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Abstract. Genebanks around the world have implemented cryopreservation programs
to conserve clonally propagated crop collections as dormant buds and shoot tips. In
1988, the US National Plant Germplasm System (NPGS) cryopreservation program
placed its initial dormant bud samples into long-term storage at the National Labora-
tory for Genetic Resources Preservation (NLGRP) in Fort Collins, CO, USA. Shoot
tip cryopreservation at NLGRP became routine in the early 2000s, with an early em-
phasis on potato cryopreservation. Accurate data documentation methods ensure crit-
ical information is available for decades after materials are placed into cryostorage.
Therefore, we provide key data fields, methods for sample documentation, and newly
standardized data review processes based on NLGRP procedures. In addition, taxo-
nomic information is provided for the 5457 unique NPGS accessions with cryopre-
served NLGRP inventories, as well as some longevity data.

The US National Plant Germplasm Sys-
tem (NPGS) maintains more than 620,000
plant accessions representing more than 200
crops across 20 locations. Most of the NPGS
collections are kept as orthodox seeds and un-
dergo periodic field regeneration; however,
more than 40,000 accessions are clonally
propagated plants perpetually growing in field,
greenhouse/screenhouse, or in vitro conditions
(Jenderek and Reed 2017). These clonally

propagated crop collections, primarily fruit,
nuts, ornamentals, and some vegetables, re-
quire expensive, resource-intensive mainte-
nance and are particularly vulnerable to pests,
diseases, and abiotic stresses. It is critical to
safeguard these crops because NPGS collec-
tions provide the genetic variation and im-
portant traits needed to overcome threats to
agricultural production, and to increase the
quality and productivity of nutritious foods
and nursery crops (Bretting 2018; Byrne
et al. 2018).

The US Department of Agriculture
(USDA)–Agricultural Research Service Na-
tional Laboratory for Genetic Resources Pres-
ervation (NLGRP) in Fort Collins, CO, USA,
serves as the NPGS backup facility and is
therefore responsible for maintaining dupli-
cates of these vast collections to ensure their
security. Orthodox seeds are primarily stored
at freezer (–18 �C) conditions, whereas shoot
tips and dormant buds are kept in liquid nitro-
gen (LN) to preserve the specific genotypes of
the clonally propagated collections. In the

1980s, the NPGS established seven new re-
positories for clonally propagated crops at
Corvallis, OR, USA; Davis, CA, USA; Riv-
erside, CA, USA; Hilo, HI, USA; College
Station, TX, USA; Miami, FL, USA; and
Mayaguez, PR, USA (Postman et al. 2006).
This required the development of new pro-
cedures to cryopreserve nonseed propa-
gules for long-term backup at the NLGRP.
From 1989 to 2015, the National Clonal
Germplasm Repository in Corvallis, OR,
USA, also managed an active clonal tissue
culture and cryopreservation program that fo-
cused primarily on temperate small fruit,
pears, and hops. Corvallis later transferred
these cryopreserved materials to the NLGRP
for long-term storage (Jenderek and Reed
2017).

NLGRP clonal cryopreservation programs
initially focused on cryopreserving apple dor-
mant buds using methods developed by the
USDA and collaborators (Forsline et al.
1998; Towill et al. 2004; Tyler and Stushn-
off 1988). The NLGRP has since developed
and successfully implemented cryopreser-
vation methods for a variety of crops, in-
cluding potato (Jenderek et al. 2023), garlic
(Ellis et al. 2006), citrus (Volk et al. 2015,
2019), grape (Bettoni et al. 2019), and kiwi-
fruit (Volk et al. 2022). In addition, meth-
ods developed by other programs have been
adopted, including mint (Senula et al. 2007),
mountain mint (Jenderek et al. 2013), straw-
berry (Pinker et al. 2009), and banana/plan-
tain (Skogerboe and Jenderek 2023). Detailed
methods for some NLGRP cryopreservation
processes have been made available in e-book
format (Volk 2020).

