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Abstract

Tomato mottle mosaic virus (7obamovirus, TOMMV) was first described in Mexico in 2013 from S.
lycopersicum samples taken in 2009. This emerging virus is closely related to tomato mosaic virus
(ToMV) and can naturally affect tomato and capsicum and can be mechanically transmitted to other
Solanaceae (Nicotiana spp., Petunia hybrida, Physalis spp.) and Brassicaceae.

A previous work performed by GEVES of characterization of ToOMMV on tomato and pepper
differentials allowed to establish a draft of the pattern of TOMMYV on Tobamovirus differentials. The
ISF ToMMYV project has confirmed that pattern and proposed a differential set for TOMMYV a tomato
and pepper.

Background

Tomato mottle mosaic virus (ToMMYV) is a member of the Tobamovirus genus. It is transmitted through
propagation materials (seeds, plants for planting, grafts, cuttings), and spreads locally by contact
including direct plant-to-plant contact, contaminated tools, hands, or clothing and by bees.

ToMMYV has been described infecting tomato and pepper plants in several countries worldwide (Li et
al, 2013; Tettey et al. 2022), resulting in unmarketable fruit. On tomato, symptoms include severe
necrotic lesions, chlorosis, leaf distortion, mottle and systemic crinkling symptoms and fruit necrosis
(Ambros et al, 2017). On capsicum, symptoms include foliar mottle, shrinking and necrosis.

On tomato, the Tm-2 resistance gene confers the resistance to TOMMYV (Tettey et al 2023). On pepper
the L resistance gene (L1, L2, L3, L4) confers resistance against Tobamovirus species. But the resistance
of these L resistance genes to TOMMYV is not clear (Tettey et al, 2023).

In a previous work, GEVES tested a ToMMV isolate on the tomato and pepper Tobamovirus
differentials (Annexes 1 and 2). On tomato, differentials carrying on the 7m2 and Tm2” resistance gene
were observed as resistant to TOMMYV. On pepper, differentials carrying on L1, L2, L3 and L4 resistance
gene were observed as resistant to TOMMV.

The ISF ToMMYV project group has validated the characterization of TOMMYV isolate of tomato and
pepper Tobamovirus differentials. The ISF project group consisted of representatives of the companies
BASF, Bejo Zaden, Enza Zaden, Gautier, Rijk Zwaan, Sakata Seed America, Sakata Seed Corporation
and Takii, and the examination office GEVES (Table 1). They validated the differential sets by ring test
using the CPVO technical protocols (Annexes 3 and 4).

Table 1: list of participants to the ISF ToMMF project

Company name Contact person Email address
BASF Marco Mammella marco.mammella@vegetableseeds.basf.com
Valentina Coppola valentina.coppola@vegetableseeds.basf.com
Beio Zaden Dora Coelho d.coelho@bejo.nl
d Dryas de Rond d.deronde@bejo.nl
Ronald Wilterdink r.wilterdink(@enzazaden.nl
ENZA Zaden Hille Jan van Zwol h.vanzwol@enzazaden.nl

Marion Cordier-Demissy | marion.cordier(@gautiersemences.com
Claire Davazoglou claire.davazoglou@gautiersemences.com

Gautier semences

GEVES Sophie Perrot sophie.perrot@geves.fr



mailto:marco.mammella@vegetableseeds.basf.com
mailto:valentina.coppola@vegetableseeds.basf.com
mailto:d.coelho@bejo.nl
mailto:d.deronde@bejo.nl
mailto:r.wilterdink@enzazaden.nl
mailto:h.vanzwol@enzazaden.nl
mailto:marion.cordier@gautiersemences.com
mailto:claire.davazoglou@gautiersemences.com
mailto:sophie.perrot@geves.fr

