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ABSTRACT

Marinho, V. L. A., Kummert, J., Rufflard, G., Colinet, D., and Lepoivre, P. 1998. Detection of
apple stem grooving virus in dormant apple trees with crude extracts as templates for one-step

RT-PCR. Plant Dis. 82:785-790.

Partial nucleotide sequences of amplification products obtained from four European apple stem
grooving virus (ASGV) isolates using degenerate primers showed 80 to 85% similarity with the
published ASGV sequence of a Japanese strain but 98 to 100% identities among themselves.
Based on these sequences, two ASGV-specific primers (ASGV4F-ASGV4R) were designed to
amplify a 574-bp fragment located in the putative viral RNA polymerase. With these primers,
six European and five American ASGV isolates, maintained in herbaceous hosts (Chenopodium
quinoa, Nicotiana glutinosa, and N. occidentalis) or in apple trees, were readily detected by i \d !
reverse transcription-polymerase chaireaction (RT-PCR). Using these specific ASGV primers, lymerase with ASGV-specific primers for
dsRNA preparations have been shown to constijatel templates for reliable amplification of PCR amplification. Recently, one-step RT-
ASGV sequences from leaves and bark tissues of apple trees, both in a two-step RT-PCR pRdR systems have been developed (13,14),
col and in the one-step Titan One-Tube RT-PCR. System. Furthermore, the one-step RT-Bfl&wing both reactions (reverse transcrip-
system allowed a specific amplification of ASGV sequences directly from clarified crude ejon and DNA amplification) to be con-
tracts of leaves and bark tissues of apple trees during both active growth and the dormant§g@ed in the same tube without any addi-

son.

Apple stem grooving virus (ASGV), ap-
ple chlorotic leafspot virus (ACLSV), and
apple stem pitting virus (ASPV) are latent
viruses with elongated flexuous particles
that infect pome fruit trees. ASGV is the
type member of the capillovirus genus (1).
The virions are morphologicaly similar to
the newly established genus Trichovirus, of
which ACLSV is the type member. ASGV
is distributed worldwide in apple (10), but
it also infects pear, apricot (15), and cherry
trees (7). This virus contains a polyadeny-
lated, plus sense, single-stranded RNA of
6,496 nucleotides (26). The ASGV genome
has two overlapping open reading frames
(ORFs) encoding a 241-kDa polyprotein
and a 36-kDa protein (26). The 241 kDa
polyprotein contains the conserved motifs
of a helicase, an RNA polymerase, and the
coat protein coding region. Other members
of the capillovirus group are cherry virus A
(CVA) (6) and citrus tatter leaf virus
(CTLV). However, recent data suggest that
CTLV should be regarded as a closaly
related strain of ASGV rather than a differ-
ent virus (12,16).

Biological indexing of ASGV usudly
relies on grafting of budwood on Malus
sylvestris cv. Virginia Crab, which devel-
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ops long grooves on the woody stem (23).
Although the use of newly described Malus
clones allows ASGV detection within 2
months (5), biological indexing remains
lengthy. Moreover, it is not specific and
may not differentiate among related viruses
in mixed infections.

Serological detection by enzyme-linked
immunosorbent assay (ELISA) using
commercialy available antisera represents
the first alternative for biological indexing,
but its use is limited to a short time period
in the growing season and appears inap-
propriate with dormant woody tissues
(7,8,11).

Molecular hybridization-based techniques
represent additional alternatives for bio-
logical indexing. ASGV detection methods
based on reverse transcription—polymerase
chain reaction (RT-PCR) have been re-

Table 1. Apple stem grooving virus (ASGV) isolates

ported by Kummert et al. (8) using degen-
erate primers designed from conserved
sequences of the putative viral RNA po-
lymerase. Recently, Kinard et al. (7) and
MacKenzie et al. (11yeported RT-PCR
detection of ASGV from apple tissues us-
ing specific primers targeting the putative
coat protein encoding region of the viral
genome. These protocols rely on two-step
RT-PCR procedures using reverse tran-
scriptase with oligo(dT) primer for first
strand cDNA synthesis, arthq DNA po-

tion of primers or enzymes between the RT
and the amplification steps, thus reducing
the handling steps and the risks of contami-
nation.

