature and small scale.

15.5.2

ERMA New Zealand does not consider that there are any direct economic risks
associated with the field testing of the organisms, but notes that there may be
indirect economic risks associated with any subsequent application to release.

15.5.3

The applicant has not identified any economic costs associated with this
application. ERMA New Zealand notes that there will be a direct economic cost
to the applicant in terms of resourcing of the trial. There may also be an
economic cost to the applicant in the event of loss of key personnel, or loss of
funding, requiring early termination of the trial.

15.5.4

ERMA New Zealand does not consider that there are any direct economic
benefits associated with the field testing of the organisms, but notes that there
may be economic and commercial benefits in the future if the technology proves
successful.

15.5.5

The economic benefits of the trial accrue to the Forest Research Institute and the
researchers. Any risks and costs are born by Forest Research Institute.
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Appendix 1: List of government agencies notified of the receipt of Applications
GMF99001 & GMF99005
Organisation

Name

Position

Address

City

Crop and Food Research, Corporate Office

Dr John Marshall

Scientist

Private Bag 4704

Christchurch

Department of Conservation

Ms Clare Miller

New Organisms Office

PO Box 10 420

Wellington

Department of labour

Mr Errol Hodgkinson

Senior Occupational Health Scientist

PO Box 22 165

Christchurch

Environment BOP

Mr Ben O‟Meara

Resource Planner

PO Box 364

Whakatane

Fish and Game Auckland/Waikato Region

Mr Douglas Emmett

Manager

Brymer Road

Hamilton

Foundation for Research Science and Technology

Dr Marie Bradley

Programme Manager

PO Box 12 240

Wellington

Kaipara District Council

Mr Brian Jensen

Regulatory Services Manager

Private Bag 1001

Dargaville

Landcare Research Institute

Ms Caroline Pratt

Science Planner

PO Box 40

Lincoln

Ministry of Agriculture and Forestry-Head Office

Ms Suzanne Main

Policy Adviser

PO Box 2526

Wellington

Ministry of Foreign Affairs & Trade

Ms Caroline Foster

Legal Divison

Private Bag 18 901

Wellington

Ministry of Research, Science & Technology

Dr Helen Anderson

Chief Science Advisor

PO Box 5336

Wellington

Rotorua District Council

Mr Ted Hansen

District Manager

Private Bag 3029

Rotorua

Ministry of Health

Andrew Forsyth

PO Box 5013

Wellington
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Appendix 2: ERMA New
Submissions Report

Zealand Summary of

Appendix 3:
Conservation

Submission

from

the

Department

of

File: IMP 0006
23 August 2000

Kevin Currie
Manager, Operations
ERMA New Zealand
PO Box 131
WELLINGTON
Dear Kevin
GMF 99001, GMF 99005 – Proposals to field test Pinus radiata genetically engineered for
reproductive development, and Pinus radiata and Picea abies genetically engineered for
herbicide resistance
Thank you for the opportunity to comment on the above applications. The following comments
may be regarded as the Department of Conservation‟s submissions. If there is a public hearing,
we do not want to be heard in support of these submissions.
GMF 99001: Application to field test Pinus radiata plants with genetic modifications in
genes controlling reproductive development
Issues relating to containment
This application is to grow pine trees in a contained field trial. The trial will be planted over 10
years, and the plants will be kept for a period of 3.5 years after planting. During the period when
reproductive structures would be expected, the trees will be checked weekly. We ask that ERMA
confirm that this frequency of inspection will be sufficient to ensure removal of all pollen bearing
structures before they release pollen.
In October, monitoring will be reduced to monthly. We ask that ERMA satisfy itself that none of
the genetic changes that will be made to the trees will alter the time of year that reproductive
structures are produced. If there is a chance of this occurring, we ask that the monitoring regime
is made rigorous enough that regardless of the time of year that a reproductive structure is
produced, it is likely to be detected by the applicants before any pollen is released or seed is set.

Upon termination of the trial, all plants will be cut at ground level and incinerated. In order to
ensure that the plants die, we consider that they should have all photosynthetic material removed,
or glyphosate herbicide applied to cut stumps. A period of 2 years of post-trial monitoring will
then commence. We support this monitoring period, and consider that it should be a sufficient
time to detect any coppicing or regeneration.

General conservation concerns
On page 28 of the application, the applicant states that
"Pinus radiata will regenerate naturally through shed seed in many parts of New Zealand, although
it has been much easier to control any such spread than for say, Pinus contorta (which has caused
relatively minor problems in parts of the Central North Island, and Otago). Such "wilding" trees
are generally only considered undesirable if they spread into areas reserved to indigenous plant
species, and even then they can be (and are) controlled using conventional physical and chemical
management methods. Although the transgenic trees produced for this trial can be easily
controlled against this kind of spread, there would clearly be a need to address containment of
any subsequent production crops containing genes that enhanced seed production. However, in
practice, such highly-fecund trees would only be interbred for use in controlled breeding
situations. The objectives of this trial are mainly directed at developing strategies for reducing the
production of reproductive organs, thus supplying an additional potential form of control over
"wilding" spread."
Any efforts by research agencies to reduce the fecundity of conifers used in plantation forests
should be applauded, as the wilding problem affects the Department and other stakeholders.
However, in terms of this application there will also be highly fecund trees produced in the
containment situation.

It appears that in this paragraph, the applicants have tried to anticipate the Department's
concerns over the wilding issue and have mistakenly described the problem as minor. Wilding
conifers threaten 260,000 hectares of land administered by the Department. The Department
spends more than $210,000 and almost 4000 hours controlling the problem on the South Island
alone. This represents a fraction of the effort that could be invested into the problem. Only the
highest value sites are the focus of work. . If left unchecked the problem would increase and
costs of undertaking new control work would also increase disproportionately to the cost of
maintaining a control programme.
On the South Island alone more than 130 sites administered by the Department have been
invaded by Pinus radiata. It is less weedy than some other species. However, the only reason that
Pinus radiata is not included in Regional Pest Management Strategies is not because it is
innocuous, but because it is economically important. Pinus radiata does threaten biodiversity
values in NZ. Furthermore, it is our understanding that high country farmers and plantation
growers both have problems with wildings competing with desirable species- be that pasture or
other trees. Wildings are not just an issue in high value areas with native plants.
In summary, the Department of Conservation is generally satisfied with the conditions for
containment relating to this trial, subject to the issues mentioned above being resolved by
ERMA. In the longer term, the Department would have concerns if pine trees with increased
reproductive capacity were to be grown in New Zealand on a commercial scale.

GMF 99005: Application to field test Pinus radiata and Picea abies plants genetically
engineered for herbicide resistance
In this trial, plants that have been engineered for herbicide resistance will be grown for a
maximum of 3 years (Pinus radiata) or 5 years (Picea abies). After this time, the trees will be
removed in the manner discussed for trial GMF 99001. The same post-trial monitoring period of
2 years will be observed. The herbicides that resistance has been engineered for are "Buster" and
"Escort".
Issues of containment
See discussion above in relation to GMF99001. There should be no pollen or seed set in this
experiment, as trees will all be removed before they are expected to produce reproductive
structures. This should minimise the chance of any genetic material escaping from the trial site.
The precaution of applying glyphosate to stumps to ensure trees are dead at the end of the trial is
equally applicable in both experiments.
General conservation concerns
Neither of the herbicides for which resistance is being engineered are commonly used for control
of wilding pines. However, concerns have been voiced overseas with regard to the impacts
herbicide-resistant trees can have on patterns of herbicide use and the effects of this on
ecosystem values. Although the Department of Conservation does not have any objection to this
trial proceeding, we may have some concerns if these trees were ever proposed to be grown on a
commercial scale in New Zealand. In summary, the Department of Conservation is generally
satisfied with the conditions for containment relating to this trial, subject to the issues mentioned
above being resolved by ERMA.

Summary
We ask that ERMA confirm that this frequency of inspection of the trees in GMF99001 will be
sufficient to ensure removal of all pollen bearing structures before they release pollen.
We ask that ERMA satisfy itself that none of the genetic changes made in GMF99001 will alter
the time of year that reproductive structures are produced. If there is a chance of this occurring,
we ask that the monitoring regime is made rigorous enough that regardless of the time of year
that a reproductive structure is produced, it is likely to be detected by the applicants before any
pollen is released or seed is set.
In order to ensure that the plants die at the end both trials, we consider that they should have all
photosynthetic material removed, or glyphosate herbicide applied to cut stumps. Alternatively, we
ask that ERMA satisfy itself that the measures proposed by the applicant will be sufficient to kill
all the plants at the end of the trial.
The Department of Conservation does not agree with the statements made by the applicant
concerning the "minor" problems caused by Pinus contorta and wilding pines.