Rijk Zwaan

Daniel Ludeking
Eelco Gilijamse

d.ludeking@rijkzwaan.nl
e.gilijamse@rijkzwaan.nl

Sakata Seed America

Marco Bello

mbello@sakata.com

Sakata Seed Sentaro Mizogushi s-mizoguchi@sakata-seed.co.jp
Corporation Kazunori Murao k.murao@sakata-seed.co.jp
. Ryohei Arimoto arimoto@takii.co.j
Takii Japan Y . . @ . P
Ito Tomoki tomoki-ito@takii.co.jp

Materials and methods

The ToMMYV isolate used in the ring test was sampled on Solanum lycopersicum in California. The
isolate was multiplied by GEVES and sent to each participant.
The seeds of the tomato and pepper differentials were supplied by the MatRef network (Table 2) and

the same seed lot for each variety was sent the participant by GEVES.

Table 2: Tomato and pepper Tobamovirus differentials used for oMMV characterization

Tomato differentials Pepper differentials
Monalbo Lamu
Mobaci Yolo Wonder
Momor Tabasco
Moperou 161 Novi 3

Tom 4

Tests were performed following the CPVO tomato technical protocol for evaluation of the resistance
to ToMV and the pepper technical protocol for evaluation of the resistance to TMV on two replicates
of 10 plants per differential.

Results and discussion
8 results out of the 9 expected were received and analysed for tomato and pepper.
Results on tomato differential set

For tomato, globally a good concordance of interpretation was observed between laboratories (Table
3). Discrepancies were observed only for the differential Momor.

Table 3: lab's interpretation of tomato differentials tested with ToMMV jsolate

Tomato Monalbo Mobaci Momor Moperou 161
Lab 1 S S HR HR
Lab 2 S S SEG HR
Lab 3 S S HR HR
Lab 4 S S HR HR
Lab 5 S S HR HR
Lab 6 S S HR HR
Lab 8 S S HR HR
Lab 9 S S HR HR

S: susceptible; HR: high resistant; SEG: segregation
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In Iab 2, 8 plants out of 20 of Momor were observed susceptible and the variety was judged in
segregation. The off-type plants of the differential Momor observed with symptoms were tested for the
presence of resistance gene by marker. The presence of 7m2? was confirmed in these susceptible plants.
The potential cause of susceptibility on few plants could be a lab effect as this result was not observed
in the other labs.

Monalbo and Mobaci (Tm1) were confirmed susceptible and Moperou 161 (7m2) and Momor (Tm2°)
were confirmed resistant (Table 4). These results are correlated with the previous results observed by
GEVES.

Table 4: characterization of the ToMMV isolate ion tomato differentials

mdraces | MMV
Differentials Gene (s)
Monalbo*, Marmande* Early Pak 7* - S
Mobaci* Tm
Moperou 161* m2 HR
Momor*, Geneva 80, Gourmet Tm2? HR

S: susceptible; HR: high resistant

Results on pepper differential set
For pepper, globally a good concordance of interpretation was observed between laboratories (Table 5).
Discrepancies were observed only for the differential Tom 4.

Table 5: lab's interpretation of pepper differentials tested with ToMMV isolate

Pepper Lamu Yolo Wonder Tabasco Novi 3 Tom 4
Lab 1 S R R R R
Lab 2 S R R R SEG
Lab 3 S R R R R
Lab 4 S R R R R
Lab 5 S R R R R
Lab 6 S R R R R
Lab 8 S R R R R
Lab 9 S R R R R

S: susceptible; HR: high resistant; SEG: segregation

In lIab 2, 3 plants out of 18 of Tom 4 were observed susceptible and the variety was judged in
segregation. The plants of the differential Tom 4 in lab 2 were tested for detection of resistance gene.
Results shown that no L4 resistance gene was detected in the susceptible plants. And no plant with L4
was susceptible. The hypothesis is that the line is not 100% homogeneous, even if it was not observed
in the other labs. The conclusion is that there is no mismatch between the resistance pattern and the L4
resistance gene.

Lamu (L0) was confirmed susceptible, and Yolo Wonder (L), Tabasco (L2), Novi 3 (L3) and Tom 4
(L4) were confirmed resistant (Table 6). These results confirmed the previous results observed by
GEVES.



