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routine detection of PDV and PNRSV in cherry by RT-PCR
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[Abstract]

A n efficient and effective procedure for the extraction of high-quality RNA from woody plants

w ithout the use of phenol, organic vlvents, or alcohol precipitation is described, w hich is based on silica capture
Themethod described has been successfully used for the detection of PDV and PNRSV in cherry by RT-PCR assay

using DNA primersfor the viral coat protein region The expected sizesof the anplified productsw ere 172 and 449

bp. Samples from bark, leaves and budsw ere used D etection of viral RNA in samplesof total plant RNA prepared

using thismethodw as found to be as sensitive as themethodspreviously described using the commercially available

Qiagen’s RN easy extraction kit
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T he reverse transcription-polym erase chain re-
action (RT-PCR) is a sensitive anplification pro-
cedure that has been used to detect the presence of
plant viruses with RNA genomes'’. The advan-
tages of the PCR technique include high specifici-
ty, the theoretical sensitivity to detect a single tar-
getmolecule in acomplex mixture, and high sample
throughput In comparion w ith enzyme-linked im-
munosrbant assay (EL ISA ), it is more sensi-
tive’” °. This characteristic is epecially important
for tree viruses that have an erratic distribution
w ithin a plant and are present in low oconcentra-
tions'®. A 1o in situationsw here good quality anti-
sera are not available, PCR primersw ith any de-
sired degree of selectivity can be synthesized at a
much low er comparable cost than that associated
w ith the development of monoclonal or polyclonal
antibodies W ith the vast increase in nucleotide se-
guence data available in genebanks on the world
w ide web, it is possible to design primers ecific
for the detection of a large number of viruses

Prunus necrotic ringspot ilarvirus (PNRSV )
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which infects all Prunus 9ecies in its many
strains, is a major virus disease of sveet cherry
worldw ide and, alone or together w ith Prune dw arf
ilarviru (PDV ), causes severe losseson sw eet cher-
ryt"®

The chief Imiting factor in the application of
the PCR technique in the routine diagnosis lies in
the preparation of good quality nucleic acid, free of
PCR inhibitors Tissues from woody plants, epe-
cially w hen field-grow n, such asmany tree fruit va-
rieties of M alus, Prunus and Pyrus origin'®', can
contain higher anountsof phenolic compounds and
polysaccharides M ost standard nucleic acid extrac-
tion procedures can not remove ocontaminating
plant polysaccharides or polyphenolic compounds,
w hich can have direct inhibitory effects on subse-
quent PCR amplification'*>*". A ttempts to over-
come these Imitations included the development of
more elaborate extraction methods, which enploy
polyvinylpyrrolidone (PV P) or cation-exchange
resins to chelate polyphenolics The use of gecial-

ized polymeric matrices, w hich irreversibly absorb
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inhibitor compounds, together with polyethylene
glyool (PEG) precipitation as an alternate to
ethanol precipitation of nucleic acids, has been de-
scribed for the RT- PCR detection of PDV 2,

The RNA silica capture method w as first ex-
plored by Boom'™® and applied to blood test on
medical Q iagen'sRN easy kits is al based on sili-
ca gel menbrane of gin column, which combine
the advantage of guanidinium thiocyanate lysis
w ith purification of silica capture

In this paper, amodified silica capture method
for RNA isolation from infected cherry treeswas
developed in order to detect virus in woody tissue
Thismethod represents an inexpensive and simple
means for obtaining sufficient nucleic acid from
tree leaves and bark of a quality appropriate for
RT-PCR.

1 M aterials and methods

11 Plantmaterials

A Il samplesw ere obtained from know n unin-
fected (negative control) and naturally infected
woody hosts (sveet cherry trees) maintained in
the field at the Institute for Plant Protection in
Fruit Crops,Dossenheim, Gem any.

L eaves, buds and barksw ere collected at vari-
ous stages during the grow ing sean To account
for the possible uneven distribution of virusw ithin
one tree, sanples from at least four different
branches of the same tree w ere obtained Samples
were trangorted at room temperature, then stored
at4 forawhileoron ice for amaximum of 3- 4
days, or stored at - 80
up to 1 year later.

