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Foreword

I feel honoured to be invited to introduce the publication “Refinement and standardization
of storage procedures for clonal crops — Collective Action for the Rehabilitation of Global
Public Goods Phase 2”. I am grateful to the authors of this publication, in particular to
Nicolas Roux, coordinator of centres’ in vitro conservation specialist community.

The impact of the International Agricultural Research centres” work towards sustainable
development largely depends on the centres’ genebanks, which hold the world’s most
complete collections of plant diversity for food and agriculture. Four centres (Biodiversity,
CIAT, CIP, and IITA) maintain over 28,000 ex situ accessions of bananas, plantains, cassava,
potatoes, sweet potatoes, Andean roots and tubers and yams. From this total, 85% are also
held as in vitro collections under slow growth conditions, and 10% of these have been placed
under cryopreservation. The conservation of clonal material poses additional and unique
challenges, especially when in vitro conservation methods are implemented.

Although the feasibility of using in vitro culture methods for plant genetic resources
conservation was advocated in the mid to late 1970’s (e.g. by the late G Henshaw and his
group), it was only in the 1980’s that the International Board for Plant Genetic Resources
(IBPGR) established a working group of specialists, with the coordination of T Williams and
L Withers, to look at critical aspects of in vitro plant conservation. As a follow-up, the
IBPGR/CIAT project was implemented in 1987-89 to assess the technical and logistical
aspects of establishing and running an in vitro active genebank using cassava as a model. In
order to realize the potential of in vitro conservation at the CGIAR system and global levels,
one lesson learned indicated that generic conservation quality standards should be
developed. Early contributions towards these objectives included the IBPGR status report on
in vitro conservation techniques by S Ashmore in 1997, and the technical guidelines for the
management of field and in vitro collections by B Reed et al. in 2004.

A milestone of the centres’ long history of working together on genetic resources issues
was the creation of the System-wide Genetic Resources Programme (SGRP) in 1994. Based on
two external reviews, commissioned by the SGRP in 1995 and 1998, an investment plan was
developed with World Bank funding; the plan comprised a two-phase programme. The
programme’s first project “Global Public Goods Rehabilitation Project”, Phase 1 (GPG1), in
2003-06, raised the standards, and upgraded the operations of CGIAR genebanks. Centres
holding clonal collections in vitro, made substantial impact on accessions backlog processing,
advanced the preparation of safety backups, and improved the health status of collections.

The second project, “Collective Action for the Rehabilitation of Global Public Goods
Phase 2 (GPG2) aimed at enhancing the security and stewardship of the genetic resources held
in trust in CGIAR genebanks. This project is the central topic of this publication which presents
the outcomes, lessons learned, and points out key challenges involved in furthering the GPG2
activity “Refinement and standardization of storage procedures for clonal crops”, sub-activity
“Review of in vitro protocols applied to clonal crops”.

The GPG2 project (2007-09) successfully promoted collective actions for the conservation
of clonal genetic resources, specifically to increase their security, to use best practices across
genebank processes needing validation, third party accreditation and risk management. In
this context, the evolving role for germplasm curators was envisioned to satisfy
stakeholders” demands in meeting high standards in storage procedures (including in vitro
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slow growth and cryopreservation), to provide access to taxonomic and trait-related
information, to develop modern genebank inventory systems for storage and delivery of
accession data, and to develop high throughput screening techniques for new traits (such as
abiotic stress, micronutrient and health-related phytochemical content).

In pursuing the collective actions for implementing system-wide priorities, attention
should be placed on the use of best practices for raising the quality standards in the
management for clonal collections, and on seeking qualification by International Standard
Organization accreditation, e.g. the recent certification of CIPs” genebank with ISO 17025.
Maintenance of third party certifications will require continuous, rigorous controls, processes
and validations within and between centres.

To successfully move ahead in implementing the GPG2 objectives, key challenges
requiring collective attention still need to be tackled. These include: a) establishing practical
risk-amelioration strategies for in vitro genebanks, especially in disaster-prone areas;
b) developing simple, low cost, conservation protocols to expand the in vitro genebanks in
developing countries; c) linking fundamental and applied research in in vitro conservation,
for expanding the range of cryo-response in the germplasm, for increasing the subculture
interval of slow growth, and improving the efficiency of disease-indexing techniques at in
vitro level, and d) developing high throughput screening techniques for relevant new traits,
such as abiotic stress, micronutrient and health-related phytochemical content.

