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Search for natural variants of genes coding
eukaryotic initiation factors in Prunus species:

|dentification of new sources of
resistance to Sharka disease

David Tricon

Stéphanie Mariette
Véronique Decroocq



Sources of resistance In Prunus ?

‘Harcot’ ‘Goldrich’ ‘SEQO’ ‘Stella’
‘Henderson’ ‘Harlayne’
‘NIJAZ’

No true immunity to PPV infection described up to now
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Few North-American cultivars are resistant, all genetically related

Susceptibility
vig¢
_«Q»

All susceptible at least to PPV-M, use of a wild, peach-related
specie, Prunus davidiana to introduce resistance but still, one single
source of resistance
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Find new sources of resistance...




Strateqy : identify rare alleles of candidate resistance genes in
Prunus germplasm and/or in wild species

Which candidate genes ?:

> Recessive resistance genes : more than 40% of potyvirus resistance genes
are recessive

»Genes involved in the eukaryotic initiation factor AF complex (elF4E &
Isoforms)
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Functional copies of the elFiso4E and elFiso4G1
genes are indispensable for PPV infection in
Arabidopsis thaliana

Inoculation with pBINPPVNKGFP of

Wildtype Col-0 Mutant KO elFiso4E

WT 4G iIso4G1 is04G2

elF4G and isoforms
for resistance in
Prunus

‘[ Targeting elF4E and

local distant local distant

Arabidopsis thaliana /PPV:
PPV : elF(iso)4E (Decroocq et al., 2006)
PPV - elFiso4G1 (Nicaise et al., 2007)
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Prunus orthologs of the translation
=« [nitiation factor elF4E
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The Prunus genus
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llections then

of material still available in the wild

697 samples (leaves) :

cultivars/accessions/wild 6\) ‘ F ‘




Methodology

> RNA extraction in 96 wells

> Reverse Transcription for cDNA

> Copy-specific amplification elF4E/(iso)4E

U

> Sequencing or HRM analysis
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> Sequence analysis and search for polymorphism

T 6 um ¢ T
heterozygous

Chromas
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JF'F'!'|'F"'F|'FT'IFT"|T'FTI'FT'ITT r "FTI"F'!'|'F"F|"TTIFT"|T'FT|'FT'ITT Fl'!'?

5| a0 20 100
=ATPA-ATE- AL GAGEAAAATAGTGGEGTTAGAGECGECGECGE
=h 732 -ATE-4] GAGGAAALTAGTGEGTTAGAGECGEUGECEE
=h73T-ATE-4]1 GAGGAAALTAGTGEGTTAGAGECGEUEECE
BF305 eIFi1goGAGGAAALTAGTGEEGTTAGAGECGECEECG
Boldrich eIF GAGGAAAATAGTGEGTTAGAGSCGECEECA
Colomer eIlFi GAGGAAAATAGTGEGGTTAGAGECGGCEECA
P.davPl908 e GAGGAAAATAGTGEGTTAGAGE GG GG G
P.dul Ai eIF GAGGAAAATAGTGEGTTAGAGECGE GG G

i
0
0
0
0]
zGC

1148 120 130 140
EAGGCAAAGATACAGCCGAGCAGTGGGCCCCACAR
FAGECARAGATACAGCCGAGCAGTGEGCCCCACAY
3AEECARAGATACAGCCGAGCAGTGEGCCCTAC
(FAGGCALLGATACAGUCGAGCAGTGEECCCCAC
FAGGCAAAGATACAGUCGAGCAGTEGGECCCCAT
SAGECAAAGETACAGCCGAGCAGTGGGCCCCAC
FAGGCAAAGATACAGUCGAGCAGTEGGECCCCAT
FAGECAALGATACAGCCEAGCAGTGEECCCCAC
FAGGCAAAGATACAGCCGAGCAGTGGGCCCCACAL)
FAGGCARAGATACAGCCGAGCAGTGEGCCCCACAA

CI’
1
IIII'

U835 1s0d4F GAGGALAATAGTGGGTTAGAGGCGECGGCGEEGEEE
US37 isodE GAGGARAATAGTGGEGETTAGAGGCGECGGCGE
BioEdit

Insertion-deletion

[ GEAG
EEAG
EEAG
BEAG
EEAG
FEAG
EEAG
EEAG
FFAG
EEAG

SNP
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Polymorphism analysis

> Translation: protein sequence
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Mega -> BioEdit

Synonymous Non synonymous
mutations mutations

= RARE ALLELES !l

= SAMPLES TO TEST IN GREENHOUSE FOR PPV RESISTANCE
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Selection of the mutations at the
protein level

letll: 7T

Interaction L ow L ;

o with _» arget for mutation(s) in
Tl b the interaction domains

2. Target for mutation(s)
predicted to affect the stability
of the protein




Example for elF4E gene :

interaction domains & important amino acids for protei

Arabidop=ziz_dE
Helon_4E
0,sativa_dE
Lettuce_4E
Tomato_4E
Pepper_dE
N.tabacun_4E
P.armeniaca_dE
P.persica_dE
Consensus

