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Model 1: Molecular Characteristics as
Predictors of ‘Traditional' Characteristics

a) Gene-specific markers for predicting
individual phenotypic characteristics. (Reliable
linkage between the marker and the
expression of the characteristic required)
- e.g. disease resistance

b) Use of a set of molecular characteristics which can
be used to reliably estimate traditional
characteristics; e.g. quantitative trait loci (QTL)

nak./tuinbouw
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Current situation

DUS testing tomato (only morph)

+ Resistance/Susceptibility for the obligatory diseasesis
usedto selectrelevantreference varieties (grouping
characteristics)

«  With the information ofthe candidate cnthe Technical
Questionnaire (TQ)references inthe same group are
selected.

« Information on TQ for a candidate variety mustbe
confirmed

«  Confirmationis done by bioassay
+ PCRtestis only performedwhen problemsin bioassay
as extra confirmation

+ What should be done if a bioassay is not available,
not possible or when a bioassay is difficult?

Proposed strategy

DUS testing tomato (both morph and DNA)

«First PCR test performed on seedlings:

— forresistant candidate varieties - min. 20 individual plants (also
check on uniformity).

— forsusceptible candidate varieties — 2 individual,

-When resistance gene present and TQ resistant; enough
proof — no bioassay needed.

*When resistance gene absent; bioassay will be
performed (min. 20 plants, also check on uniformity).

*When PCR result and TQ do not match; bioassay (if
possible).

*When there is any (other) doubt; bioassay (if possible).
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Benefits of PCR tests

1. PCR results are complementary
to bioassay results. Increased
reliability

PCR tests are faster and

cheaper than bioassays.

Good alternative when

bioassay is:

1
2

3.

Not available

Not possible (because of e.g.
Quarantain status)

Difficult to perform and/or to
reproduce (false positives and false
negatives)

Overview of possible tests |

nak./tuinbouw

Disease resistance in tomato:

+ Meloidogyne incognita
» MI1.2 (traditional PCR)

« Tomato Mosaic Virus (ToMV)
+« Tm1 (traditional PCR)
« Tm2and Tm22(tetra ARMS)

« Verticillium dahliae
« Vel andVe2 (samelocus)(fetra ARMS)

« Fusarium oxysporum f. sp. lycopersici
* |-2 gene (traditional PCR}
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Why these tests |

« Meloidogyne incognita
= Mi1.2 (traditional PCR)

= Tomaro Mosaic Virus (ToMV)
= Tm?1 {traditionzl PCR)
+  Tm2 and Tm2? (tetrz ARMS)

= Vertcillium dahlize
= Vel and V&2 {same locus) (tatra ARMS)

« Fusarium oxysporum f. sp. lycopersici
= |-2gene (traditionsi PCR)

No significant problem with bioassays

1.Complementary results —more reliability
2 Fasterand cheaper—cost efficienty
3.Management of reference collections:
- Gain new/additional data for old varieties
- To screen (old) reference varieties

nak ./tuinbouw

ARMS: example

Example: Amplification Refractory
Mutation System (ARMS) for the
detection of Ve-1/Ve-2 and Tm2/Tm22

EIPEAN Canvwngnton Fon
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amplification control

homozygous

resistance allele homozygous

nak ./tumbouw susceptible allele

heterozygous; both alleles
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Correlation

Verticillium dahliae Ve1 and Ve2 genes

Total # varieties Correlation PCR vs TQ and Bioassay

94 98%

2 Ve1-ve2 new haplotype = intermediate
resistance

Discovery of combination of new alleles (=haplotype)that
might explain newly observed intermediate resistance
levels for Verticillium.

Meloidogyne incognita MI1.2 gene

Total # varieties Correlation PCR vs Bioassay
130 99%
1 resistantfragment Susceptiblein bioassay

This candidate vanety also had intermediate resistance levels for Ve,
This application was not registrated. Not DUS.

Correlation

Tomato Mosaic Virus (ToMV) Tm2 and Tm22

Total # varieties ’ Correlation PCR vs TQ and Bioassay

100 100%

Fusarium oxysporum f. sp. lycopersici |-2 gene

Total # varieties [ Correlation PCR vs TQ and Bioassay
100 100%



BMT/14/19 Rev.
Annex, page 6

Overview of possible tests Il

Diseaseresistance in tomato:

« Tomato Sportted Wilt Virus (TSWV)
* Sw-5 (TagMan PCR)

« Tomato Yelfow Leaf Curl Virus (TyLCV)
* Ty-1/Ty-3 (Melt Curve analysis)

