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Abstract

Tomato brown rugose fruit virus (ToBRFV) is an emerging pathogen that generally

causes disease in greenhouses. This virus causes yellow areas, malformation and brown

necrotic lesions on tomato fruits. This virus, which has a global distribution, has

recently been reported using molecular methods in the greenhouses of few provinces of

Iran. According to the report of this virus from Iran, the characteristics of the ToBRFV,

its symptoms, host range, mode of transmission and spread, and its management

methods have been described based on previous studies.
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Figure 1. Symptoms of ToBRFV on tomato and pepper plants (A) Yellow areas on
tomato fruit. (B) Severe mosaic and blistering of tomato leaves. (C) Severe necrosis on
the pepper fruit.

0959 sailis
dad bawg 5,84 265 15 ad ool wilis cals JJds a1 (K 8468 j0 bailis
53 TOBRFV ailis ol (S, allis (bl 2 LS o9 pogabiy (lulids daog nggabiss
> le Sbml 2ol TOBREV ol wglite (5534255 6] 5 (e Ll a4y aty (S5 3055
GHalS 5 (84255 slaoge (59, 5y Slostd s S5 slaps g (ASh oK) 9,5 sleaSI
Vgane S 1 o ailas (A ) US8) 058 00 18,5 13 136 cod LS |5 boges o S luis

Sgse oS LS ad Sl (2 I gl (b (J9U et B i Sliee 90 4
sl 5 Sae 45 395 Sloms] 5 pand 5 S5 M cables o el (SKn 9,55 cloast (B ) )
Luria et al. 2017, Cambron-Crisantos et al. ) o5& oL S, colys ,0 9 oLS (59,5 &els

(2018, Salem et al. 2016
w28 1) s raselogd sladiss & Caglie a5 Wl L (35 ,lez Jal lalS 1 Jald (g9, Waailis
g 039 TOBRFV Loy aiiles oo ai)lai 1 LA 4 L3 Coaglin slagys a5 Jals lals oS o
5 a3 os (i (rdge Cowlua 398 el ol | oy cnl &7 SlalSsies plas ailes
468 sl a5 63lga b T, sgolive Lions ailes Jals 0igd sos 00g)T Sootivns yob 4 ol
EPPO ) oS o oloul (C ) US0) ogan 0 (65000l 55,50 Lol s o (ylid ool ooy SS9

(2021, Fidan et al. 2021

86



NselsS 5 ool Jaslon! S92 55 ogue (Sloged (ST 9,x 98
Plant Pathology Science Vol.12(1), 2023

099 sladl gble

2 PSS Do ;0 5 S dy (g9 «3,) )0 (F5,84255 0 TOBRFV g5l gl 5l
SipazsS S TOBRFV ol Jlo j3 il (3708 ooz polyos 53 (SijpazsS wls sblio
Fidan etal.) 5 5 «(Menzel et al. 2019) ,LJT (Cambrén-Crisantos et al. 2018) < 3% o
<YL | «(NPPO 2020) o—da «(Yan et al. 2019) .= «(Skelton et al. 2019) L.l (20192
oUes «(Alkowni et al. 2019) . l..ls (Panno et al. 2019a) LJLs| «(Ling et al. 2019) suxie
Alfaro-Fernandez et al. ) Lol—w! .(Amer and Mahmoud 2020) ,_-. ( Beris et al. 2020)
ool olwlils (Esmaeilzadeh and Koolivand 2021; Ghorbani et al. 2021) |1 4 (2020
«(Cambron-Crisantos et al. 2018) &, 38 ;o Jals )0 TOBRFV ( (5 34 >55 5 ogdle .l
Esmaeilzadeh and ) ,>! ,o 5 (Panno et al. 2020a) LJLs! (Salem et al. 2020) o)
sl 00l 5,55 5.5 (Koolivand 2022

3l igddsS g osliuelonsl bawgs plpl o (K52 az08 (69, 51 VF e Jlo jo )b (gl (wans o
Ol GlaasladlS 51 (S 3 (hlen 5 (Sb 3 Lawgs Jlo (ed )3 9 Gl SLbI o SIS (i
31 o= (Esmaeilzadeh and Koolivand 2021, Ghorbani et al. 2021) o 5,8 o las]

