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ién-Jacques Rbusse
- (A¥712-1778)

“The only means to
keep a state
Independent from
anybody iIs agriculture.
Should you even
possess all the riches
of the world, If you
have nothing to eat you
will depend on others...
Trade creates wealth,
but agriculture
provides freedom”.




HOW

| TO FEED THE WORLD |

2050

How to Feed the World in 2050
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*j"m&‘ié HatifFal-resource base to 2050 -

(2)T e to 2050 — will ther ough land, water and genetic diversity to meet demands?

will tﬁérﬁd bgvgngugh land..water and

(2)Pmtgth|gyhg dpdttygwth

genemgﬂtversnty to meet demands?

(1) Hunger amidst adequate rall supplies
(2) Climate Change
(3) Biofuels

5. Mobilizing political will and building institutions



eVAR Correlation between the formation of
species and genetic resources

about 400 000 plant species grow on Earth

only 300 000 of them have been identified
30 000 of these species are edible
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WR Dependence of agricultural production based on the world’s |
\/ staple crops on the species introduced from other regions
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'On 27 October 1894, the Bureau of
Applied Botany was founded under the
Scientific Committee at the Ministry of
State Property of the Russian Empire. The
Bureau has gradually evolved into the
Vavilov Research Institute of Plant

Industry, or - VIR)

POCCHACKOR 3K3AOMMN COAMCHOXOIARCTRENMMX N3V

eeeeeeee

uuuuuuuuu

nnnnnnnnnnnnnnnnnnnnn
,,,,,,,,

T - > b X { 1887 - 1943

‘‘‘‘

- -
......

S
3
8
S L ' | s
| B NN . . o * o e (/pup\) /1l Basunosckas e
MRS = = = = 5 L +~BHP+
o . - — — - A ; MexdyrapooHas 5
= \ CR—Y r—
% . - = 5 . K
ey v p? ¥ v -
1% A 3] P - f i
» LS : - = .W.Basunos |
- { - i
£} EEARY

iFe
b B ML e . R - R LR LR B T 1 Msdopmauns O 3acenamum Kpyrnoro Crona YuacTuuoe Lixonu: Monoguix Yuenuix . HW.B:

Atz o

PO Y‘“, -
o 5L

S R

= | N
o' 175" s
DN . Y = o Ri A5 g &
- g k PR
Ty . iy SRR —
s ’ - B
Fl s '
TONEE O $..
7, Rl £y e s 4 .
'3 -
\ r s
» '. ﬁ i

y N !

{ 5 S -
- vy~ SR AR

’ . f
10 'il‘!? tee ke t‘ -'
ol - B d 'j,.' !

a

J




“In 1906, the collection of the most important
Russian barley accessions (257 samples as ears
and 345 in grain) and the works on its comparative
systematic research received the highest award
(Diplome  d Honneur) at the International
Exhibition in Milan.

One cannot but be proud of this more than
valuable barley collection gathered by the Bureau
throughout our Empire. Now this collection is
reckoned the third in the world”.

(A.l. Maltsev, 1908).
_




g"; Scientific program of N.I. Vavilov

We can identify two stages in
Vavilov’ s program development:

The first stage (1917-1929) is
devoted to the collection and
research of genetic resources of
crop plants and their wild
relatives of the world.

The second stage (1929-1940)
envisages performing wide-
scale scientific synthesis of
knowledge and development of
a theoretical basis of biology
and breeding.




