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Plant Gene Resources of Canada (PGRC) -
Ressources Phytogénétiques du Canada

« PGRC was established in 1970 in
Ottawa and moved in 1998 to
Saskatoon

« The mandate is to acquire, preserve
and evaluate the genetic diversity of
crops and their wild relatives

» Focus is on germplasm of economic
importance or potential for Canada

« Main deliverables of PGRC:

— Viable germplasm
— Relevant information

— Conservation of plant genetic diversity
for food and agriculture




Agriculture and Agri-Food Canada Research
and Development Centres associated with PGRC

Saskatoon, Saskatchewan: 116,000 accessions seed germplasm
Harrow, Ontario: 3,500 accessions fruit trees, shrubs, berries (clonal material)
Fredericton, New Brunswick: 160 accessions of potato germplasm

Saskatocn
. Fredericton

Harrow

Staff at Saskatoon: 12 persons: 1 research scientist, 2 professionals, 7 technicians,
1 part time casual, 1 administrative assistant.



Germplasm holdings at PGRC
(number of accessions)

Vegetables 2289, incl. 163 Wheat 10,713
potato lines at Fredericton, NB

Other 13,582

Barley 41,813
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Total: 110,442 accessions

of 980 species. Clonal (fruit, Harrow, ON) 3500

Oat 27625 Crucifers 2594

Flax 3575
Forages 1641

* PGRC has the responsibility for the world base collections of barley, oat, Pennisetum millet, and
oilseed and green manure Brassica

* Clonal fruit germplasm at AAFC Harrow, ON; potato germplasm at AAFC Fredericton, NB



Genus

Triticum
Aegilops
Hordeum

Avena

Cereals at PGRC

- Cultivated ----

Taxa
21
22

2
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Accessions
8,357
n.da.
38,858
12,502

Taxa
4

38
25

Accessions
2,988
632
5,955
15,288

Total

11,345
632
41,813
27,790



Avena germplasm in world genebanks
(FAO, 2010)

Number of Proportion wild
Accession ofworld species Landraces Breeding Cultivars

Genebank S (%) (%) (%) lines (%) (%) Other (%)
PGRC, Canada 27,676 21 55 12 20 12 1
USDA 21,195 16 49 14 24 13

VIR, Russia 11,857 9 19 41 <1 1 39
IPK , Germany 4,799 4 15 €S 9 38 4
KARI, Kenya 4,197 3 <1 100
TAMAWC, Australia 3,674 3 <1 <1 99
ICGR, China 3,357 3 100

World (13 others
countries included) 130,653 100 24 14 13 12 37



Taxon & Author No of Accessions

Avena L. germplasm at PGRC  — aens abysinca oot 254

Avena agadiriana B. R. Baum & Fedak 14
Avena atlantica B. R. Baum & Fedak 15
. Avena barbata Pott ex Link 2106
Total: 27,790 accessions ——» Avenabrevis Roth 4
Avena canariensis B. R. Baum et al. 45
Avena clauda Durieu 91
Avena damascena Rajh. & B. R. Baum 3
Avena eriantha Durieu 133
Avena fatua L. 644
Avena glabrata Hausskn. 1
Avena haussknechtii Nevski 1
Avena hirtula Lag. 48
— Avena hispanica Ard. 16
Avena hybrid 255
Avena hybrida Peterm. 24
Avena insularis Ladiz. 3
Avena longiglumis Durieu 45
Avena lusitanica (Tab. Morais) B. R. Baum 31
Avena macrostachya Balansa ex Coss. & Durieu 1
Avena maroccana Gand. 35
Avena murphyi Ladiz. 2
— Avenanuda L. 13
Avena occidentalis Durieu 67
—» Avenasativa L. 12016
Avena sp. 17
Avena sterilis L. 11523
— Avena strigosa Schreb. 162
Avena vaviloviana (Malzev) Mordv. 135
Avena ventricosa Balansa ex Coss. 4

Avena wiestii Steud. 45




Maping of holdings of crop wild relatives - A. sterilis

(E. Timmermans, PGRC Database Manager)
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CN 108755 COLLECTED:10-MAY-1925
Avena sterilis Elevation derived from the GTOPO30 dataset (0.1 x 0.1 degree grid

CN 108756 COLLECTED.01-APR-1939

Avena sterilis Elevation derived from the GTOPO30 dataset (0.1 x 0.1 degree grid
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Avena sterilis

CN 110889 COLLECTED:01-JUN-1984
Avena sterilis Gis co-ordinates calculated from place name

L4 B o Origin of 11, 304

B e e e R A. sterilis accessions at PGRC
— . = ===(7,602" with coordinates)

06/06/2014


http://maps.google.com/maps?q=http://pgrc3.agr.gc.ca/STERILIS_ACCESSION_AVENA.KML

Collecting of oat genetic resources in the 1960s and 1970s resulted in
7,411 accessions of Avena (27% of collection), with emphasis on wild
Avena species and landraces of A. safiva

World base collection of Avena (IBPGR, 1979)

