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Abstract

Infection by two isolates of impatiens necrotic spot tospovirus (INSV) under temperature regimes of25/18
(day/night) or 33C (continuous) was studied i@apsicum annuunsystemically susceptible to tomato spotted

wilt tospovirus, TSWV)C. chinensél 152225 and Pl 159236 (reacting hypersensitively to TSWV)Nindtiana
benthamiangsystemically susceptible to both tospoviruses). At 251 fection was systemic in all hosts tested.

At 33°C infection inN. benthamianavas systemic whereas 0. annuumand C. chinensét was restricted to

the inoculated leaves. The result differed from that reported for TSWV, where high temperature made plants more
susceptible, or caused no difference. Exchanging temperature regimes 6 h to 4 days after inoculation did not affect
the final results one month later, with plants being only locally infected aE3®ntinuous regime, or systemically
infected at 25/18C alternate regime. The two INSV isolates were biologically and serologically stable for 5 passages
in N. benthamiandeld continuously at 3.

The genugospovirus (Bunyaviridaéhcludes tomato Pl 159236 (Black et al., 1991), resulting in systemic
spotted wilt virus (TSWV) and impatiens necrotic spot infection in a high proportion of plants. Others later
virus (INSV) (Murphy et al., 1995). TSWV, present reported similar effects on the saif@echinensecces-
worldwide, is among the most damaging viruses and sions and crosses with. annuun{Moury et al., 1998;
has a very large natural host range (Goldbach and Soler et al., 1998). TSWV symptoms are severe on
Peters, 1996; Peters, 1998). INSV has been reportedglasshouse-grow&. annuumin summer with max-

only in temperate areas such as North America
and Europe, mainly infecting ornamentals (Daughtrey
etal., 1997; Vaira et al., 1993).

The effects of temperature regimes on tospovirus
infection have been studied mainly for TSWV, and
high temperatures generally favour infection. Llamas-
Llamas et al. (1998) compared infection Datura
stramoniumNicotiana tabacunandPhysalis ixocarpa
at 29/24C (day/night) or 23/18C and found that
the former regime favoured infection and resulted
in more severe symptoms. Roggero et al. (1996b)
found that at a continuous 38 the hypersensitive

imum temperatures around 35-4D (P. Roggero,
unpublished).

Temperatures of 27/2€ day/night favoured the
multiplication of INSV in Nicotiana benthamiana
compared to 21/18& (Lawson et al., 1993), but
after the third passage at the higher temperature
regime, INSV disappeared and a new virus was found,
later identified as similar to watermelon silver mottle
tospovirus (Ueng et al., 1998) probably present in the
original stock culture. Increased INSV accumulation
in N. benthamianat 33/26'C day/night compared to
25/18°C was also reported by Roggero et al. (1996a),

reaction present at lower temperatures was broken inleading to successful virion purification, not possible

two Capsicum chinensaccessions, Pl 152225 and

with plants grown at low temperatures.



510

INSV rarely infects pepper (Daughtrey et al., 1997; differences in antigen concentration in the crude plant
Verhoeven and Roenhorst, 1998). However the exper- sap, the pattern of reaction with all the mabs was very
imental host range of a field isolate from systemically similarforthe twoisolates. Since Glox1 was found sim-
infected peppers (INSV-P125) was reported to be simi- ilar to other INSV isolates by direct comparison (Adam
lar to that of other isolates from ornamentals but it also etal., 1996) it was concluded that the nucleocapsids of
systemically infected the tw@. chinensaccessions Pl ~ P125 do not differ from other INSV isolates.

