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6 technicians, 3
administratives
4 graduate student

Physiology of Forest Trees

Associated Laboratory :
ONF-INRA
Genetic Resources
Conservation of Forest
Trees
2 scientists, 3 technicians

Versailles-Grignon _ pgqie
Remes cl'g?l‘um.w-¢m-Je:s«:s © Nancy
Gsrregerr=—l®) 015 Colmar O
o OT
Nantes ars
O Dijon
O
Poitou-Charentes
Clemnt-Fervend - Theix
o
Bordeaux-Aquitaine
Aowgm'
Toulouse ©  Montpelliero Antibes O

Research Unit

Experimental Unit
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administrative
2 graduate students
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Breeding, Genetics and Physiology of Forest Trees Unit

3 research teams
>Genetics
>Meristems

>Xylem

Main Forest species
studied :

Poplars, Douglas Fir, Pine,
wild cherry, larix, walnut, ash tree
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Poplars

Genus Populus

6 sections and 35 (?) species

Populus trichocarpa Torr. & A. Gray Populus deltoides Bartr. ex Marsh.
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Poplars

Cultivated poplar are hybrids clones

© A.Dowkiw, INRA Or.ll .ans
v . ——
Interamerican
Euramerican hybrids
— .
hybrids

~ © A.Dowkiw, INRA
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Poplars

Poplar statistics in France

Conifers
26%

groves 7% Poplar 15 M m3 (2003)

+— stands = 230 000 ha
1.6% Il

Mixed Forests
8%

“harwoods
58%

. (Ministere de I'Agriculture
|' etde la Péche, 2000)
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Poplars

A model tree
 Fast growing

« Easy vegetative propagation (cuttings)
e Intra- and interspecific crosses

e Transformation
« Small genome

SUe3IIO VNI ‘[e 10 alejid 'O

sueslO VNI Te[iIA ‘N
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Poplars
A model tree for genomics research

Genetic mapping Genome sequence
. aoa P. trichocarpa Nisqually-1
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1- Identification of genes controlling traits of interest

2- Breeding
3- Conservation strategies, Management/Impacts of
land use
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1- Identification of genes controlling traits of interest

Phloéme

Cambium

Goué et al. (2003)
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1- Identification of genes controlling traits of interest

Tension wood

© | ©
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F. Laurans, INRA F. Laurans, INRA

A model for wood formation Biochemical, anatomic and

Easy experimental design mechanical differences

and rapid response => modifications gene expression
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1- Identification of genes controlling traits of interest

Tension wood

LIGNOME PROJECT 10 062 EST

4 cDNA libraries :
young xylem in tension wood
MRNA young xylem in normal wood
Cambial zone
Mature xylem

Arabinogalactan protein-like

(AGPs) over expressed Iin tension

Déjardin et\%l{ Plant Biology
Lafarguette 1, 4, New Phytologist

N
T !Il‘.

b ‘.
-l_ ‘..--r

Unigene set 1400 sequences,
gene expression micro-arrays
(coll Univ. Limoges)

ALIMENTATION

University of Fribourg, April 5th 2007 AGRICULTURE

ENVIRONNEMENT



1- Identification of genes controlling traits of interest

Disease and pest resistance

3 .’_Qﬂv- R 7 Iio'

C. Bastjen __

ADowkiw
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7L sur Vieux Régénidnis

Pheto.: M. Ménard

F. Laurans
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- Identification of genes controlling traits of interest

RuUst

Melampsoralarlm populina

Téleutosores ¥
Téleutospores F {5k

(n+n) Basidiospores

permogonies
Spermaties (n)

Reproduction
sexuée

Reproduction ‘ ' '*:' ’ Ecidie

Urédosore
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1- Identification of genes controlling traits of interest

Evaluation of rust resistance
Laboratory

(Dowkiw, 2003)  yredinia number

1 5 13 14
« . > 1 { (days)
Latent period uredinia size
Y day based . ’ e e
Inoculation .

2.2 3 & S

(Dowkiw, 2003)
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1- Identification of genes controlling traits of interest

Evaluation of rust resistance
Field
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1- Identification of genes controlling traits of interest

Evaluation of canker resistance

> Nursery trials
> |[noculation 1 year after plantation
> Evaluation 1 & 2 years after inoculation

Gl=1 Gl=2 GI=3 Gl=4
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1- Identification of genes controlling traits of interest

Evaluation of feeding preference of chrysomela

» Feeding multiple choice bioassay in
laboratory conditions: boxes of 48

genotypes x 20 replicates

» Measurement of consumed leaf area
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1- Identification of genes controlling traits of interest

Mapping QTLs for disease and pest resistance
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1- Identification of genes controlling traits of interest

Cloning genes controlling gquantitative rust resistance

Genetic map Sequence
0 A start
GCPM3162b 56649 ~J—|- M03/M04_480
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81036 /4 EIMdx
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~
QTL - \ 869412 GCPM107-1 |
B} (7)) )
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- Identification of genes controlling traits of interest

