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Rapid diagnosis of apple proliferation mycoplasma-like organism
using a polymerase chain reaction procedure

G. FTIRRAO, E. GOBE! and R. LOCCI

Dipartimento di Biologiv Applicata alla Difesa delle Piante, Université df Udine, via Fagagna X8,

£-33100 Udine, Italy

The rapid diagnosis of apple proiiferation rmycoplasma-like organism, using polymerase chain reaction
amplification of part of the 165 rRNA genc is reported. Apple proliferation MLO can be detected in as
little as 0:3 g of discased tissuc. Results compare favourably with those obtained by other PCR-bascd
methods, Operational speed, sensitivity, specificity and case of performance of the method, with
particular reference to indexing purposes, are discussed.

INTRODUCTION

Apple proliferation is widespread in Eurcpe. The
causative agent is a mycoplasma-like organism
(MLO) transmissible from diseased trae tissuas
to periwinkle (Marwitz er af., 1974: Carraro et
al., 1988). The discase is invading applc Erowing
areas,

Beeyuse of the cconomic importance of apple
proliferation, particularly in northeastern Italy,
rapid and easy diagnostic methods are urgently
needed, to identify causative agents, vectors, ete.,
and to solve practical problems such as checking
discase-free material and monitoring the spread
of the disease.

Traditionally, MLO discases have been dis-
tinguished as involving vircscence and phyllody,
or ‘decline’, the latter group including apple
proliferation. The introduction of DNA-DNA
hybridization with cloncd chromosomal and
extrachromosomal DNA as probes has supplied
a molecular basis for distinguishing MLOs
(Davis er ol 19%8; Lee & Davis, 1983: Kuske
er al, 1991a, b). DNA probes have also been
used for diagnostic purposes. For the specific
detection of apple proliferation MLE, Bonnet
e al. (1990) cloned chromosomal DNA frag-
ments and used the recombinant DINA (labelled
with *P) in dot—blot hybridizations,

[n recent years, methods based on restriction
frapment length polymorphism (RFLP) analysis

+ of the polymerase chain reaction (PCR) ampli-

ficd 165 ribosomal RNA gene (165 rDNA) have
beet proposed. These have atlowed the identifi-
cation of five (Ahrops & Seemiller, 1992) or

seven (Schneider er al., 1993) groups of related
MLOs.

Because of their sensitivity, PCR. methocds are
also useful in diagnostics. Some workers have
sequenced the recombinant plasmids used as
[XNA probes and have devised PCR primers that
are both sensitive and discasc-specific. However
such assays are only available for some
‘virescence'-type MLOs (Deng & Hiruki, 1990,
Schaff e al, 1992); at present the diagnosis of
other MLO discases with PCR implics the
analysis of an amplification product by restrie-
tion endenuclease digestion and acrylamide gel
electrophoresiz (Ahrens & Seemiiller, 1992) or by
DNA-DNA hybridization with oligonuclcotide
probes (Fitrao e al., 1553).

[n this note we describe a one-step PCE,
diagnostic assay for the detection of apple
proliferation MLO in plant tissucs, based on
oligonueleotide sequences derived from  the
vatiablc regions of the 165 rRNA gene,

MATERIALS AND METHODS

Samples

Shoots were collected from a rotal of 12 apple
plants (¢vs Summer Red, Golden Delicious,
Jonagoeld and Red Chicf) in June 1992, in an
orchard in Gemona {Udine), ltaly. Plants were
labetled as infected or not infected on the basis of
symptoms shown in previous years and recorded
by Dr L. Carraro of this Department, who alse
made available a healthy apple, ev. Golden
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delieious, maintdined in the greenhouse and
used a5 4 control.

Periwinkle plants infected with apple prolif-
eratton MLO (Ttalian isolate), clover phyllody,
plum leptoncerosis, tagetes witches' brooms,
grapevine  yellows and periwinkle virescence
were supplied by Dr L. Carraro. Periwinkle
plants infected with apple preliferation MLO
{German isolate), western X and aster yellows
were kindly provided by Dr E. Seemiiller
{Institut fiir PAanzenschutz im Obsthay, Dos-
senheim, Germany) through Dr L. Carraro. For
details on these, sce Firrao er af. (1993).