William Roca

Consultant

Genetic Resources and Biotechnology
Lima, Peru

(w.roca@cgiar.org)
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1. Introduction

The mission of the Consultative Group on International Agricultural Research (CGIAR) is: “to
achieve sustainable food security and reduce poverty in developing countries through
scientific research and activities in agriculture, fisheries, policy, and the environment.” To
facilitate this process, the System-wide Genetic Resources Programme (SGRP) of the CGIAR
(http://sgrp.cgiar.org/) unites the collective efforts of its individual institutes. The System-wide
Information Network for Genetic Resources (SINGER) is an information product of SGRP; this
is an infrastructure that provides CGIAR partners with easy access to information about
diversity, germplasm conservation as well as crop-related knowledge. In support of CGIAR’s
mission, SGRP created the Global Public Goods (GPG) project to upgrade the management of
its in-trust collections. The collective action for the rehabilitation of Global public goods
system: Phase 2 (GPG2) specifically aims to enhance the security and stewardship of crop
genetic resources held in-trust by the CGIAR’s genebanks, these collections comprise >650,000
samples of plant genetic resources. The GPG2 Project and its associated knowledge base
(http://cropgenebank.sgrp.cgiar.org/) were implemented under the aegis of SGRP in order to
provide a comprehensive, system-wide work programme for upgrading the crop genebanks
and the practices used to manage their collections. This will ensure that the CGIAR centres

meet their in-trust commitments, manage their collections efficiently and sustainably and
facilitate access by users. The GPG2 Project positions CGIAR’s genebanks to play a leading role
in building a comprehensive global system for conserving, managing and exchanging plant
genetic resources for food and agriculture.

1.1 High standard stewardship for clonal crop in vitro conservation

The GPG2 project involves upgrading genebank operations and facilities and guiding
CGIAR’s contribution in developing a global, secure plant genetic resources system.
Implicitly, high standards of stewardship require collective activities consolidated by
common, cross-cutting best practices and quality systems and to achieve this, GPG2
conforms to Logframe Based Management embodied in six outputs and outcomes. It has the
development goal “crop genetic resources and associated biodiversity are put to use in
developing countries to fight poverty, enhance food security and health, and protect the
environment.” The six issues that define the overarching activities of the project membership
are shown in Figure 1, noting that in the wider context trust collections are international
public goods and their use is not restricted to developing countries.

1.2 Aims

An overarching objective of GPG2 is to build upon the existing competencies of CGIAR's
centres, to develop new modes of collaboration and maximize integration and sharing of
standards and methods. This document specifically concerns Activity GPG2 1.2: “Refinement
and standardization of storage procedures for clonal crops. In addition, Sub Activity 1.2.1
provides a “Review of in vitro protocols applied to clonal crops” in the context of GPG2’s cross-
cutting themes of best practice development, risk management and performance
measurement. The milestones associated with Activity 1.2 require an appraisal of clonal crop in
vitro conservation status and the formulation of multi-crop guidelines. The work plans
associated with these milestones include a CGIAR Clonal Crop Task Force survey, a workshop
and literature review.


http://sgrp.cgiar.org/
http://cropgenebank.sgrp.cgiar.org/
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Figure 1. Distillation of the six cross-cutting activities of the Collective action for the rehabilitation of
global public goods in the CGIAR genetic resources system: Phase 2 project. Culminating in the
development goal (centre box) and implemented under the aegis of the CGIAR System-wide Genetic
Resources Programme (SGRP).

The overarching rationale of these activities is to apply the information to develop
collectively, multicrop guidelines for the conservation of clonal crops. This involves
technology transfer and knowledge exchange to validate best practices for preserving the in
vitro germplasm of Andean root and tuber crops, cassava, Musa, potato, sweetpotato, and
yam. Three outputs have been compiled to aid this process and ensure compliance with the
delivery of GPG2 Activity 1.2 milestones, they comprise:

e Part I - Global Public Goods Phase 2 (GPG2) - Project landscape and general status of
clonal crop in vitro conservation technologies.

e Part II - In vitro conservation status of potato, cassava, Musa, yam, sweetpotato, Andean
root and tuber crops.

e Part IIl - Multi-crop guidelines for developing in vitro conservation best practices for
clonal crops.

These outputs are also intended to facilitate in vitro preservation by the wider plant
conservation community of practice, therefore, Part I introduces the GPG2 project within the
CGIAR landscape and overviews the status of in vitro plant conservation subsequent to the
IPGRI-commissioned report of Ashmore (1997).
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2. GPG2 project road map and landscape

The CGIAR’s global membership comprises developing and industrialized countries, private
foundations, regional and international organizations each cooperating to provide strategic
direction, technical assistance and funds in support of CGIAR’s mission. Co-sponsorship is
provided by the Food and Agriculture Organization (FAO) of the United Nations (UN), The
United Nations Development Programme (UNDP), and the International Fund for
Agricultural Development (IFAD) and the World Bank.

2.1 Overview: CGIAR’s plant genetic resources conservation landscape

Of the 15 CGIAR research centres, the following four are involved with conserving clonal
crops in vitro: Centro Internacional de Agricultural Tropical (CIAT), Centro Internacional de
la Papa (CIP), International Institute of Tropical Agriculture (IITA) and Bioversity
International. Most activities of the group are common to all CGIAR centres and they are
mandated to respond to GPG2 by:

e Collective programmatic action to increase the overall impact of Centre activities on
poverty alleviation.
e Collective institutional action to increase Centre impact efficiency.