A critical step for routine use of PCR
technology is template isolation. The stan-
dard sample extraction procedure for RT-
PCR detection of ASGV is based on nu-
cleic acid isolation (total RNA) (7,8,11),
which is time-consuming and not amenable
for processing large numbers of samples.
Potentially improved sample processing
procedures for plant virus detection by
PCR have been reported and include im-
munocapture (24), direct binding (19),
print capture (17), or direct application of
clarified plant extracts in reaction tubes
(25).

This paper reports the design of specific
primers based on the comparison of partial
nucleotide sequences established for four
European ASGV isolates and that of the
Japanese isolate published by Yoshikawa et
al. (26). Using these specific primers and

| solates Present hosts Origin
10311 Herbaceous? (greenhouse) Belgium
10391 Herbaceous? (greenhouse) Belgium
10771 Herbaceous? (greenhouse) Belgium
10291 Malus sp. cv. Golden (field tree) Belgium
10392 Malus sp. cv. Golden (field tree) Belgium

TH 1387 Malus sp. (field tree) Switzerland
111-7 Malus sp. cv. Jonee (budwood) United States
121-13 Malus sp. cv. Granny Smith (budwood) United States
121-15 Malus sp. cv. Starking (budwood) United States
123-18 Malus sp. cv. Granny Smith (budwood) United States
111-3 Pyrus sp. cv. Twentieth Century (budwood) United States

a Herbaceous hosts: Chenopodium quinoa, Nicotiana glutinosa, and N. occidentalis. ASGV isolates
from Belgium and Switzerland were kindly supplied by P. Simon (Research Station of Gorsem,
Belgium) and those from United States by W. E. Howell (Washington State University, Prosser).
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different templates, including clarified
crude extracts prepared from dormant
woody tissues, the one-step RT-PCR pro-
cedure is compared with a classical two-
step protocol.

MATERIAL AND METHODS

Virus isolates and host plants. The
ASGV isolates used in this study are listed
in Table 1. European isolates 10311,
10391, and 10771 were transferred by me-
chanica inoculation and multiplied in
Chenopodium quinoa, Nicotiana glutinosa,
and N. occidentalis. European isolates
10291, 10392, and TH 1387 were main-
tained in apple trees in the field. Budwood
infected by the American isolates (111-7,

maintained at 4°C. Isolates of ACLSV  Preparations of dsRNA were initially
(91300) and ASPV (91325) maintained in obtained from 20 g of leaf or bark tissues
C. quinoa and in apple tree in the field, from apple trees according to the method
respectively, were occasionally used asof Valverde et al.(22). This method was
control. later used with 0.5 to 1 g of plant material
Primers. Degenerate (ACGla and with affinity column chromatography
ACG2a) and virus-specific primers through 200 mg of CF-11 cellulose con-
(ASGV4F and ASGV4R) (Table 2) were tained in pipette tips. After ethanol pre-
used for the amplification of viral sequences cipitation, the final dsRNA pellets were
from infected herbaceous hosts or appleresuspended in 10 pul of diethyl-
trees. pyrocarbonate (DEPC)-treated water.
Template preparation. Total RNA was Crude plant extracts preparation was
extracted from 0.1 g of leaf tissues of her- based on the method of Wyatt and Brown
baceous plants and from 0.2 g of leaf and(25) with minor modifications. Plant tis-
bark tissues of apple using TriPure Isola- sues consisting of 50 mg of leaves or bark
tion Reagent (Boehringer Mannheim, scrapings from current-year apple tree
Germany) according to the manufacturer’s shoots were ground in 1.0 ml of TE buffer

121-13, 121-15, 123-18, and 111-3) were instructions.

