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Abstract. In vitro micrografting was tested as a technique for inoculating peach [Prunus persica (L.) Batsch] shoot cultures
with Prunus necrotic ringspot virus (PNRSV). Cultured ‘Suncrest’ shoots derived from a naturally infected tree (as indicated
by ELISA testing) maintained virus in vitro, with virus concentrations in growing tips and folded leaves being several times
those of fully expanded leaves. Infected shoots served as graft bases and source of the virus. Grafted tips were derived from
‘Suncrest’ trees that had tested negative for the virus. Leaf samples were collected from the tips following grafting and
analyzed for the presence of virus by slot-blot hybridization with a (DIG)-labeled cRNA probe derived from PNRSV RNA
3. Rates of successful grafting ranged from 55% to 73% in three trials and PNRSV was found in all tips analyzed. Virus
concentrations approximated those found in source shoots, suggesting that in vitro micrografting should be useful for
screening transformed peach shoots for coat protein-mediated resistance to PNRSV. Chemical name used: digoxigenin (DIG).

Prunus necrotic ringspot virus (PNRSV), a pollen-spread
ilarvirus common in Prunus species, can cause substantial reductions in the growth and yield of peach (Pine, 1964; Schmitt et al.,
1977; Topchiiska, 1982; Uyemoto et al., 1992; Wells et al., 1986).
Control of this disease by planting virus-free stock and removal of
ELISA-positive trees has been applied to peach (Scott et al., 1986).
However, experience with a similar practice in cherry orchards
suggests that its effectiveness could be hindered by the inability of
available ELISA tests to distinguish severe strains of PNRSV from
symptomless strains which cause little damage and which might
possibly protect from more severe disease (Mink, 1992).
Another possible control strategy is the development of virusresistant peach cultivars through genetic engineering. Several
modes of virus resistance are emerging based on transformation of
plants with portions of viral genomes (Hull and Davies, 1992;
Wilson, 1993). We plan to develop constructs containing the
PNRSV coat protein gene under promoters suitable for expression
in transgenic peach tissue, to exploit a strategy that has already
been shown to be effective in producing resistance to several types
of plant viruses including the ilarvirus group (Hull and Davies,
1992; van Dun et al., 1988).
Development of transgenic peaches with resistance to PNRSV
will require a reliable method of screening for resistance. Resistance
to PNRSV has been tested by bud-grafting infected tissue onto
greenhouse trees (Wells et al;, 1986), but such testing is limited to
those months of the year when peach tissues are actively growing
(Nyland et al., 1974). However, in tissue-cultured shoots the dormancy period is replaced by a period of several weeks at 4C in the
dark, which can be timed so as to provide actively growing plant
material year-round. In vitro micrografting (Alskief, 1977; Murashige
et al., 1972), has been used to produce virus-free cultures of peach
(Mosella et al., 1980; Navarro et al., 1982). In this study, we describe
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the use of in vitro micrografting as an inoculation method for tissuecultured peach shoots and present a preliminary study on the accumulation of PNRSV in peach shoot cultures following grafting. Because
PNRSV-infected peach does not always show symptoms, we used
nucleic acid hybridization with a virus-derived cRNA probe (Crosslin
et al., 1992) to detect virus infection.
Materials and Methods
Plant material. Peach shoot cultures were initiated as described
by Hammerschlag (1982) from shoots collected in 1990 from
field-grown ‘Suncrest trees’ that had tested negative and from
shoots collected during June and July 1993 from a cv. Suncrest tree
that had tested positive for PNRSV by enzyme-linked
immunosorbent assay (ELISA) (Crosslin et al., 1992). Shoots were
maintained at 26C on an elongation medium containing Murashige
and Skoog (MS) salts (Murashige and Skoog, 1962) supplemented
