Association of a Badnavirus with Citrus Mosaic Disease in India
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ABSTRACT

Ahlawat, Y. S., Pant, R. P, Lockhart, B. E. L., Srivastava, M., Chakraborty, N. K., and Varma,
A. 1996. Association of a badnavirus with citrus mosaic disease in India. Plant Dis. 80:590-

592.

A previously unreported badnavirus was found to be associated with a mosaic disease occur-
ring commonly in orchard trees and nursery plants of citrus in India. The virus had 30 x 150
nm nonenveloped bacilliform particles typical of badnaviruses, and was found by immunosorb-
ent electron microscopy to be related serologically to sugarcane bacilliform and to eight other
badnaviruses. Upon PCR amplification using degenerate oligonucleotide primers based on
conserved badnavirus genomic sequences, the viral genomic nucleic acid yielded a product
similar in size to that obtained with other badnaviruses which have been shown to contain
dsDNA genomes. The virus, named citrus mosaic badnavirus (CMBV), was graft- and dodder-
transmitted to 13 of 14 citrus species and cultivars, and was transmitted by mechanical inocu-
lation from symptomatic citrus to healthy Citrus decumana.
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A viruslike disorder of citrus, referred to
as citrus mosaic, occurs commonly in In-
dia, especially in sweet orange (Citrus
sinensis (L.) Osbeck) and pummelo
(Citrus grandis (L.) Osbeck) (3,20). The
incidence of mosaic disease ranges from
10 to 70% in different Satgudi sweet or-
ange orchards in the Hindupur region of
Andhra Pradesh. Pummelo is not grown
commercially in India, and no data are
available on incidence of mosaic in this
cultivar. The losses caused by the mosaic
disease were apparent in Satgudi sweet
orange orchards in Andhra Pradesh and
Karnataka because several orchards with
trees 4 to 10 years old were abandoned
since they were no longer productive. The
reduction in fruit yield was 77% in trees
10 years old, and fruit from affected trees
had 10% less juice and ascorbic acid (20).
The disease has been recorded in up to
46% of trees in some commercial nurseries
at Kodur in Andhra Pradesh. In 1992, fo-
liar symptoms consisting of bright yellow
mosaic and vein-banding were observed
on a 10-year-old tree of pummelo on
rough lemon (Citrus limon (L.) Burm.)
rootstock in Bangalore. Of 10 pummelo
trees in this orchard, only one was found
infected. Leaf samples and budwood were
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collected from this tree to investigate
whether the disease was similar to the
mosaic disease of citrus observed else-
where in India. The causal agent of the
disease was graft transmitted, and bacilli-
form virions were observed in both field
samples and samples from inoculated
glasshouse plants (2). During 1993, a
similar disease was recorded in three 8-
year-old trees of pummelo at the experi-
mental orchard of the Indian Agricultural
Research Institute, New Delhi. A study
was initiated to establish the role of the
bacilliform virus in the etiology of citrus
mosaic.

MATERIALS AND METHODS

Virus isolate. The citrus mosaic virus
isolate used in these studies was obtained
from a naturally infected pummelo tree in
Bangalore and was transmitted by wedge-
grafting to 6-month-old pummelo seed-
lings. The virus culture was multiplied in
pummelo seedlings by graft inoculation
and maintained in an insect-proof green-
house.

Transmission. Dodder transmission
tests were conducted using Cuscuta re-
flexa, as described previously (4). Insect
transmission was attempted using aphids
(Myzus persicae (Sulzer) and Aphis
gossypii  (Glover)) and mealybugs
(Planococcus citri (Risso)). Tests were
done for both persistent and nonpersistent
modes of transmission. Mealybugs were
maintained on healthy grapefruit (Citrus
paradisi Macf.) and were fed on the virus
source plant for 7 days. They were then
transferred in groups of 20 to each of 10

healthy pummelo seedlings. The mealy-
bugs were then transferred serially at 24-h
intervals to two fresh lots of healthy pum-
melo seedlings. Mechanical transmission
was done from the original source of virus.
Inoculum was prepared from young, fully
expanded symptomatic leaves of pum-
melo. The tissue was powdered in liquid
nitrogen and suspended in 600 mM phos-
phate buffer, pH 7.0. Leaves of test plants
were immediately inoculated using Car-
borundum as an abrasive. The test plants
used in these experiments were 3-month-
old seedlings of pummelo, grapefruit,
Satgudi sweet orange, Rangpur lime
(Citrus limonia Osbeck), and Citrus de-
cumana (L.) L., a native of India. Ten
plants of each test species were inoculated
and maintained in the glasshouse for ob-
servation.

Host range. During these studies, avail-
able citrus species were inoculated by
wedge-grafting from the original mosaic-
infected source plant. Five 1-year-old
seedlings of each test species were inocu-
lated.

