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1. Poplars / rusts pathosystems

Poplar rusts

Causes by Melampsora spp
Biotrophic, heterotic cycle.

Losses in biomass :
32% per year (Dowkiw, 2003)
57% (Steenackers et al. 1996)
Resistance/tolerance is as major | |
breeding issue

Qualitative resistances deployed in
hybrid cultivars overcame

|NR/AN
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1. Poplars / rusts pathosystems

A-complex biological cycle ...

... favouring rapid pathogen evolution

Sexual reproduction

Asexual reproduction
Epidemics

SCIENCE & IMPACT



1. Poplars / rusts pathosystems

Natural poplars-foliar rusts pathosystems

(Burns et al., 1990)

Populus deltoides
Melampsora medusae
f.sp. deltoideae

Populus nigra

Populus trichocarpa o _
Melampsora larici-populina

Melampsora occidentalis

(Vialle et al 2011)



1. Poplars / rusts pathosystems

Poplar/rust « exapted » pathosystems

» Use of Populus exotic species => showdown of host and pathogen
that did not co-evolved.
» The interaction is compatible

Exapted pathosystem
(Gould et Vrba, 1982; Newcombe 1998)

Melampsora | Melampsora medusae | Melampsora larici-

occidentalis f.sp. deltoideae populina
Populus trichocarpa natural exapted exapted
Populus deltoides ? natural exapted
Populus nigra ? exapted? natural

Pt | Pd | Pn Mo x Mmd
Pt O Q Possible interspecific
Pd 0 o hybridation both in host
and pathogen

Pn o o Melampsora x columbiana

2 Pinon et Frey, 2005, ? : no published data

= SCIENCE & IMPACT



2

Questions and strategies to identify
R factors



2. Questions and strategies to identify R factors

» Questions
* What is the variability for resistance in the differen type
of pathosystems (natural/exapted)?

* What is the genetic determinism (loci and genes)?

» Strategies/approaches
* ldentify resistance components
= Evaluate variability for these components
= Map genetic factors : from QTLs to QTNs.

= Comparative genomics

—= SCIENCE & IMPACT



2. Questions and strategies to identify R factors

A simple classification of resistance types

Qualitative resistance

Gene for gene hypothesis
(Flor, 1942)

Quantitative resistance

Pathogen N
Avr/Avr Vir/vir 8 -
Avr/vir g

Frequency

e usceptibility

=INRA
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How to measure resistance
components ?



3. How to measure resistance components ?

Qualitative resistance

Avr/Avr Vir/vir P
Avr/vir Specific

: Control and characterise
Pathogen variability

In laboraj

Host differentials
cv. ‘Ogy’ R1

1 uredia = 1 clone of uredospores

cv. ‘Candicans’ | R2

cv. ‘Brabantica’ | R3

cv. ‘Unal’ R4
cv. ‘Rap’ R5
87B12 R6
cv. ‘Beaupré’ R7

cv. ‘Hoogvorst’ | R8

Qualitative resistances / virulences well documented in exapted pathosystem :
Also for TxD hybrids/Mxc (Newcombe et al. 2001) P. deltoides/Mlp




3. How to measure resistance components ?

Epidemiological components of quantitative
resistance

Famille F1

Field
In laboratory !

=IN\RA
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3. How to measure resistance components ?

Epidemiological components of quantitative
resistance

Field

Uredinia number

|

| I1\ | | I5I | | | | | \13I14\

» I ' ' f e = ———) ! ' ' ' 1 t’(daysp.i.)

Latent period

Mono-uredinial

strain inoculation Uredinia size

=INRA
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3. How to measure resistance components ?

Epidemiological components of quantitative
resistance

Uredinia number

|

| I1\ | | I5I | | | | | \13I14\

» I ' ' f e = ———) ! ' ' ' 1 t’(daysp.i.)

Latent period

Mono-uredinial

strain inoculation Uredinia size

Rust score on the most infected leaf

|NR/AN
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3. How to measure resistance components ?

Epidemiological components of quantitative resistance

In laboratory Field

1 infection cycle several infection cycles
§ 25
€ 20- :
c
2 1571 l
£ 10° i |
g 21 |
2 0 ' — Y

1 2 3 5

(Dowkiw et al 2003) Measure of interaction on

Measure of interaction on the host plant
the pathogen (symptoms, leaf losses)
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3. How to measure resistance components ?

