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Reverse transcription polymerase
chain reaction-based detection of
Arabis mosaic virus and Strawberry
latent ringspot virus in vector
nematodes
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In a survey of rose and lily plantations in experimental
fields of the Institute of Himalayan Bioresource Tech-
nology, Palampur, a number of symptoms characteris-
tic of nepoviruses were observed. Symptomatic rose
and lily leaves were tested for the presence of nepovi-
ruses. Strawberry latent ringspot virus (SLRSV) and
Arabis mosaic virus (ArMV) were detected by ELISA
and RT-PCR using virus-specific antibodies and prim-
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ers respectively, in rose cultivars Raktgandha, Landora
and Sonia. Only SLRSYV was detected in lily cultivars
Galeili, Star Gazer Max and White Merostar. To ascer-
tain the presence of viruliferous nematodes, soil sam-
ples were collected from around the roots of rose and
lily cultivars. Xiphinema diversicaudatum and Longidor-
ous macrosoma isolated from soil were placed sepa-
rately into 5-10 ul each of RNAlater™ and sterile
water. Total RNA from these nematodes was isolated
using three different RNA isolation Kits, viz. RNAque-
ous™, RNeasy Plant mini kit and RNAwiz™. RT-PCR
was performed using virus-specific primers for SLRSV
and ArMYV. Out of the three RNA isolation kits used,
only RNAaqueous™ gave reproducible results. Nema-
todes isolated and stored in RNAlater™ gave amplifi-
cation of expected size (over a period of one month
storage at -20°C) for both the viruses, while nema-
todes stored in water did not give any amplification
(even after one week of storage) with RT-PCR. Cucumis
sativus was used as bait plant for confirming the
nematode transmission of these viruses. In the present
study RNAlater™ was found to be the best nematode
storage solution and RNAqueous™ the best RNA iso-
lation Kit for virus detection in viruliferous nematodes
by RT-PCR.

Keywords:
RT-PCR.

Lily, Nepoviruses, RNA isolation, rose,

ROSE and lily are important commercially grown flower crops
and are susceptible to a number of viruses including Straw-
berry latent ringspot virus (SLRSV) and Arabis mosaic
virus (ArMV)l’Z. SLRSV and ArMV are both nematode-
transmitted polyhedral (nepo)viruses and are transmitted
by Xiphinema diversicaudatum and Longidorous macrosoma
respectively’. While Tobacco rattle virus (TRV) and Grape-
vine fan leaf virus (GFLV) have been detected in nema-
todes4’6, there exist few reports for PCR-based detection of
nepoviruses in nematodes.

During the survey of rose and lily plantations in experimen-
tal fields of the Institute of Himalayan Bioresource Techno-
logy (IHBT), Palampur, a number of symptoms characteristic
of nepoviruses were observed. Rose and lily leaves were
tested for the presence of SLRSV and ArMV by ELISA
and RT-PCR using virus-specific antibodies and primers.
Rose cultivars (Raktgandha, Landora and Sonia) were
found to be positive for AtMV and SLRSV, while Orien-
tal hybrid lily cultivars (Galeili, Star Gazer Max and
White Merostar) were found to be positive only for
SLRSV. The present study was carried out to isolate the
viruliferous nematodes from rose- and lily-grown field
soil, to confirm virus transmission using bait plants and to
standardize the detection protocol for viruses in nematodes.
Various commercially available RNA isolation kits were
compared for total RNA isolation from viruliferous nema-
todes for consistent results in RT-PCR.

DAS-ELISA was performed for the initial survey and
detection of viruses from rose and lily cultivars using antibod-

1759



RESEARCH COMMUNICATIONS

ies specific for SLRSV and ArMV (DSMZ, Germany).
Positive and negative controls provided with the kits were
used. The protocols used for DAS-ELISA were same as those
described by Clark and Adams’. A total of ten plants each
of rose cultivars, viz. Raktgandha, Landora, Sonia and Orien-
tal Hybrid lily cultivars, viz. Galeili, Star Gazer Max and
White Merostar (either symptomatic and non-sympto-
matic) were tested for the presence of SLRSV and ArMV.