The Department of Conservation is generally satisfied with the conditions for containment that
are proposed for these two trials, subject to consideration of the specific matters mentioned
above.
I will look forward to hearing from you when our submissions have been considered.
Yours sincerely

Clare Miller
New Organisms Officer
For Director General

Appendix 4: Qualitative scales for describing effects
Adverse effects
Qualitative assessments use words to describe the probability or likelihood of the adverse effect
occurring and the magnitude, or a measure of the severity of that adverse effect. These are
combined to form a qualitative estimate of the level of risk. The following sets of word scales
are used:
i. Table 1:

Likelihood of effect

Descriptor

Description

Very unlikely

Not impossible, but only occurring in exceptional circumstances

Unlikely

Could occur, but is not expected to occur under normal
conditions

Possible

50:50 chance of occurring, or where there is insufficient
information to judge likelihood otherwise

Likely

Will probably occur at some time

Very likely (almost certain)

Is expected to occur

Table 2:

Magnitude of adverse effect

Descriptor

Examples of descriptions

Minimal

Insignificant (repairable or reversible) environmental impact, no
observable cultural effects, other effects slight (reversible) or very small

Minor

Reversible environmental impact, limited adverse cultural effects
(affecting small area or localised community), other effects small and
limited in scope

Moderate

Some slight effect on native species, adverse cultural effects to wider
area but not considered serious, other effects medium or mid range

Major

Irreversible environmental effects but no species loss, adverse cultural
effects widespread but remedial action available, other effects large

Massive

Extensive irreversible environmental effects, including species loss,
adverse health effects, severe adverse cultural effects over whole
country with no possible remedial action, other effects very large and
widespread

Beneficial effects
The word scale used to describe the likelihood of beneficial effects is the same as stated in Table
1 above. A qualitative assessment to describe the magnitude of beneficial effects has been made.
The following word scale is used:
Table 3:

Magnitude of beneficial effect

Descriptor

Qualitative description

Minimal

Very small or insignificant benefit

Minor

Small benefits that are localised in distribution

Moderate

Medium benefits that are localised in distribution

Major

Large benefits that are regional level in distribution

Massive

Very large benefits that are national in distribution

Appendix 5: Glossary of terms
Key terms:
Risk:

the combination of the magnitude of an adverse effect and the probability of
its occurrence (ERMA 1998a)

Hazard: a source of potential harm or a situation with a potential to cause loss
(AS/NZS, 1999a)
Effects: defined outcomes (ERMA 1998a) and include potential or probable, positive
or adverse, past, present or future, acute or chronic, and cumulative effects
(section 2 HSNO Act)
Benefit: the value of a particular positive effect expressed in monetary or nonmonetary terms (ERMA 1998 a & b)
Costs:

the value of a particular adverse effect expressed in monetary or nonmonetary terms (ERMA 1998a & b)

Appendix 6: Importation permit for P.taeda.

Appendix 7: Third Schedule of the HNSO Act

THIRD SCHEDULE Sections 32 (2), 42 (2), 45 (2)

PART I
Matters to be addressed by Containment Controls for development and
field testing of genetically modified organisms
1. To limit the likelihood of any accidental release of any organism
or any viable genetic material, the controls imposed by an approval
shall specify--(a) Requirements for treatment and decontamination to prevent escape
by way of expelled air, discharge of water or liquid waste,
removal of solid waste or goods, or breaches in facility
boundary:
(b) Equipment and requirements for facility construction to enable the
requirements for treatment and decontamination to be readily
met:
(c) Requirements to be complied with for the access of persons to the
facility:
(d) Procedures and requirements for transport, identification, and
packaging for all biological material to and from the facility
and within the facility:
(e) Requirements for the disposal of any biological material:
(f) Requirements for facility construction:
(g) Requirements to secure the facility and openings, including
securing against failure in the event of foreseeable hazards.
2. To exclude unauthorised people from the facility, the controls
imposed by an approval shall specify--(a) Means of identification of all entrances to the facility:
(b) The numbers of entrances and access to the facility:
(c) Security requirements for the entrances and the facility.
3. To exclude other organisms from the facility and to control
undesirable and unwanted organisms within the facility, the controls
shall specify--(a) Monitoring requirements to establish the presence of other
organisms:
(b) Phytosanitary requirements:
(c) Requirements to secure the facility and openings against likely
unwanted organisms.
4. To prevent unintended release of the organism by experimenters
working with the organism, the controls shall specify--(a) Requirements to prevent the contamination of work surfaces,
equipment, clothing, and the facility generally:
(b) Requirements for laboratory practice to control infection by
ingestion or breaks in skin cover:

(c) Means to control infection by inhalation.
5. To control the effects of any accidental release or escape of an
organism--(a) Controls imposed by an approval shall specify an eradication plan
for escaped organisms:
(b) Controls imposed by an approval may specify requirements to limit
the likelihood of an escaped organism spreading, surviving and
breeding, including, but not limited to,--(i) Exclusion zones (spatial or temporal):
(ii) Location of the facility outside the usual habitat range
of the organism.
6. Controls imposed by an approval shall specify inspection and
monitoring requirements for containment facilities, including any
inspection required before commencement of the development or field
testing.
7. Controls imposed by an approval may specify--(a) The qualifications required of the person responsible for
implementing the controls imposed by an approval:
(b) The provision of a management plan specifying procedures for implementing controls
imposed by an approval.

Appendix 8: Additional Information from the applicant

From:

Erika Anderson

Sent:

Friday, 29 September 2000 17:06

To:

'c.walter@car4u.co.nz'; 'christian.walter@forestresearch.co.nz'

Cc:

Janet Gough; Moeed; Kevin Currie

Subject:

Genetically modified pine applications-further information required

Good afternoon Christian,
I apologise for contacting you at your home address, however this matter is fairly urgent in
regards to further information required for clarification of the pine applications, and gives you
further time to consider the matters fully.
The questions that I have are for the clarification to ERMA New Zealand but also for the
Authority. It would be therefore useful to the Authority to provide this information before the
hearing, and this means it is pre circulated in time so the Authority can consider carefully
the information provided, and ask further questions of you at the hearing, in which you will be
prepared for, as you will have answered the following questions. It is therefore useful to
ERMA if you could provide a time that this information could be provided by, so I can inform
the Authority.
Issues to be clarified
Bagging of Pollen
It is the understanding of ERMA New Zealand and the Authority and I refer you to Page 3 of
GMF99001 which indicates that "one tree per line will be kept to initiate reproductive
structures". It is unclear from the application whether or not this one tree is then left in the
field trial site to develop these reproductive structures, which would therefore require
bagging, or whether or not these reproductive structures will be cut of and grown to maturity
in the GMO glass house or facility. If the reproductive structures are kept to maturity in the
field trial, information regarding the type of bagging, the control that these structures will be
bagged in time before pollen escapes is to be identified.
Further to this, how will the structures be kept in the laboratory? You identify on Page 16 last
line, that "in case reproductive structures can be matured in the laboratory or GMO
glasshouse, they will be bagged to avoid pollen escape". The bagging of these structures
needs to clarified, in terms of when, what is used to bag these structures, and how is it
ensured the pollen will not escape from the laboratory or the field trial site if this is where this
one tree is kept.
Pollen escaping
In terms of the pollen escaping from the field trial site, and this maybe in the event that either
the reproductive structures develop early or not as expected, or not all of them are taken off
the tree, what scenarios do you have in the event that this happens.
Is there any evidence in terms of: How the gene will survive outside the trial site? Will it
survive? What are the chances?
What is the chance of dilution?

What are the consequences of pollen and seeds remaining in the environment
i.e. affecting other plants?
You will mostly likely have data and information on pollen spreading and how it spreads i.e.
distance, and the environmental effects that cause this. Any literature or references to
support your findings will be useful to the Authority.
Management issues
How is FRI going to manage this project over the next 20 years? It is quite possible that staff
turnover will occur, and there needs to be some sort of regime in place if this is going to
occur. Also in terms of the actual trial, the events and lines and sequences should be
incorporated into a time frame with whom is in charge and whom is monitoring these.
Further to this, it is our understanding that FRI is being funded by PGSF (Julie) provided me
with this today, and is there going to be any industry funding this in the next 20 years?
Containment manual - Julie has also informed me that the containment manual is in the final
stage, but will not be finalised by MAF for a few weeks. The Authority will need to see a copy
of this; to assist in the decision making process, and Julie will send me a copy by Tue 3
October, in a stage, which will be sent to MAF. She assures me there will not be any
changes to this, but please clarify this with me. This manual will have your contingency plan,
map layout of the facilities ie where all the genetic modification is occurring, and a copy of all
the standards.
Diagrams and drawings
Please provide a diagrammatic lifecycle of P. radiata and P. abies.two separate life cycles
would be useful for this. The lifecycle should clearly identify each step and what time of the
year it happens, like sexual maturity, pollen shed.
Copies of the structures i.e. male and female should also be identified and provided.
Indepth steps of how the trial is being carried out at what time (i.e. date/month/year) and
where each step is occurring.
The application says that the field trial is one hectare in size, however are the 330 pines for
one application in one part of the hectare with their control, and the other pines for the other
application situated beside this trial, or interdispersed within these pines.
It needs to be clarified exactly the layout of where each pine from each event is going to be
situated along with where the control is going to be. This would be useful in a diagrammatic
way ie a map. This can be kept confidential to ERMA.
Containment
You have indicated that that the Lab and glass house are of PC2 standard. Is this correct,
can you therefore state what are the size of the filters in the lab and greenhouse, and also
the size of pollen particles?
Another issue that needs to be clarified by Tuesday for me, is are the reproductive structures
intending to be removed at age 3.5 from the date they are planted out or the actual date the
transformation begins. What I mean is say the GM transformation occurs on day one they
are cultured and kept in the glasshouse until age 2 and then planted out at age two, does this

therefore mean at age 3.5 ( one and a half years from being planted out) that the
reproductive structures are cut off or does it mean 3.5 years from the date they were planted
in the ground which in this case was age 2, therefore the age they would be taken out would
be 5.5 years. Please clarify this.
IBSC membership
Can you please also inform me of who are the members of the IBSC, and a brief overview of
this person and their expertise if they have any in this area?
If you have any further queries, please contact me, I will be in touch on Monday 2 Oct, or Tue
3 Oct when you are back from Christchurch.
Sincerely

