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v

The international development community and governments are striving to achieve 
the Sustainable Development Goals (SDGs), including the eradication of hunger, by 
2030. The imperative of generating and disseminating the solutions that work for 
farmers as means to achieve the SDGs provides the backdrop for FAO’s Strategic 
Framework 2022-2031. The Strategic Framework aims to transform current sub-
optimal agricultural and food systems to become more efficient, inclusive, resilient and 
sustainable as envisaged in its four aspirations: better production, better nutrition, 
a better environment and a better life. 

With about 80 percent of food being plant-based, these efforts will benefit greatly from 
sustainable crop production systems, which generate increased yields of nutritious food 
with fewer external inputs than are currently the case, even under worsening climate 
change scenarios. One critical element of such systems is a diverse suite of progressively 
superior crop varieties that are input use-efficient, nutritious, adapted to target 
agroecologies, and resilient to biotic and abiotic stresses. Plant breeders need access to 
the widest possible spectrum of the sources of heritable variations in order to breed such 
crop varieties. Plant genetic resources for food and agriculture (PGRFA) – which include 
improved crop varieties, farmers’ varieties/landraces and the wild relatives of crops – 
are the sources of such variations. The safeguarding of characterized and documented 
PGRFA in genebanks is a reliable means to ensure their availability to current and future 
generations – both for direct use and for research and plant breeding. 

FAO and partners have been cognizant of the critical importance of effective genebank 
operations to sustainable crop production systems. In addition, in recognition of the 
global interdependence on PGRFA, facilitated through the exchange of germplasm, the 
need for the harmonization of genebank procedures has always been at the forefront of 
FAO’s work on the conservation and sustainable use of PGRFA. This was why FAO, through 

Foreword
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its Commission on Genetic Resources for Food and Agriculture, published the Genebank 
Standards for Plant Genetic Resources for Food and Agriculture (Genebank Standards) in 
2014. The Genebank Standards provide international standards for ex situ conservation 
of PGRFA in seed genebanks, field genebanks, in vitro culture and cryopreservation. 

Deemed a seminal reference material, one of the feedbacks provided by genebank 
practitioners was that the utility of the Genebank Standards would be enhanced through 
the development of companion volumes that detail the action steps of the genebank 
workflow in a sequential manner and provide guidance on the complex steps and 
decisions required. In response to this feedback, FAO developed the Practical guide for the 
application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture: 
Conservation via in vitro culture. In addition, the Practical guide for the application of the 
Genebank Standards for Plant Genetic Resources for Food and Agriculture: Conservation 
of orthodox seeds in seed genebanks and the Practical guide for the application of the 
Genebank Standards for Plant Genetic Resources for Food and Agriculture: Conservation in 
field genebanks have also been developed. 

These companion volumes, prepared in an easy to understand format, will be useful 
for genebank technicians as operational handbooks; for genebank managers as 
streamlined instructional materials and for all interested in genebank operations, a handy 
reference material.

Jingyuan Xia 
Director 

Plant Production and Protection Division
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Preface

The ex situ conservation of plant genetic resources for food and agriculture (PGRFA) in 
genebanks is aimed at safeguarding them for use by current and future generations – 
both directly by end users and as materials for research and plant breeding. Genebanks, 
therefore, ultimately contribute to sustainable crop production systems and hence, food 
security and nutrition. However, genebanks must be managed effectively in order to 
conserve these resources in optimal conditions and making them available for use. 

Genebanks also play a major role in fostering global collaboration on PGRFA through 
germplasm exchange, including across national boundaries. The Genebank Standards for 
Plant Genetic Resources for Food and Agriculture (Genebank Standards), published in 2014, 
aimed at the harmonization of genebank operations, i.e. the storage of the accessions, 
their characterization and evaluation and the documentation of associated data, across 
genebanks and countries. The Genebank Standards set the benchmark for current 
scientific and technical best practices. 

Addressing an identified need for the articulation of the stepwise activities of routine 
genebank operational workflows, the Practical guide for the application of the Genebank 
Standards for Plant Genetic Resources: Conservation via in vitro culture was developed. 
Endorsed by FAO’s Commission on Genetic Resources for Food and Agriculture at its 
Eighteenth Regular Session in 2021, this Practical Guide presents the information 
contained in the Genebank Standards in a format that presents the action steps of 
genebank workflow in a sequential manner. The series of interrelated operations 
presented, are based on the underlying principles of genebank management, namely: 
identification of accessions, maintenance of viability, maintenance of genetic integrity 
during storage and regeneration; maintenance of germplasm health; physical security of 
collections; availability, distribution and use of germplasm; availability of information; and 
proactive management.



x

The sections included in this practical guide are: acquisition of germplasm; in vitro culture 
and slow-growth storage; recycling and rejuvenation; characterization and evaluation; 
documentation; distribution; safety duplication; and security and personnel. A summary 
diagram of the associated workflow and activities supports each of these operations. An 
additional section considers the suggested infrastructure and equipment for designing or 
modifying the facilities for in vitro genebanks. A final section provides a list of references 
to provide guidance and/or technical background on in vitro genebank operations 
and management. An annex identifies the potential risks associated with the different 
genebank operations and their respective proposed preventive measures.

This practical guide is part of a series of publications conceived as companion volumes 
to the Genebank Standards aimed at facilitating their more widespread application. 
Genebank managers may use the practical guide as a basis for the development of 
standard operating procedures, quality management systems or, simply, as a handbook.
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Many field and horticultural crops as well as agroforestry species are difficult or 
impossible to preserve as seeds. These include: species that only produce recalcitrant 
seeds with a short lifespan in seed storage; species for which seed production may take 
many years, as is the case for many tree species: species that are heterozygous and 
therefore do not produce true-to-type seeds; and species that do not produce seed at 
all and are vegetatively propagated. Other examples include males of dioecious species 
and rare plants that are under threat of overgrazing and for which time to produce seeds 
before the population totally vanishes is limited. In vitro conservation offers an option for 
these species. Additionally, in vitro techniques provide a germplasm storage procedure 
that combines the possibility of disease elimination with that of rapid clonal propagation, 
thus providing a means by which germplasm can be safely exchanged and distributed. 

In vitro slow growth storage techniques are being routinely used for medium-term 
conservation of numerous species of both temperate and tropical origin, including crop 
plants (e.g. potato, yam and cassava), and rare and endangered species. Germplasm can 
be stored for between several months and 2–3 years without subculture, depending 
on the technique used and the genotype of the plant material. 

In vitro genebanks are underpinned by the same principles as other genebanks, namely 
identification of accessions, maintenance of viability, maintenance of genetic integrity 
during storage and regeneration, maintenance of germplasm health, physical security 
of collections, availability, distribution and use of germplasm, availability of information 
and proactive management (FAO, 2014: Chapter 2). 

Conservation in genebanks by means of in vitro culture can be broken down into a series 
of interrelated operations (Figure 1). This practical guide for conservation in genebanks 
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by means of in vitro culture presents practices and activities1 critical to each operational 
area (Table 1). It outlines workflows for routine genebank operations for conservation 
via in vitro culture (Figure 2), and supports the application of the Genebank Standards 
for Plant Genetic Resources for Food and Agriculture (Genebank Standards) (FAO, 2014).2 
The purpose of this guide is to present the information contained in the Genebank 
Standards in a format that details the actions of the genebank workflow in a sequential 
manner and thereby facilitates more widespread adoption of the Genebank Standards. 
Genebanks may use the activities outlined in this guide as a basis for the development 
of standard operating procedures (SOPs) (IITA, 2012) and quality management systems 
(QMS) (CGIAR Genebank Platform, 2021) for conserving these germplasm collections, 
defining in detail how to carry out each activity. 

This booklet only provides general guidance on the complex steps and decisions 
required when operating a genebank for in vitro culture. Each genebank will have its 
own circumstances, and the efficient management of particular collections will require 
careful consideration and procedural adjustments based on experience. For detailed 
technical specifications of the steps outlined in this guide, genebank staff will need to 
consult various sources of information, a few of which are referenced in this booklet.

Figure 1. Major operations for conservation via in vitro culture

1 Practices and activities follow best practices as outlined in the Genebank Standards.
2 All standards referenced throughout the document are described in the FAO Genebank Standards.
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1. Introduction

Table 1: Underlying principles and related genebank operations for in vitro genebanks
 

Genebank principle Summarized genebank operations 

Identity 
of accessions 

Passport data collected and recorded

Taxonomic identity verified

Permanent and unique accession number assigned and used in all 
documentation

Accessions handled carefully to avoid mixing, and all samples labelled 
and tracked through genebank operations and in the laboratory, field and 
greenhouse/screenhouse 

Maintenance 
of viability 

Best practices followed and timing optimized during collection, processing, 
introduction into in vitro culture and slow-growth storage, regeneration and 
transportation

In vitro culture and slow-growth storage conditions optimized and monitored

Germplasm health monitored regularly

Recycling/rejuvenation undertaken when necessary

Maintenance 
of genetic integrity 

Collection and maintenance of samples conducted in a manner that ensures they 
represent the original population as much as possible

Best practices followed during packaging, introduction into in vitro culture and 
slow-growth storage and recycling/rejuvenation

Genetic stability evaluated

Maintenance 
of germplasm health 

Quarantine procedures undertaken when needed

Best practices followed during collection, processing, introduction into in vitro 
culture and slow-growth storage, regeneration and transportation

Contamination monitored and managed in the laboratory and in the field or 
greenhouse

Physical security 
of collections 

Risk management strategy developed and implemented

Appropriate genebank infrastructure in place and maintained 

Accessions safety duplicated/safety backed up 

Availability and use 
of germplasm 

Germplasm acquired and distributed according to legal and phytosanitary 
requirements

Sufficient inventory and efficient and timely dispatch of samples ensured

Relevant documentation provided to recipients of genebank material

Availability 
of information 

Genebank information management system in place

Passport and accession-management data secured by regular data backups

Passport and other relevant data available and accessible to external users, as 
far as possible

Proactive 
management 
of genebanks 

Standard operating procedures developed and available to staff

Data and information generated during genebank activities available to managers 
and staff 

Well-trained staff employed and protected by occupational safety and health 
measures 

Genebank staff capacities kept up to date and training provided as necessary 
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Figure 2. Flow of germplasm in a genebank for in vitro conservation. 
Note: Each step is associated with proper documentation.
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The genebank is recommended to have documented policies and/or procedures, as 
applicable, for acquiring germplasm, which include abiding by legal, phytosanitary and 
other regulations and requirements.3

 ✔ Decisions to accept germplasm into a genebank’s collection are guided by the 
institute’s acquisition policy.
The development of an acquisition policy ensures that collections remain 
manageable and meet users’ needs (Guarino, Rao and Reid, eds., 1995). 

 l Genebank curators may interact with breeders, botanists and other scientists 
before deciding on new acquisitions. Institutes may also have a crop-specific or 
general advisory committee in place. 

 l The health and viability status of collected or donated samples, availability 
of passport information (taxonomic identity, origin of the germplasm, etc.) 
and sample “uniqueness” (to avoid unnecessary duplicates) should also be 
considered in the decision-making process.

 ✔ Germplasm added to the collection is legally acquired and accompanied by all 
relevant documentation.4

The process of germplasm acquisition is governed by national and international 
regulations such as phytosanitary/quarantine laws, the International Treaty on Plant 
Genetic Resources for Food and Agriculture (Treaty) or the Convention on Biological 
Diversity (CBD) for genetic resources access.

 l The genebank should communicate with the National Focal Points for the Treaty 
or other designated authorities on questions concerning germplasm acquisition.

3 See Figure 3 at the end of this section for a summary diagram of the workflow and activities for acquisition of 
germplasm.

4 Standard 6.1.1.



Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

10

 ✔ A permanent and unique accession number is assigned to each sample added 
to the genebank collection. 
Once the curator decides to accept a sample into the genebank, a unique accession 
number must be assigned. 

 l A Digital Object Identifier (DOI) can also be requested from the Secretariat of 
the Treaty (FAO, 2021a). Both the accession number and the DOI remain with all 
material derived from the accession during all genebank handling. 

 l If donated material has an accession number assigned by the donor organization, 
a DOI or both, keep these as alternative identifiers in the passport data. This is 
a critical means of ensuring the unambiguous association of information with 
the material.

 ✔ Germplasm added to the genebank collection is accompanied by the associated 
data outlined in the FAO/Bioversity Multi-Crop Passport Descriptors.5

It is recommended that all samples, whether obtained through collection missions 
or donation from other institutes, be accompanied by the associated data detailed 
in the FAO/Bioversity Multi-Crop Passport Descriptors (Alercia, Diulgheroff and 
Mackay, 2015).

 l The associations of data with the single accession must be clear, for example 
through the use of accession numbers and/or DOI. 

 ✔ All acquisition data, including associated metadata, are recorded, validated 
and uploaded to the genebank information management system.
Consider the use of electronic devices to avoid transcription errors and for ease of 
uploading. Otherwise, the use of indelible ink (or pencil) and clear, legible writing 
are necessary when recording data. The use of barcode labels and barcode readers 
facilitates accession management and minimizes human error. 
 

2.1 Germplasm acquired through collecting missions

 ✔ A clear strategy for germplasm collecting missions is developed according to 
the institute’s mandate.
Setting collection priorities prior to any collection mission is essential. It is 
recommended that a collecting proposal be developed that clearly states the 
purpose of the collecting mission, the target location and the methodology. It may 
be appropriate and useful to:

 l emphasize the importance of conducting inventories and gap analyses in order 
to prevent duplicates and of having a clear strategy for collecting missions that 
considers national inventories and gap analyses; 

 l establish a collaboration with an institute or experts from the targeted area and 
abide by regulations for collecting in that area; and

5 Standard 6.1.2.
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 l plan the mission well in advance to ensure best practices and compliance with 
regulations and requirements.

 ✔ Collected germplasm is legally acquired and accompanied by all relevant 
documentation.6

The process of germplasm acquisition is governed by national and international 
regulations. The following information could assist in ensuring compliance with 
these regulations: 

 l The genebank should communicate with the appropriate designated authorities 
when there are questions regarding germplasm acquisition. 

 ¡ For collecting missions in other countries, it may be necessary to contact 
the National Focal Points for the Treaty or other designated authorities for 
germplasm acquisition. 

 ¡ For collecting missions in the genebank’s country, it may be necessary to 
contact the national competent authority in order to ensure understanding 
of and compliance with national and local regulations. 

 l Collecting permits from national, regional or local authorities, as appropriate, 
may be required for collecting crop wild relatives or semi-domesticated 
germplasm in natural populations in situ.

 l When collecting from farmers’ fields/stores or community areas, including some 
natural habitats, prior informed consent (PIC) may be required and mutually 
agreed terms (MAT) (see CBD, 2018) determined, according to relevant national, 
regional or international laws and regulations. 

 ✔ The genebank abides by national, regional and international phytosanitary and 
any other import regulations and requirements from the relevant authorities.7

When germplasm is moved there is a risk of accidentally introducing plant pests 
and diseases along with the host plant material. The following steps may help 
mitigate such risks while ensuring compliance with regulations and requirements:

 l for materials collected in another country, obtaining a phytosanitary certificate 
from the provider country and an import permit from the relevant authorities in 
the genebank’s country (see IPPC, 2021);

 l passing samples through the relevant quarantine process before they are 
transferred to the genebank, if required; and

 l processing collected materials in containment or in an isolated area, according 
to the advice of the national phytosanitary authority.

6 Standard 6.1.1.
7 Standard 6.1.1.
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 ✔ Collecting missions are scheduled at the optimum stage of maturity/growth 
and propagules are collected from visibly healthy plants, devoid of disease 
and insect pest infestations or other damage.8 
It may be necessary to engage a local expert if the species is not known to genebank 
staff in order to ensure the quality and viability of the collected sample, whether 
vegetative or recalcitrant seeds (or their fruits). Collecting late-season recalcitrant 
seeds of any species should be avoided. Whole fruits of uniform maturity status 
should be collected from the parent plants prior, but as close as possible, to natural 
abscission. Avoid collecting fallen fruits from the ground, especially those showing 
damage or signs of weathering. Seasonality is a consideration for the collecting of 
bulbs, tubers and woody species. 

