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Effect of the cucumber mosaic virus-Fny infection on the physiological
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Abstract

Green basil (Ocimum basilicum L.) is a medicinal plant widely used in the food, cosmetics, and perfumery
industries. Cucumber mosaic virus is one of the most common plant pathogens worldwide. In the present
study, the effect of cucumber mosaic virus (strain Fny) infection on the phytochemical and physiological
properties of three green basil landraces under growth chamber conditions (21 + 2 ° C and 16-hour light/8
hour dark period) was investigated. The plants were mechanically-inoculated in the true two-leaf stage with
the virus. Mean comparison of the studied traits showed that the virus significantly reduced photosynthesis,
the content of chlorophyll a and b, total chlorophyll, and total carbohydrates in the infected plants. In
contrast, the content of total protein, amino acid proline, total phenol, flavonoids, and the percentage of
essential oils (w/v) in infected plants was increased. The results of essential oil analysis of three basil
landraces by Gas chromatography and Gas chromatography-mass showed a significant difference in essential
oil compounds between control and viral treatments of each landrace. The compounds Camphor, Carvone,
Estragole, Methyl Eugenol, Beta-caryophyllene Alpha bisabolene, and Caryophyllene oxide make up more
than 70% of the essential oil content. Results of the present study indicated that viral infection causes
physiological and phytochemical changes in virus-infected plants. Increasing and/or decreasing the
phytochemical content and some essential oil compounds depends on the interaction of the virus and the
basil landrace and may be in line with the susceptibility or resistance of the landraces to the virus infection.
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Fig. 1. Symptoms of mosaic in plants infected with
cucumber mosaic virus-Fny 20 days after inoculation.
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Fig. 2. Electrophoresis of amplified 650 bp and 250
bp fragments corresponded to a part of Coat Protein
gene of cucumber mosaic virus-Fny (CMV-Fny)
using specific primers (CMV CP-F and CMV CP-R)
and a part of 18S rDNA using universal primers
(18S1 and 18S2) as an internal control. lane M:
molecular marker (GeneRuler™ 1kb DNA ladder,
Fermentas, Lithuania), lane 1: mock inoculated plant
(negative control), lane 2, 3 and 4: basil inoculated
landraces Mobarakeh, Ardestani and Afghani,
respectively, lane 5: infected cucumber by CMV-Fny
(positive control).
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Fig. 3. Comparison of means chlorophyll a, b and total chlorophyll in the three basil landrace under cucumber
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* Means with the same letter are not significantly different at p=1.
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Fig. 4. Comparison of means greenness and photosynthesis in the three basil landrace under cucumber mosaic
virus and control treatments.

* Means with the same letter are not significantly different at p=1.

il sl o3 1 GalS s bl Ol e cpizmen (0 IS02) s S s gl w8l gl

o sl s 0355 53 uill Olee Siolipl il SlenSt sl e o s b Siale Sl s

Lo ol Sl ome (bl @uls wsng 5 aals Sl Eel g Sol 48 sl 0L bl dss
(V JQ) Mﬁ)‘} Ujf&)zr.a u_i‘j.,\_.ln&mtsuob}s J‘%ﬂs‘ ‘_;DTCA.;}L’&J u:"-i‘f"

Sl Saodad s 4o bl LS 5 Ll Sy 3 pme o p 50 Jove Slaes 5 aan 3 Sl

) 311



o Ol b S5y 2 o Salige ans Sodl J10LKes 5 Folaw

Antioxident activity

20
Total Phenol content Total Flevanoid Content

a . cmv

- ock
- cmy

- Mock
= cvy

reetin/g FW

nar Trolox/ gr FW

mg Gallic acid/g FW
mg Que

Afghani Ardestani Mobarakeh

Afghani Ardestani Mobarakeh Afghani Ardestani  Mobarakeh
Treatment Treatment

Treatment

Salisn moms L odd 55 abe p aals lowe glaes g 3 GlanST (ST Cld 5 A3 553 (b 5o Kl amlin L0 S
Ik

A A3 S ez mla ool s me Sl 0SS o~ b gla e

Fig. 5. Comparison of means total phenol, flavonoids and antioxidant activity in the mock and inoculated by

cucumber mosaic virus.

* Means with the same letter are not significantly different at p=1.
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Fig. 6. Comparison of means total protein and proline content in basil landrace inoculated by the mock and

cucumber mosaic virus.

* Means with the same letter are not significantly different at p=1.