Electron microscopy (EM) and im-
munosorbent electron microscopy. Leaf
samples were examined by EM using ei-
ther the leaf-dip method or partially puri-
fied preparations. The latter were prepared
from 5-g leaf tissue samples, which were
powdered in liquid nitrogen and then ex-
tracted with 18 ml of 200 mM phosphate
buffer, pH 6.0, containing 10 mM EDTA,
0.5% (wt/vol) Na,SOs, 3% (wt/vol) poly-
ethylene glycol (PEG, av. mol. wt. 8,000),
and 2% (wt/vol) polyvinylpyrrolidone
(PVP, av. mol. wt. 40,000). The extract
was filtered through cheesecloth and cen-
trifuged at 12,000 x g (max) for 10 min,
and the pellet was discarded. Triton X-100
was added to the supernatant to a final
concentration of 2% (vol/vol). After mix-
ing by inversion for 30 s, the mixture (17
ml) was layered over a 5-ml cushion of
30% (wt/vol) sucrose in 100 mM phos-
phate buffer, pH 7.2, and centrifuged for 1
h at 30,000 rpm (109,000 x g max.) in a
Beckman type 50.2 Ti rotor. Each pellet
was resuspended in 100 pl of 10 mM
phosphate and 150 mM NaCl, pH 7.2. The
suspension was clarified by shaking
briefly with 50 pl of chloroform, followed
by microfuging for 6 min at 12,400 x g
(max). The upper aqueous phase was re-
moved and constituted the partially puri-
fied preparation. Trapping and decoration
of particles in ISEM tests were done as



described previously (16). Antisera against
the following badnaviruses were used in
ISEM tests: banana streak virus (BSV)
Morocco isolate (13), BSV Rwanda isolate
(17), BSV Trinidad Mysore isolate (17),
sugarcane bacilliform virus (ScBV) (15),
Kalancho# top-spotting virus (KTSV) (7),
Dioscorea bacilliform virus (DBV) (8,10),
cacao swollen shoot virus (CSSV) (1), and
Commelina yellow mottle virus (CoYMV)
(14,18). Antiserum against DBV was pro-
vided by A. A. Brunt, Horticulture Re-
search International, Littlehampton, U.K.;
and CSSV antiserum was provided by H.
L. Vetten, Institut fiir Viruskrankheiten der
Pflanzen, Braunschweig, Germany. EM
and ISEM preparations were negatively
stained using 2% sodium phosphotung-
state, pH 7.0, (PTA) or 2% aqueous uranyl
acetate (UA), both containing bacitracin at
100 pg/ml.

Viral DNA extraction and amplifica-
tion by polymerase chain reaction
(PCR). Genomic nucleic acid was ex-
tracted from partially purified preparations
of CMBV as described previously (14).
This included predigestion of the samples
with DNase and RNase prior to extraction
of virion nucleic acid to eliminate nonen-
capsidated nucleic acids, including host
plant DNA. Nucleic acid extracted from
virions was used as template for PCR
amplification employing two degenerate
oligonucleotide primers based on consen-
sus sequences located in the reverse tran-
scriptase and RNase H domains of ORF III
of the badnavirus genome (17). The nu-
cleotide sequences of these two primers,
designated Badna 2 and Mys 3’, were,
respectively, TAY ATH GAY GAY ATH
YT and CCC CAT RCA NCC RTC NGT

Table 1. Reaction of various Citrus species and
cultivars to graft inoculation with citrus mosaic
badnavirus (CMBV)

Plants
infected

Species of §inoc. Symptoms®*
C. limonia 5 CS, VB, MM
C. volkameriana 5 YS, YB, YM
C. jambhiri 4 VF,M, YS
C. sinensis cvs.

Satgudi 3 M, YR

Mosambi 5 M, YR

Chini 5 Cs, YM
C. reticulata

cv. Nagpur 3 VB
C. limettiodes 1 MM
C. aurantifolia 0
C. grandis 5 YM, SL
C. paradisi

cv. Duncan 2 VF, YM
C. medica 1 vY
C. aurantium 5 CS,YS, YM
C. mitis L YR, SL

* CS = chlorotic spot, VB = vein banding, MM
= mild mosaic, YS = yellow spots, YB =
yellow blotches, YM = yellow mosaic, VF =
vein flecking, M = mosaic, YR = yellow
rings, SL = smalling of leaves, VY = vein
yellowing.

YTC. Products generated by PCR amplifi-
cation were analyzed by electrophoresis in
1.5% agarose gels in Tris-acetate-EDTA
(TAE) and stained with ethidium bromide.
Lambda DNA digested with HindIIl was
used as molecular weight markers.

RESULTS

Transmission. The virus associated
with citrus mosaic disease was transmitted
from infected pummelo to 13 of 14 citrus
species and cultivars by wedge-grafting
and by dodder (Table 1). No symptoms
were observed in plants inoculated by
aphids or mealybug 6 months after inocu-
lation, and no virus was detected in these
plants by EM examination. Except for one
out of 10 C. decumana plants inoculated,
none of the plant species inoculated by sap
inoculation developed any symptoms. The
infected C. decumana developed typical
mosaic symptoms 90 days postinoculation
and was shown by EM examination to
contain bacilliform particles.