4255 SLalS )3 wgng cnl sl plnil Slaow, g Lasdsl (b olnl 5l (wany cnl 215
ouds ol JsSlge slapygal 5 0d (2b) 565 08 wxiz 5 wrz w0yt Jled o i, (S5
5 059,) Sy 5e 4o dais a5 TOBRFV oyl s opdle .5, b bailsdS ol 5 |, TOBRFV g0
s olnl ye Jald (g9, 5l el plnil lagw ) p 5o Sl oals (3155 JalS el (g5, 5l LI

.(Esmaeilzadeh and Koolivand 2022) .. 158

0929 el sledy
S 0 TOBRFV. alid (,u5den 5 SaSly 5l moly S0 jslate 4 1 Seuilio JUassl )
b ) 0T e (SuilSe JUimil olSel o el s Sl 355 Glises Sl 5 5 s sselis
5 oz S les opl SO Jlawl (Oladokun et al. 2019) oS’ o o2l calizee sloogads
5SS s o (aedd wis) (6,55 Slge w03l Gl L Lules G,k 5l Wil oe &Y gama
(N pazsS Y game 390 5 Mie) (53,5 Jl 3 ST oz Bk 5l g ey slaclib alax
Ll  SlSe Boes JUis! (Dombrovsky and Smith 2017) s,.5 & e (Seigs,iud
Dombrovsky and Smith ) ogi Jate ji SYsb Jolgs ;o 00gdl slaogaa g 400 &b 5l &lgs o
565 oLl 00,8 (layssis 5 (23 ladslne Bk 5l sady lassly o ol (Swslyy (2017
2 ooyl azmals G 5,k 5l Wlg e gyl Jele (Levitzky et al. 2019) coul sl 3,15

87



VP Glo) g 5mb o) ol eaosles Jls LS liis lans il
Plant Pathology Science Vol.12(1), 2023

ey J;Le solazsl LgL:b.ulﬁ 9 g i L{bﬁ.,j)’ gl L 9 Il Pty o ng AT
OS5, Lwg oads oolaiwl Kew pl p ogdle (Gonzalez-Concha et al. 2021) oS sl
4255 lS LI pllie jo alesly pie plgie 4y 9wl 0ssy (wgpg oS ol Wlsi o
(Fidan et al. 2021) w5 Joe 5,8

Pz eS Sladl 03,5 )3 Jgene job oS Juus slay5i) 5 el sl gl alo 5l epladlos S
Bombus terrestris g3 .awil axils id b wgpggebss Ll jo oy co Wgd oo ool
allas ol 0gd oo oolainl (S5 34265 adgi (0 00 S jab 4 a4 ol dke jLidl 00,8 SO
OB (K3 a8 )3 ()l GBS )3 a5 iS00 Jo |y wg g 5l adsl awlesl; S TOBRFV
S5 50 TOBRFV & ooglT 6555 5l sals (5,51 pem (59058 yols )13 a5 cowl oads (5,155 .05l
AJB .0l TOBRFV 5 28 cel g ol 3 a2 5 LS (g9l ladd a5 glails alaame
035l Dad 4 0t opl 50 A5 I 50 005 g 5l s)le ey pw a5 Sl Gl a5 (SIS
(Levitzky et al. 2019) sl 0095 g g 4

Dombrovsky and Smith ) cwl 60,5 S TOBRFV aloz 5| ug p990bg5 i (sl g9
3550 Ll eoyls 13 a sl o a8 5 ails iber 8 TOBRFV a5 wilesls yLis lalae (2017
Ly Laa=als ool slo,ds 5l o] Jlas! .(Oladokun et al. 2019) s .5 cos )13 o> 5o
d—s,s YIA TOBRFV i, JLissl e 5,5 o & ysmo ojailsz Jsb 5o ot obmy! slaps;
Iy bwg b ole 4 J! s TOBRFV 4> 51 .(Davino et al. 2020) el oois 5,155
Tatineni et al. ) 5,05 oo ;506 adgs Glopiamm p Sad 4 ol e o Lol 318 ol o 4y
(2020

