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ABSTRACT

Rice, D. J., German, T. L., Mau, R. F. L., and Fujimoto, F. M. 1990. Dot blot detection
of tomato spotted wilt virus RNA in plant and thrips tissues by cDNA clones. Plant Dis.

74:274-276.

A cDNA library was constructed that contained sequences complementary to tomato spotted
wilt virus (TSWV) RNA. Two plasmids, pTSWV7 and pTSWV80, containing inserts of 460
and 870 bp, respectively, were characterized for specificity to TSWV RNA and were selected
to develop a diagnostic dot blot assay. *’P-labeled hybridization probes from these clones can
detect TSWV in as little as 16 ng of total RNA from tobacco, 80 ng from tomato and lettuce,
and 400 ng from chrysanthemum and pepper. TSWYV is detected by these hybridization probes
in dot blots of nucleic acids extracted by simple methods using 40-50 mg of leaf tissue and
in all the major developmental stages of individual thrips.

Tomato spotted wilt virus (TSWV) has
a worldwide distribution (1,9) and an ex-
tremely broad host range that includes
192 dicotyledonous species in 33 families
and eight monocotyledonous species in
five families (1,3,5,13). It is a serious pro-
blem in temperate and subtropical re-
gions throughout the world, causing eco-
nomic losses in important vegetable, leg-
ume, and ornamental crops. TSWYV has
a unique relationship with its only known
vectors, several species of thrips. The vi-
rus is acquired during feeding of the
larval stages and is transmitted by adult
insects throughout their life span (18).
The ubiquitous occurrence of vectors,
susceptible crop plants, and reservoir
species makes the control of epidemics
caused by TSWV very difficult. Rapid,
accurate, and inexpensive diagnostic
procedures are an important feature of
any management strategy for viruses.
The only such assay currently available
for TSWYV is the enzyme-linked immu-
nosorbent assay (ELISA) described by
Gonsalves and Trujillo (11). In a recent
review article describing a multidiscipli-
nary approach to control of TSWV (2),
Cho et al reported a nucleic acid dot blot
procedure for detecting TSWYV. In this
paper, we report the development and
implementation of the dot blot procedure
and describe how it can be used to com-
plement and extend diagnostic data ob-
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tained with ELISA or indicator plants.
A preliminary report of this work has
been published (10).

MATERIALS AND METHODS

Virus isolate and identification. An
isolate of TSWV from lettuce (Lactuca
sativa L.) grown in the Kula district on
Maui, Hawaii, was provided by John
Cho. The isolate was serially maintained
in the systemic host Nicotiana benthamiana
Domin, on the local lesion host N. glutinosa
L., and in the maintenance host Emilia
sonchifolia (L.) DC. TSWV symptom ex-
pression was checked on these plants and
on Petunia X hybrida Hort. Vilm.
TSWYV was detected by the double-anti-
body sandwich (DAS) ELISA, as pre-
viously reported (2).

Thrips. Healthy laboratory Frankliniella
occidentalis (Pergande) were reared on
bean pods (Phaseolus vulgaris L. ‘Green
Crop’) and handled as previously de-
scribed (4). Sap-inoculated burdock
(Arctium lappa 1L.) was used as the acqui-
sition host for thrips when TSWV symp-
toms (veinclearing) began to appear.
Leaves without signs of TSWV were re-
moved. Viruliferous thrips were pro-
duced by transferring second instar
larvae from healthy bean pods to a caged
acquisition host and allowing continuous
access feeding—2 days for second instar
larvae, 6 days for prepupae, and 8 days
for adults. Viruliferous adult thrips were
transferred to healthy bean pods and
allowed to feed for 7-10 days before har-
vesting. Thrips transfers were facilitated
by lightly anesthetizing thrips with CO,.

