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 EXSITU CONSERVATION




Global Strategy for Plant
Conservation (GSPC)

v’ Target 8 of the GSPC (2011-20): At least 75% of threatened plant
species in ex situ collections, preferably in the country of origin, and at
least 20 % available for recovery and restoration programmes.

v Suggested Plant Conservation Objectives for 2050 (Development of a
post-2020 GSPC, CBD, Feb2021):

0 Allknown threatened wild plant species are effectively
conserved and managed in situ and ex situ, including viable
populations.

o All socio-economically important plant species, including crop
wild relatives, are effectively conserved and managed in situ
and ex situ.



Connecting in situ with ex situ conservation

Ex Situ In Situ
Conservation Conservation




SEED BANKING

storage of dessicated seeds at -
20C

storage of living material at very
low temperatures

CRYOPRESERVATION

TISSUE CULTURE

growth of tissues or cells in an
artificial medium

cultivation of plants in botanical
gardens

LIVING PLANT
COLLECTIONS
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NETWORK OF MEDITERRANEAN PLANT CONSERVATION CENTRES

ENS(ONET

European
Native Seed
Conservation
Network

RIBES - ltalian network of seedbanks

re&es

REDBAG — Spanish Network of genebanks for wild plants
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ENSCONET
Curation Protocols
& Recommendations
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Pratiques de germination
dans les banques de
semences du réseau
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Seed storage behavior

v'desiccation tolerant v'varying degree of tolerance to desiccation ¥ desiccation intolerant
¥/survive sub-zero temperature storage and storage temperature ¥'do not survive sub-zero temperature storage

ORTHODOX INTERMEDIATE RECALCITRANT

Variability in seed storage behaviour between species, rather than three discrete categories, is more appropriately viewed as a
continuum with respect to the degree of seed desiccation tolerance and the impacts and interactions of seed water content
and storage temperature on longevity

Walters C2015. Orthodoxy. recalcitrance and in-between: describing variation in seed storage characteristics using threshold responses to water loss. Planta242: 397-406



Storage conditions for seeds banked for different time frames and for
different purposes

(< 10 years)

Relative humidity 15-20 %

Seed moisture content ¢. 3-7 %

Time frame Conditions Suitable for:
Short term Air-conditioned room c. 23 °C, or Restoration seed banks
(< 5 years) refrigerator or cool room (5-15 °C)
Ambient relative humidity if <50 %
Medium term Temperature 5-10 °C Active collections, including those for

plant breeding and research

Long term
(>10 years)

Temperature < minus 18 °C
Relative humidity 15-20 %

Seed moisture content c. 3-7 %

Conservation seed banks including wild
species and agricultural genebanks;
base collections.

Yenson M AJ et al. 2021, Plant Germplasm Conservation in Australia: strategies and guidelines for developing, managing and utilising ex situ collections. Third

edition. Australian Network for Plant Conservation, Canberra.




Pros & Cons of Seea
Banking

PROS CONS
v long term storage v not suitable for recalcitrant species
v relatively low cost v storage/germination protocols yet

v appropriate method for the majority to be developed

of plant species v seed ageing

The most efficient and widely-used method of ex situ conservation.

The best current estimate of the presence of desiccation tolerance vs desiccation sensitivity amongst species is c. 90 % and c. 8 %, respectively

Wyse, 5. and J. Dickie. ‘Predicting the global incidence of seed desiccation sensitivity. "Journal of Ecology 105 (2017): 1082-1093



F xceptional Species

plant species that cannot be efficiently and
effectively conserved long-term ex situ

under the condiitions of conventional seed
banking, requiring alternative conservation

approaches

Pence VC et al. 2020. Cryobiotechnologies: Tools for expanding long-term ex situ conservation to all plant species. Biological Conservation 250, 1-8



do not produce seed
are extremely difficult to harvest

do not survive conventional seed bank
conditions

do not remain viable for a reasonable length
of time in seed bank conditions

do not germinate and do not produce plants
upon removal from a seed bank even
though they are viable



o Projection: >30,000 spp.

