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Abstract

Arbuscular Mycorrhizal Fungi (AMF) as root symbionts in most terrestrial plants,
not only improve nutrition, but also increase plant resistance to biotic and abiotic
stresses by changing the physiology of the host plant. Viruses are one of the most
important pathogens and limiting factors in plant production. The effects of AMF on
viral infections are contradictory. Some AMFs lead to resistance to viral infection,
while others result in increased susceptibility of the host plant. In this research, the
effect of the symbiosis between tomato plants and the arbuscular mycorrhiza,
Glomus fasciculatum (GF), was investigated in response to tomato mosaic virus
infection. The plant responses were investigated in various characteristics such as
plant height, fresh and dry weights of aerial parts, disease severity, content of total
phenols and photosynthetic pigments, content of nitrogen, phosphorus and
potassium elements, and the activity of antioxidant enzymes. The results showed
that the AMF delayed the emergence of the symptoms and reduced disease severity.
Additionally, AMF caused significant increases in growth traits in both virus- and
mock-inoculated plants. AMF enhanced the content of the photosynthetic pigments
in mock-inoculated plants, but in the virus-inoculated plants, it could not
significantly increase chlorophyll b. Virus and mycorrhizal infections, alone and
simultaneously, resulted in a significant increase in catalase and peroxidase
activities and total phenolic content in the plants. AMF significantly increased the
content of nitrogen, phosphorus and potassium in mock-inoculated plants. However,
no significant increase was seen in the case of phosphorus in virus-infected plants.
In general, it can be concluded that the symbiosis of tomato-GF has led to resistance
to tomato mosaic virus infection.

Keywords: Defence-related compounds, disease severity, chlorophyll, mineral
elements, symbiosis

(95 (ole Ao
4l J‘..dijb 4.1>u
() (] 9 SCE] (qwige
> ISSN 2588-5073
9 21 ISSN 2588-5081 online

18 ¥ bl g sler ) 03led V¥ 0398
01-Y 4xio

Research Article
Genetic Engineering and Biosafety
Journal 2024
Volume 13, Number 1, Pages: 51-62

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

10.61186/gebsj.13.1.3

Citation dlis -pl ps il 3,

Sedaghatian H, Almasi R, Pakbaz S, Roumi V.
(2024). Effects of a tripartite interaction
among ToMV, tomato and Glomus
fasciculatum.  Genetic  Engineering and
Biosafety Journal 2024; 13 (1) : 51-62. Doi:
10.61186/gebsj.13.1.3

URL.: http://gebsj.ir/article-1-492-en.html

S SIHLOFY) s sy cm SSTL ) owlel o Olslis
oS (Sper S Sl rons om B S en
Glomus fasciculatum. 51, Sl z,6 5 S per S

SY 0V i)Y L ) e 5 K5 wkige


http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
http://dx.doi.org/10.61186/gebsj.13.1.3
http://gebsj.ir/article-1-492-en.html
http://dx.doi.org/10.61882/gebsj.13.1.3
https://gebsj.ir/article-1-492-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOI: 10.61882/gebsj.13.1.3]