 ✔ Propagules/explants are collected from an appropriate number of individual 
plants,9 but the depletion of the natural population targeted for collecting 
is avoided. 
The breeding system of the target species may be taken into consideration in order 
to define the number of plants to sample within a population and the type and size 
of the propagule (see SGRP-CGIAR, 2011).

 l It is recommended to harvest from at least 30 individuals for cross-fertilizing 
species and 60 individuals for autogamous species, if possible. 

 ¡ If collecting recalcitrant seeds, the sample size for collecting will usually be 
limited compared to orthodox seeds. Nevertheless, all attempts should be 
made to maximize the genetic diversity of the target population. 

 ¡ For roots and tubers, collect a minimum of four propagules for each sample, 
more if culturing techniques for that species are not reliable (Dansi, 2011). 

 ¡ If collecting woody stems, increase sample size to allow for any problems 
(and therefore losses) in decontamination. Approximately 5–10 cuttings/
propagules per plant has been recommended (see Thompson, 1995).

 l Note: Collecting in vitro materials offers an alternative for germplasm collection 
and transport, and is particularly useful for species that are vegetatively 
propagated and for those with recalcitrant seeds or embryos, which deteriorate 
rapidly. However, transportation times will still have to be minimized. 

 ¡ Explants collected in vitro are often surface-decontaminated using 
70 percent ethanol, followed by NaOCl or commercial bleach that generally 
contains about 3  percent active chlorine. Alternative sterilants, such as 
dilute solutions of 0.5–2 percent (weight/volume) calcium hypochlorite, may 
also be used. After decontamination, the explant is usually trimmed to a 
final size for transport, including removal of the dead zones caused by the 
sterilizing solution penetrating the cut surfaces. See Pence and Engelmann 
(2011) for additional guidance on in vitro collecting techniques.

8 Standard 6.1.3.
9 Standard 6.1.3.
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 ✔ Collected samples are labelled and are not mixed during handling.
Use indelible ink or computer-generated labels (preferably with barcodes), if 
possible, on the sample packet to label the sample. Placing labels both inside and 
outside a seed packet is a good practice. Protecting inside labels from deterioration 
is useful if the seed/plant material is not dry. It is recommended to keep a journal 
with all collection numbers assigned to each samples and additional information, 
as required.

 ✔ Collected germplasm is accompanied by the associated data outlined in the 
FAO/Bioversity Multi-Crop Passport Descriptors.10

A standardized collecting form is helpful for collecting the associated data for each 
sample obtained. Each sample is assigned a collection number so the samples can 
be linked to the collected information. Collecting the following information may be 
considered:

 l Taxonomic identification at species and intraspecific levels if possible, plant 
population type, habitat and ecology, soil conditions at the collecting site, GPS 
coordinates and photo images in order to provide curators and users of the 
germplasm with an understanding of its original context.

 l Associated data for each sample obtained as detailed in the FAO/Bioversity Multi-
Crop Passport Descriptors (Alercia, Diulgheroff and Mackay, 2015; see Box 1).

 l Information on origin of the germplasm, traditional knowledge, cultural 
practices, etc., if collecting from farmers’ fields/stores.

 l For any herbarium voucher specimen obtained as a reference from a population 
(for example wild species), it is important to use the same collection number 
as that of the collected sample and associate it with the accession number in 
the database.

 
 

Box 1: Minimum passport data

As a minimum, collecting forms should contain:

 l Collection number

 l  Collecting institute name/code

 l  Taxon name, as detailed/specific as 
possible

 l  Common crop name

 l  Location of collecting site

 l  Latitude of collecting site

 l  Longitude of collecting site

 l  Elevation of collecting site

 l  Date of collecting

 l  Biological status (wild, weedy, landrace, 
etc.)

10 Standard 6.1.2.
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 ✔ The period between collecting and processing and then transferring to the 
genebank is as short as possible to prevent loss and deterioration of the material.11

Recalcitrant seeds are sensitive to desiccation and chilling injury. Water loss curtails 
storage life span. Similarly, clonal stocks do not retain viability for a long period of 
time and vegetative propagules decay easily and quite fast. Transport in tropical 
countries, where high temperatures and humidity prevail and where transport may 
be difficult, slow and uncertain, can be the most challenging. Under such conditions, 
special care must be taken to ensure that samples are not left in the sun and are 
stored under shade at all times.

 ✔ The choice of packaging material and transport allows for safe and timely delivery.
The time needed for document processing, shipment/ transit time and conditions 
(temperatures and/or humidity) should be taken into account in order to ensure 
that the material reaches the destination genebank in good condition. The following 
considerations may decrease the risk of germplasm loss after collecting missions:

Packaging
 l Precautions should be taken to avoid risk of fungal or insect attacks during shipment.

 ¡ If a pest has been observed and correctly identified, it may be necessary 
to apply pesticide before packaging. Avoid any unnecessary chemical 
treatment, as it may be harmful to the collected samples.12 If applied, declare 
treatments on each package and in accompanying documentation.

 l For recalcitrant seeds, it is important that water content be maintained upon 
collecting and during transport by maintaining high relative humidity (RH) in the 
storage containers. 

 ¡ Where possible, recalcitrant seeds are best transported within the fruits, 
both for protection and to avoid dehydration. 

 ¡ For species with very large fruits or fruits that can be easily damaged during 
transport, extracting seeds and surface disinfection before packaging 
should minimize fungal proliferation.

 l Scions are best packed in sterile cotton or other suitable material in a perforated 
plastic bag to ensure sufficient air exchange.

 l Rigid cushioned envelopes or insulated packaging should protect samples from 
crushing by mechanical mail sorters and deterioration (in the case of fleshy fruits). 

 l If available, in vitro plantlets are a safe way of moving germplasm. In vitro 
collected samples should be placed in sterile transparent watertight sealable 
plastic vials and packed firmly, but not too tightly, in a box or carton, with 
addition of crumpled paper or polystyrene material to protect against shocks.

11 Standard 6.1.4.
12 Many of the fruits of plants with recalcitrant seeds are contaminated with fungi, even when they are not 

visible. Surface disinfection must therefore be carried out prior to transport.
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Transport
 l For long transit times by road, periodic aeration of the collected material may 

be necessary as a precaution against viability lost.
 l Sending shipments by the fastest means possible, either by airfreight or by 

courier, should avoid deterioration of sample quality and long exposure to 
adverse environmental conditions.

 l Continuous tracking of the package, if possible, will ensure genebank staff are 
prepared to process the samples upon their arrival at the genebank. 

 l Note that for some crops, such as Musa and cocoa, shipment of material 
through transit or quarantine centres in non-producing third countries may be 
the best solution.

 ✔ All incoming material is checked for damage/contamination in a designated 
reception area (e.g. plant health unit) and processed in a way that does not alter 
the physiological status.13

 l Low-quality or contaminated plant materials are not planted directly in the field.
 l Decontamination activities, such as treating samples with a surface disinfectant 

agent, are used to remove all adherent microorganisms, taking into account any 
decontamination treatment given prior to packaging and transport.

 l Quarantine measures are applied as necessary.

 
2.2 Germplasm acquired through transfer/donation 

 ✔ Donated germplasm is legally acquired and accompanied by all relevant 
documentation.14

 l If the donating institute is from a country that is a signatory to the Treaty and 
the donated germplasm includes crops or species listed under Annex 1 of the 
Treaty (FAO, 1995), it is necessary to use a Standard Material Transfer Agreement 
(SMTA) (FAO, 2021b;c). 

 l If the donating institute is from a country that is not a Contracting Party to the 
Treaty or if the germplasm is not covered under Annex 1, a Material Transfer 
Agreement (MTA) is usually used (e.g. AVRDC, 2012), though a SMTA could also 
be used.

 l For donations from institutions, plant breeders, or other germplasm providers 
without an MTA, it may be useful for the genebank to have a donor agreement 
spelling out the conditions of germplasm transfer to the genebank.

13 Standard 6.1.5.  
14 Standard 6.1.1.
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 ✔ Donated germplasm is accompanied by the associated data outlined in the 
FAO/Bioversity Multi-Crop Passport Descriptors.15

It is recommended to request donors that samples be accompanied by the 
associated data detailed in the FAO/Bioversity Multi-Crop Passport Descriptors 
(Alercia, Diulgheroff and Mackay, 2015; see Box 1).

 ✔ The genebank abides by national, regional and international phytosanitary and 
any other import regulations and requirements from the relevant authorities.
When germplasm is moved there is a risk of accidentally introducing plant pests 
and diseases along with the host plant material. The following steps may help 
mitigate such risks while ensuring compliance with regulations and requirements:

 l for materials from another country, obtaining a phytosanitary certificate from 
the provider country and an import permit from the relevant authorities in the 
genebank’s country (see IPPC, 2021);

 l passing samples through the relevant quarantine process before they are 
transferred to the genebank, if required; and

 l processing donated materials in containment or in an isolated area, according 
to the advice of the national phytosanitary authority.

 ✔ All incoming material is checked for damage/contamination in a designated 
reception area (e.g. plant health unit) and processed in a way that does not 
alter the physiological status.16

 l Low-quality or contaminated plant materials are not planted directly in the field.
 l Decontamination activities such as treating samples with a surface disinfectant 

agent are used to remove all adherent micro-organisms, taking into account any 
decontamination treatment given prior to packaging and transport.

 l Quarantine measures are applied as necessary.

15 Standard 6.1.2.
16 Standard 6.1.5.  
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Figure 3. Summary diagram of the workflow and activities for acquisition of germplasm 

Acquisition of germplasm

Germplasm added 
to the collection 
is legally acquired 
and abides by 
national, regional 
and international 
phytosanitary and 
any other import 
regulations and 
requirements

- Follow legal requirements: national regulations, 
International Treaty on Plant genetic Resources (Standard 
Material Transfer Agreement); Conventional on Biological 
Diversity (prior informed consent and mutually agreed 
terms)

- Follow phytosanitary requirements: import permit; 
phytosanitary certificate

Germplasm is 
acquired through 
collecting missions

- Develop a clear strategy for germplasm collection missions 
according to institute’s mandate

Germplasm is 
collected in own or 
other country

- Develop collecting proposal 
- Obtain collecting permits 
- Schedule collecting mission at the optimum stage of 

maturity/growth
- Collect germplasm based on breeding system
- Avoid depleting natural population
- Collect from visibly healthy plants
- Surface-decontaminate explants collected in vitro
- Assign collection number for each sample 
- Use FAO/Bioversity Multi-Crop Passport Descriptors 
- Obtain any additional information available (farmers; 

community)
- Collect herbarium vouchers/images
- Carefully label and avoiding mixing samples 
- Ensure short interval between collecting and transfer 

to genebank 

Germplasm is 
packaged and 
transported to 
genebank

- If required, apply pesticides before packing
- Use rigid, insulated packing material 
- Ensure timely document processing
- Check import permit requirements
- Use airfreight or courier shipment
- Use transit centres for some species, as applicable/

necessary
- Track package if sent by courier 

Germplasm is 
received through 
donation

- Verify minimum passport data 
- Ensure identification number for each sample
- Practice careful labelling and avoiding mixing samples

Samples are 
received at 
genebank and 
added to the 
collection

- Consult institute’s acquisition policy to guide decision 
to accept material into collection

- Check samples and send for processing, including 
phytosanitary

- Ensure surface decontamination or quarantine, if necessary
- Assign a unique accession number to sample
- Request DOI from International Treaty on Plant Genetic 

Resources for Food and Agriculture/donor institute

Record, validate and upload all acquisition data, including associated metadata
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The genebank should have a documented policy and/or procedure, as applicable, 
for in vitro culture and slow-growth storage, including guidelines and methodologies 
for explant identification, initiation into in vitro culture, recycling/rejuvenation, media 
composition, and both light and temperature regimes.17

 
A. In vitro culture

 ✔ The culture media composition for initiating the explant in vitro and for 
multiplication is determined according to the species.
It may be necessary to carry out a literature review to investigate whether conditions 
for in vitro culture have been established for the target genotype or any related 
species. In most cases, modifications to published techniques will be required or 
new techniques developed for taxa not cited in the literature.

 ✔ The appropriate type of explant and the optimum time (growth stage and 
physiological age of parent plant) for initiation into culture are determined 
for a particular genus or species from the literature or by experimentation.
There are various types of explants frequently used for initiation into culture: nodal 
segments, apical meristems, roots, cotyledons, embryos, leaf discs, leaf blades, 
pedicles, petioles, anther, ovaries, etc.

 ✔ Explants are free from known diseases and microbial contaminants.
To ensure viable and disease-free establishment, the following practices should 
be considered: 

 l obtaining explants from vigorous and healthy mother plants; 

17 See Figure 4 at the end of this section for a summary diagram of the workflow and activities for in vitro culture 
and slow-growth storage.
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 l indexing mother plants to determine the presence/absence of known viruses: 
 ¡ routine indexing procedures include enzyme-linked immune-sorbent assay 

(ELISA), polymerase chain reaction (PCR), reverse transcriptase PCR (RT-PCR) 
and non-radioactive probe-based nucleic acid spot hybridization (NASH) 
techniques were developed and validated for routine testing (Selvarajan et 
al., 2009); 

 l applying surface decontamination methods to eliminate contaminants from 
explants excised from field-grown or greenhouse-grown material (ex vivo):

 ¡ examples include sterilizing using bleach solution, hot water treatment and 
treatment with ozone dissolved in water (Umber et al., 2020);

 l transferring explants to a rich detection medium, which favours micro-organism 
growth and therefore allows for early determination of contamination, and 
treatment or elimination of contaminated cultures (see Reed and Tanprasert 
1995; Reed et al., 2004); and

 l if necessary, regenerating in vitro plantlets from virus-infected plants and using 
various chemical or thermotherapy techniques to produce virus-free material 
before long-term conservation.

 ✔ Once successfully initiated into culture, the accession is multiplied for either 
normal growth (active growing conditions) or slow growth storage. 
In vitro cultures serve as sources of disease-free materials for distribution and 
multiplication and as a source of explants for cryopreservation. Regular monitoring, 
and safe removal and disposal of infected materials, is essential.

Rapid propagation of selected materials is necessary for research or distribution. It 
is important to note that the multiplication rate strongly depends on the genotype 
of the accession and is influenced by the composition of the medium (particularly 
the cytokinin concentration), the explant size, age of culture and the size of the 
culture vial (SGRP-CGIAR, 2010a).

 ✔ Any cultures exhibiting somaclonal variation are discarded.
Somaclonal variation is the result genetic or epigenetic changes that arise in vitro 
among clonal regenerates and their corresponding donor plants (see Leva and 
Rinaldi, 2017). The occurrence of somaclonal variation during in vitro culture has a 
negative effect on the rapid production of clonal plants for distribution and cultures 
in which this has happened must be discarded.

 ✔ Culture containers are clearly labelled following genebank practice.
Information on labels could include accession number, date of introduction and 
line number (number of cuttings from the accession). 
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B. Slow-growth storage

 ✔ Slow-growth storage conditions are optimized for the target species.18 
It may be necessary to carry out a literature review to investigate whether conditions 
for slow-growth storage conditions have been established for the target species or 
genotype, or any related species. If this information is not available, then conditions 
will have to be established by experiment. Standard protocols have been published 
and can be used for guidance.19 Slow-growth storage conditions can include:

 l Physical growth limitation, including: (a) low temperature; (b) low light/restricted 
photoperiod; (c) minimal containment; (d) minimal O2; and (e) osmotic (water) stress.

 l Chemical growth limitation, including: (a) growth regulator retardation and 
(b) growth inhibitors.

 l Nutrient limitation, including: (a) low macronutrient levels and (b) low 
micronutrients levels.

 l Avoidance of the formation of callus and other abnormalities, such as 
hyperhydration, and somaclonal variation.

 ¡ Material for in vitro conservation maintained as whole plantlets or shoots20 
can avoid hyperhydricity. 

 ¡ Techniques for avoiding hyperhydration include culturing on a medium 
containing 6-bensyladenine (BA), kinetin (Kin) or thidiazuron (TDZ) 
(Badr-Elden et al., 2012), and modifying the ratio of NH4+/NO3 (see Ivanova 
and Van Staden, 2009; El-Dawayati and Zayed, 2017).