[INAs cxtracted from Asian (nashi) pear with
deeline symptoms and from peach with rosette
symptoms were kindly supplied by Dr C. Poggi
Pollini (Tstitute di Patologia Vegetale, Bologna,
[taly) and Dr C. Marcone (Istituto di Patclogia
Yepgelale, Napoli, Ttaly), respectively,

DMNA extraction

DNA was extracted {rom 0-3g of fresh young
entire leaves and stems of healthy and discased
plants following the protocol of Doyle & Doyle
{1990}, Nueleic acids were dissolved in 100 ul TE
([0mMTrs, 1 mm EDTA, pH 8). Twenty ul were
tun on a 0-7% agarose gel in TAE buffer (40 mm
Tris-acetate, | mm EDTA, pH 8) to ¢heck nucleic
acid amount and quality,

Group-specific FCR followed by oligonucteotide
probing

Two pl of the 100p] obtained as above were
added to 2 100 p] PCR mixture containing 10 mm
Tris-HCl, pH 8-3, 50 mwm KC1, 1.5 mm MgCls, 10
rg gelatine. 01 mm each dNTP (Boehringer
Mannheim, Germany), 4H ng cach primer P1
and P4 (Firraro et al., 1993) and water to 28-5 pl,
overlaid with three drops of miperal oil. PCR
réactions were heated to 95°C for 10 min, the
temperature was [owered to 80°C and {-5u) of
1 Ujd Tag polymerase (Boehringer) added to
each tube, Amplification was carried out in a
FREM Il machine {L.LEP Scicntific, Milton
Kevoes, UK)Y with 30 cycles oft densturation
(94°C} for 30 &, annealing (42°C) for 30s and
extension (72°C) for 30 s, The final exiension step
was for 10 min at 72°C, The sequence of the spple
pralifcration MLO 165 rDNA fragment ampli-
hed using primers PL and P4 is deposiied as
aceession number X72206 in the EMBL-Gen.
Bank database,

The same DNA extracts were also amplified

using the MLO 168 rONA specific primer pair
{called hereafter Al and AZ2) devised by Ahrens
& Seemifler (1992) under the conditions
described by the authors.

After cycling, 5 2l were added to 95 ul 2 x 55C
(1 = 35C is 150mm sodium chloride, 15mm
sochium citrate} and the resulling solution was
vacuum filtered on Mylon membrane (Boehringer)
using a4 Milliblot 96-well dot-blot manifald
(Millipore, Bedford, MA, USA), When dry, the
membrane was sequentially placed on IMM paper
sheets (Whatman, Maidstone, UK) saturated with
['dm NaCl, 0-5m NaOH (for 5 min), with 05 m
Tns-HCl pH 7-4 (for 30 5) and with 0-5 m Triz-HCl
pH 74,1-5m NaCl (for 5 min). It was then dricd
again and baked for 30 min at 120°C. Prchybridi-
zation was cartied out in 5 x S8C, 01%
N-laurylsarkosing, 0-02% sodium dodeecy] sul-
phate (SDS), 1% blocking reagent (Rochringer)
at 42°C. After | b'the prehybridization solation
was c(hisearded and substituted with 1ml of a
solution of the same composition containing
about 20pmol of the oligonucicotide probes.
Two 24-nucleotide probes specific for AP, AP
and AP2 (Firrao er al., 1993) were labelled with
digoxigenin vsing the DIG oligonucleatide 3'-
end labelling kit (Bochringer) following the
manufaciurer’s guidelines. Hybridization was
allowed to proceed for 4h at 42°C. Washings
were 2 x Smin in 2 x 88C, 0-1% SDS followed
by 2= 5 min in 01 x 88C, 0-1% SDS, The
washing temperature was 42°C for AP1 and 46°C
for AP2. The digoxigenin-labelled probe on the
membrane was detected with a cherniluminescent
substrate following the manufacturer's guide-
lines (Boehringer).