Erika Anderson
Direct Dial (04) 496 4830
e-mail erika.anderson@ermanz.govt.nz

Response from the applicant
From: christian.walter@forestresearch.co.nz
Sent: Tuesday, 3 October 2000 18:01
To: Erika Anderson
Subject: Re: Genetically modified pine applications-further information required
Good afternoon, Erika. Finally the Email server is working again, and here is my response to
your questions:
1. Bagging of pollen:
Please also refer to pages 16 and 19 of the application.
One tree per line will be kept to initiate the formation of reproductive structures. As soon as
those are identified, they will be cut and transferred to the laboratory. Here we will analyse the
material anatomically to compare the structure with nontransgenic material. If, by the time we
obtain the material,force maturing protocols are available, we will attempt to force these
structures to develop further. We do not expect to be able to mature them to a stage where they
can successfully produce pollen, however we will bag them to prevent any accidental release of
pollen. All these experiments will be performed in our containment laboratories, and the bagging
was proposed as an additional safety mechanism. On page 19 of the application we state that "
No reproductive structures will be allowed to mature and spread genetic material within or
beyond the trial site".
Sorry for not stating clearly that the trees will we destroyed before they develop any such
structures to maturity. At the stage we detect the development of reproductive structures on

those trees, we will remove the structures and incinerate the tree. The roots will stay in the
ground, and we mention in our application that coppicing has not been observed in radiata pine.
2. Pollen escaping:
In general, there is no way any honest scientist would stand up and claim that pollen production
and spread of genes into the environment can be prevented 100%. We do not attempt to claim
this either, and I feel that we need to concentrate on the effect that such an escape would have
on the environment. In our application the nature and source of the genes used for our
transformation experiments are clearly identified, and we stress that none of the sequences used
are novel to the environment. In fact they are abundant in nature all over the world. This makes
it difficult to answer your question re survival of the genes in the environment, should pollen
escape occur. You are probably wanting to have more data on pollen survival, and I am attaching
a document that might be useful to you and the authority, in an attempt to resolve this question.
The document is a witness brief written by Dr Mike Carson, who is going to be my witness for
my presentation to the Royal Commission 18/October. Mike addresses pollen flow issues, and
some relevant literature is mentioned as well.
Erika, as an additional comment, I will probably have a chance during the hearing, to address the
issue of horizontal gene transfer. Many submitters have raised this in a more general way and I
am prepared to demonstrate during the hearing, that horizontal transfer of genes (through
mechanisms involving pollen or other means) from our trial site will be in no way different from
what is happening in nature (and to a much greater scale) already. What I am trying to say is that
even in case all 300 trees produced pollen (and we will prevent that, promised!!!) and spread
around the environment, no effect other than that already present in nature, is likely to occur.
3. Management issues:
The applicant for this trial is Forest Research, and the institute is ultimately responsible for the
trials. At this point in time, I have delegated responsibility for the trials, since they are the logical
conclusion of experiments that I have performed in the laboratory. However, the trial
management will be falling under the supervisory responsibility of the Forest Research
Institutional Biosafety Committee (IBSC). The committee will ensure that sufficient staff for
monitoring will be allocated to the trial at all times.
Julia has indicated to you that we are funded by PGSF, and that is correct for both trials. There is
no industry funding involved, and it would be difficult to speculate whether there ever will. My
guess would be no, since there is nothing that industry can gain from this trial other than what we
are going to publish anyway.
I have sent Julia a reminder to get back to you re the containment manual. Julia is not yet back
from Christchurch, and I do not have access to her computer files, so this is all I can do at this
stage.
4. Diagrams and drawings:
This is a difficult one, and I'll copy your request in here and try to answer one by one (in bold, I
know it looks terrible):

Please provide a diagrammatic lifecycle of pinus radiata and picea abies..two separate life cycles would be useful for
this. The lifecycle should clearly identify each step and what time of the year it happens, like sexual maturity, pollen
shed.
The best I can do, given the time constraints, is to refer you to page 7 of the application where I
detail the "reproductive life cycle" of radiata pine. For spruce, this is not an issue since sexual
maturity is reached at age 15 minimum. I promise that I will either give a presentation on life
cycles of these trees myself during the hearing, or will have a witness doing that for me.
Copies of the structures ie male and female should also be identified and provided.
I understand you want photos of these structures? No problem. They will be provided during the
hearing, or if the authority wants to see the photos earlier, I can send you some prints. Let me
know.
Indepth steps of how the trial is being carried out at what time( ie date/month/year) and where each step is
occurring.
I have discussed this earlier with Elizabeth, and we agreed that it would be sufficient to notify
ERMA and MAF of exact planting dates and the exact location of each plant prior to planting.
Elizabeth regarded that sufficient, and I would have difficulties predicting planting dates and
locations within the trial site (please keep in mind that many of those events do not even exist
yet). A map can be made available to ERMA and MAF at that stage.
The application says that the field trial is one hectare in size, however are the 330 pines for one application in one
part of the hectare with their control, and the other pines for the other application situated beside this trial, or
interdispersed within these pines. It needs to be clarified exactly the layout of where each pine from each event is
going to be situated along with where the control is going to be. This would be useful in a diagrammatic way ie a
map. This can be kept confidential to ERMA.
Please refer to the confidential maps made available in the applications. The map indicates an
area of 80 * 130 m, roughly one hectare. This is the site for both trials, and we will divide the site
in half to plant trees related to application 99001 on the left (80*65m), and trees related to 99005
on the right (80*65m). We are not aware of any scientific evidence that suggests that following
this planting regime would pose a risk to the environment, but we can certainly accommodate
any different regime should the Authority see a reason to do so. The control plants for each trial
will indeed be planted in the same half-hectare area as the transgenic plants.
5: Containment:
I have to get back to you re the size of filters and pollen. Sorry, but I do not have the information
available to me at this point in time.
Years in the field: The intention is to regard the planting date as day 0 in terms of age of plants. At
this stage they might be 2 years from when they were regenerated, but they are actually very tiny
compared to plants that are derived from seedlings and have had 2 years of growth in the field. I
see a need here to explain our technology in a bit more detail, and I will prepare a presentation
along those lines for the hearing.
A comment I would like to offer here is that the age of the plant actually does not make much of
a difference. The issue is whether or not we allow them to produce pollen, regardless of age. This
is why we do not allow most of the plants to grow to a stage where they are actually capable of

producing flowers, and its also the reason why we monitor all plants for initiation of reproductive
structures. I suggest we concentrate on the procedures to avoid pollen production, and on the
question of what it actually means if pollen escapes (see above).
6. IBSC.
ERMA should have a complete list of IBSC membership on the files. This includes data on the
expertise of the members. Please let me know if any further information is required.
Erika, I am hoping that the above is useful to you and that it will allow you to finish the report.
This is probably good training for me in preparation of the hearing, since it makes me understand
that I cannot expect everybody to know all the details of our trial the way we know them. Its
probably very difficult to understand the technicalities of such a complex matter when you do
not deal with this kind of research every day.
Again, if there is anything else you need clarified, I'll be in Wellington on Thursday. Or contact
me tomorrow.
Best wishes
Christian
(See attached file: witnessbriefMikeCarson.doc)
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18.1 Executive Summary
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in length
Please note that individual section summaries will be required and therefore the Executive Summary should
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My evidence will focus on issues addressed in Section B(j), relating to environmental matters of
biodiversity, biosecurity and the health of ecosystems and the potential field testing and commercial
use of genetically-modified Pinus radiata, and other plantation tree species.
The brief in these sections outlines reasons for considering that the genetic modification of species
used in New Zealand‟s plantation forest crops raise either negligible or very low risks to the
environment, in terms of reducing biodiversity, raising any additional risks to biosecurity, and
adversely influencing the health of indigenous or exotic ecosystems. The New Zealand Forest
Research Institute focusses its tree improvement programmes almost entirely on exotic conifers and
hardwoods currently used by the plantation forestry sector. As such, the NZFRI submission aims at
supporting research use of genetically-modified plants of these exotic species, while providing a
platform for potential tree improvement efforts by the forest industry, provided that any contingent
risks are recognised and managed. The use of genetically modified organisms at NZFRI is restricted
to containment laboratories and contained field trials of exotic conifers. Any commercial use of
indigenous forest tree species may well raise additional environmental and other issues, but these
will not be addressed in my evidence.
The main exotic species used in plantations in New Zealand are Pinus radiata (radiata pine – 1.5
million hectares), Pseudotsuga menziesii (Douglas-fir – 81,000 hectares), various species of
Cupressus (cypresses- about 10,000 hectares), and various eucalypt species (about 40,000 hectares).
Many other coniferous species are grown on a small scale, as also are hardwood species like Acacia,
oaks, willows, poplars, etc. Any genetic modification research at the NZFRI in the foreseeable
future is likely to be concentrated on radiata pine and other pine species used elsewhere.
Risks to New Zealand‟s biodiversity are discussed in the brief, and below. Risks related to
biosecurity, and to the health of New Zealand‟s ecosystems, appear to be negligible –other than as
they might relate to biodiversity. Exotic forest tree species have been present in New Zealand for
many years without raising environmental concerns that might readily be connected to any planned
genetic modification, with the possible exception of the tendency for an exotic species to become a
weed under some circumstances.