with 0.05 µ M indole-3-butyric acid 0.88 µ M 6-benzyladenine, 2%
(w/v) sucrose, 0.6% (w/v) Phytagar (GIBCO BRL, Grand Island,
N.Y.) and in mg/liter: 0.4 thiamine HCl, 0.5 pyridoxine HCl, 0.5
nicotinic acid, 100 myo-inositol, and 0.1 p-aminobenzoic acid
(elongation medium). Shoots were transferred to fresh elongation
medium every 2 to 3 weeks. Shoots were tested for the presence of
PNRSV as described below.
PNRSV localization in source shoots. After culture establishment, three shoots were selected to determine virus distribution
within shoots. Newly formed peach leaves emerge folded longitudinally and unfold as they expand. The following samples were
collected: a leaf near the top of the stem (lowest folded leaf), the
apical shoot tip above this leaf, one leaf each from the middle and
bottom of the stem, and one axillary shoot tip. Because transfer
regimen (Reinert, 1966) and hormone levels (Loebenstein et al.,
1980) can affect virus replication, sometimes leading to loss of the
virus from cultures (Reinert, 1966), we monitored virus concentration over time in nine different shoots by collecting both a young
(the lowest folded) and an older leaf (taken from the middle of the
stem) at 2-week intervals starting 8 weeks after culture initiation.
Samples were processed as described below.
Micrografting procedure. PNRSV-infected shoots were cultured for 5 to 6 months, then placed on a medium containing 0.3%
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(w/v) sucrose, 0.6% (w/v) Phytagar (GIBCO), and one halfstrength MS salts and incubated at 4C in the dark for 7 to 12 weeks.
Shoots were removed from the cold 3 weeks before micrografting
and placed on elongation medium and transferred again to fresh
medium 1 week before micrografting. PNRSV-infected shoots
were dissected to 2 cm in length, the shoot tip and axillary shoots
removed, and a 2-mm longitudinal cut was made in the stem, 2 mm
from the top cut surface. Shoot tips from uninfected shoots were
dissected to 2 mm in length, two diagonal cuts were made at the
base to form a wedge and the tip was inserted into the cut on the
infected stem Micrografts were placed on fresh elongation medium and a sample of one or two young leaves was collected from
the unused portion of the infected and uninfected shoots. Micrografts
were transferred to fresh elongation medium every 2 weeks and
axillary shoots were removed weekly from bases. Samples of total
fresh weight 3 to 10 mg (lowest folded leaf and/or the leaf
immediately below) were collected from the grafted tips every 2
weeks at the time of transfer to fresh media, through 6 weeks after
grafting. The grafting experiment was replicated three times with
20-26 grafts per treatment.
Viral RNA detection. All samples were processed immediately
through the phenol-chloroform extraction and ethanol-acetate
precipitation steps as described by Crosslin et al. (1992). Samples
were resuspended in denaturing buffer (8× SSC, 10% formaldehyde; 1× SSC = 0.15 M NaCl, 0.015 M Na citrate pH 7) and 3-fold
or IO-fold serial dilutions made in 4× SSC, 5% formaldehyde were
applied to positively charged nylon membranes (BoehringerMannheim, Indianapolis), using a Bio-Dot SF apparatus (Bio-Rad,
Richmond, Calif.). Unless otherwise indicated, buffers were made
with reagents from Sigma (St. Louis). The entire sample set from
a single shoot or graft was applied to a single membrane, along with
an extract of leaf tissue from an uninfected cultured shoot which
served as a negative control. A positive control consisting of a total
RNA preparation from PNRSV (PE5 strain)-inoculated
Chenopodium quinoa was also applied.
Blots were hybridized to a cRNA probe derived from a fragment of PE5 strain RNA 3 (Crosslin et al., 1992) which spans
portions of both open reading frames (Hammond and Crosslin,
1995). This was synthesized as described, except that the nucleotide triphosphate mixture contained (DIG)-labeled uridine triphosphate (Boehringer-Mannheim) rather than 32P-labeled uridine
triphosphate. Hybridizations were carried out at 68C as recommended by Boehringer-Mannheim in a buffer containing 50%
