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Abstract

Tomato powdery mildew O.neolycopersici has become a serious disease in tomato. ol-2 is a recessive
resistance gene conferring broad spectrum and prepenetration resistance of tomato to O.neolycopersici.
ol-2 ishomologous to mlo in barley and Arabidopsis. Penl and Pen3 genes are required for mlo-resistance
in Arabidopsis and Ror2 gene, homologue to Penl is required for barley mlo-resistance. We tested using
VIGS technique whether an homologue to Penl and Pen3 in tomato was also required for ol-2-mediated
resistance against O.neolycopersici. Upon silencing with Penl, ol-2 tomatoes displayed a susceptible
phenotype: big increase in host cell entry and colonization of the leaves. Moreover, papillae were not
effective anymore and were penetrated by the fungus. With Pen3 silenced, no colonization was observed,
but an increase in host cell entry . This suggests that Pen1 and Pen3 are conserved requirementsin mlo-
based resistance. A chloroplast light harvesting gene (M12E62-620 ) found in a study aiming at looking for
gene upregulated during infection of ol-2 tomato with powdery mildew was also tested with the same
technique. Susceptibility and microscopic increase in fungus penetration were found. This M12E62-620 is
also required for Xanthomonas campestris resistance suggesting a broad role for thisgene.

I ntroduction

Tomato Solanum lycopersicum) is one of the most consumed vegetable. The wadkelywroduction is 3.98 x £0
ton/year (FAOSTAT data, 2007). Tomato powdery mild@idium neolycopersici widespread in Europé).
lycopersici in Australia and_eveillula taurica in western part of the US) is the most serious lgrokin tomato
cultivation in greenhouses production, but nowadags on field-grown tomatoes (1). Tomatoes infectéth
O. neolycopersici show leaf chlorosis, premature senescence, andceeabe of fruit size and quality (2).
Effective fungicides have long been developed,tbhair use is causing serious pollution effects, wiith the
increase awareness of environmental issues, sargdsistant cultivar is the oncoming solutioB).1

« Tomato resistance genesto O. neolycopersici

Several tomato genes conferring resistanc®.tameolycopersici have already been identified, including six
monogenicOl genes and three quantitative trait loci (QTLs)[€al). On chromosome 6, three clusters can be
drawn: on the long arm, one cluster contadhsl andOI-3 (3,9) and another closely linked cluster harllrs

(5); on the short arm, one cluster contains thista® gene®l-4 (4,9) andOI-6 (5). Ol-qtl1 collocates withOl-

1, OI-3 andOI-5. Ol-qtl2 andOl-qtl3 are linked and collocate on chromosome 12 (&/92.recessive resistance
gene is located on chromosome 4 (6,7,9). In sumifiabjel), three genetically different resistankage been
identified: monogenic dominant resistance, monogeanid recessive resistance as well as polygenistanse
conferred by QTLs with additive effects. Among tlogesistances, three physiological mechanisms are
observable when challenged witD. neolycopersici: the five dominant resistances involve hypersesesit
response (HR)pI-2 mediated resistance involves the formation of illgee, and the QTL-mediated resistance
involves both HR and papillae formation.

In this study, we focused owmi-2 mediated resistancel-2 allele comes fron©l-2 gene, gene required for
powdery mildew to promote diseas#-2 allele arises from a natural 19 base pair delatio®I-2 gene, giving
rise to a truncated and not functio@2 protein (13).



Table 1: Tomato resistance genes against powdery mildehttair characteristics.

. . - Chromosomal Resistance Race
gene Genetic basis  origin . . .
location mechanism specificity’
. S .habrochaites Race - non
Ol-1 Dominant G.1.1560 Long arm, 6 Slow HR specific
. S .habrochaites Race - non
Ol-3 Dominant G1.1290 Long arm, 6 Slow HR specific
. S peruvanum Race
Ol-4 Dominant LAL72 Short arm, 6 Fast HR specific
. S. habrochaites Race - non
QOl-5 Dominant 1247087 Long arm, 6 Slow HR specific
Ol-6 Dominant Unknown Short arm, 6 HR Racg )
origin specific
S
ol-2 Recessive lycopersicum Short arm, 4 Papillae Racg _hon-
var specific
cerasiforme
Polygenic S neorickii HR , Race non-
Ol-qtl1 (Additive) G1.1601 Long arm, 6 papillae specific
Polygenic S neorickii HR , Race non-
Ol-qi2 additive) G1.1601 Shortarm, 12 - hilae  specific
Polygenic S neorickii HR , Race non-
Ol-qi3  additive) G1.1601 Shortarm, 12\ ilae specific

2Race specificitytimited to the seven tested isolates (5).
PSlow HR: multi cell HR
°Fast HR: single cell HR

* Plantsdefend themselves against powdery mildews

In addition to tomato ©.neolycopersici, barley-powdery mildewBlumeria graminis f.sp. hordei: Bgh) and
Arabidopsis-powdery mildew(Erysiphe cichoracearum) pathosystem$ave been extensively studied for their
interaction between the plant and its host powdsitgdew. Several similarities amongst these patbiesys
have been observed

Three classes of barley resistance genes haveithetified as representativelstla, Mlg, andmlo, for three
different resistance mechanisnhla gives a slow multi cells HR taking place afterdahpenetration (5Mlg
mediated resistance agairBgh triggers a single cell HR upon fungal penetratom mlo-based resistance in
barley gives rise to a broad spectrum resistaneehé formation of a papilla (17). Those three gemsemble
the Ol-genes in tomato (Figurel).

In Arabidopsis, two classes of genes are known to mediate resistagainsk.cichoracearum:

-mlo-resistance genes have been found in a screendoced mutants resistant to powdery mildews: theee
threemlo genes inArabidopsis important for the resistance amongst, narAedo genes. They trigger a broad
spectrum resistance via the formation of a padike,mlo in barley andl-2 in tomato (Table 2).

-RPW8 gene seems not to be related to any known gentsnato and barley, it is associated with HR in the
resistance t&.cichoracearumin Arabidopsis (20).

Table 2: Genetic and mechanistic similarities between &aArabidopsis, and tomato- powdery mildews pathosystems

Barley/Bgh ArabidopsigE.cichoracearum Tomato/O.neolycopersici
Slow HR Mlal2 Ol-1
Fast HR Mlg Ol-4
Papillae formation mlo Atmlo ol-2

HR RPW8




Figure 1: From Schulze-Lefert and Vogel, 200fends in plant science.

Pathways leading to resistance in barley Arabidopsis. There are at least two independent pathwaysrgadi race-specific resistance in
barley, and barley mutants can confer broad-spmctasistanceln Arabidops's, two categories of genes lead to broad spectrurataesie
via two different mechanisms.
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« mlomutant in barley, Arabidopsis and tomato (mildew resistance locus 0)

One of the wild-typeMlo function is to promote mildew fungus penetratintoithe plant (40)Mlo family is a
small size gene family iArabidopsis and barley (42).

Loss of function of a singl®lo gene in barley confers broad spectrum resistamqeotvdery mildews with
formation of a papillae (44). The mutation thategwise to the resistance is a tandem repeat arsayted
upstream the wild type gene leading to aberranstndpts and non functionality of the MLO prote#i].