Genetic modification of the reproductive structures of forest trees could lead to increased levels of
pollen and seed production, which might in turn lead to an increased capacity for plantations to
subsequently contribute to additional „weediness‟ of the modified species. Weediness causing
environmental problems is a marked characteristic of some exotic tree species (e.g. the choking of
waterways by willow species) and would be an undesirable outcome of any new research. Local
examples of weediness have been noted for Pinus contorta (not now used in new plantations) and
certain Acacia and eucalypt species. These examples, although they are relatively amenable to
management control, suggest that any strategy relating to genetically altering the development of
reproductive structures should be aimed at producing less, rather than more pollen and seed than is
produced by unmodified trees. This is consistent with the tree improvement goals identified in most
tree breeding programmes, since they aim at increased wood and fibre production, rather than that of
reproductive structures. Although it may be considered desirable to have earlier flowering in forest
tree species in order to advance breeding programmes more quickly, any genetic modification
aimed at pursuing this goal would need to recognise the potential for increasing the risks of
weediness if such plants were released, uncontrolled, into the environment. Only a few dozen
crosses are made annually to develop the tree breeding programs, and this work is completely
separate from the use of seed orchards to produce improved seed for commercial forest plantations.
If earlier or heavier flowering were to be attempted as a goal for enhancing tree breeding work, it
would only be used for such breeding purposes. Therefore, the use of any genetically-modified
genotypes could be confined to relatively small numbers of crosses under tightly controlled
conditions and with appropriate screening of resulting progeny to ensure that the trait is not
inherited.
New Zealand‟s existing biodiversity is strongly enhanced by the presence of exotic tree species,
including those used for forest plantations. Most of these species have been present in New Zealand
for at least 100 years, during which time they have reproduced themselves through the production of
pollen, seeds, and (for a few species) vegetative propagules. There are no botanically close relatives
of any of the plantation forest species in New Zealand‟s indigenous flora, with the result that there
has been no evidence of hybridisation of such exotic species with indigenous plant species. My
evidence addresses the (relatively few) known examples of hybridisation between certain related
exotic species, which only occurs naturally at a very low frequency.
The mechanisms for gene flow among exotic tree species, and to indigenous plant species, would be
similar for any genetically-modified forest trees, i.e. through pollen and seed shed ( there being no
evidence that these plants could cross through vegetative means). While pine seed will usually fall
within a few metres of the parent tree, it may be carried long distances by various large herbivores.
Pollen of exotic forest species is known to be capable of traveling large distances –largely by wind
dispersion, but also attached to insect and/or animal vectors. Pollen and seed containing modified
genes would be similarly disseminated, with a similar expectation that their success in initiating
recombinant plants would be almost entirely restricted to other plants of the same species. A genetic
modification that resulted in increased production of either pollen or seeds would increase the
likelihood of such same-species propagation or crossing, but would be highly unlikely to enable any
new interspecific hybridisation to occur – particularly across the huge evolutional distances that
exist between exotic forest tree species and indigenous plant species.
Current field trial plans for genetically-modified radiata pine include provisions for removing any
reproductive structures as they form. However, even if future trials are allowed to produce pollen,
they are not expected to make more than a negligible contribution to the total pollen pool, and there
would be a very low probability of successful pollination and fertilisation. Since plantation pine
crops are now routinely replaced with newly-planted pine seedlings, the probability of survival of
chance genetically-modified plants would be very low.

My evidence concludes with the observation that New Zealand‟s biodiversity is not likely to be
significantly affected through genetic modification of exotic forest tree species, but that suitable
controls should be put in place where such modification might lead to increased risks of weediness.

ii.

Evidence by Section (as specified in the matters set out in the Warrant)
Evidence by Section
Witness briefs are to be structured in line with the matters specified in the Warrant and the
sections numbered accordingly
Each section should stand alone, and include a section summary, identifying the issues
addressed in the section
Witness briefs may address all or only some of the sections (as specified in the Warrant).
However section numbers should be retained, for example, if a brief addresses matters (a),
(c) and (e), the sections shall be numbered (a), (c), and (e), rather than a, b, and c
Witness briefs may, within each section, adopt a sub-section approach using different
headings; however, each paragraph should be consecutively numbered

iii.

Section A Recommendations
The Warrant has set the Commission the task of receiving representations upon,
inquiring into, investigating, and reporting on the items set out in Section A (1) and
(2) below

18.2 Section A (1)
A (1) the strategic options available to enable New Zealand to address, now and in the future,
genetic modification, genetically modified organisms, and products
18.3 Section A (1) Summary
Response

A (1)
Response

18.4 Section A (2)
A (2) any changes considered desirable to the current legislative, regulatory, policy,
or institutional arrangements for addressing, in New Zealand, genetic modification,
genetically modified organisms, and products
18.5 Section A (2) Summary
Response

A (2)
Response

iv.

Section B Relevant Matters
The Warrant has set the Commission the task of receiving representations upon,
inquiring into, and investigating, the matters set out in Section B (a) – (n) below

18.6 Section B (a)
B (a) where, how, and for what purpose genetic modification, genetically modified
organisms, and products are being used in New Zealand at present
18.7 Section B (a) Summary
Response

B (a)
Response

18.8 Section B (b)
B (b) the evidence (including the scientific evidence), and the level of uncertainty,
about the present and possible future use, in New Zealand, of genetic modification,
genetically modified organisms, and products
18.9 Section B (b) Summary
Response

B (b)
Response

18.10 Section B (c)
B (c) the risks of, and the benefits to be derived from, the use or avoidance of
genetic modification, genetically modified organisms, and products in New
Zealand, including:
(i)
the groups of persons who are likely to be advantaged by each of those
benefits
(ii) the groups of persons who are likely to be disadvantaged by each of those
risks
18.11 Section B (c) Summary
Response

B (c)(i)
Response

B (c)(ii)
Response

18.12 Section B (d)
B (d) the international legal obligations of New Zealand in relation to genetic

modification, genetically modified organisms, and products
18.13 Section B (d) Summary
Response

B (d)
Response

18.14 Section B (e)
B (e) the liability issues involved, or likely to be involved, now or in the future, in
relation to the use, in New Zealand, of genetic modification, genetically modified
organisms, and products
18.15 Section B (e) Summary
Response

B (e)
Response

18.16 Section B (f)
B (f) the intellectual property issues involved, or likely to be involved, now or in the
future, in relation to the use in New Zealand of genetic modification, genetically
modified organisms, and products
18.17 Section B (f) Summary
Response

B (f)
Response

18.18 Section B (g)
B (g) the Crown’s responsibilities under the Treaty of Waitangi in relation to
genetic modification, genetically modified organisms, and products
18.19 Section B (g) Summary
Response

B (g)
Response

18.20 Section B (h)
B (h) the global developments and issues that may influence the manner in which
New Zealand may use, or limit the use of, genetic modification, genetically modified
organisms, and products
18.21 Section B (h) Summary
Response

B (h)
Response

18.22 Section B (i)
B (i) the opportunities that may be open to New Zealand from the use or avoidance
of genetic modification, genetically modified organisms, and products
18.23 Section B (i) Summary
Response

B (i)
Response

18.24 Section B (j)
B (j) the main areas of public interest in genetic modification, genetically modified
organisms, and products, including those related to:
(i)

human health (including biomedical, food safety, and consumer choice)

(ii)

environmental matters (including biodiversity, biosecurity issues, and the health of
ecosystems)

(iii) economic matters (including research and innovation, business development, primary
production, and exports)
(iv) cultural and ethical concerns
18.25 Section B (j) Summary
Response

B (j)(i)
Pine pollen is considered to represent a potential, but not serious, threat of allergenicity to humans
(Fountain and Cornford, 1991). Otherwise, contributions of pine pollen, seeds, and refined fibres to
food sources are currently recognised and accepted.
B (j)(ii)
The main exotic species used in plantations in New Zealand are Pinus radiata (radiata pine – 1.5
million hectares), Pseudotsuga menziesii (Douglas-fir – 81,000 hectares), various species of
Cupressus (cypresses- about 10,000 hectares), and various eucalypt species ( about 40,000
hectares)(NZ Forest Industry Facts and Figures, 1999). Many other coniferous species are grown on
a small scale, as also are hardwood species like Acacia, oaks, willows, poplars, etc. Any genetic
modification research at the NZFRI in the foreseeable future is likely to be concentrated on radiata
pine, other pine species used elsewhere, and perhaps certain eucalypt species.
The brief in these sections outlines reasons for considering that the genetic modification of species
used in New Zealand‟s plantation forest crops raise either negligible or very low risks to the
environment, in terms of reducing biodiversity, raising any additional risks to biosecurity, and
adversely influencing the health of indigenous or exotic ecosystems ( Carson et al, 1997). The New
Zealand Forest Research Institute focusses its tree improvement programmes almost entirely on
exotic conifers and hardwoods currently used by the plantation forestry sector. As such, the NZFRI
submission aims at supporting research use of genetically-modified plants of these exotic species,

while providing a platform for potential tree improvement efforts by the forest industry, provided
that any contingent risks are recognised and managed. The use of genetically modified organisms at
NZFRI is restricted to containment laboratories and contained field trials of exotic conifers. Any
commercial use of indigenous forest tree species may well raise additional environmental and other
issues, but these will not be addressed in my evidence.
Risks to New Zealand‟s biodiversity from genetically-modified exotic forest trees appear to be
extremely low. New Zealand‟s existing biodiversity is strongly enhanced by the presence of exotic
tree species, including those used for forest plantations. Most of these species have been present in
New Zealand for at least 100 years, during which time they have reproduced themselves through the
production of pollen, seeds, and (for a few species) vegetative propagules. Managed tree breeding
programmes of these species have been carried out in N.Z. since the 1950‟s, and these programmes
have emphasised the maintenance of high genetic diversity in the tree-stocks used in plantation
forests (Carson, 1997). There are no botanically close relatives of any of the plantation forest species
in New Zealand‟s indigenous flora, with the result that there has been no evidence of hybridisation
of such exotic species with indigenous plant species. The (relatively few) known examples of
hybridisation between certain related exotic species only occur naturally at a very low frequency.
For example, the only other pine with which radiata pine will cross naturally is Pinus attenuata,
which originates from the same regions in California as radiata pine (Critchfield, 1966). Natural
hybrids between P. radiata and P. attenuata have been observed on a few occasions in New
Zealand, but these were observed to almost entirely disappear within a single generation ( Miller and
Knowles, 1988).
The mechanisms for gene flow among exotic tree species, and to indigenous plant species, would be
similar for any genetically-modified forest trees as for unmodified trees- i.e. through pollen and seed
shed ( there being no evidence that these plants could cross through vegetative means). While pine
seed will usually fall within a few metres of the parent tree (Rudis et al, 1977), it may on occasion
be carried long distances by water, and by various large herbivores. The Australian brushtail possum
has been observed to feed on immature pine cones, but this is unlikely to lead to gene flow.
However, it is conceivable that wild pigs and goats could carry pine seed from place to place in their
gut, or attached to their body hair.
Pollen of exotic forest species is known to be capable of travelling large distances –largely by wind
dispersion, but also attached to insect and/or animal vectors. Although most wind-borne pollen falls
within a few hundred metres of the parent plant, pollen travel of up to 1000km has been observed
(Lindgren et al, 1995). Although much of this pollen would become inviable, there is also evidence
that pine pollen can maintain its germinability for the 2-3 days needed for such long-distance travel
( Lindgren and Lindgren, 1996).
Pollen and seed containing modified genes would be similarly disseminated, with a similar
expectation that their success in initiating recombinant plants would be almost entirely restricted to
other plants of the same species. A genetic modification that resulted in increased production of
either pollen or seeds would increase the likelihood of such same-species propagation or crossing,
but would be highly unlikely to enable any new interspecific hybridisation to occur – particularly
given the complexity of reproductive systems (e.g. Bedinger, 1992) and the huge evolutionary
distances that exist between exotic forest tree species and indigenous plant species.
Genetic modification of the reproductive structures of forest trees could lead to increased levels of
pollen and seed production, which might in turn lead to an increased capacity for plantations to
subsequently contribute to additional „weediness‟ of the modified species. Weediness causing
environmental problems is a marked characteristic of some exotic tree species (e.g. the choking of
waterways by willow species) and would be an undesirable outcome of any new research. Local
examples of weediness have been noted for Pinus contorta (not now used in new plantations) and

