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The fig mosaic disease (FMD), which 
was described first by Condit and Horne 
(7), is a widespread disease in fig-growing 
countries. Affected plants showed mosaic 
and different patterns including chlorotic 
spots, leaf discoloration, and various types 
of leaf and fruit deformations. The causal 
agent of FMD has remained unidentified, 
but recently several distinct viruses have 
been reported from fig trees showing typi-
cal FMD symptoms. These include Fig 
leaf mottle-associated virus 1 and 2 
(FLMaV1 and FLMaV2), tentative mem-
bers of the family Closteroviridae (10,11); 
Fig latent virus-1 (FLV-1), a new member 
of the genus Trichovirus of the family 
Flexiviridae (14); a virus that has a multi-
partite, negative-sense single-stranded 
(ss)RNA called Fig mosaic-associated 

virus (FMaV) (29), and Fig mosaic virus 
(FMV), which belongs to the recently 
proposed genus Emaravirus of the family 
Bunyaviridae (9,12). Analysis of complete 
nucleotide sequences of four viral RNA 
segments of FMV revealed that putative 
nucleocapsid proteins encoded by RNA-3 
have homology with comparable se-
quences of European mountain ash rings-
pot-associated virus (EMARaV) and the 
unclassified viruses Pigeon pea sterility 
mosaic virus (PPSMV) and Wheat mosaic 
virus (the causal agent of High Plains dis-
ease) (12). 

The pathogen(s) causing FMD can be 
transmitted by vegetative propagation of 
infected cuttings and by an eriophyid mite, 
Aceria ficus Cotte (13), but not by seed 
(7). FMD can be serious on leaves and 
fruits, especially if FMD and A. ficus are 
present together (3). A. ficus, also called 
the ficus mottle mite, is a worldwide pest 
of figs, and it has been recorded from dif-
ferent provinces of Turkey where fig pro-
duction is economically important (15,24). 

The pest is highly host specific and 
mainly restricted to species of the genus 
Ficus. All life stages were found through-
out the year, but it appears that the patho-
gen(s) causing FMD is not transmitted 

through the egg of A. ficus (23). Little is 
known about the transmission efficiency of 
the FMD agents by A. ficus. The transmis-
sion properties and the occurrence of dou-
ble membrane-bound bodies (DMBs) in 
FMD-affected plant tissues closely resem-
bles characteristics of other diseases, e.g., 
sterility mosaic (18), High Plains (2), rose 
rosette (16), thistle mosaic (2), wheat spot 
chlorosis (4), and yellow ring spot of red-
bud (17), where the etiological agent has 
not been demonstrated yet. 

All studies so far suggest that fig trees 
have a complex of viruses associated with 
them. However, agents causing FMD that 
are efficiently transmitted by A. ficus re-
main unknown. In this article, we show 
efficient eriophyid mite transmission of a 
virus capable of causing FMD, and show 
nucleotide sequence and cytopathological 
characteristics associated with FMV. A 
brief abstract of this study was recently 
published (6). 

MATERIALS AND METHODS 
Plant materials. Fig plants cv. Bursa 

siyahı (D1) and an unknown seedling (D2) 
that were heavily infested by A. ficus and 
showed characteristic FMD symptoms, 
growing at Mustafa Kemal University 
collection orchard (MKUCO) in Hatay 
Province, Turkey, were used as FMD and 
eriophyid mite sources (donor plants) for 
all transmission experiments. FMD infec-
tion was identified by symptoms and veri-
fied by transmission electron microscopic 
(TEM) observations. 

Fruits of D1 and D2 plants were ob-
tained from nonsymptomatic fig trees in 
MKUCO. Fruit flesh was removed; seeds 
were washed with tap water and soaked in 
10 ml of Captan solution (0.5 g/liter) for 
10 min. Seeds were placed in 11-mm-
diameter petri dishes containing a double 
layer of wet filter paper and kept in the 
dark at 25°C for 6 weeks for germination. 
Germinated seeds were first transplanted 
into trays and then when roots were fully 
developed, transplanted into 15-cm pots. 
All plants were maintained in growth 
rooms at 25°C for a 16-h day and an 8-h 
night at 20°C, with a 70% constant relative 
humidity. 