Apple proliferation-diagnostic PCR (AP3-APS
PCR)

Two pl of the 100 it obtained as deseribed above
from 0-3g of tissue were added to a 50 ul PCR
reaction conlaining 10mm Tris-HCl, pH 53,
50 mn KCL 25 mm MgCl,, 10 g gelatine, 300 ng
¢ach of primer A% and APS, 0:24 mm each dNTP
{Bochringer} and water to 43-8 ul, overlaid with
three drops of minecral oil. The sequense of the
primers was: AP} §.CTAAAACTCACGCTT.
CAGCTACTC-3 and AP5 - TGAGATTTGC.
TAAAACTCACGCTT-¥. PCR reactions were
heated ta 85°C for 10min, the temperature was
lowered 10 80°C and 121 of 1Ujul Tag
palymerase (Boehringer) added to each tiube,
Amplificatior was carried out with 25 eyeles of
denatucation (94"C) for 30s. annealing (63°C)
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for 30s and extension (72°C) for 30s. The final
extension step was 10 min at 72°C. After cycling
6l of the PCR product were run in a [-5%
agarose gel in TAE buffer,

RESULTS

The positions of the oligonucleotides used as
probes or PCR, primers in the apple proliferation
MLO 165 rDNA malecitle are shown o Fig. 1.
Oligonutleotides APl and AP (AP} i3 the
reverse-complement of AP} are located in the
variable region called V7 by Giray er al. (1984),
which 15 included between positions 589 and 650
in the corresponding sequence of the 165 rRNA
of Escherichia coli. AP2 and APS5 are located in
the variahle region called VO (Grray 2f al,, 1984),
which ranges from positions 1239 1o 1298 in the
E. ecoff 165 rRNA. AP3 i3 nine ducleotides
downgirearn  with regard (0 APZ and was
synthesized because the API-AP2 pair did not
praduce amplification {not shown). Figure 1 also
reports the positions of pamers A1-A2 {Ahrens
& Seemiiller, 1992) and P1-P4 (Firrao er al,
1393),

PCR carried out using the AP3-AP5 pair
(AP3-AP5 PCR) pave rse to an amplificd
fragment of about 670bp. This amplification
was achieved when DNA extracted from apple
proliferation-infected periwinkles was added to
the PUR reaction (Fig. 2, lanes 2 and 3). No
amplification was observed with DINA extracted
from hcalthy plants or those infected with
different MLOs (Fig. 2, lanes 4 to 9, 14 and
15), with the exception of the plum leptonecrosis-
infecied peniwinkle (Fig. 2, lane 10) and the nashi
pear with decline symptoms (Fig. 2, lane 13). The
samples collected from trecs that had shown
apple proliferation symptoms in the previous
years (L. Carraro, unpublished data) reacted
positively (Fig. 3, row A, lancs 1 to 8), although

symptoms were weak at the moment of sampling.

_ Nonc of the symptomless trees (Fig. 3, row A,

fanecs 9 e 12} or healthy control trees (Fig. 3, row
A, lane 13) gave a positive amplification signal.

The same extracted DNA was also cmployed
for the general amplification of mollicute 165
rDINA with primers PI-P4 and of MLO 165
rDNA with primers Af-A2, The amplification
products were then spotted on 2 nylon mem-
brane and hybridized with the fabelled AP-

specific probes. The DMNA fragments amplified

with the P1-P4 pair were allowed to hybridize
with bath APl and AP2 probes, while thosc
amplified with A1-A2 hybridized only with AP2
probes since the shorter DNA fragment did not
include region V7. The same samples which gave
rise to an amplibed DINA fragment in the AP3-
AP diagnostic PCR wers positive n the
hybridization assay (Fig. 3, rows B to D),