1 2 Preparation of total RNA extraction
(1) M odified silica capturemethod: Refered to

[13]

until they w ere extracted

Boom s **) method and modified as follow: A pproxi-
mately @ 3 g tissue was placed in a sample bag
(Bioreba, South Bend, N ) and, with a hand-held
homogenizer (Bioreba, South Bend, N ), homoge-
nized with 5mL grinding buffer composed of 4 0
mol/A guanidine thiocyanate, @ 2 molA dium
acetate (NaAc),pH 5 2,25 mmolA EDTA,1 0

mol/L KAc and 2 5 gL PVP-40 (The buffer

oould be stored at 4
the ground plant material w as then transferred to a
1 5mL eppendorf tube to w hich w as added 100 i
10% N-lauryl sarkosyl and 5 W 2mercap-
toethanol Themixturew as incubated at 70  w ith

for several days). 500 (L of

intem ittent shaking for 10miin, placed on ice for 5
min, and then centrifuged at 13 000 r/min for 10
min, 300 1L was then transferred to a new tube to
w hich was added 150 (. EtOH, 300 (L 6 molA
Nal and 25 L resugpended silica, incubated at
room tenperature for 10 min with intemittent
shaking and then centrifuged at 6 000 r/min for 1
min The pellet was resugpended in 500 (L wash
buffer (10mmolA TrisHCIl,pH 7 5,Q 5mmolA
EDTA, 50 OmmolA NaCl,50% ethanol) and cen-
trifuged at 6 000 r/min for 1 min Thewash step
w as repeated wo times, and the pellet allow ed dry-
ing for several minutes at room temperature before
resupending in 150 (. H2. Themixturewas in-
cubated at 70 for 4 min, centrifuged at 13 000
r/min for 3min, and the supernatant transferred to
anev tubeand stored at - 20 . TheNal ®lution
was prepared by first disolving @ 75 g N @303 in
40 mL w ater then 36 gN al Solutionwas stored in
dark bottle at 4 . Silicawas prepared by adding
60 g silica particles (Signa S5631) to 500 mL dis-
tilled H20. The silicawaswell mixed and the al-
lowed to settle for 24 h The upper 470 mL of su-
pernatant w as discarded, 500 mL of distilled H:O
added the suspension mixed well and allowed to
settle for another 5 h, The upper 440 mL of wlu-
tion was then discarded and the remaining 60 mL
slurrywas adjusted to pH 2 Ow ith HCI, autoclaved
and stored in a dark bottle at room temperature or
aliquoted into 1 5mL eppendorf tubes for storage
at4 for several months

(2) Qiagen’s RN easy plant mini kitsmethod:
A s a control, after the first centrifuged, 300 mL of
the supernatant was transferred to aQ IA Shredder
column of Qiagen's RN easy kits and worked ac-
cording to manufacture's recommended to finish
RNA purification
1 3 Oligonucleotide Primer sequences

A amplification primers are designed from the
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nucleotide sequence of the coat protein coding re-
gion of the PDV ¥ and PNRSV ™!

For PDV detection, primers PDV 1984 (5'-
TAG TGC AGG TTA ACC AAA ACGAT-3)
and PDV 1812 (5-ATG GAT GCG ATG GAT
AAA GT-3') amplifying a 172 bp fragnent, were
used

For detection of PNRSV , theprimers arel
5-ACG CGC AAA AGT GTC GAA ATC TAA
A-3and 5-TGGTCCCACTCA GAGCTCAAC
AAA G-3. Amplified DNA size is 449 bp.

Theprimersare synthesized by L ife T echnolo-
gies GnbH, Karlsruhe, Gemany. Stock lution
(100 tmolA ) and aliquots of diluted working so-
lutions (10 wmolA ) of priners were stored at
- 20
1 4 Viral ©DNA gynthesisand PCR amplif ication

(RT-PCR)

5L of total RNA extraction by silica capture
was added to a eppendorf tube containing 6 (L
sterilized PCR water, @ 5 (L of each olige (dT)
and random hexamers (Tecnologies GmbH, Karl-
sruhe, Gemany). Denatured at 70 for 10 min,
chilled on ice for 2min, then add 4 (L of 5X first
strand buffer (250 mmolA TrisHCI,pH 8 3, 375
mmolA KCI, 15 mmolA MgClz), 2 L of Q 1
molA DDT, 1 4L of 10 mmold oNTP's (2 5
mmolA of each dGTP, dATP, dCTP, dTTP), in-
cubate at 37  for 10min then add: 1 (. MMLV
reverse transcriptase (200 U /il superscript 11,
L ife Technologies GnbH) The reaction mixtures
w ere vortexed for 10 sec and then incubated at 42

for 50 min, then stop reaction by incubating at
70  for 10min DNA was stored on ice if about
to do PCR or at - 20