Symptoms. The characteristic symp-
toms of the disease in field-infected sweet
orange and pummelo trees consisted of
bright yellow mottling of the leaves and
yellow flecking along the veins (Fig. 1A
and B). Greenhouse-inoculated pummelo
plants developed typical mosaic symptoms
similar to those observed on naturally
infected plants. Symptoms that were pro-
duced in various Citrus spp. upon graft
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inoculation are given in Table 1 and in
Figure 1C to F. Except for C. aurantifolia,
graft-inoculated plants of all other citrus
species tested developed varying degrees
of symptoms within 70 days postinocula-
tion. Indexing by EM confirmed that all
symptomatic test plants contained bacilli-
form virions that were not detectable in
healthy, asymptomatic plants.

PCR amplification of CMBV genomic
nucleic acid. A region of the genomic
nucleic acid extracted from CMBYV virions
was successfully amplified by PCR using
the badnavirus-specific oligonucleotide
primer pair Badna 2 and Mys 3’, which is
known to prime amplification of all mea-
lybug-transmitted badnaviruses (17). A bad-
navirus-specific PCR product, approxi-
mately 450 bp in size, was obtained when
genomic dsDNA of CoYMYV and BSV, and
genomic nucleic acid of CMBYV, were used
as template (Fig. 2). No PCR product was
obtained from an extract of healthy citrus
prepared in a manner identical to that used
for CMBV.

Electron microscopy. Typical bacilli-
form virions measuring approximately 130
x 30 nm were observed in negatively
stained leaf-dip and in partially purified
preparations of samples both from field-
infected pummelo trees and from inocu-
lated greenhouse test plants. No virions
were observed in similar preparations from
uninoculated control plants.

Fig. 1. Foliar symptoms associated with citrus mosaic badnavirus (CMBYV) infection in various
Citrus species. (A) Sweet orange, field symptoms. (B) Pummelo, field symptoms. (C) Sweet orange,
inoculated greenhouse plant, (D) Pummelo, inoculated greenhouse plant. (E) Lemon, inoculated
greenhouse plant. (F) Sour orange, inoculated greenhouse plant.
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Fig. 2. Analysis by agarose gel electrophoresis
of a badnavirus-specific 450-bp product gener-
ated by polymerase chain reaction (PCR) am-
plification using the degenerate badnavirus
oligonucleotide primers Badna 2 and Mys 3’
and genomic nucleic acid from three badnavi-
ruses as template. Lane 1, Commelina yellow
mottle virus (CoYMV) genomic DNA; lane 2,
banana streak virus (BSV) genomic DNA; lane
3, citrus mosaic badnavirus (CMBYV) genomic
nucleic acid. Lane 4, extract of healthy citrus
prepared in a manner identical to that used for
sample in lane 3. Arrows indicate 564-bp
Lambda HindIIl marker and badnavirus-spe-
cific PCR products, respectively. Electrophore-
sis was done in 1.5% agarose gels in Tris-
acetate-EDTA (TAE) at 45 volts for 75 min, and
the gel was stained with ethidium bromide.

Fig. 3. Virions of citrus mosaic badnavirus
(CMBV) trapped by antiserum to sugarcane
bacilliform virus (ScBV) and stained with 2%
sodium phosphotungstate, pH 6.5. Scale bar =
100 nm.
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Serology. Virions of CMBV were suc-
cessfully trapped and decorated with antis-
era to BSV, CoYMYV, DBV, KTSV, CSSV,
and ScBV in ISEM tests. The greatest
number of CMBYV particles was trapped by
antiserum to ScBV (Fig. 3).

DISCUSSION

Mosaic diseases in citrus have been re-
ported from India (3,5) and Japan (11).
Isometric particles were reported to be
associated with Japanese citrus mosaic
(21), but no viruslike particles have been
previously associated with Indian citrus
mosaic. No serological relationship be-
tween the pathogens of these two diseases
could be established using antiserum
against Japanese citrus mosaic (Y. S. Ah-
lawat, unpublished). The association of
bacilliform virions with Indian citrus mo-
saic further distinguishes the latter disease
from the one reported from Japan. A ba-
cilliform virus has been reported to be
associated with citrus leprosis disease in
Brazil (12). The bacilliform virions associ-
ated with citrus leprosis, like those of the
morphologically similar orchid fleck virus
(6), occur in the nucleus (6,12), unlike
those of badnaviruses, which occur only in
the cytoplasm (8,9,18,19).

Citrus mosaic disease is widely distrib-
uted in India and is of great economic
importance to the citrus industry. The
presence of the disease in commercial
nurseries suggests inadvertent spread of
the disease through contaminated bud-
wood. CMBY, as indicated in Table 1, is
capable of infecting the major commercial
citrus cultivars and rootstocks used in In-
dia. The disease is transmitted mechani-
cally to C. decumana, a native of India.
This will help in separating the virus from
mixed infections, which are quite common
in orchard trees.

Reaction of CMBYV in ISEM tests with
antisera to a range of badnaviruses, and
PCR-mediated amplification of CMBYV
genomic nucleic acid with badnavirus-
specific oligonucleotide primers, confirm
that CMBV is a member of the genus
Badnavirus. This is the first report of a
badnavirus infection in citrus.
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