In Arabidopsis, mutations in thre&lo (Atmlo 2, 6 and 1P co-orthologues are required for a full resistatice
powdery mildew with formation of a papillae (43;)14

In tomato, theol-2 allele arised from a 19 base pair natural deletioi®©I-2 leading to a genetic frame shift, and
to an unfonctionabl-2 gene,ol-2 recessive gene giving rise to broad spectrum teexie against powdery
mildew with the formation of a papillae (45).

« Pathway genesinvolved in theresistance against powdery mildew

Some aspects of the molecular mechanisms underntfimgesistance have already been found: the aesist
pathway inol-2 resistant cultivars seems to be independent ofi¢fiense pathways mediated by ethylene, JA
and SA. On the other hand, it seems to be depermattie lipoxygenase pathwa@l-4 mediated resistance
involves ethylene and lipoxygenase pathway, wheitds independent from JA and SAI-1 mediated
resistance on the contrary seems to depend upan8Athylene pathways. Though, in the study ofulct al
(2004), it had been demonstrated that activatioth@fSA dependent defense pathway did not indwsistaece
againstO. neolycopersici in S-MM (12).

In Arabidopsis and barley, the involvement of known pathwayseisistance against powdery mildew have been
studied as well. Pathways monitored by the resigtageneRPW8 (small, basic proteins with putative N-
terminal trans membrane domain and a coiled caitalo) leading to the resistance Arfabidopsis to powdery
mildew via a HR response seem to be associatedS#iticcumulation and SA-dependent feedback regulati
of the expression dRPW8 (20).

In a study of the pathosystem barley-powdery milty Hein et al (2004) it had been demonstratet kHa-
mediated HR andnlo-mediated papilla formation in mildew-challengedléa were associated with,8, but

not with SA. Some key genes are specific, theyuaesl to monitor each defense pathway (Table 3).

Table 3: Key genes used in tomato to monitor known defgasbways: JA,SA and ethylene

gene Pathway monitored in tomato publication
PR-1 JA, SA, ethylene 21

Beta 1,3 glucanase JA, SA 22

Coronatine insensitivel JA 20

ETR-1 ethylene

NIF1 SA 23

LoxD lipoxygenase 24




« Candidate genesinvolved in resistance of tomato against powdery mildew

- Few genes have been proven to be involved indbistance pathways in Barley afAchbidopsis. Penl,
Pen2 and Pen3, essential forAtmlo mediated resistance . thaliana (14), rorl andror2, essential fomlo
mediated resistance in Barley (223r1 andrar2 for Mla resistance in barley (21; 23enl andRor2 genes are
homologues in function and in sequence (29).

- In tomato, several resistance genes have beenifidd, but genes in the defense pathway are not
known. Based on a gene expression study, Chengw@0D6) identified several candidate genes whiarew
upregulated for tomato resistance against powdddem.

His study examined DE-TDFs (Differentially Expredsé&ranscript Derived Fragments) of challenged or
unchallenged tomato plants (with all kind of gepaty. S-MM, NIL-OI-1, F3-0l-2, NIL-Ol-4, OI-QTL- see
Materials and Methods for description) via cDNA-AFAmplified Fragment Length Polymorphism). Amongst
the 141 DE-TDFs differently regulated in the foengtypes tested in the study of Li et al (2007M8&; NIL-
Ol-1, F3-0l-2, NIL-OI-4), 50 TDFs were sequenced ddasted against the TIGR database (The Instfarte
Genomic Research). Twenty six TDFs showed functiorfarmation, such as known direct defense respsns
or signal transduction and photosynthesis. Tweoty TDFs on the other hand matched with unknowneme

or did not match at all (9). In another similardstwof Li et al, three genotypes were tested (S-NWL,-OI-1,
andOI-QTL), and that time, amongst the 230 sequencedDEs, 120 matched with known proteins, and 110
with unknown ones, or had no hits found in the basg (11). A simplistic classification of the DE-F®
consists of four classes. There are redundancy gshahose classes and the differential expressibssrved
into each class are not always homogeneous indiminin level (Table 4). For a more detailed talskee the
work of Chengwei Li (Thesis 2006).

Table4: Different expression classes of the DE-TDFs
Class Description of the expression pattern
I Increase in all genotypes tested
Il Increase in all resistant genotypes tested
1] Increase in a specific resistant genotype only
\% Increase in S-MM only
V Increase in S-MM and one resistant genotype

e Aim of the study

The aim of the study is to identify genes invohirdhe defense mechanism to fight agai@sieolycopersici.

We shall focus on (1) some known proteins involedesistance pathways in tiabidopsis and Barley-
powdery mildew pathosystems, and on (2) an unknom&, chosen amongst those described in Chengwei Li
thesis (Table 5).

Those interesting genes will be silenced via VIG8Us Induced Gene Silencing) in tloe2 genotypeol-2 is
chosen because the resistance phenotype is corapltigear.

Table5: Tested genes on the genotype showing the clgaaistn of resistance

genes expression patter n/putative function genotype class
Penl
Pen 3

M12E62-620 Upregulated inol-2 genotype/ChIoropIastOI_Z' S-MM lll=induced only in one

light-harvesting complex 1l protein Lhcbhrh6 genotype
®putative function oM12E62-620 has been found by comparative blast search oragérdnd TIGR databases.
bTDFs are called fronthe cDNA-AFLP size pattern.

e Expected results

Silencing ofPenl andPen3 genes irol-2 carrying genotype should lead to susceptibilikelly observable at the
microscopic level, with a higher penetration of gathogen into the cells, or even at the plantlJevigh visible
symptom spots onto the leaves. Indeed similar stu@arley andArabidopsis lead to this observation.
M12E62-620 is upregulated in challengeti2 plants. Its silencing should lead to susceptipilit

e Technique used

The technique used for gene silencing is the Vi@é&dbed by Lu et al (10). VIGS is a transient $farmation
assay technique which exploits the homology-basfdrde mechanism (RNAI), which is triggered by mom
viruses, to target individual endogenous genessifencing. Approximately 100 base pairs of the $raipt of



the gene to be silenced are cloned into TobaccteRéirus (TRV)- RNA 2 (TRV-RNA 2). This construds
transferred intoAgrobacterium. tumefasciens which culture is agro infiltrated in the desireximato genotypes
together with anA. tumefasciens culture harboring TRV-RNAL construct. TRV makeg ttonstruct spread
through the whole plant. A Phytoene DesaturaseeRrdPDS) construct control is done to observevthée
silencing pattern, as well as an empty vector negatontrol, to observe the effect of TRV alonetlie plant.
Expression of the silenced genes will be monit@ietg the experiment.

Materials and methods

Plant materials:

Two tomato genotypes were used in this stulylycopersicum cv. Moneymaker (S-MM) was used for the
compatible interaction. F3-0l-2 (a F3 line &fycopersicum cv. Marmande >Slycopersicum var. cerasiforme
carrying homozygously the recessle? gene (5)) was used as the resistant line.

Plants were grown at 20 + 2°C, 16 h daytime, and 36 relative humidity.

Constructs:

Fragment of the chosen TDF was ligated into TRV&smid (described by Liu et al, 2002) amplified in
Escherichia coli, and transformed iA. tumefasciens (15). Penl andPen3 constructs were done by Zheng Zheng.
See table 5 for the primers used, forward thenrseveequences are listed. Primers were designed kuas
sequence analysis using the cDNA-AFLP set sequeaees TIGR (plant transcript assemblies prograng an
NCBI blastN with the expressed sequence tag datalizech primer combination allowed an amplificatafn
approximately 150bp length. Primers were desigrsi#iguDNASTAR software (v6.0; Laser Gene, Madison, W
USA) For a more detailed protocol see appendix.

