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MANUAL OF PROCEDURES


FOR


THE NATIONAL PLANT GERMPLASM SYSTEM

I.   INTRODUCTION AND OVERVIEW

The USDA, ARS, National Plant Germplasm System (NPGS) is comprised of a network of cooperating institutions, agencies, and research units in the Federal, State, and Private sectors.  The NPGS is part of the National Program (Plant, Microbial and Insect Genetic Resources, Genomics and Genetic Improvement, 301) with the expressed vision of furnishing genetic and bioinformatic tools, genomic information, and genetic raw materials to enhance American agricultural productivity to ensure a high quality, safe supply of food, fiber, feed, ornamentals, and industrial products.

The stated mission of the NPGS is to safeguard and utilize plant germplasm (genetic raw material), associated genetic and genomic databases, and bioinformatic tools to ensure an abundant, safe, and inexpensive supply of food, feed, fiber, ornamentals, and industrial products for the United States and other nations.

The goal of the NPGS, as a component of  this National Program, is to assist research scientists to provide for food security and a viable agricultural economy for the U.S. through improved crop quality and productivity, increased stability to pest, disease, and environmental stresses, reduced genetic uniformity and potential vulnerability, greater crop and landscape diversity, and enhanced harmony between agriculture and the environment through reduced dependency on pesticides and other chemicals.

Globally, the diversity of plant genetic resources is diminishing. Native habitats are being destroyed by the encroachment of humanity and by environmental change. Wild species of plants are becoming extinct, and traditional landraces are disappearing along with traditional peoples and their knowledge. The genetic and cultural information must be preserved.  Genebank collections that are threatened by political or institutional instability must be safeguarded. The ability to acquire and exchange resources, increasingly restricted by legal protocols and by increasing use of intellectual property rights (IPR) to protect proprietary germplasm, must be facilitated by international agreements. 

The germplasm base currently available for breeding many agricultural commodities is relatively very narrow, thereby limiting the availability of many desirable traits for crop improvement. The genetic diversity in genebanks (seed or clonal) must be maximized to help ensure their availability for research and crop improvement.  Because orchard collections in particular are expensive to maintain and the plants in them and in genebanks do not evolve under natural forces and processes, preserves should also be established in collaboration with public and private landholders to conserve wild crop relatives.  Despite the large size of the U.S. National Plant Germplasm System (NPGS), more than 441,000 accessions representing 11,000 species, gaps or incomplete representation of genetic diversity exist for the most important and potentially important crops.

The activities of the NPGS are intended to provide a continuous flow of genes from source to end use.  It is a continuum that keeps high-yielding varieties on the market, and  improves the quality of agricultural products.  It also helps minimize production costs, and reduce dependence on pesticides, thus enhancing the quality of the environment.  Overall it minimizes the vulnerability of agriculturally important germplasm to pests and environmental stresses.

Plant germplasm is the sum total of the genetic material in a plant species.  Germplasm collections include landraces of crops that have emerged over centuries of selection by farmers, wild plants related to cultivated crops, older and current crop varieties, parental lines, specialized plant materials used to develop new varieties and hybrids, and mutant genetic stocks maintained for research. Germplasm can be preserved as plants growing in greenhouse, screenhouse, or field plantings.  Dried seeds can be held at low temperatures in sealed containers for many years.  In vitro cultures of tissues, and buds, pollen or other plant parts can be preserved at ultra-low temperatures.

The history of the NPGS dates back to 1898 when the U.S. Department of Agriculture established the Section of Seed and Plant Introduction.  The evolution of plant germplasm activities in the U.S. from that point to what is known as the NPGS has been documented in several publications (ARS Information Service, 1990;  Hyland, 1977; Janick, 1989;  Parliman and White, 1985; Shands et al., 1989; Shands, 1995; White et al., 1989; Wilkes, 1985).

The major activities of the NPGS are carried out at various locations in the U.S. and involve all three research components of National Program 301.  The primary locations for these activities are shown in Figure I-1.  Each component or element of the NPGS performs assigned functions to meet specific objectives.  However, each element of the NPGS must also function in harmony with the whole since interactions among the elements affect the operation of the entire system.  A listing of the major elements of the NPGS and a brief description of their functions follows:

A.
 Non-Curatorial Units
1.  National Germplasm Resources Laboratory (NGRL).  The NGRL is located in the Plant Sciences Institute at the Henry A. Wallace Agricultural Research Center in Beltsville, MD, and supports the acquisition, introduction, documentation, evaluation, and distribution of germplasm by the National Plant Germplasm System (NPGS) and other components of the U.S. National Genetic Resources Program (NGRP).  The Laboratory is comprised of the Germplasm Resources Information Network/Database Management Unit (GRIN-Global) and the Plant Exchange Office (PEO).  The Laboratory also facilitates the activities of the Crop Germplasm Committees that advise components of the NPGS on a variety of matters.

The GRIN/DBMU manages GRIN-Global, which is a centralized computer database for international genebanks and the NPGS.  GRIN-Global serves as a central repository for information about inventories, germplasm descriptions and management of the system.

The primary functions of the PEO are to coordinate the acquisition and exchange of plant germplasm; document passport data of newly acquired material and assign unique Plant Introduction (PI) numbers; publish an annual USDA Plant Inventory of newly received accessions; and serve as a liaison on quarantine matters.  The PEO also assesses genetic diversity of germplasm collections maintained by the NPGS and others as compared to the total genetic diversity that exists in nature.  It then establishes priorities and plans plant explorations to acquire germplasm to fill gaps.

The NGRL has been assigned responsibility for facilitating the activities of the Crop Germplasm Committees (CGC) that provide crop specific advice to components of the NPGS.

The PGQO maintains plants/seed in quarantine and indexes or tests imported germplasm of prohibited category species for viruses or other disease causing agents before it is released for research or commercial use.

2.
 Systematic Botany and Mycology Laboratory (SBML).  The SBML is located at the U.S. Department of Agriculture, Beltsville Agricultural Research Center (BARC) in Beltsville, MD, and is responsible for ensuring that taxonomy and nomenclature are correctly used to describe germplasm in the NPGS.

3.
 Herbarium of the U.S. National Arboretum.  This herbarium is the NPGS-designated repository of dried plant specimens used by scientists in the U.S. and worldwide to study and identify relations among accessions maintained in the NPGS.  It links the NPGS with the botanical community, including the U.S. National Herbarium at the Smithsonian Institution.

C. Active Collections
The NPGS collections contain more than 546,677 different accessions of some 14,208 plant species including nearly all of the crops of importance and interest to U.S. agriculture.  The national responsibility for maintenance of germplasm of each species is assigned to an active collection site.  Table I-1 contains a listing of some of the most important crops or species conserved at different locations.

Collections of germplasm of most species that are normally propagated by seed (with some vegetatively propagated materials) are held at the four Regional Plant Introduction Stations at Geneva, New York; Ames, Iowa; Griffin, Georgia; and Pullman, Washington.  Because they are associated with Multi-State Research Projects, these sites are often referred to as NE-9, NC-7,   S-9, and W-6, respectively.  These are the designations for the Multi-State Projects that provide supplemental funding for these stations.  Each of these locations has national responsibility for acquiring, documenting, increasing, evaluating, maintaining, and distributing to scientists germplasm of numerous species assigned to it.  There are also active collections of seed propagated crops maintained at other locations including Aberdeen, Idaho; College Station, Texas; Fargo, North Dakota; Oxford, North Carolina; Urbana, Illinois.  These locations have responsibility for one or a few crop species and their wild relatives.

Active collections of species that are primarily propagated vegetatively are held in Clonal Repositories at Geneva, New York; Corvallis, Oregon; Davis, California; Riverside, California; Hilo, Hawaii; College Station, Texas; Miami, FL; Mayaguez, Puerto Rico; Sturgeon Bay, Wisconsin; and Washington, D.C.  The responsibilities of the clonal repositories are the same as those for the active collections dealing with primarily seed propagated species with the only difference being that most of the germplasm is maintained as living plants and relatively little maintained as seed. 

C.  Genetic Stock Collections

Collections of accessions with unique genetic or cytological characteristics exist for many species.  These stocks carry mutant genes or chromosomal rearrangements, deletions, or additions and are of particular value in basic research.  Because of the uniqueness of genetic stocks, specialized care and trained personnel are required to maintain them; thus, they are typically not included in the active collections discussed in B above.  Major genetic stock collections include barley, Brassica, cotton, wheat, rye, triticale, lettuce, maize, pea, common bean, sorghum, soybean, and tomato (Table I-1).