Methyl ) Js— 55 J—ze 5 (Estragole) JsS1
b solS Ly s s gl e olS 5 5> (Eugenol
Alpha ) -J, T . L i (B-caryophyllene)
Caryophyllene ) . L_.s1 - Ls 4 LS 4 (bisabolene

312

— ol aaa 55 a8 sl DL 54 g slaaluls 5 Jbe 5

o 03 o Ol VL S 5 ka2 2550 Lo
Sl S Lol s shacsls sds plubs olLS 5

(s S s=s0 LS 5 5> (Carvone) O 4,8 «(Camphor)

VY



FAA-Y N F e Jlu/ ¥ oyled / OV W/ ol slas,bew

Total Carbohydrate Content

30 a

mg/g FW

Afghani Ardestani Mobarakeh

Treatment

B Mock

Essential Oil percentage

2.5 a
2.0 B Mock
a = cmv
1.5 a
b
1.0 b b
0.5

Afghani Ardestani

Mobarakeh

Treatment

Aald g 5l Salise maps bodd (G5 ale Ol (Jow laes g 55 blul deoys 5 Sloda s S (s 580l amlis vV ISS

.0l

A A3 G e mla s bl Jls e sl OLSS Gy >~ L ola Lo
Fig. 7. Comparison of means total carbohydrate content and essential oil percentage in basil landrace inoculated

by the mock and cucumber mosaic virus.

* Means with the same letter are not significantly different at p=1.

ol &)l—ﬂbb ae byl dals 4 Sl pws

.oals

Son

So b Selise s bodd G3ale Ol OlaLS
et 5 Salise o e Siale 5l e a5 e JIaks
58 by IS (gl rals sl Ol 1, S IS
o S e Lol Siale OLLS 3 IS Ly IS
J=B VL el s Slipe w2dle peb b aals
5 obas e e oD Jid 5 S (gl yoe 5 s
U H I NP
Ha ol 0L als s s b Soale Jles 5 Sl
S s e dald les 4 el alS
alS 4 le 5 Jliwsl s on 5 53 55 el Cds

i 3l paman il Al Sl b (bl ls s

vy

4SS Wse S g 5SS OLS 5 5> (OXide
S35 y el Ao ps Vel G DS 5l same
2> DS 5 ol 5l dlis Ay a3l olians|
O e el 00 03,51 ) U s calises glalas
0355 5 Jald Jlad 4 Cond s s Sl U3 ISl
OF Ol 48 I35 il Sls ne (ol 33l S5l s
oals ol g ol J.i,.ﬁals.l.}jjjiibdlmo;}?};);
S P A 3ol pme e o3 93 8 3 sled 3
05 75 3l ST b g8 5 Il s Wl 58 Ly
ke e Glaes 5 03 (5 SsSe SLS 5
0355 ol Salite Sl uad Ly e e Lol Sl
Aol e s Camd s s Dlad 3 aSoke s
Sl e 035 53 a5 s s sls QLS s pme ialS
53 ety s gme il LS| s lS oS 5 Lads
Do 03 oS 5 pn Gln)l o 05 3 oS-

313



o Oy S Sy 5 ol Salise mops S 0L K 5 Fslaw

S Sl rans b edd esgll 5 dals jles 3 Dby (dowe Glaes 5 ulul (aleed oS 5 ) Jgir
Table 1. Chemical composition of basil landrace essential oil in mock and infected with cucumber mosaic virus

Compounds

Mobarakeh landrace

Afghani landrace

Ardestani landrace

Mock CMV Mock CMV Mock CMV
Camphor 3.45+1.878  1.39+0.55%  1.86+0.18° 9.30+3.74%  2.83+0.43*  1.82+0.43?
Estragole 63.23+2.93° 78.65+0.95% 73.40+0.88% 51.67+0.81° 49.18+0.822 35.28+3.65"
Carvone 0.23+0.072  3.9741.96% 5.24+0.91% 2.27+0.74® 2.41+0.232  1.36+0.11°
Methyl Eugenol 2.72+0382 1.9440.532  4.62+2.03%2  2.34+0.30® 6.04+0.08%2  2.69+0.67°
B-caryophyllene 2.52+1.168  0.25+0.01° 2.064+0.58% 2.35+0.51% 1.83+0.36° 4.78+0.39?
Cis-.Alpha. Bisabolene 3.01+1.05%  1.88+0.04> 1.82+0.73®  1.34+0.22%  2.06+0.43"  4.565+0.14%
Caryophyllene oxide 1.46+0.112  0.11+0.03° 0.806+0.42° 1.22+0.08%  1.2+0.01° 2.03+0.0122

* Means with the same letter are not significantly different at p=1.
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