Arabidop=ziz_dE
Helon_4E
0,sativa_dE
Lettuce_4E
Tomato_4E
Pepper_dE
N.tabacun_4E
P.armeniaca_dE
P.persica_dE
Consensus

letll:

n stability

Domain | Il
1 10 20 30 40 hi B0 il g0 a1 100 %lp 130
| + + + + + Bt ST DL LS ———— ————
HAYEDTPKSYYTEERKPH-SIENPIDRYHEEGDDAEEGETAGGEGDGHYDESSKSGYPESHPLEHRHTFHFDHNPAYES===-KOTSHGSSERPYFT! ‘.’EEF LYHHHKHPS I
HYYEDSHKATSAEDLSHSTANOWPRGRGGDEDEELEEGETYGDD-DLDSSHLSASLYHOPHPLEHEHTFHF DHPSAKS———-KOATHGAS BRPIYT YYHHIHHPS 1] i
HAEEHETRPPSAGRPPS5GRGRA---00A0EREEGETA=-0=-=-DDSGHAPPOANPAAPHPLEHEHTFHF DHPOGK S==-=KOATHGSS 'PIHTFST?EDFHSL?HHIHHP‘ IFHCFEHKIEP
MAAREHERTHSFDAREKLKAADGGGG-=--EYDDELEEGETY -EESHOTASYLGK=EITYKHPLEHGHTFHFDONP TTES===-ROTAHGSSERHYY TFSTYENFHGATHHIHHPS IFHCFEHEIEP
HARAEHERTHSFDAREKLKAARDGGGG---EYDDELEEGETY-EESHDTASYLGK-EITYKHPLEHGHTFHFDHPTTES——-ROTAHGSS@RHYYTFSTYEHFHGAYHHIHHPS IFHCFKHKIEP
HATAEHEKTTTFDEREKYKL==-=-HAH=---EADDEYEEGETY=-EETDDTTSYLSK=-ETATKHPLEHGHTFHFDHPYAKS===-KOARHGS SERHY Y TFSTYEDFHGAYHHIHHPS ILHCFEHEIEP
HYDEVYEKPYSLEESKT-—-HTREYEEEGEIY-GESDDTHSSLGHPSHANKHALEHGHTFHF DHPSGES---KOARHGSSRRPTY TFSTYEDFHSYYHHIHHPS IFHCFEHKIEP
RSHPKPREEDDEPEEGEIYGDE--ESASKPSKGIAPOSHALEHEHTFHFDSPAAKSAKTKOEDHGSSRRPIYTFSTYEEFHSIYHHIRHPS IFHCFKYKIEFP
PREEDDEPEEGETY¥GDE--ESASKPSKGIAPOSHALEHGHTFHFOSPAAKSAKTKOEDHGSSBRPTIYTFSTYEEFHSIYHHIRHPS IFHCFEYKIEP
srssssssssnssssssssssssssssssiodie, EEGEIvede.d...5..5k.. oo HPLEHRHTFHFDAP, K5, , .kba, HGsSERp ! yTFSTYES#FHs , YHHAihHPS o MIFhCFE  KIEP

200 230

W W =

0 150 ‘t

KHEDPICH@TFPKEKSDKSHL LLFILIE IFDHGDET] REKQERISII-ITKI'IFISI'-IEFIHﬁCIHKEFLI]‘I'I'-II'ISIEFIIHEI]FIKKLI]RI'-IHKHFI‘I’TFI

