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Interaction of viruses causing beet curly top disease with Tomato .
yellow leaf curl virus in tomato plants under greenhouse conditions
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Abstract

Beet curly top Iran virus (BCTIV, genus Becurtovirus) and the severe strain of Beet curly top virus (BCTV-
Svr, genus Curtovirus) are known as the causal agents of curly top disease in sugar beet and several other
dicotyledonous plants in Iran. In addition to sugar beet, tomato and pepper are also economically important
hosts of these viruses. Tomato leaf curl disease, one of the most important viral diseases of this crop, is
caused by several species of the genus Begomovirus including the Iranian isolate of Tomato yellow leaf curl
virus (TYLCV-[AD]) that is a severe strain of TYLCV. TYLCV-[Ab] is a major component of tomato leaf
curl disease in southern Iran. In this study, the interaction of BCTIV and BCTV-Svr with TYLCV-[ADb] in
tomato plants was studied under greenhouse conditions. Analysis of the Real-time PCR data showed
antagonistic interaction in simultaneous infection of BCTV-Svr or BCTIV with TYLCV-[ADb] as evidenced
by decreasing in concentration of each virus involved in mixed infection in comparison to single infections.
In general, in mixed infections, TYLCV-[Ab] was dominant and seemed more adaptive to tomato compared
to BCTIV and BCTV-Svr.

Keywords: Beet curly top virus; Beet curly top Iran virus; Geminivirus; mixed infection; Tomato yellow
leaf curl virus

* Part of MSc Thesis of the Second Author Submitted to College of Agric., Shiraz Univ., Shiraz, Iran.
**Corresponding author’s E-mail: behjatni@shirazu.ac.ir

1. Prof., Former Student and Professor, respectively, of Plant Pathol., College of Agric., Shiraz Univ., Shiraz, Iran.
2. Assist. Prof., of Plant Biotech., College of Agric., Shiraz Univ., Shiraz, Iran.

418 FIA



B RV Y8 Jl / F oled / OF W / alS slacs,len

25 ASs sy oph e siS (K S S s
o o 3l e A sl a5 il (s
S il Bl ot (S per S Jpama IS
Lk alS Jals (S par S 55 (K par 5 S5
305 3bml s LS oas asB 5 Sdoes wlS o)l
O wde o go (Solew opl AL e LS, aslb s
Ale 55 la s s ol (Czosnek, 2007) 555 o s €
Ll ) Lgfi.‘w;- sl (Curtovirus o> sbaa S
LS e slonl S 3a S (65, &S oD ol
Solow Jsle sla s s O sl KU
i SLaS s L oS s s (S
Fatahi et al. 2012; Hosseini ) '**’L’u‘ J&! Circulifer
TYLCV ((Abhari et al. 2012; Soleimani et al. 2012
S5 b ogd e Jave Bemisia tabaci Sbaiw v i
sl L s oo S cdl- o by ool pled o
(Brown et al. 2012) aby
e oS SO 53 L s iy e b sl (o)1
ey cpds 5 Sl La s s 5o Ol S o5l
el Cle e glacslly 5 Laai S sl OIS
WS Ol o e diSos T (Sla pus s ot oS 550 0oy
&« (Renteria-Canett et al. 2011) 555 o ool

iR S S o oS S Sl 3 BCTIV &S dwy

BOIOkYaZdiCt)Cﬁw\aJwTJ}e-j@w‘gﬁjw&i}

Pepper o5 550550 33 byl S50 (al 2008

Pepper golden mosaic s huasteco yellow vein virus
o4y g &Liifj 5SS Lo s s virus
LA pllas (gm0 s slolgs clle Ll
.(Renteria-Canett et al. 2011) sl> oLis |, §>}JT
4 (Taheri et al. 2014a and b) O/,(SCes 5 (s oL L

B BCTIV jBCTV-SVr IS 92 u:mio.h}; Or

14

PRV

Beet ) 43,0 & 0 Sdoms e ps Ll o 2l
Sdeo Sl s s s (curly top virus, BCTV-Svr
(Beet curly top Iran virus, BCTIV) J_3 j0se 45
s ) Becurtovirus 3 Curtovirus gla oo 5l O Sa
S5 Sdzmn Solew Jolse Ol seas (Gemivniridae
Bolok Yazdi et al. ) 1leds 5,58 O ol 53 3y
2008; Briddon et al. 1998; Varsani et al. 2014 a and
S8 ) b aS La s s o) Sl sasls (b
Beet curly Olss v J 5K 50 Olas gt bl
Stenger & ) La_i - osdwl top virus (BCTV)
SNV ame oo 5340 s (McMahan 1997
s 5 1 5 e sl S 5l (ol (215
Olgns ALS (go,0 FF 5l ol €8 Yo 5l s 55l e
(Bennett 1971) Llos alis BCTV gapl s
s_S BCTIV 5 BCTV-Svr —ss Lm0l |
e se v_ij_e«;-}f 45 BCTV-Svr .o 6<JJ_94>-)§
a0 Oad odeSi 53,5 el il Sio
5t S 5 6255 (S p o WSS, 04d ks
slad 5 (Anabestani 2015) 555 . sl & . u.:alf
$ i e BCTIV & (S5l 51y (S e S
BLas 5 0SS S Sppo 4 L4 s 0 5
Sl LalS 53 65,5 5 Sz sl (oL
e am 4l Sl (Il ol .(Jahanbin et al. 2016)
e 3l S S el (K S S (S ol
g S ik Sper S s gblen 2 F
s ) Begomovirus . > 3l &5 ce sl na5 S
Tomato yellow leaf curl slael & (Geminiviridae
Tomato leaf curl virus (TLCV) 5 virus (TYLCV)