certain Acacia and eucalypt species. The Dept. of Conservation records that they spend
approximately $206,000 per year controlling unwanted growth of „wilding‟ Pinus contorta,
although P. radiata is known to have a much lesser weed potential. These examples, although they
are relatively amenable to management control, suggest that any strategy relating to genetically
altering the development of reproductive structures should be aimed at producing less, rather than
more pollen and seed than is produced by unmodified trees. This is consistent with the tree
improvement goals identified in most tree breeding programmes, since they aim at increased wood
and fibre production, rather than that of reproductive structures. Although it may be considered
desirable to have earlier flowering in forest tree species in order to advance breeding programmes
more quickly, any genetic modification aimed at pursuing this goal would need to recognise the
potential for increasing the risks of weediness if such plants were released, uncontrolled, into the
environment. If earlier or heavier flowering were to be attempted as a goal for enhancing tree
breeding work, the use of any genetically-modified genotypes could be confined to crossing work
under contained conditions, with appropriate screening of resulting progeny to ensure that the trait is
not inherited.
Current field trial plans for genetically-modified radiata pine include provisions for removing any
reproductive structures as they form. However, even if future trials are allowed to produce pollen,
they are not expected to make more than a negligible contribution to the total pollen pool, and there
would be a very low probability of successful pollination and fertilisation. Since plantation pine
crops are now routinely replaced with newly-planted pine seedlings, the probability of survival of
chance genetically-modified plants would be very low.
In conclusion, exotic forest trees (particularly radiata pine) represent economically-important and
renewable resources which bring great benefits to the New Zealand economy. Genetic modification
of these species would appear to lead to no new risks to biodiversity, biosecurity, or human health.
Such risks as are present appear to be very low, and amenable to control, particularly if responsible
research can be continued into understanding the impacts of these new biotechnologies.
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B (j)(iii)
Response

B (j)(iv)
Response

18.26 Section B (k)
B (k) the key strategic issues drawing on ethical, cultural, environmental, social,
and economic risks and benefits arising from the use of genetic modification,
genetically modified organisms, and products
18.27 Section B (k) Summary
Response

B (k)
Response

18.28 Section B (l)
B (l) the international implications, in relation to both New Zealand’s binding
international obligations and New Zealand’s foreign and trade policy, of any
measures that New Zealand might take with regard to genetic modification,
genetically modified organisms, and products, including the costs and risks
associated with particular options
18.29 Section B (l) Summary
Response

B (l)
Response

18.30 Section B (m)
B (m) the range of strategic outcomes for the future application or avoidance of
genetic modification, genetically modified organisms, and products in New Zealand
18.31 Section B (m) Summary
Response

B (m)
Response

18.32 Section B (n)
B (n) whether the statutory and regulatory processes controlling genetic
modification, genetically modified organisms, and products in New Zealand are

adequate to address the strategic outcomes that, in your opinion, are desirable, and
whether any legislative, regulatory, policy, or other changes are needed to enable
New Zealand to achieve these outcomes
18.33 Section B (n) Summary
Response

B (n)
Response

Appendix 9: Forest Research Institute Containment
Manual.

QUALITY MANUAL

GENETIC ENGINEERING LABORATORIES
CONTAINMENT FACILITY
for
MICRO ORGANISMS

September 2000

Contents

1 GENERAL ............................................................................... 1
1.1 INTRODUCTION.....................................................................................1
1.2 FUNCTION OF THE ORGANISATION ...................................................3
1.2.1 Quality Policy Statement ........................................................................ 3
1.2.2 Organisation and Management Structure of Laboratory ......................... 3
1.2.3 Structural and Operating Requirements ................................................. 3

2 Containment facility requirments ......................................... 4
2.1 PHYSICAL CONTAINMENT LEVEL REQUIREMENTS .........................4
2.1.1 Purpose ................................................................................................. 4
2.1.2 Physical Containment Level Requirements ............................................ 4
2.1.3 General Laboratory Maintenance ........................................................... 5
2.1.4 Access and Security Procedures............................................................ 5

2.2 ORGANISMS USED AT Forest Research .................................................6
2.2.1 Method ................................................................................................... 6
2.2.2 Low-risk genetic modification ................................................................. 6
2.2.3 Non low-risk genetic modification ........................................................... 7

2.3 EXPOSURE OF EXPERIMENTAL PLANTS OR ANIMALS TO
MICROORGANISMS ..............................................................................7
2.4 DISPOSAL OF THE MICROORGANISMS, PLANTS AND WASTE PRODUCTS
7
2.5 TRANSFER OF ORGANISMS TO ANOTHER CONTAINMENT FACILITY ....... 7
2.6 TRANSPORT OF ORGANISMS .............................................................7
2.7 VERMIN CONTROL................................................................................7
2.8 EMERGENCY PROCEDURES ...............................................................8
2.8.1 Containing An Accidental Release Or Spill Of A Microorganism............. 8
2.8.2 Reporting Escapes ................................................................................. 9
2.8.3 Emergency Evacuation .......................................................................... 9

3 DOCUMENTATION ............................................................... 10
3.1 RECORDS ............................................................................................10
3.1.1 General ................................................................................................ 10
3.1.2 Register Of Microorganisms ................................................................. 10
3.1.3 Register Of Plants ................................................................................ 11

3.2 PROCEDURES FOR CONTROL AND MAINTENANCE OF DOCUMENTATION
11
3.3 PROCEDURES TO BE FOLLOWED FOR FEEDBACK AND CORRECTIVE
ACTION WHENEVER DEPARTURES FROM DOCUMENTED POLICIES AND
PROCEDURES OCCUR .......................................................................12

4 STAFF TRAINING ................................................................. 13
4.1 PROFICIENCY TESTING AND TRAINING PROGRAMMES FOR NEW OR
INEXPERIENCED STAFF.....................................................................13
LABORATORY PRACTICES FOR GMO HOUSE .........................................16
A3.1 Introduction ...........................................................................................16
A3.2 GMO Facility Construction, Management and Operation ......................16
A3.2.1 ............................. General Operating Procedures for the Greenhouse ........16
A3.2.2 ........................................................................... Operational checks ........17

A3.3 Entry and Exit of Materials ...................................................................17
A3.3.1 ......................................................... Entry and exit of plant materials ........17
A3.3.2 ................................................................... Autoclaving and disposal ........18

A3.4 Transfer of Pollen/Plant Material by Animal Vectors ............................18
A3.4.1 Minimising risk of insects .............................................................................................. 18
A3.4.2 Entry of rodent pests ..................................................................................................... 18
A3.4.4 Transfer by Pollen .......................................................................................................... 19
A3.5 Breach of Containment ........................................................................19
A3.5.1 ................................................................................ Minor Breaches ........19
A3.5.2 ................................................................................ Major Breaches ........19

A3.6 Emergency Evacuation ........................................................................20

