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P. persica / peach P. armeniaca / ApricotP. domestica / plum

The Sharka disease in Stone fruit trees
Introduction Partie I Partie II Partie III Conclusion Perspectives

Un-marketable fruits

Cost of the disease in the last 3à years to EU :  30 billions €

Its causal agent, the Plum pox virus, is classified as quarantine
pathogen
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Aphids

Grafting

Transmission

Family Potyviridae

Group Potyvirus

Genomic form RNA sb + ~10 kb

Natural hosts

Stone fruit trees of the Prunus species

Apricot, peach plum, cherry, almond 

Ornementals and rootstock Prunus trees

Some herbaceous plants

The Plum pox virus, a virus of the potyviridae family
Introduction Partie I Partie II Partie III Conclusion Perspectives
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Arbre N-J (séquences nucléotidiques complètes), Myrta et al. (2006)

6 viral strains described to date

D: Dideron

M: Marcus

Rec: Recombinant

EA: El Amar

W: Winona

C: Cherry

Epidemiologic behaviour 

differing from one strain to another

The Plum pox virus
Introduction Partie I Partie II Partie III Conclusion Perspectives
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Garcia et Cambra (2007)

Country were the virus has been 
detected

Origin of the disease and current situation
Introduction Partie I Partie II Partie III Conclusion Perspectives

Described for the first time in 1917 in Bulgaria

Dissemination around the Mediterannee and in 
Eastern Europe

In the last 10 years:

Outbreaks of the disease in America and Asia
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To better know the enemy …..

Introduction Partie I Partie II Partie III Conclusion Perspectives
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PPV diversity worldwide in order to limit viral outbreaks and the spreading of new strains
Introduction Partie I Partie II Partie III Conclusion Perspectives
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Introduction Partie I Partie II Partie III Conclusion Perspectives

- Two main viral genomic regions used to evaluate the diversity of the
virus worldwide (among over 1,000 isolates)

-Full genome sequencing of the 50 most representative/peculiar isolates.

•Establishement of a live core-collection of PPV isolates, maintained in 
France and Italie.
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P3-6K1-CI viral sequence
D + Rec Tk M