deionized formamide, 5× SSC, 1% Genius System Blocking
Reagent (Boehringer-Mannheim), 0.05% sodium lauroyl sarcosine.
0.01% sodium dodecyl sulfate (SDS). Prehybridization was in the
same buffer plus 3% SDS. Post-hybridization as described by
Crosslin et al. (1992) was followedby a wash in a blocking solution
(2% Genius System Blocking Reagent in 100 mM maleate, 150 mM
NaCl pH 7.5), a single wash in blocking solution containing 0.15
U/ml anti-DIG antibody linked to alkaline phosphatase (BoehringerMannheim), and two washes in maleate-NaCl buffer alone. After
a final wash in 0.1 M Tris HCl buffer pH 9.5 containing 100 mM
NaCl and 50 mM MgCl2, membranes were incubated with Lumiphos
530 (Boehringer-Mannheim) and exposed to Amersham MPHyperfilm. Films were analyzed by densitometry with an LKB
UltroScan XL (using the linear beam) and integration with the
LKB 2400 GelScan XL software package. Values for area under
the absorbance peak divided by the amount of extract applied were
in good agreement for all dilutions of a particular sample, provided
that the area under the peak was 1.0 absorbance unit or less.
Therefore all dilutions having a peak area of 1.0 or less were
averaged for each sample.
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Statistical analysis. Virus concentrations at different sampling
periods in the graft-inoculation experiment were compared using
Analysis of Variance.
Results
PNRSV localization in source shoots. Shoot cultures derived
from the PNRSV-infected tree grew well and showed no obvious
differences in appearance compared to shoots from uninfected
trees. Of 166 shoots that survived after culture initiation, 165 tested
positive for PNRSV by the RNA hybridization assay. Samples
from shoots derived from negative-testing trees did not react with
the cRNA probe. Virus concentration was higher in the young
(folded) leaves and in the apical and axillary tips (Fig. 1), the
concentrations in these tissues being lo-fold or more higher than
in the middle and lower leaves, as judged by visual comparison of
different dilutions on the film. Similarly , when virus concentrations were followed over time in the lowest folded and in middle
leaves (Fig. 2), higher concentrations were always found in younger
leaves. The ratio of virus concentrations in younger to concentrations in older leaves increased from 5.8- to 27-fold over time
(Table 1). When the change in virus concentration over time was
analyzed separately for older or younger leaves (Table 1), it was
found that the virus concentration in younger leaves tended to
increase while concentrations in older leaves were constant.
Graft inoculations. Successful grafting, as judged by growth of
grafted tips to sufficient size for sampling, occurred within 2 weeks
at rates of 55%, 71%, and 73%, respectively for the three replicate
grafting experiments. Tips sampled at this time were 0.3 to 1.5 cm
long with five to 12 leaves. A few additional grafts began growing
by 4 weeks. In successful grafts, total growth of tips by 6 weeks was
1 to 6 cm.
Four grafts for which samples had been taken at all three
sampling periods were randomly selected from each replication
for further sample processing and analysis of virus concentration
by RNA hybridization. All shoot cultures derived from the PNRSVinfected tree and used for grafting contained detectable levels of
virus, while all shoots used for graft tips tested negative for
PNRSV. Virus was present in tips by 2 weeks after grafting and
shoots remained infected through 6 weeks in all grafts analyzed
(Fig. 3). At 2 weeks after grafting, the average virus concentration
in leaf samples from grafted tips was nearly three times that found
in leaves from the infected base, but by 4 weeks the concentration
dropped to a level close to that in the infected base (Fig. 3). The
average virus concentration at 2 weeks differed significantly (0.05
level of significance) from averages at 4 and 6 weeks after grafting.
Table 1. Average relative concentrations of Prunus necrotic ringspot virus
in peach leavesz.
Sampling
period
1
2
3