152225 and P1159236, causing severe necrosis (Vicchi  The effects of temperature regimes were studied in
etal., 1998). C. annuumcv Quadrato d’Asti (systemically suscep-

In this paper we report the effects of different tible to TSWV), in C. chinensePl 152225 and PI
temperature regimes on infection 6f annuumand 159236 and ifN. benthamianaPlants were grown in
C. chinens®1 152225 and Pl 159236 with INSV-P125 a glasshouse at about 25/A8 The cotyledons and
and another isolate fror8inningia speciosgINSV- first two true leaves were inoculated with plants having
Glox1). Glox1 is serologically a typical INSV when 8 leaves. After inoculation, plants were immediately
tested with a panel of monoclonal antibodies (mabs) transferred to the following temperature regimes:
againstnucleocapsids (Adametal., 1996). We now also
report the reaction of some mabs with P125 in parallel
with Glox1. The stability of P125 and Glox1 after serial
mechanical transmission M. benthamianarown at
continuous 33C is reported.

P125 and Glox1 were maintained by mechanical
transmission irN. benthamian&ept in a glasshouse
at 25/18 C day/night. To avoid generation of defective
components they were stored under liquid nitrogen and
passaged only a few times. Symptoms were recorded weekly, and one month

The reaction of mabs against INSV nucleocapsids after inoculation INSV was assayed by TAS ELISA on
was tested in TAS ELISA with P125 and Glox1. inoculated and uninoculated leaves.

Plates were coated with polyclonal antibodies against The results shown in Table 1 were similar for
INSV virions (Roggero et al., 1996a) and the anti- the two isolates. Infection ilN. benthamianawas
gen consisted of serially diluted sap from systemically not influenced by the different temperature regimes,
infectedN. benthamianaMabs 5E4, 5G11, 5E8, 1E11 and all plants developed local and systemic symp-
and 1E12 against INSV nucleocapsids were from the toms in the glasshouse and at°83 and tested pos-
Deutsche Sammlung von Mikroorganismen und Zel- itive by ELISA on both inoculated and uninoculated
Ikulturen GmbHDSMZ), Germany, and were detected leaves. At 25/18C almost all theCapsicumplants
with anti-mouse IgG antibodies from rabbit conjugated tested positive by ELISA on the inoculated leaves
with alkaline phosphatase. Taking into account small and a high proportion were systemically infected,

(a) glasshouse at around 25/88 day/night, with a
photoperiod of about 14 h, light supplemented with
Philips SON-T 400 sodium lamps and a light inten-
sity of 120 um m?sec! PAR,;

(b) growth chamber at a continuous&3with a pho-
toperiod of 14 h, provided by Philips TL95 fluores-
cent lamps and a light intensity of 90 unthsec?
PAR.

Table1 Effectoftemperature regimesonlocal and systemicinfection of INSVisolates P125 and Gloafisioum
sp. andNicotiana benthamianaThe first four leaves were inoculated, on plants having eight leaves. Virus was
assayed by TAS ELISA one month after inoculation

Host P125 Glox1
25/18°C 33°C 25/18C 33°C
Local Systemic Local Systemic Local Systemic Local Systemic
C. annuum 12/13 11/13 12/14 0/14 10/F0 8/10 717 0/7
C. chinense 9/9 5/9 7/10 0/9 10/10 5/10 9/10 0/10
P1 152225
C. chinense 10/10 5/10 10/10 0/12 8/10 5/10 8/10 0/10
Pl 159236
N. benthamiana 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10

aFigures are number of plants testing positive by ELISA over plants inoculated.
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especially withC. annuumOnly plants showing symp-  continuous 33C infection was only local. Thus the
toms gave positive ELISA results. At a constantG3 process of systemic invasion took place quite late after
a high proportion oCapsicunplants again tested pos-  inoculation, since transfer to 3@ 4 days after inocu-
itive on inoculated leaves but systemic infection for lation almost completely prevented systemic invasion.
both C. annuumand the twoC. chinenseaccessions  The potential for virus movement was not however dis-
was completely blocked. No systemic symptoms were rupted by holding plants at 38 for 4 days immedi-
recorded and all plants tested negative by ELISA. Some ately after inoculation, since after transfer to permissive

samples were back inoculated Xo benthamiandut conditions, systemic infection occurred. When INSV
there was no infection. Some samples from inoculated was transmitted from inoculated leaves of83plants
leaves ofC. annuunplants held at 25/18C or 33°C to plants kept under glasshouse conditions, systemic

continuous were tested at the same dilution in the sameinfection occurred, confirming that the capacity of the
ELISA plate. Absorbance values were similar, suggest- virus to become systemic was conserved.