 ¡ Avoiding the excess use of growth regulators in media can reduce the 
possibility of later callus formation in storage and thus minimize the risk of 
somaclonal variation. Avoiding too many subcultures can also decrease the 
risk of somaclonal variation.

 ✔ Germplasm for storage is selected from young cultures that have not been 
subject to too many subcultures in order to minimize the chance of selecting 
a variant plant.
As the storage capacity of in vitro cultures strongly depends on the initial quality of 
the cultures, the following practices are encouraged:

 l visually assessing the general performance of each culture using the following 
criteria prior to selection for slow growth storage: vigour and absence of fungal 
and bacterial contamination, chlorosis, blackening or tissue necrosis;

 l discarding contaminated and low-quality cultures immediately; and
 l propagating cultures onto a new medium if all cultures under evaluation have 

been found to be below standard because at least one of the above criteria is 
not met.

18 Standard 6.4.1.
19 See further information/reading section.
20 Standard 6.4.2.
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 ✔ The optimum storage conditions are selected by visually assessing the 
general performance of each culture using the following criteria: vigour, 
fungal and bacterial contamination, chlorosis, blackening, tissue necrosis, 
hyperhydration and etiolation. 
Optimum storage conditions are minimal growth conditions that prove to be 
acceptable for most genotypes. Not all accessions and genotypes will respond 
equally well to the applied conditions. For cold-tolerant species, storage conditions 
often range from 0 to 5 °C; the lowest temperatures tolerated by many tropical 
species often range from 15 to 20 °C.21

 ✔ The number of replicates to put into storage is determined.
It is important to maintain a sufficient number of replicates per accession to ensure 
that genetic integrity is maintained,22 taking into account: (a) cost; (b) potential 
risks (the greater the risks, the larger the sample size); (c) the duration between 
subculture periods and how the slow-growth conditions affect the propagation 
potential (number of shoots/nodes available for multiplication after storage); and 
(d) the purpose of the collection (active or base). If an accession only produces a 
few plants per subculture and is used for active distribution, more replicates will be 
required than if the accession is solely in a backup collection. 

 ✔ Culture containers are clearly labelled following genebank practice.
Information on labels could include accession number, date of introduction and 
line number (number of cuttings from the accession). 

 ✔ Regular monitoring is carried out to detect and remove those in vitro cultures 
that exhibit any variation from whole plantlets, including somaclonal 
variation, contamination, hyperhydration, etc.23

 ✔ All in vitro culture and slow-growth storage data, including associated 
metadata, are recorded, validated and uploaded to the genebank information 
management system.
Data to consider include: type of explant; explanting/culture initiation date; initiation/
establishment medium; multiplication medium; rooting medium; slow-growth 
storage medium; number of replicates for slow-growth storage; performance 
indicators for in vitro culture and slow-growth storage; number of subcultures and 
duration of subculture period; and any specific growth characteristics, such as 
callus formation during storage and tendency to become hyperhydrated. Consider 
the use of electronic devices to avoid transcription errors and for ease of uploading. 

21 See Section 6.4 of the Genebank Standards. 
22 This will vary depending on species.
23 Standard 6.4.3. 
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Otherwise, the use of indelible ink (or pencil) and clear, legible writing are necessary 
when recording data. The use of barcode labels and barcode readers facilitates 
accession management and minimizes human error. 

Figure 4. Summary diagram of the workflow and activities for in vitro culture 
and slow-growth storage

In vitro Culture and Slow-growth Storage

Appropriate and species-
specific in vitro culture 
techniques are applied

- Determine culture media composition for 
initiating the explant in vitro and multiplication 
according to the species

- Determine appropriate type of explant and the 
optimum time for initiation into culture

- Ensure explants are free from known diseases 
and microbial contaminants 

- Multiply accession once successfully initiated into 
culture

Appropriate and 
species-specific 
slow-growth storage 
techniques are applied

- Optimize slow growth storage conditions for the 
target species

- Select young cultures that have not been subject 
to too many subcultures for storage

- Determine optimum storage conditions by 
visually assessing the general performance of 
each culture

- Determine number of replicate to put into 
storage  

Appropriate management 
practices are used to 
ensure genetic integrity 

- Clearly label culture vessels 
- Regularly monitor in vitro cultures 
- Remove any cultures exhibiting any variation 

from whole plantlets or shoots, including 
somaclonal variation, and contamination, etc. 
removed 

Record, validate and upload all in vitro culture and slow-growth storage data, 
including associated metadata
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The genebank should have a documented policy and/or procedure, as applicable, for 
recycling and rejuvenation, including guidelines and methodologies for monitoring, 
subculturing, acclimatization and transfer to the field.24

 ✔ Inventory and health of samples in in vitro culture and slow-growth storage 
are monitored regularly.
The genebank information management system ideally includes automated tools 
for checking inventory and accession health, and flagging accessions requiring 
recycling and rejuvenation. It is also important to take practical considerations into 
account in order to avoid handling an overwhelming number of accessions.

 
Recycling:

 ✔ Subculturing is carried out at the end of the storage cycle, when accessions 
show obvious signs of deterioration and/or when stock becomes low and 
there is a need for multiplication or safety duplication.
Accessions should be regularly monitored for signs of necrosis. At the end of a 
storage cycle, new cultures are best placed for a short period under optimal 
conditions to encourage regrowth before the start of the next storage cycle. For 
security of collections, it is prudent to maintain a few viable and healthy cultures of 
the previous subculture cycle as “spare materials” until the newly subcultured set 
is healthy and growing.

24 See Figure 5 at the end of this section for a summary diagram of the workflow and activities for recycling and 
rejuvenation.
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 ✔ Genetic stability is periodically assessed by means of visual assessment and 
transfer to the field for morphological observations or by using cytological or 
molecular techniques.
It is important to develop a system for monitoring quality, viability, stability and 
contamination. Once the material has been in storage for a given time, quantitative 
and qualitative monitoring criteria should be used to assess the viability of an 
accession and to identify when it should be subcultured.

 
Rejuvenation:

 ✔ Those cultures requiring rejuvenation (transfer of accessions to the greenhouse 
and field, followed by re-initiation into tissue culture) are determined. 
Cultures that are too old and have gone through too many cycles of recycling 
are rejuvenated. The timing of when rejuvenation is required will depend on the 
genotype and the in vitro conditions. 

 l Often, a threshold value is established based on experimentation (or is known 
from the literature). A threshold value is the number of cultures for a given 
genotype at which experiments have shown vigour declines and/or cultures 
become too old.

 l If the number of cultures reaches this threshold, the accession should be 
transferred to the greenhouse or field for rejuvenation and re-initiation into 
tissue culture.

 ✔ In the case of contamination of all replicates, material is subjected to 
rejuvenation and/or a decontamination treatment.
Surface decontamination can be carried out using 70  percent ethanol, followed 
by NaOCl or commercial bleach that generally contains about 3  percent active 
chlorine. Alternative sterilants, such as dilute solutions of 0.5–2  percent (weight/
volume) calcium hypochlorite, can also be used. 

 ✔ Selected germplasm undergoes an acclimatization process prior to transfer 
to the greenhouse or field.
The progressive change of environment before the transfer to field conditions is 
called acclimatization or hardening, and includes first planting pots in a greenhouse 
environment. A number of practices are recommended, including:

 l selecting plantlets showing well-developed root and shoot systems 
for acclimatization;

 l removing any media from roots before planting in pots; and
 l using sterile soil or planting medium.
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 ✔ Appropriate field management and cultural practices are applied.

 ✔ Optimal procedures are used to minimize risk to the genetic integrity of the 
accession.
Accessions with the same characteristics as the original genotype are considered 
true-to-type. Assess trueness-to-type by comparing morphological and taxonomic 
characteristics of the plants with those of the original accession. Ideally, accessions 
are grown in a field collection next to the original mother plant.

 l True-to-type accessions can be re-established in in vitro culture. 
 l Accessions identified as off-types with no value, or accessions that are found to 

be mislabelled, must be discarded and replaced with the original true-to-type 
material from the donor source.

 l Note: Using field established plants to rejuvenate the accession in storage 
would require re-indexation for viruses, as the plants could have been exposed 
to them.

 ✔ All recycling and rejuvenation data, including associated metadata, are recorded, 
validated and uploaded to the genebank information management system.
Data to consider include inventory, date of subculture, date of initiating 
acclimatization, planting date, greenhouse and field cultural practices used, date 
of reinitiating into culture, etc. Consider the use of electronic devices to avoid 
transcription errors and for ease of uploading into the genebank information 
management system. Otherwise, the use of indelible ink (or pencil) and clear, legible 
writing is required when recording data. The use of barcode labels and barcode 
readers facilitates accession management and minimizes human error. 
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Figure 5. Summary diagram of the workflow and activities for recycling 
and rejuvenation

Recycling and rejuvenation

Need for recycling 
is determined by 
regular monitoring and 
assessment of accessions

- Subculture accessions at the end of the storage 
cycle or when there is a need for multiplication or 
safety duplication

- Recycle when inventory below threshold
- Recycle when obvious signs of deterioration or if 

genetic stability is in question 

Appropriate recycling 
practices are followed 

- Use appropriate and species-specific in vitro 
culture techniques (culture media, type of 
explant, time for initiation into culture, explants 
free from known diseases and contaminants)

Need for rejuvenation 
is determined by 
regular monitoring and 
assessment of accessions

- Rejuvenate cultures that are too old and have 
gone through too many cycles of recycling 

- Rejuvenate in the case that all replicates show 
contamination 

Appropriate rejuvenation 
practices are followed 

- Acclimatize germplasm prior to transfer to the 
greenhouse/screenhouse or field

- Use appropriate field management and cultural 
practices

Genetic integrity of 
accessions is maintained

- Use field/greenhouse/screenhouse maps
- Clearly label culture vessel or field/greenhouse/

screenhouse pots
- Verify trueness-to-type in the field
- Discard any off-types or accessions found to be 

mislabelled and replace with original true-to-type 
material

- Use isolation measures as needed

Record, validate and upload all recycling and rejuvenation data, 
including associated metadata



5. Characterization 
and evaluation



©
Cr

op
 T

ru
st

/N
ei

l P
al

m
er

Evaluation of pineapple germplasm in vitro, CePaCT Fiji



35

The genebank should have a documented policy and/or procedure, as applicable, for 
characterization and evaluation of germplasm, including step-by-step instructions 
describing sampling techniques, experimental designs, descriptors used (taxonomic, 
morphological, phenotypic, biochemical, nutritional, physiological and molecular) and 
the manner in which the data are collected and validated.25

 ✔ Characterization and evaluation data are obtained for as many accessions as 
possible and as soon as possible.
Ideally, all accessions should be characterized and evaluated to maximize 
their utility. It is essential that staff be well trained in data recording, evaluation 
techniques carried out in vitro and field work.. In reality, genebanks are usually 
only able to evaluate subsets of their germplasm. It is therefore helpful to 
collaborate with national or international research organizations, with field stations 
in different agroecological environments, or with members of national or regional 
genetic resources networks. If germplasm is shared for evaluation purposes, it is 
recommended that a request be made for data to be sent back for inclusion in the 
genebank information management system.

 ✔ Characterization and evaluation of most traits are carried out when accessions 
are taken out of in vitro conditions.
Taking accessions out of in vitro conditions provides an opportunity for 
characterization and evaluation data to be generated in the greenhouse or field. 
If germplasm is shared for evaluation purposes, it is recommended that a request 
be made for data to be sent back for inclusion in the genebank information 
management system.

25 See Figure 6 at the end of this section for a summary diagram of the workflow and activities for 
characterization and evaluation.
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 ✔ Evaluation is carried out under in vitro conditions for certain easily screened 
traits, such as salt and drought tolerance.
The correlation between evaluation data from in vitro and field conditions should 
be established first.

 ✔ Germplasm is characterized for a set of highly heritable morphological traits, 
and species-specific characterization procedures are based upon standardized 
and calibrated measuring formats and categories, following internationally 
agreed descriptor lists as much as possible.
The use of standardized crop descriptor lists and calibrated and standardized 
measuring formats enables the comparison of data across institutions and 
countries.26 A wide range of crop descriptor lists has been developed, for example 
by Bioversity International (2018), the International Union for the Protection of 
New Varieties of Plants (UPOV, 2011), and the National Plant Germplasm System 
(NPGS) of the United States of America (USDA-ARS, 2021). If there are no existing 
descriptor lists for a species, it is recommended to use Bioversity International’s 
Guidelines for Developing Crop Descriptor Lists (Bioversity International, 2007). It 
may be helpful to consider: 

 l using reference accessions in the same field to facilitate scoring;
 l using herbarium specimens and possibly digital high-quality voucher images 

to guide true-to-type identification, including taxonomic identification and 
verification, if needed;

 l observing and documenting the homogeneity/heterogeneity of an accession is 
important; and

 l taking measurements at the plant level rather than at the plot level for crops 
with high levels of variability in order to capture information about the variability 
between plants of the same accession.

 ✔ Experimental designs with replicates are used and evaluations conducted in 
different environments and/or over multiple years.27 
Traits measured during evaluation, such as yield and plant height, are mostly 
inherited through a large number of genes and therefore quantitative and subject 
to considerable environmental interaction. Consequently, they are more difficult 
to measure. Because of the strong genotype by environment (G x E) interactions, 
traits such as yield (and its components) are site-specific. Best practices to consider 
include:

 l defining and identifying check accessions or varieties to be included in the 
statistical design and used over time, as they facilitate comparisons of data 
collected across locations and years; 

 l working with plant breeders and other specialists (for example, virologists, 
entomologists, mycologists, plant pathologists, chemists, molecular biologists 

26 See Standard 5.6.3.
27 See Standard 5.7.3.
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and statisticians) to agree on the traits to be evaluated, the accessions that will 
be tested and the experimental designs to be implemented; 

 l using appropriate screening protocols to make sure that internationally validated 
protocols are respected;

 l creating both hard and electronic copies of field maps developed before 
planting; and

 l clearly labelling plots (preferably with bar-codes).

 ✔ Evaluation data are presented using appropriate methods. 
The use of standardized crop descriptor lists and calibrated and standardized 
measuring formats enables the comparison of data across institutions and 
countries. Data are either presented as discrete values (e.g. scores for severity of 
disease symptoms or symptoms of abiotic stresses) or as continuous values (e.g. 
length, height, weight) based on measurements.

 ✔ Molecular marker technologies and genomic tools for characterization are 
utilized if resources are available, complementing phenotypic characterization. 
Molecular markers help ensure the identity of plants and help identify mislabelled 
plants and duplications. They are also highly useful in detecting genetic diversity 
and parentages within and among accessions. Molecular markers are stable 
and detectable in all tissues. Molecular marker technologies include DNA-based 
markers and direct sequencing; determining the best method to use will depend 
on need and resources.28 Molecular characterization may be outsourced to 
specialized laboratories.

 ✔ All characterization and evaluation data, including associated metadata, 
are recorded, validated and uploaded to the genebank information 
management system.
Data to consider include descriptor measured and results, date recorded, staff 
responsible, laboratory techniques (molecular, etc.) and dates carried out. Consider 
the use of electronic devices to avoid transcription errors and for ease of uploading 
into the genebank information management system. Otherwise, the use of indelible 
ink (or pencil) and clear, legible writing is required when recording data. The use 
of barcode labels and barcode readers facilitates accession management and 
minimizes human error. 

 ✔ Relevant characterization and evaluation data are made publicly available.
Making selected data publicly available to potential germplasm users at genebank, 
country, regional and global levels will serve to enhance germplasm use (see 
documentation section). The publishing of characterization and evaluation data is 
therefore highly recommended.