KHEDPY¥CH YHFPRGESDHGHL HFDCGOE YAy RSGODKISTHTKHASHEAA (HKEFLDYHESIGF IFHDOAKKFDRHAKHEYHY
KHEDPIEHHEEKHTFSEEREKSDTHHLHTLLHHIEEUFDfﬁDEIEEH?¥5¥REKﬂERIHIHTKHHHHEHHﬂISIEKQHKEFLD?KDSIEFI?HDDHKKHDKELKHRYT?
KHEDPYCAHGGTHKRSFSKGKSDTSHLY TLLARIGHOF DHGDEICGAYYSYRAKGEKTALHTKHARKETAOYSTGKOHEOFLDYSDSYGF IFHDOAKRLORHAKHRYTY
KHEDPYCANGGTHKRSFSKGKESOTSHLY TLLARIGHOF DHGDEICGAYYSYRAKGEKIALHTKHAAKETAOYSIGKOHKAOFLDYSDSYGF IFHODAKRLDORNAKHRY TY
KHEDPYCAHGGTHKHSFSKGKSDTSHLY TLLAHIGHOF DHEDEICGAYYSYRGKGEKTSLHTKHARKETAOYSIGKOHKOFLDYSDSYGF IFHDOAKRLORHAKHRYTY
KHEDPYCANGGKHTHSFSRGESDTCHLY TLLARIGEQF DCGDEICGAY INYRVROEKTALHTRNAARMETAOYSIGKOHKEFLDYNDSYGF IFHDDAKKLDRARKHEYSY
KHEDPYCAHGGKHTYTFPKGKSOTSHLY TLLGHIGEOF DHGDEICGAYYNYRHROEKISITHTKHATHEAROLSTGKOHKGFLDYHETIGF IFHEDAHNRHE
KHEDPYCAHGGKHTYTFPKGKSDTSHLY TLLGHIGEQF DHGDEICGAYYHYRHROEKTSIHTKHAINEAROL STGKOHKGFLDYHETIGF IFHEDANROERSAKHKYYACYYCSLLYLDA
KHEDF ! CANGGKHL. , , f pkgkSDEsHLYTLL a3 IGedF DhGDEICGAY !n!R, . q#kIsiHTkHA,.HEaRD, STGKOHKeFLDYn#s | GFIFH#DAkk, #r.akn. Y. Ve s s sasssass

Interaction domains in potyviruses (Robaglia and Caranta 2006)

n* AA affecting protein stability (Charron et al 2008)
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Ecotilling: Selection of rare alleles & mutations to test
In priority in greenhouse

1. Mutations in the interaction domains

or/and mutations affecting stability of the protein

/ N

2a. Mutations linked to 2b. Mutations linked to heterozygous allele
homozygous allele

l

3a. Resistance test in 3b. Self-pollination or Crossing with another mutant
high confinement 1

recessive

l Because
genes !l

greenhouse

4b. Resistance Test in high
confinement greenhouse




Results , based on 700 individuals
screened for mutation

elF(iso)4E : type of mutations observed

Mutation in the Mutation with Mutation with
Subgenus interaction predicted predicted effect but

domain effect heterozygous
Almond 3 (2) 0
Apricot 1 2 2
Peach @ @ 2
Plum 1 1 2
Cherry 0 0 2 g 1

Grafting in september 2010 for others Self-pollination

Q In test for the moment in greenhouse at Bordeaux
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elF4E : type of mutations observed

Mutation in the Mutation with Mutation with
Subgenus Interaction predicted predicted effect but

domain effect heterozygous
Almond 0 @ 2
Apricot 0 3 4
Peach 0 (1) 0
Plum 0 3 3
Cherry 0 25 7

Grafting in september 2010 for others Self-pollination

Q In test for the moment in greenhouse at Bordeaux

Selection of rare alleles over 700 individuals screened

elF4E: 85 rare alleles -> 52 selected for resistance testi  n greenhouse

elF(iso)4E 64 rare alleles -> 23 selected for test in greenhouse




N
T'Fes Ing resistance to PPV among
accessions bearing rare alleles diverging

from ‘GF30%'  Memosooow

1 Susceptible rootstock

2 PPV infection of the rootstock

Grafting of the accession to test only on
rootstocks showing symptoms

-Search for PPV symptoms on leaves

-Viral detection: ELISA and/or RT-PCR

3 observation cycles to confirm or not the
behaviour of the virus in the selected
individuals







elF4E elFiso4E
subgenus | Nbseq | At | e
Peach 205 6.3%
Apricot 187 22.5%
Almond 55 32.7% 29.4%
Plum 34 47.1% 21.9%
Cherry 40 92.5% 75.6%

Up to 95% of the sequences obtained are grouping with the reference
sequences, means that they bear alleles of susceptibility

For over 200 peach accessions screened, only 13 to 10 haplotypes differing from
‘GF305’, means very few diversity in peaches

For about 180 apricot genotypes tested, more diversity identified : 42 to 21 haplotypes

A majority of rare haplotypes are issued from Asian material, the most interesting
are wild original plants
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species

Screening extended through STONE consortium between China,
Caucasian and European countries (IRSES Marie Curie project 2011-
2014, under negotiation and coordinated by V. Decroocq)




Perspectives ...

Screen natural diversity for other candidate genes of the
translation initiation complex : elF4G and isoform

but in multi-copies, needs to adapt the strategy

Identification of new genes of recessive resistance to PP V on
Arabidopsis thaliana (see poster Pagny et al.) and transfer to Prunus

KO mutation Columbia

Inoculated leaf
9 dpi

Floral hamp
21 dpi

Development of a collection of mutagenised peach ‘GF305’ and
screening for mutations in the above candidate genes.
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