Table 6: characterization of the ToMMV isolate ion pepper differentials

Pepper Tobamovirus Group
Tm:0

ISF Code and races — ToMMV
Differential hosts Gene
Lamu, Early Calwonder L0 S
Tisana, Yolo Wonder LI HR
Tabasco (C. frutescens) L2 HR
Solario F1, Novi 3, L3 HR
P1159236 (C. chinense)
Tom4, CAPMVR, 14 HR
P1260429 (C. chacoense)

S: susceptible; HR: high resistant

Absence of variation in TOMMYV isolates

Another TOMMYV isolate was tested by one of the labs on the tomato and pepper differentials. The
results on both species confirmed the results observed in the ring test. This additional test confirmed
that no difference of pattern is expected depending on different TOMMYV isolate.

Conclusions
The results are consistent among labs to conclude on the disease reaction with TOMMYV on the tomato
and pepper differentials. The following proposals were made by the group for the differential sets:
e To create a new differential set on tomato for TOMMYV to avoid any misunderstanding with
other Tobamovirus (annex 5).
e To include TOMMYV in the current pepper Tobamovirus differential set (annex 6).

Publication of the results
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Annex 1: tomato ToMYV differential sets
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Differential Sets

Tomata mesagic virus (ToMV] - Tomato

Gene Race

Differential hosts
present ToMV: 0*  ToMV:1* Tol\V: 2+

Monalbe*®, Marmande®* Early

Pak 7* 5 s 5
Mabaci* Tm HR 5 HR
Moperou 161* Tm2 HR HR 5
Momor*, Geneva 80, Gourmat Tm2* HR HR HR

5 =susceptible; HR = highly resistant
* differential hosts and isolates that are used by the seed sector.

Mote: Strains ToMV: 1.2 and ToMV: 2* described in literature are not included in this table. Strain 1.2 is very
exceptional and 2° is @ necrotic strain associated with Tm2* obtained in the lab and is therefore not seen in
nature.

References
Pelham, J. (1969) Isogenic lines to identify physiclogic strains of TMV. Tometo Genet. Coop. Rep. 19:15.

Rast, A.T. B. {1575} Variability of tobacco mosaic virus in relation to control of tomato mosaic in greenhouse tomato
crops by resistance breeding and cross protection. Cent. Agric. Publ. Doc. Agric. Res. Rep. 834, 76pp.

Waterson, ). C. (1993). Development and breeding of resistance to pepper and tomato viruses. In: Resistance to viral
dizeases of vegetables. Genetics & Breeding. Ed. M. M. Kyle. pp B0-101. Timber Prass, Portland

Protocol
CPVO. See hito://www.cpvo.europa.su) for a protocol on disease resistance testing

For more information contact the ISF Secretariat at isfiEworldseed.org

Disclaimer: The information contained on this paper is for general information purposes only. You should not rely
upon as a basis for making any business, legal or any other decisions. Whilst we endeavour to keep the information
up to date and correct, ISF makes no representations or warranties of any kind, express or implied about the
completenass, accuracy, reliability, suitability or availability with respect to the information contained on the paper
for any purpose. Any reliance you place on this information is therefore strictly at your own risk.
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Annex 2: pepper Tobamovirus differential sets
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Tobamoviruses (Toboce Msn e e v
(TMGMV], Paoprika mild mattle u'fms fgaMM'u'L .Pegger i mnrﬂe virus {PM hl'ln".rj and .B'-e]'l' pepper mattle virus
(REMoV]]- Pepper

The genus Tabomavirus includes multiple species that are pathogenic on Capsicum spp including the type species
Tobacco mosaic virws (TMY), and the serologically related Tomato mosaic virus (ToMV), Pepper mild mottle wirus
(PMMaV) and several other plant viruses.