NLGRP cryopreservation data are main-
tained in the NPGS information management
system: the Germplasm Resources Informa-
tion Network (GRIN-Global). Specific pro-
cedures for the documentation of clonal
cryopreservation data in GRIN-Global were
not initially established. This resulted in in-
consistent use of data fields and reporting
methods for more than 30 years. It is criti-
cal to address the inconsistent documenta-
tion because information about genebank
holdings must be transferred between gen-
erations (Weise et al. 2020) and communi-
cated to crop managers at the active NPGS
repository sites. In 2019, NLGRP scientists
and staff identified key data fields and doc-
umentation systems to ensure consistent,
standardized storage of necessary data in
GRIN-Global. Then, from 2022–24, the
NLGRP systematically reviewed and up-
dated data for accurate and consistent docu-
mentation of clonally propagated collections.

Accessions and Inventories
The NPGS identifies plant genetic resour-

ces in terms of “accession” and “inventory.”
An accession describes a single genetic re-
source collected at one time and from one
location, and one that is uniquely identifiable
through provenance, improvement status,
pedigree, taxonomy, and/or cultural context.
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In GRIN-Global, an inventory describes each
physical sample of an accession. Characteristics
associated with an inventory include physical
plant or plant part form (plant, seed, meristem,
etc.), quantity, location, and condition.

A single accession may have multiple in-
ventories associated with it, and each inven-
tory is a unique representative of the accession.
For clonally propagated crops, an accession typ-
ically describes a single genotype. When cryo-
preserved, one or more NLGRP inventories are
associated with an accession. For historical rea-
sons, an NSSL prefix identifies NLGRP inven-
tories due to the original name of the NLGRP,
the National Seed Storage Laboratory (NSSL).

We describe the methods developed to
document cryopreserved NLGRP inventories
of shoot tips and dormant buds, as well as the
data cleanup project that resulted in an accu-
rate representation of NLGRP clonal holdings.
We provide an up-to-date listing of clonal prop-
agules cryopreserved at the NLGRP, as well as
some long-term viability results.

Materials and Methods

Receiving, processing, and documenting
cryopreserved inventories. NPGS clonal plant
collections are maintained at active sites in
orchards, vineyards, greenhouses, screenhouses,
and as in vitro plants. To initiate a cryopreserva-
tion activity at the NLGRP for a crop in which
procedures are available, curatorial teams at the
NLGRP and the active site coordinate conserva-
tion targets and timelines. NPGS staff document
cryopreservation requests sent to the NLGRP in
the GRIN-Global Curator Tool as an order with
associated order items. Upon receipt, NLGRP
staff verify all the materials on the packing list
were received. The NLGRP data management
group then uses the order records to create
NSSL identifiers to track the material received
at the NLGRP. Technicians then process the
material, cryopreserve it, test its viability, and
transfer it to long-term storage in LN tanks.
Data associated with each step are provided to
NLGRP data management in a spreadsheet with
a specific format, referred to as an ecryocard
(Table 1). Automated processes ensure the data
are uploaded correctly into GRIN-Global.

Storage criteria. Currently, the NLGRP aims
to cryopreserve 170 propagules for each acces-
sion, resulting in 17 containers of 10 dormant
buds or shoot tips. Two of these containers are
used for viability assessments; the remaining
15 containers are placed into long-term storage.
Ideally, a clonal accession (genotype) is backed
up successfully at the NLGRP when the 40/60
standard is met (Volk et al. 2017b). To meet
this standard, the inventories belonging to the
accession have a viability of 40% or greater as
determined by the specified viability method.
In addition, the standard calls for a predicted
minimum of 60 viable propagules across all
cryopreserved inventories (usually no more
than two) of an accession. Sometimes, achiev-
ing 40% viability for an inventory is impossi-
ble, so producing 60 viable propagules after
multiple cryopreservation events must suffice
until improved procedures are developed and

implemented. In some cases, inventories that
do not meet these standards are placed into
long-term storage, as any regenerable propa-
gules may prevent total loss of valuable plant
genetics.

GRIN-global data documentation and re-
view. GRIN-Global is a relational database
that divides data storage into separate catego-
ries of information. Each category consists of
a “parent” table that provides the broadest

overview and separate “child” tables that cap-
ture many-to-one relationships back to the
parent table. For example, “Inventory” is a
parent category that stores information about
the location and state (i.e., a plant in the field,
in vitro, or propagules that are cryopreserved)
of the physical material. Individual events
that happen to an inventory throughout its life
are recorded in a child “Inventory action”
table because an action table can document

Table 1. GRIN-Global data fields for documenting inventories that are cryopreserved as dormant
buds or shoot tips at the National Laboratory for Genetic Resources Preservation (NLGRP).