The routes of
main collecting
missions

carried out by
N. Vavilov
in 1930, 1932
and 1933




The routes of main collecting missions
by N. Vavilov (1916 -1940)




Geography of VIR collecting missions
to foreign countries (1908-2015)




T ’s collecting missions over the territory == W

K\/ of the former USSR (1908 — 2015)
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aR 130 genebanks of the world holding more

than 10 000 accessions (FAO, 2010)

Svalbard
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COUNTRIES ACCESSIONS
1. [USA 508994
2. |CHINA 391919
3. |INDIA 366333
4. IRUSSIA (VIR) 322238
5. |JAPAN 243463

_




(/V/IR'"? The world’s

(FAO, 2010)

CROPS ACCESSIONS
1. |WHEAT 857940
2. |RICE 773847
3. |CORN 327931
4. |PHASEOLUS (beans) 262369
5. |SORGHUM 235711
6. |SOYA BEANS 229947
7. |OAT 148260
8. |PEANUT 128461
9. |POTATO 99253
10. |PEAS 93977




Genetic diversity of the world’s plant resources
stored at the Vavilov Institute numbers 325660
accessions representing 64 families, 376 genera and
2169 species.

Genetic diversity of vegetatively propagated
perennial plants is maintained in field collections
numbering 29611 accessions.

VIR’s herbarium collection
specimens.




Dynamics of the numbers in the VIR collections

classified by staple crop groups

Crop groups

Number of accessions

2010 | 2011 | 2012 | 2013|2014 | 2015

Wheat, triticale, Aegilops 51662 50568 51234 | 51580 | 52409 | 52658
Rye, oat, bar|ey 36509 36841 36885 | 36549 | 36581 | 36688
Small-grain groat crops 48358 48309 48606 | 48529 | 48529 | 48529
Perennial forage crops 30489 30963 31311 | 31366 | 31366 | 31366
Grain legumes 45845 46141 45438 | 46317 | 46135 | 46344
Oil and fibre crops 27471 27517 27680 | 27970 | 27970 28119
Potato 9647 9239 8864 8692 8958 8604
Vegetables 50138 50205 50088 | 49971 | 50019 | 50089
Fruits and berries 23734 23558 23073 | 22750 | 22750 | 22750
TOTAL: 323853 | 323341 | 323177 | 323724 | 324955 | 325660

_




Conservation

of crop genetic resources
: and wild relatives




+ Plant genetic resources con 5

\/ strategies
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" NOAHBIA CIUCOK BWA0B
Bcero; 253 PACI‘IPEJJ,EHEHME' MEYATH | KOHEL,

b

Actinidia Lindl. sp. arguta (Siehold & Zucc.)
MMEET Ha TENPHTOPMA POCCHM HEBOJILIL. 4aCTb apeara, CeBepHyIn, 3aHeceH B KpacHyio Kniry perwoxalos),
- |
= A database has been developed
1- NPBACTAENEH B KYNETYNE, HMEET CORTE
- VUACTENET B ¥ MPIIMEAHUI UPANMLAYATE A KAK N0 NANG UNW P TAUHWE fPHAR - )
panr cemeiicTen  |pog nogpog cekUHA ] aeTop BMAA  [NoaEMn [aeTop N . . . .
! 1 [acti tinidia Lind arguta (Siebold & 7] t f m t .
1 finidia Lind) giraldii Diels. C 0 n al n I n g I n 0 r a I O n O n L]
1 il tinidia Lind itz ) bk
3 |Acti tinidiz Lind| polygama iSichold & ZJ - - " -
3|Alliaceae JAGAllium L. Rhizirideum (Phyllodolon ({altaicum Pall. a eo ra h I C al d I St r I b u t I 0 n
3|Alliaceas JATAlIum L. [Rhiziideum [fiEe) i+ PACTIPEIEIEHUE BULOB =10l -
4|Alliaceas JAgAlium L. Rhizirideurn angulosum |L .
5|Alliaceas J.AgAlium L. Rhiziideurn {Caespitosop{kellulum Prakh.
| Alliaceae J AgAllium L. Rhizirideurn { Reticulats gdoicalum|Regel O p an t S p eC I eS I I I ap S O t e
4|Alliaceae J AgAllium L. haliurn Don. | caspium (Pally | 97
5|Alliaceae J AgAllium L Molium Don §decipiens Fisch - - -
5|Alliaceae JAJAlium L |Rhizideum (Reticulato-buleduardii _|Steam ar eaS Of d I St r I b u t I O n "
S|Alliaceae J AgAllium L Parrum Don. |erubescens |C Kock )
S|Alliaceae J AgAllium L Rhizirideum Bess.
4|alliaceas J Adallium L Molium Don Ngrande Lipsky - - - .
oz b. taxonomic com poOSI tion
5|Alliaceas J AdAllium L Rhizifideum (Hap Janka " ]
| _ 2 = -
.
R c. features of plant growing
" )
pyMnbl paHXURpOBaHNA — - - -
d. trends of utilizat
. trends or utiization.
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YR crop wild relatives (CWR) in Russia