Epidemiological components of quantitative resistance

» Conditions of inoculation, scales to be tuned depending on the host
and on level of infection:
= hybrids/pure species
= Qualitative R / quantitative R
= period of evaluation (field)
= age of plants
» We are sure about susceptibility not resistance

—_— — o
w oo on 2B
L L 2 N

# of uredias

S

. (Dowkiw et al 2003)
Inoculation pressure




Variability for resistance components



4. Variability for resistance components

Natural pathosystems

Populus trichocarpa Melampsora occidentalis

(Vialle et al 2011)

/ /
30000 -

~, 2" 7 WASHINGTON ] y=22048"¢ *

11n
=

o 25000 1
e s ~ l -4 1 b 2
A~ D —_ ] ] r =72
T nl 20000 .
\seattle ~ A ° g ]
“A 0 A *Wenatchee - b i
oo 47 *Puyallup u 15000 ]
‘_47._'_._._ ~ /~ = =" = - Bristol Canyon g ]
‘ 7 A YAKIMA V S 10000
* Yakima 0 N 65 > I
8

A

(48

km 5000 1
j\ .

»~  Field evaluation
» Highly resistant genotypes
»~ Variability geographically structured

1.0 15 20 25 30 3.5 40 45 5.0
RUST SCORE

OREGON

5 provenances, 126 clones
Washington state

(Dunlap and Stettler, 1998) 020




4. Variability for resistance components

Natural pathosystems

H

Melampsora medusae
f.sp. deltoideae

(Vialle et al 2011)

38°N__
4.0 1 Test location:
X-AL1 *-FL1
A-MO1 O-NC1 Bua
36° = 357
2z
1l
Y 30 1
& .
34° 5
T
— 25 ]
2
32° 8
®» 20 1
17}
2
30° S 15
1.0

90° W 85° 30 31 32 33 34 35 36 37

Latitude of origin (degrees north)
62 provenances

Eastern USA »~ Variability geographically structured

4 clonal trials

Land and Jeffreys, 2006
( vs, 2000) o

(Nelson and Tauer, 1986)
(Hamelin et al 1993, 1992)




4. Variability for resistance components

Natural pathosystems

Populus nigra Melampsora larici-populina

(Vialle et al 2011) Rust Susceptlblllty Score 2009 +

Kunkopf | Q_ (all) = 0.317

Dranse | N’gs= 0.364
sra 1 h2 0= 0. 763

? Qg (France)= 0.282

14 metapopulations, 1141 cIones
Western Europe

» No immune genotypes but some very resistant.
» Variability geographically structured

(Bastien et al, unpublished) 022

(Légionnet et al, 1999)




4. Variability for resistance components

Exapted pathosystems

Populus deltoides .’

"/

Melampsora larici-populina

(Vialle et al 2011)

1990 1998 2004

Immune clones ore <3

score »>=3

945 P.deftoides genotypes — Field rust susceptibility (Orl€éans)

» Qualitative resistances
~ Erosion of resistance over time

(Bastien et al, unpublished) (023
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4. Variability for resistance components

Exapted pathosystems

WM Melampsora larici-populina

(Vialle et al 2011)

British ~ —
Columbia 5

112
113

6
|

5
|

Washington

Field susceptibility

.

10 37 112 113 202 220

6 provenances, 102 clones ~ Quantitative resistance ~ rovenances
Clonal trial, Orléans (F) ~ »~ Strong geographic structuration
» |dem P. trichocarpa / Mxc (La Mantia et al 2013)

(Bastien et al, unpublished) 024
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4. Variability for resistance components

Exapted pathosystems

Case of interspecific hybridization

Hybrides DxT / DxN vs

[ [ [ [ ]
0 2 4 6 8
Field rust score

Negative heterosis .....

(Bastien et al, GIS Peuplier) 025
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4. Variability for resistance components

Exapted pathosystems

Case of interspecific hybridization

Hybrides DxT / DxN vs

P. X euramericana P. X interamericana -
T . . .
0 - . a‘i t
- = L e
=
. 5 i 141 : |
5 o4 *°* 4 - IR
0 . T ¢
AT
7 3 "fc !-
+ L ’#.3 .
o — Ev— ? Oi -
e *
° l.i . .
o - L $
| I | I | N_?" H
0 2 4 6 8 ;':
Field rust score
T
I3 o8 8 28 28 8 288482
Negative heterosis ..... c e ofe e e e & RO ° oA

16 F, families involving common P.deffoides female parents

(Bastien et al, GIS Peuplier) 026




4. Variability for resistance components

To sum up about variability !