D.
 Base Collection

The National Center for Genetic Resource Preservation (NCGRP) preserves the base collection of the NPGS, and conducts research to develop new and improved technologies for the preservation of seed and other propagules of plant genetic resources.  Long-term preservation of duplicate samples of all accessions maintained in active collections at National Germplasm Repositories is the goal of the NCGRP.  The NCGRP also provides long-term storage for plant materials not in the NPGS that are not to be distributed: 1) voucher samples of cultivars and parental lines licensed by the U.S. Plant Variety Protection Office, 2) accessions of endangered species maintained by botanical gardens, 3) quarantined samples queued for regeneration under APHIS inspection, and 4) security backup materials from international centers and other genebanks. 

E.
 National Program Team for Germplasm

Although the ARS components of the NPGS are administered by the Area Director for the geographic location of that component, the National Program Team for Plant Genetic Resource Management on the ARS Administrator's National Program Staff has the responsibility to provide leadership for the NPGS and to coordinate activities.  The National Program Team for Plant Germplasm is directly under the ARS  Office of the Administrator and provides selective administrative support to the various advisory councils and committees for plant genetic resources.

F. Plant Genetic Resources Committees 

The NPGS draws on many sources of advice and counsel to improve its operational effectiveness and efficiency.  Primary among these are the National Genetic Resources Advisory Council for policy, the 40 Crop Germplasm Committees (CGC); the Technical Advisory Committees and Regional Technical Committees (TAC and RTC-Regional, NRSP-6 and Clonal Projects); and the various site-specific customer focus groups and liaison committees. These groups provide guidance to the NPGS, both on operational policy and on technical/functional matters.  In addition, NPGS research/service projects are subjected to prospective project plan reviews and retrospective performance reviews by external review panels.  The National Program 301 customer/stakeholder workshops, held every five years, are also extremely important sources of guidance for future NPGS research and service activities.

The subsequent sections II-V document the procedures of the NPGS as a whole.  Site specific manuals detail the procedures followed by each element or site of the System.
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Table I-1.  Crop-Related Responsibilities for NPGS Active Collection Sites 

_______________________________________________________________________

Facility and Location  

Primary Crops or Species Conserved 

________________________________________________________________________

Regional Plant Introduction Stations:
Ames, Iowa (NC-7)

maize, flax, amaranth, cuphea, oilseed brassicas (e.g., rape, canola, 

mustard), sweet clover, cabbage, cucumber, pumpkin, summer squash, gourds, melon, beet, carrot, sunflower, spinach, millets

Geneva, New York (NE-9)
tomato, celery, brassicas, squash, onion

Griffin, Georgia (S-9)

sorghum sweetpotato, , peanut, 

pigeon pea, forage grasses, forage legumes, cowpea, mung bean, peppers, okra, melons, sesame, eggplant

Pullman, Washington (W-6)
common bean, garlic, Allium (onion)

species, lupine, safflower, chickpea, forage & turf grasses, lettuce, lentil, alfalfa, clover, horsebean, vetch, birdsfoot trefoil, pea, rhubarb
Clonal Germplasm and Other NPGS Repositories:

Aberdeen, Idaho

barley, oat, wheat, triticale, rye, rice, and other related          





species

College Station, Texas
cotton and related species

Columbus, Ohio

herbaceous ornamentals

Corvallis, Oregon

filbert, pear, gooseberry, strawberry, 

raspberry, blackberry, cranberry, blueberry, currant, mint, hop

Davis, California

grape, stone fruits, walnut, almond, 

pistachio, persimmon, olive, fig, pomegranate, mulberry, kiwi

Geneva, New York

apple, grape, sour cherry

Hilo, Hawaii


macadamia, guava, passion fruit, barbados cherry, breadfruit, 

jackfruit, pineapple, papaya, lychee, pili nut, peach palm, rambutan, pulasan, acerola cherry, litchi, atemoya, carambola

Miami, Florida

banana, avocado, Chinese date, palm, jujube, lychee, tropical 

citrus, sugarcane, coffee, cacao, carambola

Mayaguez, Puerto Rico
cacao, monkeypod nut, banana/plantain, tropical yam, cocoyam, 

bamboo, cassava, coffee, mango

Parlier, California

guayule, jojoba, meadowfoam, bladderpod

Riverside, California

citrus and related species, date

Somerville, Texas

pecan, hickory, chestnut

Sturgeon Bay, Wisconsin
potato and tuber bearing Solanum
Urbana, Illinois

soybean and related species

Washington, D.C.

woody landscape species

Other Crop Specific Seed Collections:

Brookings, South Dakota
native grasses

Logan, Utah


forage & range grasses

Tifton, Georgia

pearl millet & wild Pennisetum

Frankfort, Kentucky

paw paw (Asimina)
Lexington, Kentucky

clover

Oxford, North Carolina
tobacco

Salinas, California

leafy vegetables  

Tucson, Arizona

desert legumes

Genetic Stock collections:
Aberdeen, Idaho

barley and wheat

Ames, Iowa


soybean and related species

College Station, Texas
cotton



College Station, Texas
sorghum species

Columbia, Missouri

rye and triticale 

Davis, California

tomato

Fargo, North Dakota

durum wheat

Pullman, Washington

pea and common bean

Salinas, California

lettuce

Urbana, Illinois
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II.   NON-CURATORIAL UNITS                                                                                 

A.  National Germplasm Resources Laboratory

The National Germplasm Resources Laboratory (NGRL), located in the Plant Sciences Institute at the Henry A. Wallace Agricultural Research Center in Beltsville, MD, supports the acquisition, introduction, documentation, evaluation, and distribution of germplasm by the National Plant Germplasm System (NPGS) and other components of the U.S. National Genetic Resources Program (NGRP).  The Laboratory is comprised of the Germplasm Resources Information Network/Database Management Unit (GRIN/DBMU) and the Plant Exchange Office (PEO), whose functions and procedures are provided below. The Laboratory also facilitates the activities of the Crop Germplasm Committees that advise components of the NPGS on a variety of matters.

1.  Germplasm Resources Information Network/Database Management Unit   (GRIN/Global)

The GRIN/DBMU is responsible for the development and operation of the Germplasm Resources Information Network (GRIN).  GRIN serves as the information system for the NGRP.  Although GRIN is used to document animal, insect, and microbial germplasm collections, its primary focus is to support the NPGS.  GRIN helps ARS management and NPGS curators and other personnel manage plant germplasm collections.  It also provides a means for the germplasm user community to have continuous access to information about the collections.

The DBMU maintains and operates the computer on which the GRIN database resides, as well as other associated peripheral equipment.  The DBMU ensures that the GRIN database is accessible 24 hours a day, 7 days a week via dedicated high speed telephone lines or the Internet.                                                          

 The DBMU is responsible for the development and maintenance of all GRIN application software. The Unit creates customized software to meet the unique and ever changing needs for documenting genetic resources and for improving access to, and utilization of, information available on NGRP accessions. The DBMU also periodically updates the application software to ensure that it remains compatible with new versions of database management systems (DBMS), or computer operating systems, supported by the hardware and software vendors.

The DBMU provides physical and electronic security for the GRIN hardware and database to prevent their accidental and/or malicious destruction. As appropriate the DBMU acquires and installs appropriate firewalls, antivirus software, and other devices to protect the system. Various procedures are used to regularly backup the database on and off site. Maintenance agreements are secured for the hardware and operating systems and license fees are renewed as necessary

The DBMU assesses future hardware and software needs for GRIN and shares the findings with appropriate managers and curators.  Based on analysis of NPGS needs and developments in computer hardware and software technology, the DBMU makes decisions on the future directions of GRIN.  A GRIN advisory committee, comprised of NPGS curators and data specialists, provides input on plans and proposals for the future development of the database. Input is also sought from the germplasm user community. The DBMU maintains contact with other information technology professionals, participates in professional meetings, seminars, and specific training,  and subscribes to technical and trade publications to stay abreast of advances in computer science, computer hardware and software, communications, and other relevant topics.

Prior to the release of new GRIN software, the DBMU provides training for the GRIN contacts and other personnel in the NPGS.  New NPGS personnel are trained on the use of GRIN as necessary.  The DBMU documents the application software by preparing user manuals and provides an online Help feature for accessing GRIN. 

The NPGS crop curators and other personnel have the primary responsibility for loading data into GRIN and ensuring its accuracy and completeness.  DBMU personnel assist with data loading when requested, or as necessary. The passport and observation data in GRIN must conform to the standards set forth in the GRIN Data Dictionary; hence GRIN facilitates the standardization of NPGS data.  Non-NPGS scientists desiring to enter passport, observation or evaluation data into GRIN must contact the appropriate crop curator.

Curators, or other NPGS site personnel, are responsible for regularly checking GRIN for electronic orders for germplasm.  All movement or distribution of germplasm within the NPGS and to the user community is recorded in the GRIN Order Processing module. Thus, the order processing data can be used to accurately track the distribution of all NPGS germplasm. 

The DBMU develops and maintains linkages to the web sites of other domestic and international institutions or organizations involved in plant genetic resources activities. Linkages are also maintained with databases containing plant molecular or genomic information. The DBMU also provides an electronic mail service to the NPGS sites. 