Dataview and column Relationship to the NLGRP inventory
Order

Created By Cooperator at the active site
Intended Use “Backup” or “Research”
Inventory Initial parent “source” inventory
Distribution Form The form of the germplasm sent to the NGLRP for processing

Inventory
Inventory Unique inventory number starting with “NSSL”
Accession NPGS accession
Inventory Maintenance Policy Describes long-term storage conditions and stored form type
Location Section 1 LN tank number
Location Section 2 Section in LN tank
Location Section 3 Cryobox number
Location Section 4 Used for nonstandard storage
Inventory Status “Backup germplasm” for preserved NPGS inventories;

“Sample in Processing” for samples being processed
Quantity On Hand Number of containers in storage (e.g., vials)
Quantity On Hand Units The containers used for storage
Standard Distribution Form The propagule that will be distributed
Parent Inventory The source plant material from which the cryopreserved

inventory was derived, which may be an intermediate
in vitro culture

Backup Inventory The active site inventory sent to the NLGRP
Pathogen Status Microbial activity observed during cryopreservation
Preservation Method The cryopreservation method

Inventory Viability
Inventory Viability ID An autogenerated record ID number representing the viability

test
Inventory Viability Rule The method for determining viability
Inventory Same as Inventory; associates viability test with inventory record
Tested Date Date viability evaluated
Percent Viable Percent Viable propagules according to the criteria in the

associated Viability Method; often, this refers to the
regrowth of viable plants

Sample Count Total propagules tested for viability
Replication Count Total number of replications in the viability test

Inventory Viability Data
Inventory Viability Same as Inventory Viability ID; links raw data records to the

summarized viability record
Counting Cooperator The cooperator who did the viability test
Replication Number The identifier for this specific replication
Count Number The instance (data collection event) counted (1 is initial, 2 is final)
Normal Count Viable propagules counted
Replication Count The total number of propagules tested in this replication

NSSL Site Inventory
Inventory Same as NSSL number
Moisture X The moisture calculated in instance “X”
Moisture X type How the moisture was calculated
Moisture X Date Date the moisture was calculated
Estimated Viable in LN2 The estimated number of viable propagules stored at time of

cryopreservation
Inventory Action (Action Name):

Date Tissue Culture Introduction Date the in vitro culture was initiated at the active site or the
NLGRP

Harvested Date budwood sent to the NLGRP was harvested at the active
site

Received Date material was received at the NLGRP
Last Culture Date of last subculture before cryopreservation
Liquid Nitrogen Exposure Date of exposure to LN
Stored Date the inventory was moved to the LN vault
Sample in Processing Date processing at the NLGRP started

ID 5 identification; LN 5 liquid nitrogen; LN2 5 liquid nitrogen; NPGS 5 National Plant Germ-
plasm System; NSSL 5 National Seed Storage Laboratory.
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various processing steps as well as multiple
occurrences of the same event.

All data available in GRIN-Global for
cryopreserved clonal inventories belonging to
the NPGS and stored at the NLGRP were re-
viewed and corrected from 2022–24. It was
critical to document which specific invento-
ries and their associated data fields were re-
viewed, and to keep records of the initial data
stored in those fields. The data review was
conducted systematically for each of the crop
collections (usually designated by the same
genus) in GRIN-Global. Spreadsheet work-
books were developed to evaluate each data-
set. Records were reviewed and corrected for
consistent use of fields and units. Incomplete
records were completed when possible, using
historical documents and/or information from
the original cryoprocessing technician. Work-
books contained the original records retrieved
from GRIN-Global. The corrected data were
then entered into GRIN-Global along with a
list of the reviewed dataviews and fields, re-
view criteria, and any intermediate spread-
sheets used during the review process. These
workbooks and additional information, such as
scanned paper documents and associated elec-
tronic fields, were archived in online folders at
the conclusion of the project.

The GRIN-Global Curator Tool was used
to access and update relevant data during the
review process; original data were down-
loaded to a workbook, standardized, and then
uploaded back into GRIN-Global. Each re-
viewed inventory was classified into broad
categories that include “Backup germplasm,”
“Sample in processing,” “Research,” “Inventory
does not exist,” “Accession has property rights,”
or “Unknown status.” “Backup germplasm” in-
ventories, at a minimum, include quantity, re-
corded physical storage location, and viability.
For inclusion in the reports, the associated
viability must be greater than 0%. Internal-
use reports provide viability information to
inform curation teams about the quality of
the inventory.