28 A number of resources on the various molecular marker technologies available are available online and in 
print. Please see Further Information/Reading. 
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Figure 6. Summary diagram of the workflow and activities for characterization 
and evaluation

Characterization and evaluation

Characterization and 
evaluation data are 
obtained for as many 
accessions as possible and 
as soon as possible after 
acquisition

- Ensure staff are trained in field morphological 
characterization and data recording

- Seek collaboration with national or international 
research organizations or regional genetic 
resources networks

Characterization and 
evaluation of most traits 
are carried out when 
accessions are taken out 
of in vitro conditions

- Use appropriate experimental design with check 
(control) accessions or varieties

- Create field/greenhouse/screenhouse maps 
before planting and clearly label plots/pots

Evaluation is carried out 
in vitro for certain easily 
screened traits

- Establish correlation between evaluation data 
from in vitro and field conditions

Germplasm is 
characterized and 
evaluated using 
standardized crop 
descriptor lists 
and calibrated and 
standardized measuring 
formats 

- Use reference accessions in the same field to 
facilitate scoring

- Use herbarium vouchers/photos and to support 
true-to-type verification

Molecular markers 
and genomic tools for 
characterization and 
evaluation are used if 
resources are available 

- Molecular characterization can be outsourced 
- If desired, work with molecular breeders to 

identify marker–trait associations

Relevant characterization 
and evaluation data are 
made publicly available to 
enhance use

- Publish characterization and evaluation data to 
enhance germplasm use

Record, validate ad upload all characterization and evaluation data and images
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The genebank is recommended have a documented policy and/or procedure, 
as applicable, for managing genebank data and information, including 
data-sharing guidelines.29

 ✔ A genebank information management system is developed specifically for 
the genebank or one of the several systems available is used/adapted. 
The genebank information system is ideally designed to manage all the data and 
information generated relating to all aspects of the in vitro conservation and use 
of germplasm, including passport, and in vitro culture and slow-growth storage, 
regeneration, characterization, evaluation and management data and metadata. 
Built-in automated tools for checking inventory and propagule/plantlet health, and 
flagging accessions requiring regeneration, should be available. 

GRIN-Global has been developed by USDA-ARS, the Global Crop Diversity Trust 
and Bioversity International to enable genebanks to store and manage information 
associated with plant genetic resources, and is freely available (GRIN-Global, 2021). 
Other systems include the AVRDC Vegetable Genetic Resources Information System 
(AVGRIS) (AVRDC, 2021), the German Genebank Information System (GBIS) (GBIS/I, 
2021) and Alelo developed by the Brazilian Agricultural Research Corporation 
(Embrapa) (Embrapa, 2021). 

 ✔ International data standards are adopted to provide consistency in data 
shared among different information systems and programmes. 
Recording the passport data of accessions using the FAO/Bioversity Multi-Crop 
Passport Descriptors (Alercia, Diulgheroff and Mackay, 2015) and the use of 

29 See Figure 7 at the end of this section for a summary diagram of the workflow and activities for 
documentation.
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standardized, internationally agreed, crop-specific descriptors for characterization 
and evaluation30 facilitate data exchange and comparison of accessions across 
different countries and institutions. Passport data are ideally available for all 
accessions in the genebank collection.31 

A unique and permanent accession number is a key element of proper 
documentation and identification. The voluntary use of Digital Object Identifiers 
(DOIs) (Alercia, Diulgheroff and Mackay, 2015; FAO, 2021a) is an additional option 
for information sharing across different information systems and different 
communities but cannot replace the assignment of the genebank’s unique and 
permanent accession number.

 ✔ Mobile devices are used to capture data, if possible. 
The use of barcoding facilitates all aspects of genebank management, 
especially documentation. 

 ✔ Data recorded on paper are digitalized and measures are put in place to check 
hand-written and electronic data entries for transcription errors. 

 ✔ All data and information generated relating to all aspects of conservation 
and use of germplasm, including images and metadata, are validated and 
uploaded to the genebank information management system.32

Having trained staff responsible for data recording and data entry in close 
collaboration with documentation officers and germplasm collection curators 
supports quality control. It would be useful to have staff members that are assigned 
specific responsibility for managing the genebank information management system, 
including keeping data up to date at all times. Validation of data by genebank 
curators and documentation officers before being uploaded into the genebank 
information management system is recommended. 

 ✔ Data are publicly available in a search-query database, if possible.
Publishing data on the genebank holdings increases opportunities for use of 
germplasm and therefore gives value and prestige to genebanks. It may not be 
possible for all genebanks to maintain a web portal for external access to collection 
information. An option is to provide information through Genesys, an international 
global portal managed by the Global Crop Diversity Trust (Crop Trust, 2021). 
Genesys allows accession data from genebanks around the world to be shared, 
and facilitates the ordering of germplasm. It includes accession-level passport, 
characterization and evaluation data as well as environmental information 
associated with accession collecting sites. Another option for making the passport 

30 See characterization and evaluation section.
31 Standard 6.6.1.
32 Standard 6.6.3.
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6. Documentation

data of genebank accessions publicly accessible is provided by the FAO World 
Information and Early Warning System on Plant Genetic Resources for Food and 
Agriculture (WIEWS) (FAO, 2021d). By serving as the data repository for the plant 
indicator of Target 2.5 of the Sustainable Development Goals (United Nations, 
2021), WIEWS stores and publishes accession-level passport data for the largest 
global inventory of ex situ collections (FAO, 2021e).

 ✔ Data are duplicated (backed-up) at regular intervals and stored at a remote 
site to guard against loss from fire, computer failure, data breach, etc.
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Figure 7. Summary diagram of the workflow and activities for documentation

Documentation

A suitably designed genebank information management system is used

International data 
standards are adopted for 
consistency in data sharing 

- Use FAO/Bioversity Multi-Crop Passport Descriptors
- Consider using Digital Object Identifiers (DOIs)
- Ensure all data are kept up to date

Mobile devices are used to 
capture data, if possible

- Use barcoding to facilitate accession management 

Data recorded on paper are 
digitalized 

- Check handwritten and electronic data entries for 
transcription errors.

in vitro culture and slow-
growth storage activities/
data are recorded

- Regularly update physical inventory 

Slow-growth storage 
inventory data are regularly 
updated - Use built-in automated tools to check inventory 

and viability, and flag accessions requiring 
regeneration

Recycling and rejuvenation 
activities/data are recorded

Characterization and 
evaluation data are 
documented

- Record and make molecular and genomic data 
available, if applicable/possible 

Germplasm orders, 
distribution information 
and user feedback are 
documented

Safety duplication data are 
documented

Data are publicly available, 
possibly though a search–
query database

Data are duplicated (backed 
up) at regular intervals and 
stored at a remote site for 
security reasons 
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The genebank is recommended to have a documented policy and/or procedure, as 
applicable, for the distribution of germplasm, including the review process for checking 
for fulfilment of legal, phytosanitary and other regulations and requirements, and step-
by-step instructions for consignment preparation, post-consignment follow-up and 
reporting to the Secretariat of the Treaty or a National Focal Point or other designated 
authority, as necessary.33 

 ✔ The genebank complies with national, regional and international regulations 
and agreements.34 
The process of germplasm distribution is governed by national and international 
regulations. The genebank should communicate with the appropriate designated 
authorities when there are questions regarding germplasm distribution. The 
following information should assist in ensuring compliance.

 l The genebank should communicate with the Secretary of the Treaty or a National 
Focal Point or other designated authority if other countries are involved in 
germplasm distribution.

 l If the genebank’s country is a signatory to the Treaty and germplasm of crops or 
species listed under Annex 1 of the Treaty (FAO, 1995) is being distributed for 
the established intended uses (i.e. research, breeding and training for food and 
agriculture), it is necessary to use a SMTA (FAO, 2021b; c). 

 l If the genebank’s country is not a Contracting Party to the Treaty or if the 
germplasm is not covered under Annex 1, it is recommended that an agreement 
be reached with the recipient on the terms and conditions of germplasm 
distribution – covering, for example, the use and onward sharing of the material 

33 See Figure 8 at the end of this section for a summary diagram of the workflow and activities for distribution 
of germplasm.

34 Standard 6.7.1.
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or its derivatives, data reporting, etc. An MTA is usually used (e.g. AVRDC, 2012), 
though an SMTA could also be used.

 ✔ A policy is in place for the number of plantlets to distribute for any given species. 
The average size of sample distributed by in vitro genebanks is approximately 3–5 
plantlets per accession. For accessions with too few plantlets at the time of request 
and in the absence of a suitable alternative accession, samples are supplied after 
regeneration, based on a renewed request. For some species and for some uses, a 
smaller number of plantlets is sufficient.

 ✔ The capacity of the recipient to adequately manage in vitro material is 
assessed, if possible. 
Ensuring that the distributed germplasm sample will be efficiently used is an 
important step in managing resources. Often a simple questionnaire will provide 
the information needed to assess this.

 ✔ The distributed germplasm is of high quality. 
It may be necessary to subject material to rejuvenation and/or a decontamination 
treatment if all replicates are contaminated.

 ✔ Conditions for the transfer of material are established between the genebank 
and the recipient and adequate means of re-establishing plants from in vitro 
culture are confirmed.35

Recipients should have the means to transfer the materials either to pots or to the 
field. Alternatively, arrangements should be made with other institutes to ensure 
successful transfer. Genebanks can share information on handling germplasm with 
recipients to facilitate use.

 ✔ Required documentation is requested and obtained.
Import permit regulations, which specify phytosanitary and any other import 
requirements, including packaging requirements, must be requested from the 
relevant national authority of the receiving country. Documents often required by 
the recipient country include a phytosanitary certificate, additional declarations, a 
certificate of donation, a certificate of no commercial value and an import permit.

 ✔ Arrangements are made with competent authorities or agents (i.e. the 
country’s National Plant Protection Organization) to inspect or test the 
material in order to ensure compliance with the regulations of the importing 
country and to issue the relevant phytosanitary certificate.

 ✔ The length of time between receipt of a request for samples and their 
dispatch is kept to a minimum. 

35 Standard 6.7.3.
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7. Distribution

 ✔ Samples are labelled carefully and are not mixed during handling.
Samples should be correctly labelled, preferably with computer-produced labels to 
reduce transcription errors. Labels should be placed both outside and inside each 
packet to ensure that the material is properly identified.

 ✔ All required documentation is included inside the shipment (for the recipient) 
and attached to the outside of the container for the customs officials in 
order to guarantee smooth processing during transit and at the border of the 
destination country.36 
Consider scanning documents and sending them by email, or sending hard copies 
by mail, prior to the dispatch of the germplasm. Documentation to consider include:

 l data on accessions (including an itemized list with accession identification, 
number and/or weights of samples, and key passport data); and

 l import permit, phytosanitary certificate, or customs declaration, if appropriate.

 ✔ The choice of packaging material and transport allows for safe and 
timely delivery.
Ensure that the material reaches the destination genebank in good condition, 
bearing in mind the time needed for document processing, duration of shipment, 
transit time and transit conditions (high temperatures and/or humidity in tropical 
countries). In vitro samples should be placed in sterile, leak-proof plastic bags or 
sterile transparent watertight sealed plastic vials and packed firmly, but not too 
tightly, in a box or carton, with the addition of crumpled paper or polystyrene 
material to protect against shocks.

 ✔ The delivery and condition of the germplasm on arrival at its destination 
is followed up to confirm that germplasm has reached the recipient 
sufficiently quickly.
It is suggested that shipments be tracked and that the genebank follow up with the 
recipient regarding the status and usefulness of the distributed germplasm.

 ✔ All distribution data, including associated metadata, are recorded, validated 
and uploaded to the genebank information management system.
Data to consider include: requester’s name and address, purpose of request 
and request date; samples requested, samples sent and number of plantlets per 
sample; virus indexing method; reference to phytosanitary certificate and SMTA or 
MTA; and shipping log and user feedback. Consider the use of electronic devices to 
avoid transcription errors and for ease of uploading into the genebank information 
management system. Otherwise, the use of indelible ink (or pencil) and clear, legible 
writing is required when recording data. The use of barcode labels and barcode 
readers facilitates accession management and minimizes human error. 

36 Standard 6.7.2.
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Figure 8. Summary diagram of the workflow and activities for distribution 
of germplasm

Distribution

Genebank compiles with 
national, regional and 
international regulations 
and agreements 

- Use Standard Material Transfer Agreement if 
signatory to Treaty and Annex 1 material

- If SMTA is not applicable, negotiate MTA with 
recipient (SMTA can also be used)

A policy is in place for the 
number of propagules to 
distribute for any given set 
of germplasm

- Recycling and/or rejuvenate accessions with too 
few propagules

Capacity of the recipient to 
adequately manage 
in vitro material is 
assessed, if possible

- Establish conditions to transfer the material and 
ensure capacity for adequate re-establishments 
of plant from in vitro culture

Required documentation is 
requested and obtained

- Request import permit regulations from the 
relevant national authority of the receiving 
country 

Arrangement with 
National Plant Protection 
Officers is made for 
germplasm inspection and 
issuance of phytosanitary 
certificate

Samples carefully labelled 
and not mixed during 
handling 

- Use computer-produced labels to reduce 
transcription errors

- Place labels both outside and inside each packet 

Required documentation 
is placed both inside 
and outside of shipping 
package

- Include accessions data (accession identification, 
number of samples and key passport data); 
import permit, phytosanitary certificate and/or 
customs declaration

- Send scanned documents in advance by email to 
the recipient

Packaging material and 
transport allows for safe 
and timely delivery 

- Use packaging and shipping guidelines/
recommendations similar to those utilized for 
acquisition

Status of germplasm and 
condition on arrival is 
obtained 

- Track the shipment and follow up with the 
recipient

Record, validate and upload all distribution and exchange data, 
including associated metadata



8. Safety duplication



©
Cr

op
 T

ru
st

/S
ha

w
n 

La
nd

er
sz

International Musa Germplasm Transit Centre, Belgium



53

The genebank is recommended to have a documented policy and/or procedure, as 
applicable, for the safety duplication of germplasm, including the review process for 
checking for fulfilment of legal, phytosanitary and other regulations and requirements, 
and step-by-step instructions for consignment preparation, post-consignment follow-
up and shipment schedules.37,38

 ✔ A safety duplicate sample for every original accession is stored in a distant 
area, under appropriate conditions and utilizing best practices, and/or backed 
up by an alternative conservation method/strategy.39 
Safety duplicates are deposited at a location well away from the main collection 
and usually in another country. The safety duplicate location is chosen to minimize 
possible risks and provide the best possible conditions, taking into account 
the need for adequate facilities, staff and financial resources. It should be in a 
sociopolitically and geophysically stable location. The genebank/institute hosting 
the safety duplicates should have adequate capability to provide appropriate field 
and/or in vitro conditions for the duplicated accessions. Alternatively, samples can 
be cryopreserved at the duplicating centre.40 Selection of, and clear agreement 
with, the chosen holder of the safety duplicate are critical.

37 Duplicated material includes plants to be managed in the field, plantlets maintained in vitro or meristematic 
tissues under cryopreservation.

38 See Figure 9 at the end of this section for a summary diagram of the workflow and activities for safety 
duplication of germplasm.

39 Standard 5.10.4.
40 See Genebank Standards (Chapter 6).
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 ✔ A legal agreement setting out the responsibilities of the depositing and the 
recipient genebanks, and the terms and conditions under which material is 
maintained and managed, should be in place.
If the holding genebank does not already have an agreement with another 
genebank to duplicate the original accessions, consideration should be given to 
where best they could be duplicated, which will depend on the chosen method of 
safety duplication.

 ✔ The genebank complies with legal, phytosanitary and other regulations and 
requirements, and each safety duplicate sample is accompanied by relevant 
associated information.
Discussions should take place with the host genebank early in the planning process 
on the required documentation (both for the genebank and the host country), and 
the applicable customs and quarantine procedures. This will help ensure timely 
movement of the germplasm.

 ✔ The safety duplicate is of high quality and consists of a sufficient quantity 
of material. 
It is the depositor’s responsibility to ensure that the deposited material is of high 
quality. Best practices include: 

 l duplicating clean and healthy material; 
 l subjecting material to rejuvenation and/or a decontamination treatment if 

required; and
 l ensuring that the size of safety-duplicated samples is sufficient to avoid risk of loss.41 

 ✔ Samples are labelled carefully and are not mixed during handling.
It is important to ensure that samples are correctly labelled, preferably with 
computer-produced labels to reduce transcription errors in names and numbers. 

 ✔ The choice of packaging material and transport allows for safe and timely delivery.
Ensure that the material reaches the destination genebank in good condition, 
bearing in mind the time needed for document processing, duration of shipment, 
transit time and transit conditions (high temperatures and/or humidity in tropical 
countries). The use of packing and shipping guidelines/recommendations similar to 
those utilized for distribution is recommended (see distribution section).