The DBMU frequently generates reports for ARS administrators and managers regarding the status of NPGS collections, the use of germplasm, etc. They also respond to requests from other government and nongovernmental agencies or institutions for information about the NPGS germplasm collections. 

Funds for the DBMU operating expenses and the operation and maintenance of the GRIN computers are provided in the annual appropriation to the Unit.  When the cost of required hardware and software exceeds the allocated funding, the needs are referred to the ARS National Program Staff.  

2.  Plant Exchange Office (PEO)

The PEO supports the NPGS by facilitating the acquisition and international exchange of germplasm, managing a plant exploration program to acquire germplasm, documenting and assigning unique identifiers to germplasm, and assessing and prioritizing germplasm acquisition needs. 

a. Germplasm Acquisition and Exchange: The PEO assists NPGS personnel and others in acquiring germplasm from scientists and private citizens, foreign national and international genebanks, domestic and foreign explorations, and special projects and agreements. The PEO also helps expedite the distribution of germplasm to scientists and other genebanks. The PEO identifies and makes contact with sources of germplasm, arranges access to material, and helps ensure that quarantine requirements governing the international movement of plant germplasm are met. The involvement of the PEO in germplasm exchange may originate from requests from U.S. scientists or institutions for germplasm from foreign countries or from requests by foreign scientists or institutions for germplasm maintained in the U.S. In either case, the requests may be general in nature or specific with respect to the source and germplasm desired.

The USDA Animal and Plant Health Inspection Service (APHIS) is responsible for establishing and enforcing regulations governing the movement of plant germplasm into the U.S. APHIS also issues phytosanitary certificates for germplasm being exported from the U.S. so that the importing countries' quarantine regulations are met. The PEO frequently provides a link between NPGS personnel and APHIS officials in order to help ensure that quarantine requirements of the importing country are met and to expedite the movement of germplasm. The PEO maintains an awareness of quarantine requirements and works with NPGS curators and others to ensure that the necessary information is available to quarantine officials. 

Although the primary focus of the PEO is on germplasm entering the NPGS and being distributed by the NPGS some introduced material is passed from the PEO directly to scientists who have requested them specifically for their research programs. This germplasm may eventually be incorporated into NPGS collections.  

b. Plant Exploration. Often the only means of acquiring landraces, or farmer varieties, and wild relatives of crop plants is through plant exploration. The PEO manages a program that provides funds to support foreign and domestic plant explorations for germplasm to be deposited in the NPGS. The PEO issues an annual call for plant exploration proposals. Proposals may be prepared and submitted by individual scientists or a Crop Germplasm Committee (CGC) according to detailed guidelines. Plant exploration proposals may also be initiated by the PEO working alone or with a CGC. 

A three step review procedure is used to assess the relevance of the proposals to the NPGS needs and the feasibility of the proposed exploration accomplishing its stated objective. Proposals are first reviewed by the appropriate CGC, followed by a subcommittee of the NPGS Plant Germplasm Operations Committee, and lastly by the ARS National Program Staff. After proposals are approved for funding, the PEO initiates the transfer of funds to the collectors through the appropriate mechanism.   


As appropriate, the PEO assists collectors in planning and executing plant explorations. PEO personnel provide assistance to collectors relative to foreign contacts, quarantine                                                   regulations, collection permits, distribution of collected samples, and other matters. Checklists are      provided to explorers to assist them in pre-trip planning, the preparation of trip reports and the    disposition of germplasm and passport data following their return.  Collectors are also given a copy of the NPGS Code of Conduct for Foreign Plant Exploration. Collectors are instructed to collect complete field data consistent with the passport data area of the GRIN database. The PEO manages the Plant Exploration Tracking System (PETS) database, a part of the GRIN, to track the incorporation of collected germplasm into the NPGS.

All foreign explorations supported by PEO comply with the provisions of the Convention on Biological Diversity on access and benefit sharing related to genetic resources. Prior informed consent to collect genetic resources is obtained from the appropriate host country authorities before the exploration takes place. The permission includes agreement on the benefits that are to be associated with access to genetic resources. The PEO is usually involved in requests to foreign governments for permission for collecting and reviews all agreements. Foreign explorations are always conducted in cooperation with scientists from the host country and cooperation with the national genetic resources programs is strongly encouraged. Germplasm obtained on explorations is shared by the NPGS and the host country.   

c.  Documentation of Passport Data and PI Number Assignment.  The PEO works with curators to ensure that descriptive information, or passport data, associated with plant germplasm entering the NPGS is entered in the GRIN database. The passport data may vary from little more than the seed source and name of the plant to detailed information on the area it was collected from and descriptions of field collected items, cultivars, and special stocks.

Since 1898, Plant Introduction (PI) numbers have been used as unique identifiers for accessions incorporated into the NPGS. In earlier times, PI numbers were automatically assigned to all   material received by the Plant Introduction Office, a predecessor of the PEO. Presently the NPGS curators prefer to first evaluate the passport data and then grow and observe the germplasm in order to determine if is unique and should be preserved in the NPGS before PI numbers are assigned. Hence, accessions are typically assigned a local identifying number until a decision is made to assign a PI number. When a decision is reached to assign a PI number to an accession, the curators submit a request to the PEO and the next sequential number is assigned.



In addition to the introduced germplasm described above, ARS and the Crop Science Society of America (CSSA) have an agreement that all released cultivars, germplasm, parental lines, genetic stocks, and genetic mapping populations registered by the CSSA be preserved in the NPGS and assigned a PI number. The originator of the registered germplasm is required to deposit seed at the National Center for Genetic Resources Preservation (NCGRP), or in the case of vegetatively propagated germplasm, living tissue is preserved at the appropriate NPGS active collection. Similarly, voucher samples of cultivars that are protected by the U.S. Plant Variety Protection Act (PVPA), administered by the USDA Agricultural Marketing Service, are deposited at the NCGRP.

The PEO documents in GRIN and assigns PI numbers to CSSA registered germplasm after it receives a copy of the Storage Information Form from the NCGRP. The PEO also assigns to the accessions, codes and sequential numbers for cultivars (CV), germplasm (GP), parental lines (PL), genetic stocks (GS), and mapping populations (MAP). Separate series of numbers are assigned for accessions from the different Crop Science Registration (CSR) groups for the major crops (i.e. soybean, cotton, maize, etc.) and crop groups (i.e. grasses, other legumes, etc). The NCGRP and the CSSA editor are notified when PI and CSR numbers are assigned. After manuscripts describing the registered material are published in the journal Crop Science, the PEO adds the literature citations to the PI record in the GRIN database.

The Plant Variety Protection Office regularly transmits to the PEO lists of cultivars that have been submitted for Plant Variety Protection (PVP). If the cultivar is already in the database, the GRIN IPR record is updated, and if not, it is assigned a PI number. Initially, only the crop, cultivar name and developing institution are entered in GRIN, but additional descriptive information may be added after a Plant Variety Protection Certificate is issued. 

d. Assessment of Germplasm Acquisition Needs. NPGS acquisition priorities are influenced by several factors including the completeness of the U.S. collection, the demand for specific traits for significant research, the threat of loss of old landraces and wild relatives in centers of diversity due to agricultural or urban development, and political factors affecting future availability of germplasm. The PEO works with NPGS curators, CGCs and others to assess the genetic diversity present in NPGS collections and other repositories and to determine what exists in nature. The information is used to develop strategies and priorities for increasing the genetic diversity of U.S. collections. A gene pool concept is typically employed to compare the potential utility of wild crop relatives for plant breeding. Priorities are then developed for filling gaps and increasing the genetic diversity in germplasm collections. These assessments are communicated to curators, the appropriate CGC, or other crop specialists for their concurrence. 

3.  Crop Germplasm Committee Facilitation. 

The NGRL has been assigned responsibility for facilitating the activities of the Crop Germplasm Committees (CGC) that provide crop specific advice to components of the NPGS.  NGRL personnel participate in CGC meetings, maintain files of CGC activities, serve as sources of information relevant to the NPGS, and as appropriate, serve as communication links between the committees and the ARS National Program Staff and other individuals and groups. 

   4.  Systematic Botany and Mycology Laboratory (SBML)


The taxonomically and nomenclaturally correct scientific name of a new accession of germplasm is required by the PEO before information on an accession can be loaded into the GRIN and the site responsible for future maintenance of this accession confirmed.  Determination of the correct name is accomplished through interaction with GRIN or consultation with the nomenclatorial botanist of the Systematic Botany and Mycology Laboratory (SBML).  This SBML botanist is responsible for maintaining the taxonomic and nomenclatorial integrity of the taxonomy portion of GRIN.  Through ongoing research into all current taxonomic literature, consultations with taxonomic botanists, and systematic review of GRIN scientific names for various plant families, the SBML botanist incorporates the most recent taxonomy and nomenclature into GRIN.  For major crop genera, GRIN taxonomic work often involves interaction with other USDA or university scientists for those crops and their Crop Germplasm Committees.