 SK-20ab-P3
 SK-28ab-P3
 SK-34pl-P3
 SK-27pl-P3
 SK-33pl-P3

 SK-26pl-P3
 SK-25ab-P3
 SK-23pe-P3

 SK-32ab-P3
 IT-13ap-P3

 IT-22ap-P3
 IT-23ap-P3

 SK-14my-P3
 CZ-69pl-P3

 BG-01or-P3

 CZ-86bl-P3
 CZ-54pl-P3

 CZ-64pl-P3
 CZ-65pl-P3

 CZ-57bl-P3

 CZ-62pl-P3
 P160-complet

 IT-10pl-P3
 KRN-1 AF450314
 SK-47pl-P3

 MYV-1 AF450315
 SK-50pl-P3
 J4c EU117116

 SK-75pl-P3
 SK-03my-P3

 Troy6 AM933761
 SK-12pl-P3

 IT-06ap-P3
 BOR-3 AY028309

 CZ-04my-P3

 SK-01pl-P3
 SK-70pl-P3

 CZ-03ap-P3
 BG-04or-P3

 P3183-complet

 TR-71pl P3
 CZ-133pl-P3
 CZ-17my-P3

 CZ-02pl-P3
 CZ-23my-P3

 CZ-19my-P3
 SK-30pl-P3

 CZ-90bl-P3
 CZ-151pl-P3

 BOJ-3 AF357542

 SK-04pl-P3
 CZ-26my-P3
 SK-64pl-P3
 CZ-44my-P3

 CZ-142pl-P3

 CZ-27my-P3
 CZ-46my-P3

 94.055 AF357551
 CZ-36my-P3

 CZ-42my-P3

 SK-35my-P3
 CZ-76my-P3
 SK-66my-P3

 CZ-126my-P3
 CZ-127pl-P3

 CZ-129pl-P3
 CZ-131pl-P3

 CZ-128pl-P3
 CZ-132my-P3

 CZ-125my-P3

 CZ-123pl-P3
 CZ-130my-P3

 CZ-149pl-P3
 CZ-139pl-P3

 CZ-150pl-P3

 BOR-1 AF357543
 CZ-140pl-P3
 CZ-148pl-P3
 CZ-14my-P3

 CZ-20my-P3

 SK-07pl-P3
 CZ-145pl-P3
 CZ-15my-P3

 BIII/2 AF357540
 CZ-75pl-P3

 CZ-143pl-P3
 CZ-121pl-P3

 CZ-122my-P3
 SK-61pl-P3
 CZ-135pl-P3

 SK-68pl-P3
 CZ-137my-P3
 SK-65pl-P3
 SK-63pl-P3

 SK-69pl-P3

 Cdn 1 AY953261
 CZ-111my-P3
 IT-03ap-P3

 Cdn 7-2 AY953265
 PENN2 AF401296

 PENN1 AF401295
 Penn4 EF611248
 Penn3 EF611244

 92.011 AF357545
 Cdn 5 AY953264

 Vulcan AY912057
 Fantasia AY912056

 Cdn 4 AY953263
 Cdn 123-1 AY953267
 Cdn 3 AY953262

 48-922 AY912058
 48-922 AY912058(2)

 IT-05pe-P3
 IT-04pl-P3
 85.001 AF357550

 PPV-D X16415
 93.080 AF357546
 Cdn 12 AY953266

 P1790-complet
 SC X81083

 PPV-R (pICPPV)
 NAT NC 001445

 Tk-Pl45 EU734802
 TR-104pl P3
 TR-101ap P3

 Tk-Ap28 EU734795
 TR-98ap P3
 Tk-Pl38 EU734799
 TR-95ap P3
 TR-92ap P3

 TR-108pe P3
 TR-103ap P3
 TR-106pe P3
 TR-97ap P3
 TR-100pl P3

 TR-116ap P3
 TR-111ap P3

 TR-221ap P3
 TR-217ap P3
 TR-192ap P3

 Tk-Ap39 EU734797
 TR-157ap P3
 TR-159ap P3
 TR-179ap P3
 Ab-TK EU734794

 RS1 EF626570
 IT-11pe-P3

 CZ1 EF626566
 RS2 EF626571
 SK1 EF626576

 SK-84pe-P3
 SK-86pe-P3

 CZ-01ap-P3
 CR-Porec FJ361236
 RS3 EF626572

 VAR-2 AF357544
 SK2 EF626577
 RS4 EF626573

 IT-15pe-P3
 IT-17pl-P3

 RS6 EF626575
 PS AJ243957
 SK-87pe-P3

 IT-16pe-P3
 RS5 EF626574

 IT-24pe-P3
 CZ-05pe-P3
 BG5 EF626563
 BG3 EF626561
 BG1 EF626559

 BG6 EF626564
 SK-89ab-P3
 CZ2 EF626565
 SK-85pe-P3

 CZ-06pe-P3

 GR1 EF626580
 IT-GR0019-M

 IT-25pe-P3
 BG2 EF626560

 GR3 EF626579

 TR-135pl P3
 IT-14pe-P3

 TR-140pe P3
 TR-145pe P3

 IT2 EF626582

 IT-01pl-P3
 GR2 EF626578
 TR-141ap P3
 TR-146ap P3

 IT-32pe-P3

 IT-33pe-P3
 IT-34pe-P3

 IT-19pe-P3
 FR-08058 P3
 FR-08062 P3

 FR-08060 P3
 FR-08064 P3
 SK68 M92280
 FR-08057 P3
 FR-08061 P3

 TR-131pl P3
 TR-136pl P3

 94.061 AF357547
 FR2 EF626567
 BG4 EF626562

 IT-20pe-P3
 FR-08059 P3
 FR-08063 P3
 IT3 EF626583
 IT1 EF626581

 IT-02pl-P3
 91.003 AF357548
 91.006 AF357549
 CY2 EF626585
 FR-08065 P3

 FR3 EF626568
 GR-N1 FJ361237

 IT-31pe-P3
 IT-21pe-P3

 IT-12pl-P3

 IT-18pe-P3
 IT-28pe-P3
 IT-29pe-P3
 IT-26pe-P3
 IT-27pe-P3

 IT-35pe-P3
 IT-30pe-P3

 CY1 EF626584
 FR4 EF626569
 IT-36pe-P3

 EA Bdx DQ431465
 EA Bari AM157175

 W AY912055
 SwC Y09851

 SoC AY184478

0 .02

- Unexpected higher diversity of the European PPV strains, especially
PPV-D

-Turkish PPV strains are grouping aside of the European M and D 
strains. They were not detected yet in EU.