Transmission experiments. Eriophyid 
mite infested leaves from donor plants 
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were maintained at +4°C before using for 
transmission experiments. These fig leaves 
were examined under a stereobinocular 
microscope, and leaf pieces having eight 
eriophyid mites were cut and their lower 
surfaces manually transferred to the upper 
surface of one leaf of young, healthy fig 
seedlings at the three- to four-leaf stage. 
Leaf pieces including eight A. ficus were 
fixed to healthy fig plants using a very thin 
pin. This experiment was replicated 10 
times for each donor plant. Five noninocu-
lated seedlings of both D1 and D2 plants 
served as healthy controls. Five randomly 
selected seedlings from each donor plant 
were examined by TEM before inocula-
tion. A. ficus was kindly identified by Prof. 
Sabahat Sullivan (OMU Plant Protection 
Department, Samsun, Turkey). Inoculated 
plants were maintained at the laboratory 
for 1 day and then placed in a growth room 
at 25°C for a 16-h day and at 20°C for an 
8-h night as above, with 70% constant 
relative humidity. 

Two subcultures were made from the 
symptomatic test plants by manually trans-
ferring the disease from the first sympto-
matic leaf using eriophyid mites to a new 
test plant. Numbers of A. ficus were not 
counted during the subculturing process. 
All test plants were sprayed with Hexythi-
azox (50 ml/100 liters) after the first symp-
tom appearance and sample collection for 
subculturing process. The plants were 
maintained in growth rooms as described 
above. Transmission experiments were 
conducted in July when the mite popula-
tion was high for Hatay province located in 
the Eastern Mediterranean Region of Tur-
key. 

TEM. Samples for TEM were excised 
from leaves of the donor plants and ex-
perimentally inoculated fig seedlings, fixed 
immediately in a solution of 3% glutaral-
dehyde in 50 mM phosphate buffer (pH 
7.2), and kept overnight at +4°C. The sam-
ples were then washed in the same buffer 
and postfixed in 1% osmium tetroxide 
(OsO4) in the same buffer for 2 h at room 
temperature. Following osmium tetroxide 
fixation, the samples were dehydrated in a 
graded series of increasing acetone con-
centrations. Dehydrated samples were 
subsequently embedded in an Epon aral-
dite mixture as described earlier (20,26). 
Ultrathin sections (70 to 90 nm) were cut 
with an Ultracut E microtome (Reichert, 
Milton Keynes, UK) using glass or dia-
mond knives (Diatome, Bienne, Switzer-
land). The sections were then routinely 
mounted for staining on Formvar-coated 
200 mesh copper grids (Aldrich, Dorset, 
UK). Grid-mounted sections with silver-
gold interference color were stained in 
drops of 4.5% uranyl acetate. After treat-
ment, grids were washed in distilled water 
and further stained in drops of Reynold’s 
lead citrate (25). All sections were viewed 
using Zeiss-910 TEM at an accelerating 
voltage of 75 kV. 

Extraction of double-stranded 
(ds)RNA. Leaves and bark scrapings from 
experimentally inoculated fig seedlings 
and healthy fig plants were used for 
dsRNA extraction. Tissue samples (30 g) 
were ground in liquid nitrogen, and 
dsRNAs were recovered using 2 cycles of 
CF-11 (Whatman, Springfield Mill, Eng-
land) column chromatography followed by 
ethanol precipitation (29). The dsRNA 
pellets were dissolved in 12 µl TE buffer 
(10 mM Tris, pH 7.4, 1 mM EDTA, pH 
8.0) and subjected to electrophoresis in a 
2% agarose gel, stained with ethidium 
bromide, and visualized under UV light. 