Table 2. Nucleotide sequences of primers used for apple stem grooving virus (ASGV) detection

Primer Nucleotide sequence (5' to 3') Expected size of amplicon
ACGla? 38749tcgaal TCCTNTTYATGAARTC3890 639 bp

ACG2a 4512¢taggat CCANCCRCAAAACAT 4498

ASGV4P° IBGTTCACTGAGGCAAAAGCTGGT(CB0 574 bp
ASGV4RP MICTTCCGTACCTCTTCCACAGCAGH60

@ Primers designed on consensus sequences found at the amino acid level in the RNA polymerase of
apple chlorotic leafspot virus (ACLSV), ASGV, and apple stem pitting virus (ASPV) (8). The lower
case letters represent EcoRI or BamHI restriction sites introduced to facilitate the cloning of the
PCR products.

b Primers designed on the basis of the nucleotide sequences of ASGV genome, isolate P-209 (26),
and partial ASGV sequences of European isolates; numbers at termini indicate nucleotide positions
in ASGV genome (P-209).

Table 3. Pairwise percent nucleotide sequence identities between the amplified fragments obtained
with degenerate primers ACGla-ACG2a for different apple stem grooving virus (ASGV) isolates

P-209° 10771 10311 10391 10392
P-209 85.3% (237)  85.2% (297)  84.6% (298)  86.6% (261)
10771 99.6% (237)  100% (237)  100% (237)
10311 . 99.3% (297)  99.6% (261)
10391 . 99.6% (261)
10392

a Reference isolate for which the sequence was published by Yoshikawa et al. (26).
b In parentheses, size of nucleotide sequence analyzed.

(50 mM Tris, pH 8.0, 10 mM EDTA) and
centrifuged at 10,000 g for 10 min at
4°C. One microliter of the supernatant was
transferred to another tube containing the
RT-PCR mixture. Dilutions were made
when appropriate using TE buffer.

In an additional procedure, referred to as
tube binding, 50 pl of the extracts clarified
as described above were incubated in poly-
propylen PCR tubes for 30 min at 4°C. The
tubes were washed three times with 200 pl
of TE buffer before adding RT-PCR mix-
ture (see below).

RT-PCR procedures. Two-step RT-
PCR. Synthesis of cDNA was made using
1 pl of purified dsRNA preparation corre-
sponding to extracts from 0.1 g of plant
tissue, or from 1 to 2 pg of total RNA pre-
pared from plant tissues. The Expand Re-
verse Transcriptase System (Boehringer)
was employed according to manufacturer’s
protocol using oligo(df) primer. Ampli-
fication was then performed with 5 pl of
cDNA in a 50-pI mixture containing 5 pl of
10x Taq buffer (100 mM Tris-HCI, 15 mM
MgCl,,500 mM KCI, pH 8.3), 200 mM
each of dATP, dCTP, dGTP, and dTTP, 1
unit of Tag DNA polymerase (Boehringer),

ORF1|

Poly(A)

ASGV-RNA (64%xt) 1 VA

and.specmc primers (ASGV4F-ASGV4R) used in thls sxudy V-reglon varlable reglon in the polymerase gene (12); CP = coat protem region; ORFl 2=
open reading frames 1 and 2; nt = nucleotides.
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and 1 pl of each primer (20 uM). The fol-
lowing thermal cycling scheme was used
for 35 reaction cycles (Trio-Thermoblock
cycler, Biometra Gmbh, Germany): tem-
plate denaturation at 94°C for 30 s, primer
annealing at 62°C for 1 min, and DNA
synthesis at 72°C for 2 min. Amplified

fragments were visualized after elec-
trophoresis in ethidium bromide stained
1% agarose gels.