Putative ribonucleoprotein (RNP)
purification. We followed the initial
TSWYV purification steps described by
Gonsalves and Trujillo (11), except that
the supernatant from the first differential

centrifugation, which is usually dis-
carded, was used for RNP isolation. The
RNP in buffer A (0.1 M potassium phos-
phate, 0.01 M sodium sulfite, 0.01 M
cysteine hydrochloride, pH 7.2) was
pelleted in polycarbonate bottles for 70
min at 204,000 g (maximum) in a Spinco
Type 60 Tirotor. A paint brush was used
to resuspend the pellet in a volume of
buffer B (0.01 M sodium sulfite, 0.01 M
cysteine hydrochloride, pH 7.2)
numerically equal (in milliliters) to the
starting tissue weight (in grams). The sus-
pension was gently agitated on a shaker
for at least 2 hr at 4 C and then clari-
fied by centrifugation at 8,000 g for 15
min. The supernatant was applied to
linear 10-409% sucrose-density gradients
in 0.01 M sodium sulfite at 150,000 g
(maximum) for 190 min in a Spinco SW-
28 rotor. RNP in sucrose gradient
fractions was diluted at least 4:1 in buffer
A, then pelleted at 204,000 g for 2.5 hr.
RNP was resuspended either in buffer
B for infectivity assays or in another ap-
propriate buffer for further analysis.

RNA isolation. RNA was isolated
from TSWV RNP pellets and thrips by
the acid guanidinium thiocyanate-
phenol-chloroform (AGPC) extraction
method described by Chomczynski and
Sacchi (6). Thrips were frozen in liquid
nitrogen and homogenized in 0.1 ml of
extraction buffer (4.2 M guanidinium
thiocyanate, 0.025 M sodium citrate [pH
7.0], 0.5% sodium sarcosyl, and 0.1 M
2-mercaptoethanol) in a microcentrifuge
tube fitted with a plastic pestle. RNA
was quantified from its UV spectrum
assuming that 1 A,¢ unit equals 40 ug/
ml of single-stranded RNA. Absorbance
ratios (260/280) for AGPC-isolated
RNA were usually 2.2.

Nucleic acids for leaf disk dot blot
assays were extracted from 40-50 mg of
leaf tissue (two to four leaf circles ob-
tained with a No. 4 cork borer) by homo-
genizing the tissue for 30 sec in 125 ul
of extraction buffer (0.2 M K,HPO,, 10
mM sodium diethyldithiocarbamate,
and 0.1% [w/v] Triton X-100) (15) in a
1.6-ml microfuge tube with a plastic pes-
tle. Then, 125 ul of buffer-equilibrated
phenol (14) was added and the tubes were
vortexed vigorously for 3-5 sec. A
mixture of chloroform and isoamyl alco-
hol (24:1, 125 ul) was added, and the
vortexing was repeated. The phases were
separated by microcentrifugation for 1




min, and 75 ul of the clear upper phase
was transferred to a new Eppendorf tube
containing 175 ul of 6.15 M formalde-
hyde in 10X SSC (14). Samples were
stored on ice until all had been processed,
then heated at 65 C for 15 min, and finally
cooled on ice until blotted.

Nucleic acid for total RNA blots was
extracted from 0.2-0.5 g of leaf tissue
that was frozen in liquid nitrogen and
ground to a powder with a mortar and
pestle. Then, 3 ml of extraction buffer
(0.1 M TRIS-HC], 0.001 M EDTA, 0.15
M NaCl, and 0.1% sodium sarcosyl, pH
8.0) was added to the leaf powder, mixed,
and allowed to thaw before transfer to
a 30-ml centrifuge tube. The mixture was
phenol-chloroform extracted and the
nucleic acids were ethanol precipitated
(14). The resulting pellet was washed with
70% ethanol, dried under vacuum, and
dissolved in 0.05 M TRIS-HCI, pH 8.0.
Magnesium chloride was added to a final
concentration of 5 mM, and the solution
was incubated at 37 C for 30 min with
50 units per milliliter of RNase-free
DNase. The solution was phenol-chloro-
form extracted and RNA was ethanol
precipitated.

c¢cDNA clones to TSWV RNA. The
cloning, screening, and characterization
of a library of cDNA clones to TSWV
will be published elsewhere by Rice and
German. A brief description of the clon-
ing and screening of two clones, pTSWV7
and pTSWV80, follows.