Extraction of total RNA, reverse tran-
scription–polymerase chain reaction 
(RT-PCR), and nucleotide sequence 
analysis. Total RNAs were extracted from 
donor plants and used to experimentally 
inoculate fig seedlings using RNeasy Plant 
mini kit (Qiagen, GmbH, Germany) fol-
lowing the manufacturer’s instructions. 
Seven different published specific primer 
pairs related to FMD were used for RT-
PCR analyses: Fig leaf mottle-associated 
virus 1 and 2 (FLMaV1 and FLMaV2) 
(accession nos. AM279677 to AM286422) 
(11,12), closest homologs of Carrot  
red leaf luteovirus associated RNA 
(CRLaRNA, specific for RdRp) (accession 
no. FJ211075), Carrot mottle mimic virus 
(CMMV, specific for RdRp) (Acc. No: 
FJ211076); Strawberry chlorotic fleck 
associated virus (SCFaV, Closterovirus, 
specific for Replicase) (accession no. 
FJ211077); Fig mosaic associated virus 
(previously defined as European moun-
tain ash ringspot-associated virus–like 
[EMARaV-like]) specific for nucleocapsid 
(NP) (accession no. FJ211073) and glyco-
protein regions (GP) (accession no. 
FJ211074) (29). Positive control samples 
(FMaV-Californian isolate) were kindly 
supplied by Bryce Falk, USDA/USA). 
Asymptomatic fig seedlings were used as 
negative control. 

A one-step RT-PCR protocol was used 
in a 25-µl reaction volume containing 1× 
RT-PCR buffer, 1.1 mM MgCl2, 5 mM 
dithiothreitol (DTT), 0.2 mM dNTPs, 0.5 
µM of each primer, 1.25 U of Taq poly-
merase (Fermentas, GmbH, Germany), and 
20 U of Moloney-Murine Leukemia Virus 

(M-MLV) reverse transcriptase (Fermen-
tas). Reactions were performed at 42°C for 
30 min (reverse transcription), 94°C for 30 
s, 54°C for 45 s (56°C for 30 s for 
FLMaV1 and FLMaV2), 72°C for 1 min 
for 35 cycles; and a final extension for 10 
min at 72°C. RT-PCR products were ana-
lyzed by 1.5% agarose gel electrophoresis 
and ethidium bromide staining. 

All RT-PCR products were directly se-
quenced from both directions. Sequencing 
was performed using an AB1373 Auto-
mated Sequencer at Iontek (Istanbul, Tur-
key). Nucleotide sequences of primers 
were removed, and the sequences have 
been deposited in the GenBank database 
under the GU227408 to GU227423 acces-
sion numbers. Multiple alignments of the 
nucleotide sequences determined in this 
work with sequences related to FMD 
available in the international databanks 
were performed using the default options 
of Clustal X 1.8, a Windows interface of 
the Clustal W multiple sequence alignment 
program (28). The alignments were used to 
reconstruct phylogenetic trees using the 
neighbor-joining method with nucleotide 
identity distances, using the PAUP pro-
gram (27). Bootstrap analyses with 1,000 
replicates were performed to estimate the 
support for inferred phylogenies. 

RESULTS 
Field and EM observations of donor 

plants. The most common symptoms ob-
served on leaves and fruits of donor plants 
were distinctly yellow mosaic spots, con-
trasting with normal green color of the 
foliage. Deformed leaves sometimes oc-
curred on the same twig with normal 
leaves. The strongest symptoms were ob-
served on D1 followed by D2 (Fig. 1). 

Ultrastructural studies performed by 
TEM showed that DMBs were 100 to 220 
nm in size and were mainly observed in 
parenchyma and mesophyll cells of in-
fected leaves of D1 (Fig. 2A) and D2 (Fig. 
2B) donor plants. 

Symptoms and EM observations of 
experimentally inoculated fig seedlings. 
Experimentally inoculated fig seedlings 
showed atypical mosaic symptoms and 
leaf deformation in 10 to 20 days follow-
ing eriophyid mite transmission (Fig. 3). 

