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Foreword

The livestock sector faces a range of challenges, including climate change, emerging diseases,
competition for natural resources and evolving demand for animal-source foods, which is increasing
globally, especially in developing countries. Genetic diversity of livestock is a key resource for
allowing livestock keepers to address these challenges, but this diversity has been in a state of decline.
The diminishing genetic diversity thus represents yet another obstacle for sustainable livestock
production. Cryoconservation (i.e. ex situ — in vitro conservation) of genetic resources through gene
banking provides one of the most powerful tools governments and other stakeholders have to manage
genetic diversity in both the short and long term and thereby provide future generations with the tools
to meet the challenges ahead.

Gene banking genetic resources fits within the context of the Global Plan of Action for Animal
Genetic Resources,! which was developed and adopted by FAO Member Nations. Specifically,
Strategic Priority 9 of the Global Plan of Action is “Establish or strengthen ex situ conservation
programmes” and Strategic Priority 11 urges countries to “Develop approaches and technical
standards for conservation. To assist countries in the implementation the Global Plan of Action, FAO
worked with experts from around the world to prepare technical guidelines. In 2012 FAO published
FAO Guidelines on Cryoconservation of animal genetic resources.?

Gene banking is a long-term effort that needs to be viewed in terms of decades rather than years, as
demonstrated by similar systems for agricultural crops. The responsibility for establishing such
resources lies squarely within governments’ roles of providing public goods and food security. Gene
banking of animal genetic resources is a technology-intense undertaking and the associated
technologies are in a continual state of research and development. The livestock sector also continues
to evolve rapidly. Since the development and release of the previous guidelines, numerous changes
have taken place. Critical among these is a greater appreciation of the opportunities for actively
utilizing cryopreserved material to enhance management of in vivo populations, rather than as simply
an “insurance policy” to protect breeds against extinction.

This key development has led to further changes in gene bank management. First, interaction with
users of the stored material has increased. This in turn has created a need to involve stakeholders more
closely in the management of genetic collections and to better monitor and document the processes of
gene banking to ensure quality management. Measures have been developed to help ensure high health
and sanitary standards. New models and methods have been proposed for utilization of collections in
the management of genetic diversity in vivo. Greater potential demand for stored material has also
increased the need for expanded procedures and legal instruments, in some instances, to ensure
exchange of material is equitable for all parties and does not compromise long-term goals for
management of animal genetic resources. In terms of policy, the Nagoya Protocol on Access to
Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization® of the

1 FAO. 2007. Global Plan of Action for Animal Genetic Resources and the Interlaken Declaration. Rome. (also
available at https://www.fao.org/3/al404e/a1404e.pdf).

2 FAO. 2012. Cryoconservation of animal genetic resources. FAO Animal Production and Health Guidelines
No. 12. Rome. (also available at https://www.fao.0rg/3/i3017e/i3017e.pdf).
% CBD. 2011. Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits

Arising from their Utilization. [online]. Montreal. [Cited 4 March 2022]. www.chd.int/abs/


https://www.fao.org/3/a1404e/a1404e.pdf
https://www.fao.org/3/a1404e/a1404e.pdf
https://www.fao.org/3/i3017e/i3017e.pdf
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Convention on Biological Diversity has come into force (ratified by more than 125 countries) since the
release of the previous guidelines. Assisted reproductive technologies and cryobiology have improved
and their application for germplasm collection and storage has expanded. Advances in genomics have
increased the opportunities to evaluate gene bank collections at the molecular level, increasing the
precision and power for management of genetic diversity. Finally, in nearly all aspects of daily life,
recent years have continued the ongoing trend in the increased quantity and importance of
information. Gene banking is no exception. Data about stored samples should be considered an
integral aspect of the collection. Modern systems and tools for management of these data, including
their integration with other sources of complementary information, and sharing with stakeholders are
becoming more and more fundamental features of gene banks.

The European Union has recognized the importance of cryoconservation of animal genetic resources
and the continual need for associated research. Through its Horizon 2020 research-funding
programme, the European Union financially supported the “IMAGE” project (Innovative Management
of Animal Genetic resources — grant number 677353)* with a focus on animal gene banks. IMAGE
addressed a wide range of issues, including gene bank management, reproductive physiology and
cryopreservation, genomic characterization of stored material, data management, and utilization of
stored material in management of in vivo populations. FAO was among the partners in the IMAGE
project.

One of the deliverables® of IMAGE was a review of the previous guidelines and recommendations for
content in a revised guidelines document. This publication addresses these recommendations, while
also considering the results from other IMAGE deliverables. To ensure a comprehensive and global
perspective, further expertise was gathered through the contributions of scientists from all FAO
regions. The document was then reviewed by members of the Commission on Genetic Resources for
Food and Agriculture and its Intergovernmental Technical Working Group on Animal Genetic
Resources for Food and Agriculture. The result is a comprehensive and up-to-date guide to aid gene
bank managers, policy-makers and other relevant stakeholders for decision-making in the optimal use
of cryoconservation as a tool in the management of genetic resources for food and agriculture.

4 Innovative Management of Animal Genetic Resources Project (IMAGE). 2020. Project funded by the
Horizon 2020 Research and Innovation Programme of the European Union under Grant Agreement Number
677353. [online]. [Cited 31 October 2020] www.imageh2020.eu

> Honkatukia, M. & Boes, J. 2020. IMAGE — Innovative Management of Animal Genetic Resources,
Deliverable D 7.13: Guidelines for the management of gene banks [online]. Paris. [Cited 3 February 2022].
www.imageh2020.eu/deliverable/D7.13.pdf
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The goal and structure of the guidelines

These guidelines have been developed to complement and update the existing FAO Guidelines on
Cryoconservation of animal genetic resources. Although research and development in
cryoconservation advances rapidly, the content of the 2012 guidelines generally remains valid. For
example, methods of cryoconservation described in the previous guidelines can still be applied
successfully, whereas the comparable approaches provided in this document will generally represent
an update in the science and in practical experiences in the context of gene banking. Content that is
repeated in this document was done so either to provide the necessary context or to underline its
importance. This document also complements other FAO guidelines on the management of animal
genetic resources, particularly FAO Guidelines on In vivo conservation of animal genetic resources®
and on Breeding strategies for sustainable management of animal genetic resources.’

The guidelines are intended to serve as a decision aid for gene bank managers and other stakeholders
with respect to the various objectives for cryoconservation and the options for its implementation. In
general, the information provided will be relevant for all species of domestic livestock, but species-
specific guidance is given where appropriate.

The guidelines are pertinent for different types of stakeholders, ranging from policy-makers seeking
information on the opportunities offered by cryoconservation to staff of gene banks wishing to learn
about new techniques. Although reading all sections is recommended, certain sections are aimed at
specific stakeholders with specific technical interests and responsibilities.

Section 1 reviews the possible objectives for banking of animal genetic material and highlights the
need to undertake gene banking in a strategic manner. Cryoconservation involves the interests of
multiple stakeholders with varying priorities and multiple scenarios for utilization of stored material.
These factors imply the need for governance, periodic review and assessment of gene bank collections
and for consideration of ethical issues. Aspects of multi-country gene banking are also addressed.

Section 2 reviews the preparation, implementation and organization of gene banks and introduces the
concept of quality management in a gene banking context.

Section 3 summarizes the types of biological material that may be preserved in gene banks, presenting
the latest developments for commonly used materials like semen and embryos, and describing the
potential benefits of utilizing novel materials such as primordial germ cells and gonadic tissues.

Section 4 reviews the details of economic issues when operating a gene bank, discussing not only
aspects of the fixed and variable costs, but also considering the values and benefits of
cryoconservation and formal economic approaches that can be used to balance costs and benefits.

Section 5 provides an overview of the new developments and insights in developing and using gene
bank collections. An emphasis is placed on utilization of stored material for purposes beyond
reconstitution of extinct breeds. Several case studies are included.

6 FAO. 2013. In vivo conservation of animal genetic resources. FAO Animal Production and Health Guidelines.
No. 14. Rome. (also available at https://www.fao.org/3/i3327e/i3327e.pdf).

T FAO. 2010. Breeding strategies for sustainable management of animal genetic resources. FAO Animal
Production and Health Guidelines. No. 3. Rome. (also available at https://www.fao.org/3/i1103e/i1103e.pdf).
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Section 6 reviews and updates the common methods for collecting, cryopreserving and thawing for
utilization of various types of genetic material from various species of livestock and introduces new
approaches.

Section 7 addresses the health and sanitary issues that must be considered when establishing and
operating gene banks for animal genetic resources, including regulatory issues.

Section 8 describes documentation and database requirements for storing information on individual
animals and on the samples of genetic material stored in the gene bank. It also addresses the
integration of gene bank data with other relevant publicly available data systems, while making key
information available to stakeholders.

Section 9 addresses the legal issues associated with cryoconservation. The section considers the legal
aspects of cryoconserved germplasm as a private and public good and outlines the issues to be
accounted for in the agreements that govern transfer of material to and from the gene bank, including
transfer across national borders.

Section 10 discusses priorities for capacity building in relation to gene banking and considers the
differences in the demands of the wide range of stakeholders.

The main sections are followed by a series of Annexes, which provide complementary information to
the main sections, including example documentation of interest for gene banking and step-by-step
instructions on procedures for collection and cryopreservation of germplasm.
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1.1 INTRODUCTION

Gene banking is a powerful tool for the management of animal genetic resources for food and
agriculture (AnGR). Although gene banking is technically demanding and can require substantial
initial investments, once genetic materials are cryopreserved, properly stored and documented, they
can remain viable for a practically endless amount of time. Many countries have invested in national
gene banks as part of their strategy for AnGR management. The primary goals of gene banks are to
have “insurance” to protect against breed extinction or catastrophic loss, and to support the in situ
populations across species and breeds. Additional goals are being identified because of a growing
interest in active management of genetic diversity.

The Global Plan of Action for Animal Genetic Resources (Global Plan of Action; FAO, 2007) has a
single Strategic Priority (Number 9) devoted specifically to ex situ conservation, but gene banking can
contribute to other strategic priorities and actions for the sustainable management of AnGR. For
example, Strategic Priority 4 is to “establish species and breed development strategies and
programmes.” An ex situ collection can complement the in situ population, and increase options for
genetic improvement or adaptation to changing environmental or economic conditions. Strategic
Priority 11 is to “develop approaches and technical standards for conservation.” Operation of a gene
bank allows for the development, adaptation, and refinement of approaches to build collections and
cryopreserve genetic material. To reflect the growing role of gene banks and to maximize returns on
investment in them, countries should consider a wide range of approaches to utilize their ex situ
collections.

Although it can require a substantial initial financial investment, many countries have decided to
invest in gene banks despite their overall level of economic development. Figure 1.1 shows the
number of countries reporting to FAO the presence or absence of an animal gene bank as a function of
the size of its economy, expressed in terms of gross domestic product (GDP) per person (in USD). No
strong economic influence on the presence of gene banks is shown. Although most high-income
countries report gene banks, in general, a majority of countries report having gene banks across all
levels of GDP.

Cryoconservation and in situ conservation are complementary methods to manage animal genetic
diversity. A cryoconserved collection of genetic material can be invaluable for improving management
of an in vivo population. Small populations that are economically viable will usually have a low risk of
extinction from competition with international transboundary breeds. However, their small population
size implies that they still risk loss of genetic diversity, due to genetic drift, demographic factors, or



sub-optimal breeding programmes. Banked material can be used to maintain or increase the genetic
variation by effectively increasing the number of animals used as parents in each generation (Eynard
etal., 2018).
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FIGURE 1.1
Numbers of countries reporting to have a gene bank (Yes/No) according to level of economic
development (GDP/person in USD)

Cryoconservation activities can also contribute to sustainable breed use and development, even for
breeds that have well-functioning breeding programmes. For example, alterations in the production
environment (e.g. climate change) and economic forces that may alter the market are circumstances
that require a change in the selection programme. The additional genetic diversity available in a gene
bank would be crucial in these situations, even for populations that are not at risk in terms of census
size.

Having multiple goals for a gene bank implies a variety of stakeholders interacting with the bank, both
as providers and users of material. As a result, the interests of these stakeholders must be taken into
consideration when planning for gene bank operation and management.

National gene banks should formally establish a gene banking strategy to address a range of goals.

Once developed, gene banking strategies should be reviewed periodically to ensure their continued
relevance and appropriateness.

1.2 ISSUES AND CHALLENGES TO BE CONSIDERED IN A GENE BANKING STRATEGY



Gene banking is not simply a technical exercise of identifying a sufficiently large number of donor
animals, and collecting and cryopreserving quantities of genetic material from these animals. Various
factors need to be considered when developing the gene banking policy and strategy. These factors
may influence the breeds and types and quantities of material to be gathered, complementary data to
be collected along with the material, and even whether cryoconservation will be adopted within a
given country as part of the overall approach to management of AnGR in the context of a national
strategy.

1.2.1 Role of cryoconservation in dynamic management of genetic variation

A first step in developing a gene banking strategy is to develop or review national policies and
management plans for AnGR in general. This step will help establish the context for gene banking and
ensure that elements of the strategy are in harmony with the overall national strategy and action plan
for AnGR (FAO, 2009) or similar policies and strategies developed for specific livestock sectors,
species, or breeds.

Management of genetic diversity usually considers one or more of the three basic goals:
1. preventing the loss of breeds;
2. maximizing or optimizing the amount of overall genetic variation maintained within and
among breeds of a species; and
3. ensuring the maintenance of important phenotypes and thus the genetic variation that underlies
these phenotypes.

These basic goals are not independent from each other. Various breeds may have important
phenotypes that are unique with respect to other breeds. Maximizing overall genetic variation should
in general capture the alleles responsible for important traits. Emphasis placed on each of the goals
may differ from one species to another. Cryoconservation can contribute to any of these goals.

1.2.2 Ethical issues

As mentioned previously, gene banking cannot be solely regarded as a scientific or technical activity.
Sociological and ethical issues can be considered when developing a gene banking strategy, especially
for banks that are supported by public funding (Zomerdijk et al., 2020). For example, assuming
resources are not available to conserve all breeds within a country, ethical issues may arise in the
process for choosing the breeds to be conserved. Also, cryoconservation relies heavily on utilization of
biotechnologies, some of which (e.g. invasive germplasm collection techniques, or cloning) may be
opposed for ethical reasons by members of the general public. On the other hand, even controversial
biotechnologies may be considered acceptable if their application can be justified as the best, the most
cost-effective or practical option to preserve a certain breed.

1.2.3 Cost effectiveness

Gene banks must spend their funds in the most effective manner possible. Therefore, the cost-
effectiveness of gene-banking activities must be considered and accounted for in the gene banking
strategy. Section 4 of these guidelines provides more detail on the economic aspects of
cryoconservation programmes.

Many public gene banks provide stored material free of charge to users who can demonstrate a
justifiable need. However, gene banks may also decide to charge for services to generate revenues
from the use of gene bank material (Albert et al., 2014; Van der Stijl and Eijdems, 2019). Whereas
gene banks are usually expected to act as not-for-profit entities, they may need to cover some or all of



their operating costs to be sustainable. Such costs include staff salaries, housing, liquid nitrogen and
other consumable items, electricity and other utilities and equipment maintenance (see Section 4).

1.2.4 Information management

Recent advancements in computing and communications technology have greatly increased the value
of data and information. That trend will only continue in the future. Cryoconservation is not exempted
from this trend. Any stored material has value if it can contribute to maintenance of genetic diversity,
but its value will increase in proportion to the degree with which it has been characterized and the
resulting knowledge has been catalogued. Data and information about stored material should be
regarded as an integral part of the resource maintained in the gene bank and accounted for in the gene
banking strategy. For an increasing number of gene banks, the resource consists of the biological
material together with its associated data. Efforts should be made to collect as much information about
gene bank samples as possible. The decreasing costs of genomic analyses in recent years have
increased the feasibility of genotyping donor animals for gene bank samples.

Likewise, information systems to make gene bank data available to stakeholders have increased in
importance, as have information systems to link data collected by the gene bank with other relevant
sources of information available on the internet. Section 8 of these guidelines addresses information
systems for cryoconservation.

1.2.5 Gene banking objectives

The general aim of gene banks for livestock species is to effectively and efficiently conserve the
existing genetic diversity of AnGR over time. Several plausible uses for cryoconserved material have
been discussed briefly above and objectives for gene banking were presented in the previous FAO
guidelines on cryoconservation (FAO, 2012), but merit a review here.

1.2.5.1 Reconstitution of an extinct breed

This objective is usually considered to be one of the most common for animal gene banks, especially
for publicly funded banks. Although the continued existence of a breed is likely to be of primary
importance for the livestock keepers of the breed, animal genetic diversity is generally considered a
public good and breeds are the usual conservation unit. The previous FAO guidelines (FAO, 2012)
generally emphasized this objective and Indicator 2.5.1b of the Sustainable Development Goals (SDG;
UN, 2020) is based on quantities of stored material that are sufficient to achieve this objective.

There is a potential for significant animal losses due to pandemics or environmental disaster to occur.
To address such threats, a major goal of gene banks will be to ensure that the livestock industry loses
as little time as possible in recovering from the loss. This means that gene banks may have to store
significant quantities of germplasm from the most important populations, and do this on a regular basis
to keep up with genetic trends.

