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The goals of in situ conservation

A strategy for safeguarding keystone or emblematic species against
natural and made-made ecological catastrophies
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=> Networks must
contain all the genetic
diversity of a species
within its entire
distribution range

=> Conservation units
must be made to P IR R
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How to correctly sample the genetic diversity of

a species? Considering evolutionary history

ESU : Evolutionary Significant Unit (Moritz 1994)

= group of populations deriving from a common ancestor
(lineage) and significantly different from other lineages within the
species

= signature of long term evolutionary history (mt/cpDNA).

MU : Management Unit (Palsbgll et al 2007)

= group of populations that differs from another by significant
differences in genetic markers (reduced gene flow)

= signature of short term evolutionary history (nDNA ou SSRs)




Considering evolutionary history (demography):

an example of data availability in Pinus pinaster

B  Eastern Africa

: [ WestermASrcn

Bucci et al. (Mol. Ecol.) 2007

3 lineages and 8 genetic
groups from 16 (most
common) haplotypes at 5

cpSSR loci (h, = 0.825).

-
<
-
~
=
-
-
=
—
-
-
-
A
-
=
-
e
=
-
-
=
-
=

50 ¥



Populations have different adaptive properties in
addition to different evolutionary histories

Budburst, Quercus petraea A strong link between geographic
IS e origin and bud break date in the
[
g 30| o European oak Quercus petraea (4
o ot # common garden experiments)
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Considering adaptive properties in the
evolutionary history of populations and species

A strong link
between
geographic origin,
bud break date and
susceptibility to
late frost damage
In walnut (Juglans
regia) in 3
common gardens
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How to correctly sample the genetic diversity of
a species? Considering adaptation in addition to
demography and evolutionary history

Adaptive molecular or
phenotypic difference

Allendorf & Luikart (2007)
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Adaptive divergence
(selection)

priority

Environmental difference _ PhY'OQ?OQFapth or
(selection) Neutral divergence genetic structure
(mutation/drift)

Looking for surrogates of
adaptation: environmental Looking for surrogates of adaptation:

gradients phenotypic / genotypic trait variability




Integrating approaches for a science-based

sustainable in situ conservation strategy

Socio-economic factors

Reproduction
Genetic Network .Of / biology
information conservation . .
(allelic units (CU) < Behavioral biology
frequencies, —
differentiation) Morphology

N

Abiotic factors (climate,
geography, etc)

Habitat, community
factors

From Moritz et al. 1995



One example of genetic resource conservation
network in France: Abies alba

An ancient common origin for western lineages
At least 2 Quaternary western lineages (Pyrenees + Alps) => 2 ESUs
At least 2 genetic clusters within the Alps => 2 MUs
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One example of genetic resource conservation
network in France: Abies alba

Reézions de provenance du Sapin pecting

Little analytical work
from provenance trials
available / no data from

genomic tools yet

14 regions of provenance :
an estimator of ecological
structuration in France

=> At least 14 CUs
(emphasizing local
adaptation) in France




The actual and current network of FGR
conservation of Abies alba in France

In practice, a combined approach:
ESU + MU + ecological structure + marginal populations =
21 CUs off|C|aIIy reglstered
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Is the spatial and ecological coverage of the
Abies alba network sufficient in the Pyrenees
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* A significant geographic structure, 2 evolutionary lineages
(10 SSR loci), no effect of marginality (VOLV)

* A clear transition admixed zone at lineage boundary
 Detection of a planted population (ASPE)




The current network of FGR conservation of
Abies alba in France: gaps to fill!




What must a Conservation Unit guarantee?

Ongoing local adaptation
under natural selection must
be maintained

Management must:

==> maintain reproduction
and seedling recruitment;
==> maintain high adult
density to avoid drift /
Inbreeding during
reproduction;

==> prevent unwanted gene

':?(:Q‘L\Jergus petraca CU . nqrth-easternFEan A need for monitoring
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How must a Conservation Unit be managed? A
legally binding charter

g\ < wan Central zone
CRGF / 142t > Autochthonous forest
s _ > 500 seed trees minimum
IR/ 4 : > 60 seed trees/ ha
o/ J > Natural regeneration only
(potentially assisted using
local seeds)
Buffer zone
y > No introduction of
- | ”e'”ﬂ”a”';"""‘ : hybridogenous exotic
SRR >\°"'E species / populations
| > Regeneration after the
central zone

{ Control of game species, wild
 fire protection, monitoring, etc.