In vitro conservation presents challenges not encountered in other modes of germplasm
management, consequently, CIAT, CIP, IITA and Bioversity comprise a specialist community
maintaining the international genebanks, which preserve and distribute the in vitro genetic
resources of clonal crops. These centres cooperate as the ‘Clonal Crop Task Force” (CCTF)
and they have a common mission to conserve germplasm from Andean root and tuber crops,
cassava, Musa, potato, sweetpotato and yam. Their operations are shaped by:

e The Global Plan of Action, for the Conservation and Sustainable Utilization of Plant

Genetic Resources for Food and Agriculture (FAO 1996).

e The International Treaty of Plant Genetic Resources for Food and Agriculture (FAO 2002).
e The System Priorities for CGIAR Research (CGIAR Science Council 2005).

2.2 The Global Plan of Action

Critical issues pertinent to in vitro conservation in the Global Plan of Action are:
e Sustaining existing ex situ collections.

e Regenerating threatened species accessions.

e Supporting the collecting of plant genetic resources for food and agriculture.
e Expanding ex situ conservation activities.

These are targeted because genebanks and their ex situ holdings increased substantially
during the 1970-1980s in response to increased threats to global genetic resources security. The
need to upgrade and rehabilitate infrastructures was identified as most countries had limited
long-term storage facilities and focused support was required to enable ex situ conservation by
rationalizing activities across genebanks. The Global Plan of Action also recognized the need to
conserve under-utilized species and recommends low-cost technology development suited to
local conditions, but it cautions that some technologies transferred from temperate climates
may not be appropriate for tropical countries and vice versa.
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2.3 International Treaty of Plant Genetic Resources for Food and
Agriculture

The objectives of the International Treaty are aligned with the Convention on Biological
Diversity (CBD) and the FAO of the United Nations. They concern the conservation and
sustainable use of plant genetic resources for food and agriculture and the fair and equitable
sharing of the benefits arising from their use. Supporting components are the Global Plan of
Action Articles 14 and 15 for ex situ collections of plant genetic resources for food and
agriculture held by the International Agricultural Research Centres (IARCs). They concur
with other international institutions and agendas related to plant conservation (Ashmore et
al. 2007b) and sub-sections specify that the facilities supporting the ex situ collections remain
under the authority of the IARCs. These undertake their management and administration in
accordance with internationally accepted standards endorsed by the FAO Commission on
Genetic Resources for Food and Agriculture (Genebank Standards 1994).

2.4 The system priorities for CGIAR research

A process of system-level priority setting was undertaken in 2005 by the Science Council and
the SGRP, culminating in the identification of a research projection to 2015 (CGIAR Science
Council 2005). The aim being to develop a more cohesive, focused and high quality research
programme for alleviating poverty, hunger and malnutrition. CGIAR’s Science Council
prioritized:

e Achieving a greater impact through a more consolidated research focus.

e Avoidance of research dispersion.

e Rationalization of project funding to maximize the core strength of the CGIAR as a
supplier of research pertaining to global public goods.

e More effective mobilization of research capacity across the CGIAR system.

e Strategic engagement in multi-pronged research involving different commodities, themes
and disciplines.

e Enhancement of coordination and cooperation across CGIAR’s centres.

e Research focused on well-defined system priorities to develop more effective
partnerships with National Agricultural Research Systems (NARS) and advanced
institutes in the north and south.

e Well defined and consolidated research approaches identifying clear routes to poverty
alleviation to enhance the participation of stakeholders in priority setting and assist
donor resource allocation, thereby leading to greater impacts.

e Setting System priorities to enhance accountability.

Five CGIAR System priority areas, each defined by four priorities, were targeted by
CGIAR'’s Science Council for action in the period 2005-2015; Priority Area 1 is central to the
remit of this review:

e Priority Area 1: Sustaining biodiversity for current and future generations.
e Priority Area 1A: Promoting conservation and characterization of staple crops.

e Priority Area 1B: Promoting conservation and characterization of underutilized plant
genetic resources.
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2.5 Implementing system-wide priorities in a cooperative landscape

Undertaking a ‘system priorities’ approach to CGIAR’s 2005-2015 activities under the
auspices of SGRP presents new elements that will focus on capacity building, conservation,
and genetic enhancement activities. These are linked to germplasm and crop usage and
research is undertaken for development by matching appropriate technologies to projects.
With respect to research management, priorities maintain a system-wide focus for which the
cross-cutting theme of poverty alleviation underpins all endeavours. Future interdisciplinary
connectivity is intimated, for example, by the successful establishment of in-trust collections
of plant germplasm being followed by conserving animal and fish genetic resources.
Emphasis is placed on collective research management, review and analysis. This involves
creating a framework to optimize collaboration across CGIARs’ clonal genebanks, and
centres are expected to make evolutionary not revolutionary changes to their scientific
programmes. The Science Council and SGRP highlighted CGIAR’s need to translate new
priorities into coherent research programmes that bridge and synchronize the efforts of the
centres and those of their partners.
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3. Colective action for the renabilitation of global public
goods

The SGRP’s GPG2 Project was devised to facilitate CGIAR centres in meeting their in-trust
commitments for managing collections efficiently and sustainably, now and in the future.
The Project’s overarching remit is to facilitate building a comprehensive global system, for
conserving, managing and exchanging plant genetic resources for food and agriculture, it
comprises two phases.