Soil samples were collected from around the roots of rose
and lily cultivars. A bulk sample consisting of 20 cores
(diameter 1.9 cm; depth 0-20 cm) was taken from each of
the rose and lily cultivars. Nematodes were isolated from
properly mixed 200 ml soil samples separately, using the
method of Whitehead and Hemming®. Soil was kept in a tis-
sue paper inside a plastic sieve and Millipore water was
added into the collection tray. Nematodes were collected
on a 325-mesh sieve after 24 h. Nematodes were counted in a
Doncaster counting dish’ using dissecting microscope
and were identified using light microscope at 400X mag-
nification' ">, Nematode population varied from 145 to 160
per 200 ml soil samples collected from the rose and lily fields.

Four hundred each X. diversicaudatum and L. macro-
soma identified/isolated from rose and X. diversicauda-
tum from lily soil were collected and distributed among
two separate Eppendorf tubes (in four sets, 50 individual
nematodes each), one containing a drop of RNAlater™
(Ambion, USA) and the other containing a drop of water.
The nematodes in RNAlater™ and water were stored in
deep freezer (-20°C) for a period of up to one month and
total RNA was isolated from the stored nematodes at weekly
intervals to perform RT-PCR.

Cucumis sativus, used as bait plants were grown in
autoclaved soil and watered with sterile water periodically.
For transmission studies, 50 freshly isolated nematodes from
soil around rose (X. diversicaudatum and L. macrosoma
separately) and lily (X. diversicaudatum) plants were kept in
5 ml sterile water in separate beakers. On emergence of coty-
ledonary leaves of bait plants, the nematode suspension
was inoculated near the root zone. Inoculated plants were
kept at 20-25°C for 30 days for symptom development. Bait
plants inoculated with 5 ml sterile water with nematodes
free from SLRSV and ArMV served as control.

Total RNA from viruliferous and non-viruliferous
nematodes (maintained on healthy C. sativus plants) was
isolated using commercially available kits, including
RNAqueous™ (Ambion, USA), RNAwiz™ (Ambion,
USA) and RNeasy Plant mini kit (Qiagen, Germany) accord-
ing to the manufacturers’ instructions. Total RNA isolated
using RNAqueous™ from SLRSV- and ArMV-infected
rose cultivars was used as positive control. Total RNA from
healthy C. sativus was used as negative control in RT-PCR
detection.

RT-PCR amplification was performed using primers
specific for SLRSV and ArMYV, as described by Bertolini
et al.” and MacKenzie er al.'* respectively, which are spe-
cific for the amplification of a part of their coat protein
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gene (approximately of 200 bp for SLRSV and 520 bp for
ArMYV). For RT reaction, 20 ul RNA was used with 0.2 ug
downstream primer, 2 ul of 30 mM dNTP mix, 20 units
of human placental RNAase inhibitor, 4 ul of 5X RT
buffer and 200 units M-MLV reverse transcriptase (USB,
USA). The reaction mixture was incubated at 37°C for 1h
followed by 70°C for 5 min. Further amplification was
carried out in Mastercycler (Eppendorf, Germany) with 50 ul
of reaction mixture containing 10 ul c¢cDNA product,
0.2 ug downstream primer, 0.2 g upstream primer, 5 ul of
10X PCR buffer, 1 ul of 30 mM dNTP mix and 1.5 units
of Tag DNA polymerase (Genei, India). For SLRSV, 45 PCR
cycles of denaturation at 94°C for 30 s, annealing at 50°C
for 2 min and extension at 72°C for 1 min followed by one
cycle of final extension at 72°C for 10 min was given. For
ArMV, 35 PCR cycles of denaturation at 94°C for 30 s, an-
nealing at 50°C for 20 s and extension at 72°C for 1 min
followed by one cycle of final extension at 72°C for
10 min were given. PCR product (15 ul) was run on 2% TAE
agarose gel, stained with ethidium bromide and photographed
under UV.

In ELISA, all the three rose cultivars tested were found
to be positive for ArMV and SLRSV and three lily cultivars
for SLRSV only. The viruses were detected only in the symp-
tomatic plants of rose (70%) and lily cultivars (60%).
ArMYV and SLRSV were present together in all the three
rose cultivars.

Fifteen to eighteen days after inoculation (with nematodes
isolated from rose and lily soil), bait plants showed chlorotic
and necrotic lesions on the new emerging leaves. The pres-
ence of virus in inoculated C. sativus plants was also con-
firmed by ELISA and RT-PCR. The viruses were not
detected by ELISA or RT-PCR in the nonsymptomatic
control plants.