1680 species, 208 genera, 62 families

Species-oriented structure of major
CWR families (964)

176; 102;
18% 11%
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[0 Poaceae M Fabaceae
[ 1 Rosaceae [1]Alliaceae

Species-oriented structure of major
CWR genera (456)
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Controlled environments

* Low-temperature
storage of seed
collections
(+4°C; —=10°C).
Cryogenic
preservation
(—196°C).

* In vitro preservation.

Non-controlled

environments
N A

* Maintenance of clone
and other collections In
the field.

* Maintenance of seed
collections at room
temperature.

 Storage of ultra-dry
seeds.

\_
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‘' Modern technology of ultra-dry seed

storage

Key parameters:

B standard seed quality;

B seed moisture content of 0.5 — 1.5%;

B sealed packaging;

E monitoring of seed viability during storage.

Guaranteed storage period at room temperature is
more than 100 years.

Problems:

B not all plant species yield seed that retain viability
after critical drying;

B complicated procedure of seed rehabilitation after
long-term storage and obtaining viable plantlets.

_




W’IR Conveyor technology of PGR cryoconservation: =" O

N (-196°C)

Monitoring of viability of

Guaranteed period of bioresources conservation Is
more than 100 years

depend upon species
NS

Planned volume of VIR biocriocomplex—
40 — 80 thousands volumes.




‘wik* Conveyor technology of PGR
storage

Slow growing,
Maintenance
and monitoring




dR’ VIR’s Genebank contains ——

&

/ accessions:

Of these, 48 659 accessions are placed for long-term
storage, 80 365 for medium-term storage (-10°C), and 194 242
are maintained at +4°C. = -

There are 274123 accessions preserved at the Branch of § ”"liﬂtmtj
VIR’s Genebank. Of these, 191 184 are placed for long-term ;"" BT BN
storage, 53 360 are safety duplicates, 13 746 are in [ mm“,u”
operational storage, and 16 559 belong to other research UL
institutions. -

VIR’s cryobank holds 437 pollen samples of fruit and
berry plants.
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wi# @i of crop genetic
- @ resources and wild

. relatives




NIR? Dynamics of germplasm dissemination from

the VIR collections in 2009—2014

No Crop 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | Total
1 Breedir-lg centres  (new 634 2009 | 2466 | 2330 840 2286 | 11515
accessions)
2  |Breeding centres (sources) 1260 1703| 2243 2413 1960 2446 12025
3 | Breeding centres (donors) 229 131 119 251 346 253 1329
4  [Breeding centres (collection) 3455 4806 4069 4877 4670 3070 24947
5 | Other research centres 6757 4787 5363 4148 3757 2255 27067
6 North-West 5444
1835 | 1621 | 1006 | 1281 | 1160
7 |SUBTOTAL for Russia: 12385 | 16171 | 15881 | 15025 | 12854 | 11470 | 83786
[ banks and
° |Torelan genebanksan 6741 | 2531 | 8225 | 7070 | 4202 | 2355 | 31124
research centres
TOTAL: 19126 | 21913 | 24106 | 22095 | 17056 | 13825

_




In 2006-2014 VIR submitted 149 cultivars to the
State Variety Testing Committee;

101 cultivars have been listed with the
State Register of Breeding Achievements of
the Russian Federation:

77 authorship certificates and 59 patents
have been issued.