Differential expression: bulks approach

‘:..fr:“-_r%ns?’rf!ptom;l;g,s:-_ * mRNA and proteins

& i “"......'.6..'--

High density filter (Kholer et al 2003)

2D Electrophoresis, Poplar xylem

Collaborations 1aM INRA Nancy, Francis Martin (Pionneau et al 1998)
Biogeco INRA Bordeaux, Christophe Plomion
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1- Identification of genes controlling traits of interest

Outputs of mapping and genomic studies

« Informative » markers
> Position on genome
> Markers linked to QTL (partial, complete
resistance, tolerance ....)
> Candidate genes identified by genomic studies

—

Marker Assisted Selection
Diversity and association studies
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2- Breeding
Goals

*@

| =
Resistance

Improved
@ Wood quali varieties
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2- Breeding

Controlled hybridization

Factorial mating design

Populudrichocarpa

Populugieltoides
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2- Breeding

Which Marker Assisted Selection for forest trees ?
Constraints and problems to resolve

® Generation Time e®Consanguinity between varieties
® | ow linkage desequilibrium marker/QTL ¢ Low plasticity / adaptability ?

® | ow variability traits (wood properties .
® Transferability of markers

) @ Correlation between traits

=
Markers \ QTL "Gene
| |
Individuals ‘ >
Maintain heterozygoty level Populations
Select /Genes-markers Conservation of allelic diversity
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2- Breeding
Example of constraints: transferability of markers

Comparative mapping in genus Populus

P. alba P. deltoides P. nigra P Sequence
trichocarpa P. trichocarpa
P. alba
45 51
43
P. deltoides 69 41
27 29
29 25 21 23 23
Number of P. nigra
correspondences ' 27 23
200 34 | 26 25 29
20-39
40-59 5w o 54
60-79 P. trichocarpa I |t
>80 29 31 26 52 eVOllreq
r‘ L I
_trichocarpa x P. ’mzcs b4
P oo 20 26 23 31 -p py .



http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PTxPDPOP1;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PTPOP3;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PTPOP2;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PNPOLIPOP5;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PNPOP3;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PN58861POP5;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PDPOP2;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PDD002POP3;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PDD001POP3;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PA6K3POP4;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=PA14P11POP4;link_map_set_acc=;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PTMS;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PTPOP3;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PTPOP2;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PNPOLIPOP5;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PNPOP3;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PN58861POP5;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PDPOP2;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PDD002POP3;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PDD001POP3;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PA6K3POP4;use_colors=1;
http://bioinf.dimi.uniud.it/cgi-bin/cmap/matrix?show_matrix=1;map_set_acc=;link_map_set_acc=PA14P11POP4;use_colors=1;
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3- Conservation strategies, Management/Impacts of land use

Populus nigra : an endangered species

> Agriculture
> Confinement of rivers, dams regulation (no flood)...

> gene flow from cultivated poplars

Loire a Orléans

© P.Frey-INRA Naney

Barrage de Villerest au sud de Ro
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3- Conservation strategies, Management/Impacts of land use

Populus nigra : conservation strategies

> EX situ collection (309 ind.)

> |n situ Conservatories

12 natural reserves <>

Evaluation and comparison of diversity at
phenotypic and molecular levels
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3- Conservation strategies, Management/Impacts of land use

s boo! INTERPOPGER project
A "| Interactions between gene pools

Rlarlan f re

giOrnamental gene pool
Populus nigra cv Italica

o
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3- Conservation strategies, Management/Impacts of land use

Gene flow Cultivated <-> Natural

Durance

© P.Frey, INRA Nancy
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3- Conservation strategies, Management/Impacts of land use

Gene flow Ornamental <-> Natural

A unique genotype from P. nigra L. species
(« Italica », « San Giorgio »)

Male, flowerfull

Lombardy poplat

Planted everywhere in the landscape in
alignment or isolated

Since very long time in Europe (1750)

> 20 individuals from the French ex situ collection

Pnigra var. Italica Duroi (6:5%) are F1 hybrides with « Italica » (Jorge, 2005)
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3- Conservation strategies, Management/Impacts of land use

Pathogen flow

High level epidemics Low level epidemics
Strong selection Coevolution
Complex races (numerous virulences) Simple races
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3- Conservation strategies, Management/Impacts of land use

INTERPOPGER project

(1) To identify molecular determinants of the poplar/Mlp interaction and
developing pertinent markers;

(i1) To quantify gene flow from cultivated to wild poplars using neutral
and adaptive markers;

(ii1) To identify biological and physical factors conditioning gene flow
success through modelling gene flow using spatial information;

(iv) To evaluate the evolutionary impact of gene flow on poplar/Mlp
iInteractions.
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3- Conservation strategies, Management/Impacts of land use

One study site

Saint Ay - Loire river

= Area :
11, 5 ha

= Dimensions : &
1225mx180m |

255 P. nigra
males

13 P. nigra va.
Italica

229 P. nigra
females
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Thank you
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