
SUMMARY

Two double stranded RNA (dsRNA) segments, ca.
1.7 and 2.0 kbp in length, were extracted from leaf tis-
sues of a pittosporum plant (Pittosporum tobira), infect-
ed by the nucleorhabdovirus Eggplant mottled dwarf
virus (EMDV), which showed yellowing, chlorotic vein
banding and mottling of the leaves. DOP-PCR products
obtained using denatured dsRNA preparations as tem-
plate showed high sequence similarity to viruses of the
family Partitiviridae. Computer-assisted analysis of a se-
quenced 676 bp fragment showed it to be part of an
RdRp gene with high identity at the amino acid level
with comparable gene fragments of different alphacryp-
toviruses, i.e Pepper cryptic virus 1 (PCV-1, 78%),
Black raspberry cryptic virus (BRCV, 67%), Pyrus pyri-
folia virus (PpV, 64%) and Beet cryptic virus 3 (BCV-3,
58%). In a phylogenetic tree constructed with partial
RdRp amino acid sequences, the pittosporum virus
grouped with species of the genus Alphacryptovirus and
unassigned viruses of the family Partitiviridae. RT-PCR
with specific primers designed based on the RdRp se-
quence detected the virus in 2 of 50 pittosporum plants,
both showing chlorotic vein banding symptoms, differ-
ing from the vein yellowing induced by EMDV alone.
The present results show that pittosporum hosts a puta-
tive alphacryptovirus for which the name of Pittospo-
rum cryptic virus 1 (PiCV-1) is proposed.
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Japanese pittosporum [Pittosporum tobira (Thunb.)
Ait.], a widely grown woody ornamental, is the host of
the nucleorhabdovirus Eggplant mottled dwarf virus
[EMDV, Martelli (1969) = Pittosporum vein yellowing
virus (Tordo et al., 2005)] and Tomato spotted wilt virus
(TSWV) (Gera et al., 2000). EMDV is widespread in
the Mediterranean area where it has been reported also

Corresponding author: T. Elbeaino 
Fax: +39.080.4606275
E-mail: elbeaino@iamb.it

from other ornamentals (Hibiscus rosa-sinensis, honey-
suckle, pelargonium), vegetables (cucumber, tomato,
pepper) tobacco, caper and weeds (Solanum
sodomaeum and S. nigrum) (Martelli, 1990).

Notwithstanding this broad range of natural hosts
and the wide geographic distribution, EMDV is still a
largely uncharacterized virus, except for particle struc-
ture (Russo and Martelli, 1973). This prompted the ini-
tiation of a study for its molecular characterization in
the course of which an unexpected sequence from a
small cloned PCR product (265 bp) was obtained by
DOP-PCR, which showed significant sequence similari-
ty with sequences of some members of the family Parti-
tiviridae. Further cloning was therefore made to extend
the nucleotide sequence of what seems to be an unre-
ported virus, for which the provisional name Pittospo-
rum cryptic virus 1 (PiCV-1) is proposed.

The family Partitiviridae contains fungal and plant
viruses with bipartite dsRNA genomes that are associat-
ed with latent infections of their respective hosts. Virus-
es of this family infecting plants are classified in the gen-
era Alphacryptovirus and Betacryptovirus (Ghabrial et
al., 2005). Alpha- and betacryptoviruses (referred to
thereafter as cryptoviruses) are widespread among
monocotyledonous and dicotyledonous plant species
(Boccardo et al., 1987). As such, they may be responsi-
ble for misleading results when diagnostic approaches
based on the presence of dsRNA in plants are used
(Dodds et al., 1984; Gould and Francki, 1981). Cryp-
toviruses contain two unrelated segments of dsRNA, in
the size range of 1.4-2.3 kbp, encoding the capsid pro-
tein (CP) and the RNA-dependent RNA polymerase
(RdRp). The two segments are usually of similar size
and are encapsidated separately (Ghabrial et al., 2008). 