eSS S Salsse s ns om a1 s S Sl L 5 olslas

Genetic Engineering and Biosafety Journal
Volume 13, Number 1, 2024

S

o e 55 Obgee olS (305 00 e b di 25 » 053 (63 S DS min s o gl e Ulsea Ll b
CiS o diSsgdms 5 LS Glioben Julse e S B s Kgh e 0k 5 edis G S s s oS Coaglin il il
Sl aslie 4 e oS- 1Sl sla S ea 5 S el Sglite s s sl ST 65 Lapli sl Ol ks OlalS
Sl 20l b (S a5 oS meson ) SRy ol 53 s Qs obS il ol 0 e K (0 5 (s s
5 RSl b een 4 0lLS 1STy s s (S S Salise s Sodl & zSly s Glomus fasciculatum (GF)
GLaliS, 5 ST glsms (Solom DD (olsm pll S5 5 5 05 s gl Wb il sla Sy 53 sy S34
2SSl o ol DL s ) e SI ST Glam 5T Clad Olpe 5 poolty 5 Sied O350 Slapaie g (S 5 53
031 OLS 3 iy Sliv s ame Ll Eol 2SOl uimen A olew Sl 28 5 golen lawlis 55, 50 4 e
Al cmans ssam 53 bl A Col ) gy GLalaSSy aled s me Ghalil s (S35 05 LS 53 5 A s s 4
3 Sy YL @Ari}j Slagme Gl Bl Olsen Soso w5 ol 4 LSSl s s @ Sl o LIS s,
Ok oalS s el 5 Red 03555 Slsee sla gre Sl Bl 4 e shsSle pemen il 53 OLLS s 1y IS J g (gl g
S 235wt Ol o S5k a4 s il s pme (IB1 e 36 5Ol (a4 o3l OLS 55 Ll g (S

Ll ok (K per 58 Salige s S5 plp 03 (e 8 QLS Caslie 4 2 GF 515500 b e o

Introduction o die
2015; Fiorilli et al., 2018; Miozi et al., 2019; Moarrefzadeh 5 e dur«i@)‘)ﬁ:ﬂ L oLLS (b ok
5 SO Olss Sy Ll ol J(and Khateri, 2022
sl oS Wiy, g3, AMF 6LA€)L; Dbl 5 Lab S sl
S Ulse 4 L AM Gl B L s Jeily 5 Lsd e
Auge et al, 2015; Fiorillietal., ) das o OLi s slge fole

& 5 ) ol Ko &S s BLISE 5y (eadae lsoles

als 4 lxwe (Arbuscular mycorrhizal fungi, AMF)

Az.s  Glomeromycotina 4+l 5 5 Mucoromycota
2SSl OlalS cuwslia il 53l .(2018; Miozi et al., 2019 _
S R SosSis OlS Ao s A0 s5u~ L s (Spatafora et al., 2016)
«(Whipps 2004) ool sl 5,58 5 S ol $lag ol 5 55
SN 2 St ole A SN (Auge et al, 2015) ucS o 15 SN abal

e diS s W e Y Sl Glanl Sl b OlalS

03 ¢ w\f@\ L V) v.l.c«\ gu.:\.k.c« LSL“J‘*M u.\:— J"".'.‘Jﬁl 3 cl.:g

sl G 4 S b Soley 555 55 L2l L
Pozo and Azcon-Aguilar, ) ;0 555 S e de= OLLS
(SN 5 (SSdnd (S5 sl 0558 (2007
3 2l bdas o gla ey s 5 o 8L il (6 505 alse
(Bonfante and Desiro, 2017; Xyl <bts Sty g5 02

Fiorilli et al., ) J}.\JL;G QLALS BE J)M JJ).? LEWINS) o.,\..:)'
S 5 8 s 5 S (s Shats sla il il )
Turina et al., 2018) _ i

Joo Sl ped Olpe 4y 3l OlaLS (g4, 2l sla paie

AUgeetal,).iﬂ (b Q‘jsk;a b a.ﬁjjs.&«}a.ﬁj L;LAJLSMW

. VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.3
https://gebsj.ir/article-1-492-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOI: 10.61882/gebsj.13.1.3]

eSS S Salsse s ns om a1 s S Sl

Q\)L{.«A 9 L)L:'LBL,\.;