“Order” and “Order Request Item” data-
views. Fields in the “Order” dataview and
“Order Request Item” dataview (order-specific
itemized list of inventories in an order) are
used when inventories are created at the
NLGRP. If the Order Type and Intended
Use Note fields in the “Order” dataview indi-
cate that the material sent to the NLGRP is
intended for NPGS backup purposes, the cor-
responding NLGRP inventories are assigned
the “Sample in processing” status. Other status
types describe material intended for some other
purpose, such as “Research” or “Accession
has property rights.” The individual responsi-
ble for completing the order is indicated in the
Created By field and is referenced as the Co-
operator associated with the NLGRP inven-
tory’s “Received” action. The Inventory and
Distribution Form fields in the “Order Re-
quest Item” dataview identify the specific
source plant and germplasm form provided to
the NLGRP. The corresponding NLGRP
inventory references this as the Backup
Inventory and Parent Inventory.

“Inventory” dataview. Inventory records
capture information about the condition, loca-
tion, and relationship to other inventory
records. Key data fields are Quantity On
Hand, Quantity On Hand Units, Inventory
Maintenance Policy, Inventory Type, Inven-
tory Status, Location (Section 1, Section 2,
Section 3, or Section 4), Parent Inventory,
Backup Inventory, Pathogen Status, Preser-
vation Method, Accession, and Inventory
Identifier (the NSSL number). Additional in-
formation may also be captured in optional
fields, including a free-text Note field.

The required InventoryMaintenance Policy
field assigned to the inventory provides key
information about the propagule type and
storage regime. For example, CRYO-LIQUID-
MERISTEM indicates that meristems (excised
shoot tips) are stored in the liquid phase of LN.
The NLGRP primarily uses several options for
the Inventory Type field: IV [in vitro: tissue
culture plants in StarPac bags (AgriStart, Inc.,
Conroe, TX, USA), test tubes, or magenta
boxes stored in a growth chamber]; DB
(dormant buds: twig segments containing one
or more dormant buds in tubes in LN), and
MS (meristems: excised shoot tips in vials
stored in LN). Distribution Critical Amount
indicates the minimum number of containers
on hand before an inventory is no longer
available for regular distribution. Replenish-
ment Critical Amount is the critical cut-off
to indicate the need for a replacement inven-
tory. Both fields are usually set at 2.

Quantity on Hand is the number of the
Quantity on Hand Units (containers), in
storage at the NLGRP. These codes describe
the type of container housing the propagules
and also serve to propagate the Unit of Distri-
bution field. Units associated with cryopre-
served inventory include ct (count: individual
propagules), vl (vial: 1.2-mL cryovial), tb
(tubes: sealed tube, usually polyolefin used
for dormant buds), and 50mL_vl (50-mL
polypropylene tube used for some samples).

The physical storage location of cryopre-
served dormant buds and shoot tips at the
NLGRP is described using four fields. Loca-
tion Section 1 identifies the LN tank, Location
Section 2 identifies the sector within the tank,
Location Section 3 indicates the cryobox con-
taining the cryopreserved inventory, andLocation
Section 4 is used when an additional location de-
scription is needed, such as if cryovials are stored
within 10� 10 cryo storage boxes.

Fields in the NLGRP inventory record re-
late the cryopreserved material to other, exist-
ing inventory records associated with a given
accession. The Backup Inventory field al-
ways identifies the original source germplasm
(using the active site inventory identifier), as-
sociated with an NSSL inventory derived
from it. This indicates the field inventory be-
ing backed up at the NLGRP. Parent Inven-
tory indicates specific inventory (active site
inventory or NLGRP inventory) from which
this inventory directly descended. For cryo-
preserved shoot tips, it may reflect an inter-
mediate NLGRP inventory instead of the
original source inventory from the primary re-
pository. For dormant buds, however, Backup

Inventory and Parent Inventory are both the
active site inventory identifier. Pathogen Status
provides a location to document whether any
sort of contamination was observed during the
preservation and viability assessment proce-
dures. This information is valuable for future
inventory regeneration efforts, particularly if
minor contamination was observed that did
not inhibit plant regrowth. Preservation
Method indicates the method used to pre-
serve the propagules in storage. A separate
GRIN-Global “Methods” table records some
information about specific methods and, via a
standardized file-naming convention, links to a
document maintained in a separate file system
with a detailed description of the preservation
process.