The RNP purification protocol was
followed for TSW V-infected leaves of N.
benthamiana. Template RNA was ex-
tracted from pooled regions of sucrose
gradients that tested positive for TSWV
by ELISA and where TSWYV infectivity
was found. The protocol for cDNA syn-
thesis by Polites and Marotti (16) was
followed to construct a cDNA library in
pBR322. First-strand synthesis was initi-
ated with random primers (14). Blunt-
ended, double-stranded cDNA was de-
oxycytidine-tailed using terminal deoxy-
nucleotidyl transferase in a potassium
cacodylate buffer with freshly prepared
MnCl, and annealed directly to a com-
mercial Pst I cut, oligo deoxyguanosine-
tailed pBR322 (16). We established cDNA
libraries with the hybrid plasmids in both
RR-1 and HBI01 Escherichia coli by
following the transformation protocol of
Hanahan (12). Putative TSWV clones
were screened by differential colony hy-
bridization. Differential **P-cDNA
hybridization probes were reverse-
transcribed using the same type of tem-
plate RNA preparation used for library
construction and from its corresponding
healthy control RNA. Colonies were
selected that gave a positive signal with
the probe derived from RNA containing
TSWYV sequences but not with the probe
derived from its corresponding control.
Selected plasmids were digested with Pst
I to release the cloned insert DNA from
the plasmid, and the digest was analyzed

by agarose-gel electrophoresis. Two
clones, plasmids pTSWV7 and pTSWV80,
which contained inserts of 460 and 870
bp, respectively, were further screened by
dot blot hybridization for specificity to
TSWYV RNA. Neither insert hybridized
to blots derived from healthy or mock-
inoculated plants or plants infected with
tobacco mosaic virus. Both inserts, how-
ever, hybridized to the RNA template
used to construct and screen the library
and to any dot blot derived from TSWV-
infected plants. Southern blot analysis
demonstrated that inserts 7 and 80 each
represent unique sequences of the TSWV
genome. Northern blot analysis revealed
that inserts 7 and 80 hybridize to the
tripartite RNA genome of TSWV.

Preparation of probes for dot blot
experiments. Plasmids pTSWV7 and
pTSWV80 were purified by the proce-
dure of Sadhu and Gedamu (17), except
that bacterial selection was done with
12.5 pug/ml of tetracycline and plasmid
amplification was done with 170 ug/ml
of chloramphenicol. Restriction enzyme
digests were performed according to
Maniatis et al (14). Then, 6.7 ug of the
Pst I digest fragments was separated by
electrophoresis on four adjacent 6.0 X
1.0 mm lanes of a minisubmarine hori-
zontal gel apparatus using 4% NuSieve
GTG agarose gels in 40 mM TRIS-
acetate and 1 mM EDTA buffer (14).
Electrophoresis was performed at 8.4 V/
cm of gel until the bromophenol blue
marker dye had migrated about 7 cm.
The gel was stained for 30 min in 1 L
of 0.2 ug/ml of ethidium bromide in
water. The desired band was excised and
radiolabeled with *?P in the melted gel
slice using the random primer extension
technique of Feinberg and Vogelstein
(7,8). The hybridization probe was used
without further purification.

Blotting and hybridization protocols
were selected from Wahl et al (19)
according to the nucleic acid and type
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of membrane material. The prehybridi-
zation solution was 50% (v/v) form-
amide, 5X SSPE, 5X Denhardt’s, 0.2%
(w/v) SDS, 200 pg/ml of yeast tRNA,
and 200 pg/ml of phenol-extracted, low
molecular weight salmon sperm DNA.
Hybridization buffer was prehybridiza-
tion buffer containing probe. Hybridized
blots were washed with a final stringency
of 0.1X SSPE/0.2% SDS at 60 C for
1 hr.

RESULTS

Total RNA was extracted from a
variety of TSWV-infected plant leaves
and their corresponding healthy con-
trols. The RNA was quantified, and
fivefold serial dilutions of each sample
were blotted onto nitrocellulose. Blots
were hybridized simultaneously with *2P-
labeled probes from Pst I inserts of
plasmids pTSWV7 and pTSWV80. The
resulting autoradiogram is shown in
Figure 1. This dot blot shows complete
specificity for TSWV. It detects TSWV
sequences in as little as 16 ng of total
RNA in tobacco, whereas it requires 80
ng of RNA in tomato and lettuce and
400 ng of RNA in chrysanthemum and
pepper.