 ✔ Each safety duplicate sample is accompanied by relevant associated information.42 
It is recommended that relevant information be sent with the shipment, including 
an itemized list with accession identification, key passport data, total number of 
plantlets, type of container, and import permit, phytosanitary certificate or customs 

41 It is recommended to duplicate a minimum of three to five replicates/samples per in vitro accession
42 Standard 6.8.5. 
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8. Safety duplication

declaration, if appropriate.. Consider scanning documents and sending them by 
email, or sending hard copies by mail, prior to the dispatch of the germplasm. 

 ✔ All safety duplication data, including associated metadata, are recorded, 
validated and uploaded to the genebank information management system.
Data to consider include: the location of the safety-duplicated accessions, samples 
sent and number of replicates/plantlets per sample; indexing method, if applicable; 
shipping log and user feedback; and reference to legal agreement, phytosanitary 
certificate, etc. Consider the use of electronic devices to avoid transcription errors 
and for ease of uploading into the genebank information management system. 
Otherwise, the use of indelible ink (or pencil) and clear, legible writing is required 
when recording data. The use of barcode labels and barcode readers facilitates 
accession management and minimizes human error. 

 ✔ The genebank information management system is regularly reviewed and 
updated to ensure that any new material not duplicated in the recipient 
genebank is identified and prepared for safety duplication, as appropriate.
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Figure 9. Summary diagram of the workflow and activities for safety duplication 
of germplasm

Safety duplication
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Personnel:

It is recommended that the genebank have a strategy in place for personnel, including 
a succession plan; a corresponding budget must be allocated and reviewed regularly.43

 ✔ The genebank has a human-resources plan with appropriate annual budget 
allocation, and staff have the critical knowledge, skills, experience and 
qualifications needed to implement all genebank tasks effectively and efficiently.
Successful genebank management requires a minimum of well-trained staff with 
clearly defined responsibilities for accession management.44 The following practices 
should be considered:

 l ensuring that the genebank manager and those staff carrying out specific tasks 
regularly review and update SOPs, as applicable;

 l ensuring that curators and technical support staff have knowledge and skills in 
agriculture, horticulture and taxonomy of cultivated plants and their wild relatives;

 l having access to disciplinary and technical specialists in a range of subject areas, 
such as taxonomy, physiology, phytopathology, breeding and population genetics; 

 l holding regular on-the-job training sessions and, if possible, ensuring that staff 
can attend training opportunities at regular intervals to keep up to date with 
recent developments;

 l rotating tasks to make work as varied as possible and involving all staff (where 
possible) in meetings and discussions; and

 l retaining competent staff by providing recognition and rewards for excellent 
performance.

43 See Figure 10 at the end of this section for a summary diagram of the workflow and activities for personnel 
and security.

44 Standard 6.8.3.
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 ✔ Risks associated with staffing are included in the risk identification, analysis 
and management.
Secure conservation depends on accurate assessment and appropriate 
management of risks (see Annex). Therefore, all genebanks should establish and 
implement risk management strategies that address the physical and biological 
risks in the everyday environment to which the staff, collections and related 
information are exposed. 

 

Security:

A genebank is recommended to have a documented risk management strategy in place 
that includes measures for dealing with power cuts, fire, flooding, earthquakes, war and 
civil strife.45 This strategy and an accompanying action plan should be regularly reviewed 
and updated to take changing circumstances and new technologies into account. 

 ✔ A risk management strategy is in place.
A risk management strategy has the following components (SGRP-CGIAR, 2010b):

 l Communication and consultation: ensure that all those who will be involved 
in implementing a risk management system are oriented in the concepts, 
methodology, terminology, documentation requirements and decision-making 
processes of the system.

 l Establishing the context: consider the objectives/activities/tasks of the genebank, 
the environment in which the activities operate, and the stakeholders.

 l Risk identification: carry out an inventory of relevant risks to the genebank 
operations.

 l Risk analysis: assess the potential impact (or consequence) of the identified risks 
and their likelihood (probability). 

 l Risk evaluation: determine the level of risk that is acceptable. 
 l Risk treatment: identify actions that need to be undertaken in order to deal with 

those risks for which the current total risk rating is considered unacceptable, 
giving top priority to the highest assessed residual risks. 

 l Monitoring and review: analyse the risk management system and assess whether 
changes to the system are needed. Responsibilities for monitoring and review 
should be clearly defined and documented.

45 Standard 6.8.1.
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9. Personnel and security

 ✔ A staff member with responsibility for occupational safety and health (OSH) 
in the genebank is appointed and receives training in OSH. 
OSH deals with all aspects of health and safety in the workplace and has a strong 
focus on primary prevention of hazards.46 Most countries will have an OSH policy. 
The International Labour Organization (ILO, 2021) provides country profiles on OSH.

 ✔ All staff are aware of OSH requirements and are kept up to date regarding 
any changes.
It is recommended that all genebank staff be made aware of the details of the 
risk management strategy and have a clear understanding of responsibilities 
for implementing and monitoring the strategy and action plan. Best practices to 
consider include:

 l ensuring that OSH rules are visible in the more risk-prone areas of the genebank;
 l instructing staff in the correct and safe use of equipment with regular training 

provided in health and safety in field, greenhouse and laboratory environments;
 l choosing appropriate and nationally approved agrochemicals to reduce risk; and
 l providing properly functioning protective equipment and clothing, as required 

by OSH, and ensuring that they are regularly checked and used as expected. The 
OSH officer is responsible for the upkeep of safety equipment.

46 Standard 6.8.2.
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Figure 10. Summary diagram of the workflow and activities for personnel and security

Personnel and security
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This section considers the suggested infrastructure and equipment for an in vitro 
genebank (Table 2). In vitro genebanks are generally equipped with: (a) basic tissue 
culture equipment, growth rooms and support facilities; (b) specialist storage 
equipment, such as incubators and acclimatizing chambers; (c) microscopes and 
analytical and molecular equipment for germplasm authentication and performance 
and stability testing; and (d) safety equipment, such as alarms and smoke detectors. 

Factors that should be considered if designing or modifying genebank facilities 
include: (a) function of the facility (active collections, research and long-term storage); 
(b) projected throughput and number of accessions for storage; (c) expected 
distribution rates; (d) local climate, of particular importance in the tropics because of 
potential contamination issues; and (e) number of staff.

References are available for setting up and running in vitro facilities, and these are 
included in the Further Information/Reading section. An important rule to remember 
is that operations and workspace design should be planned so that germplasm and 
materials do not become contaminated, lost or misplaced. Physical delineation of 
clean and dirty areas, with samples progressing one-way through increasing levels 
of cleanliness and security is one way in which contamination and workflow can 
be controlled.
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Table 2: General infrastructure and equipment recommended for an in vitro genebank

Genebank operation/management area

General needs

Office space and supplies; computers, printers and accessories; climate data loggers; mobile 
devices for electronic data recording and barcode readers; access to scientific and technical 
literature; internet access

Acquisition

Collecting equipment including cloth and/or paper bags, moisture retaining bags/containers, 
labels (ideally barcoded labels), hand lenses, scissors, tarpaulins, secateurs, packaging materials, 
herbarium presses

Data collection sheets or mobile devices for electronic data recording, GPS or altimeter 

Incinerator, surface decontamination solutions, knives, forceps, scalpels, balance for weighing fruit 
and seeds, camera for recording sample on arrival

In vitro culture and slow growth storage

Autoclave, pH meter, balance, water distillation unit, magnetic stirrer, water bath, automatic 
pipettes, glassware, chemicals, laminar airflow cabinets, bead sterilizer or burner, fridge/freezer, 
stereo dissecting microscopes, dissecting instruments, culture medium components, different 
culture containers, slow-growth media components, temperature-controlled growth rooms, growth 
room shelving and lights, media for screening for contaminants, antibiotics, fungicides

Recycling and rejuvenation

Field/greenhouse/screenhouse environment and equipment for growing out in vitro plants for 
rejuvenation or to assess changes in morphology

Characterization and evaluation

Access to field, laboratory or greenhouse/screenhouse areas as required

Field/laboratory/greenhouse/screenhouse equipment and machinery, as necessary, according to 
species and traits being recorded

Pots and plot stakes and labels (ideally barcode labels), labelled cloth bags or other appropriate 
containers

Molecular analysis (RAPD, ISSR, SSR) equipment, if possible

Data sheets or mobile devices for electronic data recording, barcode reader
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10. Infrastructure and equipment

Genebank operation/management area

Documentation

Suitable designed database/genebank information management system aligned to FAO/Bioversity 
MCPDs and other data standards, e.g. GRIN-Global

Database with built-in inventory and viability/health monitoring tools, and flagging accessions 
requiring recycling and rejuvenation

Data backup/storage

Distribution and safety duplication

Sterile plastic bags for distribution of in vitro germplasm. Heat-sealable plastic bags and sealing 
machine, labels (preferably barcoded), packaging materials

Data sheets or mobile devices for electronic data recording, barcode reader

Security and personnel

Generator(s), fire extinguishing equipment, security cameras, alarm systems, security doors

Protective clothing and protective gear such as dust masks, gloves and footwear

Table 2 (Cont.)



Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

68



69

Alercia, A., Diulgheroff, S., Mackay, M. 2015. FAO/Bioversity Multi-Crop Passport 
Descriptors V.2.1 [MCPD V.2.1]. Rome: FAO and Bioversity International. 11 p. http://www.
bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-
descriptors-v21-mcpd-v21/ 

AVRDC (World Vegetable Center). 2012. Material Transfer Agreement for Germplasm Accessions. 
Shanhua, Taiwan Province of China. Cited 29 October 2021. https://avrdc.org/?wpfb_dl=524

AVRDC. 2021. Vegetable Genetic Resources Information System. Shanhua, Taiwan Province of 
China. Cited 29 October 2021. https://avrdc.org/our-work/managing-germplasm 

Badr-Elden, A.M., Nower, A.A., Ibrahim, I.A., Ebrahim, M.K.H. & Elaziem, T.M.A. 2012. 
Minimizing the hyperhydricity associated with in vitro growth and development of 
watermelon by modifying the culture conditions. African Journal of Biotechnology, 11(35): 
8705–8717. http://www.academicjournals.org/article/article1380809020_Badr-Elden%20
et%20al.pdf

Bioversity International. 2007. Guidelines for the development of crop descriptor lists. Bioversity 
Technical Bulletin Series. Rome. https://www.bioversityinternational.org/index.php?id=244 
&tx_news_pi1%5Bnews%5D=1053&cHash=39138c10e405dcf0f918c6670c877b4f.

Bioversity International. 2018. Descriptors. Rome. Cited 29 October 2021. 
https://www.bioversityinternational.org/e-library/publications/categories/
descriptors/?L=0&cHash=2a5afb80deee509d79ba1b4e1f13e003 

CBD (Convention on Biological Diversity). 2018. Frequently asked questions on access and 
benefit-sharing (ABS). Montreal, Canada. https://www.cbd.int/abs/doc/abs-factsheet-faq-en.pdf

CGIAR Genebank Platform. 2021. Quality Management. Bonn, Germany. Cited 29 October 
2021. https://www.genebanks.org/the-platform/quality-management/.

11. References

http://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-descriptors-v21-mcpd-v21/
http://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-descriptors-v21-mcpd-v21/
http://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-descriptors-v21-mcpd-v21/
https://avrdc.org/?wpfb_dl=524
https://avrdc.org/our-work/managing-germplasm/
http://www.academicjournals.org/article/article1380809020_Badr-Elden%20et%20al.pdf
http://www.academicjournals.org/article/article1380809020_Badr-Elden%20et%20al.pdf
https://www.bioversityinternational.org/index.php?id=244&tx_news_pi1%5Bnews%5D=1053&cHash=39138c10e405dcf0f918c6670c877b4f
https://www.bioversityinternational.org/index.php?id=244&tx_news_pi1%5Bnews%5D=1053&cHash=39138c10e405dcf0f918c6670c877b4f
https://www.bioversityinternational.org/e-library/publications/categories/descriptors/?L=0&cHash=2a5afb80deee509d79ba1b4e1f13e003
https://www.bioversityinternational.org/e-library/publications/categories/descriptors/?L=0&cHash=2a5afb80deee509d79ba1b4e1f13e003
https://www.cbd.int/abs/doc/abs-factsheet-faq-en.pdf
https://www.genebanks.org/the-platform/quality-management/


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

70

Crop Trust. 2021. Genesys. Bonn, Germany. Cited 29 October 2021. https://www.genesys-pgr.org/

Dansi, A. 2011. Collecting vegetatively propagated crops (especially roots and tubers). In: L. 
Guarino, V. Ramanatha Rao &E. Goldberg, eds. Collecting plant genetic diversity: Technical 
guidelines–2011 update. Rome, Bioversity International. https://cropgenebank.sgrp.cgiar.org/
index.php?option=com_content&view=article&id=666

El-Dawayati, M.M. &Zayed, Z.E. 2017. Controlling hyperhydricity in date palm in vitro culture 
by reduced concentration of nitrate nutrients. In: J. Al-Khayri, S. Jain & D. Johnson, 
eds.  Date palm biotechnology protocols Volume I. Methods in molecular biology, pp. 175–183. 
New York, USA, Humana Press. https://doi.org/10.1007/978-1-4939-7156-5_15

Embrapa. 2021. Alelo. Brasilia. Cited 29 October 2021. http://alelo.cenargen.embrapa.br/alelo_
en.html

FAO (Food and Agriculture Organization of the United Nations). 1995. Annex I List of crops 
covered under the Multilateral System. Rome. https://www.fao.org/3/bc084e/bc084e.pdf

FAO. 2014. Genebank Standards for Plant Genetic Resources for Food and Agriculture. Rome. 
http://www.fao.org/3/a-i3704e.pdf

FAO. 2021a. Digital Object Identifiers (DO.). Rome. Cited 29 October 2021. http://www.fao.org/
plant-treaty/areas-of-work/global-information-system/doi/en/

FAO. 2021b. The Multilateral System. Rome. Cited 29 October 2021. https://www.fao.org/plant-
treaty/areas-of-work/the-multilateral-system/the-smta/en/ 

FAO. 2021c. Easy-SMTA Homepage. Rome. Cited 29 October 2021. https://mls.planttreaty.org/itt/ 

FAO. 2021d. WIEWS - World Information and Early Warning System on Plant Genetic Resources for 
Food and Agriculture. Rome. Cited 29 October 2021. https://www.fao.org/wiews/en/

FAO. 2021e. WIEWS: Ex Situ (SDG 2.5.1) – Overview. Rome. Cited 29 October 2021. https://www.
fao.org/wiews/data/ex-situ-sdg-251/overvew/en/ 

GBIS/I. 2021. GBIS - The information system of the German Genebank. Gatersleben. Cited 
29 October 2021. https://www.denbi.de/services/349-gbis-the-information-system-of-the-
german-genebank 

GRIN-Global. 2021. The GRIN-Global Project. Fort Collins, USA. Cited 29 October 2021. https://
www.grin-global.org/

Guarino, L.G., Rao, L.R. and Reid, V., eds. 1995. Collecting plant genetic diversity: Technical 
guidelines. CAB International. https://hdl.handle.net/10568/104265

IITA (International Institute of Tropical Agriculture). 2012. Standard Operation Procedures 
(SOP) for IITA Seedbank. Ibadan, Nigeria. https://www.iita.org/wp-content/uploads/2017/
SOP_for_IITA_Seedbank.pdf

https://www.genesys-pgr.org/
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=666
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=666
https://doi.org/10.1007/978-1-4939-7156-5_15
http://alelo.cenargen.embrapa.br/alelo_en.html
http://alelo.cenargen.embrapa.br/alelo_en.html
https://www.fao.org/3/bc084e/bc084e.pdf
http://www.fao.org/3/a-i3704e.pdf
http://www.fao.org/plant-treaty/areas-of-work/global-information-system/doi/en/
http://www.fao.org/plant-treaty/areas-of-work/global-information-system/doi/en/
https://www.fao.org/plant-treaty/areas-of-work/the-multilateral-system/the-smta/en/
https://www.fao.org/plant-treaty/areas-of-work/the-multilateral-system/the-smta/en/
https://mls.planttreaty.org/itt/
https://www.fao.org/wiews/en/
https://www.fao.org/wiews/data/ex-situ-sdg-251/overvew/en/
https://www.fao.org/wiews/data/ex-situ-sdg-251/overvew/en/
https://www.denbi.de/services/349-gbis-the-information-system-of-the-german-genebank
https://www.denbi.de/services/349-gbis-the-information-system-of-the-german-genebank
https://www.grin-global.org/
https://www.grin-global.org/
https://www.iita.org/wp-content/uploads/2017/SOP_for_IITA_Seedbank.pdf
https://www.iita.org/wp-content/uploads/2017/SOP_for_IITA_Seedbank.pdf


71

11. References

ILO (International Labour Organization). 2021. Country profiles on occupational safety and 
health and labour inspection. Geneva, Switzerland. Cited 29 October 2021. https://www.ilo.
org/global/topics/safety-and-health-at-work/country-profiles/lang--en/index.htm

IPPC (International Plant Protection Convention). 2021. List of NPPOs of IPPC Contracting 
parties. Rome. Cited 29 October 2021. https://www.ippc.int/en/countries/nppos/list-
countries/

Ivanova, M. & Van Staden, J. 2009. Nitrogen source, concentration, and NH 4+: NO 3− ratio 
influence shoot regeneration and hyperhydricity in tissue cultured Aloe polyphylla. Plant Cell, 
Tissue and Organ Culture (PCTOC), 99(2): 167–174. https://doi.org/10.1007/s11240-009-9589-8

Leva, A. & Rinaldi, L.M.R. 2016. Somaclonal variation. In: B. Thomas, B.G. Murray & D.J. 
Murphy, eds. Encyclopedia of applied plant sciences, pp.468–473. Waltham, USA, Academic 
Press, Elsevier. 

