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Abstract

Mixed infections of plants with viruses is a common phenomenon occurring in nature. In the present study,
interactions between Beet curly top virus (BCTV-Svr), Beet curly top Iran virus (BCTIV) and Cucumber
mosaic virus (CMV) were investigated in resistant cultivar (BST853) of sugar beet (Beta vulgaris) to curly
top disease at 20°C and 26 °C; pepper (California Wander cultivar) and bean (Akhtar and Goli cultivars) at
26 °C. Experiments were performed in a completely randomized design. Plants were inoculated with
infectious clones of BCTV-Svr and BCTIV and also mechanically with the sap of the Fars isolate of CMV
infected Cucumis sp. leaves. The intensity of the bands of PCR products was evaluated by Totallab software.
The viruses did not induce any symptoms at 20 £+ 1 °C on sugar beet plants, except vein clearing observed in
some treatments. In the case of BCTV-Svr + CMV and BCTV-Svr + BCTIV treatments, plants showed
symptoms one week earlier than single infection treatments at 26 = 1°C. Similar results were obtained in
treatments using pepper and bean plants. Analysis of PCR data showed that BCTV-Svr accumulation in
BCTV-Svr + CMV and BCTIV + BCTV-Svr treatments increased compared to single treatment of the virus.
Results of this study showed that co-infection of BCTV-Svr and BCTIV with CMV leads to breakdown of
resistance and induction of severe symptoms in sugar beet, pepper and bean plants. Hence, it seems that the
host plant, does not affect interaction of these viruses.
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Tablel. Treatments of inoculation of viruses in tested plants

Treatment pepper bean sugar beet
single infection BCTV BCTV BCTV
BCTIV BCTIV BCTIV
CMV CMV CMV
co-infection BCTV+CMV BCTV+CMV BCTV+CMV
BCTIV+CMV BCTIV+CMV BCTIV+CMV
BCTV+BCTIV BCTV+BCTIV BCTV+BCTIV
Control Control BCTV/CMV
co-infection at a seven-day interval CMV/BCTV
BCTIV/CMV
CMV/BCTIV
Control
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Table 2. Primers used for detection of BCTV-Svr and BCTIV

Virus Primer Primer sequence Size of the Reference
name amplified
segment
BCTV-Svr V1V 5'- AGAAAATATACAAGAAATC-3 750bp Ebadzad et al. (2008)

VIC 5'- TTAATAAAAATAACATCTAC-3'

BCTIV 1559-F

F: 5'-CACTCATACAAGGTATCCAGTCCA-3'

792bp Heydarnejad et al. (2013)

FL-R  R:5-ACGGAGCTCTCCAAACAGTATTGGC-3'

DNA1S8S 1851

5'- AACGGCTACCACATCCAAG-3'

500bp Faria et al. (2006)

1852 5'- TCATTACTCCGATCCCGAA -3'
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Table 3. Comparing of mean related to the scoring of
the treatments of sugar beet, bean and pepper

Treatment Mean

Sugar beet Bean  Pepper
BCTIV+ BCTV-Svr 3.442 3.00° 1.77¢
BCTV-Svr +CMV 2.76% 3.16 3.11*
BCTIV+CMV 2.16% 1.83%  2.55%
BCTV-Svr 2.000 2.16®  1.66%
BCTIV 1.800¢ 1.5% 1.44¢
CMV 1.36¢ 1.33% 2,00
Mock 1.00¢ 1.00¢ 1.00¢
BCTV-Svr /CMV 2.16%
CMV/ BCTV-Svr 2.16%
BCTIV/CMV 1.800
CMV/BCTIV 1.80%

5SSl 031 lal kit Sslize g glyls 45 ole Sl
..L;)‘J L;)‘J@M |

Mean in each column followed by different letters, are
significantly different using Duncan test.
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Fig 1. Curly top symptoms in BCTV-Svr + BCTIV (a), vein swelling in BCTV-Svr + CMV (b) and no symptoms
in control plant (¢) treatments five weeks post inoculation in sugar beet plants
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Fig 3. Symptoms of pepper plants including blistering
inoculated with BCTV-Svr +CMYV one week (a) and
two weeks (b) after inoculation
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Fig 2. Symptoms of bean plants showing reduction of
leaf size and downward leaf curling inoculated with