“NSSL Site Inventory” dataview. The
“NSSL Site Inventory” dataview provides
fields specific to NLGRP activities, including
Moisture, Moisture Type, Estimated Viable
in LN2 (liquid nitrogen), Shoots_Per_Vial,
and Estimated_Shoots. Captured data include
adjusted moisture content measurements for
dormant buds as Moisture X, method for
calculation as Moisture X Type, and data
collection date. The Estimated Viable in
LN2 field records the estimated total number
of viable propagules placed in long-term storage
as calculated by the processing technician and
calculated by multiplying the percent viable
(usually based on regrowth), the value in the
Shoots_Per_Vial field, and the data in the
Quantity on Hand field. These data reflect
the initial quantity placed into storage; the
value does not change when units are removed
from cryostorage. The Shoots_Per_Vial
field records the number of propagules in
each container for the inventory. The Estimated_
Shoots field is a calculated field determined by
multiplying the data from the following fields:
Shoots_Per_Vial, Percent Viable, andQuantity
on Hand.

“Inventory Viability” and “Inventory
Viability Data” dataviews. It is important to
differentiate data captured in the “Viability”
and “Viability data” tables. The child “Viability
data” table captures raw scored values associ-
ated with a viability test; the “Viability” table
provides the summary overview of the viability
test methodology, sample size, and overall
percentages.

The “Inventory Viability” dataview in-
cludes key fields that document sample via-
bility testing including Inventory Viability
Rule, Percent Viable, and Replication Count.
The Inventory Viability Rule field records the
method used to test the viability of the propa-
gules in storage. This must be an entry in the
“Viability rule” table that links to a document
with detailed descriptions about how to recover
the propagules of this inventory from LN and
how to perform the viability/regrowth test pro-
cedures. The Percent Viable field is the per-
centage of the sampled propagules that met the
viability criteria expressed in the Inventory
Viability Rule field. The Replication Count
field indicates the number of replications per-
formed during the viability test (e.g., a viability
test of 20 propagules performed as 2 replications
of 10 propagules each).
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The “Viability data” table is a child table
of “Viability” used to store itemized data for
each testing event. Each row in the table de-
scribes an observation for the viability test in-
dicated in the Inventory Viability field. Data
captured in the table include an identifier for
the observation (Count Number), the obser-
vation date (Count Date), the number of via-
ble propagules observed (Normal Count) in
the number of propagules tested (Replication
Count) for the specific replication (Replica-
tion number), and the technician who col-
lected the data (Counting Cooperator).

“Inventory Action” dataview. The
“Inventory action” database table is a child table
of “Inventory.” It describes activities performed
on inventories throughout the life of the mate-
rial. For cryopreserved materials, each inventory
must have an action with the name “Exposed
to LN” and its completed date, the date on
which the inventory was cryopreserved. At the
completion of an inventory’s data review pro-
cess, the action “Associated information re-
view” was added to document the date the data
were corrected (completed date) in the GRIN-
Global database.

Accession inventory attachments. GRIN-
Global includes an Attachment Wizard to sim-
plify and streamline uploading and linking com-
puter files to many different types of records
within GRIN-Global using standardized codes.
These files may include images, documents,
spreadsheets or other file types containing
observation information, viability data, cryo-
preservation or viability testing methods, and
so on.

Reporting. NLGRP data in GRIN-Global
can be retrieved by querying the database
with the desired fields. Alternatively, sum-
mary information is available to NPGS cura-
tors through internal-use web-based reports
for “NLGRP Clonal Accessions” and “Clonal
Summary” available through the GRIN-Global
public website. The NLGRP Clonal Accessions
report displays information (including viability
and quantity on hand) about accessions with
NLGRP inventories and can show all records or
only accessions that are currently cryopreserved
(viability greater than 0%, and at least one con-
tainer in LN storage). The “NLGRP Clonal
Totals Report” selection provides the number
of accessions cryopreserved at the NLGRP
(greater than 0% viability and at least one con-
tainer in LN), described by genus and propa-
gule type. Although these criteria are much
less stringent than the 40/60 standard, they pro-
vide a consistent method to retrieve informa-
tion from GRIN-Global for reporting purposes.