Fagus sylvatica CU in north-eastern France



Abies alba: 21 CUs
~ 3500 ha
(160 ha / CU)

The French register of conservation units for
widely occurring species

F. sylvatica: 28 CUs
~ 3950 ha
(140 ha / CU)

Pinus pinaster: 4 CUs t

(225 ha / CU)

Q. petraea: 20 CUs
~ 2400 ha
(120 ha/ CU)

http://agriculture.gouv.fr/conservation-des-ressources



In situ conservation of forest genetic resources

(FGR): the pan-European dimension

A major political player: Euforgen
- Created in 1994 under Forest Europe
- Secretariat in Rome at Bioversity International

- Promote and streamline national FGR conservation

strategies at European level (e.g. minimum requirements
for CUS)

- Raise awareness on FGR conservation of forest habitat
managers and policy makers

EUFORGEN



Euforgen Phase IV (2010-2014)

SCOpEZ facilitating implementation of practical gene
conservation by developing pan-European gene conservation
strategies for forest trees (under the umbrella of Forest
Europe)

- Wor
- Wor
- Wor
- Wor
- Wor

KIng grou
King grou
KIng grou
KIng grou

KIng grou

0 1: a European gene conservation strategy
D 2: genetic monitoring methods

0 3. guidelines for transfer and use of FRM
0 4: incorporation of FGR In national policies

0 5: managing CUs under climate change



Fagus sylvatica

Craton Dutrouon ¢

Frst published onine on 26 March 2005

This distribution map, showing the natural distribation area of Pinus nigra was compiled by members of the EUFORGEN Networks

Citation: Distribution map of Black pine (Pnus nigra ) EUFORGEN 2000, www eutorgen org

Updated on 30 July 2008

ERORGEN

chrical cmdn» an

ractica restry Thetoc
he recommendations pr

bas to be compiemented and further developed in local, national or regional conditions. The

Gudeiines are based on the
ethods fo

Euforgen : more than technical guidelines and
distribution maps widely used by researchers
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Ialian stone pine \

FPinus pinea

B. Fady', S. Fineschi’ and G.G. Vendramin®
EUFORGEN | INRA Mectaransen Forest Ressarch U, Avignon, France
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These Technical Guidslines are intended to assist those who cherish the valuable ltalian stone
pine genepool and its inheritance, through conserving valuable seed sources or use in practical
forestry. The focus is on conserving the genetic diversity of the species at the European scale.
‘The recommendations provided in this module should be regarded as a commonly agreed basis
to be complemented and further developed in local, national or regional conditions. The
Guidelines are based on the available knowledge of the species and on widely accepted

methods for the conservation of forest genetic resources.

talian stone pine (Pinus pinea L)
is the only representative of the
Section Pinea, subgenus Pinus.
tree 10-25 m tall, it has long
horizontally ~ spreading  or
ascending branches that give its
adult crown a characteristic
umbrella-like shape.
Twigs are glabrous, first
areen, then greyish; buds
are approx. 1 cm long,
with brown scales.
Needles are bright

years (occasionally
r —— - L T—— 4). Needles are
Norway spruce 10-15 cm long

with an acute apex
Picea abies
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In situ conservation of forest genetic resources
(FGR): the pan-European dimension
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In situ conservation of forest genetic resources
(FGR): the pan-European dimension

3

EUFGISAY/

A tool for identifying gaps in pan-European strategies, raising
awareness on conservation needs, particularly at range margins




Why an ex situ approach ?

A pragmatic approach:
- When In situ methods are not possible (extirpation)
- Create and reinforce collections of genetic material

- Methodological development (gene banks, cryo-conservation,
etc)

Appropriate models:
- Pandemic risks (insects, pathogens)
- Habitat destruction (e.g. river banks, land use change)

- Disseminated «noble» species at risk from sylviculture
- Genetic pollution

| y
=> Marginal populations %F*.T'.O

COMMISSION DES RESSOURCES

GENETIQUES FORESTIERES
77\




An example of species under
pandemic risk: Ulmus sp.