A special situation with experimental lines used in research is the choice between keeping a live
population or conserving the line as a collection of cryopreserved germplasm. The population can then
be regenerated when needed for research, as illustrated by Silversides, Purdy and Blackburn (2012).
While this is routinely done for model organisms used in biomedical research, it is not common for
farm animals, where fertility of cryopreserved material is variable and a source of uncertainty.

1.2.5.2 Support for in vivo conservation



Breeds that are subject to in vivo conservation are usually small in terms of both real and effective
population size. A collection of material in a gene bank can be used to help maintain genetic diversity,
such as by alternating the utilization of parents across generations when using gene bank material
(Sonesson, Goddard and Meuwissen, 2002) or extending the generation interval. Stored material may
also be used to safeguard against the accumulation of deleterious recessive alleles or to redirect a
breeding objective.

1.2.5.3 Development of new lines or breeds

As mentioned previously, breeds are the usual conservation unit for management of AnGR, and
cryoconserved material can be used for the management of the sourced breed. However, this is not
absolute. For example, cryoconserved germplasm from one breed may be used to introgress its
valuable traits into another breed. Stored material from one breed may also be used to introduce
genetic variation into a genetically similar breed to help prevent its genetic erosion. This approach
may be especially valuable in cases where the population size of the targeted breed was dangerously
small before reasonable quantities of its own genetic material could be cryoconserved. Material from
multiple breeds may also be used to create a new composite breed (Paim et al., 2019).

1.2.5.4 Improved management of not-at-risk breeds

Breeds with sufficiently large population sizes that suggest they are not at risk may still benefit from
cryoconservation activities. See FAO (2013) for information about breed risk criteria. The earlier a
material collection programme starts, the larger and more diverse it will be in the future. It will also be
highly beneficial should unforeseen circumstances provoke a large decrease in population number or
genetic diversity. In the meantime, the stored samples can be managed judiciously for other objectives,
such as development of new breeds. Gene bank collections have also been proven to be a valuable
resource for building reference populations for genomic selection, and tracking and tracing purposes
(Blackburn, 2018; Rexroad et al., 2019). Gene bank collections are also a resource to re-introduce
diversity and/or re-orient breeding goals.

1.2.5.5 Research

Gene-banked material is also a valuable resource for research, such as genomic analyses to help
understand the biological basis for a given breed’s distinct traits. Storage of material other than germ
cells (DNA or tissues) is recommended as a complement to standard gene banking of reproductive
material. Such material can be used for both characterization of the stored samples and for
independent research.

Cryopreservation allows germplasm and other tissues to be stored indefinitely. Therefore, the storage
of material in gene banks should not necessarily be limited to material that can be utilized now, but
also consider possible future developments in genetic and reproductive technologies.

1.3 GOVERNANCE

Effective development and implementation of a gene banking strategy will rely on the existence of a
system of governance. This system will ensure that the goals of all relevant stakeholders are
appropriately represented in the strategy, and that the critical elements of the strategy are implemented
through the operation of the gene bank.



1.3.1 Stakeholder identification

Management of AnGR involves a wide range of stakeholders. In general, all stakeholders will share
the basic goal of maintaining access to the widest collection of genetic variation possible. However,
different stakeholders will have different reasons for wanting future access to this genetic diversity
when stored in a gene bank and how to utilize it. Different stakeholders will also play different roles,
as some may contribute financially to its operation, some will provide material and others will have an
interest in utilizing the material. Many stakeholders will play multiple roles.

Stakeholder buy-in is a key step in the development or implementation of a gene-banking strategy. An
analysis of stakeholder needs should be part of a quality management system of the gene bank.
According to a recent survey on quality management of gene banks (Zomerdijk et al., 2020), few
banks have undertaken formal stakeholder analyses.

The first step in engagement with existing and potential stakeholders is to identify and take an
inventory of the most relevant stakeholders. For countries with existing gene banks, some stakeholders
will already have regular interaction with the bank. In this case an additional step is recommended to
identify potential future stakeholders. Key stakeholders usually include the following.

1.3.1.1 Government

Livestock gene banks are most often government institutions or government funded institutions. In
general, the actions of the government should represent the interest of the general public which include
ensuring that the gene bank is operated in an ethical manner. A national gene bank can support the
government’s efforts to address international pledges and obligations with respect to international
agreements for management of biodiversity, e.g. the Convention on Biological Diversity (CBD, 1992)
or the SDGs (UN, 2020). The government may also mandate other public organizations to carry out
this mission on its behalf.

1.3.1.2 Breeders and breeder associations

Livestock breeders and organizations that represent them will often be among the most important
providers and users of material stored in gene banks. Therefore, garnering the support from these
groups is essential for gene bank success.

1.3.1.3 Breeding companies

Interests of breeding companies will be similar to those of breeders and breeder associations. Their
focus will primarily involve the populations they have under their ownership. Therefore, gene bank
governance will need to accommaodate the organizational structure of each company.

1.3.1.4 Other nongovernmental organizations

Organizations that are not formal breeder associations may provide support to specific breeds or
groups of breeds through advocacy and capacity building, operation of in vivo conservation
programmes and provision of assistance in marketing, among other activities. They can often serve as
a direct link to breeders of various local breeds.

1.3.1.5 Research and teaching institutions

Universities and other research or teaching institutions may wish to utilize the gene bank and its
collections to support their activities. They may also provide services to the gene bank, such as data
analysis and development or refinement of cryopreservation protocol. In general, these institutions and
the gene bank will have similar issues involving governance.



1.3.2 Institutional commitment

The success of a gene banking programme will depend strongly on the commitment of stakeholders to
its establishment and operation. In most cases, this will start with a strong acceptance by the
government of the importance of gene banking and a commitment to provide substantial financial
support, both a large initial investment for the establishment of a gene bank and then continued
funding for its long-term operation. Many governments have agreed in principle to develop and
implement a gene banking strategy, but have difficulties in allocating funds to build the gene bank or
sustain its operations. However, as shown in Figure 1.1, many low-income countries have a gene bank,
suggesting that political will is at least as important as the available budget.

Because construction and establishment of a gene bank usually requires a costly initial investment, this
activity is a government responsibility and requires the appropriate government ministry to allocate
funding. Regardless of the source of the funding, the government must also be prepared to commit to
and plan for continued funding to support the development of collections, the maintenance and
operation of the gene bank in the long term.

For success, non-government stakeholders must also be committed. They must be convinced about the
benefits of providing access to their AnGR for the development and subsequent enhancement of
collections and of regular and wise utilization of the material in the collections.

A firm commitment by international financial institutions may also be reasonable. Although many
developing countries have already established gene banks, the initial investment can be substantial,
and many countries would benefit from financial assistance.

1.3.3 Governance structure and decision-making process

Most gene banks will have a manager who is responsible for the management and day-to-day
decisions on operation of the bank, but he or she may have to consult with various stakeholders for the
long-term decisions. The establishment of a multi-actor stakeholder committee to provide input and
support to the gene bank is recommended.

This stakeholder committee could have several responsibilities, in particular, in assisting the
development of gene banking strategy, and monitoring its implementation and rationalization as
needed. As appropriate, the committee might also advise on annual budgets, capital and infrastructure
advancements.

Regarding the composition of the committee, FAO guidelines recommend the establishment of a
National Advisory Committee for AnGR (FAO, 2011). Given the need for synergy between the gene
banking strategy and the overall national strategy and action plan for AnGR, the potential exists for
the National Advisory Committee to also participate as the gene bank’s stakeholder group.

1.3.4 Data policy
As mentioned previously, information about samples in the gene bank collection should be regarded as
an integral part of the gene bank. Therefore, a data policy must be developed as part of the overall
gene banking strategy. This topic will be elaborated in more detail in Section 8. The following are
potential issues that may be addressed in a data policy:

e types of data to be collected and managed,



o system for organization of data, and standards for documentation and metadata;

e protection of privacy, security, confidentiality, intellectual property or other rights;
e access to and sharing of data: how and when to share data and with whom; and

e (ata storage: where to be maintained, and how to be secured.

1.4 ELEMENTS OF THE GENE BANKING STRATEGY

Gene banking of AnGR is a comprehensive and dynamic process where flexibility in collection
development is key. It is a long-term process that spans decades of continued sample curation and
evaluation of the collection, while projecting future needs to the extent possible. The ultimate goal of
the gene bank is to provide society with a broad range of genetic options for different types of future
use. In the formulation of their strategy gene bank managers should consider aspects of sampling,
storage organization, documentation, utilization, rationalization, as well as communication and
awareness raising.

The motivations for developing a gene bank are broad and dependent upon country needs and long-
term strategies. The industry is often assumed to maintain sufficient genetic diversity for their future
use, but this is not always an accurate assumption. Therefore, in deciding the scope of gene banking
activities, it is essential to have comprehensive discussions with all stakeholder groups.

In essence, development of a gene bank’s collection follows a hierarchical approach that consists of
identifying motivations, deciding which species of livestock are important at the country level,
deciding which breeds to collect, and then which animals within a breed might be selected for
collection. The following provides a basis to start exploring and formulating a collection strategy.

1.4.1 Sampling
The gene bank may review the state of its collections against its objectives and expectations from
stakeholders to identify needs for additional sampling. The main steps are listed below.

1.4.1.1 Species

The strategic decision about which species to collect for the gene bank will govern the activities
conducted by the gene bank, as methods and approaches for sampling and cryopreserving genetic
resources will vary among species. This decision has major implications for the gene bank, as new
species may be added or even deleted in specific instances depending upon the stakeholder and policy
perspectives. The importance of the species to the country’s economy or wealth of genetic diversity or
its heritage value may all be considerations for inclusion, but the availability of appropriate
cryoconservation methods will have a critical influence (see Section 6).

A wide range of approaches have been taken in deciding the species and breeds to target for collection.
National gene banks often consider collecting from all livestock species present in the country. A
recent survey on gene banks showed that six species (i.e. cattle, sheep, goat, horse, pig and chicken)
could be found in many gene banks whereas others (e.g. rabbit, turkey) were found only in a few
countries (Zomerdijk et al., 2020).

1.4.1.2 Genetic information
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Breed is an important determinant for both the global livestock sector and collection development, and
countries have taken various approaches. Regardless of species, some type of genetic assessment at the
breed level will be necessary in executing whichever within-species collection goals have been
established. For example, in North America and Europe, several gene banks have set a national goal of
collecting all livestock breeds. Conversely, Brazil’s gene banks initiated their collection efforts by
focusing upon acquiring samples from rare breeds.

Due to the importance of breed as an indicator of diversity, assessments for collection purposes might
include unique phenotypes or important production characteristics (e.g. milk, meat, or fiber),
distinctiveness from other breeds, historical perspectives, genetic isolation based upon geography, and
well recognized breeds at the national or international level (Blackburn, 2018). While some attempts
(e.g. Weitzman, 1998) have been made to use genetic markers to develop subsets of breeds to capture
a broad array of genetic diversity per species, such approaches do not account for the need to service
the broader community of stakeholders, and have generally not been implemented because of a lack of
consensus of stakeholders on the subsets (Boettcher et al., 2010).

Molecular genetic studies suggest that the total variation accounted for by breeds within a species is
usually less than the variation among animals within breeds (Paiva, Mariante and Blackburn, 2011).
Some gene banks have successfully captured within breed genetic diversity by using different tactics,
and over time the gene bank collections contained greater diversity than the in situ population
(Danchin-Burge, Hiemstra and Blackburn, 2011). By using molecular tools such as single nucleotide
polymorphism (SNP), gene banks have developed collections that have captured up to 98 percent of
the variation within a breed (Wilson et al., 2019), and have identified subpopulations within breeds
(Hulsegge et al., 2019a).

Gene banks can use a number of approaches to capture genetic diversity based upon information on
hand. Box 1.1 shows how simple random sampling of donor animals can be effective in capturing a
wide array of diversity.

BOX 1.1
Random sampling of animals for the gene bank collection

Early on it was recognized that large portions of genetic diversity could be captured in collection
development through random sampling of animals (FAO, 1983; Smith, 1984). This fact can be
demonstrated by using the equation below that calculates the probability (P) of capturing a rare
allele:

P=1-(1-p)™ for semen;
or
P=1-(1-p)*™ for embryos.

For an allelic (p) frequency of 0.05 and with an N of either 50 bulls or 25 embryos collected from
a breed for the gene bank, there would be a 92 percent chance of capturing the allele. Utilization
of this equation is a cost-efficient approach for building collections.

When a breed is dispersed among production environments with no or little migration, it may be
desirable to sample within and among the environments. Geographic coordinates of collection
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locations should be recorded and stored in the gene bank database, as they provide links to extensive
information in environmental databases. Gene banks have used pedigrees to develop sampling
strategies and prioritize individual animals or families, to maximize representativeness and avoid
losing the less-represented families. For example, pedigrees can be used to cluster animals within a
breed based upon their genetic relationships (Blackburn, 2018; Wilson et al., 2019) leading to
prioritization of animals. Animals within each cluster are then selected for entry into the gene bank.
An advantage of this approach, relative to targeting specific individuals, is that if germplasm from a
selected animal cannot be obtained, another animal from the cluster can be collected. Within breed,
optimal contribution methods have been developed (Meuwissen, 2002) and used in the Netherlands in
an effort to build and optimize core collections. Such an approach is useful in ensuring that the gene
bank collection is genetically balanced, but requires sufficient organization and budget, and data
availability can be a limitation.

Genomic information can be used in the methods previously mentioned, either instead of or in
conjunction with pedigrees. In addition, genomic data can be used in other ways to select animals
within a breed, including absence of known genetic abnormalities, ex post assessment of the collection
versus in situ population diversity, and targeting animals for collection that have genotypes of interest
for traits such as adaptability to climate change.

Utilization of estimated breeding values or phenotypes for traits of interest can also play a role in
identifying animals for the collection. For instance, the gene banks in France and the United States of
America (USA) have been collecting samples from animals that represent extremes for traits of
interest outside the major production objective, to ensure a wide range of genetic variability has been
captured and to keep the option of reorienting selection objectives. Whichever approach is used to
select animals, it must be flexible (e.g., no fixed lists of animals to collect) and robust to accommodate
breeding sector dynamics and time constraints.

Intensively managed breeding populations held by the private sector are also in need of the security
gene banks can provide, and they represent a special case in terms of how populations might be
sampled. These collections become increasingly important as company populations undergo the
pressures of genetic drift and selection intensity. Approaches for these populations may range from
collecting substantial numbers of males (and females in the case of poultry) from a specific generation,
so that an entire cohort of individuals may be rejuvenated from cryopreservation, to collecting
“snapshots” of every new generation.

1.4.1.3 Continual management and updating of collections

In situ populations are continually changing, so gene banks need to periodically collect new samples to
ensure stakeholders have a range of genetic material. This step is useful to capture genetic changes,
particularly when breeders want access to genetics to correct a recent problem, such as restoring
fertility or recovering a lost trait. Having access to material from varying times can accelerate the
process. The time interval between sampling depends on how rapidly a population is changing. Since
the optimal interval for sampling may be difficult to determine a priori, a regular snapshot approach is
probably the easiest to implement. It also helps to maintain awareness about gene banking on a regular
basis. Furthermore, the onset of genomic selection has led to considerable acceleration of genetic
progress, particularly in dairy cattle, so that regular sampling is recommended. For rare breeds
undergoing low selection pressure with limited use of frozen semen, where a gene bank has collected
at least the minimum quantities of germplasm and animals, the sampling interval can be increased to 5
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to 7 generations, considering the specific collection effort to be set-up. There may be reasons to
sample these breeds more frequently, such as to mitigate genetic drift or capture unique phenotypes.

1.4.1.4 Tissue types

As stated in the previous cryoconservation guidelines (FAO, 2012), reproductive efficiency varies
among tissues, species and even among breeds within the same species. These factors will determine
the minimum quantity of germplasm needed to perform any sort of reconstitution. How well gametes
or tissues can be cryopreserved and thawed, and how many live offspring are produced are all
considerations in determining the type and number of gametes or tissues to be sampled and stored in
the gene bank (see Section 6). Reproductive efficiencies vary among gametes and tissues, and some
gene banks have found it useful to collect a variety of sample types that provide them with more
flexibility in utilizing a collection. For example, due to the homogametic male in poultry semen,
ovaries and testes have been collected, cryopreserved and used to create chicks (Silversides, Purdy and
Blackburn, 2012). More recently, cryoconservation of primordial germ cells has been developed and
validated to revive a chicken breed (Woodcock et al., 2019).

1.4.1.5 Sanitary status

Sanitary issues apply to animals and to collection facilities, that may impact their suitability for gene
banking. This will also vary depending upon national legislation, and gene banks will need to operate
within the guidelines and regulations. Common venues for collecting germplasm include farm
collection, private sector artificial insemination (Al) facilities and research institutions, which may
differ in sanitary status and regulations. Section 7 of these guidelines provides more information.

1.4.2 Storage organization
The key objective of gene banks is to guarantee safe long-term storage of genetic material and
associated data.

1.4.2.1 Centralization and distribution

The size and capacity of a gene bank depends on its objectives, the range of species and breeds to be
conserved, the financial resources available, the types and amount of genetic material to be stored, and
the location of populations to be sampled. There is an optimum to find between exclusive
centralization which may increase the costs of collection and distribution, and wide distribution which
increases the total investment in equipment and may lead to underutilization of local storage capacity.
Development of species-specific locations could increase competition among locations for financial
resources from the same funding sources. Section 4 addresses economic optimization of gene banking.