One-step RT-PCR. The Titan One-Tube
RT-PCR System was used according to
manufacturer’s protocols (Boehringer). In
each reaction, 1 pl of each primer (20 uM)
and 1 pl of template (crude extracts, total
RNA or dsRNA) were used. The reverse
transcription step was performed at 50°C
for 30 min. Thermal cycling was per-
formed as described for the two-step pro-
cedure.

DNA cloning and nucleotide sequence
analysis. Amplified DNA fragments ob-
tained with the degenerate primers ACGla
and ACG2a for the ASGV isolates 10311,
10391, 10771, and 10392 were recovered
by the QIAEX gel extraction kit (Qiagen
GmbH, Germany). Purified DNA frag-
ments were cloned in the pCR Il vector,
using the TA cloning kit (Invitrogen, Neth-
erlands) following the manufacturer’s in-
structions. Recombinant plasmids were

M 12353456 7

Kb

monitored for appropriate size inserts by g 3 Agarose gel electrophoretic analysis of one-step reverse transcription— polymerase

cleavages witlBamHI and Xhol restriction

chain reaction (RT-PCR) amplification products, obtained with the specific primers (ASGV4F-

enzymes. Three independent clones fromASGV4R) from dsRNA preparations of budwood (dormant shoots) received from the United
each ASGYV isolate were sequenced by theStates (lanes 1, 2, 3, 4, 5 are isolates 112-15, 121-13, 111-3, 111-7, 123-18, respectively) or
dideoxyribonucleotide chain termination Chenopodium quinoa leaves infected with apple stem grooving virus (ASGV) isolate 10771

method of Sanger et a(21), performed
with T7 DNA polymerase (Pharmacia

(lane 6) Blank (no template added) (lane 7). Molecular weight marker (100 bp DNA ladder,

Fig. 2. Aga
ASGVAF-AR

M 1

2004001 7

Nicotiana glutmow leaves |nfected with ASGV |so|ate 10391 (lane 2) apple tree leaves infected with ASGV lsolate 10291 Gaqel&)a leaves
infected with an apple chlorotic leafspot virus (ACLSV) isolate (pe&ndC. quinoa healthy leaves (lane 5), or from dsRNA preparationS. @fuinoa
leaves infected with ASGV isolate 10771 (l&@)eand bark tissues of apple tree infected with ASGV isolate 10291 (lane 7). Molecular weight marker (100

bp DNA ladder, lane M).
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Biotech, Sweden) according to the manu- lymerase for PCR amplification. RT-PCR tained with budwoods of dormant shoots
facturer’s instructions. Similarity analyses was performed with total RNA prepared received from W. E. Howell (Washington

of nucleotide sequences were conductedfrom ASGV-infected herbaceous host State University, Prosser).

with the DNASIS and University of Wis- plants (isolates 10311 and 10391), and Since the isolation of dsRNA remains

consin Genetic Computer Group (GCG) from ASGV-infected apple tree (isolate tedious for routine tests, the possibility of
sequence analysis software package ver-10291). An amplification product with the using one-step RT-PCR on crude extracts

sion 8.0 (4). predicted size of 574 bases was reliably was considered. Both methods of crude
obtained with extracts from ASGV- extract utilization (direct incorporation in
RESULTS infected herbaceous plants and leaves ofthe PCR mix and binding of crude sap on