•Occurrence of the Rec strain only in countries where both PPV-M and 
PPV-D are present.
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Introduction Partie I Partie II Partie III Conclusion Perspectives

based on 1,000 viral sequences, representing the maxi 
of PPV diversity, and generating thousands of probes 
covering the full viral genome

Use at a larger scale (EU) by the Plant 
Protection Services to detect earlier new 
PPV outbreaks and new strains (i.e PPV-T)

Micro-arrays or SNPlex technology

Predicting and limiting new PPV outbreaks
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Introduction Partie I Partie II Partie III Conclusion Perspectives
To fight against the virus ……

To fight against the virus ……
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Genetic resistance to PPV in Apricot

Few North-American cultivars are resistant

Tolerance Partial resistance Resistance Immunity

‘Goldrich’
‘Henderson’

‘SEO’ ‘Stella’
‘Harlayne’
‘NJA2’

‘Harcot’

Susceptibility

No true immunity to PPV infection described up to now

Genetic determinism of the resistance still under discussion (1, 2 or 3 genes), few 
were mapped. However, Importance of the Chromosome 1

Introduction Partie I Partie II Partie III Conclusion Perspectives

Susceptible apricot
Moniqui

Resistant apricot
Harlayne, SEO
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(Romero et al. 2005)

(Soriano et al. 2008)

(Soriano et al. 2008)

Résistances génétiques au PPV, chez l’abricotier et Prunus davidiana

Tolérance Résistance partielle Résistance Immunité

‘Goldrich’
‘Henderson’

‘SEO’ ‘Stella’
‘Harlayne’
‘NJA2’

‘Harcot’

Sensibilité

‘Goldrich’

‘Lito’                                    (descendant F1 de ‘SEO’)

‘Stark Early Orange’ (Lambert et al. 2007)

‘LE-3246’ (Lalli et al. 2008) (descendant F1 de ‘SEO’)

P. Davidiana P1908 (Decroocq et al. 2005)

AG109

. PC30

UDP96-
CFCha
FG83. 
GC308
CC18 
AG102
CFFaa
PC78 pchcms4
PC102
CFFm 
CFOj

AG29

UDP96-
FG9PC35 
CFLhd
pchgms3

AG107

AG47 

AG44 
FG79 

CFFad
AC18 

CFFaj1 
CC28 
AG11a

GL1
018

005

(Hurtado et al. 2002)

(Vilanova et al. 2003)

Introduction Partie I Partie II Partie III Conclusion Perspectives
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Cd211SSR0.0

UDP96-01810.1

Cd93SSR16.2
UDap415(a)21.9

AG-CTT1728.4
EPDCU510034.5
Pacita5(a)37.3
M19-70041.4
Pacita17(a)47.9
AA-CCA850.9
Cd195SSR(b)51.3
aprigms255.8
CPPCT03462.9
CPPCT026(a)66.3
Pacita7(a)67.6

UDP96-00585.1
M3b86.8

GL1 Goldrich

CPPCT0160.0
aprigms249.4
pchcms414.5
Cd83SSR17.8
EPDCU510020.6
Cd195SSR25.2
Pacita528.7
CPPCT02730.1
aprigms1832.2
Pacita1735.4
aprigms140.6
aprigms242.7
CPPCT0347.7
aprigms350.3
aprigms855.5
Pacita758.7
aprigms1060.9
MA030a63.1
CPPCT02669.5
pchgms1072.5
M3b81.7