“Long-term storage of citrus shoot tips.”
An experiment was initiated in 2011 to deter-
mine long-term viability of citrus shoot tips in
cryostorage using Citrus aurantium ‘Seville’
sour orange, Citrus limon ‘Eureka’ lemon, and
Citrus paradisi ‘Reed Marsh’ grapefruit (Volk
et al. 2015, 2017a). Three inventories contain-
ing 10 shoot tips of each accession were
warmed and micrografted at time points be-
tween 2011 and 2024 to determine regrowth
levels. Significant changes over time were cal-
culated using regression analyses.

Results and Discussion

NLGRP inventories. The long-standing
clonal cryopreservation program at the NLGRP
has resulted in the successful storage of invento-
ries representing 26 NPGS crops. In some cases,
viability levels or quantities do not meet current
standards because they were processed at a time
when different standard levels were in use, inad-
equate quantities of material were available, or
because the current methods did not achieve the
desired viability/regrowth levels. Because of the
number of accessions within these large collec-
tions, curatorial decisions must be made as to
whether accessions will be reprocessed or
whether the cryopreserved quantity and quality
are adequate, freeing up resources to preserve
additional vulnerable accessions at the NLGRP.
Ongoing research programs seek to identify
modifications or improved methods that will
improve cryopreservation results. The lack of
methods and resources to implement available
methods significantly affects the ability of the
NLGRP to cryopreserve many of the clonally
propagated crop collections within the NPGS.

After the NLGRP clonal data review, it
was determined that the NLGRP has a total
of 5457 NPGS unique accessions from
clonal collections maintained as vegetative
propagules in LN, with 2856 accessions
preserved as dormant buds and 2656 accessions

preserved as shoot tips. Overall, �14% of the
NPGS clonal collections are represented at
the NLGRP. Of these, 638 of the accessions
cryopreserved as dormant buds meet the 40/
60 standard and 2394 of the accessions cryo-
preserved as shoot tips meet the 40/60 standard.
Materials remain in storage that were cryopre-
served as early as 1988 (Table 2 and Fig. 1).
Long-term efforts to cryopreserve dormant
buds and shoot tips at the NLGRP have re-
sulted in one of the largest collections of
clonally propagated plant materials in the
world, with other large collections held by
Bioversity International (Nagel et al. 2024);
the National Institute of Agricultural Scien-
ces, South Korea (Kim et al. 2012); the Na-
tional Institute of Agrobiological Sciences
Genebank, Japan (Fukui et al. 2011); the In-
ternational Potato Center, Peru (Vollmer et al.
2022); and the Leibniz Institute of Plant Genet-
ics and Crop Plant Research, Germany (Nagel
et al. 2024; Wang et al. 2014).

Long-term viability of cryopreserved in-
ventories. The field of cryobiology is relatively
new, and the longevity of plant germplasm
cryopreserved as dormant buds and shoot
tips is not well documented. We sampled
three citrus shoot tip accessions cryopre-
served at the NLGRP for more than 10 years
and demonstrate no significant changes in viabil-
ity after 140 months of storage in the vapor phase

Table 2. National Plant Germplasm System (NPGS) accessions at the National Laboratory for Genetic
Resources Preservation (NLGRP) cryopreserved as dormant buds (DB) and shoot tips (MS) with
more than one container in liquid nitrogen storage and more than 0% viability, as well as columns
showing the number of stored accessions that meet the 40/60 standard as dormant buds and shoot
tips.i