In selecting the main location and facility for the national gene bank, several logistical issues should
be considered, including physical safety of the collection, easy access for receiving and distributing
samples by commercial carriers, accessibility and continuous access to liquid nitrogen, consistent and
dependable electricity, a physically secure building, a secure room with controlled access for storing
the collection, and closed circuit television or other systems to record entry and exit of people from the
secured room.

Animal health concerns and other potential hazards (e.g. floods, earthquakes, fires, tornados) of a
geographic area might also be criteria in determining where a gene bank should be located. Location
outside an area with endemic disease issues will facilitate the entry and exit of germplasm from the
gene bank.
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Human resource availability may also be a consideration in choosing a location. Incentives should be
in place to attract and retain qualified staff. Health, sanitary aspects and physical security must be
considered when identifying the site of the gene bank.

1.4.2.2 Duplication and back-up

Material stored in a gene bank is a highly valuable resource and must therefore be safeguarded against
loss. It is strongly recommended to maintain two separate storage facilities in different geographical
locations.

A minimum of two storage locations should be identified at national level, for primary and duplicate
collections. If the gene bank is already organized with distributed sites, duplication of collection is
easy to organize, either by specializing one location as a duplicate according to species, or by taking
advantage of existing Al centers to host mirror collections for long-term storage. In that case,
distribution will take place from the central site rather than from the mirror site which acts only as a
safeguard. National representatives making such a decision about back-up sites need to consider the
long-term (15 to 20 years) ramifications of such agreements, particularly when contracting with
privately held companies to ensure the safe keeping of samples.

Exchange of duplicate material between countries may also be considered to reduce costs or promote
transboundary collaboration. However, such arrangements are vulnerable to changes in national laws
or disease outbreaks that may later make it difficult for a country to repatriate their samples. In
addition, both locations should use the same database so that inventories can be appropriately
managed, or at least agree on the same descriptors to be stored so that information can be easily
exchanged between sites.

1.4.2.3 Storage of material

Gene bank managers will need to decide how to distribute samples across their liquid nitrogen storage
tanks. Much of this decision will be made by the size of the liquid nitrogen tanks. The primary
consideration is whether to have multiple species in a tank or to maintain separate tanks for each
species. Sanitary status of samples may also impact the approach taken. Government health
regulations may play a role in this decision (see Section 7). Storing multiple species per tank is usually
more cost-effective and efficient, so that the liquid nitrogen tanks can be used to their maximum
capacity.

1.4.2.4 Associated data

The database is essential for managing routine gene bank operations and to support management
decisions. The database serves as the primary tool for receiving, storing and exchanging information
about samples in the collection. Therefore, proper and accessible documentation is vital for the
operational management of the gene bank, for optimization of gene bank collections, and for future
use of any stored gene bank material. Gene banks need to develop and implement a database for this
purpose. Basic information about gene bank collections should be easily accessible without the need
for any additional information from outside the database (see Section 8).

1.4.3 Utilization

Gene banks are more powerful when used by a wide range of stakeholders. Stakeholder requests for
gene bank samples are varied. Potential requests for gene bank samples include adding genetic
variability to an in situ population, corrective mating for any breed, reconstituting research
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populations, and genomic evaluations. In addition, there is the overarching long-term objective to be
able to reconstitute breed(s) in time of national crisis.

1.4.3.1 Conditions for access

Access to national gene bank’s collections requires policies that ensure that all users are treated
equitably, sample use is non-trivial, and access to gene bank material does not infringe upon private
sector business activities (see Section 9). Depending upon the country’s laws, gene banks may or may
not be able to charge fees for service or germplasm. Gene bank managers need to define criteria for
access and use, and may find it useful to develop a committee, comprised of persons knowledgeable
about a specific species (or breed), to review requests. In situations of short supply of requested
samples, the potential gain achieved by releasing samples must be weighed against potential future
demands for use, and whether and how the genetic resource can be replenished.

The following are the decision points to consider when releasing samples:

o Are there any specific conditions defined in the agreement between the gene bank and the
original provider of the material? If yes, then the original provider may need to be consulted.

o What is the intended use of the sample? Is it beneficial to the breed, industry, or research?

¢ Can or should the request be met by the private sector instead of the gene bank?

o Does the requestor have sufficient experience to make successful use of the sample?

o Does the approach proposed lend itself to successful generation of live animals (if appropriate),
for example using in vitro vs in vivo fertilization?

¢ Is the proposed mating beneficial (e.g., in reference to genetic relationship)?

o What does the gene bank get in return when samples are released (e.g. get germplasm from the
progeny to replenish the gene bank collection, genomic information and/or progeny phenotypes
to document the remaining collection, cost recovery fees if permissible by law)?

o |f the requested sample is used for genotyping, will the gene bank obtain a copy of the resulting
genotype/sequence information?

1.4.3.2 Usage scenarios

As pointed out previously, gene banks can serve a range of objectives. Box 1.2 illustrates the
usefulness of long-term preservation of germplasm for highly selected populations, beyond the
classical objective of being able to reconstitute breed(s) that may become threatened or extinct.

BOX 1.2
Using banked material to reconstitute lost Holstein sire lineages

Yue, Dechow and Liu (2015) reported that the genomes of Holstein cattle in the US had only two
different familial Y chromosomes in the in vivo population, both tracing to two important 1970°s
sires. Evaluating the collection in the national gene bank, the same researchers determined there
were two additional paternal line Y chromosomes that could broaden the genetic diversity.
However, the identified bulls were descended from the population of the 1960s and thus had
relatively low genetic merit. It was decided to introgress the Y chromosomes from the two
repository bulls (Dechow et al., 2020). Semen from the gene bank was used to create in vitro
embryos from seven elite (upper 70th percentile in performance) Holstein cows. The embryos (12
and 15 per bull) yielded seven male offspring (3 and 4 per bull). At one year of age the bulls were
transferred to a commercial artificial insemination (Al) center. Genomic evaluation of the bull
calves showed that one generation of mating with an elite female would be sufficient to produce
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offspring with approximately the breed’s current average for milk production and other
economically important traits. One sire’s bull calves were actually higher than breed average for
net merit and milk production. Semen from the bull progeny was repatriated to the gene bank,
and is also commercially available to producers. The bulls produced will be mated to highly
productive cows, and it is anticipated that their progeny will be competitive with other top Al
bulls. Additional studies are planned to evaluate semen differences, resequencing the bovine Y
chromosome, and monitoring lifetime performance of the daughters. This experiment
demonstrates that by combining advanced reproductive biotechnologies and genomic
information, reintroducing gene bank genetics into a population can be done much more quickly
and efficiently than previously thought (Leroy, Danchin-Burge and Verrier, 2011).

1.4.3.3 Tracking sample use and impact

Tracking the utilization is important for gene banks. Data on utilization are evidence of the value of
banks and can be used in funding activities. They are also useful in planning for the future. Figure 1.2
shows the yearly utilization of samples from the US gene bank, according to birth year of the donor.
The gene bank has released samples from more than 11 000 animals since 2004. The data also shows
that samples of animals of nearly all birth years are being continually used by the various stakeholders.

ANIMAL SAMPLES RELEASED FROM THE GENE BANK FOR ALL
SPECIES BY YEAR REQUESTED AND BIRTH YEAR (11 000 ANIMALS
IN TOTAL) FROM 2004 TO 2020
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FIGURE 1.2
Samples released from the US gene bank between 2000 and 2020 among species and germplasm

types

If samples are used for genotyping, the gene bank should require the user to provide the data and other
results and inform the bank about how the genotyping helped solve a problem (see Box 1.3).
Furthermore, such examples are extremely useful in articulating the value of gene banking to the
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stakeholders, administrators, and the public at large. One option to facilitate tracking is to use the
digital object identifier (doi) system for a gene bank collection, so that each user of gene bank material
should refer to this doi in any publication. Terms for material utilization and information sharing
should be outlined in a material transfer agreement (see Section 9).

BOX 1.3
Genomic use: Experience from the US and The Netherlands

In the United States of America, a major breed association acquired a semen sample from an
important 30-year-old sire to determine if he carried a lethal mutation. The bull was not a carrier,
and as a result, over 29 000 animals did not have to be genotyped, saving breeders over USD 2.2
million in genotyping costs. Also, samples from more than 400 repository dairy bulls were used to
develop the first genomic breeding values for dairy cattle. This technological advancement added
over USD 4 billion per year to the US dairy industry (Rexroad et al., 2019).

In the Netherlands, the Holstein and Het Maas-Rijn-1Jsselvee (MR1J) gene banks and DNA
collections have shown to be very valuable in the initial phase of implementation of genomic
selection by Dutch cattle breeding industry. Moreover, 50 000 single nucleotide polymorphism
(SNP) data of all gene bank bulls of native Dutch cattle breeds were used to establish a breed
specific DNA reference population for the purpose of identifying pure-bred animals (without or
with incomplete pedigree data), and to confirm breed purity (Hulsegge et al., 2019b).

1.4.4 Rationalization

Gene banks should regularly evaluate and rationalize their scope, policies, implementation strategies
and protocols to optimize and further to develop the gene banking strategy. By doing so, countries will
contribute to Strategic Priority 12 of the Global Plan of Action (FAO, 2007) to “establish and
strengthen national institutions, including national focal points, for planning and implementing animal
genetic resources measures, for livestock sector development.” A rationalized strategy can be defined
as the most cost-effective way to reach the gene bank objectives. Gene bank collections must be “fit
for purpose.” For example, the notion of “sufficient” material in SDG Indicator 2.5.1b is motivated by
one purpose of restoring a lost breed, but a smaller amount of material may still be useful for another
purpose. As part of this rationalization analysis, gene banks should be mindful that the collections they
are building might be of greatest use after 50 or 100 years.

Rationalization of livestock gene banking strategies should be done both ex ante and ex post, and
involve both supply and demand related elements. Demand side elements of a rationalization
framework typically include future societal and stakeholder needs related to the use of gene banks, and
thus requires anticipation of drivers of change. The future demands for gene bank collections cannot
be fully defined due to the unknown vagaries of the future. Gene banks may wish to evaluate the
potential impact of different scenarios when developing, revising and implementing strategies to be as
efficient as possible in building a collection that can meet a range of possible future demands. Supply
side elements typically relate to genetic aspects, technical options, and cost effectiveness of gene bank
operations.

1.4.4.1 Priority setting
Strategy informed by characterization data. Genomic and phenotypic characterization and storage
of results in the database greatly facilitate future development and use of collections. Characterization



17

data can also be used to compare collections with those already existing in other gene banks, and
determine uniqueness of material to be stored to avoid duplication (e.g. when collecting material from
transboundary breeds).

Vibrant gene banks will offer stakeholders a range of services by expanding collections to include
blood, DNA, or tissue samples for further research on livestock genetic diversity. The largest use of
the Dutch (over 1 000 animals of local breeds) and US collections (over 6 000 animals) has been for
DNA analyses.

Economic optimization. For rationalization, costs of collection decisions should be optimized against
their benefits. Due to the long-term horizon gene banks deal with, routine cost-benefit analysis is
difficult. Given the unknown status of future collection usage, benefits are particularly hard to
estimate. However, costs can be accounted for with a relatively high degree of accuracy. Gene banks
can perform a full cost analysis of collection development, maintenance, and future regeneration steps.
Section 4 details how gene bank operations can be optimized for a given objective.

From another viewpoint, gene bank collections represent a source of societal benefits. The advantages
and disadvantages of five methods for documenting such benefits from scientific collections have been
recently reviewed by Schindel et al. (2020).

1.4.4.2 Continuous monitoring

Continuous monitoring of the status, development and use of the collection is critical. The genetic
profile of material already collected in the gene bank should be assessed in the context of genetic
diversity of in situ populations. Allelic frequencies within commercially vibrant breeds are in a
continuous process of evolution and, therefore, a gene bank needs to keep abreast with these genetic
changes to keep the collection viable.

Regular gap analysis based on genomic and other relevant data can be used for adapting the strategy
and its implementation. The gene bank may wish to budget for regular genomic analyses of its key
collections, or should develop partnerships with relevant stakeholders (i.e. breeders and breed
associations, research institutes and breeding companies) to obtain such data.

1.4.4.3 Projections toward the future

Quantifying the different attributes of a gene banking strategy is difficult, especially in a long-term
perspective. First, stakeholders’ strategies are evolving (see Box 1.4). Moreover, future scenarios have
a higher or lower uncertainty, while conservation decisions must be made in the short term, also taking
the budget constraints into account. Gene banks should anticipate changes in future demand, e.g.
motivated by possible changes in climate, production systems, markets, consumer preferences and
possible calamities such as diseases and disasters, etc. Implementing surveys among stakeholders at
defined intervals may be a good way for the gene bank to keep up to date with user preferences and
strategies. Alternative strategies and future scenarios should be compared before the final strategy
selection.
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BOX 1.4
Gene banks serve local and mainstream breeds

The livestock breeding industry is constantly changing. Old breeds give way to new, as has been
the case since Roman times (Wood and Orel, 2004). The process of change is especially evident in
the poultry and swine industries. The elite populations of those industries are pedigreed, and the
genetics are intensively managed. While many pig breeding companies have similar breeds (e.g.
Duroc, Pietrain and Landrace) and breeding goals, the finite populations mean that genetic drift will
separate those populations over time, leading to unique sub-populations. The situation is similar for
poultry. Gene banks should therefore engage these stakeholders to provide genetic security for
these important food producing sectors. The needs of these corporations may be quite different than
the normal practices for local breeds. Gene banking strategies will have to accommodate the needs
of stakeholders for local breeds and commercial breeding companies. For example, maintaining in
vivo populations is costly, so breeding companies may want the gene bank to store large numbers
of animals of a unique but little used line, so that the entire line can be quickly re-established if
needed. In such scenarios, the distribution of costs and benefits across the public and private actors
must be duly considered.

Technology breakthroughs and innovations will likely influence future use. Innovative reproductive
technologies could change the value of different types of genetic material stored in gene banks. For
example, genome editing could increase the value of gene bank collections as a resource base for
research and development, but could ultimately also result in less use of the germplasm in gene banks
for breeding. Thus, the gene bank should continually monitor advances in cryopreservation and
reproductive technologies, and maintain a connection to research, for instance, through a scientific
advisory board.

Different objectives may compete in terms of budget allocation and prioritization. When developing
future strategies, gene bank managers or stakeholder boards may employ a strengths, weaknesses,
opportunities and threats (SWOT) approach, identifying the strengths and the weaknesses from inside
the gene bank, and the risks or opportunities pushed by external trends. The SWOT methodology is
quite helpful to mitigate external risks and to identify opportunities that should be taken into
consideration to revise the strategy about building, updating and using the collections. Regular
revision of the gene banking strategy goes together with a policy for training its staff and informing its
users (those who provide or utilize the material) on the latest methods and techniques.

1.45 Communication and awareness raising

Because gene bank deals with a large number and range of stakeholders, there is a need to ensure that
these stakeholders are regularly informed about the activities of the gene bank and its future plans.
Therefore, a communication plan should be included as part of the overall gene banking strategy. Such
a communication plan will contribute to a country’s implementation of Strategic Priority 18 of the
Global Plan of Action (FAO, 2007), to “raise national awareness of the roles and values of animal
genetic resources.” Regular communication will raise awareness about the gene bank and the
importance of its activities, increasing appreciation of its importance in maintaining agrobiodiversity
and sustainability of livestock production systems. Users of the gene bank will be kept abreast of the
New services.

1.4.5.1 Targets



19

The various stakeholders will have different reasons for interaction with the gene bank and will
therefore be interested in different types of information. The communication plan should account for
this fact, and identify the expectations and topics of most interest to each of the various stakeholder
groups. The stakeholders will vary in their amount of background knowledge and understanding of the
context of gene banking, which will impact the type of language and terminology to be used.

1.4.5.2 Message

Although the explicit goal of communication will typically be to inform the various stakeholders, the
implicit objective will be to produce a beneficial outcome for the gene bank. The information targeted
for each stakeholder needs to be chosen by considering what they currently believe, what they need to
know and how they are expected to react to the communication.

1.45.3 Media

In addition to different information, the various stakeholders will likely differ in the way they would
like to receive the messages. The communication plan should also consider the delivery method
through which the message will be transferred most effectively. For government policymakers,
concise formal reports on outcomes achieved by the gene bank relative to the resources used will be of
most importance. Researchers may have more confidence in material published in peer-reviewed
scientific literature. Breeders and breeder associations may appreciate an online catalogue
documenting the material stored in the gene bank, its characteristics and availability for access.

1.4.5.4 Frequency

The stakeholders, message and media will all influence the frequency of communication. Some forms
of communication with the governmental stakeholders may have a fixed schedule. Ad hoc
communication with policy makers may be strategically planned to coincide with times at which major
decisions are taken. Users of the internet generally want to see updated information each time they
access the gene bank’s website.

1.5 STRATEGIC CONSIDERATIONS FOR MULTI-COUNTRY GENE BANKING

Most of the world’s gene banks for AnGR are national or sub-national in their scope (Zomerdijk et al.,
2020). However, under certain circumstances and for specific objectives, multi-country gene banking
may be the preferred option, with increased economic efficiency or complementary technical expertise
serving as key drivers in such cases.