Pence, V.C. & Engelmann, F. 2011. Collecting in vitro for genetic resources conservation. In: L. 
Guarino, V. Ramanatha Rao & E. Goldberg, eds. Collecting plant genetic diversity: Technical 
guidelines – 2011 update. Rome, Bioversity International. https://cropgenebank.sgrp.cgiar.
org/index.php/procedures-mainmenu-242/collecting

Reed, B.M., F. Engelmann, M.E. Dulloo & Engels, J.M.M. 2004. Technical guidelines for the 
management of field and in vitro germplasm collections. IPGRI handbooks for genebanks 
No. 7. Rome, IPGRI. https://www.bioversityinternational.org/uploads/tx_news/Technical_
guidelines_for_the_management_of_field_and_in_vitro_germplasm_collections_1016.pdf

Reed, B.M. & Tanprasert, P. 1995. Detection and control of bacterial contaminants of plant 
tissue cultures. A review of recent literature. Plant Tissue Cult. Biotechnol., 1: 137–142. 
https://www.researchgate.net/publication/222714440_Detection_and_control_of_bacterial_
contaminants_of_plant_tissue_cultures_A_review_of_recent_literature 

Selvarajan, R.A., Balasubramanian, V., Sheeba, M.M., Raj Mohan, R. & Mustaffa, M.M. 
2009. Virus-indexing technology for production of quality banana planting material: a boon 
to the tissue-culture industry and banana growers in India. Acta Hortic., 897: 463–469. 
https://doi.org/10.17660/ActaHortic.2011.897.63 

SGRP-CGIAR (System-wide Genetic Resources Programme-CGIAR. 2010a. Crop Genebank 
Knowledge Base – Slow growth storage of banana germplasm. Rome. Cited 29 October 
2021. https://cropgenebank.sgrp.cgiar.org/index.php/crops-mainmenu-367/banana-
mainmenu-234/conservation-mainmenu-192/in-vitro-conservation/slow-growth-storage

SGRP-CGIAR. 2010b. Crop Genebank Knowledge Base – Risk managementRome. Cited 29 
October 2021. https://cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/
risk-management-mainmenu-236

SGRP-CGIAR. 2011. Crop Genebank Knowledge Base – Collecting plant genetic diversity: Technical 
guidelines. 2011 update. Rome. Cited 29 October 2021. https://cropgenebank.sgrp.cgiar.org/
index.php?option=com_content&view=article&id=390&Itemid=557 

https://www.ilo.org/global/topics/safety-and-health-at-work/country-profiles/lang--en/index.htm
https://www.ilo.org/global/topics/safety-and-health-at-work/country-profiles/lang--en/index.htm
https://www.ippc.int/en/countries/nppos/list-countries/
https://www.ippc.int/en/countries/nppos/list-countries/
https://doi.org/10.1007/s11240-009-9589-8
https://cropgenebank.sgrp.cgiar.org/index.php/procedures-mainmenu-242/collecting
https://cropgenebank.sgrp.cgiar.org/index.php/procedures-mainmenu-242/collecting
https://www.bioversityinternational.org/uploads/tx_news/Technical_guidelines_for_the_management_of_field_and_in_vitro_germplasm_collections_1016.pdf
https://www.bioversityinternational.org/uploads/tx_news/Technical_guidelines_for_the_management_of_field_and_in_vitro_germplasm_collections_1016.pdf
https://www.researchgate.net/publication/222714440_Detection_and_control_of_bacterial_contaminants_of_plant_tissue_cultures_A_review_of_recent_literature
https://www.researchgate.net/publication/222714440_Detection_and_control_of_bacterial_contaminants_of_plant_tissue_cultures_A_review_of_recent_literature
https://doi.org/10.17660/ActaHortic.2011.897.63
https://cropgenebank.sgrp.cgiar.org/index.php/crops-mainmenu-367/banana-mainmenu-234/conservation-mainmenu-192/in-vitro-conservation/slow-growth-storage
https://cropgenebank.sgrp.cgiar.org/index.php/crops-mainmenu-367/banana-mainmenu-234/conservation-mainmenu-192/in-vitro-conservation/slow-growth-storage
https://cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/risk-management-mainmenu-236
https://cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/risk-management-mainmenu-236
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=390&Itemid=557
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=390&Itemid=557


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

72

Thompson, L. 1995. Collecting woody perennials. In: L. Guarino, V. Ramanatha Rao & R. Reid, 
eds. Collecting Genetic Plant Diversity: Technical Guidelines, pp. 485–509. Wallingford, UK, 
CAB International.

United Nations. 2021. SDG Indicators. Rome. Cited 29 October 2021. https://unstats.un.org/
sdgs/metadata?Text=&Goal=2&Target=2.5

Umber, M., Filloux, D., Gélabale, S., Gomez, R-M., Marais A., Gallet, S., Gamiette, F., 
Pavis, C., Teycheney, P-Y. 2020. Molecular viral diagnosis and sanitation of yam genetic 
resources: implications for safe yam germplasm exchange. Viruses, 12(10): 1101. https://doi.
org/10.3390/v12101101 

UPOV (International Union for the Protection of New Varieties of Plants). 2011. Descriptor 
lists. Geneva, Switzerland. Cited 29 October 2021. https://www.upov.int/tools/en/gsearch.
html?cx=016458537594905406506%3Asa0ovkspdxw&cof=FORID%3A11&q=descriptor

USDA-ARS. 2021. U.S. National Plant Germplasm System – Descriptors. Fort Collins, USA. Cited 
29 October 2021. https://npgsweb.ars-grin.gov/gringlobal/descriptors

https://unstats.un.org/sdgs/metadata?Text=&Goal=2&Target=2.5
https://unstats.un.org/sdgs/metadata?Text=&Goal=2&Target=2.5
https://doi.org/10.3390/v12101101
https://doi.org/10.3390/v12101101
https://www.upov.int/tools/en/gsearch.html?cx=016458537594905406506%3Asa0ovkspdxw&cof=FORID%3A11&q=descriptor
https://www.upov.int/tools/en/gsearch.html?cx=016458537594905406506%3Asa0ovkspdxw&cof=FORID%3A11&q=descriptor
https://npgsweb.ars-grin.gov/gringlobal/descriptors


73

General references
Ebert, A.W. & Waqainabete, L.M. 2018. Conserving and sharing taro genetic resources for 

the benefit of global taro cultivation: a core contribution of the centre for Pacific crops and 
trees. Biopreservation and Biobanking, 16(5): 361–367. https://www.liebertpub.com/doi/
full/10.1089/bio.2018.0017)

Engelmann, F. 2012. Germplasm collection, storage and conservation. In: A. Altman & P.M. 
Hasegawa, eds. Plant biotechnology and agriculture, pp. 255–268. Oxford, UK, Academic 
Press. 

Engels, J.M.M. & Visser, L., eds. 2003. A guide to effective management of germplasm 
collections. IPGRI handbooks for genebanks No. 6. Rome, IPGRI. 165 p. https://www.
bioversityinternational.org/e-library/publications/detail/a-guide-to-effective-management-
of-germplasm-collections/

Greene, S.L., Williams, K.A., Khoury, C.K., Kantar, M.B. & Marek, L.F. 2018. North American 
Crop Wild Relatives, Volume 1. Cham, Germany, Springer. https://doi.org/10.1007/978-3-319-
95101-0

IPK (Leibniz Institute). undated. Mansfeld’s World Database of Agriculture and Horticultural 
Crops. Gatersleben, Germany. http://mansfeld.ipk-gatersleben.de/apex/f?p=185:3 

Normah, M.N., Kean, C.W., Vun, Y.L. & Mohamed-Hussein, Z.A. 2011. In vitro conservation of 
Malaysian biodiversity – achievements, challenges and future directions. In vitro Cellular and 
Developmental Biology – Plant, 47: 26–36. https://doi.org/10.1007/s11627-010-9306-7

Normah, M.N., Narimah, M.K. & Clyde, M.M., eds. In vitro conservation of plant genetic 
resources. Kuala Lumpur, Percetakan Watan Sdn Bdh.

Upadhyaya, H.D. & Gowda, C.L. 2009. Managing and Enhancing the Use of Germplasm – 
Strategies and Methodologies. Technical Manual No. 10. Patancheru, India, International 
Crops Research Institute for the Semi-Arid Tropics. 236 p. 

12. Further information/reading

https://www.liebertpub.com/doi/full/10.1089/bio.2018.0017
https://www.liebertpub.com/doi/full/10.1089/bio.2018.0017
https://www.bioversityinternational.org/e-library/publications/detail/a-guide-to-effective-management-of-germplasm-collections/
https://www.bioversityinternational.org/e-library/publications/detail/a-guide-to-effective-management-of-germplasm-collections/
https://www.bioversityinternational.org/e-library/publications/detail/a-guide-to-effective-management-of-germplasm-collections/
https://doi.org/10.1007/978-3-319-95101-0
https://doi.org/10.1007/978-3-319-95101-0
http://mansfeld.ipk-gatersleben.de/apex/f?p=185:3
https://doi.org/10.1007/s11627-010-9306-7


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

74

USDA/ARS. 1994. Taxonomic information on cultivated plants in GRIN-Global. https://npgsweb.
ars-grin.gov/gringlobal/taxon/abouttaxonomy.aspx

Acquisition and distribution
Bioversity International. 2009. Descriptors for farmers’ knowledge of plants. Rome. https://

cgspace.cgiar.org/handle/10568/74492

Crop Genebank Knowledge Base. 2018. Distribution. http://cropgenebank.sgrp.cgiar.org/index.
php?option=com_content&view=article&id=59&Itemid=208&lang=english 

Crop Genebank Knowledge Base. 2018. Safe transfer of germplasm (STOG). https://
cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/stogs-mainmenu-238

Crossa, J. & Vencovsky, R. 2011. Basic sampling strategies: theory and practice. In: L. Guarino, 
V. Ramanatha Rao & E. Goldberg, eds. Collecting plant genetic diversity: Technical guidelines 
– 2011 update. Rome, Bioversity International. ISBN 978- 92-9043- 922- 926. https://
cropgenebank.sgrp.cgiar.org/index.php/procedures-mainmenu-242/collecting 

Eymann, J., Degreef, J., HŠuser, C., Monje, J.C., Samyn, Y. & VandenSpiegel, D., eds. 2010. 
Manual on field recording techniques and protocols for all taxa biodiversity inventories and 
monitoringAbc Taxa, 331–653. http://www.abctaxa.be/volumes/volume-8-manual-atbi 

Greiber, T., Peña Moreno, S., Ahrén, M., Nieto Carrasco, J., Kamau, E.C., Cabrera Medaglia, 
J., Oliva, M.J. & Perron-Welch, F. (in cooperation with Ali, N. & Williams, C.). 2012. An 
Explanatory Guide to the Nagoya Protocol on Access and Benefit-sharing. Gland, Switzerland, 
IUCN. xviii + 372 p. https://cmsdata.iucn.org/downloads/an_explanatory_guide_to_the_
nagoya_protocol.pdf 

Guarino, L.G., Rao, L.R. & Reid, V. 1995. Collecting plant genetic diversity: Technical guidelines. 
Wallingford, UK, CAB International. https://www.bioversityinternational.org/e-library/
publications/detail/collecting-plant-genetic-diversity/ 

Hay, F.R. & Probert, R.J. 2011. Collecting and handling seeds in the field. In: L. Guarino, V. 
Ramanatha Rao & E. Goldberg, eds. Collecting plant genetic diversity: Technical guidelines 
– 2011 update. Rome, Bioversity International. https://cropgenebank.sgrp.cgiar.org/index.
php?option=com_content&view=article&id=655

Lopez, F. 2015. Digital Object Identifiers (DOIs) in the context of the International Treaty. http://
www.fao.org/fileadmin/templates/agns/WGS/10_FAO_gs_activities_ITPGRFA_20151207.pdf

Mathur, S.B. & Kongsdal, O. 2003. Common laboratory seed health testing methods for 
detecting fungi. Bassersdorf, Switzerland, International Seed Testing Association.

Maya-Lastra, C.A. 2016. ColectoR, a digital field notebook for voucher specimen collection for 
smartphones. Applications in Plant Sciences, 4(7). https://doi.org/10.3732/apps.1600035

Moore, G. & Williams, K.A. 2011. Legal issues in plant germplasm collecting In: L. Guarino, V. 
Ramanatha Rao & E. Goldberg, eds. Collecting plant genetic diversity: Technical guidelines 
– 2011 update. Rome, Bioversity International. https://cropgenebank.sgrp.cgiar.org/index.
php?option=com_content&view=article&id=669

https://npgsweb.ars-grin.gov/gringlobal/taxon/abouttaxonomy.aspx
https://npgsweb.ars-grin.gov/gringlobal/taxon/abouttaxonomy.aspx
https://cgspace.cgiar.org/handle/10568/74492
https://cgspace.cgiar.org/handle/10568/74492
http://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=59&Itemid=208&lang=english
http://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=59&Itemid=208&lang=english
https://cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/stogs-mainmenu-238
https://cropgenebank.sgrp.cgiar.org/index.php/management-mainmenu-433/stogs-mainmenu-238
https://cropgenebank.sgrp.cgiar.org/index.php/procedures-mainmenu-242/collecting
https://cropgenebank.sgrp.cgiar.org/index.php/procedures-mainmenu-242/collecting
http://www.abctaxa.be/volumes/volume-8-manual-atbi
https://cmsdata.iucn.org/downloads/an_explanatory_guide_to_the_nagoya_protocol.pdf
https://cmsdata.iucn.org/downloads/an_explanatory_guide_to_the_nagoya_protocol.pdf
https://www.bioversityinternational.org/e-library/publications/detail/collecting-plant-genetic-diversity/
https://www.bioversityinternational.org/e-library/publications/detail/collecting-plant-genetic-diversity/
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=655
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=655
http://www.fao.org/fileadmin/templates/agns/WGS/10_FAO_gs_activities_ITPGRFA_20151207.pdf
http://www.fao.org/fileadmin/templates/agns/WGS/10_FAO_gs_activities_ITPGRFA_20151207.pdf
https://doi.org/10.3732/apps.1600035
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=669
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=669


75

12. Further information/reading

Ni, K.J. 2009. Legal aspects of prior informed consent on access to genetic resources: An 
analysis of global law-making and local implementation toward an optimal normative 
construction. Vanderbilt Journal of Transnational Law, 42: 227–278.