TSWV reference:
Disnese £C., Fonsecs M.EN., Goidbach R., Xormeling R, incue-Nagats A X, Resende RO, Softeux
L352003) Development of & jocus-spactic, co-dominant SCAR marker for assistec-salection of the SW-3

t A {Rspovirus resistance| gene chuster in & wide range of tomato acoessions. Mol Sreeding (2010] 23:133-
{ pESa

AT O W ST TYLOV reference:

Verisan M.G: The Tomato Yeliow Leaf Quri Virus Resistance Gene Ty-1 and TY-3 are alelic 2nd Code for
DFGD-Class SNA Dependent ANA Polymerases. PLOS Genetics March 2013 Volume S issue 2.

nak ./tuinbouw

Patent: ntto )/ fwww.zooxis comysatents \WOZOI1Z1Z30T94 1 P oizen

Why these tests Il

Disease resistance in tomato:

« Tomato Sportted Wilt Virus (TSWV)
+ Tomato Yellow Leaf Curl Virus (TyLCV)

Problems:

TSWV:

*Quarantain pathogensinEU

«difficult bioassayin a tent

*Trips

*\ery instablevirus

*Many false negatives sometimesfalse positives

TYLCV:

*Quarantain pathogensinEU

*No bioassay

*White Fly

*Bio Assay based on Agrobacterium inoculation with
transgen

nak./tuin-bouw
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TyLCV: melt curve assay

Example: melt curve analysis for TyLCV

Susceptible allele=
deletion of 12 base pairs

nak./tuinbouw

nak./tuinbouw

-

PCR productfor resistant allel
melts at 75°C (yellow peak)

PCR productfor susceptible allel
melts at80°C (red peak)

PR —

In 3 heterozygous variety both
¢ " v peaks are visuable (blue)

Correlation

TSWV Sw-5

Total # varieties Correlation PCR vs TQ

118 100%

Total # varieties Correlation PCR vs TQ and Bioassays

37 100%

TyLCV Ty-1/Ty-3

Total # varieties Correlation PCR vs TQ

15 100%

Bioassayis not(yet) possible.
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Overview of tests llI

in Brassicaceae

Broccoli
Cauliflower
Red Cabbage
White Cabbage
Savoy Cabbage
* Brussels Sprout
Curly Kale
» Kohlrabi

(covered by confidentiality clause)
CMS markeris locatedin orf138

nak/tuinbouw Fertile varieties do not have orf138
-

Cytoplasmatic Male Sterility (CMS)

Procedure CMS-PCR testing

in Brassicaceae

PCR.

a morphology test will be performed
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| 7 Cytoplasmatic Male Sterility (CMS)

Seeds are sownon wet fiter paper. After one week seedlings are

harvested.

For fertile varieties: S pools of S individuals are sampled
and analysed by TagMan PCR.

For sterile varieties: min. 20 individual plants were

sampled and analysed by Taghan

HHHHH;

Ogura-type cytoplasmatic male-sterility from Japanese radish

Only when problem: uniformity problem or when contradictory to TQ

DNA
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Correlation CMS

Results 2013:

3 ' '
& From 165 candidate varieties (2011-2014} in all Bressicaceae tested only

one PCR resultnot in accordance with TQ/morph test (89,4%).
nak./tuinbouw Different source of sterility (not OGURA-type)

Future perspective tests |

Incogni@
M1 2 (traditionzl PCR)

+Tomaro Mosalc Vrus (TOMV)
T (w3akional PCR)
+  TM2 and Tm2: (i2trs ARMS)

Veroclllum dahiiae
Vel and Ve2 (same locus) [i=ira ARMS)

*Fusarium oxysporum f.sp. lycoparsici
* 2 gene (raditional PCR)

O PCR is complementaryto the bioassay.
3 Fasterand cheaper
1 Good helpto screen and manage the reference collection

Proposal:
include PCR tests in the UPOV guidelines
"ak./Wi"bouw on crop-by-crop basis
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Future perspective tests Il

= Tomato Spored Wilt Virus (TSWV)
= Sw-b (TasgMan PCR}

— - Tomaro Yellow Leaf Curf Virus (TyLCV)
= Ty-1/Ty-3 (Melt Curve analysis)

Proposal: include PCR tests in the UPOV guidelines

From CPVO protocoltomato (TP/044/4 Rev):
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Future perspective

Cytoplasmatic Male Sterility (CMS)
in Brassicaceae

Ogura-type cytoplasmatic male-sterility from Japanese radish
covered by confidentiality clause

Companyis willing to make the marker available forEOs
for DUS research only

Legal discussion within UPOV about howto deal
with confidentiality
to make sure thatthe markeris usedforDUS purposes only

nak./ tuinbouw



BMT/14/19 Rev.
Annex, page 11

Quality in Horticulture

[End of Annex and of document]