&WR Cultivars in the State register of breeding"—

achievements (data valid for 03/02/2015

VIR CULTIVARS TOTAL CULTIVARS IN
RUSSIA
96 SPECIES 507 SPECIES

(2310 of them of foreign
origin)

_




Genetic resources

in the post-genome era:

challenges and strategic

tasks
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Organismal
functions

g

Protein structure
common folds)

i

~ Organismal
phenotypes

Sequence-based isolation

Crystallography/

Cellular
phenotypes

Physiology
Compleme

Over- or ectopic

of mutant alleles

NMR \
cDNA and oligo
arrays .
Interpretation
2D gels
of sequence \\\ DI-TOF MS

/ mAB arrays
/ e

Sequence homologs

and suppression

of known function Changes in
protein level

Cell-biological
functions

ntation

Tissue, organ,
or subcellular
localization

Specific
antibodies

Kd)

nd response
functions

R.Meagher, 2002

Current Opinion in Plant Biology

Research focus is the
information on genome
sequence (central
circle).

This information serves
as a platform for
analyzing processes at
various levels:

- biochemical;

- genetic;

- regulatory;

- cellular;

- organismal;

- evolutional.

Methods applied for these
purposes are shown
between circles.



Dominating role in the post-genomic period is being assigned to the researches
that start with sequencing of the genome and proteins, and culminate in

identification of the functions of individual genes and proteins, alongside with their
evolutional origin.

Genome Transcriptome Proteome Metabolome

» ‘:‘ * '-.
Gene ﬁ'g' Eo
. TR |
Expression -ndg i b o

&8

Fig. 1. Integrated functional genomics. The effects of gene perturbations are evaluated at multiple levels including the transcriptome, proteome, and
metabolome. Changes in the metabolome occur as a consequence of those changes in the transcriptome that result in changes in the levels or cata-
lytic activities of enzymes. Therefore, metabolome analysis is a valuable tool for inferring gene function.
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Solving the problems of:
1.Genetic erosion.
2.Genetic vulnerabillity.
3.Genetic integrity.




1. Conservation of maximum specific
and intraspecific genetic diversity of
cultivated plants and their wild
relatives  worldwide  for  future
generations on the basis of
iInternational cooperation and
iIntegration.




2. Setting up a global identified
genetic stock for breeding various
types of cultivars capable to solve
the problem of food security under
the conditions of possible
worldwide and regional climate
changes.

_




“It is better to display
excessive concern
now, than to destroy
all that has been
created by nature for
thousands and
millions of years ...”

N. [. VAVILOV







//
@R VIR’s centre of collective use i 5

Modernization of molecular genetic equipment for post-genomic screening
of the crop collection




VAR A shift of the paradigm In nature resource

management

The changing worldview strategy of the mankind
declares the need for the world community to shift from
unrationalized consumerism to the path of sustainable
development.

Sustainable development — is the development that
meets the needs of the present without compromising
the ability of future generations to meet their own
needs (Agenda 21, Rio-de-Janeiro, 1992).




wik'  Ecologization of production:

A\ the opinion of FA©®

“...large-scale conversion of global
agriculture to organic practices could not
only eradicate world hunger and
contribute to the health of human
population but also improve the state of
natural environments”.

Organic Agriculture and Food Security,
FAO Report, 6 May 2007

_




Em Ecologization Of production:
strategic trend

X

In view of this, a majority of the world’s
developed countries regard
ecologization of agricultural and food
production
as a strategic trend to ensure food
security.
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Disappearing biological diversity as a global problem of
Intensive agriculture

Agriculture is developing in all the world displaying the following
trends:

- towards high productivity — thanks to the use of the latest models
of modern equipment and machinery, plant protection techniques,
and vast areas under monoculture;

- towards capital intensity — hired workers instead of farmers;

- towards energy intensity — strongly depends on fossil energy
sources and irrigation.

- towards using a lesser number of highly productive breeds and
varieties, partially genetically modified.

_




‘Vf'R A way to genetic impoverishment? (2)

- 15 species of cultivated plants supply 90% of the energy required t;
the world’s population to maintain life;

- rice and wheat supply 50% of such energy.