Espéces menacées par une pandémie

orme champeétre, o. de montagne, o. lisse

conservation
dynamique

reconstitution
de haies
champétres

CRGF }

COMMISSION DES RESSOURCES
GENETIQUES FORESTIERES
B




An example of species where risks lie
on habitat: field hedges

Species in field hedges such as wild cherry (Prunus . &y
avium), service tree (Sorbus domestica) and English e e

GENETIQUES FORESTIERES

walnut (Juglans regia) need ex situ conservation




An example of species where risks lie
on habitat: English walnut

2S 1N soutnern rrance

7 E - - - " . l:ln;
English walnut (Juglans regia) faces extirpation in many forests as it

GENETIQUES FORESTIERES

IS over logged for its highly valuable cabinet-making wooc
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Example of a species where risks lie on
habitat degradation and genetic pollution

Black poplar (Populus nlgra) In rlparlan communltles I Europe s




Example of a species where risks lie on
habitat degradation and genetic pollution

; COMMISSION DES RESSOURCES
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An integrated FGR conservation and
sustainable use program for Salzmann |
pine in France
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EUFORGEN

FUFORGEN Secretariat
c/o Bioversity International
via dei Tre Denari, 472/a
10057 Maccarese (Fiumicino)
Rome, Italy

Tel. (+39)066118251

Fax: (+39)0661979%661
euf_secretariat@cgiar.org
More information

and other maps at:
www.euforgen.org

Geography and taxonomy of black pine

Pinus nigra

g

-

o P. n. mauretanica,

“{i,l P. n. salzmanni,
| P. n. laricio,

P. n._niara_

P. n. gaims

P. n. pallasiana

This distribution map, showing the natural distribution area of Pinus nigra was compiled by members of the EUFORGEN Networks

and was published in: Isajev, V., B. Fady, H. Semerci and V. Andonovski. 2004. EUFORGEN Technical Guidelines for genetic conservation and use of

European black pine (Pinus nigra). International Plant Genetic Resources Institute, Rome, Italy. 6 pages

—— e— KM
First published online on 26 March 2005 - Updated on 30 July 2008 0 250 500 1,000



Geography and taxonomy of black pine in
France: marginal populations




Uniqueness, risks and protection needs

« Wild fires and climate change: risks on habitat (loss)
* Hybridization: potential risk (benefit?) for genetic
resources

- Priority habitat under Habitats directive (D. 92/43 CEE of
21 May 1992) : « Endemic (sub-) Mediterranean black pine
forests : Salzmann pine ».

- European, national and regional issue: conservation and
sustainable use within the national and regional biodiversity
strategies.
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A landmark Salzmann pine forest in France: St Guilhem le Désert
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The objectives of the « Salzmann » project: ex

situ collection of autochthonous pines

Finding autochthonous Salzmann pines in France.
Sampling grafts for ex-situ conservation in clonal plantations.

Sampling (leaves and seeds) for the study of genetic

diversity:

- Evolutionary history, unigueness of populations for
conservation

- Contemporary gene flow and mating system

- Candidate genes of adaptive significance



N

Finding autochthonous Salzmann pines in —+—

[,

e Y N
™,
- Sampling objectives for ex situ conservation:
Ardeche : 200 adult individuals

Conflent

¢ 2 Col d’Uglas : 50 adult individuals
Gorges du Tarn : 50 adult individuals
~ Saint Guilhem le Désert : 300 adult individuals
1 INRA Conflent : 200 adult individuals
=== : =

SCIEMCE & IMPACT




Finding autochthonous Salzmann pines in
France

Wood cores from a

Idate tree: age Is only
practical guaranty of
autochthony




Finding autochthonous Salzmann pines in
France




St Guilhem
Sentiers

Salzmann_StGuilhem_2009
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Sampling for grafting and genetic monitoring

Sampling requires strong
field experience. It is time-
consuming and expensive
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Grafting: a high performance cloning technique

with uneven success rates for old material

Success rate in 2008 :
20 genotypes out of 244 (8%)

Success rate in 2009 :
139 génotypes sur 260 (53%)

Success rate in 2012 :
741 génotypes sur 800 (92%)

Objective: 800 genotypes



Retracing the evolutionary history of
Salzmann pine and black pine

Pinus nigra

P. n. salzmanni

P. n. mauretanica

P. n. laricio

P. n. pallasiana

P. n. nigra,
P. n. dalmatica

This digfﬁb:tiun_m ap, showing the natural distribution area of Pinus nigra was compiled by members of the EUFORGEN Networks
and s paticimd in vV, dylll. Semerci and V. Andonovski. 2004. EUFORGEN Technical Guidelines for genetic conservation and use of
Eutopsensitacaih e [lP idie). | nal Plant Genetic Resources Institute, Rome, Italy. 6 pages