Fig. 1. Fig mosaic disease symptoms on A, leaf and fruit of donor plant D1 and B, leaf of donor plant D2.
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When the first symptomatic leaves of ex-
perimentally inoculated fig seedlings in-
cluding eriophyid mites were transferred to 
new healthy seedlings for subculturing, 
similar symptoms on the subcultured 
plants were observed at the same duration. 
To verify symptom observations, the tis-
sues of experimentally inoculated and 
healthy control fig plants were examined 
by TEM. DMBs that were very similar to 
the ones in donor plants were abundantly 
present in the mesophyll cells of experi-
mentally inoculated plant tissues (Fig. 
2C), whereas no similar bodies were ob-
served in healthy control plant tissues. 
Due to their presence in both donor plants 
and experimentally inoculated fig seed-
lings, and their absence in healthy control 
plants, we believe that it is very likely 
that DMBs are involved in the etiology of 
FMD. 

dsRNA analyses. Different dsRNAs, 
with sizes ranging from 1.3 to ca. 2 kb, 
were obtained from experimentally inocu-

lated fig seedling (Fig. 4). Repeated elec-
trophoretic analyses from healthy and 
experimentally inoculated seedlings con-
sistently yielded dsRNAs of ca. 1.3, 1.5, 
1.8, and 1.96 kb. Two dsRNAs (1.3 and 
1.96 kb) were present only in experimen-
tally inoculated plants but not in healthy 

controls. This suggested RNA virus inci-
dence in experimentally inoculated fig 
plants. 

RT-PCR and nucleotide sequence 
analysis. RT-PCR amplifications using 
seven different published specific primer 
pairs related to FMD resulted in an ampli-

 

Fig. 2. Typical double membrane bodies (DMBs, arrows) associated with fig mosaic disease in A to C, donor fig plant D1. B and C are details of A. D, Ex-
perimentally inoculated fig seedling. ch = chloroplast. A to C, Bars = 2.3 µm, D, bar = 1.3 µm. 

Fig. 3. A and B, Mosaic symptoms on fig seedlings experimentally inoculated by Aceria ficus (ar-
rows); mite-free control plant (asterisk) is typically symptomless. 
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con of 468 bp specific for the FMaV-GP 
region and an amplicon of 298 bp specific 
for the FMaV-NP region. These amplicons 
were obtained from both donor plants (D1 
and D2) and 10 of the experimentally in-
oculated plants (Fig. 5). No amplicons 
resulted by RT-PCR using the other prim-
ers. BLAST analysis of nucleotide se-
quences of two donor plants (D1 and D2) 
and seven experimentally inoculated plants 
(experimentally inoculated plants from D1: 
EI-D1-3, EI-D1-6, EI-D1-7, EI-D1-9, EI-
BS-15; experimentally inoculated plants 
from D2: EI-D2-18, EI-D2-R2) showed 
homology with FMaV and FMV. Compari-
sons of the fragment sequences from the 
donor plants and experimentally inoculated 
seedlings with those from FMaV and FMV 
in GenBank indicated close affinities 
among the isolates, identity ranging from 
83 to 99% for the FMaV-GP region and 
from 85 to 100% for FMaV-NP region. 
This analysis is confirmed by the phyloge-
netic tree showing that all sequences of the 
FMaV-GP region of donor plant D1 and 
experimentally inoculated fig seedlings 
from this donor had a distinct cluster sepa-
rate from donor plant D2 and experimen-
tally inoculated fig seedlings from this 
donor, and was supported by high boot-
strap values (Fig. 6). 

DISCUSSION 
The present investigation shows that 

both donor fig trees and fig seedlings ex-

perimentally inoculated by A. ficus can 
harbor DMBs and FMV according to the 
results of EM observations and molecular 
analyses (RT-PCR and sequencing), re-
spectively. Association of DMBs with 
FMD originally was observed by Bradfute 
et al. (4) and later described by Martelli et 
al. (19) and Serrano et al. (26). Although 
the presence of DMBs in field-infected 
symptomatic fig plants has recently been 
reported (5,6), results of the present inves-
tigation are the first record of DMBs in 
experimentally inoculated fig seedlings in 
Turkey. Similar results have been recently 
obtained by Elbeaino et al. (9,12), and they 
have shown that FMV was transmitted by 
A. ficus to healthy fig seedlings, which 
developed chlorotic ringspots that ex-
panded into a mosaic pattern. Because 
feeding injury by A. ficus causes early 
symptoms that could be easily confused 
with symptoms of FMD (13), disease 
symptoms should be well differentiated. In 
addition to transmitting FMD agents, A. 
ficus caused epidermal cell death as previ-
ously reported by Baker (3). Ebeling and 
Pence (8) recognized that feeding injury by 
A. ficus causes leaf distortion, chlorosis, 
scarring and russeting of the eye scales, 
stunting, and immature leaf drop, most of 
which are common symptoms for FMD. 
Thus, it is important to confirm the 
agent(s) that causes the disease symptoms 
on figs. The dsRNAs, with sizes ranging 
from 0.6 to 7 kb, were identified in Portu-
gal, Turkey, California, and Italy from 
mosaic-diseased figs (1,12,22,29). FMaV 
genomic segments 2 and 3 are ~2.1 and 
~1.8 kb, respectively (29). FMV four ge-
nomic segments are ~7 kb, ~ 2.2 kb, ~1.5 
kb, and ~1.4 kb, respectively (12). The 
larger dsRNA (1.96 kb) obtained in this 
study was similar to FMaV in California, 
and the smaller (1.3 kb) was very similar 
to the smallest genomic segment of FMV 
in Italy. 

