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Processing tomatoes in California are affected by diseases
caused by numerous viruses

>10 virus diseases affect processing tomato production

The importance and prevalence varies

-Major viruses-BCTV and

-Minor viruses-AMYV, PZSV, ToNSV, ToMV

-Sleeping viruses-BCTV (North) and ToNDV and
TYLCV in the Imperial Valley)

New concerns about exotic seed-transmitted
viruses (ToBRFV) and viroids

. R . KNAN
Unusual outbreak of curly top
In the Northern Counties in 2021

P

Symptoms not sufficient for ID and
molecular tests are often necessary

Accurate ID is critical for effective management strategies,
hopefully in the context of an IPM program



TSWYV and spotted wilt disease

Tomato spotted wilt virus (TSWV) is a thrlps-transmltted
tospovirus (mostly Western flower thrips in CA)

Not by seed or contact® or through eggs of the thrips

In CA, crops impacted by tomato spotted wilt
are tomato, pepper, lettuce and radicchio

In 2005, substantial outbreaks of spotted wilt
caused millions in losses to processing tomato
production in Central California

This led to a development of a collaborative
project to investigate these outbreaks and
make management recommendations



Symptoms and impact of tospovirus infection in tomato vary
depending on the age of the plant when infected

* Stunting; bronzing, necrosis and yellowing of leaves and ringspots and necrosis in fruits)
- Symptoms vary depending on variety and plant age
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What are tospoviruses? T

Family of plant viruses (Tospoviridae) having

three negative (-)-sense RNAs (large, L; medium, M; and
small, S) enclosed in a plant-derived membrane
embedded with glycoprotein spikes (~11 species)

Transmitted by thrips (~15 species); not via thrips eggs,
seed* or by contact*

Best known species: Tomato spotted wilt virus (TSWYV), from which
the family name is derived, and Impatiens necrotic spot virus (INSV)

Cause serious diseases of crops and ornamentals

Solanaceous crops heavily impacted,
e.g., pepper, tobacco and tomato

Symptoms involve distortion, mosaic
and necrosis of leaves and lumpiness,
ringspots and blotches on fruit

Polymerase (L}




Tomato spotted wilt virus vs Impatiens necrotic spot virus

Property

First identified

Distribution

Host range

Economic hosts

Main thrips vector

Transmission by seed or
contact

TSWV
1919

Worldwide

Very wide
(1100 spp./90 fam.)

Vegetables
(Ornamentals)

Frankliniella occidentalis

No

INSV
late 1980s

Worldwide
(NA and Europe)

Wide
(300 spp./80 fam.)

Ornamentals
(Emerging on vegetables)

F. occidentalis

No




IPM for TSWV (pre-RB TSWV)

-Planting TSWV- and thrips-free transplants

_ _ _ _ *
-Growing TSWV-resistant varieties (with Sw-5b gene)

-Monitoring for thrips populations TOMATO

(yellow sticky cards/degree-day [DD] model) SPOTTED WILT
DISEASE

Detection, Epidemiology, and

-Managing thrips with rotation of insecticides
-Roguing of TSWV-infected tomato plants (early)
-Prompt plowing fields after harvest

-Extensive sanitation including weeds, volunteers
and other crops




TRANSMISSION

VIRUS PASSAGE

Only adults that
acquire as larvae can

transmit.

Tospovirus

Transmission
Cycle

X

Pupal Stages Do Not Feed

ACQUISITION BY
LARVAE IS CRUCIAL

2" instar

VIRUS PASSAGE
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omato-infecting tospoviruses-biology

Sources of tospovirus inoculum

-Vary depending on region and climate
-Reservior hosts such as weeds or winter bridge crops
-Existing crops with tospovirus infection and thrips

-Thrips: viruliferous adults emerging from overwintering
pupae in the soil or coming from established crops

Thrips population dynamics

-Monitor with sticky cards
-Predictive degree-day model (generations)

-Allows for targeting early thrips generations (2-3) and
delaying development of viruliferous adults

-Rotate insecticides to avoid resistance
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http://ucanr.edu/sites/TSWVfieldriskindex/Thrips_Population_Projections/

THRIPS/TSWV FRESNO

Thrips and TSWV updates in processing tomato for Fresno area

2018 Season - First post

Author: Neil McRoberts
Published on: April 9, 2018

General situation It has been an up and down start to the year for thrips development. Through
February the relatively dry winter, and somewhat warm start to the year in the San Joaquin Valley
meant we were running ahead of the 30 year average for degree day accumulation. The last couple of
rain events have slowed things down, but we are still ahead of the long-term average. Temperatures in
the week ahead are predicted to be in the mid 70's to low 80's F, with dip into the high 60's on Thur/Fri
as a cold front passes over the region (it will probably drop some rain in the Sacramento area).

Thrips populations and TSWV risk At the moment the second post-winter adults are projected to
peak at the end of the month, with the third generation peaking around May 28th. If things warm up
significantly those two generations may peak a few days earlier. Currently we don't have any reports
of TSWV activity in overwintering hosts and with the very low thrips populations now, the overall risk is
low. Qur best guess at the moment is that we won't see significant thrips/TSWW activity in tomato until
the third generation this year, which will be the first one to target, depending on whether TSWV has
appeared, but please speak to your local UCCE adviser for more specific advice if you are concerned.