1 GENERAL
1.1 INTRODUCTION
This manual applies to protocols and procedures for development of genetically modified
microorganisms and plants at Forest Research. These organisms have not been approved for
release in New Zealand and the development and storage of these organisms is subject to
containment controls imposed by the approvals from the Environmental Risk Management
Authority (ERMA).
ERMA has given approval for new organisms of the following species: Escherichia coli,
Agrobacterium tumefaciens, Saccharomyces cerevisiae, Agrobacterium rhizogenes, Arabidopsis
thaliana, Nicotiana tabacum, and species of Pinus and Picea to be held in containment.
For both microorganisms and plant species ERMA have ruled that the operation, management
and construction of the facility shall be in accordance with:
(a) Ministry of Agriculture and Forestry (MAF)/ERMA New Zealand Standard 154.03.02:
Containment Facilities for Microorganisms; and
(b) Australian New Zealand Standard AS/NZS 2243.3:1995 Safety in Laboratories: Part 3;
Microbiology, at Plant House Physical Containment Level 1 (PC1) for microorganisms, and
PC2 for GM whole plants, and
(c) The controls imposed in the decisions for each application, according to the organism they
cover.
These new organisms are not eligible for release into New Zealand and the primary purpose of
containment is to prevent their escape. They are defined as „restricted organisms‟ in the
Biosecurity Act 1993 and are required to be held permanently in a containment facility approved
under the Act.
A microorganism containment facility is required to be registered under section 39 of the
Biosecurity Act 1993, as amended in the Biosecurity Amendment Act 1997. To gain registration
a microorganism containment facility must meet the requirements outlined in MAF Regulatory
Authority Animal Health and Welfare Standard 154.03.02 - Containment Facilities for
Microorganisms.
In general, before any organism may be imported into New Zealand a permit to import is
required by MAF. In addition, the organism(s) concerned may be held by other users, under the
same containment controls, without the need for a further application to ERMA.
The Laboratory Operator is a person registered by the Director-General of the Ministry of
Agriculture and Forestry, under section 40 of the Biosecurity Act 1993, as amended in the
Biosecurity Amendment Act 1997, to operate a laboratory as a transitional facility in accordance
with Standard 155.04.03.
This document sets out the quality system for the registration of the following laboratories at
Forest Research in the Molecular Biology Research area: Building x52-K, Room 604 and 610 as
a containment facility for microorganisms in accordance with “MAF Regulatory Authority
Animal Health and Welfare Standard 154.03.02. Standard – Containment facility for
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microorganisms.” It also details, on the floor plans, other facilities such as plant growth rooms
(Rooms 602, 606 and 607), equipment rooms (Rooms 603, 618 and 619), and storage rooms
(Rooms 477, 480, 489 and 623).
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1.2 FUNCTION OF THE ORGANISATION
1.2.1 Quality Policy Statement
Forest Research provides research services to government, industry and the general public. A
major research programme at Forest Research centres around the molecular biology of Pinus
radiata and other conifer or model plant species. Projects include development of genetic
engineering technologies for conifers and utilisation of these technologies to better understand
developmental pathways through gene expression in transgenic plants. All of these technologies
require the development and manipulation of genetically modified organisms, particularly the
microorganisms and plant species covered in this manual.
1.2.2 Organisation and Management Structure of Laboratory
The Microorganism Containment Facility is one of several laboratories maintained by the Future
Forest Portfolios at Forest Research. The Laboratory Operator is the Project Leader of the
Genetic Engineering research team and is responsible for the day-to-day running of the
Laboratory and the implementation of the quality system. The Future Forests Portfolio Manager
is responsible for financial and staff allocation, and for ensuring that regular audits are carried
out by the Laboratory Operator. The Portfolio Manager has no function in the technical
management of the laboratory.
The Microorganism Containment Facility is a group of specialist laboratories within the Future
Forest Portfolio and is staffed by qualified scientific staff reporting to the Laboratory Operator.
The laboratory personnel are molecular biologists, microbiologists, tissue-culture specialists,
biochemists, and plant physiologists. For the purpose of registration, responsibility is delegated as
follows: technical and scientific staff report to the Laboratory Operator and the Laboratory
Operator reports to the Portfolio Manager. The Portfolio Manager reports to the CEO.
1.2.3 Structural and Operating Requirements
These generic requirements may be supplemented by additional species specific controls
specified by ERMA New Zealand when approving new organisms in containment. There may, in
addition be conditions specified in the import health standard set by MAF.
Organisms subject to an ERMA approval may only be used in an approved containment facility.
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2 Containment facility requirements
2.1 PHYSICAL CONTAINMENT LEVEL REQUIREMENTS
Forest Research is a plant research organisation with many research programmes. The research
programme in this quality manual is strongly focussed on plant molecular biology and does not
maintain any experimental laboratory animals (mammals, birds, or reptiles) nor any other animal
stock on the Rotorua campus.
2.1.1 Purpose
Forest Research holds a collection of organisms for use in molecular biology research. The
organisms within the collection are numerous strains of Escherichia coli, Agrobacterium
tumefaciens, Agrobacterium rhizogenes and Saccharomyces cerevisiae, Arabidopsis thaliana,
Nicotiana tabaccum, and species of Pinus and Picea with or without genetic modifications.
All organisms are held and used as part of an ongoing Molecular Biology Research Programme
at Forest Research. The organisms are used as a source of genetic material for molecular
biology studies and are held and used under approved containment conditions.
2.1.2 Physical Containment Level Requirements
ERMA have ruled that the operation, management and construction of the facility for the
organisms covered in this Quality Manual shall be in accordance with:
(a) Ministry of Agriculture and Forestry (MAF)/ERMA New Zealand Standard 154.03.02:
Containment Facilities for Microorganisms; and
(b) Australian New Zealand Standard AS/NZS 2243.3:1995 Safety in Laboratories: Part 3;
Microbiology, at Plant House Physical Containment Level 1 (PC1) for microorganisms, and
PC2 for GM whole plants, and
(c) The controls imposed in the decisions for each application, according to the organism they
cover.
A floor plan detailing the general layout of the facility to show where the Organisms will be
held. (Appendix 1).
The Operational Procedures will conform to standard operational procedures for PC2
containment and are detailed in Appendix 2.
In addition, for whole plants in a glasshouse facility, ERMA have ruled that:
“Prior to the development of any reproductive structures, the plants shall be transferred from the
PC2 laboratory to a Plant House Containment Facility operated, managed and constructed in
accordance with the:
(a) Ministry of Agriculture and Forestry (MAF)/ERMA New Zealand Standard 155.04.09:
Containment Facilities for New Organisms (including generically modified organisms) of
plant species and
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(b) Australian New Zealand Standard AS/NZS 2243.3:1995 Safety in Laboratories: Part 3;
Microbiology, at Plant House Physical Containment Level 2 (PC2), and
(c) The controls imposed by ERMA.
Protocols for the operation and management of the PC2 plant house (GMO) glasshouse have
been detailed separately and are attached in Appendix 3.
2.1.3 General Laboratory Maintenance
The accommodation and environment will also comply with health and safety requirements as
outlined in the Forest Research “Laboratory Procedures for Molecular Biology and Tissue
Culture.”
The laboratory will be clean and tidy at all times. A programme of cleaning and maintenance
will be developed by the Laboratory Operator and executed by the laboratory‟s staff.
2.1.4 Access and Security Procedures
The door to the Laboratory will be labelled as follows:

MICROORGANISMS CONTAINMENT LABORATORY

MAF Registration number:

UNAUTHORISED ENTRY PROHIBITED

PHYSICAL CONTAINMENT LEVEL 2 (PC2)

Entry is limited to those with written authority from the Laboratory Operator. Entry permission
can be revoked at any time by the Laboratory Operator. Authority for visitors to enter the
containment facility must be obtained from the Laboratory Operator and visitors are to be
accompanied at all times by an authorised staff member.
No organisms shall be removed from the containment facility except with approval from the
MAF supervisor. All reusable lab equipment is to be surface sterilised within the containment
facility and all waste material destroyed to prevent accidental removal of an organism from the
containment facility.
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2.2 ORGANISMS USED AT Forest Research
Microorganisms to be held, developed, or imported in this containment facility will include
strains of:
Escherichia coli
Agrobacterium tumefaciens
Agrobacterium rhizogenes
Saccharomyces cerevisiae
Plants to be held, developed or imported in this containment facility will include species of:
Pinus
Picea
Arabidopsis thaliana
Nicotiana tobaccum
2.2.1 Method
Upon receipt or development, the organisms will be logged in the database by the laboratory
operator (or designated deputy) and stored in the designated fridge, freezer or plant tissue culture
growth room.
Microorganism stock cultures will be preserved in glycerol stocks and stored at -85 C in the
designated Freezer (Room 477 or Room 623). Subcultures made from the original stock will be
stored in designated fridges in rooms 477 or 610. Glassware and utensils used while handling
organisms will be autoclaved at 15 psi for 20 minutes. All plastic storage and reaction containers and
pipette tips that come into contact with the organisms will be discarded into autoclave bags and
autoclaved at 15 psi for 20 minutes.
2.2.2 Low-risk genetic modification
If the modification is a low risk genetic modification as defined in the Hazardous Substances and
New Organisms (Low-Risk Genetic Modification) Regulations 1998, the following
documentation will be available:
A copy of the approval from the institutional biosafety committee,
Description of the category to which the modification belongs,
Description with reference to AS/NZS 2243.3 the physical containment level required and an
indication of which requirements described in that standard are provided in the facility.
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2.2.3 Non low-risk genetic modification
If the modification is not a low risk genetic modification as defined in the Hazardous Substances
and New Organisms (Low-Risk Genetic Modification) Regulations 1998, the following will be
provided:
A copy of the approval and the containment controls set by the Authority,
A description with reference to AS/NZS 2243.3 of the physical containment level required.

2.3 EXPOSURE OF EXPERIMENTAL PLANTS OR ANIMALS TO
MICROORGANISMS
There will be no exposure of experimental animals to microorganisms. However experimental
plants may be exposed to Agrobacterium species. Inoculation of plants will be performed in a
laminar flow cabinet and the inoculated plants grown in containment.

2.4 DISPOSAL OF THE MICROORGANISMS, PLANTS AND WASTE
PRODUCTS
Material to be destroyed will be autoclaved at a minimum of 15 psi for 15 min, however for large
or bulky items and the time will be increased to 60 min.
Glassware and benches are to be decontaminated by soaking or swabbing with 70% alcohol or
bleach solution containing 1% available chlorine [1 part Chlorodux (5% available chlorine) with
4 parts distilled water].

2.5 TRANSFER OF ORGANISMS TO ANOTHER CONTAINMENT
FACILITY
Organisms shall not be transferred to another containment facility unless with the written
authority from the MAF supervisor, and only with approval from the Laboratory Operator. An
application for this authority shall be made in writing to the supervisors of both the sending and
receiving containment facility. Permits to transfer may be for a specific time, but not for a period
longer than the approval period of the facility. The receiving facility will have the appropriate
containment level to contain the culture.