Plant material used in this study was collected in July
2008 from a pittosporum plant (accession Pit-MAIB),
growing on the premises of the Mediterranean Agro-
nomic Institute of Bari (Italy), that showed yellowing,
chlorotic vein banding and mottling of the leaves (Fig.
1). Sap inoculation from accession Pit-MAIB to a wide
herbaceous host range including species of Solanaceae,
Chenopodiaceae, Amaranthaceae and Fabaceae was
carried out. Few days after inoculation, symptoms of
vein yellowing and necrosis, similar to those described
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for EMDV (Martelli and Rana, 1970) appeared on most
of the inoculated plants, Nicotiana spp. in particular.
Electron microscope observation of leaf extracts from
symptomatic hosts showed only the presence of rhab-
dovirus-like particles (not shown).

dsRNA was extracted from symptomatic leaves of
Pit-MAIB and N. benthamiana by phenol/chloroform
extraction and chromatography through cellulose CF-
11 column (Whatman, USA) as described by Dodds
(1993). The extracts were subjected to enzymatic diges-
tions with DNase I (60 µg/ml), RNase A (0.5 µg/ml)

and proteinase K (0.1 mg/ml) (Sigma, USA), according
to Saldarelli et al. (1994), and were analyzed on 6%
PAGE or on 1.2% agarose gel, and stained with silver
or ethidium bromide, respectively. 

Pit-MAIB proved to be an excellent source of dsR-
NA (ca. 0.7-1 µg of dsRNA from 10 g of leaf tissues, es-
timated spectrophotometrically) that constituted a good
quality template for sequencing. Two clear-cut dsRNA
bands were observed after electrophoresis in polyacry-
lamide and agarose gels (Fig. 2A), whose estimated sizes
(1.7 and 2.0 kbp) are consistent with those reported for
members of the family Partitiviridae (from 1.4 to 2.3
kbp) (Ghabrial et al., 2008). No dsRNA bands that
could be related to rhabdoviruses were observed in Pit-
MAIB extracts. Likewise, no bands were observed in
symptomatic herbaceous plant extracts, which appar-
ently contained only EMDV particles. Such a high con-
centration of dsRNA in pittosporum, unusual for plants
infected by cryptoviruses, may be due to an enhancing
effect on PiCV-1 replication exerted by the co-infecting
EMDV (Ghabrial et al., 2008).

Reverse transcription was performed using 1 µg of
dsRNA denatured with 20 mM methyl mercuric hy-
droxide using 1 µg random primers and the reverse
transcriptase Superscript III (Invitrogen, USA), in ac-
cordance with the manufacturer’s instructions. DOP-
PCR was done using the primer DOP6 (5’ CCGACTC-
GAGNNNNNNTTCAGG 3’) (Rott and Jelkmann,
2001). In this protocol, 50 µl PCR mixture contained 4
µl of the reverse transcription reaction, 0.5 mM of each
dNTP, 2 µM DOP6 primer, 1x PCR buffer and 2.5 U of
Taq DNA polymerase (Roche, Switzerland). PCR was
carried out in a Perkin-Elmer 7600 thermal cycler as de-
scribed by Rott and Jelkmann (2001). Reverse-tran-
scribed dsRNAs subjected to amplification by DOP-

Fig. 2. Electrophoretic pattern of dsRNAs extracted from
symptomatic leaves of P. tobira (accession Pit-MAIB) (lane 3)
showing two dsRNA bands of c. 2 kbp and 1.7 kbp in size.
No dsRNAs were recovered from symptomatic leaves of in-
oculated herbaceous plants (lane 2). DNA molecular marker
(l/HindIII) in lane 1.

Fig. 1. (A). Pittosporum accession Pit-MAIB doubly infected by EMDV and PiCV-1; (B). Leaf from accession Pit-MAIB showing
chlorotic vein banding; (C). Leaf from a pittosporum plant infected by EMDV alone.
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PCR yielded DNA fragments ranging from 250 to 600
bp in size. 