w929 bl b,
olS (cwsny slag o Hlee 5o adsl slajli i 5l (o 388 5 @ lolid g pasis
SS9 3g9oe b 6T ol (sl it (o3l waes S by (LS slagegng Sl
&S el olosl labgy (ol pl 1355 )18 axg 8590 e pw 4 b ol i sla S Lo
2 oyl sl S e ool o] Gliglings Gle yo 1) by slagmgny olulid Bl
S 3 Miges TOBRFV aiies pye lems 5ads, Slehidl ol 5 b uSaan @i

el a8l 5 5S Lo, 8 plad &y Loy il e gy 039> 51 a5 el {5l 2L s
Slahs Sygo 4 g mggebss S0 0,50 wlive ywgmg 0,50 (Bernabe-Orts et al. 2021)

o s aeelis mlo 511 T (So Sl oSy Sie 5l oolatnl b lg5 sod el ply scanl )liie

88



NselsS 5 ool Jaslon! S92 55 ogue (Sloged (ST 9,x 98
Plant Pathology Science Vol.12(1), 2023

Yanetal. ) oS SS& TOMV 5 TMV 1, TOBRFV wilgs oo slailaces aiz slagol 5T b
ws e oS (Soigls e slopgesl o gablite slo STy da g ygselisi ass |55 2019
&S 0SS pold ) el s adlg e slailuen S slagob T« blas 4o .(Jacobi et al. 1998)
STy ugSae )l pates 098 Sl b e slagwgngsels ple b blie 231y mee
5 (Primers) Skl ;| oolawl L Real-time RT-PCR 4 (RT-PCR) leils (slo o
2 9pg elelid 5 Laxid glpy Wb oo oolaiwl o solaisl (Probes) le Sl

O3l (was pattd )0 Comlur & 5L g eans 5 009 Ol Jo 4 Gl ladised
RT- «l5,l> b, o (Bernabé-Orts et al. 2021) <ol ouls 4oy Real-time RT-PCR

L S pleie by wgnssebss plo 5l 1, TOBRFV wlys o 45 (Quadruplex RT-PCR) PCR
.(Zhi-yong et al. 2021) cel a8l drwgs Coddge

Sl oy

S ooliital Ly g pes (Fogl 03, Jlabod b Sighonns 1 Gl (sloabomss (35 Sigis wis
ez Do s an (s Jomame S Ly AS (s «Fe siliend oole S
Sl ol eoliiwl g Ban (Glo) pogng 2ln )0 093 (2L elel 2 b (pleesisS Gghcas
oD 00 S Jghead oole V7 5l (gl dcgame i DSl 4810 4 (9,80 (IS 5 GlalS
Syiens gy 5 <855 518 adllas 50 TOBRFV (Sl JUil 1l o bap)] (o) (o2 sl
Virkon «(/.\ +) Clorox (/.- /&) Lactoferrin Lols e yug,gaebss [Licsl 0,5 o5 ;0 S50 causS
Sogll el siiilys boassS Sgacas cpl aiad glulis (1Y) Virex o (/+/0) Virocid «(/Y)
bl (Chanda et al. 2021) wgis TOBRFV aloz 5l ugymagelugs 90 ;0 LV/Q 5l 1 uaS
Ol sl S50 S Sy Lo g nggabss plp 50 Fi5e 0aiiS odead G (loie 4y (8955
2 SEAS o gy ol Jus b 0155 e 5 el ey lame L IS5l sl (S Jpane
25 IS g2 oo load Slgo 45 5.5 ol rizman Shilej] 055 aslital Jyame 55 Jsbo
(Chanda et al. 2021) a,las oI5 TOBRFV o 57 Jled e

