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Abstract

Tomato bushy stunt virus (TBSV) is one of the important tomato viruses in Iran and all over the world. In this study, the
effect of mycorrhizae in Tomato bushy stunt virus infection was investigated. For this purpose inoculum of mycorrhizal
fungus Rhizoglomus irregulare was added to the plant growing medium at the time of tomato transplanting and after four
weeks, TBSV was inoculated mechanically to the plants. The rate of virus multiplication was evaluated by Real-time
PCR at time intervals of 19, 25 and 31 days after inoculation. The treatments included control plants (C), plants infected
with TBSV (V), mycorrhizal plants (M) and mycorrhizal plants infected with TBSV (MV). The results of investigating
the amount of virus accumulation in plants showed its decrease in MV plants compared to V plants, and this decrease was
more obvious in more advanced stages of the disease. Investigating the expression level of AGO2 and MYB33 genes also
revealed that these genes had a significant increase in MV plants compared to V plants. This increase indicates an increase
in the resistance of MV plants to the virus compared to V plants and it also confirms the lower reproduction of the virus
in tomato plants inoculated with mycorrhiza. The results of this research show that the use of mycorrhizal fungi as a
stimulant of the plant's defense system may be a good way to defend against this viral disease.
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Table 1. Grading of tomato bushy stunt virus symptoms.
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Symptoms Grade
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Leaf mild mosaic 1
Leaf mosaic and Cupped leaf 2
Yellowing and Cupped leaf 3
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Table 2. Specifications of primers used in this research.
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Gene Primer Sequence (5' to 3")

Reference

TBSV-GRAL

F:5 TTTGGTAGGTTGTGGAGTGC 3'

Harris et al., 2006

R:5' AAGGGTAAGGATGGTGAGGA 3'

In this research

In this research

MYB33 F: 5 CCTCTTCTTCAGAGCCCTCAT 3

R: 5 CAAGAGAAGGAAGAGGGGAAG 3'
AGO2 F: 5 CTCCTTCACCATTCCCACACS'

R: 5 CCCCCAAAGCAGATAAAACA 3
UBI3 TCCATCTCGTGCTCCGTCT 3

F:5'
R: 5' GAACCTTTCCAGTGTCATCAACC 3'

Song et al., 2015
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Figure 1. Electrophoresis of Polymerase chain reaction product with TBSV primers 19 days after inoculation of plants
with virus. plants infected with TBSV (V), mycorrhizal plant infected with TBSV (MV) and negative control (C). 100bp

DNA ladder was used.
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Figure 2. Disease symptoms in plants infected with TBSV (V), mycorrhizal plants infected with TBSV (MV) and control

plants (C) on the 31st day after inoculation.
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Table 3. Scoring of disease symptoms in plants infected with TBSV (V) and mycorrhizal plants infected with TBSV
(MV) at 19, 25 and 31 days after virus inoculation (dpi).

dpi 19 25 31
Treatment
\% 2,3 2,3.4 3,4
MV 2 2,1 1

The scoring system of Friedmann et al. (1998): score 1 for leaf mild mosaic, score 2 for leaf severe mosaic and cupped leaf, score 3
for Yellowing, Cupped leaf, and score 4 for Yellowing, Cupped leaf and Stunted plants.
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Table 4. Disease severity index in MV and V treatments at three time points 19, 25 and 31 after inoculation with virus
(dpi).

dpi 19 25 31

Treatment
A% 50% 75% 82%

MV 38% 32% 25%
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Figure 3. Disease severity of TBSV in control plants (C), plants infected with TBSV (V), mycorrhizal plants (M) and
mycorrhizal plants infected with TBSV (MV) at three stages of infection in 19, 25 and 31 days after inoculation virus
(dpi) using RT-gPCR. Significant differences between viral RNA accumulations for each treatment at three different
times are indicated by (*) using repeated-measures ANOVA and Benferroni's post hoc test (p < 0.001)).
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Figure 4.Virus accumulation rate in control plants (C), plants infected with TBSV (V), mycorrhizal plants (M) and
mycorrhizal plants infected with TBSV (MV) at three stages of infection in 19, 25 and 31 days after inoculation virus
(dpi) using RT-gPCR. Significant differences between viral RNA accumulations for each treatment at three different

times are indicated by (*) using repeated-measures ANOVA and Benferroni's post hoc test (p < 0.001)).