To determine the correct scientific name for a new accession, PEO personnel query GRIN for the scientific or common name contained in the passport data provided by the collector or donor organization for that accession.  If this name is contained in GRIN, existing GRIN nomenclature is used to determine the correct scientific name for attachment of the accession.  If the name is absent from GRIN, the SBML botanist is consulted for evaluation of the name.  The SBML botanist then determines whether the passport name is either: an incorrect spelling of a name already in GRIN, a synonym of some other correct name which may or may not already be in GRIN, or a correct name which is absent from GRIN.  In making this determination, the SBML botanist researches the name in recent botanical literature.  If the name cannot be located in any literature, additional information may be obtained from PEO or the supplier of the germplasm to aid in narrowing the search.  Once the correct name has been determined, this name and any other names associated with the accession are added to GRIN if not already present.  The PEO accession number (PI number) and passport data will then be attached by PEO to that correct name.

The above process assumes that the germplasm accession involved was correctly identified.  In cases where the accession was originally misidentified, a re-identification may be made at some later time.  This new identification would most likely be made by active collection site personnel, or site cooperating scientists, perhaps in consultation with SBML. When the identity of an accession is changed, the PI number in GRIN must be linked to the new correct name.  This re-linking is done by active site personnel, and a record of this re-identification event is preserved in GRIN.   If the necessary correct name is absent from GRIN, the SBML botanist is consulted to evaluate the new name and make any needed additions to GRIN nomenclature.  Communications between the SBML botanist, PEO personnel, and active site personnel are usually via GRIN mail.

In certain cases the name attached to a germplasm accession in GRIN may change due to changes in the treatment of a particular scientific name in recent taxonomic literature or the need to bring outdated GRIN taxonomy for certain plant families up to current taxonomic standards.  When such changes are warranted, the PI numbers of the accessions involved are re-linked from their formerly correct names to new correct names by the SBML botanist.  Again, a record of this taxonomic change is preserved in GRIN. The former names are then reduced to synonymy under the new names.

C.  APHIS Plant Germplasm Quarantine Office (PGQO)

All plant germplasm entering the NPGS from outside the United States must comply with federal quarantine regulations.  Plant quarantine programs are designed to allow the exchange of plant germplasm while limiting/preventing the movement of deleterious pathogens.  Specific U.S. plant quarantine regulations are defined by federal law.  

Foreign Quarantine Notices, Title 7 Agriculture.  Chapter 111 - Animal and Plant Health Inspection Service.  Part 319.37:1-26.  Federal Register 45 (94):31572-31597, 1980.  Current editions of the regulations are available through USDA, Regulatory Support Staff, Animal and Plant Health Inspection Service-Plant Protection and Quarantine, 4700 River Road, Riverdale, Maryland 20737).  Regulations are written, interpreted, and enforced by the USDA, APHIS-PPQ.  Insert link to APHIS plant permits
Plant quarantines are usually established based on pest risk.  Pest risk is determined by biological variables and the ability of the importing country to develop safeguards against the movement of pests.  Examples of questions relating to pest risk include:  Can the pest be detected easily and accurately?  Can the pest be eliminated if detected?  Does the pest exist in the country of origin of the germplasm of interest?  What is the ecological range of the host and the pest (can the pest complete its life cycle in the importing country on existing plant materials or only on the host being imported)?  Can the pest enter the country via nonhuman avenues such as wind or migration of animals?  Are the import and export countries on the same land mass?

Plants within genera determined to have a very high pest risk fall within the prohibited quarantine category and can be imported into the U.S. only if processed through an appropriate quarantine facility, primarily the National Plant Germplasm Quarantine Center (NPGQC) at Beltsville, Maryland.  The prohibited germplasm category may consist of plant materials having a history of serious pest problems, such as latent virus or virus-like organisms, new races of fungi or bacteria, or other undefined infectious agents.  Plants are classified in the restricted category when the pest risk is determined to be no more than moderate to high and detection and control can be assured.

At the APHIS NPGQC scientists and technicians conduct appropriate tests to determine if the imported germplasm is free of pests to U.S. agriculture. Although the PGQO has primary responsibility for testing prohibited category germplasm, researchers at other places have requested, and received, APHIS-PPQ Departmental permits to quarantine and process seed (or plants) of specific plant genera.

The mission of the PGQO is to provide an efficient and effective system through which clonally- and sexually-propagated plant germplasm can be introduced safely into the U.S. from foreign countries for research, preservation, and production purposes.  The PGQO establishes, maintains and multiplies foreign plant germplasm held in quarantine, tests it for pathogens, and conducts pathogen therapy.  Plant germplasm that is free of detectable pathogens is produced and distributed to designated U.S. germplasm collection sites and primary recipients.  The PGQO also develops, adapts, and implements state-of-the-art horticultural and pathologic techniques to expedite plant germplasm-processing procedures.  Currently, PGQO has the responsibility to test all accessions of the following genera for pathogens:   Malus; Pyrus; Cydonia; Prunus; Rubus; Ribes; Solanum; Ipomoea;  certain grasses (tropicals and ornamentals); Saccharum and related genera; and Oryza.  Procedures manuals that detail the techniques used to establish, maintain and test accessions of each of the above genera are available.

III. ACTIVE COLLECTIONS

A.
Curator Role and Responsibility

1.
General Responsibilities 

a.
A curator is an individual who has accepted specific responsibility to physically maintain, protect, control access to, and distribute specific plant germplasm and associated information. 

b.
The curator has the attendant responsibility to gather, maintain, and process data necessary to register, maintain, and describe the germplasm, and to communicate information about the germplasm to the user community. 

c.
Role definition ‑ restricted authority.  All of the above responsibilities are undertaken within the general and specific policies and guidelines established by the NPGS and approved by the most senior administrator of the participating agencies and organizations.

2.
 Specific Responsibilities 

a.
Work with the designated crop germplasm committee(s) or other crop experts, in the absence of an applicable crop germplasm committee, concerning all aspects of the preservation and use of the germplasm and associated data/information. 

b.
Adhere to the current NPGS plant registry system for the national inventory of all germplasm, the Plant Inventory (PI) number assignments.  This does not preclude use of crop or location identification numbers. 

c.
Maintain the germplasm under optimal storage conditions and by acceptable seed rejuvenation plantings designed to maintain each accession’s original genetic profile, as indicated, or by protected, well‑managed plant repositories in the case of clonally propagated species.

d.
Store designated types of germplasm in keeping with the recommendations of Crop Germplasm Committees (or other appropriate sources of expertise) and NPGS policies. 

e.
Must not discard, combine, destroy, nor eliminate elements of the collection nor physically transfer nor relinquish responsibility for the whole collection on his/her own volition.  When changes in program, personnel, physical facilities, or administrative policy occur, or other constraints develop that would affect the physical discharge of the above responsibilities in question or place in jeopardy in any way the physical collection or the attendant data, the curator or administrator must notify the National Program Leader for Plant Germplasm and the appropriate administrator responsible for the germplasm of that specific crop as soon as possible. 

f.
  Work closely with the GRIN/DBMU on all information and communication aspects as a critical part of the curator's responsibility, and maintain communication with appropriate Crop Germplasm Committees.   

g.
When applicable, designate a representative sample of a crop collection as a core subset for crops of economic importance in accordance with the NPGS General Guidelines and Procedures for Developing Core Subsets.

h.
Distribute information and reasonable amounts of the germplasm under care to bona fide research scientists and institutions upon request and without charge in accordance with the NPGS Distribution Policy. 

i.
 Maintain the germplasm so that loss of variability is minimized.  Approaches to and methods of curating collections are subject to review by the crop germplasm committee and, if necessary, the PGOC.

j. In the event, specific germplasm accessions can or should no longer be conserved, the curator shall follow approved NPGS Inactivation Guidelines to make these determinations and record all such actions on GRIN.

k.  Keeping to the responsibilities and restrictions designated above, the curator may delegate functions as he sees fit but such delegation must be clearly under the curator's direct control and general supervision.

l.  Develop expertise in the areas of evolution, human culture, economic botany and research networks associated with germplasm in order to facilitate selection of material to meet research objectives and priorities.