Pence, V.C., Sandoval, J., Villalobos, V. & Engelmann, F., eds. 2002. In vitro collecting 
techniques for germplasm conservation. IPGRI Technical Bulletin No 7. Rome. https://
cropgenebank.sgrp.cgiar.org/images/file/learning_space/technicalbulletin7.pdf 

RBG (Royal Botanic Gardens). 2014. Assessing a population for seed collection. Millennium 
Seed Bank Technical Information Sheet 02. Kew, UK. http://brahmsonline.kew.org/Content/
Projects/msbp/resources/Training/02-Assessing-population.pdf 

RBG. 2014. Seed collecting techniques. Millennium Seed Bank Technical Information Sheet 03. 
Kew, UK. http://brahmsonline.kew.org/Content/Projects/msbp/resources/Training/03-
Collecting-techniques.pdf 

RBG. 2014. Post harvest handling. Millennium Seed Bank Technical Information Sheet 04. Kew, 
UK. http://www.anayglorious.in/sites/default/files/04-Post%20harvest%20handling%20
web_0.pdf 

Smith, R.D., Dickie, J.B., Linington, S.H., Pritchard, H.W. & Probert, R.J., eds. 2003. Seed 
conservation: turning science into practice. Kew, UK, Royal Botanic Gardens 

Sheppard, J.W. & Cockerell, V. 1996. ISTA handbook of method validation for the detection of 
seedborne pathogens. Basserdorf, Switzerland, ISTA.

Way, M. 2003. Collecting seed from non-domesticated plants for long-term conservation. In: 
R.D. Smith, J.D. Dickie, S.H. Linington, H.W. Pritchard & R.J. Probert, eds. Seed conservation: 
turning science into practice, pp. 163–201. Kew, UK, Royal Botanic Gardens. 

Way, M. 2011. Collecting and recording data in the field: media for data recording. Crop 
Genebank Knowledge Base. https://cropgenebank.sgrp.cgiar.org/index.php?option=com_
content&view=article&id=659 

In vitro culture and slow-growth storage
Benson, E.E., Harding, K., Debouck, D., Dumet, D., Escobar, R., Mafla, G., Panis, B., Panta, 

A., Tay, D., Van den houwe, I. & Roux, N. 2011. Refinement and standardization of storage 
procedures for clonal crops – Global Public Goods Phase 2: Part I. Project landscape and 
general status of clonal crop in vitro conservation technologies. Rome, System-wide Genetic 
Resources Programme. http://hdl.handle.net/10568/66354

Cassells, A.C. & Doyle-Prestwich, B. 2009. Contamination detection and elimination in 
plant cell culture. Encyclopedia of Industrial Biotechnology, pp. 1–14. Wiley. https://doi.
org/10.1002/9780470054581.eib241

Chin, H.F. 1996. Strategies for conservation of recalcitrant species. In: M.N. Normah, M.K. 
Narimah. & M.M. Clyde, eds. In vitro conservation of plant genetic resources, pp. 203–215. 
Kuala Lumpur, Percetakan Watan Sdn Bdh.

https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/technicalbulletin7.pdf
https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/technicalbulletin7.pdf
http://brahmsonline.kew.org/Content/Projects/msbp/resources/Training/02-Assessing-population.pdf
http://brahmsonline.kew.org/Content/Projects/msbp/resources/Training/02-Assessing-population.pdf
http://brahmsonline.kew.org/Content/Projects/msbp/resources/Training/03-Collecting-techniques.pdf
http://brahmsonline.kew.org/Content/Projects/msbp/resources/Training/03-Collecting-techniques.pdf
http://www.anayglorious.in/sites/default/files/04-Post%20harvest%20handling%20web_0.pdf
http://www.anayglorious.in/sites/default/files/04-Post%20harvest%20handling%20web_0.pdf
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=659
https://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=659
http://hdl.handle.net/10568/66354
https://doi.org/10.1002/9780470054581.eib241
https://doi.org/10.1002/9780470054581.eib241


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

76

El-Dawayati, M.M. & Zayed, Z.E. 2017. Controlling hyperhydricity in date palm in vitro culture 
by reduced concentration of nitrate nutrients. In: J. Al-Khayri, S. Jain & D. Johnson, 
eds. Date palm biotechnology protocols Volume I, pp. 175–183. New York, USA, Humana 
Press. https://doi.org/10.1007/978-1-4939-7156-5_15 

Jones, A.M.P. & Saxena, P.K. 2013. Inhibition of phenylpropanoid biosynthesis in Artemisia 
annua L.: a novel approach to reduce oxidative browning in plant tissue culture. PLoS One, 
8(10). https://doi.org/10.1371/journal.pone.0076802 

Leifert, C. & Cassells, A.C. 2001 Microbial hazards in plant tissue and cell cultures. In vitro 
Cellular & Developmental Biology, 37(2): 133–138. https://doi.org/10.1007/s11627-001-0025-y 

Leva, A.R., Petruccelli, R. & Rinaldi, L.M.R. 2012. Somaclonal variation in tissue culture: a 
case study with olive. In: A. Leva & L. Rinaldi, eds. Recent advances in plant in vitro culture. 
https://doi.org/10.5772/52760 

Leva, A.R. & Rinaldi, L.M.R. 2017. Breeding genetics and biotechnology. In: B. Thomas, D.J. 
Murphy & B.G. Murray, eds. Encyclopedia of applied plant sciences. Academic Press.

Murashige, T. & Skoog, F. 1962. A revised medium for rapid growth and bio assays 
with tobacco tissue culture. Physiologia Plantarum, 15: 473–497. https://doi.
org/10.1111/j.1399-3054.1962.tb08052.x 

Nwauzoma, A.B. & Jaja, E.T. 2013.A review of somaclonal variation in plantain (Musa spp): 
mechanisms and applications. Journal of Applied Biosciences, 67: 5252–5260. https://doi.
org/10.4314/jab.v67i0.95046 

Onuoha, I.C., Eze, C.J. & Unamba, C.I.N. 2011. In vitro prevention of browning in plantain 
culture. OnLine Journal of Biological Sciences, 11(1): 13–17. http://thescipub.com/pdf/10.3844/
ojbsci.2011.13.17) 

Pijut, P.M., Woeste, K.E. & Michlet, C.H. 2011. Promotion of adventitious root formation of 
difficult-to-root hardwood tree species. In: J. Janick, ed Horticultural Reviews, 38, Wiley-
Blackwell. https://www.nrs.fs.fed.us/pubs/jrnl/2011/nrs_2011_pijut_002.pdf 

Rajasekharan, P.E. & Sahijram, L. 2015. In vitro conservation of plant germplasm. In: B. 
Bahadur, M.V. Rajam, L. Sahijram & K.V. Krishnamurthy, eds. Plant biology and biotechnology. 
Volume II: Plant genomics and biotechnology, pp. 417-443. New Delhi, Springer.

Reed, B.M., Paynter, C.L., Denoma, J. & Chang, Y. 1998. Techniques for medium- and long-
term storage of Pyrus L. genetic resources. Plant Genetic Resources Newsletter, 115: 1–5. 
https://www.ars.usda.gov/research/publications/publication/?seqNo115=88725 

Rival, A., Ilbert, P., Labeyrie, A., Torres, E., Doulbeau, S., Personne, A., Dussert, S., Beulé, 
T., Durand-Gasselin, T., Tregear, J.W. & Jaligot, E. 2013. Variations in genomic DNA 
methylation during the long-term in vitro proliferation of oil palm embryogenic suspension 
cultures. Plant Cell Rep, 32: 359–368. http://doi.org/10.1007/s00299-012-1369-y 

Rojas-Martinez, L., Visser, R.G.F. & De Klerk, G-J. 2010. The hyperhydricity syndrome: 
waterlogging of plant tissues as a major cause. Propagation of Ornamental Plants, 10(4): 
169–175. https://www.researchgate.net/publication/241869171_The_hyperhydricity_
syndrome_Waterlogging_of_plant_tissues_as_a_major_cause 

https://doi.org/10.1007/978-1-4939-7156-5_15
https://doi.org/10.1371/journal.pone.0076802
https://doi.org/10.1007/s11627-001-0025-y
https://doi.org/10.5772/52760
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.4314/jab.v67i0.95046
https://doi.org/10.4314/jab.v67i0.95046
http://thescipub.com/pdf/10.3844/ojbsci.2011.13.17
http://thescipub.com/pdf/10.3844/ojbsci.2011.13.17
https://www.nrs.fs.fed.us/pubs/jrnl/2011/nrs_2011_pijut_002.pdf
https://www.ars.usda.gov/research/publications/publication/?seqNo115=88725
http://doi.org/10.1007/s00299-012-1369-y
https://www.researchgate.net/publication/241869171_The_hyperhydricity_syndrome_Waterlogging_of_plant_tissues_as_a_major_cause
https://www.researchgate.net/publication/241869171_The_hyperhydricity_syndrome_Waterlogging_of_plant_tissues_as_a_major_cause


77

12. Further information/reading

Schellenbaum, P., Mohler, V., Wenzel, G. & Walter, B. 2008. Variation in DNA methylation 
patterns of grapevine somaclones (Vitis vinifera L.) BMC Plant Biology, 8: 78. http://doi.
org/10.1186/1471-2229-8-78 

Scowcroft, W.R. 1984. Genetic variability in tissue culture: impact on germplasm conservation 
and utilization. Report AGPG:IBPGR/84/152. Rome, International Board for Plant Genetic 
Resources.

Sedlak, J., Zidova, P. & Paprstein, F. 2018. Slow growth in vitro conservation of fruit crops. 
Acta Hortic., 1234: 119–124. https://doi.org/10.17660/ActaHortic.2019.1234.15 

Sharma, P.K., Trivedi, R. & Purohit, S.D. 2012. Activated charcoal improves rooting in 
in vitro derived Acacia leucophloea shoots. International Journal of Plant Developmental 
Biology, 6 (Special Issue 1): 47–50. http://www.globalsciencebooks.info/Online/GSBOnline/
images/2012/AAJPSB_6(SI1)/AAJPSB_6(SI1)47-50o.pdf 

Sharma, S.K., Bryan, G.J., Winfield, M.O. & Millam, S. 2007. Stability of potato (Solanum 
tuberosum L.) plants regenerated via somatic embryos, axillary bud proliferated shoots, 
microtubers and true potato seeds: a comparative phenotypic, cytogenetic and molecular 
assessment. Planta, 226: 1449–1458. http://doi.org/10.1007/s00425-007-0583-2 

Sobhakumari, V.P. 2012 Assessment of somaclonal variation in sugarcane. African Journal of 
Biotechnology, 11(87): 15303–15309. https://www.ajol.info/index.php/ajb/article/view/130319 

Van den houwe, I., De Smet, K., Tezenas du Montcel, H. & Swennen, R. 1995. Variability in 
storage potential of banana shoot cultures under medium term storage conditions. Plant 
Cell Tissue and Organ Culture, 42: 269–274. https://doi.org/10.1007/BF00029998 

Van den houwe, I., Panis, B., Arnaud, E., Markham, R., & Swennen, R. 2006. The 
management of banana (Musa spp.) genetic resources at the IPGRI/INIBAP genebank: the 
conservation and documentation status, In: H. Segers, P. Desmet & E. Baus, eds. Tropical 
Biodiversity: Science, Data, Conservation, pp. 143–152. Proceedings of the 3rd GBIF Science 
Symposium, 18–19 April 2005, Brussels. https://cropgenebank.sgrp.cgiar.org/images/file/
learning_space/bananapublication_proceedings.pdf 

Recycling and rejuvenation
Chandra, S., Bandopadhyay, R., Kumar, V. & Chandra, R. 2010. Acclimatization of tissue 

cultured plantlets: from laboratory to land. Biotechnology letters, 32(9): 1199–1205. 
https://doi.org/10.1007/s10529-010-0290-0 

Debergh, P.C. 1991. Acclimatization techniques of plants from in vitro. Acta Hortic., 289: 
291–300. https://doi.org/10.17660/ActaHortic.1991.289.77

Debergh, P.C. & Zimmerman, R.H., eds. 1991. Micropropagation technology and application. 
Dordrecht, Netherlands, Springer 

Hazarika, B.N. 2003. Acclimatization of tissue-cultured plants. Current Science, 85(12): 1704–
1712.

http://doi.org/10.1186/1471-2229-8-78
http://doi.org/10.1186/1471-2229-8-78
https://doi.org/10.17660/ActaHortic.2019.1234.15
http://www.globalsciencebooks.info/Online/GSBOnline/images/2012/AAJPSB_6(SI1)/AAJPSB_6(SI1)47-50o.pdf
http://www.globalsciencebooks.info/Online/GSBOnline/images/2012/AAJPSB_6(SI1)/AAJPSB_6(SI1)47-50o.pdf
http://doi.org/10.1007/s00425-007-0583-2
https://www.ajol.info/index.php/ajb/article/view/130319
https://doi.org/10.1007/BF00029998
https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/bananapublication_proceedings.pdf
https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/bananapublication_proceedings.pdf
https://doi.org/10.1007/s10529-010-0290-0
https://doi.org/10.17660/ActaHortic.1991.289.77


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

78

Kane, M.E. 1996. Propagation from preexisting meristems. In: R.N. Trigiano & D.J. Gray, eds. 
Plant tissue culture concept and laboratory exercises. Boca Raton, USA, CRC Press. 
https://doi.org/10.1201/9780203743133 

Lucia, G., Castiglione, M.R., Turrini, A., Ronchi, V.N. & Chiara, G. 2011. Cytogenetic and 
histological approach for early detection of “mantled” somaclonal variants of oil palm 
regenerated by somatic embryogenesis: first results on the characterization of regeneration 
system, Caryologia, 64(2): 223–234. http://doi.org/10.1080/00087114.2002.10589787 

Marin, J.A. 2003. High survival rates during acclimatization of micropropagated fruit tree 
rootstocks by increasing exposures to low relative humidity. Acta Horticulturae, 616(616): 
139–142. DOI:10.17660/ActaHortic.2003.616.13

Menéndez-Yuffá, A., Barry-Etienne, D., Bertrand, B., Georget, F. & Etienne, H. 2010. 
A comparative analysis of the development and quality of nursery plants derived from 
somatic embryogenesis and from seedlings for large-scale propagation of coffee (Coffea 
arabica L.). Plant Cell, Tissue and Organ Culture, 102(3): 297–307. https://doi.org/10.1007/
s11240-010-9734-4 

Rani V. & Raina, S.N. 2000. Genetic fidelity of organized meristem-derived micropropagated 
plants: a critical reappraisal. In Vitro Cellular and Developmental Biology Plant, 36: 319–330. 
http://doi.org/10.1007/s11627-000-0059-6 

Rajeskharan, P.E. & Sahijram, L. 2015. In vitro conservation of plant germplasm. In: B. 
Bahadur, M.V. Rajam, L. Sahijram & K.V. Krishnamurthy, eds.) Plant biology and biotechnology: 
Volume II: Plant genomics and biotechnology. New Delhi, Springer. 
https://www.researchgate.net/publication/278900645_In_Vitro_Conservation_of_Plant_
Germplasm 

Read, P.E. & Preece, J.E., eds. 2013. V International Symposium on Acclimatization and 
Establishment of Micropropagated Plants, Nebraska City, NE, USA, 186 p. ISHS Acta 
Horticulturae, 988. https://www.actahort.org/books/988/

Sandoval, J.A., Côte, F.X. & Escoute, J. 1996 Chromosome number variations in 
micropropagated true-to-type and off-type banana plants (Musa AAA Grande Naine cv.). In 
Vitro Cell Dev. Biol. – Plant, 32 (1): 14–17. https://doi.org/10.1007/BF02823007 

Characterization and evaluation
Alercia, A. 2011. Key characterization and evaluation descriptors: methodologies for the 

assessment of 22 crops. Rome, Bioversity International. 602 pp. https://cgspace.cgiar.org/
handle/10568/74491

Bioversity International. 2007. Guidelines for the development of crop descriptor 
lists. Bioversity Technical Bulletin Series. Rome, Bioversity International. Xii 
+ 72 p. https://www.bioversityinternational.org/index.php?id=244&tx_news_
pi1[news]=1053&cHash=03f5fd26b4bf10a47e6e0ca712ac4610