(_gLQO‘)‘ uL'-’ )loo_;.m u...i\)_el sols MV sla Lo o u;IB )lo
B JS8) maog 35

009 Censj e

i S g 5 (59 45w pasuie Gilel obL o
—ee sk @ e b jle 4 Cend Ve 0 (e slo
03gicmsy MV jles jo LS 5 casl a8l als (g)lo
(B Jgaz) ooV jles 4 S (6 i

sisle plols )0 MYB33 5 AGO2 (sloy; lo e
TBSV « osg//
b jlam 55, YY) 5 Y0 N slole; ;o RT-gPCR s
AGOZ slagys ol oliee Jlosine S8 (mgng b olS (S5
oy i [y, MV Gl 4y cos V LS 45 MYB33
o0y Ol Oliee o Hlosae Sglil Gloj S L Gizmon
Sloyi Ole &5 Bjygo (pay ol ssalie MV 3V glales )0
— e il les S LV glalegs 5 MYB33 sAGO2

J Appl Res Plant Prot

$




Y7 3 Lys8le J () /) o 5 (o o>

6.000

MYB33

5.000

4.000

019 dpi

3.000 m2s dpi

Relative gene expression
%

2,000 031 dpi

1.000 %*

.000

6.000

5.000

4.000

019 dpi
3.000
m25 dpi

2.000 031 dpi

1.000

Relative gene expression

.000 -

C M A MV

0351 ol (M) l51,55k olS (C) wals (LS ;o RT- GPCR jl oolinl L AGO25 MYB33 slays ol o g a3 .0 JSCb
o923 Sinble 3l o 59, TV 5 YO N o hghe lal> e a0 (MV) TBSV g o5 b oo Siake (ol5,50k plalS 5 (V) TBSV
P 593 9151 1S (6 uSe3lusl) el oas osls (LS o)l Jawgs calises o aw 5o sl o sl oy le &l sire glas (dpi)

(P <0.001) s i

Figure 5. Expression analysis of MYB33 and AGO2 genes using RT-gPCR in control plants (C), mycorrhizal plants (M),
plants infected with TBSV (v) and mycorrhizal plants infected with TBSV (MV) in three stages of infection in 19, 25 and
31 days after virus inoculation (dpi). Significant differences between the expression of genes for each treatment at three

different times are indicated by (*) using repeated measure ANOVA and Benferroni's post hoc test (p < 0.001)) .

Looads Srale olp,s%k Hlls 5 (V) TBSV 4 eodl lals (M) o5 55500 olbls (C) vals Gl ;o o055 Cuw oyj9 -0 Jaas
o311 ol b Lo (i 2B 5 5 (39 o gine Dol oaims lis Sl ilisie B9 o T (5909, 45 g 8 polie (MV) TBSV e 5
(P <0.05) Gg,an odins 3031 5 151 5,80 (5,5

Table 5. Biomass weight in control plants (C), mycorrhizal plants (M), TBSV-infected plants (V) and TBSV-infected
mycorrhizal plants (MV). Values in each column with different letters in front of them indicate significant differences in

fresh and dry weight between treatments according to ANOVA-Bonferroni post hoc-test (p < 0.05).

Treatment Fresh Weight (g) Dry Weight (g)
M = SD M+ SD
v 59+£04°2 1.1+02%
MV 74+£034°¢ 2+0.3¢
C 82+04° 3.1+£03°
M 8.5+£0.5° 33+04°

*M = SD = Mean * Std. Deviation
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