aprigms1689.5
CPPCT01995.5

BPPCT011107.2

GL1 Lito

PacD510.0
Cd934.1
Cd93SSR4.2
AG10910.3
Cd211SSR15.0
Cd21115.4

E32/M12-10727.1
AG51
E37/M13-20830.7
pchcms433.7

E32/M48-162
Cd195SSR51.0
Pacita554.4
CC655.2
PC3559.9
FG964.2

Cd6681.8
G487.3
CPPCT02688.0
Pacita788.1
Tsa-295.0
FG36A97.4
G2298.4

E32/M12-71109.8

E31/M11-323123.5
PacB26131.4
Cd77137.3
CC110137.7
BPPCT028138.7

GL1 SEO

PacD510.0
Cd934.0
AG536.4
AG10217.3
AG25B24.5
Pacita526.8
PDS30.8
Cd83SSR33.1
CC636.3
AMPA9437.8
AG2B43.6
AC33B46.0
AG36A48.7
CC2B56.3
AG3058.6
PC1559.5
PC3659.8
CPPCT026
Pacita760.1
G460.5
PC761.3
AG105A62.0
CC131A66.9
G2268.1
PdavW3A68.9
AC1880.5
PacB2689.3
Cd7795.9

GL1 Polonais GL1 LE-3246

Cd93SSR0.0

aprigms249.2
Cd83SSR13.5
SSR5piso4E17.0
SSR03AG5124.1
pchcms425.3
Cd195SSR32.5
Cd195SSR134.1
Pacita539.2
CPPCT03445.4
pchgms350.1
SSR01iso4G54.5

CPPCT02668.1

G22SSR85.6

Développement ciblé de marqueurs moléculaires

Sicard, Marandel et al. (2008)

QTL

Introduction Partie I Partie II Partie III Conclusion Perspectives

Cd83: AGO1

Cd93: ARN hélicase Sde3

Cd195: eIF4E

Cd211: eIF(iso)4E
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Marandel et al. (soumis)

Resistance to PPV in Apricot

11%

8%

14% 13%

28%

39%

33%

7%

8% 5%
R2t

Cycle2    27%
Cycle3    41%
Cycle4    48%
Cycle5    41%

eIF4E

eIF(iso)4G

eIF(iso)4G

Harlayne GL1 Harlayne GL3

Introduction Partie I Partie II Partie III Conclusion Perspectives

C
ycle5

C
ycle4

C
ycle3

C
ycle2

C
ycle3
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Relation between the number of QTL and the level of resistance observed 

Tolerance Partial resistance Resistance Immunity

‘Goldrich’
‘Henderson’

‘SEO’ ‘Stella’
‘Harlayne’
‘NJA2’

‘Harcot’

Ssuceptibility

MetaPPV-1.a MetaPPV-1.b MetaPPV-1.c MetaPPV-3

Goldrich

Stark Early Orange

Harlayne

Origin of the resistance

Harlayne (Sunglo et Reliable), Goldrich (Sunglo), Stark Early Orange (?)

Interest to add to the study the PPV resistant gentors: Stella and NJA2

(however, problem of adaptation of those genitors to climate changes and global 
warming, requesting long cold period in Winter))

Introduction Partie I Partie II Partie III Conclusion Perspectives
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A set of molecular markers available for Marker Assisted Selection 

Tools for

Study of co-localisation QTL/candidate gene for the resistance

Compare the resistance between cultivars (alignement of maps)

Use for and Validation in Marker Assisted Selection

Introduction Partie I Partie II Partie III Conclusion Perspectives

Individus résistants Individus sensibles Pare
nt 
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ist
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t
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nt 

sen
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resistants suscetibles

Early selection of fruit trees
bearing the favourable allele of 
resistance to PPV

Speeding up of the EU 
breeding programmes for 
resistance to PPV

Marker Assisted Selection for resistance to PPV 
Introduction Partie I Partie II Partie III Conclusion Perspectives
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Genetic resistance to PPV in Peach

No true resistance to PPV described in Peach

Wild species related to peach, P. davidiana : one clone 

P1908 is resistant

P. persica cv. ‘Summergrand’ x P. davidiana P1908

Populations F1 and F2 studied for resistance to PPV

(Decroocq et al., 2005; Marandel et al, 2009)