Table 6: Primers used for the VIGS experiment.
gene primers
Penl? TCTGCATAATGCTAAAAATGTCAAA;
TTTCTTGAACTTTTCTGGTGTTTTC
Pen 32 CCTTCTTCTCCTTC; AACATTTTTGTGCTA
M12E62-620 GAACGCGAACTTGAGGTGAT; AGATGGCCAAGATGCTTTGT

constructs done by Zheng Zheng

Sequencing of the TDF cloned:
VIGS constructing workPurified PCR products obtdingith the multiple cloning site primer set weratsto
Base clear to be sequenced. The result was compatiethe expected sequence from Chengwei Li work.

Agrobacterium mediated virus infection:

Cultures of Atumefasciens containing the construct TRV2-TDFs and TRV1, andaatrol A.tumefasciens
culture containing an empty TRV2 construct werewgr@nd adjusted to an Ofg, of 1.0. Equal volumes @i
tumefasciens cultures were infiltrated to the desired tomatanps, on the lower side of both cotyledons usidg a
ml-syringe lacking a needle.

Fungal material:

The pathogenic fungu®. neolycopersici, which originated from infected commercial tomptants (Lindhout et
al. 1994a), was maintained on S-MM plants in a gheese compartment at 20 + 3°C with 70 + 15% nedati
humidity. A disease test was performed by spragivrweek-old tomato plants (first PDS silenced siongs)
with a suspension of 4 x 1@onidia per ml for the first experiment and of & conidia per ml for the second
experiment . The inoculum was prepared by washargdéal spores from freshly sporulating leaves eavily
infected S-MM plants in tap water and was used idiately (8).

Disease test:

Plants were scored every two days using a scatreé points. Plants scored 1 or more were classiis
susceptible. Leaves number one and two were noédcbecause of the silencing effect less effedivéeaves
one and two.

Microscopic slide preparation:

Leaf fragment of 1 x 3 cm in size were fixed intacacid- ethanol (1:3), and stained with 0.03%pé&y blue in
lactophenol-ethanol (1:2) as described in Huarg study, 1998 (32) to study fungal structure aadgtration.
Callose deposition or papillae formation were obsdrwith aniline blue, in 0.07 M KIPQ, for UV light
observation (32).



Three leaf fragments were taken on the third andffideaves from each randomly chosen plantsgieates.
Approximately 100 infection units were scored ansingvelve different slides for each silenced gepety
Empty vector plants were also scored as a corfwolinfection unit was defined as a germinated spuainech
produced at least a first appresorium. Presencg fokt haustorium, of secondary appressoria, cbisdary
haustoria, the number of hyphae, the presence toofreo necrotic cell at the point of penetratiorvasdl as the
presence of conidia were recorded.

Total RNA isolation:

To monitor chosen transcript accumulations in expent Nol, total RNAs were extracted using the dlriz
reagent (Invitrogen Life Technologies Co., Carlsh@d, U.S.A.) and were purified with a NucleoSpiNR |
kit (Macherey-Nagel GmbH & Co. KG, Diren, Germany).

In experiment No2, total RNA were extracted usinggMAX™-96 Total RNA Isolation Kit (Ambion Inc.,
Austin, TX).

cDNAs were synthesized with oligo(dT)18 primersngsthe SuperScript Il RTS first-strand cDNA syrdise
kit (Invitrogen) (45).

RT-PCR:

Primers for the RT-PCR were selected using prirarcs program of DNASTAR (v6.0; Laser Gene, Madjson
WI, USA) (Tableb). Real-time PCR was done using Y@een PCR kits (Brilliant SYBR Green QPCR core
reagent kit; Stratagene, La Jolla, CA,U.S.A.) oiQ& Multicolor real-time PCR detection system (Bed,
Munched, Germany). Relative transcript levels weleulated using th&Act detection methods (17).

Experiment no 1

Three constructs were agroinfiltratedaln2 genotype tomato plant, S-MM was used as a cor@mhtrol plants
(PDS, water and empty vector) were madeofe2 genotype and S-MM.

F3-ol-2:

10 plants each constru@®enl, Pen3, M12E62-620)
3 PDS plants

3 empty vector plants

3 water plants

S-MM:

5 plants each construct (3 vectors= 15 plants)
3 PDS plants

3 empty vector plants

3 water plants

Experiment no 2

Two constructs were agroinfiltrated @h-2 genotype tomato plants, S-MM was used as a cor@aitrol plants
(PDS, water and empty vector) were madeHgol-2 and S-MM.

F3-ol-2:

35 plantsPenl construct

15 plantdM12E62-620 construct
5 PDS plants

35 empty vector plants

10 water plants

S-MM:

35 plantsPenl construct

15 plantdM12E62-620 construct
5 PDS plants

35 empty vector plants

10 water plants

Sampling was done at 4, 8, 24 and 48 hpi.



Results

e Experiment No1

Sequencing:

TRV2- M12E62-620 construct is verified, this construct should silethichloroplast light-harvesting complex Il
protein Lhcbm6 geneGACTGGACGGACCCATGGAGGCCTTCTAGAAATTCACTAGTGATTGAACG
CGAACTTGAGGTGATCCACTGCAGATGGGCTATGCCTGGTGCTCTTGGAT
GTGTCTCCCTGAGCTCTTGGCCCGTAATGGTGTCAAGTTTGGTGAGGCTG
TCTGGTTCAAGGCTGGATCTCAAATCTTCAGTGAGGGTGGACTTGACTAC
TTGGGCAACCCAAGCTTGGTCCATGCACAAAGCATCTTGGCCATCTAATC
GAATTCGGTAACCTTACTCACAGAATC, putative chloroplasight-harvesting complex Il protein Lhcbm6.
(TIGR database).

Disease test:

Seven days post inoculatioreri-silenced S-MM plants showed first disease symptétas3 andM12E62-620
silenced S-MM showed first symptoms together withtar control S-MM plants, i.e. eleven days after
inoculation.

Fifteen days post inoculation, @l-2, M12E62-620 and Pen3 silencedol-2 plants were completely cleaned of
any symptoms, whereas six out of teenl- ol-2-silenced plants showed fungal colonies on leakesetand
four (Table 7, Figure 2).

Table 7: Disease test on S-MM amit2 silenced plants

Gene silenced S-MM Ol-2
Control plant8 ++© >
Pen1 +++© +°
Pen3 ++ -
M12E62-620 ++ -

#control plants, water and empty vector plants.
P no symptoms
°+, symptoms appeared at 15 dpi; ++, symptoms apgesrll dpi; +++, symptoms appeared at 7 dpi.

Figure 2:Leaves ofA ev andB Penl- silenced plant infected with powdery mildew at ¥5.&®en3 andM12E62-620 are not shown, they
display no visible symptoms.

M icroscopic slides observation:

« Infected evel-2- plants were used as reference. Ev plants shdveesame histology ad-2 genotype plants
in Bai et al study, 2005 (5): no necrotic cellst ballose deposition and less than half infectioitsugave a
first haustorium (Figure 3).

e Penl-silenced plants show a high fungal penetratioe @t the microscopic level (90%pen3-silenced
plants are only slightly more infected than ev conplants, whereaM12E62-620 displays intermediate
microscopic observations betweeenl andPen3 silenced plants (Figure 3; Table 8).