Possible examples include the following:

e agroup of countries pooling resources (which may include project funds from an outside
donor) to establish a single physical gene bank that serves all countries;

e adonor country offering gene banking services to one or more less developed countries as a
means of providing technical and/or financial assistance;

e several countries agreeing on a common strategy for cryoconservation of a shared
transboundary breed; and

e two or more countries with operational gene banks that agree to use each other’s facilities to
store backup/duplicate material.
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1.5.1 General considerations

For certain aspects, the national cryoconservation strategy of a country storing material in an
externally hosted gene bank may not differ substantially from a strategy based on within-country
storage. The main difference is simply the physical location of the bank. The species and breeds to be
conserved and their characteristics will be mostly invariant, as will many of the stakeholders of
interest. Data management will remain a critical aspect of the cryoconservation programme. Periodic
monitoring of the in situ population and rationalization of the banked collection will continue to be
necessary. Institutional commitment is no less important.

However, some additional factors must be taken into consideration:

¢ Cryoconservation objectives may need to be altered somewhat, depending on ease of access to
the collection. Conservation of material in another country may decrease access relative to
local storage, making the utilization of material to actively manage an in situ population more
difficult. Insurance against breed extinction may thus be a more feasible objective.

e Cooperation with another country that includes technical assistance may increase the range of
tissue types that can be collected and stored.

e For sanitary concerns (see Section 7), it will likely be necessary to apply the standards of the
strictest country to all samples, regardless of the origin. A host country may jeopardize its
collection, if the material from a country with less stringent rules is added. On the other hand,
if a country stores its samples in the facility of a neighbouring country with lower standards, it
may be impossible to repatriate them.

e Long-term institutional commitment remains critical. Establishing a national gene bank
requires a substantial initial financial investment, which may help ensure psychological
investment for the bank’s long-term sustainability. Countries that have material hosted
elsewhere will not have made this investment, and must understand that continuous
institutional support will be required for the foreseeable future. Multi-country gene banking
may start as part of a development project (e.g. AU-IBAR, 2020), but gene banking is an
ongoing process that will require financial maintenance long after such projects end.

e Because multiple countries are involved, governance issues will be more complex.

1.5.2 Governance

If a multi-country gene bank consists simply of one country storing material from other countries in its
bank, governance will be relatively straightforward for providers. Countries providing material will
simply require a governance structure that pertains to their respective collections of stored genetic
resources, which would be similar to that for a national gene bank. The host country would merely act
as a service provider, and would need to agree on a cost recovery framework with the provider country
or countries. (Economic aspects of gene banking are addressed in Section 4 of these guidelines). A
quality management system (see Section 2), although recommended for all gene banks, may be
especially important in the multi-country context. When countries agree to host each other’s backup
collections, they may simply agree to undertake this on a cost-free basis, especially if the amounts of
material stored by each country are similar.

Governance will be more complex, if a multi-country gene bank is geographically located in a single
country, but owned and managed by a multi-country body such as a regional economic community. In
this case, each country may continue to independently manage their respective collections of genetic
material, but an overarching governing body with representatives from each country will likely be
required to oversee the operation of the gene bank.
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The cooperative cryoconservation of transboundary breeds and/or cross-country utilization of the
stored material will add yet another level of intricacy. For transboundary breeds, a joint
cryoconservation programme implies the necessity to establish a multi-country advisory group or
similar body for management of the shared genetic resources, both in situ and ex situ. This body would
need to establish a common breeding goal for the breed, as well as to manage both the development
and utilization of the collection. If the gene bank is used as a mechanism to facilitate cross-country
utilization of material from native breeds from participating countries, legal issues pertaining to
international access and benefit sharing would need to be considered as well (see Section 9).

The potential benefits of multi-country gene banking should be given strong consideration by
countries that lack national gene banks and/or countries that could substantially increase their
cryoconsevatoin efficiency through international cooperation (such as through sharing backup
collections). However, the added complexity of governance cannot be ignored. Through a project
funded by the European Union, the African Union - Interafrican Bureau of Animal Resources (AU-
IBAR, 2020) has been able to establish five sub-regional gene banks in strategic locations throughout
the continent. However, various governance issues remain to be worked out before the banks can be
made operational.
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2.1 INTRODUCTION

Development and implementation of a formal livestock gene banking strategy is a critical step in
ensuring that a country’s cryoconservation programme can address the needs of multiple stakeholders
involved in the management of animal genetic resources (AnGR) for food and agriculture. However, it
is important for the strategy to have flexibility to accommodate the vagaries of the real world. Once
the implementation of the strategy starts, complementary actions should be undertaken to establish an
enabling environment for achieving the strategy, to ensure that the strategy is being implemented as
planned, and to document progress toward the achievement of the strategy’s goals.

Implementing a quality management system (QMS) is a useful approach for a gene bank to deal with
the complexity and wide range of management and technical implementation issues. A QMS may be
useful to both stakeholders and gene bank management. A QMS oriented towards user satisfaction
will build trust with stakeholders, and help the gene bank to implement its strategy. Globally, several
gene banks have chosen to adopt some form and/or elements of a QMS (Zomerdijk et al., 2020;
IMAGE, 2020).

2.1.1 What is a Quality Management System?

A QMS is a formalized set of policies, processes, procedures, protocols and responsibilities to be
undertaken to achieve an organization’s goals, with an emphasis on satisfying the demands of the
organization’s clients and/or stakeholders, while identifying and mitigating the key sources of risk.

The core elements of a QMS can include (Kelderman, 2021):

1. Quality policy and objectives. The gene bank should write a quality policy that defines what
quality means to the gene bank and establish goals that reflect improvements in the services it
provides to stakeholders. Objectives should include an expected date of achievement and a
framework for assessing progress in achievement.

2. Quality manual. The quality manual is the first document to be prepared for a QMS. It should
explain the quality objectives, outline the scope of the QMS, indicate any formal quality
standard being followed (e.g. ISO 9001), and refer to quality control procedures and policies
being followed.

3. Organizational structure and responsibilities. An organigramme should be drafted, that
illustrates the organizational structure including personnel and governing bodies, and explains
the responsibilities of each. Flowcharts or other visual aids may be used to demonstrate
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specific roles, such as showing what each person does when processing a sample of materials
to be gene banked.

4. Data management. Organizations must outline how the information associated with
establishing and implementing a QMS is prepared, stored and routinely utilized.

5. Key processes. All activities, procedures and equipment associated with optimal operation of
the gene bank must be documented.

6. Stakeholder satisfaction. Measuring stakeholder satisfaction with the service received from
the gene bank is an important indicator, helping to ensure that the gene bank is having the
desired result and to identify opportunities for improvement.

7. Opportunities for continuous improvement. Approaches to address the shortcomings noted
in customer satisfaction must be documented, and possible solutions must be proposed.

8. Instruments for measuring quality. Any tools being used to monitor quality must be
identified, and plans for regular control and calibration must be specified.

9. Document archiving. All documentation showing evidence of quality management, including
communication with stakeholders must be maintained in an organized manner.

The most important elements of QMS for livestock gene banks will be described in this section.

2.1.2 Benefits of a QMS for livestock gene banks

Gene banking is a complex and long-term endeavour. For example, samples acquired in 2000 may be
of utility in 2050, whereas many gene bank staff will have come and gone, and new equipment and
processes will have emerged in the interim. Ensuring that those early samples remain in the bank and
are still viable is crucially important. A QMS helps ensure and document the integrity of samples
maintained in the bank, as well as the standing of the bank itself to its many stakeholders.

Livestock gene banks are generally responsible to an array of stakeholders, the most immediate being
the government and the livestock sector. Therefore, it is important to demonstrate that the gene bank is
effectively and efficiently operated, and has a positive impact on the conservation and sustainable use
of AnGR. This in turn may result in greater willingness by the government and other stakeholders to
maintain or increase financial or in-kind support for the gene bank.

A QMS should yield direct benefits to the gene bank. These benefits may include the following:
e increased efficiency- and cost-effectiveness;
e prevention of errors that may result in loss of material or decreased viability;
e continual improvement of expertise, both technical and organizational;
e greater staff safety;
e improved risk management;
e increased job satisfaction and performance of staff;
¢ enhanced identification of staff development needs and opportunities; and
e improved communication both internally and with stakeholders.

2.1.3 Trends in QMS among livestock gene banks and other biobanks

Countries and gene bank managers around the world have recognized the benefits offered by quality
management, and many of them are in various stages of either implementing or developing QMS or
adopting some of its elements.
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In 2019, FAO undertook a global survey of quality management procedures and plans among
livestock gene banks (Zomerdijk et al., 2020). Ninety gene banks responded, representing 62
countries. Approximately 30 percent of these banks reported having a QMS. Around 60 percent of the
remaining banks were in the process of developing a QMS. In other words, more than 70 percent were
at some stage in adoption of QMS. In particular, the gene banks were concerned with quality
management of processes associated with technical aspects of cryoconservation such as processing
and freezing of genetic material. Less emphasis was placed on interaction with non-governmental
stakeholders (IMAGE, 2020).

The global interest in quality management for gene banks and other types of biobanks has led to the
development of formal standards for evaluating the competence of biobanks (see Box 2.1).

BOX 2.1
Development of an international standard for biobanks

In 2014, the International Organization for Standardization (ISO) Technical Committee for
Biotechnology (TC276) initiated a working group on biobanking in general. This working group
developed a new ISO standard for biobanking activities, covering all biological domains including
animals, humans, plants, and microorganisms. The standard thus recognizes the common processes
underlying any biobanking activities, including animal gene banks. The document is targeted
toward gene bank managers, users, regulatory authorities and accreditation bodies. The new
standard, ISO 20387 (I1SO, 2018) is now considered the international reference document for quality
management of gene banks. The standard covers the various gene banking processes from
collection or reception, preparation and preservation, storage and validation. Technical and human
resource requirements are addressed, as well as the requirements for QMS.

As noted in Section 1, gene banks can support research activities. Therefore, gene banks (and other
biobanks) can be considered part of a country’s overall research infrastructure. In Europe, the concept
of a research infrastructure has been formalized, and adoption of QMS is a recommended process
within this formal structure (see Box 2.2).

BOX 2.2
Gene banks, biobanks and QMS within the European Union’s research infrastructure
framework

The European Commission defines a national research infrastructure as “facilities that provide
resources and services for research communities to conduct research and foster innovation.” This
definition includes research equipment and instruments, collections of material and data (e.g. gene
and biobanks), and computing systems and communication networks. The European Strategic
Forum for Research Infrastructures (ESFRI) has developed a roadmap that includes a list of
European Union and cooperating research infrastructures and the strategy for their utilization, and
has encouraged European Union member states to develop national roadmaps. Inclusion within
these roadmaps is based on various recommended criteria, including the presence of a QMS. The
ESFRI roadmap includes biobanking infrastructures for medical research (BBMRI), marine
research (EMBRC) and microbial research (MIRRI), thus recognizing the importance of gene and
biobanks for research (European Commission, 2020).
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2.2 QUALITY MANAGEMENT FOR GENE BANKING

2.2.1 Defining the quality policy

As a foundation for its QMS, a gene bank shall compile in a single document its main objectives,
commitments and plans to reach its objectives, addressing issues described in Section 1 of these
guidelines. This quality policy document should be brief, formally institutionalized and made freely
available to the public. Commitment of the leadership is particularly important to support the
implementation of the strategy. The quality policy, once completed and approved, is a reference
document for the gene bank that needs to be regularly updated.

2.2.2 Mapping key processes

The gene bank will map the different key processes supporting its strategy. In general, there are three
main types of processes: (i) steering and management (decision-making, communication, monitoring),
(ii) support (human resources, informatics, equipment), and (iii) technical (collection, processing,
documentation, storage, distribution). Figure 2.1 provides an example of a map of key processes for an
animal gene bank.

Steering process

Continuous improvement: audit,

Agreements Communication L
monitoring and measurement

Technical processes

Quality control

Acquisition Reception Distribution
Registration Treatment

\J Conditioning

Delivery

Support process

IT support Material resources: . .
) e . Human Dissemination
Website Facilities, Equipments, o
. 5 resources Exploitation
Documentation Biosafety

FIGURE 2.1
Mapping the processes of a gene bank quality management system (QMS)

The gene bank will at the same time identify and refer to the relevant public policies and regulations
for the type of biological material to be collected, stored, and distributed. These policies and
regulations are discussed in more detail in Section 9, and may include the Global Plan of Action for
Animal Genetic Resources (FAO, 2007) and the national strategy and action plan, sanitary regulations,
animal breeding regulations, access and benefit sharing, intellectual property, at the national and
international level.
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2.2.3 Stakeholder involvement

As shown in Section 1, the gene bank will cooperate with a range of stakeholders. The steering
process of a gene bank should prepare a document that identifies all stakeholders, sometimes called
“interested parties” in QMS terminology, list their expectations, match these to the strategic objectives
of the gene bank, and identify the pathway to fulfil these expectations. To this end, the gene bank may
set up one or several committees to support stakeholder involvement. The document should describe
the operating rules of the committees and the calendar of their activities. Organizing interactions with
stakeholders is the best method to reach consensus, maintain trust in the gene bank, and analyse trends
across time. Ideally, the gene bank will have a decision-making body and one or several advisory
committees, such as a users’ committee, a scientific advisory board, or a strategic steering committee.

The general public may be engaged in many ways, but one of the most effective is through the popular
press (e.g. newspapers, television, and/or documentaries produced by government). This activity must

not be overlooked since the support by the general public is important for policy makers.

TABLE 2.1

Sources of risk to gene bank operations and possible preventive measures

Component
equipment

human resources

malpractice

hygiene and safety

biological material

information system
budget

catastrophic events (e.g.
floods, earthquakes, fire,
internal disease
transmission)

customer relations

Risks
failure or breakdown leading to
loss of material

insufficient manpower or lack of
expertise leading to mistakes
and degradation of resources
intentional damage to collection

staff injury or death; release of
potentially dangerous material
or chemicals in the environment;
specific animal health risks
insufficient quality

loss of data
suspension or discontinuation
due to lack of funds

destruction of or damage to
facilities, resulting in loss of
collections

dissatisfaction of users or
stakeholders

Preventive measures

alarms; maintenance of equipment;
secured access; electricity supply;
duplicate storage

human resources management plan;
replacement policy; training
program; cross-training in the staff
security clearances for personnel;
logs monitoring date collection
accessed and by whom

adapt organization to prevent
accidents; safety plan; controlling
sanitary status of animal material;
waste management plan

perform regular quality control;
request quality test results before
entry into collection

backup system

Regular budget monitoring;
monitoring and allocating funds
derived from fees or extraordinary
funding sources

backup or duplicate collections;
selection of storage sites

establish a multi-actor board;
satisfaction scores and complaints;
corrective measures in case of
complaints
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2.2.4 Risk assessment

Risk assessment and preventing risks associated with the gene bank collections and operations are
central elements to its management. Table 2.1 shows the main risks and mitigation measures according
to the main components of the gene bank activities.

2.2.5 Evaluation framework

A gene bank must regularly undergo evaluation to confirm if quality control measures are up to
standard. Three approaches can be taken: (i) self-evaluation; (ii) external assessment within the field
of activity; and (iii) external audit by an accredited body.

2.2.5.1 Self-evaluation
The gene bank can start by implementing a self-evaluation test with the following actions:

e establish a strengths, weaknesses, opportunities and threats (SWOT) analysis for all or part of
its activities, particularly those considered critical, and update the SWOT at regular intervals.
The strengths and weaknesses are internal, whereas the opportunities and threats come from
external origin.;

e use an external reference document such as ISO 9001 or ISO 20387 (1SO, 2018), and check
whether the operations of the gene bank comply with the requirements of these documents;
and/or

o use a self-diagnostic tool like the one developed by the Horizon 2020 European Union project
Innovative Management of Animal Genetic Resources (IMAGE, 2020) to help gene banks in
the development of their QMS (see Appendix 2.1).

2.2.5.2 External assessment
Then, an external assessment can be used with the following actions:
o perform regular surveys to check satisfaction of its users and analyse the general trends as well
as potential specific messages, this can be done periodically as deemed necessary; and/or
e use cross-evaluation among a set of other gene banks, which could include a peer review
system.

2.2.5.3 External audit

Finally, independent evaluation with an external audit (also called third-party evaluation) is
recommended to get an external and impartial analysis of the internal operations of the gene bank.
This independent evaluation is a requirement of most official certification processes. This action can
be performed by persons accredited with audit standards, who preferably have technical expertise in
gene banking. Their report can then be used to strengthen gene banking processes, and to make higher
level administration aware of current and future gene banking needs.

These approaches have comparative advantages and disadvantages. The self-review can usually be
expected to be the simplest and lowest cost option, but is also the least impartial and has only internal
value. The independent review is usually the most complex and expensive, but will be impartial and
may be of value for external certification purposes if such certification is needed or desired. The
independent evaluation is also likely to be more effective for building trust with potential new users or
stakeholders that are familiar with the evaluation procedures.
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2.3 KEY PROCESSES
The QMS shall include the preparation and maintenance of a library of documents, that list and
describe the key processes involved in successful operation of the gene bank.