Recently, complete sequences of four vi-
ral single-stranded, negative sense RNA 
segments of the putative Fig mosaic virus 

(FMV) have been determined by Elbeaino 
et al (9). These sequences have a close 
phylogenetic relationship with RNAs of 
EMARaV (21). Similar sequences have 
been identified in 96% of mosaic-
affected figs from a Californian germ-
plasm collection and are called FMaV 
(29). In the present investigation, the 
same virus was confirmed both in field 
infected (donor) plants and in experi-
mentally inoculated plants, assuming 
that DMBs and FMV are significantly 
involved in the etiology of FMD. 

Although closterovirus-like viruses were 
commonly present in the USDA fig germ-
plasm collection, almost all fig samples 
collected from the field were infected with 
the EMARaV-like virus, suggesting that 
the closterovirus is not the causal agent of 
FMD (29). Similarly, a closterovirus 
named FLMaV 1 and 2 was associated 
with symptomatic and asymptomatic fig 
trees (11). In the present investigation, RT-
PCR amplifications performed with primer 
pairs specific for members of the genera 
Closterovirus, Luteovirus, Umbravirus, 
and Emaravirus indicated that donor plants 
and experimentally inoculated seedlings 
only harbored FMaV, which supports pre-
vious data. Nucleotide sequences of 
FMaV-GP and -NP regions obtained from 
donor fig plants and experimentally in-
oculated fig seedlings showed only ho-
mology with FMaV and FMV. Cluster 
analyses showed that FMaV-GP nucleo-
tide sequences of donor plants placed in 
two different clusters with high bootstrap 
value and all sequenced fragments of 
experimentally inoculated seedlings con-
sistently grouped together with their own 
donors (Fig. 6). This indicates that Turk-
ish FMV isolates might have genetic 
variation in different cultivars. Based on 
nucleotide sequence-based phylogenetic 
association and previously reported prop-
erties, FMD in field and experimentally 
inoculated plants from Turkey is caused 
by the newly described Fig mosaic virus 
(FMV). 

 

Fig. 4. Electrophoretic pattern of double-
stranded (ds)RNA extracted from healthy fig
seedling (H) and experimentally inoculated fig
seedling (EI-D2-R2). M: DNA molecular
marker (λ EcoRI+HindIII) DNA ladder. Differ-
ent patterns of dsRNA from healthy plant as 
indicated by arrows A and B. 

Fig. 5. Gel electrophoresis of reverse transcription–polymerase chain reaction (RT-PCR) products 
amplified with Fig mosaic virus primer pair specific to glycoprotein coding region. Lane 1: donor 
plant D1; lane 2: donor plant D2; lanes 3 to 12: experimentally inoculated fig plants; lane 13: healthy
control (fig seedling); lane 14: positive control (FMaV-Californian isolate), lane 15: water control. 
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Fig. 6. Phylogenetic trees reconstructed using partial A, glycoprotein and B, nucleoprotein genomic sequences of Fig mosaic virus (FMV) from donor plants 
(D1, D2) and experimentally inoculated (EI) fig seedlings. The numbers near nodes represent the percentages determined by bootstrap analysis with 1,000 
replicates. Only bootstrap values above 50% are shown. Accession numbers of viral sequences are reported within parentheses. 
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