Natural pathosystems

v e \
P. trichocarpa (Dunlap and Stettler, 1998)

Mo

®SW P deltoides  (Land and Jeffreys, 2006)

o T

Mmd (Nelson and Tauer, 1986)
4 (Hamelin et al 1993, 1992)
(Vialle et al 2011)
P. nigra (Bastien et al, in prep.)
Mip (Légionnet et al, 1999) )

» Some genotypes strongly
resistant, no qualitative
resistance

» Quantitative resistance
strongly geographically
structured

Exapted pathosystems

P. deltoides
delto (Bastien et al, unpublished)

P. trichocarpa (La Mantia et al 2013)
! Mlp, Mxc

> Qualitative resistances in P,
deltoides almost all
overcomed after 15 years

» Quantitative resistance in
both sp., structured in P,
trichocarpa
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5. Genetic mapping: from QTL to QTN

Strategies to study genetic architecture of resistance

From QTLs to QTNSs

QTL

quilibrium



5. Genetic mapping: from QTL to QTN

Strategies to study genetic architecture of resistance

From QTLs to QTNSs
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5. Genetic mapping: from QTL to QTN

Natural pathosystem

bi-parental populations

P. deltoides x P. deltoides F1
2 strains Vimd

P. nigra x P. nigra F1

5 strains Vip

Chro 1 Chro 7
v EaggMctt240
E:agf?gldc_ﬁ;g_%_?l RMI p2
1 PMGC_2852 (1 PMGC_562
) ] glgss':\lﬂz:lzgm — EgleCu 62%7262 [ e
(b) ULD _ " to_VIl_20_ cn'uzT’C,_%1j
I S FEEREEEE
A ract 74 ) Excreasias = ot T 11
- =~/ GCPM_3214 N PMmGC 2140 | &
a — /; PMO3 o
- F ORPM_54 |- GCPM_3904-1 — ©
E 8~ : EacgMcac192 > GCPM_3208-1
! GCPM_2570-1
g ; = cepu e —omnis 86%
2em o il ) Sombrica SNEE O 984669
Lol | L/ Germomeos | @ 93753
: H ﬂ : ?: il ﬂ? ={- GCPM_124 RM p1
'm 435 475 533 575 6.25 6.75 735 775 825 U735 <AD 435475 525 575 635 673 723 775 8.3 875 >%0 || GCPM_2581-1 . P15
UREDIA PRODUCED PER LEAF DISK (sq. root transformed) e ggEm 52311 5 ==
isGCPM 32431E8 §§§i£§8 i% 055A$.28.5.6
(Prakash & Heather, 1989) - E’:zé%f‘%?’ggg m O ] g é & . OSSAS.28.6.2
»~ Qualitative resistance (locus Lrd1 ; Tabor et al, 2000) - 61% J
. 0 (y
Genetic variability for quantitative resistance (Prakash . 12% .
. 2 Haether 1989 ;I q ( » 20 QTLs (2% - 86.2% variance explained)
aether a .
» 2 major QTLs (chro 1 & 7, RMIp1, RMIp2)
~ Interaction genotype/strain (Prakash & Heather 1989b, » QTLs and their effect are strain specific (no QTL for
Tabor et al 2000) 0SSAS.28.5.6).
. . »  Colocalisation with R-genes clusters
No map localisation ) &
»  « HR » mainly controlled by 1 locus

(Elmalki, 2012, PhD;
Elmalki et al, in prep)
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5. Genetic mapping: from QTL to QTN

Exapted pathosystem

bi-parental populations

/ / x ’ Mainly hybrid families used .”