BCTV-Svr + CMYV (a,b) and BCTV-Svr + BCTIV
(c,d) twenty five days post inoculation
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Table 4. Mean of chlorophyll meter (spad) and
photosynthesis meter (Li-cor) data in sugar beet

Treatment Mean
Chlorophyll  Photosynthesis

BCTIV+BCTV-Svr 24.92¢ 1.054
BCTV-Svr +CMV 27.79b¢ 1.89b¢
BCTIV+CMV 25.46 1.40%4
CMV/BCTV-Svr 28.13b¢ 2.20°
BCTV-Svr /[CMV 28.95b¢ 2.49°
CMV/BCTIV 27.43b¢ 1.73bed
BCTIV/CMV 27.61°% 2.19
BCTIV 28.86 2.420
BCTV-Svr 28.75b 2.30°
CMV 29.47° 2.43b
Mock 35.98° 4.00°
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Mean in each column followed by different letters, are
significantly different using Duncan test.
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Table 5. Mean and grouping of treatments in chlorophyll a, b and carotenoids data

Treatment Mean
Chlorophyll

(microgram/gram fresh weight)

a b carotenoids
Mock 0.88¢ 0.73¢ 1.78°
CMV 0.77¢ 0.56% 1.042
BCTIV 0.71° 0.71° 0.942
BCTV-Svr 0.64% 0.69b° 1.14%
BCTV-Svr +CMV 0.57* 0.66%° 0.56°
BCTIV+CMV 0.57¢ 0.54° 0.692

Sl gl e LD (ST Q}aﬂ ol e Cosline By > (glols &S &LAJ:KJL:A

Mean in each column followed by different letters, are significantly different using Duncan test.
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Table 6. Mean of treatments of bean plant s OLLS ol ‘_J...f.,\..a A Jgde

Treatment Mean
Chlorophyll
(microgram/gram fresh weight)
a b Carotenoids

BCTV-Svr +CMV 0.33% 0.46* 0.49*
BCTIV+CMV 0.50? 0.72° 1.16*
BCTV-Svr 0.78" 0.72° 1.09#
BCTIV 0.56% 0.85° 1.19%
CMV 0.58% 0.79° 0.91*
Mock 0.96¢ 0.88° 1.432

s gols e Gl SSls g1 el cites osline Gy = gl &S ola Sl
Mean in each column followed by different letters, are significantly different using Duncan test.

JA 5 Loy DS sl p Kt 5 5 0554 b slsles (nKbe Y Jsur
Table 7. Mean treatments related to fresh and dry weights and length of beans and pepper plants

Treatment Mean
Bean Pepper
Length Fresh weight Dry weight Length Fresh weight Dry weight
(cm) ® @ (cm) 2 @

BCVT+BCTIV 44.66° 19.18 3.16%® 23.5b 4.81b 0.75b
BCVIT 70.00¢ 23.000¢ 3.34° 25.77¢ 5.08¢ 0.87¢
BCVIT+CMV 62.00°¢ 22.00° 3.2 23.66 4.79b 0.68
BCVT+CMV 34.17% 18.94° 2.90* 15.00? 2.02¢ 0.21*
BCVT 65.83¢ 21.54° 3.27® 25.05¢ 5.00¢ 0.87¢
CMV 80.834 23.30% 3.42% 19.55%® 2.85%® 0.29%
Mock 82.67¢ 24.93¢ 3.77¢ 26.77° 5.26° 0.88¢

s (ol e D] (STl Ggasl il cdites Sslite oy o ghils ST ola Sl

Mean in each column followed by different letters, are significantly different using Duncan test.
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Fig 4. The relative amount of BCTV-Svr
accumulation in sugar beet plants. Column (c¢) 1.
BCTIV + BCTV-Svr after five weeks; ¢ 2. BCTV-Svr
after five weeks; ¢ 3. BCTV-Svr + CMYV after five
weeks; ¢ 4. BCTV-Svr + CMYV after four weeks; c 5.
BCTV-Svr after four weeks; ¢ 6. BCTV-Svr + CMV
after three weeks.
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Table 8. Disease severity index in different treatments