The nomenclature of Tobamoviruses has been the subject to several revisions in the pericd between 1980 and 2004.
International Committee on Taxonomy of Viruses (IKTV) is the standard reference for virus taxonomy, More
information can be found in the ICTV master species list httpsy/ftalk ictvonline.org/

Resistance s governed by four different dominant single genes (L1, L2, 13 and L4), which are considered to be alleles
at the locus L The different alleles provide resistance towards multiple Tobamaowirus species that are classified into
four groups [pepper Tobamowirus groups Tme0-3) on the basis of their differential interactions with the
corresponding plant resistanc genes.

The individual Pepper Tobamovirus Grouwps contain multiple, different viruses.

Hote that historically, to facilitate easy communication of resistance claims on Tobamoviruses in pepper, commercial
claims by companies were made by using the pest code for TMV (Tm) as a reference to the entire Pepper
Tobamowirus Growp (instead of claiming each specific individual virus). Now, for pepper the code Tm does not refier
specifically to TMV anymore, but to the pepper Tobarmovirus Group as a whale,

The same naming rules and guidelines for coding individual viruses, are also applied for the Pepper Tobamovirus
Group codes,

Pepper mild mottle viras solates, which evercome the L4 resistance gene have been reported in Japan {Genda et al,,
2007) and Israel (Antigus et al,, 2008). However till now those isolates did not lead to commercial damage.

Pepper
Tobamaovirus Tm:0 Tm:l Tm:Z Tm:3
Group
ISF Code v TrAGRY
and 5 Toky PFatiniy PhiMov: 1.2 | PMMoY: 1.2.3
BBV #
Differential hosts Gene
Lamu, Early Calwonder i) 5 5 5 H
Timana, Yolo Wander i1 HRE 5 & -1
Tabasco L HRE HRE 5 5
Solario F1, Nowi 3, PI1582316 [E} HR HRE HE 5
Tarmd, FI260429 L4 HE HE HE HE
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Annex 3: CPVO tomato protocol for resistance biotest to ToMV (CPVO-TP/044/5)

Ad. 59: Resistance to Tomato mosaric virus - Strain 0 (ToMV: 0)

Ad. 60: Resistance to Tomato mosaic virus - Strain 1 (ToMV: 1)

Ad. 61: Resistance to Tomato mosaic virys - Strain 2 (ToMV: 2)

Resistance to strain 0, 1 and 2 to be tested in a bio-assay (method i) and/or in a DNA marker test (method ii), if

appropriate.
(i) Bio-assay
1. Pathogen
3. Host species
4, Source of inoculum
5. Isolate
6. Establishment isolate identity
7. Establishment pathogenicity
8. Multiplication inoculum
8.1 Multiplication medium
8.2 Multiplication variety
8.7 Check of harvested inoculum
8.8 Shelf life/viability inoculum
9. Format of the test
9.1 Number of plants per genotype
9.3 Control varieties
Susceptible
Resistant to ToMV: 0 and 2
Resistant to ToMV: 0 and 1
Resistant to ToMV: 0, 1 and 2
9.4 Test design
9.5 Test facility
9.6 Temperature
9.7  Light
9.8 Season
10. Inoculation
10.1  Preparation inoculum
10.4  Inoculation method
10.6  Second observation
10.7  Final observations
11. Observations
11.1  Method
11.2  Observation scale
11.3  Validation of test
12. Interpretation of data in terms of
UPOV characteristic states
13. Critical control points

Tomato mosaic virus

Solanum lycopersicum

MNaktuinbouw® (NL) or GEVES®® (FR) or INIA - CSICY (ES, strain 0)
Strain 0, (e.g. isolate INRA Avignon 6-5-1-1), strain 1 and strain 2
genetically defined tomato standards

Mobaci (Tm1), Moperou (Tm2), Momor (Tm22)

