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Detection and phylogenetic analysis of Iranian Fig mosaic emaravirus isolates
on the basis of the gene encoding Nucleocapsid protein (NP)
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Abstract

Fig mosaic emaravirus (FMV) is considered as one of the main causal agents of Fig Mosaic Disease complex (FMD). In order to
detection and identification of FMV in different regions of Iran and better understanding of the phylogenetic relationships between isolates, a
number of 54 symptomatic fig leaves with chlorosis and mosaic symptoms were collected from different fig-growing areas in the center,
north and south of Iran. Primary detection for all collected samples performed by DAS-ELISA using polyclonal AP-conjugated antibody
which was raised against nucleocapsid protein of FMV positive samples in DAS-ELISA were checked by RT-PCR using NP gene specific
primers. The amplified fragments of 14 isolates were cloned and sequenced. DAS-ELISA results indicated to a 55.5%FMV infection of
collected isolates. Phylogenetic analysis on the basis of nucleotide sequences categorized the isolates in two main groups in which isolates
from the center and northern regions of Iran placed in a separate subgroup beside other isolates from other countries which their complete
coding sequences were available in GenBank of NCBI whereas the isolates from south of Fars province (Estahban and Jahrum districts)
clustered in a separate phylogenetic group distinct from other Iranian and the world isolates which may show that genetic makeup of FMV
may be affected by geographical isolation. A significant correlation between symptoms severity and phylogenetic groups observed that may
put forward the probability of having a new viral strains in Fars province
Key words: DAS-ELISA, Fig mosaic emaravirus (FMV), Nucleocapsid protein, Phylogenetic analysis, RT-PCR.
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Fig. 1. Symptoms of Fig Mosaic Disease (FMD) in FMV-
infected leaves. (A): Infected fig tree showing mosaic, chlorosis and
premature fruit drop. (B) and (C): interveinal mosaic and chlorosis
associated with rust-color necrosis bands. (D): Deformity and

chlorosis in fig leaves.
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Table 1. Results of FMV primary detection in collected samples using serological assay DAS-ELISA and RT-PCR

and number of sequenced isolates which were selected from each geographical region

Province Region Collected and Tested Infected samples Sequenced isolates
samples
No No % No
Tehran Varamin 3 2 66.6 1
Jahrom 7 4 57.1 3
Estahban 4 4 100 4
Fars
Iej 3 3 100 -
Karft 3 3 100 -
Kerman Sirch 3 - - -
Astara 7 2 28.5 1
Gilan
Lahijan 6 2 333 2
Mazandaran Tonekabon 9 7 77.7 2
Markazi Saveh 5 3 60 1
Yazd Zarch(Sarcheshmeh) 4 - - -
Total 54 30 55.5 14
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Table 2. Sequences of the primers used in amplification of FMV nucleocapsid protein

Primer name

Nucleotide sequence of primer

Expected size Annealing region

FMV-NP(Forward)

FMV-NP(Reverse)

5’ CCATGGCACCTAAGAGTAAGACTAC 3’

950 Nucleocapsid Protein

5" CTCGAGAACATGAGCACTTGCAATC 3’

duuﬂ)ﬂjﬂl_w bj_g-jj W‘LL’ v\J‘j:dﬂ ud.o),«.o O’l\)b
e Sh Al il 3olen

Fig latent virus-1(FLV-1), Fig leaf mottle associated
virus-1(FLMaV-1) (Shahmirzaie et al., 2012), FLMaV-2
(Danesh-Amuz et al. 2014), FLMaV-3 (Norozian et al.,
2014), Fig fleck associated virus (FFKaV), Fig cryptic
virus (FCV) (Ale-Agha & Rakhshandehroo, 2014), Fig
badnavirus-1(FBV-1) (Alishiri et al., 2016; Alimoradian
etal.,2014).
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Table 3. Accession numbers, hosts and origins of Fig mosaic emaravirus(FMV) isolates/strains analyzed in this study

Origin (Number Nucleotide Accession . Isolate
of isolates) Numbers Protein-ID Name/strain Host
Australia(1) KU674950 AQRS59327 Aust Ficus carica
Canada(1) HQ703345 AEI98678 CANO1 F.carica
MG880766,MG880758, - VA22,JA1, F.carica
MG880759,MG880760, JA2, JA3,
MG880754,MG880753, ES1,ES2,
Iran(14) MG880755,MG880756, ES3, ES4,
MG880757,MG880761, AS1,LA2,
MG880762,MG880764, LA4,TO4,
MG880765,MG880763 TO7,SAS
Italy(2) FM991954, LC002800 CAX21211, BAU20387 GR10, IR-1 F.carica
AB697843, AB697844, BAMI13802, BAM13803,  JS1, JFI, F.carica cv. Hourashi, F.carica cv. Hourashi,
AB697846, AB697847, BAM13805, BAM13806, JTT-At, JTT-Ki, F.carica cv. Athenes, F.carica cv. King,
Japan(?) AB697848, AB697849, BAM13807, BAM13808, JTT-Li, JTT-Pa, F.carica cv. Lisa, F.carica cv. Panachee,
AB697850 BAM13809 JTT-Vi F.carica cv. Violette de Sollies
AB697851, AB697852, BAM13810, BAM13811, SB1, SB2-2, F.carica
Serbia(6) AB697853, AB697854, BAMI13812, BAM13813, SB2-3, SB2-4,
AB697855, AB697856 BAM13814, BAM13815 SB2-5, SB2-6
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—Next generation sequencing (NGS)
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Fig. 3. Phylogenetic tree constructed using nucleotide sequences of FMV nucleocapsid protein coding region of 14 Iranian isolates in
comparison with 17related FMV isolates in NCBI. Genetic distance and Cut off are 0.05 and 80% respectively. Bootstrap values less than 50% are
omitted. European mountain ash ring spot associated virus (EMARaV) (Accession No. KJ439589) is selected as an out-group species.
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