Cnglin 5l e Sy 0 ) lbad iy @i idS JLow A Job 10 1pglio gleod, S LY
B 5 b oo oS5 (LS slagug g a5 plrpl 5l sl sad Jol> oy g ply o plalS
15 Cenglie s ;08 a5 algaly 5 wel S slacaglio sloml sl oo Caws a3 1, Cosslie , ale Ulss
5 2ol (Nicaise 2014) coul 5,5 (il S5 50 il b sy 5055 6 piyillasi] ol
Locrmsnagelss slte ln SFll (i fse pol Jlo 0 a5 (8 axsS polie a1 5l oolinu
Jewehan ) ol 55,8 4> o8 4 (TM-22 3 TM-2 TM-1) Ceoglie 5 duw JWilog,g Jool> el
Sl TOMV s TMV s 45 (6100 S Canglive ¢ 55,5 axsF 5o Canglive sl (et al. 2022

89



VP Glo) g 5mb o) ol eaosles Jls LS liis lans il
Plant Pathology Science Vol.12(1), 2023

53 ol TOBRFV (glaclaz 4 eaglio slayj Lol (5558 48 ald,l ¢l ol b ilos S
b olwlis ToBRFV a s o yiuS 4 a>¢5 L (Luria et al. 2017 Salem et al. 2016, )
IR Ol el )3 (K pa26S Caio Cagll o pslie )] 2ol 5 oud S Sl wua Cuglis
.(Zhi-Yong et al. 2021) ¢l a8 5

3959 05l s (1 3 5 (K azS ogee Sy @ lo)eaS 5l (gl oanld GIST 4 L
oss o2l S 4 WIS o g |y dad b ol gyl ] 010 3525 a5 ol 4 TOBRFV
8l g9 ol e @ Az g bl a8 S Gype S0 j9iS a4 jeaS SO 1,0 Ll s o
Sla)5aS 5l (S paxsS jd Slsjly g oad 115 sladlar pla b Sl slaaslas o jo 0ud
el 00ls 5 03901 (slaydy Bk 51 Vlaiol (il & g9 Cnl 0959 Sg500 Do Sl g tle
9 &89 4 Sy Ayl Wb el (305 Sl 0 plpl 3 TOBRFV I 46 & jlus oS ol
5 TOBRFV & (Sogll 5550 (alS sle g (5 cnl  ogdle 053 (mgng (nl (sulids S e
Sl slealadl (golazdl glo ) o ()T cBlaie 5 3blio plo 4 o] (o35S 5l (6,055l (riean
Sbjre g Holl i slosye ;o 50 5 olS (owyp g a3 ¢ Jgame oo S poe wile (2L
5 6L and l Spge 5 paiS sln golatl g wles g sl sl eslanal b (S
el 35 3,90 TOBRFV & Canglio (sl 534265 (slgad, 5o

References &bw

Alfaro-Fernandez, A., Castillo, P., Sanahuja, E., Rodriguez-Salido, M. C., & Font, M. 1.
(2021). First report of Tomato brown rugose fruit virus in tomato in Spain. Plant
Disease, 105(2), 515-515.

Alkowni, R., Alabdallah, O., & Fadda, Z. (2019). Molecular identification of tomato
brown rugose fruit virus in tomato in Palestine. Journal of Plant Pathology, 101,
719-723.

Amer, M. A., & Mahmoud, S. Y. (2020). First report of Tomato brown rugose fruit
virus on tomato in Egypt. New Disease Reports, 41(24), 2044-0588.

Beris, D., Malandraki, I., Kektsidou, O., Theologidis, I., Vassilakos, N., & Varveri, C.
(2020). First report of tomato brown rugose fruit virus infecting tomato in Greece.
Plant Disease, 104(7), 2035.

Bernabé-Orts, J. M., Torre, C., Méndez-Lépez, E., Hernando, Y., & Aranda, M. A.
(2021). New resources for the specific and sensitive detection of the emerging
tomato brown rugose fruit virus. Viruses, 13(9), 1680.

Cambron-Crisantos, J. M., Rodriguez-Mendoza, J., Valencia-Luna, J. B., Rangel, S. A,
De Jesus Garcia-Avila, C., Lopez-Buenfil, J. A. (2018) First report of tomato brown

90



NselsS 5 ool Jaslon! S92 55 ogue (Sloged (ST 9,x 98
Plant Pathology Science Vol.12(1), 2023

rugose fruit virus (ToBRFV) in Michoacan, Mexico. Mexican Journal of
Phytopathology, 37(1),185-192.