Use diffential varieties, see ISF website: https:// www.woldseed.org
on susceptible plant

living plant

e.g. Moneymaker, Marmande

option: on Micotiana tabacum “Xanthi”, check lesions after 2 days
fresh>1 day, desiccated>1year

at least 20 plants

Marmande, Monalbo, Moneymaker

Mobaci

Moperou

*Monalbo x Momor” (with necrosis), Gourmet, Mocimor, Momor
blank treatment with PBS and carborundum or similar buffer
glasshouse or climate room

24 to 26°C

12 hours or longer

symptoms are more pronounced in summer

1 g leaf with symptoms with 10 ml PBS or similar buffer
Homogenize, add carborundum to buffer (1 g/30 ml)
gentle rubbing

cotyledons or 2 leaves

11-21 days after inoculation

visual

symptoms of susceptibility:

mosaic in top, leaf malformation

symptoms of resistance (based on hypersensitivity):
local necrosis, top necrosis, systemic necrosis

Evaluation of variety resistance should be calibrated with results of
resistant and susceptible controls

Remark: in some heterozygous varieties a variable proportion of
plants may have severe systemic necrosis or some necrotic spots
while the other plants have no symptoms. This proportion may vary
between experiments.

absent [1] symptoms of susceptibility
present [9] no symptoms, or symptoms of hypersensitive
resistance

Temperature and light may influence the development of necrosis.
More light means more necrosis. At temperatures above 26°C the
resistance may break down.

Resistant heterozygous varieties may have symptomless plants and
plants with severe necrosis; in spite of apparent segregation the
sample may be evaluated as uniform for resistance.

Remark: Strain INRA Avignon 6-5-1-1 is recommended for ToMV: 0.
This strain causes a striking yellow Aucuba mosaic.



Annex 4: CPVO pepper protocol for resistance biotest to TMV (CPVO-TP/076/3)

Ad. 54: Resistance to Tobamovirus - Tobacco mosaic virus- Group 0 (TMV: 0)

1. Pathogen Tobamovirus (the genus containing 7obacco mosaic virts (TMV),
and Pepper mild mottie virus (PMMoV))
2. Quarantine status No
3. Host species Sweet pepper, hot pepper, paprika and chili — Capsicum annuum
L.
4, Source of inoculum GEVES! (FR), Naktuinbouw? (NL) or INIA - CSIC (SP)
5. Isolate - Tobacco mosaic virus group 0 (TMV: 0) strain Vi-6
- Pepper mild mottle virus group 2 (PMMoV: 1.2) strain nt203
- Pepper mild mottle virus group 3 (PMMoV: 1.2.3) strain Eve
The test protocols have been validated in a CPVO co-funded
project* with these 3 isolates/races
6. Establishment isolate identity genetically defined pepper differentials (ref. ISF site Feb. 2020:
http://www.worldseed.org/isf/differential _hosts.html)
Pepper
Tobamovirus 0 1 2 3
Group
T™V: 0,1,2 TMGMV PMMaoV: 1.2 PMMoV:
ISF Code — ToMV: 0,1,2 PaMMV 1.2.3
BPMoV
Differential hosts Gene
Lamu, - 5 S 5 S
Early Calwonder
Tisana, Yolo Wonder L1 HR S S 5
Tabasco L2 HR HR 5 5
Solario F1, Novi 3, 13 HR HR HR 5
PI159236
Tom4, P1260429 14 HR HR HR HR

S = susceptible; HR = highly resistant;
TMV= Tobacco masaic virus, ToMV= Tomato mosaic virus,

PMMoV= Pepper mild mottle virus; TMGMV= Tobacco mild green mosaic virus,
BPMoV= Bell pepper mottie virus, PaMMV= Paprika mild mottle virus

8.6

Establishment pathogenicity

Test on susceptible plants

Multiplication inoculum

Multiplication medium

Regeneration of the virus of plant material before inoculum
preparation.

Multiplication variety

On susceptible pepper variety, Tobamovirus groups may be
multiplied on varieties which are selective for each particular group.
For TMV, because tomato and tobacco Nicotiana tabacurm cv.
Samsun have large leaves and can produce a lot of inoculum, they
are recommended for the multiplication of TMV: 0.