Resistance-breaking TSWV Strains of TSWW with the ability to overcome SWS resistance are now
established in the San Joaquin Valley and you should expect to see them throughout in the Central
Valley in the near future. Resistance breaking TSWV has been picked up from spring lettuce this season
and there are some patchy outbreaks in that crop. Do not assume that SW5S varieties will be able to
escape TSWYV damage without additional disease management practices. Qur advice is to target early
generations of thrips entering tomato (see above) and, where possible, to rogue out infected plans
showing symptoms of TSWV early in the season. Remember, the impacts of TSWV are much smaller in
plants infected after fruit set, so the aim should be to delay infection as much as possible, to avoid
economic impacts.
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Sw-5b gene confers resistance to TSWV

Becomes a positive
regulator by relieving its Deliverthe protein to
|nh|b|tory effects on |tse|f the cell nucleus
nd CCin the pre
°f NSm Act |ndependently enhancing

-Single dominant R gene

the inhibition over NB in the
absenceofNSm

-Introgressed from the wild tomato species
Solanum peruvianum [

death tnggenng

Recognizes NSmas avr

Inhibits NB in the absence

-The gene product (protein) recognizes that e
virus and triggers a defense (Immune) response

-Viral effector is the movement protein (MP),
encoded by the NSm gene on the M RNA

-Is present in most (all?) processing tomato
varieties grown in California

-Tremendous selection pressure on the virus



Appearance of a resistance-breaking strain of Tomato spotted
wilt virus in the Central Valley of California in 2016

In the spring of 2016, typical and
severe symptoms of TSWV

were observed in Sw-5 fresh
market tomatoes in Fresno Co.

Immunostrip and RT-PCR/sequencing
tests confirmed TSWYV infection

Suggested the emergence/introduction of a
resistance-breaking (RB) strain

RB strains have been reported from Europe (Spain and Italy)
and have been associated with specific amino acid changes
in the viral movement protein (NSm), including the ‘YPT/N’ marker



Identification of Fresno TSWYV RB strain

Typical tospowrus symptoms

Confirm tomato is a
resistant variety by PCR

for SW-5
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Test for TSWV
with immunostrips

Fresno
RB strain

WT strain

» Confirm TSWV by
RT-PCR

’Confirm RB strain by
- RT-PCR of NSm gene
and sequencing

Amino acid (aa) sequence

MDTSKGKILLNTEGTSSFGTYESDSITESEGYD aa substitutionCto Y
LSARMIVDTNHHISNWKNDLFVGNGKQNA at 118 position or
NKVIKIYPTWDSRKQYMMISRIVIWVCP T to N at 120 position

MDTSKGKILLNTEGTSSFGTYESDSITESEGYD no aa substitution in
LSARMIVDTNHHISNWKNDLFVGNGKQNA 118 or 120 position
NKVIKICPTWDSRKQYMMISRIVIWVCP (cPT)



Response of tomato varieties with and without the Sw-5 gene to
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Detection of resistant breaking (RB) and wild type (WT)
of Tomato spotted wilt virus (TSWV)

4 30 min
total RNA extraction with the RNeasy Qiagen kit (1 - 5 samples)

(synthesis of cDNA using / Loop Mediated Isothermal
1 h + 30 min Random primers) Amplification (LAMP)

* 60 min

Polymerase chain reaction (PCR)
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Tomato samples collected in Sutter County-2013

Specific for TSWV-RB
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Tomato samples collected in Fresno County

Specific for TSWV-RB

tomato samples from Fresno Co.

A1 BB

0
S

—{ e

09
10

23-
23

(%)
@\l

il

11

—

23-

22
23

-

23-
23

24
25

—

23-

—{

23-

26
27

—

23-

—

23-

rol (-)

)

Con

Control (RB)
Control (WT)

115

IKIC
IKIY

120

125

DS RK TSWV-WT
DSRK TSWYV-RB



Introduction of TCSV into the Caribbean and Southern USA

Outbreak of Tomato
chlorotic spot virus

(TCSV) in the Dominican
Republic

Weed Host

Reservoirs of

TCSV and
Thrips




IPM of RB-TSWV

Before the growing season

-Weed management (especially prickly lettuce and sowthistle)
-Avoid/monitor bridge crops (e.g., lettuce, radiccio)
-Field placement and time of planting (early)

During the growing season

-Plant clean transplants

-Monitor thrips populations (directly with yellow sticky cards or with
DD models) and manage thrips populations early (2"d-3rd generations)

-Effective diagnostics

-Removal of infected plants if possible

After the growing season

-Sanitation
-Avoid or manage thrips/TSWY in bridge crops

Long term

-Identify new sources of resistance
-New and improved insecticides for thrips management



Research Team

UC Davis TOMATO
SPOTTED WILT

Dr. Tomas Melgarejo =

Dr. Maria Rojas s B
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Dr. Neil McRoberts = Tomao

Dr. Diane Ullman & Research
UCCE Institute
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Amber Vinchesi (Colusa, Sutter and Yolo) and Gene Miyao
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