«o Examples : oaks, alpine species,
orchids

«o Compilation of a global list of
threatened exceptional species






Flant tissve culture is defined as
culturing plant seeds, organs,
explants, tissues, cells, or
protoplasts on a chemically defined

synthetic nutrient media under

sterile and controlled conaditions of

light. temperature, and humidity.

1 6 Bhatia S et al. 2015. Chapter 1 - History and Scope of Plant BiotechnologyModern Applications of Plant Biotechnology in Pharmaceutical Sciences, Academic
Press, Pages 1-30




Micropropagation

Callus culture
Suspension cell culture
Somatic embryogenesis



Key steps in micropropagation

Transfer to initiation medium

Slow growth storage

Deflask plantlets and acclimatise  Transfer to medium with cytokinins
gradually to initiate shoot production

Transfer to medium with auxins
Yenson M AJ et al. 2021, Plant Germplasm Conservation in Australia: strategies and guidelines for developing, to initiate root production
managing and utilising ex situ collections. Third edition. Australian Network for Plant Conservation, Canberra.



Pros & Cons of Tissue

Culture

PROS
v high volume plant production

v plants protected against
environmental hazards

v large number of plants in limited
space

CONS
v specialized expertise
v low genetic variability

v development of protocols for new
taxa - expensive / time consuming

v possible genetic changes
v contamination risk

v~ difficult transition from culture

https://www.rbgsyd.nsw.gov.au/Science/Australian-PlantBank-1/Conservation-in-action/Tissue-culture-and-cryopreservation/Cryopreservation
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Why choose tissue culture

large-scale micropropagation of plants
conserve highly threatened species

reproduce plants that don't produce seeds or don't
germinate well

conserve plants not suited to seedbanking

prepare material for cryopreservation



Case study: Asparagus macrorrhizus

v" developed protocol allowed the micro-
propagation of plantlets true-to-type

V' establishment of an in vitro Asparagus
macrorrhizus germplasm bank

v Institute of Hortofruticulture Subtropical and
Mediterranean “La Mayora” (IHSM, Malaga,
Spain).

Fig.1 Procedure for extraction of thizome bud eaplants from Asparn:

gus macrorrhizus: @ mother plants, b—d morphology of plant rhi- Fig.2 A. macrorrhizus micropropagation. @ and b Rhizome bud
zomes, e~ details of thizome bud clusters, h dissected rhizome bud explants cullured on ARBM for 4 weeks. € Shoots obtained from rhi-
cxplants zome bud caplants. d Shoots rooted in MRM-2

Regalado, J.J. et al. 2018. Micropropagation of Asparagus macrorrhizus, a Spanish endemic species in extreme extinction risk. Plant Cell Tissue Organ Cult., 132, 573-578.
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Cryopreservation is the
storage of Iiving material at
very low temperatures,
Lypically Utilising hquid
nitrogen (196 °CJ or its
vapour (-150 to -192° ()]

N
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Short-lived Seeds
/ygotic Embryos
Dormant Buds
Somatic Embryos
Shoot Tips

Pollen



Shoot growth

Shoottips

Surfaca sterilize, plate to
medium with fungicide,
antibiotic, and hormones

Donor plants

Move to
fresh medium
Cytokinin treatment to Cut shoot tips
generate multipla shoots Test control
i
‘;M" ”P“ ! ify
Osmoprotection