2.3.1 Management

Gene bank management has a unique responsibility. It not only oversees the day-to-day operation of
the gene bank; in many countries, management is the interface between the gene bank and its
stakeholders. The QMS documentation should include a description of the roles and responsibilities of
management. The following is an exemplary list of external and internal roles of gene bank managers.

Externally, gene bank managers may be responsible for the following:

e organizing and conducting meetings with funding bodies and advisory groups;

e raising awareness among stakeholder groups such as breed associations or companies, of gene
bank activities, interests, needs and concerns;

¢ informing upper administration of the institution hosting the gene bank about the status and
goals of the gene bank, and stakeholder response to gene bank activities;

e securing long term support for gene bank operations;

e providing stakeholders with information about the collection, tailored to their species and/or
breed; and

¢ implementing a technological watch and monitoring relevant regulatory developments.

Internally, gene bank managers are usually responsible for the following:

e establishing and adhering to all factors impacting collection security and operational safety
(see Box 2.3);

e ensuring implementation and overseeing day-to-day operation of the gene bank, including
incoming and outgoing shipments of germplasm and tissue, processing and cryopreserving
samples, checking data entry, evaluating genetic diversity acquired from various breeds;

e performing gap analysis for the various species and breed collections;

e managing human resources by providing direction for operations and hiring competent staff;
and

¢ managing financial resources, in particular, funds needed to execute collection objectives.

2.3.2 Gene bank equipment

The QMS will include a support process to record mandatory information about equipment. As a
minimum, this information usually includes the following: (i) manufacturer and commercial model;
(ii) date of purchase; (iii) value at purchase; (iv) location in the facility; (v) maintenance operations,
including calibration; and (vi) records of failure and repair. Records of both maintenance and
calibration are needed as a cross reference when comparing various measurements over time.

Gene bank managers need to be aware that new equipment purchased to replace equipment that is
becoming outdated may perform differently due to manufacturer improvements. As a result, historic
data may not correspond with measurements taken with the new equipment. To document such
differences the old and new equipment must be tested using the same set of samples. If differences
exist, conversion equations, such as by linear regression, can be developed to enable the utilization of
old and new data.
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The intended size of the germplasm collection will govern the scope of equipment and physical space.
Equipment can be partitioned into various gene bank functions. How many samples and from what
species might be processed will need to be assessed so that equipment purchases will match the
maximum number of samples to be processed in a single day.

BOX 2.3
Maintaining operational safety in gene banks

As noted in Table 2.1, factors that may compromise hygiene and safety are among the important
sources of risk to staff and to regular gene bank operations. A QMS must consider specific sources
of risk and measures to control them. The two most important hazards to staff involve their
interaction with donor animals and liquid nitrogen.

Interaction with animals (and their tissues) is associated with two potential dangers: (i) injury
during animal handling; and (ii) transmission of zoonotic disease. For both cases, the most effective
measure is to ensure that all staff are sufficiently trained and/or experienced. For animal handling,
additional prevention measures include appropriately designed and maintained animal housing and
material collection facilities. Actions to improve staff safety will also tend to maximize animal
welfare. With regard to zoonotic disease transmission, a first step is to ensure that donor animals are
healthy and that their source herds are free from disease (by veterinary inspection and/or testing)
before bringing them to the collection facility or performing collection in the field. Upon arrival at
the collection facility, animals may be additionally subject to quarantine. Then, high sanitary
standards must be applied for collection, and all persons handling the collected material must be
properly clothed with proper personal protective equipment. All safety measures associated with
handling of animals and their biological materials must be recorded in the QMS documentation. In
addition, whenever facilities and equipment are inspected, the results should be recorded for the
QMS.

Liquid nitrogen vaporizes at -196 °C and therefore poses two major safety risks: (i) freezing or
“burning” of skin upon contact; and (ii) hypoxia (lack of oxygen) and respiratory distress.
Prevention of contact injury is achieved by using protective clothing, including specifically
designed gloves, lab coats, closed shoes and safety goggles. Both the liquid nitrogen itself and the
stored materials and associate storage vessels must only be handled with equipment that is designed
to resist extreme cold. The risk of hypoxia can usually be avoided by ensuring that the material
storage rooms are well-ventilated, and outfitted with an oxygen monitoring system with alarms that
are activated when the oxygen level falls below a certain threshold (e.g. 19.5 percent). As with
animal handling, all safety measures associated with liquid nitrogen must be fully described in the
QMS documentation, including maintenance and inspection routines and their results.

2.3.3 Gene bank personnel

The QMS will include a support process dedicated to human resources that records mandatory
information about each staff position. This information will usually include: (i) job description; (ii)
training programmes; and (iii) expertise on technical processes. The gene bank may want at least two
persons trained for each critical activity, to avoid interruption of those activities.

Fully functional gene banks require combining the disciplines of genetics, cryobiology and
information systems. Like gene bank equipment, gene bank personnel can be scaled to match the size
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and requirements of the gene bank. At a minimum, a gene bank manager and a technician are required,
and these may be part-time roles. Under sparse staffing conditions, gene bank managers may seek
outside support from other branches of government or academia to fulfil short-term needs as well as to
establish long-term collaboration with scientists. At the other end of the spectrum, gene banks may
employ full-time scientists and technical support for each of the disciplinary areas mentioned above. If
countries should choose to have a distributed gene banking system, with more than one location, the
various sites should each harbour the core set of expertise for gene banking (i.e. manager and
technician), while sharing staff with expertise in a specific discipline. Close coordination among sites
will be critical for maximum efficacy and efficiency.

2.3.4 Genetic material database
Section 8 details the issues related to data management, but the following issues are critical for quality
management:

o Databases are indispensable infrastructure for efficient operation of the gene bank.

e The gene bank’s database shall make publicly available a set of data defined in agreement
with material providers and complying with regulations. This means they need to be
accessible via the internet, according to FAIR principles (where applicable, see Section 8).
The database will generally also have a private section to keep information needed for internal
use, such as sample storage in a specific tank location, or privacy-sensitive information.

e Spreadsheets are not sufficient to efficiently and reliably run gene banks, i.e. they are not a
substitute for a formal database.

e Security of data is a critical issue that merits maximum attention. One or more levels of
redundancy should be maintained on machines in different physical locations or units of cloud
storage. If a country has multiple gene banks, all locations must be connected to a common
portal or utilize the same database, to facilitate data sharing.

e The QMS documentation should describe all of the pertinent features of the database,
including software utilized, data fields stored, security procedures and access rights.

Information about the samples is as important as the samples themselves (see also section 8). There
are two data streams per sample that gene banks should be acquiring (see Figure 2.2 below). From
outside the gene bank, information such as species, breed, breeder, animal 1D (which should follow a
standard as much as possible, since there may be more than one ID), date of birth, pedigree, date of
sampling, sampling protocol, phenotypic measurements, genotypic information, environmental
descriptors or potentially the geographic information system (GIS) coordinates for where the animal
was born, and management system (extensive, mixed crop-livestock, or intensive) the animal was
produced. Within the gene bank the data stream focuses upon various processes associated with
sample handling. For example, date of arrival, sender name and address, state of arrival (fresh or
cryopreserved), the temperature, pH, and sperm movement analysis of fresh semen at arrival. For
samples already cryopreserved, information includes data on the straw itself, noting if there were any
peculiarities about the shipment, etc. Once samples are frozen, the storage location will also need
documenting. This usually includes a hierarchy from the largest storage space to the smallest. For
example, tank number, pie within a tank, canister, goblet and cane/visotube (the level where no
individual animal samples are mixed).
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FIGURE 2.2
Data stream of information captured by a gene bank

2.3.5  Genetic material acquisition

The QMS documentation should describe the process of acquisition, and specify the conformity
criteria applied for collection and acceptance of the material. The conformity criteria will include both
strategic (such as prioritization) and technical elements. These criteria should address standards for
collecting material of a particular donor animal of a certain breed, as well as for individual samples of
material and related data. Following the decision to acquire genetic material, a system must be in place
to trace the acquisition between the provider and the gene bank. Generally, an agreement between
animal owner and gene bank will be signed, and will serve as the chain of custody as the sample
moves from the farm or collection centre to the gene bank (see Section 9).

Within and among countries there is no “one size/approach fits all” scenario. The acquisition of
germplasm and tissue is highly variable based upon the species and how functional technologies are
for a species. Many gene banks have demonstrated that acquiring cryopreserved semen from industry
sources is an efficient mechanism to capture a wide range of breeds and animals within breed. In
addition, acquiring already cryopreserved samples can be a mechanism for obtaining biological
samples that have been cryopreserved for a long period (> 40 years), particularly in the case of beef
and dairy cattle. Movement of these samples can be relatively easy with commercially available
courier services and using liquid nitrogen shipping tanks. All acquisition options that are utilized must
be recorded in the QMS documentation.

For some species cryopreserved semen is not typically used. For example, the swine industry mainly
uses fresh semen in their artificial insemination programmes, relying on semen extenders that maintain
the semen viable for as long as a week. Extended semen can thus be shipped to the gene bank, where
it can be processed and cryopreserved in the gene bank’s laboratory. Such innovative approaches have
not been implemented in the poultry industry, where frozen semen almost never is utilized
commercially as rooster sperm needs to be cryopreserved within a short time after collection (see
Section 3).

Gene banks often acquire cryopreserved material that has already been fully processed by a third
party. The gene bank must therefore define and document criteria for acceptance or rejection, be it at
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the level of quantity, quality or documentation. The receiving bank must obtain a technical description
of the cryopreservation procedure used, which will not only help confirm the quality of the material,
but also define how the material can be eventually utilized. To better control external processes, the
biobank may include in its QMS a list of recommended material processing and cryopreservation
protocols to be used by all providers of genetic resources.

In the case of frozen semen, the monitoring of the cold chain is critical, and the gene bank must define
a threshold temperature above which it should not accept frozen semen for future reproductive use. In
case of any doubt, the gene bank may use an aliquot for quality assessment, for instance, by thawing
semen and measuring the proportion of live sperm cells and their motility (see Section 3).

2.3.6  Material collection

As will be seen in Section 3, animal germplasm may be collected and cryopreserved in various ways
that are dependent upon technical expertise and on access to donor animals for collection. The gene
bank should identify the anticipated use of a biological material (i.e. for reproduction, molecular
studies or health monitoring) in order to choose a collection procedure that will ensure fitness for
purpose of the material collected. Also, prior to collection, the gene bank needs to have developed a
unique identification system to ensure traceability of samples acquired. At the same time, the gene
bank will define the information to be collected at sampling, also referred to as “the minimum data
set,” to properly document the material at the time of entry into the collection.

The gene bank must list the technical steps to be followed by the collection procedure, in order to
control the risk of degradation of the biological material at sampling. The gene bank should
collaborate with researchers for the development of new methods or to remain informed of the latest
technological progress. Before starting the collection, the gene bank should ensure it is complying
with existing regulations, in particular, with regard to animal care, animal health, and access and
benefit-sharing issues (see Section 9).

When collecting germplasm and tissue on farm, gene banks can either send staff or use commercial
vendors. The samples collected on farm can be cryopreserved in the field, or as mentioned above, be
shipped fresh and extended to the laboratory for processing. Gene banks should also take blood
samples from the donor animals, and perform a series of health tests to ensure the animal is free of any
diseases transmitted via the germplasm (see Section 7 for further discussion). Depending upon
national regulations gene banks may need to store material that has different health status separately.
Standard operating procedures for on farm collection, including both technical and administrative
actions, should be documented in the QMS.

Germplasm can also be collected at commercial Al or animal reproduction centres. Such centres have
a controlled collection environment, including quarantine and health testing, as well as high levels of
technical expertise. This may be the preferred route for semen collection, especially when the bank is
acquiring material from an animal that the centre had already intended to collect. In such cases, the
cost of obtaining a few extra samples may be low. On the other hand, if this scenario involves animals
in which the centre has no direct interest, the costs of the services provided may be quite high.

2.3.7 Material processing

As discussed in Section 3, there are a wide range of cryopreservation protocols that can be used for
each species. The QMS documentation should clearly outline the protocols being applied. In many
countries, there are professional organizations that establish standards and practices considering a



37

wide range of protocols. When such protocols are used, the QMS should refer to these organizations
and protocols. Details on material processing are in Section 6 of these guidelines.

The gene bank’s primary concern is to ensure viability of the stored material, i.e. to obtain pregnancy
or a fertilized egg when needed. Procedures for monitoring cell damage through the preservation
stages and performing post-thaw analysis on cryopreserved samples can be parts of material
processing and listed in QMS documentation. Criteria for acceptable levels of success in processing
biological material may be based upon literature values or experimentation by the gene bank (see
Section 6 for more detailed information about different types of biological material and associated
criteria).

While recommendations from research and industry organizations, as mentioned above, may be
useful, gene banks still need to formalize processes and testing procedures performed in-house. These
processes and procedures need periodic review, and in the case of cryopreserved semen samples, to
routinely withdraw a specified number of males from the gene bank and perform test-matings to
ascertain the level of fertility that can be achieved. If samples were collected and cryopreserved at a
commercial Al centre, such a test may not be necessary, because that entity will be selling samples
from the same animal and any fertility problems will be known.

Often, gene banks will be confronted with the challenge of dealing with poor quality semen samples
from rare breeds. In these situations, gene bank standards for collection and post-thaw quality may
have to be relaxed, while knowing that additional animals and samples will need to be collected for
reaching collection goals.

2.3.8 Material storage

The key factors to consider for storage are traceability and safety. Each storage unit should be
uniquely identified (such as with a barcode label, a printed unique identification number or a colour
code for semen visotubes) so that the identity and location of the biological material are
unambiguously known and entered in the gene bank information system.

Duplicate storage is recommended. In addition, an empty storage capacity should remain available to
rescue material in the case of failure of storage equipment.

Systems for continuous temperature control and control of access to the storage room must be
implemented. The systems should record all fluctuations in temperature and entries of personnel into
the room. These data are to be entered into the gene bank database so that long-term trends can be
documented during gene bank reviews.

2.3.9 Material distribution

The gene bank should establish in its strategy and QMS the procedure for stakeholders to request
material. Mandatory information to be provided by the applicant must be established, and the decision-
making process for access to gene bank material must be agreed with the governing board. Criteria to
consider may include: (i) the consistency of the request to the strategic objectives of the gene bank; (ii)
the soundness of the request regarding to its objective (such as the number of semen samples requested
considering the mean fertility of frozen semen in the species); (iii) the technical feasibility of the
intended use; (iv) the quantity of material available, so as to maintain the minimal quantity of material
the gene bank is committed to keep; and (v) opportunity to obtain the material from other sources.
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From a technical viewpoint, distribution must be performed in such a way that quality of the material
is preserved for the intended use. The gene bank should prepare a standard shipment procedure, and
identify reliable third parties in charge of transportation. Traceability of the shipment throughout the
process is mandatory. The gene bank shall record all distribution events and update its database
accordingly.

2.4 IMPLEMENTATION AND CONTINUOUS IMPROVEMENT OF QUALITY
MANAGEMENT SYSTEMS

2.4.1 Reviewing indicators

Each process of a QMS must define its targets and establish indicators to monitor the achievement of
the targets. For instance, regarding human resources, a target may be sufficient capacity for a given
procedure, so a logical indicator would be the number of trained staff in that technique or the number
of training events offered in a given period. Regarding storage, the target may be capacity to avoid
loss due to equipment failure, and the indicator may be the number of rescue tanks available or the rate
of duplicated storage.

Indicators for the management process are usually related to risk control or to satisfaction of users, but
can also include more specific elements related to the gene bank strategy. An example is the
percentage of endangered breeds for a given species with stored material in sufficient quantity
according to SDG Indicator 2.5.1b. For user satisfaction, the gene bank may, for example, organize a
survey among its stakeholders to check if their expectations are fulfilled.

Each process should regularly be reviewed to check indicators, confirm or revise objectives, update
the SWOT, and identify the need to update procedures or to add new procedures. Once a year, the
management review of the gene bank will examine each process and its indicators; check for
adequacy, effectiveness and alignment with the objectives; identify priorities for actions, including any
need for changes in the QMS; in order to establish an action plan for continuous improvement.

The action plan will include the organization of internal and/or external audits as deemed necessary by
the decision-making board. The audits are aimed at checking if the QMS: (i) is effectively supporting
the objectives of the gene bank; (ii) complies with the requirements set by the gene bank; and (iii) is
effectively implemented and maintained. The gene bank shall retain all information collected during
the audit.

2.4.2 Recording operations

Recording all steps, both in management and technical procedures, is mandatory. A QMS can be
summarized as “writing what is done and doing what is written”. Gene banks should record and be
able to trace any action associated with an objective of the gene bank. For instance, agreements signed
between the gene bank and the provider of biological material are a key record for tracing the entry of
resources, documenting its purpose and legal status, and identifying a contact person for any future
needs. Another example is monitoring equipment, date of purchase and date of maintenance or repair.

2.4.3 Non-conformity assessments

Any deviation from normal operations or from achievement of the objectives, or any complaint from
users, must be reported and classified according to its impact on gene bank operations. Impact can be
minor, moderate or critical. Critical non-conformities are those that prevent the gene bank from
performing its operations. Examples include: (i) long-term electricity blackouts without a safety
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generator; (ii) interruption of liquid nitrogen provision; and (iii) computer failure preventing access to
the database and blocking material distribution. Minor non-conformities are those that can disrupt an
operation but not block it completely, or those that do not affect technical quality of the material.
Moderate non-conformities fall in between, such as those that may reduce technical quality of material
but not cause it to be inviable, or that may block some operations for only a very short period. The
impact classification of a non-conformity should be reviewed to inform the establishment of necessary
corrective and/or preventive measures.