B.
Seed Propagated Species

1.
  Acquisition 

a.
The NPGS accepts valuable seed stocks from various public and private organizations, domestic and foreign in accordance with NPGS Acquisition Policy.  Information on identity and source of individual accessions is essential.  Genetic composition and complexity of, and technologies used to derive improved stocks should be documented as thoroughly as possible and passport data entered into the GRIN database when the samples are entered into the NPGS. Germplasm without credible documentation or known provenance should not be accepted.

b.
Only clean seed of reasonably high germination and quality should be accepted.  Seed of low viability and/or quality will be held on a tentative basis until the donor or the NPGS curator is able to provide replacement seed of acceptable viability.

c.
After seed is accepted officially as part of the NPGS collection (a Plant Introduction number is assigned), the NPGS curator is responsible for future increases necessitated by declining viability or stock quantity.  It is the curator's responsibility to see that the accessions are also backed up by samples deposited at the National Center for Germplasm Resources Preservation (NCGRP). 

2.  Increase 

The goals of all germplasm increases are to preserve genetic diversity and minimize genetic changes from one generation to the next.  To accomplish these goals, whether field, greenhouse, or growth chamber increase, the curator must consider many factors:  population size, method of pollination, compatibility factors, presence of seed borne pathogens or pests, susceptibility to indigenous pests, and risks of gene flow or other sources of genetic contamination. When continuing demand on the active collection occurs, a subset of the original sample, or, in the event that the original sample has been depleted, a sample that most closely resembles the genetic profile of the original sample should be used for increase.  These source samples may be conserved in-house or may be obtained from NCGRP.

a.   Field Increase 

i)   Culture 

Most plant germplasm in the NPGS can be successfully increased in the field at the accession primary maintenance site.  Determinations concerning planting methods (direct seeding versus transplanting) are made at the site by the curator.  Several factors are weighed to aid in making these determinations:  1) amount of original seed available, 2) size of seed, 3) vigor of seedlings, 4) length of growing season versus crop maturity, 5) effect of diseases or pests on seedling establishment, 6) photoperiod requirements, 7) best management practices, and 8) effective resource utilization. 

Generally, the use of herbicides is not recommended unless tests have shown lack of toxicity to the species being increased.  Even within species, this reaction may vary widely, so it is prudent to err on the low dosage side for herbicide application. 

ii)  Pollen Control

a)  Self‑pollinating Species              

Typically, no special protection is utilized for species with less than 5% outcrossing under field conditions, although curators should diligently examine such species for specific accessions that are more prone to outcrossing.  Best management practices are utilized. 

b)  Insect Pollinated Species 

There are two acceptable methods of pollen control for insect pollinated accessions:  caging in insect‑proof screen cages and isolation.  The isolation can be in time or space, but spatial isolation is difficult to achieve at one grow-out site.  Isolation in time is effective only when very few accessions within a species are involved and their flowering times can be readily manipulated. 

Using cages has proven to be an effective pollen‑control procedure.  Honeybees are the most commonly used pollinator but leafcutter bees are more effective for alfalfa.  Houseflies are used, usually in conjunction with honeybees, for pollination of carrots and related umbel species.  Bumblebees, though quite effective for certain crops, can be more difficult to manage than honeybees or leafcutters.  On Brassica, orchard bees (Osmia cornifrons) have been successful primarily due to their ability to work at lower temperatures than honeybees.

c)  Wind Pollinated species 

This is probably the most difficult group of species to manage.  Pollen movement is difficult to control and usually can only be monitored via genetic marker studies.  Isolation is feasible for those species with relatively heavy pollen, but still requires large amounts of land when many accessions are to be increased.  Interplanting with 3‑4 rows of other species may be effective in reducing cross‑pollination; curators are responsible for being knowledgeable about the impact of their methods on genetic profiles. 

Caging with pollen‑restrictive cloth is being used for increases of Beta spp. in Washington with good success.  Positive pressure chambers are used in California for Spinacia spp.  Some variations of these techniques may prove useful for certain grass species. 

Hand pollination of wind pollinated species, such as sorghum and maize, has been, and will continue to be, the method of choice for those species easily managed on a plant‑by‑plant basis.  Monoecious and dioecious species in general, are suitable candidates for hand pollinations. 

Research is being carried out within the NPGS to improve pollination techniques for the wind pollinated species.  The goal, as in all increase programs, is to produce healthy, good quality seed that retains the genetic variability of the original sample. 

iii)  Harvest 

To ensure the highest seed quality, fully mature seed is harvested by hand.  Many accessions exhibit a range of maturities so it is often necessary to make several harvests within each accession.  Certain species shatter badly (e.g., Cuphea spp.) and must be harvested slightly immature in order to capture the seed.  Others, such as Amaranthus spp., produce seed over a long period of time within an inflorescence so harvest time is an arbitrary thing requiring good knowledge of the germplasm and good judgment. 

Tags are placed both inside and on the outside of each harvest bag and show the PI number, date of harvest and other information needed to correctly identify the seed lot produced and its parental lot. 

While harvesting, care is used to preclude unnecessary dirt and plant debris from the seed material.  These materials contribute saprophytic or pathogenic organisms and pests, and have a negative impact on seed quality and effective storage and processing operations.

iv)  Seed Drying 

In most cases seed heads (pods, capsules, etc.) must be dried after harvest to a level that allows safe, efficient threshing.  Seed drying should be done at temperatures below 100o F with good air flow.  This "crisp" condition usually occurs when the seeds have reached 14% moisture content or less.  Excessive mechanical damage or reduction of viability may occur if seeds are much below this moisture level.

v)  Seed Cleaning 

Some plant germplasm species may require an after-ripening period in order to fully mature and achieve their full potential viability. A decision of when to initiate cleaning must balance potential loss of immature seed with potential losses associated with an unclean environment. Field harvested seeds often contain soil particles, stones, broken seed, empty florets and  a large amount of chaff that must be removed before seeds are stored.  During the threshing and cleaning process the operator must check the product to determine if the seed is being damaged and if contaminants are being removed during cleaning.

Removal of all debris and poor quality seed is essential for long term storage of good seed.  Shriveled or damaged seeds often harbor organisms that can damage healthy seeds over time.  Space is usually limited in seedbank storage rooms and it should be reserved for good quality, clean seed.

Methods of cleaning will vary with the species but usually involve some type of sizing and aspiration systems, such as an air‑screen cleaner or blower.  Careful operation of such equipment will allow acceptable cleaning of most seed lots.  There will be cases, however, where adequate cleaning can only be accomplished by hand. 

For general guidelines, see Section II ‑ Seed Cleaning, in the "Practical Manuals for Genebanks:  No. 1, Procedures for Handling Seeds in Genebanks" published by IBPGR, 1985. 

b.  Greenhouse or Growth Chamber 

Increases under the artificial conditions of a greenhouse or growth chamber are sometimes required  because:  1) a very small quantity of seeds are  available for an accession, or 2) the accession is  not adapted to field conditions at the curation site. 

Nutrient level, photoperiod regimen, temperature and humidity can all be altered in the growth chamber to simulate conditions similar to those in the native habitat. 

3.  Storage

Seed samples of each accession are stored in cold vaults at about 5oC and 25% relative humidity at the active sites.  For species with limited longevity, seeds can be placed in sealed moisture-proof containers and stored at about -18oC.  Larger numbers of seeds are maintained for accessions designated for core subsets or for those known to be highly requested.

For extended seed longevity and for the health and safety of staff, seed samples are stored and distributed without chemical seed treatments. 

Physical storage considerations must address the need to isolate material with restrictions on distribution and to control access.  These materials would include those whose distribution is governed by intellectual property considerations, material transfer agreements, or are subject to APHIS regulations and require movement permits.

4.
 Characterization and Evaluation

a.  Preliminary 

When accessions are grown for initial increase by the curator, data on various plant characteristics important for the confirmation of accession identity and future monitoring of accession identity should be recorded.  The list of traits will be developed by the curator in consultation with the appropriate Crop Germplasm Committee.  Some traits important to the curator for monitoring accession integrity may not be important, per se, to the CGC or user community. 

The curator has the responsibility to determine which characterizations can be accomplished in the normal increase or regeneration process and which must be done by cooperating scientists.  The CGC will develop an overall plan (see III. B. 3. c.) for characterization not included in the curator's program. 

b.  Taxonomic Identification 

Most samples entering the NPGS have been identified by the collector/donor to genus and species.  Occasionally this identification is inaccurate or incomplete.  The curator is responsible for correcting such problems, either by his/her own expertise or by sending vouchers (herbarium samples, DNA samples, images) to the appropriate recognized taxonomic specialists.  When such specialists are unknown, a herbarium sample is sent to the SBML for identification.

Curators prepare voucher specimens, and see that they are preserved, for all taxa in their collection.  Once the proper taxonomic data are obtained they become part of the GRIN passport database. Digital image capture of voucher specimens is highly recommended. These images may be made available to the public via the GRIN database.

c.  CGC Evaluations 

Each Crop Germplasm Committee is responsible for establishing an evaluation plan for the germplasm in the NPGS active collection for their crops(s).  The curator works with the CGC in preparing this plan by providing information on the availability of the accessions, special handling required to obtain suitable plant populations for testing, and management of the funds if provided for this specific program. 