Sy s ps opl (Czosnek, 2007) g o sl

419



sfj;.&grﬁ w}j‘}l.g.\:jj.\&a’ﬁ'ﬁ;%d)kﬁ&b‘suwjﬁ}uﬂ&nﬁibb&A}\:3(.’.0}@.3

Mw)f@%@‘ﬁ)}ﬁf&ﬁog)éwi

wop S, g0l
Ol Sl 5 Bysn coniS

i oS S pax S Grosse lisse o3, 5l anllas opf 3

5 ol sy A o3l il el sy e
Lo 3 0 5 ples Ao )3 O (gl LS (gla s s
O SES Sl el SO 5 Lis el ciS e
O sas i SLs o3 00 (ol oS o laclis
YV L YO sles L glalsdS 5o 5 Jame S 558 Aoy
23 s a3 W LENP 5 505 53 o seedes a5
Yoren) (S5 arsS glnesY s ol auge b o
i o 3 Jools lamalS s S (I (S S
i iy slaalan 5l eslial Ly S A5
«(Ebadzad Sahraei et al. 2008) BCTV-Svr 5,5
TYLCV- , (Eini Gandomani et al. 2016) BCTIV
Y Jsd Sk (Pakniat Jahromi et al. 2010) [Ab]
(Agroinoculation) vﬁfSL{j)fT L oasle Jisy w
Agrobacterium tumefaciens s ;SUs a5 ek
Sliossie gladlonns 5l S o 5L C58 o 5
0S5 5e 0 gsl- LB mle iS L ;5 la e 2
5 b Gla S 5 51 SO s s s
LSS Il U5 g a5 YA (Glod 53 sl
Vor e 5 e glaanle 53 dd SIS Oaypn
I So 2 ol 8L O gl o 5 )5 S
Prozoe dob o) Cda Ol L i she sladiloen
5885k 4 Oskn Gedd el Spw b il
S S s glaamalS 51 Sl sl

sla S3anle 55 s Gou P S AP g ad= e 5

420

=5 a8 Grosse Lisse ) 5 L3, kar PP G5,
Glo s O30l 31 Jol slsesls (g5lS15 iztls
(Real-Time PCR, RT-PCR) =35 olaej 55 31,y
o bl Slagas bl ([So01 5 48 55 jasiia
~0ls 48 bl onl il Sl s ey o
S Sl ailrgs (e 2Sen a5
b 53 BCTIV Olye Olajan e sla So 40l 55 s
53 el hlp sl s olS 4 LS 51 I sls o
Gl romen . 23L 2alS BCTV-Svr Ol 5 4Kl
35 e uiSas s (Majidi et al. 2017) O, LCan 5
7233 4 Dorothea Brigita s a3 1) s
Sl ol glnesls (g5lSly i ds s ) L3 )L
@3l gla S3 1 534S 5505 yasiie RT-PCR (405l
BCTIV | ;. iy BCTV-Svr o Lle by A a0
O o Ol sen bglies gla Sa T 5 sl s (il
@3l (Ss il a4 i BCTIV ke (o3, 545 51
S35 4 e BCTV-Svr il 5 205 BCTIV L
2 I e sl e JalS s s een (53140
cble 3oyl an BCTIV cble by lss gla S5
34 s BCTV-Svr
Slacrs s S ita Ol (S per S 45 il
e Ol Sl edd 1S s S (S Jele
0diS A 5 Sla s 2590550 s BCTIV 3 BCTV-Svr
5l S a8 5,5 S Sy ol
ol (R S (Sl Sl st sl B8
Anabestani 2015; Behjatnia et ) 3,15 355 s 5,19

al. 2011; Gharouni Kardani et al. 2013; Ghodoum
Parizipour 2011; Jahanbin et al. 2016; Pakniat
Jahromi et al. 2010; Yazdani-Khameneh et al.

SR S 5o s s nl GBS s aallls (2016

Y.