Bioversity International. undated. Descriptors. https://www.bioversityinternational.org/e-
library/publications/descriptors/

https://doi.org/10.1201/9780203743133
http://doi.org/10.1080/00087114.2002.10589787
https://www.researchgate.net/journal/Acta-Horticulturae-0567-7572
http://dx.doi.org/10.17660/ActaHortic.2003.616.13
https://doi.org/10.1007/s11240-010-9734-4
https://doi.org/10.1007/s11240-010-9734-4
http://doi.org/10.1007/s11627-000-0059-6
https://www.researchgate.net/publication/278900645_In_Vitro_Conservation_of_Plant_Germplasm
https://www.researchgate.net/publication/278900645_In_Vitro_Conservation_of_Plant_Germplasm
https://www.actahort.org/books/988/
https://doi.org/10.1007/BF02823007
https://cgspace.cgiar.org/handle/10568/74491
https://cgspace.cgiar.org/handle/10568/74491
https://www.bioversityinternational.org/index.php?id=244&tx_news_pi1%5bnews%5d=1053&cHash=03f5fd26b4bf10a47e6e0ca712ac4610
https://www.bioversityinternational.org/index.php?id=244&tx_news_pi1%5bnews%5d=1053&cHash=03f5fd26b4bf10a47e6e0ca712ac4610
https://www.bioversityinternational.org/e-library/publications/descriptors/
https://www.bioversityinternational.org/e-library/publications/descriptors/


79

12. Further information/reading

Bioversity International. 2018. Crop descriptors and derived standards. https://www.
bioversityinternational.org/fileadmin/user_upload/about_us/news/publications/List_of_
Descriptors_Titles_2018.pdf

FAO. 2011. Pre-breeding for effective use of plant genetic resources. Rome. http://www.fao.org/
elearning/#/elc/en/course/PB

IPGRI (International Plant Genetic Resources Institute). 2001. Design and analysis of 
evaluation trials of genetic resources collections. A guide for genebank managers. IPGRI 
Technical Bulletin No. 4. Rome. https://cropgenebank.sgrp.cgiar.org/images/file/learning_
space/technicalbulletin4.pdf

Thormann, I. 2015. Predictive characterization: an introduction. Paper presented at Regional 
Training Workshop, 13 April 2015, Pretoria, South Africa. http://www.cropwildrelatives.
org/fileadmin/templates/cropwildrelatives.org/upload/sadc/project_meetings/Lectures_
Predictive_characterization_pre-breeding/Introduction_Predictive_Characaterization_
Thormann.pdf

Thormann, I., Alercia, A. & Dulloo, M.E. 2013. Core descriptors for in situ conservation of crop 
wild relatives v.1. Bioversity International, 28 p. 

Thormann, I., Parra-Quijano, M., Endresen, D.T.F., Rubio-Teso, M.L., Iriondo, M.J. & 
Maxted, N. 2014. Predictive characterization of crop wild relatives and landraces. Technical 
guidelines version 1. Rome, Bioversity International. https://www.bioversityinternational.
org/fileadmin/user_upload/online_library/publications/pdfs/Predictive_characterization_
guidelines_1840.pdf  

Molecular characterization and evaluation
Arif, I.A., Bakir, M.A., Khan, H.A., Al Farhan, A.H., Al Homaidan, A.A., Bahkali, A.H., 

Sadoon, M.A. & Shobrak, M. 2010. A brief review of molecular techniques to assess 
plant diversity. International Journal of Molecular Sciences, 11(5): 2079–2096. 
https://doi.org/10.3390/ijms11052079

Ayad, W.G., Hodgkin, T., Jaradat, A. & Rao, V.R. 1997. Molecular genetic techniques for plant 
genetic resources. Report on an IPGRI workshop, 9–11 October 1995, Rome, IPGRI, 137 p. 
http://www.bioversityinternational.org/fileadmin/bioversity/publications/Web_version/675/
begin.htm 

Bretting, P.K. & Widrlechner, M.P. 1995. Genetic markers and plant genetic resource 
management. Plant Breeding Reviews, 13 :11–86. 

D’Agostino, N. & Tripodi, P. 2017. NGS-based genotyping, high-throughput phenotyping and 
genome-wide association studies laid the foundations for next-generation breeding in 
horticultural crops. Diversity, 9(3): 38. https://doi.org/10.3390/d9030038

de Vicente, M.C. & Fulton, T. 2004. Using molecular marker technology in studies on plant 
genetic diversity. Rome, IPGRI, and Ithaca, New York, USA, Institute for Genetic Diversity. 
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/
pdfs/Molecular_Markers_Volume_1_en.pdf 

https://www.bioversityinternational.org/fileadmin/user_upload/about_us/news/publications/List_of_Descriptors_Titles_2018.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/about_us/news/publications/List_of_Descriptors_Titles_2018.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/about_us/news/publications/List_of_Descriptors_Titles_2018.pdf
https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/technicalbulletin4.pdf
https://cropgenebank.sgrp.cgiar.org/images/file/learning_space/technicalbulletin4.pdf
http://www.cropwildrelatives.org/fileadmin/templates/cropwildrelatives.org/upload/sadc/project_meetings/Lectures_Predictive_characterization_pre-breeding/Introduction_Predictive_Characaterization_Thormann.pdf
http://www.cropwildrelatives.org/fileadmin/templates/cropwildrelatives.org/upload/sadc/project_meetings/Lectures_Predictive_characterization_pre-breeding/Introduction_Predictive_Characaterization_Thormann.pdf
http://www.cropwildrelatives.org/fileadmin/templates/cropwildrelatives.org/upload/sadc/project_meetings/Lectures_Predictive_characterization_pre-breeding/Introduction_Predictive_Characaterization_Thormann.pdf
http://www.cropwildrelatives.org/fileadmin/templates/cropwildrelatives.org/upload/sadc/project_meetings/Lectures_Predictive_characterization_pre-breeding/Introduction_Predictive_Characaterization_Thormann.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/pdfs/Predictive_characterization_guidelines_1840.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/pdfs/Predictive_characterization_guidelines_1840.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/pdfs/Predictive_characterization_guidelines_1840.pdf
https://doi.org/10.3390/ijms11052079
http://www.bioversityinternational.org/fileadmin/bioversity/publications/Web_version/675/begin.htm
http://www.bioversityinternational.org/fileadmin/bioversity/publications/Web_version/675/begin.htm
https://doi.org/10.3390/d9030038
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/pdfs/Molecular_Markers_Volume_1_en.pdf
https://www.bioversityinternational.org/fileadmin/user_upload/online_library/publications/pdfs/Molecular_Markers_Volume_1_en.pdf


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

80

de Vicente, M.C., Metz, T. & Alercia, A. 2004. Descriptors for genetic markers technologies. 
https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-genetic-
markers-technologies/

Govindaraj, M., Vetriventhan, M. & Srinivasan, M. 2015. Importance of genetic diversity 
assessment in crop plants and its recent advances: an overview of its analytical 
perspectives. Genetics Research International. https://www.hindawi.com/journals/
gri/2015/431487/

Jia, J., Li, H., Zhang, X., Li, Z. & Qiu, L. 2017. Genomics-based plant germplasm research 
(GPGR). The Crop Journal, 5(2): 166–174. https://doi.org/10.1016/j.cj.2016.10.006

Jiang, G.-L. 2013. Molecular markers and marker-assisted breeding in plants. In: S.B. Andersen.. 
Plant breeding from laboratories to fields. IntechOpen, Denmark. 
https://doi.org/10.5772/52583

Kaçar, Y.A., Byrne, P.F. & da Silva, J.A.T. 2006. Molecular markers in plant tissue culture In: J.A. 
Teixeira da Silva, ed. Floriculture, ornamental and plant biotechnology: advances and topical 
Issues, Vol. II, Edition 1, Chapter 57, pp. 444–449. Global Science Books.

Karp, A., Kresovich, S., Bhat, K.V., Ayad, W.G. & Hodgkin, T. 1997. Molecular tools in plant 
genetic resources conservation: a guide to the technologies. IPGRI Technical Bulletin No. 2. 
Rome, IPGRI. 

Keilwagen, J., Kilian, B., Özkan, H., Babben, S., Perovic, D., Mayer, K.F.X., Walther, A. et al. 
2014. Separating the wheat from the chaff – a strategy to utilize plant genetic resources 
from ex situ genebanks. Scientific Reports, 4: 5231. https://doi.org/10.1038/srep05231

Kilian, B. & Graner, A. 2012. NGS technologies for analyzing germplasm diversity in genebanks. 
Briefings in Functional Genomics, 11(1): 38–50. https://doi.org/10.1093/bfgp/elr046

Laucou, V., Lacombe, T., Dechesne, F., Siret, R., Bruno, J.P., Dessup, M., Dessup, P. et al. 
2011. High throughput analysis of grape genetic diversity as a tool for germplasm collection 
management. Theoretical and Applied Genetics, 122(6): 1233–1245. https://doi.org/10.1007/
s00122-010-1527-y

Mishra, K.K., Fougat, R.S., Ballani, A., Thakur, V., Jha, Y. & Madhumati, B. 2014. Potential 
and application of molecular markers techniques for plant genome analysis. International 
Journal of Pure & Applied Bioscience, 2(1): 169–188. http://www.ijpab.com/form/2014%20
Volume%202,%20issue%201/IJPAB-2014-2-1-169-188.pdf

van Treuren, R. & van Hintum, T. 2014. Next-generation genebanking: Plant genetic resources 
management and utilization in the sequencing era. Plant Genetic Resources, 12(3): 298–307. 
http://doi.org/10.1017/S1479262114000082 

https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-genetic-markers-technologies/
https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-genetic-markers-technologies/
https://www.hindawi.com/journals/gri/2015/431487/
https://www.hindawi.com/journals/gri/2015/431487/
https://doi.org/10.1016/j.cj.2016.10.006
https://doi.org/10.5772/52583
https://doi.org/10.1038/srep05231
https://doi.org/10.1093/bfgp/elr046
https://doi.org/10.1007/s00122-010-1527-y
https://doi.org/10.1007/s00122-010-1527-y
http://www.ijpab.com/form/2014%20Volume%202,%20issue%201/IJPAB-2014-2-1-169-188.pdf
http://www.ijpab.com/form/2014%20Volume%202,%20issue%201/IJPAB-2014-2-1-169-188.pdf
http://doi.org/10.1017/S1479262114000082


81

12. Further information/reading

Documentation
Ougham, H. & Thomas, I.D. 2014. Germplasm databases and informatics. In: M. Jackson, 

B., Ford-Lloyd & M. Parry, eds. Plant genetic resources and climate change, pp.151–165. 
Wallingford, UK, CABI International.

Painting, K.A, Perry, M.C, Denning, R.A. & Ayad, W.G. 1993. Guidebook for genetic resources 
documentation. Rome, IPGRI. https://www.bioversityinternational.org/fileadmin/_migrated/
uploads/tx_news/Guidebook_for_genetic_resources_documentation_432.pdf  

Safety duplication
Nordgen. 2008. Agreement between (depositor) and the Royal Norwegian Ministry of Agriculture 

and Food concerning the deposit of seeds in the Svalbard Global Seed Vault. The Svalbard 
Global Seed Vault. https://seedvault.nordgen.org/common/SGSV_Deposit_Agreement.pdf 

Infrastructure and equipment 
Bretting, P.K. 2018. 2017 Frank Meyer Medal for Plant Genetic Resources Lecture: Stewards 

of Our Agricultural Future. Crop Science, 58(6): 2233–2240. https://doi.org/10.2135/
cropsci2018.05.0334 

Fu, Y-B. 2017. The vulnerability of plant genetic resources conserved ex situ. Crop Science, 57(5): 
2314. https://doi.org/10.2135/cropsci2017.01.0014

International Potato Centre. 2014. Tissue culture. CIP Training Manual. 1. http://cipotato.org/
wp-content/uploads/2014/07/Tissue.pdf 

IPGRI/CIAT (IPGRI/International Centre for Tropical Agriculture). 1994. Establishment and 
operation of a pilot in vitro active genebank. Report of a CIAT-IBPGR collaborative project 
using cassava (Manihot esculenta Crants) as a model. Cali, Colombia, IPGRI and CIAT. 
http://ciat-library.ciat.cgiar.org/ciat_digital/CIAT/63652.pdf 

https://www.bioversityinternational.org/fileadmin/_migrated/uploads/tx_news/Guidebook_for_genetic_resources_documentation_432.pdf
https://www.bioversityinternational.org/fileadmin/_migrated/uploads/tx_news/Guidebook_for_genetic_resources_documentation_432.pdf
https://seedvault.nordgen.org/common/SGSV_Deposit_Agreement.pdf
https://doi.org/10.2135/cropsci2018.05.0334
https://doi.org/10.2135/cropsci2018.05.0334
https://doi.org/10.2135/cropsci2017.01.0014
http://cipotato.org/wp-content/uploads/2014/07/Tissue.pdf
http://cipotato.org/wp-content/uploads/2014/07/Tissue.pdf
http://ciat-library.ciat.cgiar.org/ciat_digital/CIAT/63652.pdf


Practical guide for the application of the Genebank Standards for Plant Genetic Resources for Food and Agriculture
Conservation via in vitro culture

82



83

It is important that staff are properly trained and follow documented procedures at 
all stages of genebank operations. Specific risks to be considered during genebank 
operations are presented below.

Acquisition

Risk Risk control/mitigation

Diversity of the source 
population is not adequately 
represented in the collected 
sample

 n  Develop and follow an agreed collecting strategy and 
methodology that adequately follows genetic sampling 
guidelines

Taxonomic misidentification  n  Include a taxonomist in the collecting team and hire genebank 
staff trained in taxonomy

 n  Take herbarium vouchers and photos for verification by 
experts

Mislabelling/loss of labels  n  Firmly attach one label to the outside of each collecting bag; 
place another label inside the collecting bag

Transcription errors  n  Consider the use of mobile devices, ensuring regular data 
backup and availability of sufficient charged batteries

 n  Implement data validation

Loss of viability during 
collecting missions/transport 
leading to reduced longevity 

 n  Ensure timely transfer to controlled conditions

 n  Ensure appropriate post-harvest handling according to 
propagule maturity, prevailing environmental conditions and 
phytosanitary conditions

Annex: 
Risks and associated mitigation
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In vitro culture and slow-growth storage

Risk Risk control/mitigation

Reduced propagule longevity  n Ensure appropriate media and storage conditions, including 
disease management

Loss of genetic integrity due to 
somaclonal variation

 n  Avoid the use of excess growth regulators in media

 n  Limit the number of subcultures

 n  Discard any cultures exhibiting somaclonal variation

Mixing/mislabelling of samples  n  Label carefully to avoid mixing

 n  Use computer-generated barcode labels to minimize errors

Stored sample falls below 
viability or quantity thresholds

 n  Ensure that the documentation system includes automated 
tools to monitor viability and inventory and flag up accessions 
requiring regeneration

Recycling and rejuvenation

Risk Risk control/mitigation

Loss of adaptive alleles due to 
selection pressures

 n  Ensure appropriate media and recycling conditions

 n  Rejuvenate under controlled environmental conditions

Misidentification of sample/
accession

 n Check container and pot labels; use bar codes

Characterization and evaluation (in vitro)

Risk Risk control/mitigation

Poorly recorded, unreliable 
data

 n Well-trained staff

 n  Mobile devices to record field data

 n  Data validation by curator and/or documentation officer

Misidentification of sample  n  Check container labels while collecting data
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Annex: Risks and associated mitigation

Characterization and evaluation (greenhouse or field)

Risk Risk control/mitigation

Poorly recorded, unreliable 
data

 n  Well-trained staff

 n  Appropriate statistical design

 n  Selection of appropriate locations for planting

 n  Appropriate cultural practices 

 n  Mobile devices to record field data

 n  Data validation by curator and/or documentation officer

Misidentification of sample/
accession

 n  Use of check accessions/varieties

 n  Check plot labels while collecting data

 n  Check plot and pot labels prior to sowing and harvesting

Distribution and safety duplication

Risk Risk control/mitigation

Mixing/mislabelling of samples  n Careful packaging to avoid mixing

 n  Labels placed inside and outside of package

 n  Use computer-generated barcode labels to minimize errors

Viability loss due to delayed or 
damaged shipments

 n  Ensure samples are dispatched promptly and use the fastest 
and safest way of sending.
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