3.1 Phase 1 - Springboard for sustainability

The first phase (2003-2006) addressed the most urgent needs identified by each CGIAR
centre and SINGER. These included, upgrades in capital items, technical activities and
dealing with backlogs in essential conservation operations; for genebanks conserving clonal
crops, Phase 1 involved the Clonal Crops Task Force in the CGIAR’s upgrading exercise.
Consequently reported achievements were: improved storage facilities, alleviating
processing accession backlogs, safety-duplication; improved plant health facilities,
processing of plant health backlogs, new molecular identification facilities and enhanced
accession characterization. Hardware and software upgrades were important outcomes,
including barcoding instalment, enhanced SINGER operations and functions and data
quality improvement. Phase 1 showed the proven impact of investment quantified as
improved infrastructures and capacity building, thereby enhancing the safety and security of
global public goods.

3.2 Phase 2 - Consolidation, research and leadership

The second phase of GPG2, and the one to which these documents (Parts L, II and III) pertain,
builds upon the efforts of Phase 1. Implemented in January 2007 for a period of three years it
focuses on optimizing the CGIARs’ contribution to global conservation and the use of its
genetic resources held in trust. The centres benefit by enhancing their own facilities,
operations and capacities, making them better equipped to serve stakeholders and
beneficiaries. The core practical and operational benefits of their collective actions make for a
more accessible, cost effective, efficient and secure stewardship of their in-trust collections.
Benefits are captured through collective activities (Figures 1-2) targeted at improving the
security of crops held in common, through knowledge sharing, cohesive risk management
and best practices development. The definitive beneficiaries of the GPG2 project will be the
poor farmers of the developing world, as well as national agricultural research stations,
public and private plant breeding organizations and seed producers. As a result, there will
be a greater confidence in the security of genetic resources in a world increasingly impacted
by the challenges of climate change, environmental erosion and conflict. Collective action for
the rehabilitation of genebanks in Phase 2 also supports a greater access to crop diversity
held in-trust by the CGIAR.

3.3 Optimizing genebank operations for clonal crop germplasm

CGIAR’s Science Council 2005 review conveyed the intent to link priority setting to
monitoring, evaluation and performance measurement. This intercalation was deemed vital
for research efficiency and meeting the CGIAR’s commitment to the UN Millennium
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Development Goals (MDG). Linking these priorities (see Figure 2) aids high standard
stewardship through collective genebank experience. Concomitantly, this will improve the
quality of and access to information related to CGIAR’s germplasm collections and improve
streamlined ordering. On completion of the GPG2 project, the Knowledge Base will provide
a communications hub (http://cropgenebank.sgrp.cgiar.org/) and a one-point access to
information on best practices, policies, risk management, inventory systems, performance
indicators, crop information, guidelines and training materials.

Quality

Optimizing
CGIAR’s Contribution
Sustainability to Global Conservation

&
Use of Genetic Resources

Security

Accessibility

Figure 2. Targets in GPG2 for optimization of genebanking standards and attainment of high standard
stewardship within the CGIAR centres.

3.4 In vitro genebank standards

The long-term objective of GPG2 is to raise plant genebanking standards worldwide. This
requires compliance with regulations concerning germplasm acquisitions, material transfer
agreements, ownership and phytosanitary legislation, all of which are drivers for quality
management and best practice development. With respect to technical issues, priority areas
are: protocol optimization, validating best practices and undertaking risk assessments between
cooperative partners. However, attaining high standard stewardship across the
CGIAR’s genebanks will progress differently as some standards are generic (quality,
sustainability, security and accessibility) and cross-cutting (Figure 2) whereas, others are
technically specific, albeit overarching standards are common (see Genebank Standards 1994).

3.4.1 The significance of standards in quality storage systems

A standard is a level of quality accepted as the norm, or a means by which attainments are
judged, they are important targets for individuals, groups and organizations to aim for, and
they are central to developing quality systems across federated genebanks. Commonly held
standards also provide cohesion across their communities of practice and they help to build
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consensus in meeting collective compliance with regulations, good practices and codes of
conduct (von Versen et al. 2000). However, Genebank Standards (1994) offer two cautionary
points: (1) limitations of fixing of standards in a point in time and (2) inability of some
institutions to attain standards. Problems can arise when existing standards limit
advancements that are in step with future technological developments. It is therefore
important that the CGIAR’s global genebank networks do not become fixed at any one level,
this concern is addressed in force by the GPG2 project and its motivation for best practice
development. Intrinsically more problematic, are constraints in institutions, for which
standard attainment will remain aspirational whilst their capacity building progresses
(OECD 2007). Genebank Standards (1994) specify two standards:

e Acceptable standard: in many cases minimal, but adequate in the short term.
e DPreferred standard: a higher and consequentially safer standard.