Any non-conformity must be analysed by considering the possible causes involved. The potential
causes are human resources, equipment, method, biological material and management or a
combination of these. Then, the gene bank must evaluate the need for action to eliminate the cause(s)
of the non-conformity, and to ensure it does not recur or occur elsewhere. It may update its risk
assessment and mitigation plan to account for observed deviations or complaints.

2.4.4  Corrective and preventive measures

Corrections are actions taken to mitigate the risks and attenuate the impact of a non-conformity. They
may consist of repairing an equipment, providing additional training to an employee, or adding a step
in the monitoring process of an activity.

Preventive actions are steps to avoid that a non-conformity occurs. They may consist of replacing an
equipment before it breaks down, hiring new staff, implementing a new protocol, or modifying a given
decision-making process.

Corrective and preventive actions are examined at each process review and at the management review.
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3.1 INTRODUCTION

The biological material preserved in cryoconservation programmes for animal genetic resources
(AnGR) is expected to maintain and manage genetic diversity, and lead to its reconstitution if
endangered or lost. Many routes are now available to reach this objective, and all of them have pros
and cons. Determining which type of germplasm to preserve is a multifactorial consideration that must
be performed so that the goals of a programme can be achieved while also identifying the maximum
potential uses for any sample. Specifically, this means that a gene bank manager or curator of a
collection must consider:

e  costs associated with supplies and equipment required for sample collection, processing,
preservation, storage, and utilization;

e sample storage capabilities such as liquid nitrogen tanks, freezers, locations that are resistant
to harsh environmental conditions, and that are appropriate for the type of germplasm
collected;

e expertise of the staff and its complementarity with the complexity of the collection,
preservation, and utilization methods;
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e success rates associated with the method of collection, the means of preservation, and the goal
for utilization by the type of germplasm curated;

o utilization goal, so that the sample is appropriately preserved for its intended use (such as
reconstitution or expansion of the genetic diversity within a line/breed/species in response to
genetic bottlenecks, introduction of genes to enable adaptation to climate change or
production demands, research, evaluation of animal health evaluation - see Section 1);

¢ implication of genetic background on the processes utilized, knowing that not all techniques
work well, or in some instances at all, with all species or breeds (commercial, research and
local populations) of livestock;

o physiological factors that determine the quality of a sample and apply to all types of
germplasm, such as seasonality, health status, and age; and

o whether a collection and preservation technique meet the ethical and animal care guidelines,
and if the animals/samples meet health and sanitation standards established by nation.

Therefore, this section will present perspectives on the choice of germplasm to encourage preservation
activities that meet the goals of a curator and result in a valuable collection with tremendous utility.
Section 6 provides details about the procedures for cryopreservation and eventual utilization of the
genetic material introduced in this section. Box 3.1 provides a glossary of terms (methods and material
types) and abbreviations that are discussed in both this section and Section 6.

3.2 SEMEN

Semen cryopreservation is historically the first reproductive biotechnology developed, and it is still
frequently used across many livestock species, because it allows for the conservation of a large
number of gametes and often at a relatively low cost. In some instances, repopulation of a line or breed
based solely on semen will require initial mating with females of a different population, followed by
several generations of backcrossing to reconstitute a nearly genetically pure population. The
practicalities of semen cryopreservation often outweigh this shortcoming. Furthermore, semen samples
are perfectly appropriate for other cryoconservation goals, such as managing the genetic diversity of in
situ populations. Cryoconserved semen will also complement collections of other cells, such as
embryos or oocytes.

Most countries have developed infrastructure to collect and freeze semen, because cryopreservation
protocols are an important part of the routine breeding and reproductive programmes in almost all
major agricultural species. Consequently, collection and cryopreservation of semen should be a
fundamental component within a germplasm collection because of the simplicity of collection,
cryopreservation and storage, the genetic variability which can be easily captured with this type of
germplasm, and although the techniques are variable, the relative ease of use for artificial insemination
(Al), in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), or for DNA extraction.
Therefore, this subsection will provide an overview of the current state of: (i) the advantages and
limits of semen collection, cryopreservation and utilization for the major agricultural species; (ii)
address some improvements to aspects of these processes; and (iii) discuss how these developments
increase the value of this form of germplasm.
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BOX 3.1
A glossary of abbreviations for key terms in the germplasm collections

o artificial insemination (Al) - deposition of semen or sperm, which was previously collected
from a male, into the vagina, cervix or uterus of a female.

o assisted reproductive technologies (ART) — the collection of methods for artificially
improving the reproductive performance of animals, which may include Al, in vitro
fertilization, embryo transfer and their related procedures.

e cryoprotectant (CPA) — a substance added to media that is used to inhibit cellular damage
during freezing and thawing.

e embryo transfer (ET) — placement of an embryo into the uterus of a female for the purpose
of establishing pregnancy and producing live offspring.

e invitro culture (IVC) — the maintenance of cells, zygotes or embryos in an artificial
environment (literally “in glass™) to achieve specific stages of development.

e intracytoplasmic sperm injection (ICSI) — injection of a single sperm into an oocyte to
achieve fertilization.

e induced pluripotent stem cells (iPSC) — somatic cells that are reprogrammed into an
embryonic, pluripotent state.

e invitro fertilization (IVF) — the co-culture of sperm and oocytes in culture to achieve
fertilization resulting in embryos and offspring.

e invitro maturation (I\VM) — a stage of the IVF or vitrification process in which immature
oocytes are placed in culture to achieve a specific developmental state which allows them
to be fertilized.

e invitro production (IVP) - the process of creating embryos via IVF.

e mesenchymal stem cells (MSC) — stem cells from non-embryonic sources that are capable
of differentiating into a variety of tissues.

e primordial germ cells (PGC) — an undifferentiated stem cell that is the precursor of
gametes.

e ovum pick-up (OPU) — transvaginal aspiration of follicles from ovaries with an ultrasound
guided device for the collection of oocytes.

e somatic cell nuclear transfer (SCNT) — deposition of a somatic cell into an enucleated
oocyte resulting in an embryo which can be transferred to produce viable offspring.

Semen collection is a simple procedure for the major livestock species. When performed correctly, for
many species, it is minimally invasive (for example, by using an artificial vagina in cattle and horses)
and causes no apparent physical discomfort, thus usually resulting in the collection of high-quality
samples with significant quantities of sperm. Males of other species including boars, roosters and tom
turkeys, can likewise be collected using non-invasive techniques such as the gloved hand (boars) or
abdominal massage (poultry). When males cannot be trained for collection using non-invasive
methods, and if permitted within animal care and use guidelines, electroejaculation may be used. It is
important to note that poultry and stallions should never be collected using electroejaculation, and if
possible, this technique should be avoided with goats (bucks) and used only following administration
of sedation in boars, as they tend to be very sensitive to the electrical stimulation. If the use of an
artificial vagina or electroejaculation is not possible, then alternative methods such as transrectal
ultrasonic-guided massage of the accessory sex glands (Abril-Sanchez et al., 2017, 2018, 2019) or
transrectal digital stimulation (Tekin et al., 2019) has recently been investigated with small ruminants.
With these approaches for semen collection, fewer and potentially no electrical stimuli are used while
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a quality sample may be collected, which may mitigate animal welfare concerns. Likewise,
procedures for pharmacological stimulation of stallions continue to be developed to enable semen
collections from animals that may have idiopathic ejaculatory dysfunction (Cavalero et al., 2020) or
other issues with the collection process. Similarly, pharmacological agents are also being explored to
increase the quality and quantity of semen samples when administered out of an animal’s normal
breeding season (Beracochea et al., 2018, 2020), thus potentially acquiring semen samples more
accessible.

While semen is traditionally collected via ejaculation, alternative methods may also be considered. In
mammals, viable epididymal spermatozoa from excised testes can be obtained from castrated animals
or from animals that experience an untimely death. For seasonal breeders, this technique is best used
during the mating season, but seasonality may not be an issue for animals residing in equatorial
regions. This method has been successfully applied to stallions (Cunha dos Santos et al., 2017),
roosters (Villaverde-Morcillo et al., 2016), rams (Bergstein-Galan et al., 2017), bulls (Turri et al.,
2012), bucks (Turri et al, 2014), boars and other agricultural species.

The quality of the semen sample acquired also depends greatly on collection method and on the
technical knowledge of the staff who perform the collections. For example, proper and gentle animal
handling techniques usually result in the acquisition of a higher quality sample. The sample quality is
also greatly influenced by the genetic background, the physiological state of the males (in or out of
reproductive season), the frequency of semen collection (species-specific), and many environmental
factors such as photoperiod, food and water availability and temperature. All these factors should be
considered prior to sample collection and cryopreservation.

Once collected, the quality of semen samples is evaluated for motility and the integrity of the plasma
membrane and acrosome. In addition, the semen quality can be assigned by kinetics or cytometric,
which raises the issue of establishing a threshold below which a sample will not be preserved or
utilized. It is wise for each gene bank to establish this threshold for acceptability of a sample.
Flexibility with these thresholds may be considered if the animal is from a particularly valuable
population or if the acquisition of additional samples will be difficult. The threshold may also differ
depending on the potential uses for the semen sample (for example, with Al, IVF, ICSI). When
considering these factors, it may be obvious to preserve a high-quality sample. However, when some
or all of these factors are substandard, preservation of a lower quality sample may still be warranted if
there is limited opportunity to acquire a second collection, or if it is from a rare breed or research line.
Furthermore, the type of preservation method should also be considered. Livestock semen is frozen
using a variety of freezing rates specific to each species and following the addition of internal and
external cryoprotectants (CPAS, substances added to media to inhibit cellular damage during freezing
and thawing). The samples are then stored in liquid nitrogen (see Section 6). The goal is for the sperm
to recover their fertilizing ability after the freeze-thaw process so that they can be used to generate
progeny. However, not all samples are of a high enough quality to merit freezing. In such cases, a
semen sample of extremely low quality may still be useful for DNA extraction and genetic analyses,
and thus may have value for gene banking. In this instance, it may be appropriate to store the sample
at -20 to -80 °C in freezers rather than in liquid nitrogen. However, the latter is always a viable option
regardless of the intended use. Depending on storage space, access to liquid nitrogen and the
associated expenses, the species, as well as the expertise of staff in assisted reproductive technologies
(ARTS), dehydration or lyophilization of samples (with ICSI being the intended use) may also be a
viable option in specific circumstances in mammal species (Saragusty et al., 2020a, 2020b). Recent
reports have documented the financial savings of storing samples in this format while obtaining
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acceptable cleavage and blastocyst development rates, thus demonstrating that optimization of these
techniques may come to fruition in the future (Keskintepe and Eroglu, 2021).

As previously noted, the fertility rates with frozen-thawed semen are affected by the species,
cryopreservation medium, cryoprotectant, the male, the breed or genetic line (especially if there has
been significant selection pressure as is the situation with some highly inbred poultry research lines),
factors related to the female of the species that is inseminated (such as age, health, synchronization
protocol and parity) and the type of ART utilized such as Al, IVF and ICSI. Moreover, the interaction
of these influences makes optimization of ARTs for some species challenging, and this is particularly
observed in non-mammalian species such as poultry and honeybees, where low post-thaw sperm
quality, coupled with extended periods of storage in the female following insemination, results in
highly variable and often low fertility rates. For many agricultural species, analysis of these factors
should result in standardization of methodologies so that consistent fertility rates are achievable with
known insemination doses (Spencer et al., 2010). If fertility rates are lower than expected, the sperm
dose, number of inseminations, and the model used to generate progeny (such as through
backcrossing), and the number of backcrosses needed to regenerate a line or breed can potentially be
increased or adjusted, to address the deficiency (Amann and DeJarnette, 2012). These factors should
be considered, by species and breed/line, to ensure that enough samples are acquired based on the
intended application of ARTSs to meet the needs of utilizing the genetic resources encompassing
recreation of populations and genetic analyses.

3.3 OOCYTES AND EMBRYOS

Oocyte cryopreservation is now commonly performed with many species, which makes this a
powerful tool when conserving AnGR because it enables selection of a male (semen) and female
(oocyte) from a collection to create offspring that will meet a current need (such as research goal or
market demand) at the time of use. However, because they are gametes like semen, reconstitution of
an extinct breed would require the use of males from another breed followed by generations of
backcrossing if semen of the extinct breed were not also cryoconserved. Cryoconservation of
exclusively oocytes would also result in the loss of the breed’s Y-chromosome in mammalian species.
Therefore, semen should always be conserved along with oocytes, if possible.

When cryopreserved embryos are considered, their preservation captures the diploid genome of an
animal and can therefore be immediately utilized to meet a particular need in the future. However, the
challenge with embryos is that the re-animated animal may not be able to meet the average level of
production in the future, if a significant amount of time has passed and substantial genetic gains were
achieved for that breed or species. This is particularly relevant for high performing breeds where
selection is actively being applied.

3.3.1 Oocyte cryopreservation techniques

Slow freezing or vitrification are both options for cryopreservation, depending on the species and
developmental state as described in Section 6, i.e. cattle (Do et al., 2019), buffalo (Parnpai et al.,
2016; Liang et al., 2020), goats (Wahyuningsih and Ihsan, 2018), sheep (Menchaca et al., 2016;
Mogas, 2018). Success rates are often low due to the physical properties of the cell (e.g. surface to
volume ratio) and non-optimized protocols that do not consider many critical factors such as the water
or CPA permeabilities (Diez et al., 2012; Mogas, 2018). Improvements in post-warming oocyte
development and IVF rates are being achieved by considering the state of the cumulus oocyte complex



46

at the time of vitrification with cattle (Zhou and Li, 2013; Ortiz-Escribano et al., 2016) and sheep (dos
Santos-Neto et al., 2020), and subsequent favourable post-warming expansion rates have been attained
(> 50 percent, Roméo et al., 2015). Still, conservation of these germplasm types may be expensive for
some programmes, because the costs of the technical expertise needed for collection and preservation
and the costs of the media (reagents, serum, hormones) may be considerable. Moreover, collection of
these types of germplasm may also be challenging and expensive if superovulation or embryo flushing
is utilized. When the success rates for producing live animals from these germplasm sources are low,
then the cost of these activities may not be justified.

Equine oocytes can be harvested from live mares using ultrasound-guided ovum pick-up (OPU).
Mares do not respond to superovulation like other mammals, so either one in vivo matured oocyte, or a
dozen immature oocytes can be collected by OPU per cycle from the dioestrous mare. The latter
technique is more efficient in terms of blastocyst production (Jacobson et al., 2010). Equine immature
oocytes can also be acquired post-mortem from excised ovaries, but it is critical to begin the process
immediately following collection of the ovaries. The ovaries should be slowly cooled to room
temperature and then maintained at 12 °C (Hinrichs, 2018). Following collection, immature equine
oocytes can be held or shipped overnight at room temperature without affecting developmental
competence.

Oocyte vitrification results in greater post-vitrification quality in the horse than slow freezing, and has
resulted in live offspring (De Coster et al., 2020). Currently, vitrification of in vivo matured oocytes
provides the best results, with the first foal reported after oocyte transfer in 2002 (Maclellan et al.,
2002), and a blastocyst rate after in vitro embryo production of 33 percent resulting in live offspring
after embryo transfer (ET) (Maclellan, et al., 2010). However, collection of in vivo matured oocytes
and the current efficiency of the vitrification technique is still limited (De Coster et al., 2020).

Immature oocytes can either be vitrified upon collection in the immature state or after in vitro
maturation (IVM). Vitrification of immature equine oocytes has resulted in blastocyst production
(Ortiz-Escribano et al., 2018; Angel et al., 2020) and the birth of a foal (Ortiz-Escribano et al., 2018),
although efficiency was ten times lower than with fresh oocytes (Ortiz-Escribano et al., 2018).

As with other mammalian species, the primary means of gene banking of pigs is by cryopreservation
of male germplasm, particularly semen. Cryopreservation of oocytes and embryos is also possible, but
the practical use of oocyte and embryo cryopreservation in pigs has been limited by the sensitivity to
cryopreservation and the difficulty of ET technology. Various protocols for the vitrification of porcine
oocytes and embryos have been reported, and the development of a standardized (optimum) protocol
would be beneficial for each. To date, oocyte cryopreservation for gene banking has only been
reported in two local breeds (Varga et al., 2008; Somfai et al., 2019).

Porcine oocytes are most frequently collected by the aspiration of follicles from ovaries removed after
slaughter. However, the harvest of oocytes from live animals is possible by endoscope-assisted OPU
(Brissow et al., 1997) and ultrasound guided OPU (Yoshioka et al., 2020). Porcine oocytes are very
sensitive to low temperatures and do not survive conventional slow freezing methods, but they
respond well to vitrification (Somfai, Kikuchi and Nagai, 2012) and an optimized protocol for the
efficient, rapid and inexpensive vitrification of oocytes in large groups has been developed by Somfai
and Kikuchi (2021). Oocytes vitrified at the immature stage have a higher developmental competence
than those vitrified at the mature stage (Egerszegi et al., 2013). Subsequently, use of vitrified
immature oocytes for in vitro embryo production results has allowed the production of live piglets
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using surgical ET (Somfai et al., 2014; Kikuchi et al., 2016). Another approach was reported by Gajda
et al. (2015) who vitrified oocytes at the mature stage using the Open Pulled Straw method and
obtained piglets by the surgical transfer of warmed oocytes into recipient pigs followed by
insemination.