Place onto high
sucrose medium

for two days.
Detzrmine osmatic =
: dehydration time and
Suecessful regeneration ffasnle (_’fm?rmm Del ti
of shoots and roots Det_ermn_:'eaf_r Tri h’gﬂ \:\i“ h
Crucial parameters of desiccation time. ¢ e I'Dp:!di: ot
successful cryopreservation R
Choose apprapriate -
cryoprotectant,
assess toxicity.
Choose appropriate
temperature and Selectappropriate
rate of warming to cooling rate to
reinvigorate tissues. avoid crystallization Test control
inside the cellz. sampies toverify
\ tissue survival
Plate onto medium
o W =] | Ravidcooting
tssue E Plunge treated tips
| into liquid nitrogen
Rapid warmin:
in :'arm wat.er%am et imiing
immediately to test
- tissue survival
Contols tested at
intervals o ensure
' : Storage
Moved to long-term
Cryopreservation storage

https://saveplants.org/best-practices/collecting-and-maintaining-exceptional-species-tissue-culture-and-cryopreservation/
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Pros & Cons of

Crypreservation

PROS CONS
v relatively low cost v specialized expertise
v" minimal storage space v development of protocols for new

: taxa - expensive / time consumin
v" low maintenance workload P / g

v" minimum contamination risk V" regular liquid nitrogen supply

Each plant species and tissue type has very specific requirements for the way in
which it is prepared, frozen and thawed. So each species and tissue combination has
to be tested individually before cryopreservation can be successfully applied to
many plants.

https:/www.rbgsyd.nsw.gov.au/Science/Australian-PlantBank-1/Conservation-in-action/ Tissue-culture-and-cryopreservation/Cryopreservation



Case study: Quercus robur

v" developed protocol allowed the
cryopreservation of somatic embryos

v" pre-culture on 0.3 M sucrose medium
Followed by application of PVS2 solution for
60-90 min prior to being cooled in liquid
nitrogen

v" Instituto de Investigaciones Agrobiologicas
(Galicia, Spain).

Fig. 1. Proliferation of Q. robur somatic embryos (line T4-H)
frozen in liquid nitrogen following pre-culture on high-sucrose

medium and dehydration treatment.

MT Martinez, et al. 2083 . Cryopreservation of embryogenic cultures of Quercus robur using desiccation and vitrification procedures, Cryobiclogy. Volume 46, Issue 2, Pages 182183,
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Types of living collections

| Botanic gardens, arboreta and
specialist horticultural gardens

-~ Field genebanks
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Why choose living plant collections

conserve exceptional species

ensure clonal replicates where unique or elite
genotypes need conservation

conserve threatened, easily cultivated species
produce material for restoration
produce material for other ex situ techniques

supply material in order to remove or reduce
pressure on wild populations

provide parent material for field genebanks



Important to keep in mind

conservation value is largely determined by the extent of genetic
representativeness of the species

use of living collections in combination with other conservation
techniques

in certain cases, and particularly species with very small populations, it
may be the only practical conservation option available
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Pros & Cons of Living Plant

Collections

PROS

v ready access material for
trasplantation

v constant supply of seed or
vegetative material

v increase knowledge

v" educational value

CONS
v low genetic variability (usually)

v selective genotypes upon
cultivation

v hybridisation / genetic
bottleneck

v relatively high intensity
resources

Adapted from Yenson M AJ et al. 2021. Plant Germplasm Conservation in Australia: strategies and guidelines for developing, managing and utilising ex situ

collections. Third edition. Australian Network for Plant Conservation, Canberra.



Long-Term

No

~

Use tissue culture.

~

Try tissue
culture or living
collection.

/I

Maintain as field
genebank and
store pollen.

T

and desiccation S

‘tolerant?

Does the plant

have seeds? d

Consider if seed

\c— banking is possible?

Are the seeds viable?

J/Yes
Are the seeds . Yes
desiccationtolerant? ),
\l’ Use conventional
storage. It is the
Are the seeds most efficient,
naturally short-fived

. \

Are the seed embryos  Yes Consider
desiccation tolerant? > ér_yop'i'é'se"rvaﬁa'n.

\l, N

Yes /

: Preserve with
Can you Initiate a ._>T“ tissue culture

tissue culture line? line.
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