The CGIAR has progressively developed standards and technical guidelines for in vitro
germplasm collections (Withers 1985; IBPGR 1986; IPGRI-CIAT 1994; Panis and Thinh 2001;
Engels and Visser 2003; Reed et al. 2004a; Rao et al. 2006; Panis 2009). These contemporary
standards have added value when working towards and sustaining accreditation, such as
ISO certification via an external body at CIP. However, once awarded there is a need for a
long-term financial and service commitment to maintain accreditation status. Where
resources and infrastructures are limited, curators need to be pragmatic, as although
prevailing conditions may be less than ideal, collections should not be placed in jeopardy
(Genebank standards 1994). It is critical to perform risk assessments when setting standards,
for germplasm held in vitro, these may need to be more risk averse to compensate for the
potential loss of essential infrastructures such as liquid nitrogen (LN) supply. The
management and stewardship of clonal genetic resources maintained in culture and
cryogenic storage has some commonality with orthodox seed banking (Genebank Standards
1994; Engels and Visser 2003; Rao et al. 2006) but there are some critical differences between
these two modes of conservation. For in vitro conservation, long-term, sustainable efforts are
best supported by preferred standards due to the (very) long-term security and safety
requirements of specialist infrastructures.
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4. In vitro conservation: safeguarding against loss of
clonal crop diversity

Seed storage is the preferred conservation method, but it is not feasible for germplasm from
crops that are either clonally propagated and/or that do not produce seeds. For some
genotypes, elite genetic combinations are only preserved through clonal means as their
conservation is dictated by breeding strategy, this is because heterozygosity does not permit
the maintenance of desired characteristics. Clonally propagated plants thus require special
conservation approaches. Options include maintenance in field genebanks and the
conservation, in cold stores of dormant vegetative propagules (Reed 2001), however, these
methods have limitations regarding efficiency, costs, security and long-term maintenance. In
vitro conservation is preferentially applied to clonal crop germplasm as it also supports safe
germplasm transfers under regulated phytosanitary control (IBPGR 1988).

4.1 Principles of the in vitro genebank (IVGB)

Conservation in IVGBs combines tissue culture and cryopreservation for medium-term
(MTS) and long-term (LTS) storage respectively (Figure 3). For MTS, subculture intervals are
extended, reducing processing costs by arresting growth using reduced temperature
treatments and/or growth retardants. For LTS, germplasm (usually shoot tip meristems)
from in vitro-propagated plants is cryobanked for long-term storage in liquid nitrogen (LN)
to a minimal temperature of -196°C in the liquid phase.

4.1.1 The in vitro base genebank (IVBG)

As defined by Genebank standards (1994) for seed germplasm, base collections are a set of
genetically distinct different accessions as close, as is possible to the samples originally
procured that are used to establish the collection (Figure 3). Key attributes of germplasm in
the base collection are: (a)it is preserved for the long-term and (b) it is not normally
distributed directly to users. A base collection ideally represents a comprehensive genepool
of the crop or species; for security purposes this is dispersed and managed across different
institutions. Since the germplasm they hold is stored for extended periods, IVBGs are usually
designated as cryobanks (IBPGR 1986; IPGRI-CIAT 1994). Different cultures, explants and
germplasm types are used for conserving plant genetic resources. Examples include: pollen,
seeds, embryonic axes, excised zygotic embryos, somatic embryos, dormant and/or
acclimated bud material, shoot meristems, nodal cuttings, callus and cell suspensions (Day
and Stacey 2007; Reed 2008). Cryopreservation has been applied to a wide range of crops and
other socio-economic plant groups, including, clonal forestry and agroforestry species,
horticultural plants, biotechnologically significant, secondary metabolite producing cell lines
and transformed plant germplasm and cultures (Benson 2008a). This report is mandated to
place emphasis on CGIAR’s genebanks; as such focus is given to the in vitro cryopreservation
of shoot meristems derived from clonally propagated crops.

4.1.2 The in vitro active genebank (IVAG)

As defined by Genebank standards (1994) an active collection comprises accessions
immediately available for multiplication, distribution and use and based on the principles
similar to those developed for seed banks, the IVAG was created (Withers 1989). The cyclic
flow of material is the key feature of IVAGs, which maintain by successive subculturing, the
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renewal and distribution of their cultures (Figure 3). Within IVAGs, cultures are maintained
under conditions that slow or retard growth (IPGRI-CIAT 1994); this increases the efficient
use of resources and staff time and offsets selection risks and contamination.

4.2 In vitro technologies and the safe movement of germplasm

The IVGB supports the safe movement of germplasm across international borders providing
assurance that pathogens (including viruses, viroids, phytoplasmas, microorganisms, pests)
are not transmitted, this is facilitated by:

Phase 1: Germplasm import, in vitro pathogen testing, eradication, and indexation.
Phase 2: In vitro storage of certified pathogen/disease-free germplasm.