DISCUSSION

The method described in this paper is based on
the amplification of 165 rDDNMA of apple
proliferation MLO. Comparison of the results
achieved using AP3-APS PCR with other 165
rDNA amplification-based diagnostic assays did
not show any significant difference and con-
firmed the validity of the proposed methodology.
However, when using the AP3I-APS PCR, no
further manipulation of the amplified DNA s
required and results are immediate and do not
require RFLP pattern comparison or hybridiza-
tion. [n particular, the absenee of a hybridization
step in (he assay makes this technique rapid, casy
to perform and of autemation potential, parti-
cularly if coupled to rapid methods for MLO
DNA, extraction (Firrao & Loce, 1993), whils
retaining a degree of specificity for the discase
agent which was previously achieved only using
hybridization (Bonnet ot al., 1990; Firrao er af,,
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Fig. 1. Schematic representation of the part of the 163 rRMNA, gene of apple proliferation mycoplasma-like organism
amplified by PCR using the primer pair P1-P4 as deseribed in Firrao e/ af. (1993). Thickened lings represent vartable
regions, The scale gives nuecleotide position numbers of the partial 165 tRNA peae sequence (GenBank database
sooession number X72206), The arrows indicate the hybridization tarpet sites of the oliponucleatides used n this
wark, whose }-ends correspond to the arrow Lp.
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Fig. 2. Agarase gel electrophoresis of araplification products ebtained with Lhe primer pair AP3I-APS from DINA of
periwinkles (langs 2 1o 10 and 14) or of natural hoests (anes 13 and [5} infected with various mycoplasmaslike
organisms. IDNA marker VI (Boehringer) lanes 1, 11 and 12: AP (ttalian isolaie) lane 2 AP (German isolate) lang 3:
healthy periwinkle lane 4; clover phyllady lane 5; lagetes witches' broam lane 6: periwinkle virsseenee lane 7. wesiern
X lang B aster yellows lane 9 plum leptongcrosis lane 10; pear (nashi} decling Tane 13; grapevine yellows lane 14;

neach rosette lane 15,

1993). This assay should therefore be usefui For
mdexing planiing material,

Mollheute-  or  MLO-specific  amplification
followed By hybridization with discasc-specitic
oligonuelentide  probe(s) s suggested as a
preliminary gereral technigue in the production
ol a diagnostic assay for MLOs. Oligonucleotide
sequences synthesized on the basis of cnvisaped
behaviour always provided consistent resclts
when used s probes, while they sometimes

1 2 3 4 5 &

Flg. 3. Agurose gel electrophoresis of amplification prod

failed wher used a5 PCR primers, thus requiriag
the synthesis and testing of additional oliga-
nucicotide(s), In this wark the oligonucleatide
ADP2 worked well as a probe but net ags a PCR
primer and the olignonucleatide APS had there-
lore to be synthesized to achicve reliazhle PCR
results.

The API-APS PCR awsuy was lesied for
discase specificity using DNAs oxtracted from
plants infected by MLOs representative of the

7 0 9 1w 1112 13

usts abtaingd with the primer pait AP3 AFS (row A) aod

dot -blot hybridization of amplification products obiained with the pritier pair P-4 apainst olignonucleotide
prohes AP {row Chand APY {raw [ and ol a mplification products obtained with primer pair Al A2 apgainst
olanucieatide probe AP2 (raw B: lanes | (o 8, apple probiferation-infeated apple trees ines 9 o 1Y svmpiom-Trgg

upple trees, lune 13, healthy apple tree,

-
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168 rDNA groups I, 11, V and VI of the
classification proposed by Schneider er ol
(1993). Thc rcaction was positive with MLOs
belonging to group V (AP German strain and
AP Ttalian strain) and with two additional
MLOs. The first of these is associated with a
disorder similar to the slow ‘pear decline
syndrome. Neo pear decline-associated MLOs
were considered in the scheme of Schneider er
al. (1993), bt Davies et afl. (i19%3) reported that
the pear decline MLO has a 165 rDNA
restriction patieen similar to that of AP MLO.
The sccond MLO which was positive, plum
leptonecrosis, was classified in group I by
Schneider et al. (1993). However, the isolate
used (PLN-V6) was different from that used in
our work and did not hybridize with probes
APl and AP2 (G.F., unpublished resulis),

In conelusion, the PCR, assay desenbed here is
speeific for a group of related ‘decline’ MLOs,
including apple prelifcration, pear degline and
plum leptonecrosis. ‘Virescence' MLOs and
other ‘decline’ MLOs (western X disease, grape-
vine yellows, prach rosetie) were not detected.

Part of the 165 rDNA of plum leptonecrosis
MLO, sequenced recently, proved to be about
4% different from that of AP MLO (G.F.,
unpublizshed results). The continuous increase
of MLO 165 rDNA sequence data (Lim &
Sears, 1989: Kuske & Kirkpatrick, 1992
Namba er af., 1993 Schneider g af, 1993
OUF., unpublished  results) will soon  allow
precise identification of the sequences that vary
among MLOs closely related to apple prolifera-
tipn. Selection of disease-specific primers will
be then possible,
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