- Decrease in the diversity of crop varieties: wheat - 90%
rice - 70%
maize - 60%

crops on the whole - 75%.

- Serious problems with plant diseases (quick dispersal) in
combination with the development of resistance to pesticides.

- Vulnerability of agricultural crops due to their uniformity.

_




anlR Loss of genetic diversity during crop domestication |

(Tanksley, McCouch, 1997)

Wild species —» Early domesticates — Modern varieties

Just as the diversity of species we depend on is a small
fraction of the species available to us, so is the
genetic diversity with those species a small fraction
of the genetic diversity actually present in them. The
species we depend on have become more and more
genetically uniform.




While making plans for collecting new genetic
material, it is necessary to take into account:

E northing and desertification processes in Russia’s plant production
industry;

E optimization and rational deployment of staple crops;

F modernization of the structure and deployment of plant breeding and
seed production centres throughout Russia,;

E global tendencies in the development of third-generation food
technologies;

B genetic resources as new sources for bio- and chemical technologies
(alternative fuels, etc.);

B prospects and aftereffects of global climate changes.

_




Plant genetic resources

Global changes:
- " 0 Economy
ENETI
RESOURCES Hﬂ 3 Demagrapiy
Science/Technology
O Climate
Q Biopolitics
O Privatization
Sustainable development of the
society: - .
0 Food products Bl.@l.mdiusyn|.all
products:
d Human health .
. - Q Bioenergy
O Social stability .
O Pharmaceuticals
O APO-2couyMNG Q Cosmetics
O Natural environment O GMer
O Local economic systems ops




|. Mobilization

of crop genetic resources

and their wild relatives




Mobilization of the
world varietal
resources, wide
utilization of the
global varietal
diversity as source
material for breeding
practice is a number
one priority.

N. . VAVILOV

(“Plant Resources on Earth and VIR’s
Work Towards Their Utilization”, 1931 2.)




Structure of the contemporary.

categories of plant genetic reESOGUrCes

Landraces and local varieties and populations.

B Modern breeding cultivars and hybrids of interest for breeders.
E Crop wild relatives (CWR).
E Weedy field populations.

B Rare botanical forms (mutants), genetic lines of various
categories.

B Donors and genetic sources of economically valuable
characters identified in the process of studying intraspecific
and varietal diversity and/or obtained experimentally.

_




f \#IR Modern algorithm of PGR mobilization consists

of the following basic components:

B analysis and evaluation of the global plant genetic diversity in
nature and in genebanks;

B systematic inventorying (revision) and evaluation of genetic
diversity held in the genebank;

B identification of “gaps” in the collections held in the genebank;

B systematic analysis of national Dbreeding programs,
Identification and prognostication of their needs as regards
genetic source materials;

B assessment of genetic erosion and genetic vulnerability in the
collection accessions of staple crops and their wild relatives.

_




Harlan n de Wet (1971) offered a genepool-based hierarchy of
categories for cultivated species. On the species’ level and higher,
they identified three genepool categories:

— Primary genepool (GP-1) consists of a cultivated species and

those wild relatives that are easily crossed with it and freely
exchange their genes.

Secondary genepool (GP-2) is a group of wild relatives which
are able to cross with the cultivated species, but there are
barriers hindering the exchange of genes.

Tertiary genepool (GP-3) includes such species that can make
crosses with the cultivated one only with the help of
biotechnological tools. The exchange of genes becomes
possible only through artificial transfer.

“Transgenetic” genepool (GP-4) comprises the super-generis
(super-tribal) variability of plants and variability of non-
vegetative origin (V.G. Konarev, 1986, et al.)

_



Secondary
genepool

M. papillosa

M. cancellata

.

L 4
» L 4
Tertiary *« *
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o gt genepool




Methods of PGR search and
collecting

in situ
conser-
vation

In situ
conser-
vation




/W‘Rr\ The route of the international expedition collecting wild
K/ relatives of forage crops over. the northwest of; Russia
\ﬂ (July-August 201.3)

n (Helsinki)

Benukuin Hosropog