BUT the resistance is complex

Introduction Partie I Partie II Partie III Conclusion Perspectives
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Cd93ssr0,0
UDP96-0181,8
cfcha2,7
FG83 AG1094,7
MDHI7,6
aprigms18 Cd211ssr12,3
CC1815,5
AG10216,4
Cd19921,1
UDAp-415 AMPA11522,3

CFFAA31,0
pc7836,5
pchcms437,0
PC10238,5
RGA66de42,6
EPDCU510046,8
CFFm49,3
CFOj56,1
PC3057,0

Cd83ssrCd195ssr61,1
AG2962,7
UDP96-00566,2

FG973,7
PC3575,2
cflhd77,9
SSR01iso4G pchgms383,1

AG10789,7

AG47104,6

SSR04iso4G SSR03iso4G120,1
SSR12iso4G121,4
SSR5piso4Ga122,0
SSR06iso4G122,3
SSR10iso4G122,6
AG44123,8
FG79124,4
G22ssr131,3
CFFad134,0
AC18140,3

CFFaj1149,8

CC2155,7
AG11158,5

PacB26167,6

SD40² GL1

CC510,0

CEEb12,2
AC115,0
CEEaa17,2
pchgms221,2
CC12923,4
CFMe27,7
eIF4E30,2
CC7534,1

CFLgb42,5
CC346,6
CC5949,4

CC13858,5
CRRab60,2

CFPa66,5
CFCi168,9

CC5278,3
CFFAl79,1
CFPaf80,7

Pyr696,0

SD40² GL4

FG2090,0
UDP98-4121,7
PC605,3
CFLd6,1
UDP98-0216,3
PC736,8
cfma214,1
CFFd19,3
UDP98-40724,6
SSR09iso4G27,7
SSR08iso4G28,4

CC63a37,6

CC1944,7
CFMo FG149,2
UDP96-00150,4
CFPi52,3

AG4058,9
CFFap159,9
AG5462,6

SD40² GL6

CFPat0,0

cffac6,5
cfmab cflac8,8
cfpj10,1

CFMm18,1
UDP98-40524,1
Cd201dc
UDP98-408
Cd89SSR

27,5

Cd8928,4

CC63b38,0
AG10441,8
CFFg44,9

CFMae53,4
Cd201ssr55,9

CFOn pchcms265,6
cFFf68,6
cfpae71,8
CC13276,6
SSR5Piso4GbCFOm79,0

SD40² GL7

Quantitative resistance in P. davidiana P1908 to PPV

PPV-1.a

PPV-1.b PPV-4.a

PPV-6.a

PPV-7.a

12%-18%

7%-5%

23%-12%

18%-4%
28%-11%

eIF(iso)4E

eIF4E

eIF4E

eIF(iso)4G

eIF(iso)4G10

eIF(iso)4G

eIF(iso)4G11

Marandel et al. (2009)

Introduction Partie I Partie II Partie III Conclusion Perspectives

Cd201 / 89

Several markers linked to resistance developped

BUT the resistance is too complex
for marker assisted selection
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Looking for new sources of resistance to PPV
Introduction Partie I Partie II Partie III Conclusion Perspectives

Genre Virus Plante hôte Locus/mutant Gène Référence
Potyvirus BYMV P. sativum sbm1 eIF4E Bruun-Rasmussen et al. (2007)

CIYVV A. thaliana cum1 eIF4E1 Sato et al. (2005)
- eIF4G Nicaise et al. (2007)

LMV A. thaliana E6 eIF(iso)4E Duprat et al. (2002)
- eIF(iso)4G1 Nicaise et al. (2007)

Lactuca spp. mo1 eIF4E Nicaise et al. (2003)
PPV A. thaliana E6 eIF(iso)4E Decroocq et al. (2006)

- eIF(iso)4G1 Nicaise et al. (2007)
PVY Capsicum spp. pvr2 eIF4E Ruffel et al. (2002), Charron et al. (2008)

Lycopersicon spp. pot1 eIF4E Ruffel et al. (2005)
TuMV A. thaliana lsp1, E6 eIF(iso)4E Lellis et al. (2002), Duprat et al. (2002)