Phase 3: Germplasm export, shipment from the in vitro conservation laboratory.

Field Collecting Acquisition Documentation
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Quarantine Multiplication
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Figure 3. Principles of the in vitro genebanks and their relationships with other operations (based on
IBPGR 1986).

IVAG = In vitro active genebank, utilizing slow growth for medium-term storage (MTS)

IVBG = In vitro base genebank, utilizing cryostorage for long-term storage (LTS).

Critical points of security are indicated.

Regulated quarantines and inspections take place in Phases 1 and 3, on collection and
distribution. The timing of pathogen indexing is critical and may require in vitro quarantine,
dependent on whether initial indexing and virus elimination have been performed before, or
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after germplasm is placed in culture (Reed et al. 2004a), as would be the case for germplasm
collected using in vitro techniques (Pence et al. 2002). Virus and pathogen testing and
elimination may be undertaken at any stage, no plants should be distributed until testing is
complete and delineation of in vitro collections into tested, certified disease-free and untested
components is advisable.

4.2.1 Containment, quarantine and testing

In vitro containment, in combination with disease indexing and transfer of cultures maintains
a high level of phytosanitary control (IBPGR 1988; Reed et al. 2004a), although this is only
upheld if critical conditions and requirements are met:

1. Documentation: robust record keeping and the use of tracking systems throughout, so
that the phytosanitary status of a sample is known at any time, optimally by using bar-
coded electronic inventories and data loggers.

2. Quarantine: in vitro containment is not a substitute for quarantine and at appropriate
points (e.g. entry of materials into the collection) stringent isolation procedures should be
adhered to in compliance with quarantine regulations.

3. Timing of pathogen testing: separation and safe containment of different collections into
the safe storage of material, prior to therapy and by the segregation of indexing into
‘pathogen tested” and ‘pathogen untested” and the control of flow through collections as
materials progress through the various stages of phytosanitary treatment. This includes
materials infected with more than one pathogen and those that have not completed a
therapeutic cycle or been certified free from pathogens.

Testing containment: comprising totally contained pathogen-testing systems.

Phytosanitary treatments: visual inspection, pest/pathogen testing and treatment, virus
indexing and elimination (meristem culture, thermotherapy, chemotherapy, cryotherapy)
leading to disease-free status certification.

Technology updates: keeping pace with new technologies for pathogen testing.

Testing in vitro: where virus testing/indexing is undertaken in vitro, detection and
elimination procedures must be developed for cultured materials as the amount of virus
can vary in plants. It is cautioned that in vitro plants may not provide adequate inoculum,
so maintenance of positive in vitro controls in special collections helps to circumvent the
risks of false negatives. The potential for tissue culture components (e.g. plant growth
regulators) interfering with test outcomes requires clarification and steps should be
applied to prevent false negatives.

8. Safe destruction and disposal: safe removal and disposal of infected materials ensures
that a pathogen or pest is not released into the environment.

9. Purposeful retention of infected cultures: it may be desirable to maintain some infected
in vitro materials under strict containment so they may be used, as reference materials or
as positive controls in testing procedures.

10. Distribution control: stringent procedures for the distribution of materials that are
acceptable to recipients and plant health authorities; in vitro processes offer advantages
as small volumes of disease-free certified materials can be dispatched more effectively.
Stringent virus therapy, and disease indexing are crucial for offsetting the risks of
pathogen transmission; unless treatments are robust in vitro material cannot be
guaranteed virus free (IBPGR 1998).
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4.3 Security of in vitro germplasm storage

Security measures should be compliant with safety, and ethical authorities, regulations and
guidelines; including observance of: (a) the Convention on Biological Diversity, (b) the
Standard Material Transfer Agreement (SMTA) for plant genetic resources exchange and
(c) the International Plant Protection Convention. Security is required to ensure the core
responsibilities of all biorepositories (Stacey and Day 2007) which are:

Purity: freedom from contaminating organisms,
Authenticity: correct identity,

Stability: fit-for-purpose and trueness-to-type.

4.3.1 Purity: freedom from contamination

Tissue culture is central to clonal plant health care, conservation, and safe germplasm
movement and risks of containment breach (Figure 4) must be addressed. Following
phytosanitary processing there remain three main modes of entry of a potential contaminant
that can compromise the in vitro conservation cycle by pathogenic or adventitious means:
(1) acovert or unknown organism goes undetected; (2) contamination enters from the
external environment or as a consequence of operations and (3) cross contamination from
another culture, culture vessel or cryovial.