Genus

NPGS
accessions
at NLGRP

NPGS
accessions
at NLGRP
as DB

DB > 60 and
at least one

inventory > 40% viability

NPGS
accessions
at NLGRP
as MS

MS > 60 and
at least one
inventory >
40% viability

Actinidia 4 0 0 4 3
Allium 100 0 0 100 98
Ampelopsis 1 0 0 1 1
Ananas 5 0 0 5 4
Citrus 508 0 0 508 450
Corylus 1 0 0 1 0
Cydonia 1 0 0 1 1
Cynodon 25 0 0 25 9
Fragaria 285 0 0 285 269
Humulus 91 0 0 91 80
Ipomoea 175 0 0 175 146
Juglans 9 9 4 0 0
Lolium 9 0 0 9 0
Malus 2403 2403 408 2 2
Mentha 78 0 0 78 72
Musa 25 0 0 25 23
Prunus 113 113 52 0 0
Pycnanthemum 32 0 0 32 32
Pyrus 293 105 40 216 172
Ribes 230 180 90 75 75
Rubus 201 0 0 201 179
Saccharum 29 0 0 29 28
Salix 46 46 44 0 0
Solanum-non-PVP 307 0 0 307 279
Solanum-PVP 401 0 0 401 391
Vaccinium 51 0 0 51 50
Vitis 34 0 0 34 30
Total 5457 2856 638 2656 2394
i Solanum (potato) accessions in the NPGS active collection are reported separately from those that,
at the time of this writing, are held under an active Plant Variety Protection (PVP) certificate (queried
10 May 2025). After 20 years, the PVP expires and the accession is released for incorporation into
the NPGS’s active Solanum collection.
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of LN (LNV; Fig. 2). F significance values for
the regressions were 0.139 for C. aurantium
‘Seville’ sour orange, 0.482 for C. limon
‘Eureka’ lemon, and 0.927 for C. paradisi
‘Reed Marsh’ grapefruit.

Anecdotal evidence reveals that NPGS
Malus inventories cryopreserved as dormant
buds as early as 1988 and retrieved 30 years
later were propagated successfully onto root-
stocks to replenish field trees that have been
lost in the Malus field collection in Geneva,
NY, USA (Gutierrez B, personal communica-
tion). In addition, Volk et al. (2008) com-
pared the viability of Malus dormant buds
maintained at the NLGRP from the Canadian
Clonal Genebank of Plant Gene Resources of
Canada and found that a subset that was
tested for regrowth after 10 years exhibited
lower, but insignificant, regrowth compared
with the initial LNV-exposed regrowth levels
at the time of preservation. In addition, rice
cells stored in LNV at the NLGRP in 1981
were warmed and grown successfully in
2020, demonstrating survival after 39 years
of cryostorage (Samuels et al. 2021). Vollmer
et al. (2022) provide long-term viability moni-
toring data for cryopreserved Solanum (potato)
after 2, 4, and 8 years, with no significant dif-
ferences in viability after the defined interval.
In contrast, Jenderek et al. (2023) reported an

overall decline of 25% in regrowth after 10 years
of cryostorage for 10 accessions of Solanum
crop wild relatives cryopreserved as shoot tips.
Recently Jenderek et al. (2025) compared the
regrowth of 25 Rubus accessions that were cry-
opreserved as shoot tips (droplet vitrification)
and stored for 15 to 20 years. Regrowth levels
dropped by 8.7%, on average, compared with
their initial viability. These ranges in responses
after extended cryopreservation durations sug-
gest that declines in viability over time are
possible, and that additional long-term re-
search is needed to understand more fully the
longevity of cryopreserved shoot tips and
dormant buds in genebank settings. This type
of research may be difficult because experi-
ments performed across multiple generations
of genebank staff may have variation in re-
growth assessment technique.

Conclusion

Cryopreserved clonal propagules may re-
main in storage for decades without needing
to be replenished. Thanks to these long stor-
age times, valuable collections of diverse,
clonally propagated crops and their wild rela-
tives can be backed up in a quiescent state,
safe from various biotic and abiotic stresses
they might otherwise experience. Long-term

storage necessitates clear data communica-
tion across generations of genebank staff and
across multiple NPGS genebank sites. Stan-
dardization of NLGRP clonal data reporting
resulted in accurate documentation of cryo-
preservation data for dormant buds and shoot
tips that can be easily sorted or queried. Includ-
ing automated processing and data checks to
GRIN-Global data entry now provides a consis-
tent upload process with substantially fewer er-
rors than manual data edits to each inventory
record. It is recommended that annual data
checks be performed to ensure the uploaded data
maintain high quality standards. In addition, this
standardized procedure provides staff an oppor-
tunity to review progress on inventories that are
in progress and to update the status as needed. In
the future, clonal cryopreservation processing
and dataflows should be further streamlined by
incorporating one- or two-dimensional barcodes,
radio-frequency identification tags, or simi-
lar technologies so that each step of the pro-
cess may be uploaded easily and immediately
to GRIN-Global as it is completed.
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