PCR tube contained 5 (L of 10X G (750
mmolA  TrisHCI pH 2 0, 200 mmolA
(NH4)294, Q@ 1 gL Tween 20 ), 6 1L of 25
mmolA M gClz, 1 i of 10mmolA dNTP's, 1 4
of each 10 ymolA ecificperimers1 i TagDNA
polymerase (100U /i), 2 1L of DNA, and 33 L
sterile PCR w ater to a final volume of 50 L. The
amplification were carried out for 35 cycles with
the follow ing cycling parameters denaturation at

94  for 35 sec, annealingat 52 ,58 ,62 for
40 sec, extension at 72 for 40 sec preceded by an
initial incubation at 94  for 2min, and a final ex-
tension at 72 for Smin in a Stratagene Robocy-
cler Gradient 40 (Stratagene, L a Jolla, CA ). Sam-
plesw ere then analyzed at once or stored at 4
until analyzed by electrophoresis For detection of
PNRSV , PCR conditionw as the sane as described,
except using PNRSV gecificprimer pair,and 5 il
M gCla
1 5 Analysisof PCR amplif ied products

A liguots (10 (L) of PCR amplified DNA were
analyzed by electrophoresis through 1 2% agarose
gels for 45min in 1X TA E buffer at 80V. Separat-
ed DNA fragmentsw ere visualized follow ing stain-
ing w ith ethidium bromide (Q 5 ug/mL in the gel)
using a UV
Sizes of fragment w ere determ ined by comparison
w ith DNA L adder mix (Gene Ruler™).

transillum inator and photographed

2 Results

2 1 Camparison of nucleic acid extraction using
modif ied silica capture and Qiagen's RNeasy
kits

Samples preparation before RT-PCR amplifi-
cation w as found crucial for the detection of PDV
and PNRSV from infected cherry grow ing in field
The RNA extraction protocol described in thispa-
per hasfacilitated the routine detection of PDV and
PNRSV in their woody hosts using RT-PCR. The
m ethod w as based on the silica capture andw as su-
perior to other methods Compared w ith the com-
mercially available RNA extraction kits (RN easy,
Qiagen, Inc , Chatsvorth, CA ), both of them got
expected good quality RNA (Fig 1) and RT-PCR
results (Fig 2: lane 1 and lane 3), but the method
described in this paper ismuch cheagper and sim-
pler.

U sing the explored optimum protoool, it only
took lessthan 1 5 h to finish RNA extraction, and
totally about 6- 7 h to complete virus detection
from virus extraction to analysisof the PCR ampli-
fied products The cycle of virus detection was
shortened highly. Thismethod is effective and effi-
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cient for virus detection by RT-PCR.

3. Quapen’s RNeasy kits method. ane

met hod .cherry phloem sample fr

sueg o

Ladder

2 2 Smples fran different tissue and different
plant species

" 500 bp
172 bp [ - - :200bp
100 bp
1 23 4567 89 1011121314 M
Fig. 2 Apgaros: gel ,-.:4.l.|_"\|.- of PDV RT-PCR j.lrrllhu't.w
amplified from silica captured to1al nucleic acids of
cherry,peach and plum infected tissue
L POV infected cherry o sample from leaves; 2. uninfected cherry con
3. PDV infected cherry le acted by RNeasy kit; 4, sample
ot infected cherry bark 3 [rom uninfected peach and plum s
i 10, sample [rom PDV infected cherry buds 11, PDV infected peach;
12. PDV infecred plums 13, water control ¢ 11, PDV infected control My DNA
mix
, for years).
2 4 Realts of RT-PCR detection for PDV and
PNRSV

Samples from leaves, buds, and bark of infect-
ed cherry, extracted by silica capture, could be de-
tected by PCR for PDV and PNRSV positive (Fig
2, lane 1,4, and 9; Fig 3, lane 2,4 and 5) and is-
lates from peach and plun (samples from leaves)
oould als be detected for PDV (Fig 2, lane: 11, 12)
These results show that the mproved RNA extrac-
tion protocol is suitable to not only cherry, but al
plum and peach
2 3 Optmun RT-PCR condition for PDV and
PNRSV