Chanda, B., Shamimuzzaman, M., Gilliard, A., & Ling, K. S. (2021). Effectiveness of
disinfectants against the spread of tobamoviruses: Tomato brown rugose fruit virus
and Cucumber green mottle mosaic virus. Virology Journal, 18(1), 1-12.

Costa, J. M., & Heuvelink, E. P. (2018). The global tomato industry. In Tomatoes (pp.
1-26). Wallingford UK: CABI.

Davino, S., Caruso, A. G., Bertacca, S., Barone, S., & Panno, S. (2020). Tomato brown
rugose fruit virus: Seed transmission rate and efficacy of different seed disinfection
treatments. Plants, 9(11), 1615.

Dombrovsky, A., & Smith, E. (2017). Seed transmission of Tobamoviruses: Aspects of
global disease distribution. Advance Seed Biology, 12, 233-260.

EPPO Bulletin (2021) PM 7/146 (1) Tomato brown rugose fruit virus. 51,178-197.

Esmaeilzadeh, F., & Koolivand, D. (2022). First report of tomato brown rugose fruit
virus infecting bell pepper in Iran. Journal of Plant Pathology, 104(2), 893-893.

Esmaeilzadeh, F., & Koolivand, D. (2022). Occurrence of tomato brown rugose fruit
virus in tomato in Iran. Journal of Plant Pathology, 104(1), 457-457.

European and Mediterranean Plant Protection Organization (EPPQO). Reporting Service
2019/192. Available online: https://gd.eppo.int/reporting/article-6622.

FAO (Food and Agriculture Organization) (2020) Online statistical database: Food
balance. FAOSTAT.

Fidan, H., Sarikaya, P., & Calis, O. (2019). First report of Tomato brown rugose fruit
virus on tomato in Turkey. New Disease Reports, 39(18), 2044-0588.

Fidan, H., Sarikaya, P., Yildiz, K., Topkaya, B., Erkis, G., & Calis, O. (2021). Robust
molecular detection of the new Tomato brown rugose fruit virus in infected tomato
and pepper plants from Turkey. Journal of Integrative Agriculture, 20(8), 2170-
2179.

Ghorbani, A., Rostami, M., Seifi, S., & lzadpanah, K. (2021). First report of Tomato
brown rugose fruit virus in greenhouse tomato in Iran. New Disease Reports, 44(2),
£12040.

Gonzélez-Concha, L. F., Ramirez-Gil, J. G., Garcia-Estrada, R. S., Rebollar-Alviter, A.,
& Tovar-Pedraza, J. M. (2021). Spatiotemporal analyses of tomato brown rugose
fruit virus in commercial tomato greenhouses. Agronomy, 11(7), 1268.

Hanssen, I. M., Lapidot, M., & Thomma, B. P. (2010). Emerging viral diseases of
tomato crops. Molecular Plant-Microbe Interactions, 23(5), 539-548.

Jacobi, V., Bachand, G. D., Hamelin, R. C., & Castello, J. D. (1998). Development of a
multiplex immunocapture RT-PCR assay for detection and differentiation of tomato
and tobacco mosaic tobamoviruses. Journal of Virological Methods, 74(2), 167-178.

Jewehan, A., Salem, N., Té6th, Z., Salamon, P., & Szab6, Z. (2022). Screening of
Solanum (sections Lycopersicon and Juglandifolia) germplasm for reactions to the

91



VP Glo) g 5mb o) ol eaosles Jls el alitis o il
Plant Pathology Science Vol.12(1), 2023

tomato brown rugose fruit virus (ToBRFV). Journal of Plant Diseases and
Protection, 1-7.

Levitzky, N., Smith, E., Lachman, O., Luria, N., Mizrahi, Y., Bakelman, H., &
Dombrovsky, A. (2019). The bumblebee Bombus terrestris carries a primary
inoculum of Tomato brown rugose fruit virus contributing to disease spread in
tomatoes. PloS one, 14(1), e0210871.