Broad coverage of the genus Avena

Recent characterization and evaluation of most of the collection
Extensive evaluation data on rust resistance

Evaluations on seed oil content and fatty acid patterns

All data available on Internet (GRIN-CA)

The utilization of Avena crop wild relatives from PGRC germplasm in
plant breeding has been very intense



Collaboration in oat within Canada

The utilization of Avena crop wild relatives from PGRC germplasm in plant breeding has
been very intense and successful in Canada

— Collaboration within Agriculture and Agri-Food Canada among:
Botanists/taxonomists (B. Baum)
Cytologists (T. Rajhathy, H. Thomas, G. Fedak)
Genebank curators/managers (R. Loiselle, B. Fraleigh, K. Richards)
Plant Pathologists (J. Chong, B. Menzies, T. Fetch, R. Kutcher)
Plant Breeders (F.J. Zillinsky, S. Kibite, V. Burrows, J. Mitchell-Fetch, W. Yan)
— Renewed efforts including molecular approaches (Y.-B. Fu, N. Tinker)
— Disease resistance screenings (T. Fetch, R. Kutcher)

Other ﬁ.é.tional and international cooperation (E. Kjellkvist, M. Legget, G. Ladizinsky, I.
Loskutov, B. Rossnagel, A. Beattie)

Organisations and genebanks (IBPGR/IPGRI/Bioversity International; Global
Crop Diversity Trust; VIR, USDA, IPK, NCPGRU, UFRGS)



Collecting missions for Avena involving Canadian
researchers prior to 1972
(Baum et al., 1972)
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Avena from collecting missions at PGRC with

Canadian participation

Year Region sampled Collectors

Mediterranean (Gibraltar, Spain,
France, ltaly, Greece, Turkey, Libya,

1964 Morocco) Rajhathy, Zilinsky, Harges
1965-1967 Afghanistan Kuckuck (FAO)

1966 Israel Fleischman

1970 Turkey, Iran, Afghanistan Fleischman, Baum, Bennett
1970 Turkey Kjellquist (FAO)

Iran, Turkey, Iraq, Syria, Lebanon,  Welsh (Rajhathy - Martens: Lebanon - Irag, Baum: Syria -

1970 Algeria, Tunisia, Greece, Israel Turkey; Fleischman - Thomas)
1971 Kenya, Ethiopia Martens

1971 or 1972 Canary Island Sampson

1972 Morocco, Tunisia Martens

before 1974 Ethiopia

1977 Thilissi, Georgia, USSR Martens

1978 Turkey, Iran, Greece Baum - Fedak - Martens

1980 Spain Fedak

1982 Turkey, Black Sea Comeau



Use of crop wild relatives in oat — the Canadian pioneers

Factors:
Collaboration
A goal
Determination
Time

And: the idea:

E. Bauer
A. Aaronsohn
N.l. Vavilov
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Name Location Expertise

J.N. Welsh Ottawa (AAFC) Cytology

P.L. Dyck Ottawa (AAFC) Cytology, pathology
V.D. Burrows Ottawa (AAFC) Breeding wirh CWR
P.D. Brown Winnipeg (AAFC) Breeding with CWR
J.W. Morrison  Ottawa (AAFC) Cytology

R.C. Mc Ginnis  Winnipeg (University) Cytology

T. Rajhathy Ottawa (AAFC) Collecting, cytology
V.D. Burrows  Ottawa (AAFC) Breeding with CWR
F.J. Zilinsky  Ottawa (AAFC) Collecting, cytology

G. Fleischmann Winnipeg (AAFC) Collecting Pathologist
J.W. Martens ~ Winnipeg (AAFC) Collecting, pathologist’
D.E. Harder Winnipeg (AAFC) Pathologist

J. Chong Winnipeg (AAFC) Pathologist

J.J. Nielsen Winnipeg (AAFC) Pathologist

S.L. Fox Swift Current Pathologist

T. Aung Winnipeg (AAFC) Cytology

G. Fedak Ottawa (AAFC) Cytology, interspecific crossing
B. Baum Ottawa (AAFC) Taxononmy

T. Fetch Winnipeg (AAFC) Pathology

B. Menzies Winnipeg (AAFC) Pathology

R. Loiselle Ottawa (AAFC) Genebank curator 13
B. Fraleigh Ottawa (AAFC) Genbank curator




World base collection of oat (genus Avena) preserved at Plant Gene
Resources of Canada (PGRC) with expertise in collection management
and agronomic characterization

Molecular characterization of oat at AAFC Saskatoon (Dr. Y.-B. Fu)

Renewed activities in screening for rust resistance (Dr. R. Kutcher,
University of Saskatchewan)

Extensive expertise in genotyping by sequencing in oat at AAFC Ottawa
(Dr. N. Tinker) and at Universities (Dr. R. Latta)

Canada has active public breeding programs in oat at Saskatoon
(Saskatchewan-A. Beattie), Brandon (Manitoba-J. Mitchell-Fetch) and
Ottawa (Ontario-W. Yan)