3.3.2 Embryo cryopreservation techniques

Slow freezing methods have been successfully used for ruminant embryos in breeding and
conservation schemes for decades. Acceptable pregnancy rates have been obtained with intact in vivo
produced (IVP) embryos. However, pregnancy rates have not been satisfactory after slow freezing of
OPU derived IVP embryos, especially if biopsied for genomic selection or some other purpose.
Embryo vitrification has had more promising results, especially for IVP and biopsied embryos, but
additional research is still needed to improve the success rates with cattle, buffalo, goats and sheep
(Diez et al., 2012; Menchaca et al., 2016; Parnpai et al., 2016; Wahyuningsih and Ihsan, 2018; Mogas,
2018; Do et al., 2019). While the efficacy of this ART is improving with these species, it still requires
the use of some form of in vitro processing (such as fertilization, maturation, co-culture, grading or
cloning) which makes it more expensive (labour and resources), and more invasive (requiring ET)
compared with semen preservation and Al.

Equine embryos can either be collected in vivo by uterine flushing or they can be produced in vitro.
Equine in vivo embryos enter the uterus 144-156 h after fertilization, and are characterized by rapid
expansion and the formation of an acellular glycoprotein capsule. Both slow freezing and vitrification
of small embryos (< 300 um) generally result in pregnancy rates of 50 to 60 percent (Squires, 2020).
In contrast, cryopreservation of expanded equine blastocysts has been problematic. Reduction of the
blastocoel cavity fluid by aspiration via micromanipulation, followed by vitrification, has provided a
breakthrough in this field, and pregnancy rates are comparable to those of fresh embryos (Choi et al.,
2011).

The VP of equine embryos has substantially grown in recent years with the worldwide clinical
application of OPU, followed by IVM, intracytoplasmic sperm injection (ICSI), and IVC. The
advantage of IVP is that the embryos can be selected for cryopreservation upon blastocyst formation
when they are still small and have no glycoprotein capsule. Consequently, cryopreservation of equine
IVP blastocysts via either vitrification (Choi and Hinrichs, 2017) or slow freezing (Lazzari et al.,
2020) is very successful, with pregnancy rates similar to the rates obtained by fresh transfer.
Cryopreservation of IVP embryos is routinely performed in the horse, which allows I\VVP outside the
breeding season and facilitates the selection of recipient mares. Equine VP embryos should only be
cryopreserved when they have reached the blastocyst stage, which occurs between day 6 and day 10
following fertilization, adding to the complexity of the techniques. Early developing blastocysts result
in higher pregnancy rates, and should be transferred on day 4 post-ovulation (Cuervo-Arango, Claes
and Stout, 2019). Comparison of the current techniques shows that cryopreservation of IVP embryos
is more efficient than cryopreservation of oocytes for conservation of equine genetic resources.

Similarly, success rates when using porcine embryo technologies have also recently increased. Porcine
embryos can be obtained either in vivo (by flushing out from the reproductive tract after Al) or by
IVP. Although in vivo produced porcine embryos at the blastocysts stage can be preserved by slow
freezing (Fujino et al., 2007), much higher survival rates are obtained by vitrification (Cuello et al.,
2004). In the last decade, highly efficient vitrification protocols have been developed for morula and
blastocyst stage porcine embryos employing chemically defined media (Maehara et al., 2012; Mito et
al., 2015). Also, a pathogen-free closed system without the direct contact to liquid nitrogen (thus
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eliminating the chance for cross-contamination) has been developed (Misumi et al., 2013). Although
early cleavage stages are not optimal for the cryopreservation of porcine embryos (Sanchez-Osorio et
al., 2008), porcine zygotes (at the 1-cell stage) can be vitrified with high efficacy (Somfai and
Kikuchi, 2021).

A promising component within this area of germplasm preservation is the focus on the development of
new devices that either automate the process (Arav et al., 2018) or aid in minimizing the volume of
media during the oocyte and embryo vitrification process (Paul et al., 2018; Chinen et al., 2019;
Olexikové et al., 2020). Additional advantages with the latter devices are that they are inexpensive
and enable the preservation of large numbers of oocytes or embryos at a single time, thus saving time,
money and resources for a laboratory.

3.4 GONADS, TESTICULAR AND OVARIAN TISSUE

3.4.1 Poultry gonads

Historically, most of the biotechnological methods of genetic conservation with poultry have focused
on semen preservation. Female gametes were neglected due to the difficulty of oocyte collection,
manipulation and handling, and because of the impossibility of cryopreservation due to the large size
of the oocyte (from 1 to 10 cm in diameter depending on the species) and because of the volume of the
yolk which constitutes more than 95 percent of the oocyte content.

To circumvent this problem, Song and Silversides (2006, 2007a, 2007b) explored the preservation of
the immature ovary of young chicks at a stage where the oocytes do not yet contain yolk. They
successfully demonstrated that chick ovaries can be transplanted (by allograft) into recipient chicks of
a similar age and, following puberty, the hosts will ovulate mature oocytes from the transplanted
tissue. These oocytes may be fertilized and produce non-chimeric chicks within the first generation.
Similarly, Song and Silversides (2007a) also demonstrated that testes of a young chick could be
vitrified and transferred, and at the time of puberty, the host would produce fertile sperm. More
recently, Liptoi et al. (2020) demonstrated the successful production of chicks from fresh and frozen-
thawed donor ovaries using both commercial and heritage breeds of chickens. A variable amount (8 to
100 percent) of frozen-thawed gonads of a donor were accepted by the host and produced viable
offspring (9 percent). These results depended on the donor x host combination, and the type of gonad
transplanted (testis or ovary). To maximize the probability of a successful outcome, the authors
encouraged testing combinations of breeds prior to full experimentation or reconstitution of
populations, when using limited supplies of vitrified germplasm, because of the incompatibility of
some breed crosses (Liptoi et al., 2013, 2020). The acceptance of testicular tissue was slightly greater
than that of ovarian allografts, although both types could be successfully transplanted.

Although matching donor and host genotypes is certainly a challenge, the greatest obstacle to use this
type of germplasm is acquisition of and proficiency with the surgical skills. Prior experience with
local and general anaesthesia, particularly with poultry, is essential, and experiences with fine surgical
techniques is immensely helpful. Strict attention to the procedures listed in the Appendices for the
acquisition and utilization of this type of germplasm are critical for achieving success.

3.4.2 Non-avian species
Like the cryopreservation of whole gonads, cryopreservation of excised testicular or ovarian tissue
pieces has recently emerged as a viable means of preserving germplasm from prepubertal and sexually
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mature animals. Methods have been developed to slow freeze or vitrify whole, hemi-, pieces or
follicles from ovaries as well as whole, hemi- or pieces of testes (Devi and Goel, 2016). Preservation
of those tissues in those formats has been undertaken in human, wildlife, non-human primates,
domesticated pets, rodents and aquatic species (Dupré et al., 2016; PSenicka et al., 2016), insects
(Fukumori et al., 2017; A. Rajamohan, personal communication, 2020), and agricultural species (Devi
and Goel, 2016). However, the success is highly variable and influenced by the type of tissue (e.g.
whole, hemi-, pieces or follicles), the species and the breed/line within a species (Portela et al., 2019),
the type of cryopreservation process (slow freezing or vitrification), the post-thaw method of
utilization (xenografting, allografting, tissue culture, organ transplantation or ICSI) and the interaction
of these effects (Devi and Goel, 2016).

While births of mice have been commonly reported using frozen-thawed testicular and ovarian tissue
pieces or whole gonads, this is not yet the case for other species. Still, it is important to note that
success with these techniques has resulted in promising blastocyst development rates (Kaneko et al.,
2019) and the birth of live offspring (Kaneko et al., 2013) with pigs, thus demonstrating the promise
that this germplasm preservation method holds. Whole porcine ovaries can also be cryopreserved by
slow freezing (Imhof et al., 2004), and small segments of ovarian tissues can be cryopreserved by both
slow freezing and vitrification (Gandolfi et al., 2006). Furthermore, tissue segments have been
xenografted into immunodeficient mice to harvest mature oocytes that have the ability for normal
fertilization (Kikuchi et al., 2016). However, to date, live piglets have not been produced from
samples cryopreserved using that technology.

For both avian and non-avian species, cryoconservation of gonads shares the same challenge as with
semen and oocytes with respect to chromosomal content. At least under today’s technologies, storage
of either only ovarian or testicular tissue would require generations of backcrossing to restore an
extinct breed to a nearly pure state. Therefore, gene banks that conserve gonadal tissue should either
store both ovarian and testicular tissues, or store the complementary gametes or embryos.

3.5 GERM, STEMS AND SOMATIC CELLS

3.5.1 Preservation of diploid cells for cloning or in vitro formation of gametes
Cryopreservation of stem cells, embryonic and adult cells, induced pluripotent stem cells (iPSCs) and
mesenchymal stem cells (MSCs) will effectively preserve the DNA/genome of any species. Currently,
not all somatic cell types and techniques are effective for regenerating live animals for all species.
Somatic cells can be cryopreserved and used in somatic cell nuclear transfer (SCNT) for reproductive
cloning. Cloning of mammalian livestock species has been successful for many domestic mammalian
species (e.g. cattle, sheep, horses, pigs and goats) by replacing the oocyte nucleus with a somatic cell
nucleus (Wilmut et al., 1997; Cibelli et al., 1998; Baguisi et al., 1999; Polejaeva et al., 2000; Galli et
al., 2003). However, health and development problems have been observed in many of the clones,
which demonstrates the need for further refinement of this methodology. In some countries, cloned
livestock may be an ethical issue that could prevent eventual utilization or require a legal exception.
Nevertheless, the ease and low cost of somatic cell banking may justify their current collection and
storage, while waiting to address ethical issues in the future, when and if they are ever needed.

The hope for future utilization of embryonic stem cells, iPSCs and MSCs is that techniques will be
developed to directly differentiate these cells into either primordial germ cells (PGCs) or functional
gametes (Pieri et al., 2019) which can then be transplanted, or used for artificial insemination, IVF,
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and ET. Certainly, substantial progress has been made in recent years in the ability to collect and
culture stem cells and to induce pluripotency, but because of species differences there is a lack of
understanding of the essential elements necessary to routinely apply this approach in livestock.
Furthermore, because of suboptimal culture conditions to maintain pluripotency, reprogramming of
somatic cells is often unsuccessful (Pessoa et al., 2019, Pieri et al., 2019) and consequently not
practical for conserving genetic diversity. In addition, iPSCs have been used to create live, chimeric
offspring in sheep (Liu et al., 2012) and pigs (West et al., 2010, 2011; Su et al., 2020), which may
attest to the efficacy of the procedures used to generate the iPSCs and the quality of the cells (Sartori
et al., 2012), but to date these somatic cells have not been used to generate true clone (hon-chimeric)
animals (Pessoa et al., 2019). Still, in the mouse it was demonstrated that naive pluripotent stem cells
can differentiate in vitro into functional sperm (Hayashi et al., 2011) and oocytes (Hikabe et al., 2016;
Hayashi et al., 2017), which could be used to produce viable offspring. Potentially, functional gametes
may be generated with iPSCs derived from cryopreserved somatic cells from domestic species, and be
used to produce embryos that can develop into healthy animals after ET.

3.5.2 Primordial germ cells and derivatives

Perhaps some of the most promising recently developed techniques involve the use of PGCs to
preserve chicken germplasm and recreate live non-chimeric chicks. With this technique the PGCs are
typically collected from stage 16 HH (Hamburger-Hamilton) embryos (which amounts to
approximately 2.5 days of embryo incubation), and they can then be successfully cryopreserved or
vitrified (Nakamura et al., 2011) or cultured prior to transplantation to increase the quantity of viable
cells for more than 50 percent success rate (Whyte et al., 2015; Nandi et al., 2016; Wang et al., 2017;
Tonus et al., 2017). Transplantation of the PGCs can be performed to generate chimeras, but these are
randomly created, result in about a 4 percent transmission rate of offspring containing the desired
genotype from transplanted PGCs, and will require multiple generations of back-breeding to recreate a
specific breed or line. While use of the technology in this way is viable, it is currently inefficient and
would require significant amounts of labour and chickens to attain the desired offspring. Recently, a
DDX4 knockout chicken has been created as a result of TALEN-mediated gene targeting. Taylor et al.
(2017) demonstrated that these inefficiencies can be overcome if enough PGCs are transplanted into a
host embryo and the gonad of that host is devoid (sterile) of native PGCs. Then, when a DDX4-
rooster is created, he can be used as part of an Al program to produce sterile female embryos for use
as sterile hosts. PGCs from a donor (fresh or frozen-thawed) can be injected into the sterile host (hen)
embryo, where they migrate to the embryonic gonad and multiply, making the ovary functional
(Taylor et al., 2017). At sexual maturity, the recipient hen is inseminated with sperm of the same
line/breed as the transfected PGCs, and the progeny will be fertile and capable of progenerating the
line. This method is significantly more efficient than creating live chimeric offspring and employing
multiple generations of back-breeding, and results in the production of genetically pure offspring in
the first generation (Woodcock et al., 2019).

A technique similar to the poultry PGCs model has recently been developed for use with mammalian
species. Ciccarelli et al. (2020) demonstrated that spermatogonial stem cells isolated from testicular
parenchyma could be cultured and transplanted into sterile hosts, and those hosts (goat, mouse and
pig) would produce sperm from the donor. Bulls were also tested in similar experiments, and although
donor sperm were not acquired in that research, the prospects are high for applying these technologies
to that species. While transplantation of spermatogonial stem cells and the creation of chimeras have
been demonstrated in other animals (e.g. quail, trout, salmon and zebrafish), the novelty to the
research reported by Ciccarelli et al. (2020) is that it was based on sterility induced by using
CRISPR/Cas9 editing of the NANOS2 gene (knockout), rather than through chemical, environmental
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or radiological means. It resulted in azoospermic hosts that are capable of maintaining donor-derived
spermatogenesis. Moreover, this is the first report of this combination of techniques successfully
producing sperm using livestock species. This combination of results supports the current
preservation of spermatogonial stem cells, even though improvements in the efficiencies of the
techniques are needed. In contrast, research with oogonial stem cells and regeneration of live offspring
has not progressed as rapidly or produced live offspring. Still, Hou et al. (2018) reported that
germline stem cells from porcine ovaries can be isolated, purified, cultured and induced to
differentiate into oocytes when injected into tissue grafts. However, the existence of oocyte stem cells
in mammals is a controversial topic, and many reports demonstrate that they do not exist; thus
validating this finding is requisite.

3.6 RECOMMENDATIONS

3.6.1 Semen

For nearly all livestock species, semen collection and cryopreservation are an inexpensive and
effective option for preserving AnGR. Consequently, based on the easy access to this type of
germplasm, the simplicity of preservation, and the minimal costs associated with these techniques, a
gene bank should endeavour to make semen an integral part of their collection. The gene bank should
also spend a significant amount of time identifying the appropriate species, breeds and males to ensure
that their collection contains the suitable quantities and individuals to meet the country’s AnGR
conservation goals (Sections 1 and 5). When feasible, gene banks should aim to cryoconserve some
complementary material (embryos or oocytes), if they wish to avoid the generations of backcrossing
required for reconstitution of breeds based exclusively with semen.

3.6.2  Oocytes and embryos

The costs associated with preservation of oocytes and embryos (labour, laboratory facilities and
reagents) are considerable and may be prohibitive for some gene banks. As with most types of
germplasm, the success when using cryopreserved-thawed or vitrified-warmed oocytes and embryos
for regenerating live animals is highly dependent on the species, the state of the germplasm (the
developmental state of an oocyte or embryo) when collected or produced, and should be considered
when determining the quantity of samples needed for each species and breed.

3.6.3 Gonads, testicular and ovarian tissue for avian species

Documentation of the success with this technique with vitrified-warmed gonads, rather than with
freshly excised samples, was a critical step in the acceptance of this technique. Research to
understand the genetic components and immune response of the donor and host will further improve
the success rates. Utilization of these methods should be considered if a gene bank has, or has access
to, appropriate surgical expertise and can afford the related expenses. Even if that option is not
currently available, it may still be prudent to preserve gonads from chicks, as the costs of the
collection and preservation activities are minimal. The future benefit is that the offspring derived from
the transplantation are non-chimeric, meaning the desired chicks are created in the first generation thus
eliminating the need for backcrossing.

3.6.4 Gonads, testicular and ovarian tissue for non-avian species

Once optimized, cryopreservation and subsequent grafting of testicular or ovarian tissue could provide
a potentially inexhaustible source of germplasm for the preservation of AnGR. The methods to utilize
these types of germplasm in all species have not been optimized, but should be considered a viable and
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inexpensive means of preserving the genetics of a breed, line or species. Current preservation of this
material is based on a presumed high probability that the methods for its utilization will be developed
in the future (Kaneko et al., 2013, 2019), and issues regarding morbidity and ethics will be resolved.