Figure 3: Fungal growth ompenl, pen3, andM12E62-ol-2- silenced plant 15 dpEv plants are used as control for fungal develogmen
haust: haustorium; appr: appresorium.
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Nearly all germinated spores scored Renl silenced plants had formed a first haustorium, 8a& show
colony formation, with the formation of long hyphaed secondary infection structures. 15% of theepiation
points gives necrotic cells.

e Pen3
Pen3 silenced plants gave no necrotic cell. Only 10%erit) than in ev plants formed a first haustoriunf
50% more formed secondary haustoria, colonies anitlia.

«  M12E62-620

M12E62-620 silenced plants display results intermediate betvRanl andPen3 silenced plants. Nearly 80% of
the infection units scored displayed a first hatigtn. Half of them formed colonies, out of which%are large
colonies (colonies with more than ten secondaryesgsoria).

* Papillae shape

Penl, Pen3 and M12E62-620 silenced plants are not distinguishable by the sham the size of the papillae.
Slightly bigger papillae are observable Renl-silenced plants, but the variation between thetpl& too big to
obtain any significant results about it (Figurést,

Figure 4: Haustoria, necrotic cells, conidia and papillaéhim interaction of tomato ar@idium neolycopersici

A. conidia inPenl silenced plant. x 10B. secondary haustoria M12E62-620-0l2 silenced plants.x 40. hypersensitive response Renl

silenced plant. x 40. haustorium irPen3 silenced plant. x 108. appressorium in a control (ev) plant. x 100
A R Y 2, v D P o

jhr

Table 8: Development of.neolycopersici on silencedl-2 plant$

Primary Secondary Colonies  visible necrotic  big
Genot haustorium appressorium haustorium (%) c;nidia cells (%) coslonieé
Ev-012 42 14 12 13 2 0 7
Pen3-0l2 58 34 32 36 4 0 17
M12E62- 76 50 50 50 14 4 35
620-0l2
Penl-ol2 90 75 74 76 26 15 46

2values represents percent of infection units scofdd0 1Us.
Pcoloniess defined as more than omgphae visible
“bigcolonies is defined as colonies with more thanserondary appressoria.



Figure 5: Necrotic cells and papillae Penl-silenced tomato plant staining: aniline blue. x A0First appressorium leads to a large papilla,
secondary appressoria give smaller papillae aligriedg the hyphad?en3, ev, andV12E62-620-012 silenced plants give the same results.
B. necrotic cell visible at the bottom of the fungesnptration point ifPenl-silenced plants. Visible for 15% of the infectiamits scored.

* Experiment No2

Disease test

A disease index was attributed to each plants etwgoydays, following the DI scale of three poinBsMM
plants showed symptoms after 6 days of inoculgfi@ble 9).

Table 9: Disease test on S-MM, Edl2, Penl-0l2 andM12E62-620-012

Genotype
dpi SMM EV-ol2 Penl-ol-2 M12E62-620-0l2
6 55/55 (3}f 0/20 0/25 0/10
8 55/55 (3) 0/20 0/25 0/10
10 55/55 (3) 0/20 0/25 0/10
12 55/55 (3) 0/20 0/25 0/10
14 55/55 (3) 0/20 4/25 (1) 0/10
16 55/55 (3) 2/20 (1) 7125 (1) 0/10
18 55/55 (3) 2/20 (1) 7125 (1) 2/10 (1)

#(3) indicates the DI.

At 14 dpi,Penl-ol2 was more susceptible than its control genotgeal2. Eighteen dpiM12E62-620-0l2 also
displayed a higher susceptibility thewrol2.

No differences were observed betwémml-MM, M12E62-620-MM, and EV-MM plants. Therefore the result
of those plants were put together. In the firstegipent, a clear difference was observed betweerl-REV
plants and the others. The explanation can betligaamount of inoculum sprayed for the first angl $econd
experiment was not the same, higher in the secgperienent.

Microscopic dides observation:

Two leaf fragments were taken from third and foueidves of five replicates for each time pointse(8ppendix
for the detailed layout).

Tryptan blue slides from leaves taken at 4 hpi @n8 hpi were analyzed, but the results are natgmted here.
At 4hpi, no haustorium was detected on any genot{p@& hpi, few haustoria were seen on BM2 and Penl-
ol2 genotype and on S-MM.



Figure 6: Fungal growth ompenl -ol-2- silenced plant, anpgenl -S-M 24 and 48 hpi. Ev plants are used as control for fungal develogmen
haust: haustorium; appr: appresorium

24hpi 48hpi
80 4 90 -
70 4 80 4
60 707
60 -

50 1

H ev-0l2
50 4 (] —
0 | Penl-ol2
40 4 @ Penl-mm
30 O ev-mm

301

201 20 1

percentage on 200 IU counted
percentage on 200 IU counted

10 1 104

o | mm | wll

% of 1st haust % hyphae tips % HF % of 1st haust % of 2nd appre % of 2nd haust % hyphae tips % HR

From 24 hpiPenl-ol2 plants showed a higher percentage of first haustost the site of attempted penetration
than control ev-ol2 plants (Figure 6).

Figure 7 : Fungal growth omenl -ol-2 andM12E62-620-0l2. Ev plants are used as control for fungal develogmen
haust: haustorium.
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The presence of a first haustorium is higheMh?E62-620-0l2 than in evol2 24 hpi. No slides were made
available 48 hpi. Nevertheless, similarly as shawnFigure 3, M12E62-620-0l2 susceptibility is included
between ewl2 andPenl-ol2. (Figure 7).

Aniline blue staining shows the presence of papiftam four hpi inPenl-ol2, as well as in ewi2.
RT-PCR results:

Expression oPenl gene was tested by RT-PCR in silenced plantspitral S-MM, in inoculated S-MM, and
in ev-0l2 plants. Elongation factor (EF) gene was usedasdference gene (Figure 8).

Figure 8: Normalized fold expression graphsRenl in ev-ol2 andPenl-ol-2 Ohpi and 4hpi.
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Penl expression displays some variations between apkc Replicate 4 shows a high expressidrent. This

is explained by the method of silencing. VIGS doeslead to a complete silencing of the gene. Skeanees are
fully silenced, for others the silencing is patché&wr replicate 4 ofPenl-ol2, we may have taken a not
completely silenced leaf. This can be illustratgdhe pattern obtained with PDS silencing (Figure 9

Figure 9: S-MM plant silenced for PDS gene. Some leavescampletely white, others are green and white, saneeeven completely

Conclusions and Discussion

In this studyPenl, Pen3 and M12E62-620 have been proven to be involveddR2 mediated resistance. Plants
lacking expression oPenl and M12E62-620 genes show a decrease in prepenetration resisteneell as
colonization of the leaves upon infection with tbenato powdery mildew. Plants silenced Ran3 gene show
less prepenetration resistance, and no symptomssilée on the leaves.

Those three geneBenl, Pen3 andM12E62-620 play a role in the resistanceaf2 plants.

Penl involvement in prepenetration resistance.
Penl genes are syntaxins, members of the SNARE farediuble N-ethylmaleimide sensitive factor attachtnen
protein receptor) involved in membrane fusion es€ab).