DOP-PCR products were directly cloned into the
pGEM-T Easy vector (Promega, USA) according to the
manufacturer’s instructions and used to transform Es-
cherichia coli DH5a competent cells. Thirty selected
clones were subjected for automated sequencing
(Primm, Italy) and sequences were assembled with the
Strider 1.1 program (Marck, 1988). Alignments for nu-
cleotide and amino acid homology were done with the
Clustal X program (Thompson et al., 1997). Similarity
search with known proteins from the protein informa-
tion resources (PIR, release 47.0) was determined using
the FASTA (Pearson and Lipman, 1988), BlastX and
BlastN (Altschul et al., 1997) programs. Phylogenetic
trees were visualized using the NJplot package (Perrière
and Gouy, 1996) with 1000 bootstrap replicates.

Sequencing of the cloned PCR products showed that
only two fragments of 265 and 516 bp in size were of vi-
ral origin. The two fragments overlapped by 105 bp
comprising a 676 bp segment (accession No.
GU595166) that, in BLAST analysis, showed sequence
similarity to RdRp sequences of members of the family
Partitiviridae. No rhabdovirus-like sequences were ob-
tained from any of the sequenced clones. 

Multiple alignment of the predicted amino acid se-
quence of PiCV-1 RdRp fragment (225 aa) with compa-
rable sequences of different members of the family Par-
titiviridae revealed the presence of four highly con-
served motifs (from III to VI), of the RdRp gene, com-
prising GDD (Bruenn, 1993; Ghabrial, 1998) (Fig. 3).

Levels of RdRp nucleotide and amino acid sequence
identity were significantly high with some unassigned
viruses in the family Partitiviridae. The highest identities
at the aa level were with PCV-1 (78%), BRCV (67%),
PpV (64%) and BCV-3 (58%).

In the phylogenetic tree (Fig. 4) constructed with the
amino acid sequence of the PiCV-1 RdRp fragment and
of comparable proteins of members of the family Parti-
tiviridae and Gremmeniella abietina RNA virus L2
(GaV-L2), family Totiviridae (Tuomivirta and Hantula,
2005), PiCV-1 grouped within the family Partitiviridae.
In particular, it clusters next to the unassigned species
PCV-1 in a branch comprising the alphacryptovirus
BCV-3 and the unclassified species BRCV, PpV,
Raphanus sativus cryptic virus 2 (RasV-2), Fragaria
chiloensis cryptic virus (FCCV) and Rose cryptic virus 1
(RCV-1), but is clearly separated from the fungal parti-
tiviruses Discula destructiva virus 1 (DdV1), Discula de-
structiva virus 2 (DdV2), Gremmeniella abietina RNA

Fig. 3. Amino acid sequence alignment of the RdRp predicted amino acids of PiCV-1 (Accession no. GU595166) and the corre-
sponding sequences from Pepper cryptic virus 1 (PCV-1, DQ361008), Black raspberry cryptic virus (BRCV, EU082132), Beet
cryptic virus 3 (BCV-3, S63913), Pyrus pyrifolia virus (PpV, AB012616), Rose cryptic virus 1 (RcV-1, NC_010346) and Fragaria
chiloensis cryptic virus (FCCV, NC_009519). Amino acid numbers with respect to the protein sequences are given. The con-
served motifs (from III to VI) characteristic of RdRps of dsRNA viruses are indicated above the aligned sequences. 
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virus MS1 (GaRV-MS1), Atkinsonella hypoxylon virus
(AhV) and Fusarium poae virus 1 (FpV-1). 

Primers PiCV-1f 5’-CAGACAAGTTTGGGGTCG
TT-3’ and PiCV-1r 5’-TTGCGTCAAATTGTTTCCAA-
3’, designed based on PiCV-1 sequences, were used for
RT-PCR detection of the virus to gather information on
its distribution. Fifty pittosporum samples were collected
from different sites in the province of Bari (southern

Italy), for total nucleic acids (TNAs) extraction from leaf
tissues (0.2 g), by chromatography on silica particles ac-
cording to Foissac et al. (2001). Reverse transcription was
done using 1 µg of random DNA hexanucleotide mixture
(Boehringer, Germany) and 200 units of Moloney murine
leukaemia virus (M-MLV) reverse transcriptase in a 50 µl
reaction for 1 h at 42°C, following the manufacturer’s in-
structions (Invitrogen, USA). Two µl of cDNA were