3.6.5 Germ, stem and somatic cells

Undifferentiated germ cells such as PGCs, especially from poultry, and intermediate germ cells such
as spermatogonial stem cells represent legitimate opportunities that should be pursued. Nuclear
reprogramming strategies that can transform germ, stem or somatic cells into germ cells or gametes
are developing rapidly, but significant improvements are needed. Further research and development
are especially needed in cell culture methods to allow a user to differentiate many of these cell types
into functional gametes. Still, preservation of these cell types, and specifically fibroblasts or general
tissue samples in the form of ear notches, should be pursued with the understanding of their potential
value and utility for the future, while monitoring the technological status of these methods.

3.7 SUMMARY

Successful collection, preservation and utilization of germplasm depends on numerous factors.
However, even though variable results should be expected when utilizing any assisted reproductive
technology, a secure and genetically diverse collection of AnGR can be assembled for all agricultural
species. Moreover, the collection, preservation and utilization techniques can be chosen to match a
country’s or gene bank’s budget, level of expertise and the ethical perspectives of its nation. A
comparison of these factors, by species, is presented in TABLE 3.1 to aid with decision making.

TABLE 3.1
A comparison of germplasm types according to various factors influencing their utility

Proportion of
desired breed

Type of Ease of Cryopreservation = Collection = Utilization Utilization in 1st
germplasm | acquisition expertise costs? expertise costs generation
offspring
(percent)
Semen 2 3 1 1to3° 1to5° 50-100
Oocytes 5 5 5 4 3 50 -100
Embryos 5 5 5 4 2 100
Gonads 2 2 2 5 3 100
PGCs® 4 1 1 5 3to 5¢ <10-100
Somatic cells 1 1 1 2t04° 5¢ 50 -100

Note: The types of germplasm are rated on a relative scale from 1 (lowest/easiest) to 5 (highest/hardest) within
each category. The genetic profile of the resulting offspring is also reported. The information in this table
generally refers to conventional collection from live animals. Collection of epidymal sperm and immature
oocytes from animals after slaughter is a fairly simple and inexpensive procedure, but may not be routinely
applicable in gene banking for conservation, which usually involves healthy animals of high genetic and/or
financial value.

2 Collection costs can vary greatly depending on who performs the collections and cryopreserves the samples.
For example, when semen is considered, the costs of obtaining a sample for a gene bank will vary depending on
whether the semen is acquired from a stud and is already cryopreserved (< USD 0.50/straw), if a sample is
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collected and then sent to a gene bank for cryopreservation (~ USD 1.00/straw), or if the gene bank travels and
performs the collection on-site and cryopreserves the samples (~ USD 15.00/straw). These factors can be
applied to any type of germplasm, and therefore this category considers the inherent costs associated with each
when making the comparisons.

b Dependent upon if semen will be used for artificial insemination, IVF or ICSI.

¢ Only successfully demonstrated with chickens and conditionally with other avians.

dVariable depending on whether the laboratory is in possession of DDX4- hens.

¢ Requires cell culture and transfer of the cells into a host organism, and these methods have not currently been
optimized.

3.8 STRATEGIC CHOICES OF STORED MATERIAL TYPE TO FIT NATIONAL
NEEDS

The wide range in the types of tissues and cells available for cryoconservation offers a practically
infinite number of possible strategies for countries to choose from when addressing their gene banking
goals. Each type of biological samples has its advantages, disadvantages and outright limitations, and
these vary depending upon the species, the cryoconservation and the technical capacity of the country.
No single solution will be appropriate for all countries. In a series of case studies, gene bank managers
from Brazil (Box 3.2), Canada (Box 3.3), China (Box 3.4), France (Box 3.5), Thailand (Box 3.6)
and the United States of America (Box 3.7) describe their choice of stored materials in the context of
their most important livestock species and national goals for management of AnGR.

3.9 EXAMPLES OF THE CHOICE OF GERMPLASM BY COUNTRY

BOX 3.2
The Brazilian Animal Gene Bank

The Brazilian Animal Gene Bank for Animal Genetic Resources was created in 1983 and is located at
Embrapa Genetic Resources and Biotechnology (Cenargen) in Brasilia. It is one of the 42 research
centres of Embrapa (Brazilian Agricultural Research Corporation), which is under the direction of the
Ministry of Agriculture, Livestock and Supply. The gene bank is part of the country’s conservation
programme, which also has an in situ component that is spread nationwide in research centres,
universities and private farms. The gene bank collection includes semen, embryos and fibroblasts as
well as biological material such as DNA, hair and blood samples. The collection includes samples from
approximately 17 000 animals, and represents 87 breeds and 12 species. Real time data can be
accessed through the online information system Alelo Animal/ Animal GRIN (Embrapa, 2021 see also
Section 8). The repository has been mainly used for molecular biology research studies.

Current and future efforts include establishing infrastructure to fast-track legal agreements and
implementing quality standards of the International Organization for Standardization to attract more
interest from farmers, research institutions and industry (see Section 2). In addition, improvements to
boost gene bank management and utilization are also underway. The first improvement will change the
focus of the collection from breeds to species. The majority of the current gene bank samples are
composed of rare local breeds, but going forward, collection activities will also include
cryopreservation of specialized and commercial breeds to enhance the food security of the national
livestock production system. The second improvement to the collection is that all semen samples
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currently in the repository have now been genotyped by medium density DNA chips (tens of
thousands) and this data will be available through Animal GRIN. The third improvement is
implementation of a conservation index to verify if the amounts of germplasm stored are sufficient to
recover a breed, to carry out experimentation, and to enable AnGR exchange with institutions and
breeders. All these changes will be monitored and evaluated over time to adapt the strategy, comply
with the needs of the Brazilian population, and fulfil the main Strategic Priority Actions defined in the
Global Plan of Action for Animal Genetic Resources (FAO, 2007).

Source: Samuel Rezende Paiva
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BOX 3.3
The Canadian Animal Pedigree Act and cryoconservation activities

Production of Canadian livestock used for food relies on the producers and industries. To assist them
with breed improvement, Canada's government (Canada, 1988) adopted the Animal Pedigree Act
(APA) to regulate the establishment of livestock associations and maintain breed registration
records/pedigrees. One of the advantages of the APA is that the status of a breed can be monitored to
identify those breeds at risk or endangered, and then actions can be taken to conserve Canadian
livestock genetics. In addition, a conservation programme — Animal Genetic Resources of Canada
(AnGRC) - is available for livestock associations or industries with mission to preserve germplasm or
gonadal tissues from Canadian purebred animals (Canada, 2021). Typically, frozen semen or embryos
are sent to AnGRC’s facility at no cost to the donor, and when frozen germplasm of a purebred animal
is not available, AnGRC can collect and freeze semen samples on farm. Electro-ejaculation is the
preferred method to harvest sperm cells. This collection process does not require the training of an
animal, and the genetic material can be rapidly retrieved and analysed. Each step of the germplasm
preservation process is demonstrated to producers for their education, which also serves as a tool to
promote the preservation programme. Each produced dose must contain enough viable sperm cells to
be used for artificial insemination to generate a new progeny. Sample acquisition requires that the
owner complete consent forms which release the doses to the AnGRC group (see Section 9). Then half
of the semen doses preserved by the AnGRC group can be returned to the donor to improve its herd or
flock’s breeding management, while the other samples become the property of the Canadian
government. All information regarding the animal and the collection are entered into the Canadian
Animal GRIN database, which can be consulted by the public. Only livestock associations or industries
may request access to the doses stored in the Canadian repository, but they must demonstrate that the
genetic material is not available on the Canadian market and the release of doses will benefit the breed.
Consequently, AnGRC is a tool for Canadian producers and industries and strives to preserve their
animal breeds.

Source: Carl Lessard
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BOX 3.4
The Chinese animal germplasm collection

The Chinese animal germplasm collection (China, 2021) provides a means to address the current
reduction in genetic diversity of domestic livestock and poultry genetic resources, as well as to
diminish the risk of resource destruction caused by the deterioration of ecosystems. The collection
activities will allow for the rescue of endangered species, the recovery of populations, and maintenance
of the diversity of domestic animal germplasm. These activities will lead to a better exploration and
utilization of potential germplasm and genetic resources, which can then be used for the creation of
new breeds or lines to meet the need of sustainable farming development.

Semen is the main form of germplasm preserved in China across all species. Because of the utility of
cryopreserved semen (Al, ICSI, sperm-sexing technology), high-quality sperm can be used to breed
targeted females or oocytes to manage the genetic diversity of a breed or create new breeds.

The successful application of in vitro embryo technologies to 16 livestock species in China makes
embryo conservation very appealing. This form of germplasm is especially attractive because embryos
contain the complete nuclear and mitochondrial genome of their parents. Then, when utilized, they
enable recreation of a founder population for a breed in one generation. Similarly, the use of oocytes is
considered practically equivalent to embryos, but when coupled with frozen semen, in vitro
fertilization, and semen sexing, it enables more precise and timely selection of the quality of
germplasm that is used and the sex of the offspring.

Somatic cells are considered to be most effectively preserved in conjunction with gametes and
embryos. Somatic cell nuclear transfer technology has already been used to restore species. Somatic
cells can also be used to produce IPSCs, which can be differentiated into gametes for preservation and
used to create new breeds by gene-editing. Although both somatic cells and stem cells can be used to
generate animals through nuclear transfer technology, which can regenerate populations of endangered
animals and preserve genetic resources, stem cells are considered superior to somatic cells because of
their greater potential for cellular differentiation.

DNA (tissue) analysis assists in improving gene bank management and population restoration, and can
be used to identify potential germplasm samples, functional gene exploration to discover superior
genetic variation, and as a tool for creation of new breeds or lines. The tissue is mainly used for
identifying physiological and biochemical indicators, intestinal flora, and other quality traits, as well as
for the acquisition of somatic cells, DNA, RNA and protein. While creation of animals exclusively
using DNA is not currently possible, the gene bank preserves somatic cells, nuclear DNA and tissue for
long-term preservation and scientific utilization, especially when semen and embryos are difficult to
obtain from rare or endangered breeds, wild relatives and breeding groups across China.

A forward-looking type of information that is also utilized in China is via digital preservation. The
structure of the physical animal body is digitized through the integration of information technology and
biotechnology. This kind of new “germplasm” can be used to meet diverse requirements such as
digitization of the information in multiple dimensions to provide virtual reality services and
experimental animal models for future use.

Source: Xueming Zhao
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BOX 3.5
The French National Cryobank of Domestic Animals

The mission of the French National Cryobank of Domestic Animals is to manage the constitution, the
conservation and the distribution of domestic animal germplasm collections (France, 2007). More
specifically, the mandate states that the gene bank is responsible for restoring rare lines/breeds
following catastrophic events, reintroducing genetic variability in populations in combination with ex
situ/in situ conservation, aiding in genetic selection activities, creating new resources, and developing
tools for research.

At this point in the programme’s history, the main use of the bank has been via the semen collections.
These collections have enabled the reintroduction of genetic variability in small populations of rare
breeds and lines of pigs (Blanc de I’Ouest, Bayeux, Cu noir, Limousin, Basque pigs), sheep
(Avranchin, Berrichon de I’Indre), horses (Cob normand, Trait Poitevin Mulardier), and chickens
(INRAE R+ experimental lines). Reintroduction of genetic variability was also achieved using the goat
embryo collection (Caprin Créole).

Increased use of the collections is foreseen in the future, and the cryobank has consequently developed
a specific interface through our web portal which is a consortium of French gene banks for animal
germplasm (CRB-Anim, 2020). This portal offers the opportunity to view the contents of the
collections, provides a tool to identify germplasm that should be stored, and includes a simulation tool
to assess the impact on performance and predict the level of inbreeding when a particular sample of
germplasm is used.

Source: Elisabeth Blesbois

BOX 3.6
The Cryobank of Animal Genetic Resources in the Philippines

The Cryobank of Animal Genetic Resources was established in the Philippine Carabao Center (PCC),
Science City of Mufioz, Nueva Ecija, the Philippines, in 2012. This supports the existing genetic
improvement program for livestock and the response to the threats posed by climate change, through
the Department of Agriculture of the Philippines and the support of the Korean International
Cooperation Agency.

Strategies to run the Cryobank consist of various components, including the collection of animal
genetic resources, preservation, data banking, provision of access to stored samples, and
implementation of information and dissemination campaigns. Adherence to these strategies is closely
monitored to attain the objectives set for this purpose.

The Cryobank aims to preserve the diversity of animal genetic resources (AnGR) of indigenous
species, and introduce breeds that have economic importance and exhibit adaptable and resilient traits
towards diseases and environmental elements in the country. To accomplish this, cryobanking focuses
explicitly on: (i) securing the biodiversity conservation of animal genetic resources; (ii establishing the
phenotypic and genotypic characteristics of animals to be cryoconserved,; (iii) establishing and
maintaining inventory and records of the genetic materials being cryoconserved; and (iv) continuing
the state-of-the-art cryopreservation techniques.
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The Cryobank facility is capable of long-term storage of frozen semen in storage tanks applied and
maintained with liquid nitrogen. This is being done for future utilization in sustaining the supply of
buffalo genetics to farmers, livestock breeders and other interested clients. AnGR germplasms came
from superior breeds of buffaloes managed with good nutrition and were identified with good
physiological and reproductive qualities. As of January 2021, the collection of cryopreserved semen
and oocytes are from various species, which are 91.31 percent buffaloes, 8.41 percent cattle,

0.28 percent caprine, and 0.01 percent swine. DNA samples and cryopreserved whole blood cells from
various species are also preserved as genetic sources for molecular analysis in genetic diversity studies,
species identification and other research outputs.

However, the number of species and breeds of animals is still meager to represent the animals' genetic
diversity in the Philippines. As such, the Cryobank is moving forward to pursue advancements in
documenting, promoting, and strengthening linkages and information relative to Philippine livestock
breeds, including their cultural heritage and social importance. This is feasible through the initiatives
on: (i) duplication of the facility with AnGR stores in other sites in the country or international gene
bank through international collaboration; (ii) provision of necessary training of more researchers and
technicians with technical knowledge in cryopreservation and molecular techniques; (iii) provision of
online access to the AnGR Information System to AnGR providers and other stakeholders; and (iv)
strengthening legal policies, pertaining on Cryobanking activities.

The AnGR banking programme envisions establishing a national repository of germplasm and
biological samples from diverse livestock species and breeds, threatened and wild animals, and
indigenous species that will sustain the genetic diversity animals in the Philippines. With this, the
Cryobank will pave the way to sustain various animals' genetic diversity in the Philippines in the
future.

Source: Lilian P. Villamor

BOX 3.7
EXx situ conservation in Thailand

The Department of Livestock Development (DLD), Ministry of Agriculture and Cooperative is
required to follow Thailand’s 20-year National Strategic Plan. Specifically, this operational plan for
biodiversity management includes the policy to conserve the genetics of animals, plants and
microorganisms, using in situ and ex situ conservation.

The ex situ conservation of animals includes the following materials:

o Frozen semen from dairy and beef cattle, native cattle and buffalo that have been developed at
semen production centres serving the farmers. DLD facilities include a frozen semen storage
centre that preserves samples for commercial entities and for preservation of livestock genetic
diversity in general. The cryopreservation of pig semen is currently being explored.

o Frozen embryos are conserved from dairy and beef cattle, native cattle, buffalo and goats for
genetic improvement and maintenance of genetic diversity.

e Tissue and DNA samples are collected for both research and biodiversity needs from all
livestock species. DLD also cooperates with the Office of Natural Resources and
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Environmental Policy and Planning, Ministry of Natural Resources and Environment for the
development of a database for banking genetics (Biotec, 2021). The permanent DNA storage
facility is managed by the National Science and Technology Development Agency.

Source: Rangsun Parnpai

BOX 3.8
The National Animal Germplasm Programme of the United States of America

The National Animal Germplasm Programme (NAGP) is the programme of the government of the
United States of America charged with the conservation of animal genetic resources. Since the
programme’s inception in 1999, the government has realized that an active gene bank would be
required to acquire and store a variety of tissue types for current and future use, where future use may
include presently unthought-of options. A key element of the programme is that germplasm samples
and tissues are given to NAGP by small and large livestock producers and corporations with no
compensation, and owners generally forego their rights to the germplasm. Because the many
components of the livestock industry openly sell semen, either in a fresh or cryopreserved form,
choosing semen as a primary germplasm type for the repository was viewed as a cost-effective
approach. In addition, embryos for cattle, sheep, and to a lesser extent, swine, have been acquired,
again, at no cost to the programme. For chickens, the tissue types collected have evolved over time.
Initially, semen was collected and cryopreserved, but the homogametic nature of avian males
underscored the need to seek other paths for conservation. This has included collection and
cryopreservation of primordial germ cells, and ovaries and testes for transplantation. Oocytes for swine
have been acquired experimentally, which upon use may minimize the problem of genetics becoming
obsolete over the course of decades. While the above tissue types have been collected as a means to
reconstitute populations or reintroduce lost genetics, other tissues have been collected. For example,
blood has been collected and stored for health tests. Genotyping animals in the collection is
accomplished by using semen, blood or various tissue types (such as heart); thereby making the
repository a one-stop shop for stakeholders (USDA, 2021).

Source: Harvey Blackburn
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