Design of specific primers for the de- the ASGV-infected tree (Fig. 2, lanes 1 to the wall of the PCR tubes) yielded one
tection of ASGV. Reverse transcription 3). On several occasions, the specificity of correctly sized amplification product for all
with oligo(dT) primer followed by ampli- the amplicons has been controlled by ASGV-infected samples from leaves of
fication with degenerate primers ACGla Southern blotting using a specific cloned herbaceous hosts and leaves and bark tis-
and ACG2a (8) was performed on total DNA probe for ASGV isolate 10311 and sues of apple trees. These were previously
RNA preparations from ASGV-infected corresponding to nucleotides 3,925 to shown to be positive in RT-PCR tests per-
herbaceous hosts (isolates 10311, 103914,485 of ASGV RNA (results not shown). formed on dsRNA preparations. The sensi-
10771) and on one dsRNA preparation No amplification product was detected by tivity of the protocol allowed virus detec-
from an ASGV-infected apple tree (isolate ethidium bromide staining with total RNA tion from 1 pl of a 1:2,000 dilution of
10392). The amplification products of the prepared from bark of ASGV-infected tree clarified extracts obtained from 50 mg of
ASGV European isolates were cloned and (result not shown) or from the ACLSV- bark tissues from dormant shoots (Fig. 4).
sequenced. Sequence alignments revealedhfected control and the healthy material
98 to 100% identities among these four (Fig. 2, lanes 4 and 5). DISCUSSION
European isolates, and 80 to 85% identities Correctly sized amplicons were observed Although ASGV, ACLSV, and ASPV
with the published sequence of ASGV with dsRNA preparations from ASGV- belong to different virus genera, compari-
isolate P-209 (26) (Table 3). The specific infected leaves ofC. quinoa (isolate  son of published amino acid sequences of
primers ASGV4F-ASGV4R, giving rise to  10771) and from bark of ASGV-infected their putative RNA polymerase allowed the
an expected amplified product of 574 bp, apple tree (isolate 10291) (Fig. 2, lanes 6 selection of consensus sequences for the
have been selected within conserved re-and 7). design of degenerate primers (8). This
gions observed from the alignment of the One-step procedure. The Titan One- approach has been shown of practical use
partial sequences obtained for isolates Tube RT-PCR System was evaluated with to detect most or all isolates of one par-
1311, 10391, 10392, and 10771. Figure 1the ASGV-specific primers ASGV4F and ticular virus or different related viruses
shows the localization of the degenerate ASGV4R. With this procedure, experi- within a genus, as shown for potyviruses
and specific primers in the putative viral ments conducted during the entire year on(2,9), luteoviruses (18), or geminiviruses
RNA polymerase (ORF1) of the ASGV leaves and bark tissues of two infected (20).
genome. trees (isolates 10291 and 10392) showed The degenerate primers for ASGV allow

Virus-specific RT-PCR  detection. that dsRNA preparations constituted good the cloning and sequencing of the amplifi-
Two-step procedure. The specific primers templates for RT-PCR detection of ASGV cation products obtained for four European
were first assayed in a two-step RT-PCR in apple trees, whereas total RNA prepara- ASGV isolates (Table 3), which indicates
protocol by using Expand Reverse Tran- tions from bark obtained with TriPure Iso- that these isolates are closely related. It

scriptase with oligo(dT) primer for first- lation Reagent provide no visible amplified allowed the design of ASGV-specific

strand c LA nyn{-hnnu« o-\n'Fh_:‘I ImYN N pn prr\r’lllr\fﬂ Elcllrn 2 b tho rocylic b Iv:rlmnv'ﬂ (AC{"\I/IE I\CF‘\IAD) 1 nated in

M12345678 910117

Fig. 4. Agarose gel electrophoretic analysis of one-step reverse transcription—polymerase chain reaction (RT-PCR) amplification products obtained with
specific primers (ASGV4F-ASGV4R) from direct deposit of clarified plant extracts in the PCR mixture (1:20 dilution: langs1t2@0 dilution: lanes

2, 5, 8; 1:2,000 dilution: lanes 3, 6, 9). Extracts of apple stem grooving virus (ASGV) isolate 10771 Mfeatteda glutinosa (lanes 1 to 3) and ASGV
isolate 10392 infected leaves (lanes 4 to 6) or bark tissue (lanes 7 to 9) of apple tree; healthy apple tree leavedlftiore 10d), and blank (lane
11). DNA size markers are shown in lane M (1 kb ladder size marker).
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the putative viradl RNA polymerase. These
specific primers correspond to conserved
sequences of the four European isolates but
contain five and four mismatches, respec-
tively, with the sequence published for the
Japanese isolate (26).