Salise s G K5 sl sbaaS) laege JASEL
J=s (Kumar et al, 2011) cubws, SN5Ss LS,
5555 e Jime SOl ol 5l amhia s ol (SKee TOMV
Cuglis O SU (Araetal, 2012) 5505 50 aews Sl als
JS 53 S by 53 Olge a4 b U J s 5 K85
3oL lcila, o 3 Ll JSa sy sbgoles
3 polis el ann g Aol s s Slaolen SRS Gl s
JlS 5l (NBS-LRR usle) coslie slaoys JUsl ¢ famse
Gty oS Oy 0315 LIS 5 gl B 4 s
L RNA sl 53 sy o Sodl b dils o wsns
Wl g 5 ke e 3L, ol Ll S ablie 55
Jolss b psns Gbaslen 5 o osbs bl
Slalp eemes (Miozi et al, 2019) s J 28 1, astliil
GReSa b s Sl By e a8 00 S5 5 e
Al Se 4 Jemte 5 pslie LBl (S5 Caslis
Sl b5 S pme cnl 2 0581 Lsdm il b2
5 Syl (555 1) oA gl s B J xS sl plend
IS Jelge 58 @ddS Jlo iy 3 3l (g 0> (Al
ey AS blen ¢lr 2Ll Glag b il K54l
s (Elsharkawy et al., 2012) Llos S 355 4 (303
FB pta Ol Rl L AM slaz )6 L OblS Siale
RS slp ol 5 aw ol sy S Olge 4 OllS
Hao et al., 2019; Miozi ) ol ol slgig s s Slas sl
Ol s L 50 s ol (et al., 2019; Miozi et al., 2020
o pde s G fasciculatum Y ST 5SSl 51 eslixd

A plonil (S5 e 8 Sulsse s s Solew

Materials and Methods

53 OLS L asls JUsl 31 5Sle 256 el 5 (1)) s 2l
S gots (SO 5Tax S 5l el 1l TOMV L« S L a0
oS ) e (O Siale gl il S5l SO
AL e S s s es )l (e S oS S
S35 0391 slas As (5, Se las PHEY L ly Slicd Y4

Lbﬂ\)jg.il.a ‘}a.w)s eLS 6‘4.3‘@. 9 SPE L;&L‘!J 6\.&&;5‘_5 &‘J})\
mycorrhiza-induced ) (s5l,,SGl LWl Cwslie Olpe 4
s> .(Cameron et al., 2013) s 43 o atlis (resistance, MIR
o DL eges gls gla Sty 3 a5 LSS ) anes
e e J g3 OLS 55 SinS] T glae 5Tl
Gl sl Sl (Il 4 e Llg o AM lag B L olS
(CAT) 3VGIS «(SOD) 35 gams donS| o ASle SlaenS| 5l
5SS e 3 oS 4 U osss (POD) laast, s
Chen et ) LS K8 oJu')'J:&« E) aJu')' 6\)é)L~“J JA‘}G )\ J&l}-
ol 58 eemen (@l 2020; He et al., 2020; Wang et al., 2022
ol LJ':')\J§ AM L;LQC)B L: CMMAN)('.A QLAL:§ BEl L;!}nﬁ QL.:gj.:

.(Duc et al., 2020; Shirali et al. 2020) ...l

Wl o oS dmen Joholss 5 bl Kl s s
Sl ng S sbml 55 aldlse 53 1) e Sa)len
3 gt 3l Cmiles LSl olS (930558 o3 DDl L alS
Sgn I 0L o i ol Ssansn okl 03508 S o
2l Gl paie G a5 olS sk Slescst s s (1A
3 s S GlRl 5 elS s s (s 4 s oS
(Culver and Padmanabhan, 2007) Lsi 0 (solen s
L Ol il 53 (SKpar S s wsns olen cpdr
S oo 3wl @3l Dol 5 s e Sl U Ced Dl
Salise oy b wsns oul 31 S (Balogun, 2008 )
4 e oS ool (Tomato mosaic virus, TOMV) S jax S
A LS TOMVY s e Lis o ol OblS & ol
Lo slacile 5 x5 b 8 (el OblS asle e s
5 0kdp, WS Man Ll ol sbalis S e e

L b, g ols
Jolo Gsaler laim o e By (K8 slayd
2osle 2ol pal olen o faal anle 5 GOV S e
) Sk ¢J§ 0> el 00 cLle L Glomus fasciculatum
L ciS (0] s als Ol pslboan; S5 5 Sl el

ale (o ST ass b OIS 4 LS watia Sler Sl e

VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.3
https://gebsj.ir/article-1-492-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOI: 10.61882/gebsj.13.1.3]

eSS S Salsse s ns om a1 s S Sl

Q\)L{.«A 9 L)L:'LBL,\.;