Penl and its homologues have been proven to play aimlerepenetration resistance: timing and
composition of papillae formation, accumulation atempted entry sites and secretion of antimiedobi
compounds and cell wall components, low basal taasig in susceptible background:

- Non host resistance studies have demonstratedPBal 1 is recruited to the papillae formation upon
Arabidopsis infection withBgh. Loss of PEN 1 results in a 2-hour delay in papil(28). This late formation
could even be responsible for the non detectioth®fspore by the plant, the cell wall being sededhis late
papillae (16).Pen 1-Arabidopsis mutant plants allowed a seven fold higher incideind Bgh penetration
compared with wild type plants, as well as an iaseein the incidence of HR like cell death (29, 33)

In our study papillae formations do not seem affédby the silencing dPenl. Papillae formed at the fungus
entry sites are as big and similarly shaped as@looit2 plants, buPenl-silenced plants showing susceptibility,
the papilla, despite being formed, should displ&gw difference with an effective papilla, eithartiming, or in
composition. In our study, first papillae were alveel at four hpi ifPenl-o0l2 as well as in ewl2 plants, so no
delay was observed, differently froAmabidopsis data. We argued that papillae formedPenl-ol2 plants lack
an essential component for resistance therefoosvialy more penetration. In a research aiming akifogp for
rorl andror2 function inmlo-mediated resistance in barley, association ofllpapformation with HO,
accumulation at the attempted entry site has beemdstrated to be determinant of the level of tasce (35;
36). In future experiments,,B, should be monitored iRen1-ol2 plants

- Syntaxin PEN1 accumulates at the adapted fun@usi¢horacearum) entry site inArabidopsis at the same
frequency than for non-adapted fungi (38, 39), Gbating to the papillae formation in host and noost
resistance. It is believed nowadays that PEN1 foanSNARE complex together with SNAP 33 and
VAMP721/722, this complex secreting antimicrobiahgpounds and cell wall components at sites of gitedh
fungal infection (33, 37, 31).

- It has been demonstrated that in barley Arabidopsis, Ror2 and Penl respectively contribute to low-level
basal penetration rate in a MLO genetic backgrd@2®). In the first experiment of this study, cofied S-MM
silenced for PEN1 displayed an over susceptiblenptype. Symptoms on the leaves appeared after skayen



of inoculation compared with eleven days for thatolled S-MM. Nevertheless, no significant diffeces have
been observed at the microscopic level, and thehpimenon has not been observed in the second ergueri
That can be the fact of the higher amount of inmcusprayed for the second experiment, masking iffexehce
betweerPen1l-MM and EV-MM.

Penl and post penetration resistance.

Penl also seems to be involved in post penetratiorstaste: negative regulation of SA, JA, and ET,
negative regulation of necrotic cell death, andegptation in expression after 48 hours of inocaolati
- In the study of Zhang et al, 2007, it has beemalestrated that mutation in SYP121 together withation in
SYP 122 (both close homologues to PEN1) lead tatinegregulation of defence signaling pathways agBA,
JA, ET, and an increase in pathogenic induceddssth (30). In our study, the formation of necratitls at
15% of the attempted entry site of the powdery avildn Penl-silenced plants 15 dpi seems to confirm that
PENL1 is a negative regulator of programmed celtidéfew necrotic cells were found for unsilenct2i plants).
At 24 hpi, Penl-0l2 plants show 5% of necrotic cells, and at 48 hpPolof HR are observable. Despite VIGS
technique being a transient method of transformatioe increasing ratio of HR shows that the silegés still
active in the plants.
- In a study of Zheng et al (2008, unpublishedyyas demonstrated thato-mediated resistance Arabidopsis
was jeopardized by the silencing of key genes & S pathway, using in their study the triple mttah
Arabidopsis, Atmlo2/Atmlo6/Atmlo12. Interestingly, in the study of Consonni et al@@pthe simple mutant used
(Atmlo2) did not show any enhanced symptoms when SA geass silenced (14), maybe because of the simple
mutant genetic background used.
Non-expression dPenl in our study should have increased SA productoul, therefore triggered another layer
of resistance. Level of SA production should be owed to measure the impact of PEN1 in its regoatn
tomato plants. Pathogenesis related proteins (RRiession should also be monitored, to have aa ddethe
role of Penl in post penetration resistanceolr2-mediated resistance in tomato.
- In Arabidopsis, Penl expression show a 5-fold increase upon infectidh tnost and non host powdery mildew
48hpi (16). It will be interesting to know the egpsion ofPenl in ev-0l2 andPenl-0l2 48 hpi. Expression of
Penl in infected tomatwl-2 plants will be monitored in next experiment.

Pen3 involvement in resistance.

Pen3 gene inArabidopsis encodes an ATP-binding-cassette (ABC transportérich transport substrates across
cellular membranes. It exported toxic compoundatsmpted fungal infection sites, while accumuiatiaf
those toxins activates the SA pathway. PEN3 andZ@R-glycosyl hydrolase) proteins work in concert, but

a distinct secretory pathway than the one in wREIN1 is involved (34).

In our study, we also observed that silencindPefi3 increases the penetration ratio. Despite the low
increase in first haustorium formation incidendes bbservation of secondary haustoria is twice ashnas in
non silenced plants fifteen dpi. Similar observagidvave been made @&en3 mutantArabidopsis challenged
with Bgh. A striking feature is the lack of HR. Indeed,tife role of the homologue of PEN3 in tomato isilsim
to theArabidopsis one, the cells would not be able to export toximpound to the site of fungal penetration.
They would retain the toxins, it would kill the tlFurther experiments have to be carried outhenrole of
PENS3 in tomato.

Penl/Pen2/Pen3in host and non-host Arabidopsis resistance

In Arabidopsis, Underwood et al (2008) summarized what is knotmuamlo-mediated resistance (Figure 10).
PENS3 transporter exports PEN2 enzymatic productiseaattempted fungus entry site, while PEN1/SNARS3
a distinct pathway, mediates the fusion of Vamp722/golgi vesicles at the plasma membrane. Thosieles
transports components important for the papillaenédgion (Figure 10). MLO inhibits both defense pedlys
(31).



Figure 10: From Underwood and Somerville (2008). Model dépécthe roles of the PEN proteins and MLO in resise to penetration by
powdery mildew fungi. X and Y represent putativeNBHransport substrates
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Comparison of Penl and Pen2/Pen3 resistance pathways involvement in resistance in Arabidopsis and
tomato.

In the study of Consonni et al (2006gn1, Pen2 andPen3 genes were silenced Arabidopsis Atmlo2 resistant
mutant. Plants were tested agaiastsiphe cichoracearum. Figure 11 shows the results they found (14).

Figure 11: From Consonni et al (2006). Quantitative analyfisost cell entry (determined at 48 h (light gizars)) and conidiophore
formation (6 d post inoculation; black bars) ondatype Col-0 and Atmlo mutant plants.
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Atmlo2-11 penl displays an enhanced host cell entry percentagend increase in conidiophore per colony,
whereasAtml02-5 pen2 and Atmlo2-11 pen3 show a big increase in conidiophore formation.righet al (2008,
unpublished) have done the same study, but theg mseon host pathogen: the tomato powdery mildew
O.neolycopersici, the results they found were identical.

In our case, the contrary was obserieh3-ol2 showed no increase in conidiophores formation,redwPenl-

ol2 displayed a big increase in conidiophores (FédLR).