Li, R, Gao, S., Fei, Z., & Ling, K. S. (2013). Complete genome sequence of a new
tobamovirus naturally infecting tomatoes in Mexico. Genome announcements, 1(5),
e00794-13.

Ling, K. S., Tian, T., Gurung, S., Salati, R., & Gilliard, A. (2019). First report of tomato
brown rugose fruit virus infecting greenhouse tomato in the United States. Plant
Disease, 103(6), 1439.

Menzel, W., Knierim, D., Winter, S., Hamacher, J., & Heupel, M. (2019). First report of
Tomato brown rugose fruit virus infecting tomato in Germany. New Disease Reports,
39(1), 2044-0588.

National Plant Protection Organization (NPPO) of Netherlands 2019-10. Available
online: https://english.nvwa.nl/ (accessed on 7 April 2020).

Nicaise, V. (2014). Crop immunity against viruses: outcomes and future challenges.
Frontiers in Plant Science, 5, 660.

Oladokun, J. O., Halabi, M. H., Barua, P., & Nath, P. D. (2019). Tomato brown rugose
fruit disease: current distribution, knowledge and future prospects. Plant Pathology,
68(9), 1579-1586.

Panno, S., Caruso, A. G., & Davino, S. (2019a). First report of tomato brown rugose
fruit virus on tomato crops in Italy. Plant Disease, 103(6), 1443-1443.

Panno, S., Caruso, A. G., Barone, S., Lo Bosco, G., Rangel, E. A., & Davino, S.
(2020b). Spread of tomato brown rugose fruit virus in Sicily and evaluation of the
spatiotemporal dispersion in experimental conditions. Agronomy, 10(6), 834.

Panno, S., Caruso, A. G., Blanco, G., & Davino, S. (2020a). First report of Tomato
brown rugose fruit virus infecting sweet pepper in Italy. New Disease Report, 41(20),
2044-0588.

Panno, S., Ruiz-Ruiz, S., Caruso, A. G., Alfaro-Fernandez, A., San Ambrosio, M. I. F.,
& Davino, S. (2019b). Real-time reverse transcription polymerase chain reaction
development for rapid detection of Tomato brown rugose fruit virus and comparison
with other techniques. Peer Journal, 7, €7928.

Salem, N. M., Cao, M. J., Odeh, S., Turina, M., & Tahzima, R. (2020). First report of
tobacco mild green mosaic virus and tomato brown rugose fruit virus infecting
Capsicum annuum in Jordan. Plant Disease, 104(2), 601.

Salem, N., Mansour, A., Ciuffo, M., Falk, B. W., & Turina, M. (2016). A new
tobamovirus infecting tomato crops in Jordan. Archives of Virology, 161, 503-506.

Skelton, A., Buxton-Kirk, A., Ward, R., Harju, V., Frew, L., Fowkes, A., ... & Fox, A.
(2019). First report of Tomato brown rugose fruit virus in tomato in the United
Kingdom. New Disease Report, 40(12), 2044-0588.

92



NselsS 5 ool Jaslon! S92 55 ogue (Sloged (ST 9,x 98
Plant Pathology Science Vol.12(1), 2023

Tatineni, S., Stewart, L. R., Sanfacon, H., Wang, X., Navas-Castillo, J., & Hajimorad,
M. R. (2020). Fundamental Aspects of Plant Viruses— An Overview on Focus Issue
Articles. Phytopathology, 110(1), 6-9.

Yan, Z. Y., Ma, H. Y., Han, S. L., Geng, C., Tian, Y. P., & Li, X. D. (2019). First report
of tomato brown rugose fruit virus infecting tomato in China. Plant Disease,
103(11), 2973-2973.

Zhi-yong, Y., Mei-sheng, Z., Hua-yu, M. A., Ling-zhi, L., Guang-ling, Y., Chao, G.,
Yanping, T., & Xiang-dong, L. (2021) Biological and molecular characterization of
tomato brown rugose fruit virus and development of quadruplex RT-PCR detection.
Journal of Integrative Agriculture, 20(7), 1871-1879.

93