The occurrence of variable region (V-re-
gion) in the ORF1 encoded protein corre-
sponding to the 3 end of the putative
ASGV RNA-polymerase was recently
reported (12). The conserved sequence
targeted by our primers is located about
300 nucleotides downstream from the V-
region (Fig. 1), alowing the detection of
different European and North American
ASGYV isolates (Fig. 3).

With the specific ASGV primers,
dsRNA preparations from leaves and bark
tissues of apple trees were shown to be
good templates for reliable amplification of
ASGV seguences using two-step RT-PCR.
In the same conditions, total RNA prepared
from bark tissues and clarified crude ex-
tracts (result not shown) did not yield any
detectable amplified product. When per-
formed on dsRNA preparations, our RT-
PCR protocol overcame a significant limi-
tation of ELISA on extracts from dormant
woody tissues.

The use of the one-step Titan RT-PCR
System is an dternative to the classica
two-step system. The one-step system uses
AMV reverse transcriptase for first-strand
synthesis and the Expand high fiddlity
enzyme blend, which consists of a mixture
of Tag DNA polymerase and Pwo DNA
polymerase, for the DNA amplification
(13). This technique is designed for the
sensitive, quick, and reproducible amplifi-
cation from RNA in a single optimized RT-
PCR buffer, with high fiddity and de-
creased error rates compared with the other
one-step procedure using Tth DNA po-
lymerase (13,14). Using primers ASGV 4F-
ASGV4R, the Titan RT-PCR system al-
lowed specific amplification of ASGV
sequences directly from clarified crude
plant extracts from leaves and bark tissues
of apple trees that were shown positive in
previous or comparable tests (either the
one- or the two-step RT-PCR systems per-
formed on dsRNA preparations). The one-
step PCR protocol circumvents the usual
requirement of nucleic acid isolation prior
to PCR and is effective for detecting
ASGV from bark samples of current-sea-
son dormant apple shoots. Crude plant
extracts can be readily prepared, and the
usud inhibitory effects of plant polysac-
charides or other components of crude
plant extracts on PCR amplification (3)
were avoided by appropriate dilutions. We
have no information on the nature of the
viral materia targeted (i.e., naked RNA or
dsRNA).

Kinard et d. (7) and MacKenzie et a.
(12) aso reported the detection of ASGV,
especialy from bark and leaves of apple
trees, by RT-PCR. Both used tota RNA
preparations as template in a classical two-

step system. MacKenzie et a. also reported
the detection in dormant wood, but the
method used for extraction of the tota
RNA preparation is laborious and expen-
sive for application on large numbers of
samples.

Primer pairs designed by these authors
were evaluated (both in our conditions and
with the therma cycles defined by the
respective authors) with the Titan One-
Tube RT-PCR System in the presence of
crude extracts from either ASGV-infected
herbaceous host (isolate 10391) or apple
tree (isolate 10392). Amplification prod-
ucts of expected size were visualized in
ethidium bromide-stained agarose gels
when using the primers of MacKenzie, but
not those of Kinard (results not shown).
The different results obtained using the
respective primer pairs could be explained
by their intrinsic characteristics, such as
length, secondary structure, or Tm.

Control of virus diseases in woody
plants depends on the detection and elimi-
nation of the agents through certification
and clean-stock programs. Our experi-

ments have shown that crude extracts from12.

dormant apple tree tissues are good tem-
plates for reliable ASGV detection if com-
bined with the Titan RT-PCR System and
specific  primers
ASGV4R. The ability to detect ASGV
during both active growth and the dormant
season will provide a valuable tool for
certification programs. This procedure cag
also be incorporated into testing protocols
during post-entry quarantines for rapid
initial screening of imported budwood, or

4

in virus eradication programs. 15.
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