During the course of optimizing the RT-PCR
protocols for each virus, itwas noted that RT (su-
perscript 1I) concentration used during the reverse
transcription reaction had a profound effect on the
guantity of secifically amplified DNA that was
produced Itwasobserved that 10 30U of super-
script Il were required to produce detectable level
of anplified DNA follow ing PCR, and less than 5
U is not suitable Due to the reverse transcriptase
w as quite expensive, effective and efficient RT con-
centrationwe usedwas 10U per reaction mixture
For PCR ocondition, the optmum annealing temper-
ature for PDV was 58 , for PNRSV was 62
The denaturation and extension temperature w ere
sane

Total RNA extractsand RT (dDNA) sanples
could be stored for relatively long time under prop-
er condition (at - 20 , several months at - 80

Figure 2 and Figure 3 show s agarose gel elec-
trophoretic analysis of PDV and PNRSV islates
from infected tissue of cherry amplified by RT-
PCR. The size of the major amplified product for
PDV in all case was near 200 bp, about 172 bp
(Fig 2) and for PNRSV ,was between 400- 500
bp, about 450 bp (Fig 3) for PNRSV. These prod-
uctsw ere not detected in uninfected tissue andw a-
ter control A Il expected DNA fragment were got
by RT-PCR.

449 bp

Fig 3 A garose gel analysisof PNRSY RT-PCR
products anplified from silica captured
total nucleic acids of cherry
L ane 1 uninfected cherry control; 2 sample from PNRSV
infected cherry leaves 3 water control; 4- & sample from
infected cherry buds and bark M : DNAL adder mix

3 Discussion

One of the difficultiesw ith the routine use of
RT-PCR for the detection of plant RNA viruses is
obtaining sufficient and pure RNA starting materi-
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al, cost effectively and efficiently'® ™. Tree tissues
or other plant tissuesw hich contain high levels of
phenolic or polysaccharide compounds are particu-
larly difficult from w hich to purify'™*°. Purification
by immunocapture of virus particles using gecific
antibodies for subsequent use in RT-PCR has al®
been described!™. The method of using the com-
mercially available RNeasy extraction ocolumns
from Qiagen™,which is al> based on silica cap-
ture, fulfils many of the above criteria, its only
shortcoming being the relative expense of the
method For this reason, alternative methodsw ere
explored The modified silica capture method used
in this paper has all of the advantages of the
Q IA GEN 's RN easy method w ith a significant cost
saving, making it a valuable additional tool for a
great quantity and routine RT-PCR detection from
virus infected woody plants Shortening the proce-
dure while maintaining reliability reduces costs

Costs are further reducedw hen more than one kind
of virus is tested for smultaneously. High-quality
RNA suitablefor use in RT-PCR could be obtained
from cherry, peach and plum by modified silica cap-
ture, allowing for detection of PDV, PNRSV

LChV -1,LChV -2 and PPV (the results not shown
for LChV -1,LChV -2 and PPV in thispaper). The
ability to use budwood (bark or buds) as a reliable
urce of viral RNA allowed the routine detection

[

of these viruses in infected plants throughout the
year rather than restricting it in the oring or sum-
mer months, when leaf or flower blossom tissue
w as readily available

To reduce costsand comp lexity, attemptsw ere
made to develop a procedure for the smultaneous
detection of several viruses Since total nucleic acid
being extracted, all target ®NA oould be got by
once reverse transcription (RT), 0 from one dD-
NA sample, all virus in question could be detected
by PCR. This characteristic make the routine de-
tection and virus survey practical for field woody
plants, it is superior to immunocapture purifica-
tion,w hich only purify the antibody secific virus
Themore complicated procedures mprove reliabili-
ty but take longer time, hence they aremore expen-
sive™ ™ PNRSV was detected early in sveet cher-
ry plantlet in vitrow ith RT-PCR"™, but the virus
extraction protocol the author used was difficulty
to get enough purified RNA virus from field tissue
to detect by RT-PCR.

Using mproved RNA extraction protocol
based on silica cgpture described in this paper,we
alo got expected results to detect PDV , PNRSV
and PPV in plun and peach trees, but for pome
fruit trees such as apple and pear trees have not be-
ing tried
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