IVAG-Slow growth IVBG-Cryobank
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Figure 4. Critical containment zones (1-7) for clonal plant germplasm in an in vitro genebank:
(1) processing before entry into the genebank; (2) entry after confirmation of negative test result;
(3) serial subculture for regeneration, bulking up of germplasm for the IVBG, IVGB and dispatch;
(4) IVAG, associated black box; cryogenic containment in: (5) the cryovial; (6) the cryotank and
associated black box and (7) the transit Dewar. Breach of containment at any one stage can lead to
contamination.
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All these factors should be considered a real risk and operators are cautioned to assume
their practices ensure, at all times, that germplasm is not and does not become contaminated;
yet take precautionary measures because they may be infected (Pegg 1999). Protection of
germplasm conserved in vitro is reliant on good laboratory practices and asepsis; stringent
attention to containment is essential and implicit to IVGB operations is testing for aseptic
technique competency.

It is likely a contaminant still residing in germplasm after disease eradication and
sterilization procedures is of unknown source and identity. This type of infection can be
more problematic to control than a pathogen eradicated by disease indexing before entry to
the IVGB. Pernicious contaminants are usually covert, resilient and systemic endophytes and
once in the IVGB they can become opportunistic pathogens and pandemic agents,
particularly if they are spread by vectors such as mites. Latent infections are challenging as
they can go unnoticed for several months. Standard tissue culture media may not support
the active proliferation of many bacteria, fungi and yeasts, as certain components attenuate
the growth of nuisance microflora leading to undetected false negatives. These are revealed
later as positives when cultures become stressed by extended subculture cycles, slow
growth, and cryopreservation. Some organisms are opportunistic pathogens, whilst others
have beneficial associations with plant materials (Hamill et al. 2005). Any microorganism or
its propagule able to grow in culture is a contaminant and even if benign, it may become
pathogenic or a nuisance under different conditions. Bunn and Tan (2004) report that any
bacterium in a tissue culture can form epiphytic, endophytic, or pathogenic associations.
Over 40 different bacteriological genera have been isolated as plant tissue culture
contaminants, including both gram negative and positive bacteria. These have been found in
similar proportions and commonly include Bacillus spp. and Pseudomonas spp. (Leifert and
Waites 1990); the axenic state is therefore only a presumed and temporary condition. To
circumvent risks of contamination from covert, adventitious organisms it is recommended
that potential routes and points of entry are identified and measures are taken to block them
(Cassels 1991; Bun and Tan 2002; Thomas and Prakash 2004; Thomas 2007). It is prudent to
ensure that cultures are indexed and eradicated of nuisance and covert microflora before any
germplasm enters the genebank (Tanprasert and Reed 1997a, b).

4.3.2 Authenticity: correct identity

Authenticity is confirmation a genetic resource is what it is assumed to be, it is a process that
uses stable phenotypic and genotypic characters as evidence to verify that the identity of
germplasm is correct (Miiller et al. 2005, 2007; Stacey and Day 2007). Obviating the risks of
misidentification and incorrect labelling are key quality control measures in clonal crop
genebanks, particularly for those using a multiplicity of procedures and conservation
processes. Failure to retain an authentic status has severe consequences and in some sectors,
cultures not matching their purported origin and identity have resulted in published
research papers being withdrawn and the invalidation of research projects (Stacey 2004).
Within CGIAR'’s genebank operations authentication commences with the verification of
documentation associated with germplasm acquisition. This involves confirming evidence
with donors concerning the reliability of passport information, followed by the classification
of incoming accessions by testing standard markers and descriptors. Informatics tools may
be used and incoming accessions are categorized as ‘tentative’ until they have been
characterized. A wide range of molecular techniques can be applied to authenticate
germplasm (de Vicente 2004) and their use is evidence that plant genebanks are evolving to
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meet the needs, and harness the benefits of molecular technologies; this has advantages in
enabling the analysis of holdings and connecting omics technologies (see Section 6.2) and
research to genetic resources conservation and use. This includes the possible authentication
of plant genebank holdings by embracing the ‘bar-code-of-life,” a concept which is currently
evolving in other bioresources sectors (see Gachon et al. 2007; Williamson and Day 2007).
DNA barcoding is a robust technology with multiple uses, in addition to research benefits it
helps avoids unnecessary duplication, allows routine checks for genetic authenticity, and
helps to ensure a mistaken identity is not perpetuated. However, the technology will require
further research before its application in crop genebanks is possible and practical.

Stringent recording and documentation of stored materials within and across MTS and
LTS inventories is essential as germplasm is maintained for extended timelines in cryobanks
and slow growth. Furthermore, records and documentation processing is effected when staff
and modes of record-keeping change. Electronic inventory systems are robust traceability
processes as they support retention of authenticated status and help to prevent errors arising
from transcribing hand written records. They also help to optimize management practices
and as such become cost effective and efficient tools. Electronic barcoding is also a powerful
quality assurance tool as it allows instant traceability and provides current information on
status at any point in the genebank and its process chain.