ing that viral antigen accumulation was not materially ~ Stability of P125 and Glox1 iN. benthamiana
affected. This result is the opposite of that found with grown at a continuous 3& was tested by passaging

TSWYV andC. chinensgin which a continuous 3% the virus by sap inoculation five times from systemi-
regime increased systemic infection (Roggero et al., cally infected leaves taken 10 days after inoculation.
1996b). Symptoms appeared at the same time after all inocu-

The effect of length of treatment at the two tem- lation tests, with chlorotic spots on inoculated leaves
perature regimes on systemic infection was studied by about 3 days after inoculation and systemic mottling
inoculatingC. annuumplants with isolate P125 and around 6 days after inoculation. Systemically infected
exchanging conditions at different times after inocula- leaves from the five passages were collected 10 days
tion, from 6 h to 4 days. One month after inoculation, after inoculation and stored frozen. The sap was tested
symptom scores and ELISA tests were made on both by TAS ELISA using the mab 5E4. No differences were
inoculated and uninoculated leaves. The results arefound onthe reactivity of the mab and the virus accumu-
shown in Table 2. The two temperature regimes up to lated to a similar extent in all passages being detectable
4 days had no effects on the final results: with alternate at a sap dilution up to 1/100,000. Thus apparently both
temperature infection resulted systemic whereas with isolates were biologically and serologically stable at

33°C during at least five mechanical transmissions.
Table 2 Effects of alterning 33C continuous or 25/18C tem- In conclusion, our experiments showed that:
peratures on local and systemic infection of INSV-P125 on
C. annuumThe first four leaves were inoculated on plants hav-  (a) The effect of high but still physiological tempera-
ing ei'ght Ieayes. Virus was assayed by TAS ELISA one month tures on systemic infection by the two tospoviruses
after inoculation INSV and TSWV inC. chinenseand C. annuum

Treatment and time after inoculation Virus presénce was the opposite, with systemic invasion of INSV
L . being prevented and that of TSWV favoured or
ocal Systemic unaltered
33°C continuous followed by 25/1& (b) Inhibition of systemic infection by INSV at 3€
0/30 days ! 5 was plant specific since no effects were found in
6130 days 10 6 N. benthamiana
1 day/29 days 8 7 : . L .
2 day/28 days 10 10 (c) There was no inactivation of INSV at 3G since
4 days/26 days 10 8 after 4 days the virus could move systemically
30 days/0 4 0 when plants were moved to a lower temperature.
25/18°C followed by 33C continuous We note that TSWV was only inactivat@dvivoin
0/30 days 9 0 tobacco after 24 h at 4€ (Roggero and Pennazio,
6 h/30 days 4 0 1997).
;g‘g’s 33;'32; 1% % (d) The stability of P125 and Glox1 for 5 passages at
4 days/26 days 10 1 33°C in N. benthamian@ontrasts with the results
30 days/0 10 9 of Lawson et al. (1993), but the discrepancy may

be attributable to the mixed infection of INSV and

2Each experiment was done on 10 plants and figures are number another tospovirus in their experiments

of plants testing positive by ELISA.
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(e) High temperature did not alter INSV replication Goldbach R and Peters D (1996) Molecular and biological aspects
but only impeded systemic movement. Preven-  of tospoviruses. In: Elliott RM (ed) The Bunyaviridae (pp 129~
tion of systemic infection cannot depend on a  157) Plenum Press, New York

thermotherapeutic effect of high temperature on -2%s0nRH, DieneltMM and Hsu HT (1993) Effects of passaging
a defective isolate of impatiens necrotic spot virus at different