Planting lists for each cooperating scientist can be provided by the curator via electronic and regular hardcopy.  If distributed electronically, the scientist can add the appropriate data from the evaluations and return a copy to the curator.  This greatly facilitates entry of the data into GRIN, and avoids many transcription errors. 

It is the CGC's responsibility to assure the validity of the evaluation procedures, including any standardization of the data obtained.  Because of the flexibility of the GRIN system, data can be formatted differently for different traits, as appropriate. 

5.
 Distribution

The ultimate purpose of collecting and maintaining plant germplasm is to make it available to qualified research and development users for the security and betterment of agriculture, society, and the consumer.  Such users from the U.S. and its territories may receive, without charge, seeds from the NPGS.  Foreign research workers also may receive seeds under the same conditions.  Details relevant to the distribution process are described in the NPGS Distribution Policy. 

C.  Vegetatively Propagated Species

1.  Acquisition

Before a clonal collection is assembled, much thought and planning are needed.  The CGC or other designated crop specialists should be consulted to determine present and future germplasm needs for each crop.  In order to assess the potential for germplasm in agriculture, a comprehensive statement on the genetic vulnerability of currently used crop cultivars should be developed by the CGC.  It should be as detailed as current knowledge permits, so as to provide collectors, researchers, breeders, and administrators with as much information as possible and should be updated when needed.  Details relevant to the acquisition process are described in the NPGS Acquisition Policy. 

Importation of both seed and clonal germplasm is coordinated and facilitated by the PEO and the PGQC.  Regulations by APHIS must be followed when importing any germplasm to the United States.

Cultivars and other clones to be included should be chosen because they possess specific genetic traits for resistance to pests, tolerance to environmental factors, or those related to productivity or fruit quality.  It should not simply be a museum collection of all known cultivars, as that would be too costly and could result in a great deal of genetic redundancy.  The objective is to acquire cultivars which together represent the entire known genetic diversity for each crop.  A number of clones of a given important phenotype can be maintained to include those with different genetic modes of resistance/tolerance.  Using IBPGR guidelines, up to 500 properly chosen cultivars (excluding wild species) are sufficient to contain the genetic diversity needed for a given clonal crop, including some combinations of desirable genes.  It is not feasible, however, to maintain clones with all possible combinations of genes, because of the astronomical numbers required.  Where one genus represents more than one crop (e.g. Prunus: peach, almond, cherry, plum, apricot; or Vitis: European V. vinifera, American V. labrusca, American V. rotundifolia), it may be necessary to select up to 500 cultivars of each crop within the genus. 

Rootstock clones for those crops propagated by grafting are to be chosen to represent the known genetic diversity in a like manner.  Criteria for rootstock selection are of course different than those for cultivars.  The most important genetic traits of rootstocks relate to resistance to soilborne pathogens and pests, tolerance to varied soil conditions, growth control, tree anchorage, ease of propagation, graft compatibility, and induced productivity of the scion.  For a given crop, 250 rootstock clones should provide the needed genetic diversity.  It is understood that many clones of the seedlings of wild species and related genera may also provide useful rootstock genetics.

Special clonal lines that combine several desirable genetic traits for either cultivars or rootstocks may be included in the above-listed categories.  It is neither desirable nor feasible, however, to include large numbers of unnamed clones from breeders' working collections.

All wild species that are close relatives of domesticated fruit and nut crops are to be collected in addition to clones.  In many cases their genetic profiles and potential for agriculture are not known.  Thus, diverse populations of all such species must be obtained.  This will provide a much larger gene pool than the narrower one based on domesticated cultivars.  Because relatively little is known about the genetics of most wild species, large seed populations are needed to ensure capture of their total diversity.  

2.  Identification and Label Verification

Proper identification of clones and species is an important aspect of repository management.  Initially, no species, cultivar or clone is assumed to be correctly labeled regardless of its donor or source.  Correctness of label must ultimately be verified after propagation and establishment at the repository.  Each label for an accession of a repository should carry a unique identifying number, so that each plant is identified (even though it may be a duplicate cultivar from a different source, etc.).

Species identifications are typically done by the repository staff using published botanical descriptions of each species with the help of the Systematic Botany and Mycology Laboratory (SBML).  If possible, the help of an outside taxonomist or botanist familiar with the genus should be sought.  For wild species, voucher herbarium specimens should be obtained and kept at the repository.  

In like manner, the cultivars and rootstock clones are first identified in the conventional way, by comparison with published descriptions.  Outside experts are frequently consulted to verify the identity of specified groups.  

Once identification of a species or cultivar/clone has been done, various highly specific "fingerprinting" methods can be employed to verify identity, or to identify different sources of the clone.  For example, isozyme or microsatellite genetic analyses can be used to identify some strawberry cultivars, and polyphenolic analysis can be in chemotaxonomy of Pyrus species.  The combination of botanical, genetic and chemical characters is unique for each species.  Numerical taxonomy has been used successfully also, e.g., Citrus, Crataegus, and Pyrus.

Research on methods will be useful in these and other areas relating to clonal and species identification.  The use of the Scanning Electron Microscope (SEM) has been helpful in finding unique surface features of stems, leaves, buds, anthers, pollen, etc. for comparative identification.  Another effective fingerprinting technique that can be used after appropriate developmental research is that of physical measurement of leaves, buds, flowers and fruit.  For example, from the three linear leaf measurements of blade width, blade length and petiole length, one can calculate several ratios. 

3.
  Preservation

The principal activities of clonal repositories are the establishment and maintenance of the collected clone or propagules.  The routine maintenance of the collections, to assure their security and health, is the most important activity of the repository.

a.  Conventional Clonal Maintenance

Clonal plants may be grown in the field or in special structures such as an insect-proof screenhouse (SH) or greenhouse (GH).  Maintaining trees inside is much more costly than field growing in most cases, but it is done when necessary to secure the collection against lethal freezes, spread of viruses or other diseases, and to protect against soilborne pathogens.  Field preparation can include soil fumigation when needed for specific crops.  Also, trellises or other supports are needed for Vitis, Actinidia, Rubus, etc.

Clonal propagation may be by crown division, root-sprouts, rooted cuttings, stolons, layers or by grafting to a rootstock.  Most tree fruit and nut crops are propagated by grafting, while most small fruits and berries are grown on their own roots.  For those clones to be grafted, the correct choice of a rootstock is important.  Cultivars grown in the field for genetic evaluation are best grown on one or more selected clonal rootstocks to avoid the variation in performance and tree size that is expected with seedling rootstocks.  Seedlings representing a wild species may be grown on their own roots.  Then if the top is killed by a winter freeze, rootsprouts may be grown out to replace them.  However, if the species’ roots are susceptible to pathogens or other adverse soil factors, the species can be grafted to a suitable rootstock.  The choice of methods will be determined on the basis of optimizing security of the collection at a given repository.  

Plant spacing should be determined after considering the natural size and growth habit of each species, the soil type, and the length of the growing season.  Spacing should be increased with plants that naturally propagate by rootsuckers (e.g. Rubus) in order to retain clonal purity.  Alternate planting of visually different plants is another way of easily distinguishing clones and species.  If land is scarce, larger-size trees can be propagated on dwarfing rootstocks and spaced closer together, or naturally large trees, e.g. pecan, walnut, mango, may be kept smaller by periodic pruning.

In many sites, provision must be made for irrigating field collections.  This will depend upon the consistency and amount of rainfall and the kinds of plants to be established.

Clones to be grown in the SH/GH are best established in plastic or ceramic pots with a soil mix suitable to the needs of the particular species.  The use of a standard clonal rootstock for potted plants, where possible, permits the use of a standard soil mix of known pH.  The size of pot is determined by the size of plant desired rather than by the natural size of plant in the field.  However, use of very small pots requires frequent irrigation to prevent wilting.  Automatic irrigation systems are helpful but require frequent inspection.

The decision to grow a collection in pots should be made after reviewing the potential hazards that might place a field collection in jeopardy.  The most common factors to consider are winter freezes, viruses/mycoplasmas, and damaging pests such as soil nematodes.  Whether a screenhouse should be equipped with a source of heat to further protect against freeze damage, depends upon the coolest temperatures at the site and the hardiness of the plants in question.  If only a few of the plants in a collection lack hardiness, they can be transferred to a GH, then the remaining plants would survive with less protection.  The least hardy part of a temperate zone plant in winter is the root, so covering the pots with insulation, such as leaves, sawdust, or soil, will increase passive protection against freezing.

Evaluation of a collection for tree size and shape, productivity, and fruit quality must be done in the field even though there is a danger of plant loss or of infection by virus.  If viruses are a problem, distribution of scionwood to breeders and other users should be from protected plants in the SH rather than from field plants.  Field collections must also be protected from damage by deer, rabbits, gophers, mice and other pests.

b.  In Vitro Culture and Storage

The goal of tissue culture at a repository is to assist with the major objectives of maintaining disease-free clonal germplasm.  In vitro culture at the repository will employ the following procedures:

i)
Clones suspected to be virus infected will undergo meristem culture in an initial attempt to eliminate viruses before indexing.  (This is not yet possible for all genera.)