Famlly Type | Taxon Challenged
agamst

Family 331 P. trichocarpa x P. deltoides

Mlp
Family 545 F1 P. trichocarpa x P. deltoides Mcx
Family 54 F1 P. deltoides x P. trichocarpa Mip

Family 87001 F1 P. deltoides x P. trichocarpa Mip
Family 87002 F1 P. deltoides x P. nigra

"= SCIENCE & IMPACT



5. Genetic mapping: from QTL to QTN

o Exapted pathosystem
// X . bi-parental populations

Family 331, P. trichocarpa x P. deltoides

1 strain & field assessment

Chromosome 4

L p1019 » 17 regions (44 QTLs)
0 » The largest on chro 15
g | > Strain specific QTLs
" co6.06
6.3 _
—  P1220
9.5 )
— P980 . 0
38 g _
5.1 — B ;E o
' Mmdl Effect on )
19 GRI .
it flel.d o
GRIII resistance ﬁ _
The qualitatives R against is not working against !

IN?A (Newcombe et al 1996; Newcombe, 1998) (Dowkiw et al., in prep.)
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5. Genetic mapping: from QTL to QTN

Exapted pathosystem

py
/ /‘ y . bi-parental populations

Family 545, P. trichocarpa x P. deltoides

1 strain Fam 13

S4_39 GCPM2425
ORPM349
ORPM346 Mcx3
50— ——pomo STS1 STS3
: GCPM961 GCPM539
01205 —ccoaco PMGC204 GCPM2390
e Confi dl . S1_7 GCPM1560
R PR onfirmed location on GCPM3564
S15 11
Chromosome 4 T7 11 T_AG1
ORPM127 GCPM2337
T3 18S1 23
S8 19 S8 20
0.74 —4——GAC.TTA 01 S8 9 GCPM1414
0.58 —34——GAC.TAC_0! 85 16
S4_7 GCPM1809
T AGT 01, 6C1 GCPM1269
-mxc3 Mxc3—{CAACAC_OL, 41 PMGC2826 GCPM2332

0.11 3lel5 (SP6), 19ml! 0

GCPM1835 T5_19

CGA.TCA_0I T5 18 10
02_0.53—}— GGG.GTT. 01 T3_7 S13_26 20

01_ 0.68———— GCA.GTT_01, CCG GTT_01 GCPM4041 GCPM1235 30
S4_15 GCPM_1382

S17.5 40
S13 15 —50cM
PMGC2020 GCPM3847

S15 9

S3_18 S3_19

(Stirling et al 2001) (Yin et al 2004)
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5. Genetic mapping: from QTL to QTN

Exapted pathosystem

; /i - ’” bi-parental populations

Family 54 P. deltoides x P. trichocarpa
5 & field assessment

%% w2 major factors on Chromosome 19
e | fs e b .
i R, inherited from P. deltoides
g e Rys from P. trichocarpa
106 en »~ Several minor QTLs
140 » Specificity
S o || ESaRe: ® . - Fine and physical mapping, cloning R
1 -R- TN .
e s || RRsmOL i »~ In major R-gene cluster

2
3
91 e ROASITTA
. 51 s -
: Q:ﬁ%ﬁ%& 1 521 || RGAs237-1
i

n.o 5524

T\

3.5

24 B B 107 |

400 43D24-F

3.8 5627 P [

8.3 54979

[=l=t=l=l=le)=]—l—]—] ===l =] =] =] -]
=
>
=]
7]
—
=
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[~
=]
o
]
=
=
=

Gg2ar-

>

RGAs135-1 :
650 || {561 L
560 || s

.
/ = 8 ggg AL
RGAs297 - n
13.0——5s748-2 6.00 ls E1M4 - 02910 N
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|
2 2813254 - 02900 TNL
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00000000000
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o
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(Jorge et al, 2005; Bresson et al, 2011)




5. Genetic mapping: from QTL to QTN

Exapted pathosystem

o
/ /‘ < ’ bi-parental populations

Family 87001 P. deltoides x P. trichocarpa
Family 87002 P. deltoides x P. nigra

3 strains
Chromosome 19
0.0 23691008 Mer locus inherited from P. deltoides
- e43g . . . . .
27 £31G2414 Fine and physical mapping, cloning failed
7.6 e4490906
7.6 e3990117
85 e459g2409r
3.4 e4093714
8.9 E41G611017
557 UL Eaazsos,
43.0 >:< E468GL511
43.0 - E38G1924r
45.3 7 £4060202
45.5 E36G2203
57.5 E34G3423r
70.4 33500206
86.8 |~ E£39G0409r
872 —T—1— EJ6G2207
89.2 ~ ™~ E31G2420

(Cervera et al, 2001; Lescot et al, 2004)




5. Genetic mapping: from QTL to QTN

Strategies to study genetic architecture of resistance

From QTLs to QTNSs

QTL

quilibrium



5. Genetic mapping: from QTL to QTN

Strategies to study genetic architecture of resistance

From QTLs to QTNSs

q lilibrium
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5. Genetic mapping: from QTL to QTN

Natural and exapted pathosystem
multiparental populations

14 x 14 factorial mating design Melampsora larici-populina

D T I N
4 5

VS.