B RV Y8 Jl / F oled / OF W / alS slacs,len

f.ﬁjs‘—w;ﬁ L iambe asam Glas 2 amalS £) K e  slamals Siab 5o nd oslital glajles ) Iy

(Agroinoculation)

Table 1. Treatments used to inoculate tomato seedlings (4 seedlings per treatment) by Agroinoculation

Treatment

Inoculation method

- - Treatment abbreviation
Inoculum (infectious clone)

Single inoculation

Single inoculation

Single inoculation

Simultaneous mixed inoculation
Simultaneous mixed inoculation
Non-simultaneous mixed inoculation
Non-simultaneous mixed inoculation
Non-simultaneous mixed inoculation
Non-simultaneous mixed inoculation
Non-inoculated

BCTV-Svr S
BCTIV I
TYLCV-[AD] T
BCTV-Svr and TYLCV-[AD] MST
BCTIV and TYLCV-[AD] MIT
First BCTV-Svr and two weeks later TYLCV-[Ab] ST
First TYLCV-[Ab] and two weeks later BCTV-Svr TS
First BCTIV and two weeks later TYLCV-[Ab] IT
First TYLCV-[AD] and two weeks later BCTIV TI
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Table 2. Oligonucleotide primers used in this study

andllas ol 55 oslizul 5,90 sla S5LET. Y i

Test Primers Nucleotide Sequence (5'to 3") Ta°C  Expected
position” fragment size
(bp)

PCR BCTV-Svr358" 358-383  GTGGATCAATTTCCAGACAATTATC 55 520
BCTV-Svr877¢ 853-877  CCCCATAAGACCCATATCAAACTTC
BCTIV474Y 474-493  TACAAGAAGTATGGCGGTTC 56 682
BCTIV1155° 1135-1155 GAGTAAAGCATTCTCCTTCAC
TYLCV-[Ab]1543"  1543-1566 TTACGTCTTATTGTTTTCTTCTTG 55 1071
TYLCV-[Ab]2613¢  2590-2613 CCTCGTCTATTTAAAATATATGCC

Real-time PCR BCTV-Svr631" 631-651 GCCGAAGAAGAGGAGGACTAC 53 116
BCTV-Svr© 725-746  TACCACCAGCACCCAACATATC
BCTIV2056" 2056-2075 TTTGTTCCGCCCACTCTTTG 54 116
BCTIV2171¢ 2151-2171 GCCTTCCATTCTATCCTTCGC
TYLCV-[Ab]1377"  1377-1400 CTCTGGCTGTGTTCTGTTATCTTG 57.5 153
TYLCV-[Ab] 1529 1508-1529 GACTGTGGCTGCTCATACTACC
Tomato 25S rRNA" GGGTAAACGGCGGGAGTAAC 54 116

Tomato 25S rRNAR

TGGATAGTAGACAGGGACAGTGG

Ta annealing temperature

® Nucleotide position of BCTV-Svr, BCTIV and TYLCV-[Ab] primers are according to the GenBank database under
accession number X97203, JQ707939 and FJ355946, respectively

V virion-sense strand primer
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" forward strand primer

R reverse strand
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Figure 1. Relative DNA titer of TYLCV-[Ab] in
tomato plants of Grosse Lisse cultivar inoculated
with TYLCV-[ADb] alone (T) or mixed with BCTIV (I)
and BCTV-Svr (S) at 21 dpi. Inocula are defined in
Table 1. The value represented for each treatment is
the mean of four replicates. Bars with the same letter
are not significantly different (P<0.05).
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Figure 2. Relative DNA titer of BCTIV in tomato
plants of Grosse Lisse cultivar inoculated with
BCTIV alone (I) or mixed with TYLCV-[Ab] (T) at
21 dpi. Inocula are defined in Table 1. The value
represented for each treatment is the mean of four
replicates. Bars with the same letter are not
significantly different (P<0.05).
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Figure 4. Relative DNA titre of TYLCV-[ADb] (T),
BCTIV (I) and BCTV-Svr (S) in tomato plants of
Grosse Lisse cultivar inoculated with each virus alone
or with mixed inocula at 21 dpi. Inocula are defined
in Table 1. The value represented for each treatment

is the mean of four replicates. Bars with the same
letter are not significantly different (P<0.05).
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Figure 3. Relative DNA titer of BCTV-Svr in tomato
plants of Grosse Lisse cultivar inoculated with
BCTIV alone (S) or mixed with TYLCV-[Ab] (T) at
21 dpi. Inocula are defined in Table 1. The value
represented for each treatment is the mean of four
replicates. Bars with the same letter are not
significantly different (P<0.05).
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Figure 5. Relative DNA titre of TYLCV-[ADb] (T),
BCTIV (I) and BCTV-Svr (S) in tomato plants of
Grosse Lisse cultivar inoculated with each virus alone
compare with the sum of relative DNA titre of
TYLCV-[Ab] and BCTIV in MIT, Ti and IT and the
sum of relative DNA titre of TYLCV-[Ab] and
BCTV-Svr in MST, TS and ST. Inocula treatments
are defined in Table 1. Bars with the same letter are
not significantly different (P<0.05).
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