    

ii) Plants from meristem culture that prove virus-free will be propagated for field evaluation and for reserve plants to be held in a SH.  After cultured field plants are determined to be true-to-type, the reserve plants will replace the original stock plants.

iii) 
All plants originating from tissue culture will carry an identification code that is based on their culture history.

iv) 
Shoots from callus tissue will not be used if too high a degree of   resulting variation will result.

v) 
Activity will be directed to the following areas:


a)
Developing effective tissue culture methods for each genus.


b)
Placing two specimens of each clone into long-term storage.


c)
Investigating growth retardation via biochemical means.


d)
Improving the efficiency of virus-elimination procedures.


e)
Providing disease-free indicator plants for virus-indexing procedures.


f)
In general, assisting with the propagation, storage, evaluation and distribution of plant material in the repository.

vi)  A tissue culture lab may also be used for other work requiring sterile or semi-sterile conditions.

The principal activities of in vitro culture at the repository should be related to better or more economical ways to eliminate virus, and to more economical or more secure methods of long-term storage of clonal germplasm.  Meristem or microplant cold storage in test tubes or vials, where possible, greatly reduces the cost of maintaining a clone, while at the same time prevents losses due to weather and prevents natural re-infection with virus.  Tissue culture storage of temperature-sensitive tropical species would require modifying the above procedures.

c.  Cryopreservation

In order to collect and maintain complete genetic diversity for use in clonal fruit and nut crops, an economical method of gene preservation is needed.  To preserve all of the genes from wild species and relatives as clones, i.e. living trees, large populations would have to be grown and maintained at a cost far greater than that of storing similar populations of seed and pollen.  

Germplasm preservation by cold storage offers several possibilities.  Some types of storage employ an ordinary deep freeze unit that maintains a storage temperature of about -18oC, while other types require storage over liquid nitrogen at about -160oC.  Ordinary -18 oC storage is useful for seeds and pollen whose moisture content is low enough to prevent damage by ice crystal formation.  Storage in liquid N is used for small bits of tissue, e.g. buds, tissue callus, meristems, small stem sections, certain kinds of seed, and pollen.  The key to survival through liquid nitrogen storage is to use small amounts of tissue that are frozen so quickly that ice crystals do not form.  In that state, tissues may remain viable for 100 years or longer.  Removal from liquid N is also a problem because ice crystals may form during the thawing process.

4.  Characterization and Evaluation
A uniform data format has been developed in GRIN for historical, taxonomic, inventory and descriptive information for all NCGR fruit and nut repositories. Passport data includes accession and collection information, including georeference data. These include all necessary data relating to source and origin, such as unique identifying numbers, scientific name, common name, donor/collector, pedigree, and health.  Wild species include important information on climate, soil and pests at collection site, while domestic cultivars include genetic history, pedigree and special clonal name.

The characterization section includes the various visible plant characters used to describe the clone.  Data on vegetative, flower, and fruit traits are used to uniquely define each clone.  Numerous traits are used including observations and quantitative measurements of leaf size and shape, bud size and shape, plant size and growth habit; flower size, color and type, inflorescence type and number; and fruit size, shape, color, ripening date, etc.

Molecular Characterization -  marker and DNA sequencing identification
Another source of information on species or clones is published literature.  A computerized databank from the world literature of the crops maintained is useful for a repository.  Computerized information, however, does not remove the need for a specialized library at each repository on the crops and species held at that site.

Ultimately a great deal of highly specific genetic information on a collection is obtained by plant breeders and other primary users of the collection.  Thus it is important that a formal plan for information feedback be initiated to assure that the information gathered will be put back into the system.

Most of the genetic resources exist in the primary wild species, each of which contains unique genes.  Some of these species are now extinct and  others are endangered.  All extant species are to be collected.  Also, all known genes among domestic cultivars are to be collected because they contain desirable combinations of genes such as those for productivity, pest resistance, and fruit quality.  

Research and evaluation of the germplasm logically will follow the establishment and basic characterization of the complete collections. Once this is done, the CGC's help develop priority gene-descriptor lists for the specific crop.  These are the traits of primary importance needed by users of the germplasm.  Research at the repositories, other than that related to identification and conservation, will be focused largely on these important traits.  Still, some of these important traits must be left to the user group to evaluate.  Examples of such traits are:  resistance to key insects and diseases; tolerance to extreme soil factors, such as salts, moisture, and pH; tolerance to extreme environmental conditions (cold, heat, wind, etc.); ease and method of propagation; late bloom to avoid frost; photosynthetic efficiency; early or late harvest; storage life; vitamins/nutritional quality; and fruit size and firmness.  

Limited resources at repositories may limit their evaluation to general observations and simple research testing.

Evaluation research for rootstock species and clones will, by their very nature, be different from cultivar evaluation.  Thus CGC evaluation criteria will be different for rootstocks.  Research on traits such as productivity, hardiness and plant size which result from compound genetic systems (i.e. grafted plants), must be done with specific scion and rootstock graft combinations.  Priority for this type of research must be balanced against other items on the descriptor list and available resources.  Again, most of this type of research must be left to the user community. Cooperative arrangements for germplasm evaluation research may take several forms, and it is anticipated that the user community will conduct much of the needed research.  To the extent feasible, NCGR resources and budget should be used to facilitate cooperative programs in priority germplasm research. 

6.  Germplasm Distribution

Seed Propagated germplasm distribution.

Foreign research workers also may receive plant materials under the same conditions, but, where special air courier conditions are required, those shipping and handling costs may have to be borne by the recipient. Typically, only limited numbers of buds, scions, roots or plants of a given clone will be available.

Each clone should be checked for trueness to name and every effort will be made to maintain and improve the health of the plants in the collection.  The status of the name and plant health will be a part of the data provided with plant materials being distributed.

IV.  BASE COLLECTION - NATIONAL CENTER FOR GENETIC RESOURCES  PRESERVATION (NCGRP)

A.
Introduction

The National Center for Genetic Resources Preservation (NCGRP), Agricultural Research Service (ARS), U.S. Department of Agriculture, is located on the campus of Colorado State University, Fort Collins, Colorado. The NCGRP began operation 1958 (as the National Seed Storage Laboratory(NSSL), and physical facilities were modernized and expanded four-fold in 1992. High security storage vaults provide protection from natural disasters, including floods, tornados, fires, and earthquakes for nearly one and a half million samples. NCGRP has the responsibility to maintain germplasm in a Base collection for the United States and, through formal and informal cooperation, plant germplasm for the International Plant Genetic Resources Institute(s (IPGRI, formally IBPGR) System-wide Genetic Resources Program (SGRP), a global network of genetic resources centers of the Consultative Group on International Agricultural Research (CGIAR). Present categories of NPGS plant materials in storage include landrace collections, wild relatives, cultivars, parental lines, specialized plant materials used to develop new varieties and hybrids, genetic stocks, and differential host and virus indicator stocks. NCGRP also provides long-term storage for plant materials not in the NPGS that are not to be distributed: 1) quarantined samples queued for regeneration under APHIS inspection, 2) accessions of endangered species maintained by botanical gardens, 3) voucher samples of cultivars and parental lines licensed by the U.S. Plant Variety Protection Office, and 4) safety backup materials from international centers and other genebanks. Since 1999 NCGRP is also home to the National Animal Germplasm Program (NAGP) which preserves animal germplasm diversity and conducts research on storage technologies for major domestic animal species and fish.
B.
 General Policy Guidelines for the NCGRP

1.
NCGRP is a federal facility and all material accepted in the Base collection for long-term storage comes under the jurisdiction of the U.S. Government and remains so until released by the respective program (currently NPGS and NAGP).

2.
Long-term preservation of valuable germplasm is the most important mission of NCGRP. NCGRP conducts research in support of this mission. Most plant accessions are stored as seeds, and seed studies focus on biochemical, physiological and genetic changes during storage and effects of moisture content, storage environment and storage containers on seed longevity. Basic research is conducted on cryopreservation of seed and vegetatively-propagated germplasm using pollen, buds, apical meristems, and plant cell tissues. A primary objective is to include more vegetatively-propagated species in the base collection. 