Fig. 4. Phylogenetic relationships between Pittosporum cryptic virus 1 (PiCV-1) and other viruses from the family Partitiviridae
based on partial RdRp amino acid sequences. RdRp sequences were obtained from the following viruses: Genus Partitivirus:
Atkinsonella hypoxylon virus (AhV, NC_003470), Discula destructiva virus 1 (DdV-1, (AF316992), Discula destructiva virus 2
(DdV-2, AY033436), Fusarium poae virus 1 (FpV-1, AF047013) and Gremmeniella abietina RNA virus MS1 (GaRV-MS1,
NC_004018). Genus Alphacryptovirus: Beet cryptic virus 3 (BCV-3, S63913), Vicia cryptic virus (VCV, NC_007241) and White
clover cryptic virus 1 (WCCV-1, NC_006275); Beet cryptic virus 1 (BCV-1, EU489061). Unclassified viruses in the family: Beet
cryptic virus 1, BCV-1, EU489061), Black raspberry cryptic virus (BRCV, EU082132), Fragaria chiloensis cryptic virus (FCCV,
NC_009519), Pepper cryptic virus 1 (PCV1, DQ361008), Pyrus pyrifolia virus (PpV, AB012616), Rose cryptic virus 1 (RCV-1,
NC_010346), Raphanus sativus cryptic virus 1 (RsCV-1, AY748911), Raphanus sativus cryptic virus 2 (RsCV-2, NC_010343).
RdRp sequence from Gremmeniella abietina RNA virus L2 (GaV-L2, NC_005965) of the family Totiviridae is used as out group
species. Bootstrap numbers out of 1000 replicates are given on the nodes. The bar represents substitutions per site.
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mixed with 25 µl of the amplification mixture [1x Taq
Promega buffer, 1.5 mM MgCl2, 0.5 mM of each dNTP,
0.2 µM of each primer and one unit of Taq DNA Poly-
merase (Promega, USA)]. After a initial denaturation at
94°C for 4 min, 35 cycles followed, i.e. denaturation for
30 sec at 94°C, annealing for 30 sec at 58°C, extension
for 20 sec at 72°C, and final extension for 5 min at 72°C.
Amplified products were analyzed in 6% PAGE and the
expected amplification product (200 bp) was observed
after silver nitrate staining.

PiCV-1 was detected only in two of the samples test-
ed. Interestingly, both infected plants displayed a
chlorotic vein banding of the leaves (Fig. 1B) similar to
that shown by the accession Pit-MAIB, but differing
from the simple vein yellowing (Fig. 1C) shown by
plants infected by EMDV alone. Whether this differ-
ence in symptom expression may result from the mixed
infection PiCV-1/EMDV or more simply from the par-
ticular combination host variety/EDMV strain remains
to be established. 

RT-PCR testing for the presence of PiCV-1 of all sap-
inoculated herbaceous plants was consistently negative.
This, together with the results of electron microscope
observations and dsRNA extraction, confirms that
PiCV-1 is not transmissible by sap inoculation, like all
the other known members of the family Partitiviridae
(Ghabrial et al., 2005).

Limitedly to the RdRp fragment sequenced, the ex-
tent of the divergence between PiCV and the phyloge-
netically close PCV-1 at the amino acid and nucleotide
levels (22% and 27%, respectively) is wide enough to
suggest that PiCV may be distinct species in the family
Partitiviridae. This seems to be supported by the fact
that in this family and for the same RdRp fragment,
viruses recognized as different species have a much low-
er level of molecular divergence, e.g. the partitiviruses
Discula destructiva virus 1 and 2 (DdV-1 and DdV-2,
11% divergence), the unassigned cryptoviruses RCV-1
and FCCV (11% divergence), or the alphacryptoviruses
White clover cryptic virus 1 (WCCV-1) and Vicia cryptic
virus (VCV) (16% divergence). 

In conclusion, the results of the present study suggest
that PiCV-1 is likely to be a hitherto undescribed
species in the family Partitiviridae, whose ultimate taxo-
nomic allocation will be established with further investi-
gations.
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