4.3.3 Stability: optimal storage

In vitro genebank practices need to ensure their biological resources maintain their special
characteristics and are not changed because of storage and associated tissue culture practices.
Genetic instability includes the risks of in vitro-generated instability termed somaclonal
variation (SCV), defined by Scowcroft (1984) as heritable genetic variability in plants
generated through tissue culture. Genetic changes can also arise because of epigenetic
processes, stress and selection pressure. The consequences of SCV are significant for genetic
resources conservation as it is manifest in the regenerated plant; therefore, reducing the
potential risk of SCV is necessary. Scowcroft (1984) suggested that in vitro storage protocols
should avoid practices that increase the risks of genetic variation occurring. These are:
(1) avoiding germplasm propagation via dedifferentiated (callus) and adventitious routes;
(2) limiting the wuse of plant growth regulators that increase the possibility of
dedifferentiation and adventitious development, and (3) selecting germplasm from young
cultures as SCV increases and totipotency decreases during prolonged culture.

Genetic instability arising from tissue culture is particularly significant for clonally
propagated crops as compared to sexually propagated species in which chromosomal
abnormalities are eliminated by gametogenesis and fertilization (Cassels and Curry 2001).
Ideally, germplasm with a higher risk of manifesting genetic instability should be monitored at
the genetic level, as recessive genetic changes occurring during the tissue culture of asexually
propagated species will have no phenotypic expression. In this context (see Scowcroft 1984),
clonal crops may thus be expected to display a potentially higher frequency of SCV than those
propagated by seed; however, as off-types can arise in field-grown, clonally propagated plants,
some variation may be unrelated to culture conditions. In vitro conservation can help
safeguard against the genetic changes that occur in field-propagated materials that have a
predilection to producing off-types.

The issue of in vitro-generated genetic instability and its consequences for clonal crop
conservation thus requires very careful consideration and in all probability, on a crop-by-
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crop basis. This is the case for banana, which has a tendency to produce off-types and for
some genotypes this inclination can be exacerbated by tissue culture (Sandoval et al. 1996;
Sahirjam et al. 2003; Ramage et al. 2004; Strosse et al. 2004). A prudent measure may be to
conduct a risk management exercise for those crops, species, or genotypes that are known to
have a higher propensity for off-type production and instability. This approach would help
to allocate the safest conservation strategy by taking practical measures to reduce the risks of
any instability occurring. For example, by considered selection of explant type and plant
growth regulators, applying regeneration cycles and using quality controls to define the
limits of acceptance of variants (de Oliveira et al. 2000; Lakshmanan et al. 2007). Sharma et al.
(2007) assessed the stability of potato plants regenerated by various routes and concluded
that low-level molecular variation may become apparent on a genome-wide level and, that in
the case of somatic embryogenesis this could be attributed to epigenetic changes. In their
study, differences in yield and height at the time of harvesting were not significantly
different among potato plants propagated through four different routes (axillary bud
proliferation, somatic embryogenesis, microtubers and true potato seed). Tyagi et al. (2007)
observed no significant variation in shoot cultures of turmeric conserved in vitro for one year.
In this study, stability was confirmed by comparing 25 primer-RAPD profiles of mother
plants with those of in vitro conserved plantlets. Ryyndnen and Aronen (2005) similarly used
RAPD analysis to demonstrate stability in short and long-term tissue cultures of silver birch
and for meristems recovered from cryostorage. In contrast, using 44 primer-RAPD profiles,
Santos et al. (2008) found variability in micropropagated, ornamental pineapple.

Scowcroft (1984) recommended field performance trials of clonal crops should be
extended to two propagation cycles, this is based on the potential for both pre-existing and
induced genetic variation becoming manifest in culture-derived plants (Scowcroft 1985).
Rani and Raina (2000) caution that variation and instability is not only confined to callus
cultures and they present evidence for SCV arising from organized meristems, as revealed by
molecular technologies. The finding that SCV occurs in plants derived from organized,
meristematic shoot cultures has ramifications for the in vitro conservation of clonal crops,
although its prevalence is most likely to be crop-specific. Strosse et al. (2004) reported SCV to
be widespread in banana plants regenerated from shoot cultures, they found the incidence of
this occurring to be cultivar dependent, and that the frequency of instability was amplified
by culture-induced factors. Thus, the number of in vitro generation cycles affected the rate of
variation, whereas standard growth regulators did not.

Growth retardants might impose selection pressures and genetic change with time, and
environmental stress could induce mechanisms, which cause genomic modification,
particularly at the epigenetic level (Cassels and Curry 2001; Harding 2004). The biological
stasis of storage in LN may be expected to offset the risks of genetic instability occurring;
although culture practices associated with pre- and post-cryopreservation manipulations
may still cause stability problems (Harding 1996). Stability testing of plants recovered from
MTS and LTS has been undertaken at cellular, biosynthetic, phenotypic and genotypic levels
(Harding 2004; Cha-um and Kirdmanne 2007). A result may not be indicative of genetic
instability or stability and trueness-to-type evaluations (Perazzo et al. 2000) thus, crop
performance indicators (Martinez-Montero et al. 2002; Medina et al. 2007) may be applied to
support molecular testing. Methods include the molecular, genotypic and phenotypic
assessment of stability and evaluations of developmental competence and field performance
of clonal crops regenerated from in vitro storage. Examples are: nuclear and chloroplast DNA
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