(Vialle et al 2011)

118 rs families
3480 clones

INRA
1988-2000

» Several characterized strains
» Field trials

"= SCIENCE & IMPACT



5. Genetic mapping: from QTL to QTN

Natural pathosystem
multiparental populations

Chromosome 1 1

~

~ ~ EaggMctt240 71077-2-

EaggMctt400 SRZ BDG 308
scaffold_29 5 71

ez . 68%

—1 //f ORPM_240

GCPM_2837 VGN- ] 1]
L1/, EacgMcat222 CZB-25 8
=/, EacgMcaal46 . A

—1/  GCPM_3214
— |, PMO3 2345672839 234567839 234567889

ORPM_54 . 33% d-

o 15
o 18

[T

)
5
L

[t}
L

[t} 5 10 15
L L
I

i

GCPM_877-1a
GCPM_877-1b
GCPM_2569-1

/- GCPM_124

— GCPM_2581-1 71072-501

| GCPM_1263-1

| GCPM_512-1

< GCPM_3243-1 E

. buB13833

> PMGC_2385
GCPM_3688

1

EacgMcac192
GCPM_2570-1 71041-3-402
GCPM_714-1
GCPM_1719
rrrr 1o r11
234856789

o ] o 15

234667889

d1
|
€3re6'sn
H

£3re6
699V86'd1
HH
699V86'NN
[ |
699V86'SN
-
S1d’'sn

(NN

» In each family, markers explaining the variation for US

» The region of the QTL has been densify in markers (72
SNP on 11 Mb)

» Validation for strain 98AG69

(Elmalki, 2012, PhD; 040
I N?A Elmalki et al , in prep.)
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5. Genetic mapping: from QTL to QTN

Natural pathosystem
multiparental populations

QTL mapping in complex pedigre using FlexQTL (Bink et al. Univ. Wageningen)

ro99fort

Chromosome
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Rust scoring in field trial

71077-2-
SRZ BDG 308
VGN' = = o
CZB-25 | o J .
71041-3-402 N I . Ly
BEDUERER RSN NN
71072-501 1 ‘ . .

LI B e | D B | L e B e |
234866789 234567889 2345676889

wn wn w o

Previously detected

(Mangel et al, unpublished)




5. Genetic mapping: from QTL to QTN

P. deltoides female parent

Exapted pathosystem

multiparental populations

36-100
@
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~
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=
{ {
S = &
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I We e
Q 3
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o) T3 290712
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T 32907 2
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84 = . e
33 = e
e .,
-3 o
43230712

19-77

10 15 20

5

0

2 strains
P. trichocarpa male parent
101-74 03-086 10-302
= = £5— Comp. B EEAGE
I I ) J I - [NRAT
I. 21 i Il. - | |
4 32901 2 4 321012 43-2-1012

10 15 20

o

ok

10 15 20

10 15 20 o

5

10 15 20

o
S321017 2

L

T3 290712

*x

A3z21071 2

10 15 20

0

— reomp. EZ.23CWM

(]

T

— INR2S

10 15 20

— GCPM2425-1

(]

* 5 GCPWAS20-1
#— GCPh1EE3-1

(G CPMEBZI-1)
{160 PR 22

L155-079 I I

= ORFRZ11

I

INRA7b

*5— GCPMT2-1

Ry

2 additional loci linked in repulsion

(Dowkiw and Bastien, Tree Genetics & Genomes, 2007)

saencegveact  (Vlainic et al)