Total RNA from nematodes isolated from soil around
rose cultivars stored in RNAlater' ™ gave specific amplifica-
tion of ~520 bp for AtrMV (Figure 1) and ~ 200 bp for
SLRSV (Figure 2). The total RNA from nematodes isolated
from soil around Oriental hybrid lilies stored in RNAlater™
gave specific amplification of ~200 bp for SLRSV (Figure
2) even after one month of storage at —20°C, while no
amplification was observed for ArMV and SLRSV from
nematodes stored in water at —20°C (Figures 1 and 2). Out
of the three kits used, only RNAqueous™™ gave reproducible
results for detection of ArMV and SLRSV from nematodes
isolated from rose and for SLRSV, from nematodes isolated
from lily. The other two kits used did not give reproducible
results with respect to virus detection from nematodes,
even when they were stored in RNAlater™.

The three rose cultivars tested for ArMV and SLRSV
and the three lily cultivars tested for SLRSV by ELISA were
also found to be positive. This indicates that the rose cultivars
under study were infected with ArMV and SLRSV and
lily cultivars were infected only with SLRSV.

The nematodes isolated from rose and lily cultivars and
stored in RNAlater'™ gave amplification of expected size
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even after one month of storage at —20°C, while nematodes
stored in water did not give any amplification even after one
week of storage at —20°C. This indicates that RNAlaterTM,

1904 &
2027 bp

1375 bp

831 bp

564 bp ~520 bp

Figure 1. Gel photograph showing amplification of Arabis mosaic
virus (ArMV) from nematode stored in water and in RNAlater™ after
one month of storage. Lane 1, ADNA EcoRI/HindIIl digest; lane 2, No
amplification of ArMV (rose) from nematodes stored in water; lane 3,
Amplification of ArMV (rose) from nematodes stored in RNAlater™.,

1000 bp

500 bp

300 bp
200 bp
100 bp

Figure 2. Gel photograph showing amplification of Strawberry latent
ringspot virus (SLRSV) from nematode stored in water and in
RNAlater™ after one month of storage. Lane M, 100 bp DNA marker;
lane 1, Amplification of SLRSV (rose) from nematodes stored in
RNAlaterTM; lane 2, No amplification of SLRSV (rose) from nematodes
stored in water; lane 3, Amplification of SLRSV (lily) from nematodes
stored in RNAlaterTM; lane 4, No amplification of SLRSV (lily) from
nematodes stored in water.
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being a RNA-stabilizing solution, stabilized the RNA of
the stored nematodes much more efficiently than water. Out
of the three kits used for RNA isolation, only RNAqueous™
(Ambion, USA) gave reproducible results for detection of
viruses from nematodes. These results indicate that for
virus detection from nematodes, they should be stored in
some RNA-stabilizing solution like RNAlater™ (Ambion,
USA) prior to RNA isolation and not in water. Further,
RNAgqueous™ kit should be used for RNA isolation from
nematodes.

C. sativus plants inoculated with nematodes isolated
from rose and lily cultivars showed virus-like symptoms
on new emerging leaves. Presence of viruses was further
confirmed by ELISA and RT-PCR. It showed that X. di-
versicaudatum and L. macrosoma (in case of rose) and X.
diversicaudatum (in case of lily) were viruliferous and
transmitted the virus to bait plants. These results are consis-
tent with earlier findings that ArMV and SLRSV are
transmitted by nematodes’. Earlier reports on virus detection
from nematodes are TRV in Trichodorus spp. and GFLV
in Xiphinema index by RT-PCR using the different pro-
cedures for RNA isolation and RT-PCR*®. These reports
are on RNA isolation from nematodes by phenol:chloro-
form extraction method which is tedious and time-
consuming. The technique described in the present com-
munication is easy, less time-consuming and nematodes
isolated in RNAlater™ can be stored for at least one month
without RNA degradation. In the present study, a protocol
has been standardized for specific detection of two differ-
ent nematode-transmitted viruses from two different
crops, which can be applied for the detection of other
nematode-transmitted viruses. It is a definitive report on
transmission and detection of ArMV and SLRSV in X.
diversicaudatum and L. macrosoma using molecular
techniques like RT-PCR.
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