—
Firsi-_pElhline on 26 March 5 -  Updated on 30 July 2008 0 250 500 1,000
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The DNA barcode approach: black pines are

a homogeneous genetic group

vs Pinus nigra : 10 genes, 6 amplify in conifers
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The genetic structure of black pines: two main

phylogenetic groups... and strong gene flow

P. n. nigra, P. n. dalmatica,
P. n. pallasiana

UPGMA
AnSSR et 2cpSSR

P. n. laricio

Distance Cavalli Sforza
10000 bootstraps (locus)

P. n. mauretanica, P. n. salzmanni

Salzmann pine:
a monophyletic
group within the
Western black
pine lineage




Focusing on 7 populations using nSSRs and

SNPs at adaptive genes

Selected 12 genes (0_10162_01; 0_10384 02; 0_10667_02;0 12216 02; 0_14221 01;

0 16810 02;0 18101 02; 0 2078 01; 0_6293 01;0 7916 01;0 8479 01;2 1405 01;
CL4470Ctl_01)

Optimization of PCR condition on a subset of individuals

Amplification of 86 individuals from 7 populations

Editing of the sequences

Pinus nigra

AN

N e\ f /v f
2% S {
t )
i 0 -
i 7

- ,é

e o
b * | ﬂ ¢ \‘f}\ &

*PNM_P.nigra mauretanica (Algeria, Djurdjura moutains)
*ASPR_P.nigra laricio (Italy, Calabria, Aspromonte)
*VALD_P.nigra laricio (France, Corsica, Valdonielo)
*PNS_P.nigra salzmanni (France, Saint Guilhem)
*STUD_P.nigra nigra (Serbia, Studenica)

*MUGL._P.nigra pallasiana (Turkey, Mugla)

*PNP_P.nigra pallasiana (Cyprus)




The genetic structure of black pines: two main

phylogenetic groups... but strong gene flow

TESS Bayesian clustering: Admix(BYM) model _nuclear SSR_nigra
(4 nSSRs, 80 individuals); K from 2 to 10, 5 iteractions (Durand et al.
MBE 2009)

K=3

STUD PNP MUGL PNS PNM ASPR VALD

Nigra Pallasiana Pallasiana Salzmanni Mauretanica Laricio Laricio

Courtesy of GG Vendramin



The genetic structure of black pines: two main

phylogenetic groups... but strong gene flow

TESS: Admix(BYM) model SNP_nigra (265 loci, 84 individuals) 10000
burns 50000 sweep; K from 2 to 10, 5 iteraction

STUD PNP MUGL PNS PNM ASPR VALD

Ll = M Mim Hmm 1111111 1111| l|_|—J||I-.

Nigra Pallasiana Pallasiana Salzmanni Mauretanica Laricio Laricio

Courtesy of GG Vendramin



Hybridization in France : fiction or reality?

One phenotypically suspect
population (Mende, 8 morphological

types) et one potentially hybrid from
gene flow (Parlatges = X)

Principal Coordinates

& Trevenque
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Hybridization in France : fiction or reality?

Detecting hybrids at K = 4. To be continued using more markers
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P. n. nigra, \\
E- . da:lm""_“ca’ o , Hybrid black
. N. pallasiana . N. Salzmanni pmesr)




Considering adaptation in addition to
demography and evolutionary history.
Drift or local adaptation?
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de attention
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The story continues...
The evolutionary history and the genetic

diversity of key functional traits in Pinus
nigra: consequences for the conservation of
Pinus nigra salzmannii

« The PhD thesis of Guia Giovannelli

 New genomic resources from transcriptome sequencing:
collaboration with CNR Florence

 Is there local adaptation for radial growth?

* A new niche model for Pinus nigra subspecies



Conserving genetic resources of marginal

populations: challenges that remain

A need for conservation strategies that include a
consideration of genetic diversity

A need to prove the « value » of marginal populations
(demography and adaptation)

A need to link with habitat conservation and adaptive
management strategies under global change

A need for both large scale political agreements and
coordination and for locally sound implementation

A need to convince society!
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A need to include marginal populations in genetic
and habitat conservation networks
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