84

8.5

Plant stage at inoculation see 10.3
Inoculation medium see 10.1
Inoculation method see 10.4

Harvest of inoculum

Symptomatic fresh leaves

Check of harvested inoculum

option: on young leaves of Nicotiana tabacum “Xanthi”, check for
local lesions after 5-7 days at 20-25°C.

Shelf life/viability inoculum

fresh > 1 day in fridge, desiccated > 1 year in fridge, or juice > 1
year in freezer at - 20°C.

Format of the test

Number of plants per genotype

at least 20 plants




9.7

59

Number of replicates

Control varieties

- Susceptible controls: Lamu, Pepita, Piquillo
- Resistant controls: Fehér&zin, Yolo Wonder
PMMoV: 1.2:
- Susceptible controls: Fehérdzon, Lamu, Yolo Wonder
- Resistant controls: Ferrari, Novi 3
PMMoV: 1.2.3:
- Susceptible controls: Ferrari, Yolo Wonder
- Resistant controls: Friendly, Tom 4
For PMMoV: 1.2.3, it is advised to choose Ferrari as susceptible
control because it is resistant to PMMoV: 1.2 or to add the
differentials in tests to confirm the group.

| Test design

add non-inoculated plants

Test facility

Climate room or greenhouse

¢ Temperature

: 20-25°C

 Light

12 hours or longer

¢ Spedial measures

¢ Inoculation

Preparation inoculum

1 g leaf with symptoms with 10 mL PBS or similar buffer or
dilution of juice in water.

Homogenize, add carborundum to buffer

' Quantification inoculum

Plant stage at inoculation

TMV: 0, cotyledons to first leaf stage
PMMoV: 1.2 and PMMoV: 1.2.3 cotyledon stage

Inoculation method

rubbing with the virus suspension

First observation

TMV:0:

4-7 days post-inoculation for observation of local necrosis.
PMMoV: 1.2 and PMMoV: 1.2.3:

4-7 days post-inoculation for observation of local necrotic lesions
which can lead to cotyledon drop. After this date these necrosis
can hardly be seen on fallen cotyledons

Second observation

P TMV: 0:

. two weeks post-inoculation for observation of symptoms of
i susceptibility.

{ PMMoV: 1.2 and PMMoV: 1.2.3:

: two weeks post-inoculation for observation of symptoms of
¢ susceptibility.

Final observations

TMV: Q:

three weeks post-inoculation.

PMMoV: 1.2 and PMMoV: 1.2.3:

three weeks post-inoculation.

For TMV:0, PMMoV: 1.2 and PMMoV: 1.2.3, two of these three
observations may be sufficient; the third notation is optional for
observation of evolution of symptoms (depending on symptoms
on controls or heterogeneous behaviour)

1

11.2

Observations
Method Visual
Observation scale TMV: 0:

- Susceptibility: mosaic (Aucuba in case of Aucuba strain as
Vi-6), growth reduction, death of plants.

- Resistance: local necrotic lesions which can lead to leave
drop, systemic necrosis, vein necrosis, stem necrosis.

PMMoV: 1.2 and PMMoV: 1.2.3:

- Susceptibility: mosaic (green), growth reduction.

- Resistance: local necrotic lesions which can lead to
cotyledon drop, systemic necrosis

Validation of test

Evaluation of variety resistance should be calibrated with results of
resistant and susceptible controls




Annex 5: Proposed differential set for tomato
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TOMATO MOTTLE MOSAIC VIRUS (ToMMY) - Tomato

ISF Cod
€| Tommv
and races
Differentials
Gene (s)
Maonalbo®, Marmande® Early i g
Pak 7°
Mobaci® Tm 5
Moperou 161 Tm2 HR
Maomor®, Geneva 30, Tma? HR
Gourmet
5 = Susceptible; HR= High resistant
* differential hosts and isolates that are used by the seed sector.