- eIF(iso)4G1 Nicaise et al. (2007)
- eIF(iso)4G2 Nicaise et al. (2007)

TEV A. thaliana lsp1 eIF(iso)4E Lellis et al. (2002)
Capsicum spp. pvr2 eIF4E Ruffel et al. (2002), Charron et al. (2008)
Lycopersicon spp. pot1 eIF4E Ruffel et al. (2005)

PSbMV P. sativum sbm1 eIF4E Gao et al. (2004b)
PVMV Capsicum spp. pvr6 eIF(iso)4E Ruffel et al. (2006)

pvr2 eIF4E Ruffel et al. (2006)
Cucumovirus CMV A. thaliana cum1 eIF4E Yoshii et al. (2004)

cum2 eIF4G Yoshii et al. (2004)
Carmovirus MNSV C. melo nsv eIF4E Nieto et al. (2006)

TCV A. thaliana cum2 eIF4G Yoshii et al. (2004)
Bymovirus BaYMV,BaMMV H. vulgare rym4/5 eIF4E Stein et al. (2005)

rym4 eIF4E Kanuyka et al. (2005)
Sobemovirus RYMV O. sativa rymv1 eIF(iso)4G Albar et al. (2006)
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Introduction Partie I Partie II Partie III Conclusion Perspectives

… And identification of variants in Prunus species
that might correspond to resistance genes

Wildtype Arabidopsis 
inoculated with  PPV-GFP 

2mm

Mutant eIFiso4E inoculated
with PPV 

Mostly originating from old peach cultivars and mid-
Asian Prunus trees

From Arabidopsis thaliana to fruit trees: New sources of resistance to PPV

Decroocq et al., 2006
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m652 m2587Caméor
GFP tagged PPV 10 dpi (inoculated

GFP tagged PPV 25 dpi (non-inoculated

GFP tagged PPV 17 dpi (non-inoculated

leaf)

leaf)

leaf)

In pea, mutations in the same gene compromise the infection by PPV

Same mutation detected in 
an apricot cultivar, ‘NJA2’, 
under test for resistance to 
PPV
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Introduction Partie I Partie II Partie III Conclusion Perspectives

418  EEVDEADEIWGVGASVRNMLDKLDLCTRKAGHDVAWM-------ESKEMINVIINSHCYYHE  582
E+   DEADEI    GV   ASVR         DKL  L    T+    A ++      A    M             +KE+I+ V                  +H+

122  EQFDEADEICGVVASVRQRQ DKLSLWTKNAANEAAQ MSIGRKWKEIIDVTDKITYNFHD  180 

Resistance tests currently going on in the greenhouse
in Bordeaux for:
13 peach genotypes
13 Apricot genotypes
11 Almond genotypes

grafted on ‘GF305’ PPV infected rootstocks in 2008-
2009, in 5 replicates, currently in the first cycle of
phenotyping observation

Over 500 Prunus individuals screened, originating from
all over the world (Germplasm collections)

From Arabidopsis thaliana to fruit trees: New sources of resistance to PPV
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Introduction Partie I Partie II Partie III Conclusion Perspectives

Korea

Russia

India

Japan

Mongolia

Nepal

China
South 
Africa

USA

Canada

Mexique

Brazil

Austria

Bulgaria

France

Germany

Italy

Moldavia

Poland

Romania

Slovakia

Spain

Czech Rep

Ukraine

Armenia

Afghanistan

Iran

Kasakhstan

Pakistan

Turkmenistan

Origin Prunus sppOrigin Prunus spp
DomesticationDomestication

Next step : Sampling extra material in Caucasian and
Mid-Asian regions (IRSES European project, STONE)
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Perspectives

Introduction Partie I Partie II Partie III Conclusion Perspectives
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Use of biotechnology to develop molecular tools to contain the Sharka disease
Introduction Partie I Partie II Partie III Conclusion Perspectives

STONE

* High-through put tools for early
detection of new PPV outbreaks

* Implementation of Marker Assisted
Selection for resistance to PPV in EU

* Identification of new genitors for 
pyramiding in breeding programmes 
and a durable resistance to PPV 
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