Scaffold_19

start
GCPM2849-1
GCPM107-1
INRA6
INRA7
INRA8
| GCPM104-1
INRA9
GCPM79
| GCPM1882-1
GCPM2564
GCPM2319
GCPM1764
ORPM277
ORPM263
GCPM712-1
ORPM284
IIr GCPM3217-1
llr ORPM295
llr GCPM3619-1
/- GCPM3162-1
GCPM3838-1
/lr GCPM26-1
/- GCPM3050-1
GCPM3178-1
| GCPM592-1
GCPM3558-1
GCPM3460-1
\| GCPM1520-1
GCPM2814-1
\' GCPMm1131
\| ccPm1278
GCPM2488-2
! GCPM2428-1
GCPM3680
GCPM4063-1
\\ GCPM1653-1
GCPM2623-1
GCPM2748-1
GCPM724-1
| GcPma465-1
\' ccPmi161-1
¥ Gcpm2105-1
il PVMGC2289
o 1 GCPM2243-1
il ORPM311
| ORPM432
i} GCcPM508-1
GCPM3035-1
| ORPM244
GCPM1144-1
GCPM3782-1
GCPM966-1
GCPM1557-1
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Strategies to study genetic architecture of resistance

From QTLs to QTNSs
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5. Genetic mapping: from QTL to QTN

Natural populations
GWAS

LaMantia et al. PlosONE 2013
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Natural populations
GWAS

LaMantia et al. PlosONE 2013
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Bastien et al, in prep
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6. Comparative genomics

4 mapping pedigrees
Family 331 : TDxTD
Family 54: DxT
87001,2 : DxN, DxT
Family 1311: NxN
Factorial

GWAS (*)

» Several components
lab & field

> Several strains

*

RMip1

Sum up !

Loci and QTL identification (« Heat map »)

2 3 4 5 6 7 8 9 10 11 12
Mmd1 ‘é: 102 , *
“ | Mxc3 Riglp .
13 14 15 16 17 18 19
. , Rx, Ry
S
er




6. Comparative genomics

Some RGA clusters co-localise with resistance
factors and QTLs described

5 5 5 5 5 &5 B & & 5 5
— = = |E = |E = |§ e 2 x
L | b | [ Ie
o * < - o .:Io
| ‘»
[ 4 : g r
L | >
&
Ly L]
L ]
* > el |
o
oo CBle ™
|
s I >
Lo SO800
- B g
] -
[y [y [y [y
oqlm°::l.-.|. 7] () [ (4}
Spe ey e e e e
& H = = é =

® CH

& CHL
[ 2 o A TH

S e

¥ TCHL

— 2 MWD

o
. : ::xma [ ”,,#loﬁﬂ?m R1, RX, Ry
> N BHL b %

(Kolher et al 2008)

—= SCIENCE & IMPACT

.049
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Any pattern of loci identify with natural / exapted classification ?

) - — Melampsora | Melampsora medusae | Melampsora larici-
Major Loci identified ) : : :
occidentalis f.sp. deltoideae populina
. Natural Exapted Exapted
Populus trichocarpa > Mmd1 Rus,
. Natural Exapted
?
Populus deltoides . > R1, Rx, Ry
. Exapted? Natural
?
Populus nigra . > RMIp1, RMp2

~ Both control quantitative / qualitative resistance

» Both showed specificity

» No overlap between loci identified, expected ? =>




6. Comparative genomics

Any pattern of loci identify with natural / exapted classification ?

) - — Melampsora | Melampsora medusae | Melampsora larici-
Major Loci identified ) : : :
occidentalis f.sp. deltoideae populina
. Natural Exapted Exapted
Populus trichocarpa > Mmd1 Rus,
. Natural Exapted
?
Populus deltoides . > R1, Rx, Ry
. Exapted? Natural
?
Populus nigra . > RMIp1, RMp2

~ Both control quantitative / qualitative resistance

» Both showed specificity

» No overlap between loci identified, expected ? =>

Arabidopsis

Couto & Zipfel, 2016 m———
What are the function of exapted resistances in the natural area?
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7. Conclusion: potential uses for breeding

A case study of genomic selection in Populus nigra

Which is the best predictive model for rust resistance ?

Training )\ Predictive models > 0.850
population Y=Xg+e I~ 0.800
' , S 0.750
E‘ 0.700
£ 0.650 Diameter
£ 0.600 Rust score
5 0°0 Branche angle
=0 T L L D>
N\) N) N N
¥ K &K &
F P WV
A AT A AT A Vg Predictive methods
e Ry WA ¢ ¢
\JJQJ"JJ\JJ\JJ Seedlings
\VAVATATA S .. - .
.1 J J J J A model taking into specific marker effects on the trait.

=> Information on genetic determinism is useful!

(Pegard et al , in prep.)
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