Figure 12: Quantitative analysis of host cell entry (deterrdila¢ 16 h (light gray bars)) and conidiophore faiora(16 d post inoculation;
black bars) oml-2 plants.
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Although both in tomato andrabidopsis, PEN1 and PEN3 are involved in prepenetration t@sie, the two
pathways do not have the same impact on resistanosach plant species. Wrabidopsis, PEN2 and PEN3
work in concert in the same secretory pathway. &ofy this statement iml2-mediated resistance in tomato,
Pen2 gene has to be silenced as well.

Mlo gene is an universal gene found in several spe@d and Pen3 are conserved requirements folo-
mediated resistance in artificial or natuxib-mutants.

Chloroplast light harvesting complex |1 protein in ol-2 genotype resistance.

The chloroplast light harvesting complex Il genaerfd upregulated when tomadb 2 plants are challenged with
powdery mildew has been described as a senescesoeiated/down regulated gene. Upon infection omato
with Xanthomonas campestris, mMRNA level of this gene is upregulated (26, 27)leRaf this protein in infection
process has not been demonstrated yet.

Over this study, a 1.8-fold increase in first hatisim formation inol2-tomato plants silenced for this gene has
been found as well as a 3.8-fold augmentation obrsgary haustoria and colonies, and the presenttRoi5
dpi. Some colonies were visible on the leaves fi@wlpi. Those findings are similar Renl silencing to a great
extend M12E62-620 therefore seems to play a role in penetratiothefirst layer of defense.

The involvement of this gene Xanthomonas campestris-infected tomato leaves as well as in powdery mildew
infected tomato leaves suggests a broad role foigne.

The full length 0fM12E62-620 TDF has to be cloned, in order to know with exad the role of this protein,
as well as its belonging to any family of genasthisM12E62-620 part of a large family therefore leading to a
nonspecific silencing? Or silencing dl12E62-620 specific gene only lead to this dramatic decrease i
resistance?
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Appendix

Complement on constructs protocol:

Fragments of the chosen TDFs (table 5) were araglifiy PCR on cDNA of each genotypes which will
be used for the silencing, to avoid non silenciegause of small sequence differences between two
genotypes.

5 pL of the amplified cDNA were ligated into pGenagmid with 1 pL of T4 ligase and 2 pL of 5 x
enzyme buffer. The reaction was incubated overragit°C.

The next day, 50 puL of competent E.coli cellsd3Hvere added to 5 pL of the ligation solution, thoe
transformation process to take place by mean @faa $hock. This above solution was put on ice for 3
min, then for 30 sec at 42°C, and 2 min on ice. @0of modified LB medium was added to the
reaction and the bacteria were incubated for ong Ab37°C, 225 rpm. 50 pL and 100 pL of solution
were plated on 100 mg/uL Ampicilin and 100 mg/ulgXl-agarose plates and incubated overnight at
37°C.

White transformants were selected against the dmes, taken up with a toothpick and checked by PCR.
(94°C 5 min, 94°C 30 sec, 56°C 30 sec, 72°C 1 ritin3es 72°C 7 min) Primers were designed on the
plasmid to avoid picking up colonies having takgnlinear constructs. Positive bacterial clones were
grown on liquid LB medium with 100 mg/uL ampicilat 37°C overnight.

Pgem plasmid containing the insert were extract@th & Qiagen kit, following the manufacturer
instruction with 1.5 mL of E.coli culture. Conceation of plamids was measured wih nanodrop.

1 pg/ pL of the above recombinant plasmid was dsethe digestion with EcoRI. The reaction was
done in a total volume of 50 pL, and let digesBrigours at 37°C.

An electophoresis was run with the 50 pL of thevabsolution in a 0.8% agarose TBE gel.

The band containing the insert was isolated from gkl with a Zymoclean gel DNA recovery Kkit,
following the manufacturer protocol.

Then the purified DNA containing the insert and Etends was ligated into TRV2 plasmid following
the rapid ligation kit protocol.

Competent E.coli cells were transformed as desdribestep 3, plated on 100 mg/uL kanamycin Petri
dishes, and incubated overnight at 37°C.

Visible individual colonies were selected and cleetlby PCR (primers designed on the multiple
cloning site of TRV2).

TRV2 plasmid containing the insert were purifiedorfr the bacteria, and transformed into
Agrobacterium culture by electroporation.



Microscopic dide data experimentl :

dideno NolU no of 1st haust no of 2nd appre no of 2nd haust no hyphaetips Sporulation HR
TDF 012-6-4th 1 9 5 2 2 2 0 0
TDF 012-6-4th 2 11 8 4 3 4 2 0
TDF 0l2-5-4th 13 11 11 5 5 6 0 0
TDF 0l2-5-4th 14 11 8 5 5 5 0 0
TDF 0l2-5-4th 15 11 9 8 8 8 0 0
TDF 012-6-3rd 17 12 8 8 8 8 1 0
TDF 012-6-3rd 18 14 11 7 7 4 3 0
TDF 012-6-3rd 19 7 6 5 5 5 2 0
TDF ol-2-6-4th 2 8 3 1 1 1 0 0
TDF 012-5-3rd 8 17 15 12 12 12 7 4
TDF results 111 1U

% 76 50 50 50 14 4
Pen3-0l2-3rd 4 4 1 1 1 1 0 0
Pen3-0l2-3rd 5 13 6 5 4 6 1 0
Pen3-0l2- 3rd 6 9 7 4 4 5 1 0
Pen3 ol-2-1-4th 7 19 10 6 5 6 0 0
Pen3 ol-2-1-4th 8 10 5 2 2 2 0 0
Pen3-0l2-4th 10 10 8 5 5 6 1 0
Pen3 ol2-7-4th 11 10 7 3 3 3 0 0
Pen3 0l2-7-3rd 17 10 6 3 3 3 1 0
Pen3 0l2-7-3rd 16 6 3 2 2 2 0 0
Pen3 0l2-7-3rd 15 4 2 1 1 1 0 0
Pen3 results 951U

% 58 34 32 36 4

ev -0l2-3rd 11 18 9 4 4 5 1 0
ev-0l2-4th 13 23 8 1 1 1 0 0
ev -0l2-4th 14 11 2 1 0 1 0 0
ev 0l2-2-4th 1 19 10 2 2 2 0 0
ev-0l12-3rd 1 13 5 2 2 2 0 0
ev-012-2-3rd 2 16 8 4 3 3 0 0




sideno NolU no of 1st haust no of 2nd appre no of 2nd haust no hyphaetips Spor ulation HR
ev results 91U
% 42 14 12 13 2
Penl-ol2-2- 4th 3 7 7 6 6 6 1 1
Penl-ol2-1- 4th 4 11 8 8 8 8 6 1
Penl-0l2-2-4th 5 12 12 6 6 6 3 0
Penl-ol2-2-4th 6 1 1 1 1 1 0 0
Pen-1-0l2-4th 20 17 15 14 14 13 3 4
Penl-0l2-1-3rd 2 10 10 8 8 8 3 0
Penl-0l2-1-3rd 3 17 16 12 12 12 3 2
Penl-o0l2-2-3rd 18 10 7 7 6 6 4 3
Penl-ol2-1-4th 12 13 11 10 10 10 4 3
Penl ol2-2-3rd 20 6 6 5 5 5 1 2
Penl results 104 1U

% 89 75 74 76 26 15




Layout experiment 2:

PEN1-02- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

1 2 3 4 5

PEN1-0l2- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

6 7 8 9 10

PEN1-0l2- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

11 12 13 14 15

PEN1-02- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

16 17 18 19 20

PEN1-02- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

21 22 23 24 25

PEN1-02- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

26 27 28 29 30

PEN1-02- | PENI-0l2- | PEN1-0l2- | PEN1-0l2- | PEN1-0l2-

31 32 33 34 35

TDF-0l2-1 | TDF-0l2-2 | TDF-0l2-3 | TDF-0l2-4 | TDF-0I2-5 TDF-MM-1 | TDF-MM-2 | TDF-MM-3 | TDF-MM-4 | TDF-MM-5
TDF-ol2- | TDF-0l2- | TDF-0l2- | TDF-ol2- | TDF-ol2- TDF-MM- | TDF-MM- | TDF-MM- | TDF-MM- | TDF-MM-
16 17 18 19 20 16 17 18 19 20
TDF-ol2- | TDF-0l2- | TDF-0l2- | TDF-ol2- | TDF-ol2- TDF-MM- | TDF-MM- | TDF-MM- | TDF-MM- | TDF-MM-
26 27 28 29 30 26 27 28 29 30
PDS-0l2-1 | PDS-0l2-2 | PDS-0l2-3 | PDS-0l2-4 | PDS-0l2-5 PDS-MM-1 | PDS-MM-2 | PDS-MM-3 | PDS-MM-4 | PDS-MM-5
EV-MM-1 | EV-MM-2 | EV-MM-3 | EV-MM-4 | EV-MM-5 EV-o0l2-1 EV-0l2-2 EV-0l2-3 EV-0l2-4 EV-02-5
EV-MM-6 | EV-MM-7 | EV-MM-8 | EV-MM-9 | EV-MM-10 EV-0l2-6 EV-0l2-7 EV-0l2-8 EV-0l2-9 EV-0l2-10
EV-MM-11 | EV-MM-12 | EV-MM-13 | EV-MM-14 | EV-MM-15 EV-012-11 | EV-0l2-12 | EV-012-13 | EV-0l2-14 | EV-0I2-15
EV-MM-16 | EV-MM-17 | EV-MM-18 | EV-MM-19 | EV-MM-20 EV-02-16 | EV-012-17 | EV-0I2-18 | EV-0l2-19 | EV-0l2-20
EV-MM-21 | EV-MM-22 | EV-MM-23 | EV-MM-24 | EV-MM-25 EV-012-21 | EV-0l2-22 | EV-012-23 | EV-0l2-24 | EV-0I2-25
EV-MM-26 | EV-MM-27 | EV-MM-28 | EV-MM-29 | EV-MM-30 EV-012-26 | EV-0l2-27 | EV-012-28 | EV-0l2-29 | EV-0I2-30
EV-MM-31 | EV-MM-32 | EV-MM-33 | EV-MM-34 | EV-MM-35 EV-012-31 | EV-012-32 | EV-012-33 | EV-012-34 | EV-0I2-35




Number of plants

1-5 tRNA isolation 0 hpi------- check the silencieffect

6-10 tRNA + microscope sample 4hpi--------- startrgmating
11-15 tRNA+ microscope sample 8hpi papilla formatio
16-20 tRNA+ microscope sample 24hpi----haustoriantation
21-25 tRNA+ microscope sample 48 hpi

26-30 tRNA+ microscope sample 21dpi

31-35 phenotyping

third and fourth leaves will be used (depend orpthats 5th could be also consider good)

sowing thursday 12-3-2009

LB 22-3-2009

YEB 23-3-2009

transplanting Monday 23-3-2009
agroinfitration 24-3-2009

inoculation Tuesday 14-4-2009 at 08:00



Macroscopic and microscopic data experiment 2:

macr oscopic data microscopic data

6dpi  [8dpi  [10dpi |12dpi  |14dpi  [16dpi  |18dpi fnotu  [10 OF 19 Zﬁpi 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
PEN1-0l2-11 0 0 0 0 0 0.5 0.5 - - - - -
PEN1-012-12 0 0 0 0 0 0.5 0.5 13 0 - - - -
PEN1-0l2-13 0 0 0 0 0.5 1 1 17 0 - - - -
PEN1-012-14 0 0 0 0 1 1 1 6 0 - - - -
PEN1-0l2-15 0 0 0 0 0.5 0.5 0.5 3 0 - - - -
PEN1-012-16 0 0 0 0.5 1 1 0.5 21 5 - - - -
PEN1-012-17 0 0 0 0 0 0 0 39 13 - - - 7
PEN1-0l2-18 0 0 0 0 0.5 1 1 39 15 - - - 5
PEN1-012-19 0 0 0 0 0.5 0.5 0 15 5 - - - 7
PEN1-012-20 0 0 0 0 0 0 0 - - - - - -
PEN1-012-21 0 0 0 0 0 0.5 0.5 25 12 0 0 3 1
PEN1-012-22 0 0 0 0 0 0.5 0.5 54 25 6 2 13 5
PEN1-012-23 0 0 0 0 0 0.5 0.5 10 3 0 0 0 0
PEN1-012-24 0 0 0 0 0.5 0.5 0.5 9 6 1 0 1 1
PEN1-0l12-25 0 0 0 0 0 0 0 21 4 1 0 3 0




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  [14dpi  |16dpi  |18dpi  |notu |0 O I ggpf(‘; 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
PEN1-01226 |0 0 0 0 05 0.5 0.5 ; i i i ] ]
PEN1-012-27 |0 0 0 0.5 1 1 1 i i ] ] ] ]
PEN1-01228 |0 0 0 0 0 0 0 i i ] ] ] ]
PEN1-012-29 |0 0 0 0 0 0.5 0.5 i i ] ] ] ]
PEN1-012-30 |0 0 0 0 0 0.5 0.5 i i ] ] ] ]
PEN1-0I2-31 |0 0 0 0 0 0 0.5 i i ] ] ] ]
PEN1-012-32 |0 0 0 0 0.5 0.5 0.5 i i ] ] ] ]
PEN1-012-33 |0 0 0 0 0.5 1 0.5 i i ] ] ] ]
PEN1-0i2-34 |0 0 0 0 0 0 0 i i ] ] ] ]
PEN1-012-35 |0 0 0 0 1 1 0.5 i i ] ] ] ]
TDF-0l2-16 |0 0 0 0 0 0.5 0.5 27 9 ] i i i
TDF-0l2-17 |0 0 0 0 0 0 0 28 7 i ] ] ]
TDF-0l2-18 |0 0 0 0 0 0.5 0.5 23 6 ] i i i
TDF-012-19 |0 0 0 0 0 0 0 18 5 i ] ] ]
TDF-0l220 |0 0 0 0 0.5 0.5 0 12 2 ] i i i
TDF-012-26 |0 0 0 0 0 0.5 0.5 i i ] ] ] ]




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  |14dpi  |16dpi  |18dpi  |nolU Egug 1st ggpf(‘; 2nd Egu;f 2nd t”igshyphae HR