2.6 TRANSPORT OF ORGANISMS
The transport of organisms must conform with section 4.6 of the MAF Regulatory Authority
Animal Health and Welfare Standard 154.02.17. Standard - Transitional Facility for
Microorganisms and the IATA Dangerous Goods Regulations
(http://www.iata.prg/cargo/dg/dgr.htm).

2.7 VERMIN CONTROL
Commercial rodent baits are kept in the building enclosing the containment laboratories and are
renewed twice yearly or following any signs of feeding. Commercial ant baits will be laid in the
building enclosing the containment facility and elsewhere as required. The enclosing building
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will be inspected at six monthly intervals for signs of bird activity and appropriate actions taken
if necessary. The interior of the containment facility will be inspected twice yearly for any signs
of vermin activity and appropriate action take. Vermin control is the responsibility of the
Laboratory Operator and the Campus Manager.

2.8 EMERGENCY PROCEDURES
2.8.1 Containing An Accidental Release Or Spill Of A Microorganism
The following description is based on Australian/New Zealand Standard (AS/NZS 2243.3:1995)
“Safety in laboratories Part 3: Microbiology” section 5 Laboratory spills. The following clean-up
materials and equipment will be kept accessible in the laboratory:
„Do Not Enter‟ sign
„Biohazard‟ sign
1L of bleach solution
1L 70% alcohol
1 roll of absorbent paper towels
1 pair of disposable protective gloves
1 pair of disposable shoe covers
2 biohazard bags
1 bucket
Forest Research Accident/Incident/Nearmiss form
Copy of the following instructions:
1.

Hang warning signs on laboratory door.

2.

Don gloves and shoe covers.

3.

Assess spill and flood with appropriate sterilant.
Use bleach for microorganism with either no spores or with slimy spores,
Use 70% alcohol for microorganisms with dry spores.

4.

Use absorbent towels to mop up spill and sterilant.

5.

Waste material should be double-bagged, sealed and autoclaved.

6.

Reswab area with sterilant.
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7.

Dispose of gloves and shoe covers in double autoclavable biohazard bags.

8.

On completion of spill cleanup, restock “Spill Kit” with the above mentioned materials
and equipment.

9.

Complete a Forest Research Accident/Incident/Nearmiss form.

10.

Provide copy of Forest Research Accident/Incident/Nearmiss form to Laboratory
Operator.

Report incident to the Laboratory Operator who will maintain written record of the incident and
remedial action to prevent similar incidents. The MAF supervisor should be notified as soon as
possible.
All microorganisms and microorganism waste will be double bagged and sealed before being
removed from the containment facility to prevent accidental release. Waste will then be
autoclaved as previously described.
2.8.2 Reporting Escapes
The escape of any microorganism or plant from the Laboratory will be reported to the
Laboratory Operator immediately that it is discovered.
The Laboratory Operator will report the escape of any microorganism or plant from the
laboratory to the MAF supervisor and to the Internal Biosafety Committee as soon as practically
possible.
2.8.3 Emergency Evacuation
The Laboratory‟s staff will be made fully aware of Forest Research’s emergency procedure to
deal with fire, earthquake, cyclone, bomb, natural gas, chemical or electrical emergencies
(Forest Research Emergency Procedures Manual).
The following additional procedures should be followed when evacuating the laboratory:
Extinguish any naked flames (e.g., alcohol burner).
Secure any regulated or unwanted organisms (e.g., put lid back on Petri dish etc.).
Do not compromise your own safety.
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3 DOCUMENTATION
3.1 RECORDS
3.1.1 General
The Laboratory Operator is required to demonstrate compliance with MAF Regulatory Authority
Animal Health and Welfare Standard 154.03.02 - Containment Facilities for Microorganisms by
keeping records required for the quality assurance programme and documented in the
containment manual. Such records should be kept for a minimum of five years after release
approval, biosecurity clearance, export, or destruction of the organism and include as a
minimum:
Records of the containment facility and Operator approvals.
Copies of permits to import, containment controls specified by ERMA, import health
standards, release approvals, biosecurity clearances and biosecurity directions.
Records of occasions when experimental animals have been exposed to microorganisms.
Records of internal audits and corrective actions.
Records of external audits and corrective actions.
3.1.2 Register Of Microorganisms
A register shall be maintained, by the Laboratory Operator (or designated deputy), of
microorganisms. The following records shall be made for each microorganism:
The name of the person who made the request for the organism
The name of the person and laboratory who supplied the organism
The date when the organism was put into storage
Species name of organism
Details of any genetic modification, (if any), usually the name and map of the gene construct
Place of storage
The name of the person who constructed the gene construct with reference to material.
Any other relevant comments (such as date and method of final disposal of a culture)
Appendix 4 contains an example of the Register used for Microorganisms.
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3.1.3 Register Of Plants
A register shall be maintained, by the Laboratory Operator (or designated deputy), of plants. The
following records shall be made for each plant:
The species of the organism
Details of any genetic modification
The method of gene transformation
The name of the genotype used
Date of import or development
The name of the person responsible
Place of storage
Date and method of final disposal of a culture
Appendix 5 contains an example of the Register used for Plant species. The register is used for
plants developed in the PC2 Containment Facilities for Microorganisms as well as for plants
transferred to the PC2 GMO Glasshouse Facility.

3.2 PROCEDURES FOR CONTROL AND MAINTENANCE OF
DOCUMENTATION
It is the responsibility of the Laboratory Operator to ensure that all document requirements set
out in the quality manual are met.
The Laboratory Operator (or designated deputy) shall carry out internal audits of its activities at
six monthly intervals to verify that its operations continue to comply with the quality system.
Where the audit findings cast doubt on the correctness of the documentation, the Laboratory
Operator shall take immediate corrective actions and notify the MAF supervisor in writing.
Copies of reports should also be sent to the Internal Biosafety Committee who will advise
ERMA at their discretion.
The quality system adopted to satisfy the requirements of MAF Biosecurity Standard 154.03.02
shall be reviewed once a year by the Laboratory Operator and the laboratory technical staff to
ensure its continuing suitability and effectiveness and to introduce any necessary changes or
improvements. Written records of this review shall be maintained by the Laboratory Operator
and will be made available to MAF Biosecurity on request.
All audit and review findings and any corrective actions that arise from them shall be
documented. The containment facility operator will ensure that these actions are discharged
within the agreed timescale.
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3.3 PROCEDURES TO BE FOLLOWED FOR FEEDBACK AND
CORRECTIVE ACTION WHENEVER DEPARTURES FROM
DOCUMENTED POLICIES AND PROCEDURES OCCUR
When discrepancies or departures from documented policies and procedures are detected the
nature of the discrepancies or departures will be assessed by the Laboratory Operator.
If the discrepancies or departures prove to be a fault of the quality system then remedial action
will be undertaken by the Laboratory Operator.
If the discrepancies or departures prove to be the result of failure by the Laboratory‟s technical
staffs to follow the documented procedures then a written report outlining the nature of the
discrepancy or departure, the appropriate documented procedure, and how the discrepancies or
departures is to be avoided in the future will be given to the offending staff. If appropriate further
training will be recommended and the Laboratory Operator will carry periodic internal systems
audits to ensure that the problem has been eliminated.
This procedure will be fully recorded and the documents maintained by the Laboratory Operator
and made available to the Internal Biosafety Committee.
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4 STAFF TRAINING
4.1 PROFICIENCY TESTING AND TRAINING PROGRAMMES FOR
NEW OR INEXPERIENCED STAFF
As stated in Forest Research’s “Laboratory Procedures for Molecular Biology and Tissue
Culture” manual the Laboratory Operator is required to ensure that either:
Workers are fully trained, or
Workers are properly supervised by an experienced person who is fully trained.
Fully trained means that the person has enough previous experience and knowledge from doing
the work often enough, so that the Laboratory Operator is confident that the employee will do the
work safely; and that the work being carried out will not harm either the employee doing it,
anyone else, or compromise the containment status of the facility.
Supervised means that the employee is watched over by a fully trained person until competent
and safe actions have become automatic responses during work routines.
Training will meet the requirements of the “Laboratory Procedures for Molecular Biology and
Tissue Culture” and will include general microbiological techniques, health and safety issues and
the principles of containment.
Trained staff will be required to sign a training log to verify they have read and understood the
requirements of the “Laboratory Procedures for Molecular Biology and Tissue Culture” and this
Quality Manual for the handling of the organisms.
On a day-to-day basis it is the responsibility of the Laboratory Operator to ensure that only
trained staff or fully supervised inexperienced staff handle material imported under permit.
The Laboratory Operator will maintain written records of training.
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Appendix 2: Operational Procedures for PC2
4.2

OPERATIONAL PROCEDURES FOR PC2 CONTAINMENT FACILITY

Only personnel authorised by the Laboratory Operator are allowed to enter this facility
Visitors must be approved by the Laboratory Operator (or designated deputy) and
accompanied by an authorised user at all times
Labcoats must be worn at all times.
All rubbish (both organic and inorganic material) must be placed in biohazard bags and
autoclaved.
The presence of insects and rodents must be reported immediately to the Laboratory
Operator and the Internal Biosafety Committee
Wash hands before leaving this facility
ADDITIONAL OPERATIONAL PROCEDURES FOR GMO PLANTHOUSE

Labcoats and overshoes must be worn at all times
All plants in the green house must be treated as transgenic.
All plants entering the greenhouse must be inspected and passed by the Glasshouse Manager
The plant database must be updated when moving plants to and from the greenhouses.
All visitors must log in and out of the GMP Planthouse facility
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Appendix 3: GMO Plant House
LABORATORY PRACTICES FOR GMO HOUSE
A3.1 Introduction
We aim to grow genetically modified plants in a situation which minimises the risk of transfer of
genetic material from the transformed plants to the environment. The purpose of this Appendix is
to outline the Laboratory Practices to be followed for Genetically Modified Arabidopsis thaliana,
Nicotiana tabacum, and species of Pinus and Picea to be held in containment. These plants are grown
alongside untransformed plants of the same type for and inheritance studies.
For whole plants in a glasshouse facility, ERMA have ruled that:
“Prior to the development of any reproductive structures, the plants shall be transferred from
the PC2 laboratory to a Plant House Containment Facility operated, managed and constructed
in accordance with the:
a) Ministry of Agriculture and Forestry (MAF)/ERMA New Zealand Standard 155.04.09:
Containment Facilities for New Organisms (including generically modified organisms) of
plant species and
b) Australian New Zealand Standard AS/NZS 2243.3:1995 Safety in Laboratories: Part 3;
Microbiology, at Plant House Physical Containment Level 2 (PC2), and
c) Controls imposed by ERMA.