You can find further information on this definitions in the following I5F document

hitps:/fworldseed.org/document/definitions-of-the-terminology-plants-pests-v-o-seed-industry-
202

All izolates and differentials are used by the industry

Ambros 5. et al. (2017). Molecular and biological characterization of an isolate of Tomato mottle

masaic virus (ToMMY) infecting tomato and other experimental hosts in eastem Spain. Eyrl Plant
Pathal, 0OI 10.1007/510658-017-1180-2

Li, R, Gao, 5, Fei, £. and Ling, K.5. (2013). Complete genome sequence of 8 new [oRamavirus
naturally infecting tomatoes in Mexico. Genome announcements, 1(3): e00794-13

Tettey T K. et al, (2022). Tomato mottle mosaic virus: Characterization, resistance gene
effectiveness, and guiniuplex RT-PCR detection system. Journal of Integrative Agriculture, Volume
21, Issue 9, Pages 2641-2651. https//doi.org/ 10,1016/ jia.2022.07.020.

Tettew C K. et al, (2023). The role of different innate and environmental factors in Tm-22-mediated
resistance to tomato mottle mosaic virus. Pytopathology Research, Volume 5, [ssue 3.

10
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Annex 6: Proposed differential set for pepper

International Seed Federation
GSF

Differentjal] Set

Tohamayiruses (Tobacco maosgis wirus (TMV), Tomate Massic wirus (Tohdyl. Tomsre matte mossic wirus

(TemmyiTobacco mild green rmosaic virus (TMEMY), Paprika mild mottle virus (Fanpdyl, Pepper mild maottle vires
(ERkioy] and Bell gepp=r mattle virus (BPMoY]I- Pepper

The genus Tebomewirus includes multiple species that are pathogenic on Copsicum zpp including the type species
Tobacco mosaic virus (TMV), and the serologically related Tomaote mosgic virus (Tohy), Pepper mild mottle virus
(EMMRy] and seweral other plant viruses.

The nomenclature of Tgbamayiruses has been the subject of several revisions in the period between 1280 and 2004,
Intermatigngl Committes on Taxonomy of Viruses (ICTV) is the standard reference for virus taxonomy. Mors
information can be found in the ICTYV master species list https=/ftalk.ictvonline.orgl

Resistance is governed by four different dominant single genas [L1, L2, L5 and L4}, which ars considered to be alleles
at the locus L. The different alleles provide resistance towards multiple Tobamovirus species that are classified into
four groups {pepper Tobamovirus groups Tm:d-3} on the baszis of their differential interactions with the
corresponding plant resistance gznes.

The individual Pepper Tobamaovirus Sroups contain multiple, different viruses.

Motz that historically, to fadilitate easy communication of resistance claims on Tgbamoyiryses in pepper, commercial
claims by companies were made by using the pest code for TRiv (Tm) as a reference to the entire Pepper
Tobamovirus Group (instead of claiming each specific individual virus). Mow, for pepper the code Tm does not refer
specifically to ThW amymore, but to the pepper Tobamovirus Group as a whols.

The same naming rules and guidelines for coding individual viruses, are also applied for the Pepper Tobamovirus
Group codes.

Pepper mild mottle virus isolates, which overcome the L4 resistance gene have been reported in lapan (Genda et al,,
2007) and Israel (Antigys et 2l 2008). However till now those jsolates did not lezd to commercial damage.

Pepper
Tobamavirus Tm: Tm:l Tm:2 Tm:3
Group
Thi
ISF Code: TRGKY 13 113
and races - By Ehdbdal: 1- £t (1.2,
BRI
TokikY
Differential hosts Gene
Lamu, Carly Cabimndes L E] K] 5 5
Tisaina. Yolo Wonder L1 HR ] 5 5
Tabasea (T frutescens) L2 HR MR 5 5
Salario F1, Mavi 3, 3 HR HR HR 5
PI1S9236 L ghipegiel
Tomd, CAPMVE, id HR MR HR HR
PI260429 | L ghacgengel