Establishing a reference set for Avena taxa at PGRC



PGRC clients for germplasm

Germplasm shipped from PGRC 2002-
2015 (seed germplasm):
» ca. 4200 seed samples annually
* 62 countries; 65% within Canada;12 % to
USA

Clients for germplasm: Legend 3
 Plant pathologists o 4
* Plant breeders [ Less than 10

. I 11-20
« Genomics researchers B 21 - 30
» Citizen scientists M Greatsr than 30

Legal Framework
« Standard Material Transfer Agreement of
International Treaty on Plant Genetic
Resources for Food and Agriculture
applied since July 2008




Origin and destination country of germplasm
shipped by PGRC (Aug. 2008-end 2014)
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Total: 25,655 accessions
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» Total: 6939 accessions shipped
* Countries served: 26
» Major requesters:

Oat samples shipped by PGRC 2005-2015

Canada (41%)
USA (18%)
China (12%)
Poland (9%)
Turkey (6%)
Germany (5%)
Russia (2%)
UK (2%)
Ukraine (1%)
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Oat shipments by taxon
(2005-2015)

Taxa requested
Mostly A. sativa
Second: A. barbata
Interest in all taxa
Large amounts
shipped to:

- China
Poland
Russia
Ukraine
- UK
- USA

Accessions

Taxon shipped
Avena sativa 3446
Avena barbata 1243
Avena sterilis 642
Avena strigosa 234
Avena fatua 134
Avena brevis 98
Avena maroccana 95
Avena clauda 90
Avena hirtula 77
Avena nuda 71
Avena eriantha 68
Avena wiestii 68
Avena hispanica 58
Avena canariensis 55
Avena atlantica 51
Avena lusitanica 51
Avena sativa subsp. nudisativa 49
Avena agadiriana 48
Avena occidentalis 48
Avena damascena 46
Avena longiglumis 44
Avena ventricosa 42
Avena hybrida 40
Avena abyssinica 35
Avena murphyi 28
Avena vaviloviana 22
Avena insularis 21
Avena macrostachya 18
Avena sp. 10
Avena glabrata 3
Avena haussknechtii 3
Avena atherantha 1

Grand Total

6939




Tendencies in requests and users for Avena

Steady requests (about 700 Avena accessions per year
from total of about 4000 accessions shipped by PGRC)

Increasing requests for smaller amounts of germplasm,
very specific requests

Increasing requests by molecular research
Less requests from plant breeders

19



A success story in the diploid A. strigosa

« A cultivated plant that vanished from European agriculture, although it was widely
spread historically.

« Has its origin in Iberian peninsula (Spain, Portugal).

« Recent cultivation of landraces is still important in South America, in particular Brazil, on
about 5 Million ha.

« Usage as erosion protection (soil saver), green manure, forage and grain crop.

 Recently re-detected by European breeders and market developed for nematode
reduction in intensive rotations.

e~ o~
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Genebank regeneration at PGRC in 2009  Breeder evaluation in Germany in 2012



Seeds of A. sativa (left) and A. strigosa (right)
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Recent cultivars and cultivation of diploid oat

UK (Wales), 1930s, two cultivars

'Saia’, Brazil 1940, (aveia preta)

'Soil Saver’, USA 2002, (black oat)

'Luxurial’, France 2005 (7?) avoine brésilienne, avoine rude

'Pratex’, Germany 2009, (Sandhafer)

Some recent cultivation in Australia

Relictic cultivation of A. strigosa occurs on Scottish Islands

Most cultivation occurs today in latin America and is based on landraces
Some line selection within landraces was done recently in Brazil



Assessing A. strigosa material at PGRC




Classical breeding programs in oat are becoming rare.
Taxonomists are becoming rare.

Instead of characterization we now talk about phenotyping with
highly sophisticated technology.

Molecular data is produced in unforeseen quantities and cheaper
than classical characterization.

Will bioinformatics support or even replace decision making by
individual breeders?

Will the information about the material become more important than
the genetic resource itself (dematerialization)?

Will we need new genebanks with “precision collections” to serve
the new needs of science and breeding?

Will in silico genebanks in combination with synthetic biology make

the classical genebank obsolete? Ny



Scylla and Charybdis dilemma of genebanks

« Maximise overall diversity preserved
(many samples, many landrace
populations)

— Consequence: Precision of
characterisation of material decreases

or

« Maximise purity and information about
preserved material for users that
produces replicable results (pure-lined
material, precision collections)

— Consequence: Diversity may be lost



What is special about oat?

* None of the International Agricultural Research Centres
(CGIAR Consortium) has oat as mandate crop.

 Qat as a crop is most relevant in temperate climates of
the north.

» Natural wild oat genepools and oat cultivation areas are
geographically disconnected.



Which Avena diversity needs ex situ conservation?

Should PGRC fill gaps in the Canadian genebank collection
from a global perspective as intended with the IBPGR base
collection principle?

How can we improve a globally rational approach to Avena
conservation?

A “Global Oat Diversity Network™ was established In 2007 in
St. Petersburg. Is this of any use?
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