A3.2 GMO Facility Construction, Management and Operation
The construction of the GMO facility was purpose built and follows the AS/NZS 2243.3: 1995
guidelines for PC2 containment.
A3.2.1

General Operating Procedures for the Greenhouse

 The green houses have concrete floors and are either constructed of durolite.
 All openings such as ducting are covered with thirty gauge mesh gauze. All cracks, joins
and holes have been sealed.
 The greenhouse can be entered only by passing through an anteroom with "airlock"
double door system. Access is restricted by the use of issued keys only to approved users.
 The anteroom is posted with a sign identifying the house as a PC2 facility. The
appropriate operational procedures are also displayed.
 All floor drainage points in the facility have siphoning gully traps to stop the entry of
insects and rodents. The traps are fitted with fine mesh baskets to trap plant material and are
regularly cleaned. There are no requirements for containment of effluent from a PC2 or PC3
facility but all of the drainage is channelled into one sump which can be treated if required.
 All visitors (i.e non-registered users) entering the unit are required to enter their name,
date/time of entry and exit, purpose of visit and to put on overshoes and labcoat.
 Hands are to be washed with soap and water before leaving the facility.
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 The Operational Procedures will confirm to the Australian New Zealand Standard
AS/NZS 2243.3:1995 Safety in Laboratories: Part 3; Microbiology, at Plant House Physical
Containment Level 2 (PC2), and the details in Appendix 2.
A3.2.2

Operational checks

Monthly operational checks are carried out by the Glasshouse Facility Manager to ensure that:
Documentation is complete
Insect traps and bait stations are clear
Appropriate spray programmes been completed and documented
All structural and mechanical systems are operational.

If there are any action items to be dealt with as a result of the monthly inspection, then the
Laboratory Operator will be contacted. At the Laboratory Operator‟s discretion, these reports
will also be provided to the Internal Biosafety Committee.
Every six months operational inspections are carried out by the Biological Saftey Officer (or
nominated deputy) to ensure that the operational procedures are being adhered to. These
inspections include checks on:
Documentation
Insect, and rodent control procedures, 'including traps, bait stations, spray prograrnmes and level of infestation
in the GMO facility.
Documentation and records
The outer glass/durolite walls
All mesh screens
The insect/rodent traps in the floor drains

Screens, filters, floors are to be cleaned regularly by the Glasshouse Manager.
Random checks are made from time to time.

A3.3

Entry and Exit of Materials

A3.3.1

Entry and exit of plant materials

In a physically secure unit, the major risk to entry of pests is during the entry of plant materials.
To minimise this risk, limitations on the type and condition of entry of plant material are made.
All plants entering and leaving the unit are documented.The information includes Date of entry,
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Appendix 3: GMO Plant House
Person responsible, Species, genotype, Transformation method, Plasmid and details of genes.
The log also shows the date of destruction by autoclaving or the date and person removing the
plant. A running balance of stock held in the unit is maintained and shown on the monthly
reporting sheets. If any variation occurs, the monthly reporting sheets are submitted to the
Laboratory Operator at the end of each month and these are summarised every 6 months to the
Internal Biological Safety Committee (IBSC).
Entry of plant material is restricted to in vitro plants and seeds. Cuttings, and plants growing in
artificial mixes may only be admitted if cleared by the Glasshouse Manager or nominated
deputy after inspection for pests and disease.
Movement of plant material to and from the unit is only in sealed containers. Live plant
material is only transferred to a PC2 containment laboratory on site or, with the appropriate
permits, to another organisation or field release site.
A3.3.2

Autoclaving and disposal

All plant and plant parts 'including fallen leaves etc. are placed in autoclave bags, taped, and
autoclaved at 10 psi for 60 rmin. Autoclaved waste material in unopened autoclaved bags is
transported out of the unit into the general rubbish.

A3.4

Transfer of Pollen/Plant Material by Animal Vectors

Most of the research requires that the plant material is grown to flowering for phenotypic and
inheritance studies, and the collection of seeds. Insects are the major risk 'in the unintentional
transfer of genetic material to the environment by transferring pollen from transgenic plants to
plants outside the unit. The design and protocols are aimed at minimising this risk by reducing
the chances of insects getting into the unit and killing any that do. Continuous monitoring of the
insect free status of the unit is carried out.
A3.4.1

Minimising risk of insects

The airlock is the point of entry to the unit. To minimise the risk of insects entering the unit
sticky traps are maintained in the airlock. Both airlock doors are not opened at the same time.
The facility is sprayed with insecticide as required using sprays such as: Mavrik, Orthene,
Dichlorvos, Attack, Vydate, and Maldison or their equivalents. The type and frequency of
spraying varies with the season, type/volume of plants present and target insect.
All spraying is recorded in a spray diary showing the date, insecticide used, rate and staff
member spraying
Insect sticky traps are maintained in the greenhouse at all times and checked weekly for
interceptions. In addition plants are inspected weekly for insect and mite infestation.
A3.4.2

Entry of rodent pests

The entry of rodents presents a risk with the possible transfer of genetic material to the external
environment.
The unit design minimises the possibility of rodent entry through blocking possible entry
points. The unit is maintained in a clean and tidy condition with minimum items stored in the
unit.
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Permanent bait stations are maintained in the greenhouse, at all times. They are checked and
replenished by an approved contractor. Traps will be set if required.
Any interceptions or bait loss are documented giving the date and circumstances. The GM is
informed immediately and the point of entry located and blocked. All interceptions are
recorded on the monthly summary.
A3.4.4

Transfer by Pollen

The transformation process inserts the desired gene into the nuclear genome of the target plant.
The gene can therefore be passed onto other plants by pollen (producing seed containing the
gene) if the pollen is compatible with that plant. The compatibility is restricted to the same or
very closely related species.
Pollen is very difficult to control because of its small size. However the risk is minimised if the
natural vector is an insect and not wind by maintaining an insect free environment. Wind
pollination is controlled by bagging of plants or by wind shields around plants. Pollen from insect
pollinated plants can be removed from the plants during watering. This risk is minimised by using
the minimum, watering required or by using bottom watering.

A3.5

Breach of Containment

A3.5.1

Minor Breaches

All minor breaches such as broken glass or a small hole in the durolite will be sealed
immediately by the Glasshouse Manager and repaired as soon as possible by a qualified repair
person.
Qualified repair personnel may enter the GMO facility without prior approval from the
Laboratory Operator or Glasshouse Manager but must be accompanied by an authorised staff
member while they are in the facility.
A3.5.2

Major Breaches

A major breach of the greenhouses is one that is large enough to affect the ability to control the
greenhouse environment and that cannot be repaired with a simple patch. In such cases the
plants in the affected greenhouse must be moved immediately to an intact GMO greenhouse or
the GMO potting area and the BSO and Laboratory Operator notified.
A list of people to be contacted for assistance is held by the BSO, Glasshouse Manager and
reception. The breach will be repaired within 48 hours of discovery.
Once the breach has been repaired the facility must be inspected and approved by the BSO
before normal operations can resume.
A major breach of the GMO potting area is any breach of the roof or walls.
Any such breach will be repaired and the area inspected as described for the greenhouses.
Qualified repair personnel may enter the facility.
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A3.6

Emergency Evacuation

If possible all personnel should evacuate through the entrance of the GMO facilities and
assemble outside the entrance to the soil shed.
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Appendix 4: Register for Microorgnisms

MOLECULAR BIOLOGY GROUP
CENTRAL CLONE STOCK

Requested by:

Supplied by:

The person
who asked for
the clone.

Stock
No:

Box/Ro
w/Colu
mn

The person or institute who have supplied the vector or strain.

(name, institute,
country)

Date of
Stock:

Date -85°C stock was made.

Stock Media:

Medium bacteria was grown in before stock was made, with selections.

Host
Organism:

Strain vector was transformed into.

Name of
Clone:

Common name for clone

Reference (if
any):

A scientific reference which will give more information about the vector, host or
origin of he stock.

Person(s)
constructing
clone:

If different from the supplier.

Details of
construction
/MAP:

Any relevant information on the vector construct. Preferably a map which can
be attached and easily read.
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Comments:

Any other relevant information about the vector, strain handling restrictions or
intellectual property issues.
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Register for Plants

4.3

Date of entry

______________________

4.4 Person Responsible

___________________________

4.5

Species

____________________

4.6

Geneotype

___________________

4.7

Transformation method ___________________________

4.8

Plasmid

___________________________

4.9

Details of Genes

___________________________

4.10
4.11

4.12 Lab Number

4.13 Clone
Number

4.14 Removal
Date

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

4.44

4.45

4.46

4.47

4.48

4.49

4.50

4.51

4.52

4.53

4.54

4.55

4.56

4.57

4.58

4.59

4.60

4.61

4.62

4.63

4.64

4.65

4.66