3.
Plant germplasm accepted for long-term storage will be handled under the following general categories:

a.
NPGS plant germplasm 

i)
The Base Collection

ii)
Genetic stocks

b. Non-NPGS plant germplasm 

i)
Quarantined germplasm


ii)
Endangered species (Section IV, pp.10-11)

iii)
Plant Variety Protection Office voucher specimens

iv)
safety backup germplasm accepted under a Non-Funded Cooperative Agreement (NFCA) or Standard Material Transfer Agreement (SMTA)
a) Plant germplasm from international organizations and foreign governments

b) Varieties, parental lines, and elite germplasm licensed under Trade Secret agreements as materials protected by Intellectual Property Rights

4.
NCGRP enters inventory data for accessions in the NPGS and NAGP base collections into the Germplasm Resources Information Network (GRIN) database to provide information on plant germplasm available. NCGRP is not responsible for errors which may occur in original documentation including the variety name supplied by the donor.

5.
Proposals for storing plant germplasm from foreign governments or international organizations will be reviewed by the NCGRP Center Director, Northern Plains Area Contract and Technology Transfer personnel and the National Program Leaders in accordance with current ARS policy and treaty provisions when applicable. Long-term storage of safety backup germplasm by NCGRP will require a cooperative agreement between ARS and the requesting organization. Collections for temporary or emergency storage may be accepted under terms specified in an exchange of letters between ARS and the requestor. Neither NCGRP, NPGS, NAGP, nor the Federal government is liable in any way for the resultant seed quality of accessions, which have not been produced, processed, and validated by NPGS or NAGP. 

C.
Guidelines for Receiving Seed Accessions

1.
NCGRP accepts valuable plant materials from various public and private organizations and, in accordance with Item f. above, from foreign and international organizations. Information on identity and source of individual accessions is essential. Genetic composition and complexity of improved stocks should be documented as thoroughly as possible and passport data entered into the GRIN database when the samples are entered into NPGS.

2.
Only seed and vegetative propagules that are clean and of reasonably high viability are acceptable for storage. Accessions with low viability will be held on a temporary basis until the donor or NPGS is able to provide replacements of acceptable viability.

3.
When accessions are officially accepted as part of the NPGS active and base collections, the NPGS, unless exempted by specific agreement, is responsible for future increases necessitated by viability decline or stock depletion.

4.
NPGS assumes no responsibility for guaranteeing replenishment when stocks received are substandard in viability or quantity. However, for obsolete cultivars or rescued collections not meeting acceptable standards, the Director of NCGRP in consultation with active collection curators and appropriate crop specialists, may make arrangements for their increase.

5.
The acceptance of seed of commercial cultivars by the NPGS shall not be considered in any way Federal endorsement as to the value of the cultivar.

6.
Developing agreements for acquiring germplasm with restrictions on access, distribution, and/or use at the NCGRP involves a series of steps to develop and fully execute an acquisition agreement.  If it has been determined that an agreement is required, the Technology Transfer Coordinator (TTC) will assist in selecting the appropriate type of agreement. These types include: an MTA for when no collaborative research is planned with the donor; and an NFCA when research is planned with the donor. The appropriate delegated authority(ies) will be notified by the TTC, when an MTA is used. For an NFCA the notification process shall be through ARIS. In developing an MTA or NFCA the drafters will consider the following points and work toward their incorporation into the Agreement. 

a.
Can the material be distributed while the Agreement is in force? If so, the Agreement should state the conditions under which distribution will be done and what proportion of the material is available or restricted;

b.
Can a date for lifting the access restrictions be established or does the donor agree, in principal, to remove restrictions on access, distributions, and/or use at some future date? If conclusive dates can be established, the dates should be incorporated into the Agreement.

c.
Can descriptive information about the material be made public? If so, the Agreement should list the type of information. If information can not be made public ARS will keep the information confidential only to the extent allowable by law.

D.
Distribution Guidelines

1.
Accessions from the NPGS are available to research scientists worldwide. Seed samples are stored and will be distributed without chemical seed treatments. When seed of any accession in the NCGRP base collection is unavailable commercially or from the active collection or from cooperating agencies, the Plant Exchange Officer (or the curator responsible for the active collection for the species requested) may obtain seed from the base collection stored at NCGRP for distribution to the research scientist making the request.

V.  National Program Staff

The National Programs Staff (NPS) is the principal organizational component of ARS which, in accordance with the ARS plan, provides program direction and assesses the full spectrum of scientific needs of the Agency. Through the National Program Leader for Plant Germplasm and Genomes, it manages the National Program 301 (Plant, Microbial & Insect Genetic Resources, Genomics, & Genetic Improvement under which the NPGS operates. The NPS develops, for the Administrator, options and recommendations for resource allocations and the Budget Division develops those selected into Departmental budget proposals. The NPS adjusts the National Program Plan based on Executive, Congressional, and Agency priorities. The NPS selects research programs to be implemented and recommends allocations of Agency resources accordingly. This includes distribution of base funds, lapse salary funds, and program increases to research units through Program Decision Resource Allocation Memoranda. 

VI. Advisory Components

The NPGS draws on many sources of advice and counsel to improve its operational effectiveness and efficiency.  Primary among these are the National Genetic Resources Advisory Council for policy, the 40 Crop Germplasm Committees (CGC); the Technical Advisory Committees and Regional Technical Committees (TAC and RTC-Regional, NRSP-6 and Clonal Projects); and the various site-specific customer focus groups and liaison committees. These groups provide guidance to the NPGS, both on operational policy and on technical/functional matters.  In addition, NPGS research/service projects are subjected to prospective project plan reviews and retrospective performance reviews by external review panels.  The National Program 301 customer/stakeholder workshops, held every five years, are also extremely important sources of guidance for future NPGS research and service activities.

A.  Crop Germplasm Committee (CGC) is the generic name for a specific national working group of specialists providing analysis, data and recommendations on genetic resources within a specific crop or group of related crops of present or future economic importance. 

These committees represent their user community. Their membership consists of representation from federal, state, and private sectors; representation from various scientific disciplines; and geographical representation for the crop(s). 

Crop Germplasm Committees are concerned with critical issues facing the NPGS including: 

1. Identifying gaps in U.S. collections and developing proposals to fill these gaps through exchange and collaborative collecting trips. 

2. Assisting crop curators in identifying duplication in the collections. 

3. Prioritizing traits for evaluation and developing proposals to implement the evaluations. 

4. Assisting crop curators and GRIN personnel in correcting passport data and ensuring that standardized, accurate and useful information is entered into the GRIN database. 

5. Assisting in germplasm regeneration projects. 

6. Identifying closed out programs and other germplasm collections in danger of being lost and developing plans to rescue the important material in these programs. 

7. Working with quarantine officials to identify and ensure new techniques for pathogen identification which will assist in the expeditious release of plant germplasm. 

8. Maintaining current reports on the status of their crops for the Congress, ARS National Program Staff and Administrators, State administrators and other key individuals involved with the NPGS. 

9. Evaluating the potential benefits and problems associated with the development and use of core subsets. 

Forty Crop Germplasm Committees provide support to the NPGS (Table VII-1)

B.  Plant Germplasm Operations Committee

The Plant Germplasm Operations Committee (PGOC) was originally assembled by the ARS National Program Leader for plant germplasm, and continues to be supported by the National Program Staff Team for NP 301.  It was established for the purpose of discussing specific questions or actions and operations between and within the NPGS sites. It is an ad hoc assembly of ARS research leaders and site managers of major NPGS sites or activities, but it has no direct authority over the NPGS.

C.  Regional Technical Committees

Technical committees were established originally by CSRS (now CSREES) for the NPGS sites that are funded by CSREES or through an experiment station. They consist of representatives from each of the state agricultural experiment stations in the region and from appropriate federal agencies.

D.  Clonal Repository Technical Advisory Committees

Some of the NPGS Clonal Repositories have established Technical Advisory Committees that meet periodically (depends upon the site).  These TACs are comprised of scientists from both the public and private sectors who are experts in the crops being maintained by the respective Clonal Repository.

Table VII-1.  List of Crop Germplasm Committees (This list, and descriptions of each, can be found on GRIN at http://www.ars-grin.gov/npgs/cgclist.html )

Alfalfa CGC
Apple CGC
Barley CGC
Carya CGC
Citrus CGC
Clover CGC
Cotton CGC
Crucifer CGC
Cucurbit CGC
Food Legume CGC
Forage & Turf Grass CGC
Grape CGC
Hazelnut, Pistachio, and Chestnut CGC
Herbaceous Ornamental CGC
Juglans CGC
Leafy Vegetable CGC
Maize CGC
Medicinal, Aromatic, and Essential Oil CGC
New Crops CGC
Oat CGC
Pea CGC
Peanut CGC
Peppers CGC
Phaseolus CGC
Potato CGC
Prunus CGC
Pyrus CGC
Rice CGC
Root & Bulb CGC
Small Fruits CGC
Sorghum CGC
Soybean CGC
Sugarbeet CGC
Sunflower CGC
Sugarcane CGC
Sweetpotato CGC
Tobacco CGC
Tomato CGC
Tropical Fruit & Nut CGC
Vigna CGC
Wheat CGC
Woody Landscape Plant CGC
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