the establishment of infection because both iso- temperatures. Phytopathology 83: 662670

lates gave high proportion of plants infected onthe | |amas-Llamas ME, Zavaleta-Mejia B, Gonzalez-Hernandez VA,
inoculated leaves. The result was more likely due  Cervantes-Diaz L, Santizo-Rincon JA and Ochoa-Martinez DL
to blocking of long distance transport. (1998) Effect of temperature on symptom expression and accu-
mulation of tomato spotted wilt virus in different host species.
Little is known about the genes determining patho-  plant Pathology 47: 341-347
genesis in TSWV and nothing in INSV. Qiu et al. Moury B, Selassie KG, Marchoux G, Daubeze AM and Palloix A
(1998) using genome reassortment between TSWV (1998) High temperature ef'fgcts on hyper_sensitive res_istance to
isolates, mapped a genetic element responsible forlocal  Tomato Spotted wilt Tospovirus (TSWV) in pepp@gpsicum

. : . chinenselacq.). Eur J Plant Pathol 104: 489-498
lesion morphology in cucumber to the M RNA (which —, on'en” F2/ 01 et ©M, Bishop DHL, Ghabrial SA, Jarvis AW,

encodes thg glycoproteins andiN$he PHta“Ve move- . Martelli GP, Mayo MA and Summers MD (1995) Virus Tax-
ment protein) and a second, responsible for systemic  onomy — Sixth Report of the International Committee on Tax-
movement in tobacco was mapped to the L RNA (this  onomy of Viruses. Archives of Virology 1-586

segment encodes the replicase). The genomic organi-Peters D (1998) An updated list of plant species susceptible
zation of INSV, even if similar to that of TSWV, shows to tospoviruses. In: Peters D and Goldbach R (eds) Recent

considerable differences in sequence for all the genes " r°9'ess on Tospovirus Research (pp 107-110) Wageningen
Agricultural University, Section Virology, Wageningen

(Goldbach and Peters, 1996). High temperature in pep- ;,, \p, Geske SM, Hickey CM and Moyer JW (1998) Tomato
per may thus affect gene(s) function in different ways  spotted wilt tospovirus genome reassortment and genome
for TSWV (promoting or not altering systemic infec- segment-specific adaptation. Virology 244: 186-194
tion) and INSV (favouring local infection)_ Roggero P and Pennazio S (1997) Thermal inactivation of tomato
Our results stress the |nf|uence Of temperature as a Spotted wilt tOSpOVirUm vivo. PhySIologlcal and Molecular
: : : Plant Pathology 51: 35-40
modulating factor acting on both TSWV and INSV dis-

S . Roggero P, Adam G, Milne RG and Lisa V (1996a) Purification
eases. Inhibition of long distance transport of INSV at and serology of virions of impatiens necrotic spot tospovirus.

high temperature in pepper may explain the rarity of  gyr j plant Path 102: 563-568

natural systemic INSV infection in the crop. Roggero P, Lisa V, Nervo G and Pennazio S (1996b) Continuous
high temperature can break the hypersensitivitCapsicum
chinense ‘Pl 152225’ to tomato spotted wilt tospovirus
(TSWV). Phytopathologia Mediterranea 35: 117-120

Soler S, Diez MJ and Nuez F (1998) Effect of temperature

. regime and growth stage interaction on pattern of virus presence

Paper No. 20. Research done in the framework of the i, Tsw\.resistant accessions Gfapsicum chinensePlant

National Research Programme on Vegetable Crops of Disease 82: 1199-1204
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Dr S. Winter (DSMZ) for providing the monoclonal RH (1998) Serological and molecular characterization of a high

antibodies and C. Perrone for technical help. temper_ature-recovered (HT-1)_ virus belonging to serogroup IV
tospovirus. www.bspp.org/uk/icpp98/abstracts/1.11/71.html
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