Figure 2 shows a similar dot blot detec-
tion of TSWV by the same probes when
total nucleic acid is extracted and blotted
from 40-50 mg of leaf disks or when
RNA is extracted by AGPC and blotted
from five pooled adult thrips (F.
occidentalis). TSWYV can be detected in
as little as 0.3 mg of infected M.
benthamiana leaves, and the blot shows
the same sensitivity pattern seen in
Figure 1 for infected leaf tissue. Since
five thrips were pooled and fivefold serial
dilutions were performed on this blot,
the hybridization assay appears to be
sensitive enough to detect less than' an
individual infected thrip.

In a single blind test, groups of larval,
prepupal, and adult thrips were allowed
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Fig. 1. Dot blot hybridization starting with equal masses of RNA. Serial fivefold dilutions
of total RNA (10 ug, 2 ug, 400 ng, 80 ng, and 16 ng) were spotted in rows 1-5. Samples
are healthy (H) or infected (I) tomato (To), chrysanthemum (M), tobacco (Tb), lettuce (L),
and pepper (P). Columns marked C are control fivefold dilutions (3.2 ng, 640 pg, 130 pg,
26 pg, and 5 pg) of pBR322 containing insert used to make the probes.
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Fig. 2. Dot blot hybridization starting with equal masses (40-50 mg) of plant leaf disk tissue
or with five thrips. Rows a-d are fivefold serial dilutions of starting material. Letters over
columns indicate lettuce (L), chrysanthemum (M), tomato (To), tobacco (Tb), and thrips (Th).
Infected samples are in odd-numbered lanes and uninfected samples, in even-numbered lanes.
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Fig. 3. RNA dot blot detecting individual
TSWV-infected thrips at three major
developmental stages in life cycle of thrips.
Larval thrips were fed on TSWV-infected
burdock leaves (I) or healthy bean pods (H)
and harvested at adult, prepupal, and second
instar larval stages. RNA in pairs of infected
and healthy columns (right to left): individual
second instar larvae, individual prepupae,
individual adults.

access to either healthy or TSWV-
infected plants and individually blotted
using six replicates of each developmen-
tal stage. Some of the individual thrips
from each developmental stage that were
fed from TSWV-infected burdock tested
positive for the presence of TSWYV,
whereas all thrips fed on healthy control
plants tested negative (Fig. 3). Individual
thrips showed great variability in the
quantity of TSWV detected.

DISCUSSION

cDNA clones constituting 1,330 bp of
the TSWV genome, radiolabeled with
32p, hybridize specifically to a wide varie-
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ty of plant and thrips tissues infected with
TSWV. Two independent cloned inserts
were chosen to increase the sensitivity
of the assay and broaden the range of
TSWV strains that can be detected.
Clearly, enough TSWV RNA is present
in 40-50 mg of plant leaves to unequivo-
cally test plants for TSWV. The sensi-
tivity of this assay was equivalent to the
double-antibody sandwich ELISA (2).
The assay is especially useful for
detecting low titers of TSWV in hosts
such as pepper that give high background
readings with ELISA but not with the
hybridization dot blot test (Fig. 1).

TSWYV could be detected in individual
thrips allowed continuous access feeding
on TSWV-infected plants during all
stages of the thrips life cycle. As in the
report of the ELISA assay that detects
TSWYV in individual thrips larvae and
adults (4), only a percentage of the thrips
in our experiment tested positive for
TSWV. In the thrips-rearing procedure
presented here, about 40-50% of second
instar larvae tested positive to varying
degrees for TSWV by ELISA. The data
presented in Figure 3 appear to correlate
well with that result, suggesting that
variability in sensitivity seen for individ-
ual thrips and different types of plant
tissue is due to varying titers of TSWV.

Our results show that nucleic acid dot
blot detection of TSWV will extend our
capability for diagnosing viral infections
in a variety of circumstances. These tools
will make it possible to develop the epi-
demiological data needed for manage-
ment practices that will address the com-
plex problems associated with this dis-
ease. This library of clones will also facili-
tate the elucidation of the genomic struc-
ture, organization, and replication strate-
gy of TSWV and possibly clarify its taxo-
nomic position.
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