Treatment Disease severity index
Sugar beet Bean  Pepper

BCTV-Svr +BCTIV 0.38 0.47 0.44
BCTV-Svr +CMV 0.30 0.45 0.72
BCTIV+CMV 0.24 0.27 0.57
BCTV-Svr 0.22 0.32 0.37
BCTIV 0.20 0.22 0.32
CMV 0.15 0.2 0.45
Mock 0.12 0.15 0.22
BCTV-Svr /CMV 0.24

CMV/BCTV-Svr 0.24

BCTIV/CMV 0.20

CMV/BCTIV 0.20

BCTV-sln,Lass 45 sls 0l 4 ytiir oLalS
ity s BCTV-Svi+CMV 5 Syr+BCTIV
2 laslad plo Sl 2l 5 Lo g ol DA ax s
5 Lo OLLS sl ramen dzdls B (ke sl
et o N BCTV-SVEHCMV by oes o
2 ol s a0l 0L ol
55 1 BCTV-SVrHCMV Lo sl 0l 55 Jibs olalS
Odd yerla glaesls ol 13 golay jetla o SV

lods 03,51 A Jsdr 3 s ol ($olows

S Al e 2 9 o) e 2 O g0

DLalS 3 ) e o oS 4ad g3l ol 1y

3 e g byl Glaslas s s gL S a0
oS o JU 5 53l ¢ o s BCTV-SVI 4 Ly o
Slasles 5o s s 5 Sl 5 (F ISS) Lal
Slaks glaisl Sus (0 JS2) ol s 4 Cileses
BCTV- Ly dses Soy Nl as by e aSou s 55
O IS5 sy S8 LS, sl sl ey SvrtBCTIV
33 ol by s S50 s oy aia () Sl
Ay Do S Neiy GRS BCTV-SVE e ¢ o5

231



s S Kalige wons babie Sodl w oy o Jab (3 i 0LlS STy 10l Ken 5 S sl

am by p VO bp USL) ab g e sla S5LET L 5k o bylse (ST b a8, LS 53 BCTV-SVE geoss awlio 0 |3
BCTV-Svr 4 031 ol .Y al, catin gy 51 day BCTV-Svr+ BCTIV & 03 81 olS ) Sl 8 jair OlS 5 (BCTV-Svr
Jbezr 31 du BCTV-SVI+CMV « o341 olS & Sal, cazia oy 51 dn BCTV-SVIHCMYV 4 03 ol ¥ Sal, cazin ey 5 n
RSV Kaly 4zt 4w 3l d BCTV-SVI+CMV & o5 81 o8 1 Sl cain Slga 51 Ay BCTV-Svr 4 03 81 oS .0 Kl cazia

(ol J&1s xS 4 by 000 bp L) . 2w
Fig 5. Comparing of single and co-infection of BCTV-Svr accumulation in sugar beet plants. Lane 1. Plant
infected with BCTV-svr + BCTIV after five weeks; Lane 2. Plant infected with BCTV-svr after five weeks; Lane
3. Plant infected with BCTV-svr + CMYV after five weeks; Lane 4. Plant infected with BCTV-svr + CMYV after

four weeks; Lane 5. Plant infected with BCTV-svr after four weeks; Lane 6. Plant infected with BCTV-svr +
CMYV after three weeks; 7. Negative control (S00bp bound related to internal control).
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Fig 6. Comparing of single and co-infection of BCTV-Svr accumulation in bean plants. Lane 1. Plant infected
with BCTV-Svr after two weeks; Lane 2. Plant infected with BCTV-Svr + CMYV after one week; Lane 3. Plant
infected with BCTV-Svr + CMYV after two week; Lane 4. Negative control.
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Fig 7. The relative amount of BCTV-Svr
accumulation in bean plants. Column (¢) 1. BCTV-
Svr infection after two weeks; ¢ 2. BCTV-Svr + CMV
infection after one week; ¢ 3. BCTV-Svr + CMV
infection after two weeks.
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