Relative virus concn
Younger leaves
7.4 ± 0.9
11.8 ± 1.0
22.4 ± 6.1

Older leaves
1.20 ± 0.20
0.82 ± 0.11
0.94 ± 0.10

Ratio y
(Younger : older)
5.8:1
14.6:l
27.7: 1

z

Values are the averages (±SE) for either younger (lowest folded) or older
(expanded) leaves from nine shoots sampled three times at 2-week
intervals. For each leaf and sampling period a relative virus concentration
was calculated by dividing the absorbance peak area/mg by the mean
absorbance peak area/mg over all sampling periods for older leaves of the
same shoot. The relative values for each sampling period were then
averaged over all shoots.
y
Ratio of concentrations was calculated within each shoot, then averaged
over all shoots.
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Fig. 1. RNA slot-blot hybridization showing localization of PNRSV in a peach shoot culture. Ap, apical growing tip; UL, lowest folded leaf; ML,
middle leaf, LL, lowest unfolded leaf; Ax, axillary shoot tips. Numbers at left indicate amount of sample applied to slot in milligrams fresh weight
of leaf tissue. Control is total RNA isolated from PNRSV (PE5 strain)-inoculated Chenopodium quinoa.

Discussion
Peach shoot cultures maintained detectable levels of PNRSV
for several months in vitro, including a period of cold treatment,
suggesting that they are a suitable source of PNRSV for in vitro
inoculations. Comparison of virus concentrations in younger and
older leaves indicated that careful attention to the selection of
leaves for sampling will be important in future assays. Although
the time-course study of younger and older leaves indicated less
variation of virus concentration within a shoot over time in older
than in younger leaves, we selected young leaves for sampling in
our grafting experiments, since the virus was less easily detectable
in older leaves.
A significant fluctuation of virus concentration occurred in

Fig. 2. RNA slot-blot hybridization showing PNRSV concentrations in younger
(lowest folded) and older (from the middle of the stem) leaf samples taken three
times at 2-week intervals from peach shoot cultures. Numbers at left indicate
amount of sample applied to slot in milligrams of fresh leaftissue. Control is total
RNA isolated from PNRSV (PE5 strain)-inoculated Chenopodium quinoa.
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many grafts between 2 and 4 weeks after grafting. A peak in virus
concentration in early stages of infection following mechanical
inoculation is a common observation, and virus concentrations can
reach levels hundreds of times greater than those found later in
chronically-infected leaves (Cuozzo et al., 1988). However, because an increase in virus concentration was observed over a 4week period in younger leaves of shoots, we cannot eliminate
factors related to culture conditions as a possible cause of variations in virus concentration.
Tanne et al. (1993) recently adapted in vitro micrografting to
speed up virus detection using indicator plants. Stein et al. (1991)
transferred PNRSV between peach cultivars by in vitro grafting to
provide material for testing heat inactivation methods, but did not
describe virus accumulation in inoculated shoots. Our report is the
first detailed description of virus transfer by in vitro micrografting.
The cRNA probe used in this study is complementary to a region

Fig. 3. Average PNRSV concentrations (relative to the infected base) in 12 initially
uninfected peach shoot tips at different sampling periods after micrografting to
PNRSV-infected decapitated peach shoots. Error bars represent the standard
errors among three replications of four grafts each.
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of PNRSV RNA 3 which spans a portion of the putative coat
protein gene (ORF 2), as well the 5' open reading frame (ORF 1)
of RNA 3 (Hammond and Crosslin, 1995). We have since synthesized a probe containing only the part of the sequence complementary to ORF 1, which should therefore detect virus infection and not
endogenous expression of coat protein RNA in transgenic peach.
Grafting uninfected shoot tips onto PNRSV-infected decapitated
shoots had a high rate of success and PNRSV was consistently
detected by RNA hybridization in previously uninfected tips by 2
weeks after grafting. We suggest that assaying PNRSV by RNA
hybridization after inoculation by in vitro micrografting is a
suitable method for rapid, year-round screening for resistance in
transgenic and conventionally produced peach cultivars.
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