33l SelS SlacS Sy 7 b B s Ly S s 4 e
OV Jadr) A plsil ST Sl 0o 5 sbasles

Slesd o by e U8 5 e lest lajled =) s

Table 1. Treatments and pertaining code to each treatment
Treatment code Description

-GF -V No mycorrhiza and no virus treatment
-GF +V Without mycorrhiza and with virus
+GF -V With mycorrhiza and without virus
+GF +V With mycorrhiza and with virus
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Table 2. Primers used for TOMV detection in inoculated plants (Chen et al., 2011).

Virus Primer name Product size Ta Position on virus genome

(5'-3") Sequence

ToMV  ToMV (F)

421 °C52

5746-5762 CATCTGTATGGGCTGAC

ToMV  ToMV (R)

6148-6166 GAGGTCCARACCAAMCCAG
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Fig.1. Disease symptoms caused by inoculation of ToMV
on tomato plants. There are distinct mosaic and
discoloration symptoms on the leaves.
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Table 3. Mean value of growth characteristics of the plants in different treatments. GF- (treatment without mycorrhiza), GF+
(treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M
(mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan
grouping and different letters within a row indicate differences among the treatments at the 5% level of significance.

Parameter GF- GF+ SEM P value

V- V+ V- V+ M \Y% M*V

Height 56.56 ¢ 39.86° 94.56% 50.20¢ 1518 <0.01 <0.01 <0.01

Wet weight 110° 64 ¢ 220.20% 89.60¢ 3.602 <0.01 <0.01 <0.01

Dry weight 12.42¢ 596°¢ 24.36% 8649 0527 <0.01 <0.01 <0.01
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Table 4. Mean value of photosynthetic pigments, including total chlorophyll (ChL.T), chlorophyll a (Chl.a), chlorophyll b
(Chl.b) and carotenoids in different treatments. GF- (treatment without mycorrhiza), GF+ (treatment with mycorrhiza), V-
(treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M (mycorrhiza), V (virus) and M*V
(interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan grouping and different letters within a
row indicate differences among the treatments at the 5% level of significance.

Parameter GF- GF+ SEM P value

V- V+ V- V+ M \Y M*V
ChL.T 454°¢ 1817 7992 3659 0.287 <0.01 <0.01 <0.05
Chl.a 3.07¢ 1.29¢ 5322 2449 0191 <0.01 <0.01 <0.05
Chl.b 147 052 267 121 0.104 <0.01 <0.01 0.069
Carotenoids 0.76¢ 0.479¢ 1.872% 0.72¢ 0.053 <0.01 <0.01 <0.01
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Table 5. The mean of activity levels of antioxidant enzymes including catalase (CAT) and ascorbate peroxidase (APX) as well
as the total phenol, nitrogen, phosphorus and potassium contents of the plants in different treatments. GF- (treatment without
mycorrhiza), GF+ (treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error
of the mean), M (mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table
represent Duncan grouping and different letters within a row indicate differences among the treatments at the 5% level of
significance.

GF- GF+ P value

Parameter SEM
V- V+ V- V+ M vV M*V
CAT 0.38¢9 055°¢ 0.66° 0.73° 0.020 <0.01 <0.01 <0.05
APX 2789 512°¢ 6.60P 7.34P 0289 <0.01 <0.05 <0.05

Total phenolic content 2.25¢ 3.76¢ 6.58° 8.13% 0.308 <0.01 <0.01 <0.05

N 4299 099f 8362 3.07° 0.151 <0.01 <0.01 <0.01
K 274¢ 1.00° 5402 1759 0.194 <0.01 <0.01 <0.01
P 0.28¢ 0.049 0742 0.12¢ 0.026 <0.01 <0.01 <0.01
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