DI DI DI DI DI DI DI
TDF-0l2-27 |0 0 0 0 0.5 0 0 ; ; ; : ; ;
TDF-0l2-28 |0 0 0 0 0.5 1 1 : : : : : :
TDF-012-29 |0 0 0 0 0.5 1 1 ; ; ; : ; ;
TDF-012-30 |0 0 0 0 0.5 0.5 0.5 : : ; : : :
EV-MM-11 i - i i ] i 8 3 : : : :
EV-MM-12 |- i i i i i i ; i i : ; i
EV-MM-13 |- i - i i ] i 18 2 : : : :
EV-MM-14 |- i i i i ; i 12 1 i ; ; i
EV-MM-15 |- i - i i ] i 10 1 : : : :
EV-MM-16 |0 2 2 3 3 3 3 23 17 ; ; 15 ;
EV-MM-17 |1 2 3 3 3 3 3 12 7 ; i 6 ;
EV-MM-18 |1 2 2 3 3 3 3 30 18 : : 16 :
EV-MM-19 |1 2 3 3 3 3 3 21 15 ; ; 14 ;
EV-MM-20 |1 2 2 3 3 3 3 16 8 : : 10 :
EV-MM-21 |1 2 2 3 3 3 3 12 11 8 3 9 ;
EV-MM-22 |1 3 3 3 3 3 3 31 25 23 13 7 :




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  [14dpi  |16dpi  |18dpi  |notu |0 O I ggpf(‘; 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
EV-MM-23 |1 2 2 3 3 3 3 18 15 13 8 11 1
EV-MM-24 |1 2 3 3 3 3 3 32 25 11 5 20 1
EV-MM-25 |1 3 2 3 3 3 3 17 11 10 4 10 ;
EV-MM-26 |1 2 2 3 3 3 3 i i ] ] ] ]
EV-MM-27 |1 2 3 3 3 3 3 i i ] ] ] ]
EV-MM-28 |1 2 3 3 3 3 3 i i ] ] ] ]
EV-MM-29 |1 2 3 3 3 3 3 i i ] ] ] ]
EV-MM-30 |1 3 3 3 3 3 3 i i ] ] ] ]
EV-MM-31 |1 2 2 3 3 3 3 i i ] ] ] ]
EV-MM-32 |1 3 3 3 3 3 3 i i ] ] ] ]
EV-MM-33 |1 2 2 3 3 3 3 i i ] ] ] ]
EV-MM-34 |1 3 3 3 3 3 3 i i ] ] ] ]
EV-MM-35 |1 2 3 3 3 3 3 i i ] ] ] ]
PENL-MM-11 |1 2 2 3 3 3 3 i i ] ] ] ]
PENL-MM-12 |1 2 2 3 3 3 3 i i ] ] ] ]
PENL-MM-13 |1 2 3 3 3 3 3 i i ] ] ] ]




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  |14dpi  |16dpi  |18dpi  |nolU Egug 1st ggpf(‘; 2nd Egu;f 2nd t”igshyphae HR

DI DI DI DI DI DI DI
PENL-MM-14 |1 2 3 3 3 3 3 i i ] ] ] ]
PENL-MM-15 |1 3 3 3 3 3 3 : : : ; : :
PENL-MM-16 |1 2 3 3 3 3 3 40 30 ; ; 28 ;
PENL-MM-17 |1 2 3 3 3 3 3 10 8 : : 9 :
PENL-MM-18 |1 2 3 3 3 3 3 16 9 : : 5 :
PENL-MM-19 |1 2 3 3 3 3 3 33 22 ; ; 19 ;
PENL-MM-20 |1 2 3 3 3 3 3 20 15 : : 11 1
PENL-MM-21 |1 2 3 3 3 3 3 40 25 24 6 30 5
PENL-MM-22 |1 2 3 3 3 3 3 15 14 10 8 13
PENL-MM-23 |1 3 2 3 3 3 3 50 33 27 17 33 3
PENL-MM-24 |1 2 3 3 3 3 3 i ; ; ; ; ;
PENL-MM-25 |1 2 3 3 3 3 3 : : : ; : :
PENL-MM-26 |1 2 3 3 3 3 3 i ; ; ; ; ;
PENL-MM-27 |1 2 2 3 3 3 3 i i ] ] ] ]
PENL-MM-28 |1 2 3 3 3 3 3 i ; ; ; ; ;
PEN1-MM-29 |1 2 3 3 3 3 3 : : : ; : :




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  [14dpi  |16dpi  |18dpi  |notu |0 O I ggpf(‘; 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
PENL-MM-30 |1 2 3 3 3 3 3 i i ] ] ] ]
PENL-MM-31 |1 1 2 3 3 3 3 i i ] ] ] ]
PENL-MM-32 |1 1 3 3 3 3 3 i i ] ] ] ]
PEN1-MM-33 |1 2 2 3 3 3 3 i i ] ] ] ]
PENL-MM-34 |1 2 3 3 3 3 3 i i ] ] ] ]
PENL-MM-35 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-16 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-17 |1 2 3 3 3 3 3 14 8 ; i 34 i
TDF-MM-18 |1 2 3 3 3 3 3 30 20 : : 18 :
TDF-MM-19 |1 2 3 3 3 3 3 49 36 ; ; 34 ;
TDF-MM-20 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-26 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-27 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-28 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-29 |1 2 3 3 3 3 3 i i ] ] ] ]
TDF-MM-30 |1 2 3 3 3 3 3 i i ] ] ] ]




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  [14dpi  |16dpi  |18dpi  |notu |0 O I ggpf(‘; 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
EV-0l2-11 ; i ; i i i ] 8 0 ] ] ] ]
EV-012-12 i : i i i ] ] ] ] ] ] i ]
EV-012-13 i i i i i i i 11 0 i ] ] ]
EV-0l2-14 i i - i i i i 11 0 i ] ] ]
EV-012-15 i i - i i i i 20 0 i ] ] ]
EV-012-16 0 0 0 0 0 0 0 14 4 i i i i
EV-012-17 0 0 0 0 0 0.5 0.5 46 10 : i i i
EV-012-18 0 0 0 0 05 1 0 20 3 ] i i i
EV-012-19 0 0 0 0 0.5 0.5 0.5 43 10 : : : 1
EV-012-20 0 0 0 0 05 0.5 0.5 39 4 ] i i i
EV-012-21 0 0 0 0 0 0 0 12 6 i i i i
EV-012-22 0 0 0 0 0 0.5 0 47 12 : ; 6 :
EV-012-23 0 0 0 0 0 0 0 34 9 1 ; 4 2
EV-012-24 0 0 0 0 0.5 0.5 0.5 38 4 1 1 4 :
EV-012-25 0 0 0 0 0 0.5 0.5 42 9 1 ; 2 ;
EV-012-26 0 0 0 0 0 0 0 i i ] ] ] ]




macr oscopic data

microscopic data

6dpi  |8dpi  |10dpi  |12dpi  [14dpi  |16dpi  |18dpi  |notu |0 O I ggpf(‘; 2ndjno of 2nd t”igshyphae HR

DI DI DI DI DI DI DI
EV-012-27 0 0 0 0 0 0.5 0 i i ] ] ] ]
EV-012-28 0 0 0 0 0 0 0 i i ] ] ] ]
EV-012-29 0 0 0 0 0 0 0 i i ] ] ] ]
EV-012-30 0 0 0 0 0 1 1 i i ] ] ] ]
EV-012-31 0 0 0 0 0 0 0 i i ] ] ] ]
EV-012-32 0 0 0 0 0 0.5 0.5 i i ] ] ] ]
EV-012-33 0 0 0 0 0 0 0 i i ] ] ] ]
EV-0l2-34 0 0 0 0 0 0 0 i i ] ] ] ]
EV-012-35 0 0 0 0 0 0 0 i i ] ] ] ]







