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New polymerase chain reaction (PCR) primers were developed for the identification of the EU 
quarantine pest Monilinia fructicola. These allowed nine M. ffucticola isolates to be dis- 
tinguished from other fungi, including six isolates of M. laxa and six isolates of M .  fructigena 
(which also cause brown rot of stone and pome fruit). Three M. fnrcticola isolates from Japan 
and one from Australia did not react with a primer set previously published for M. fructicola. 
M. fnrcticola isolates could be subdivided into three groups based on the size of their nuclear 
rDNA small subunit. The subunits from the four non-reactive isolates were either smaller or 
larger than the reactive group. Further primers were developed which were specific for either 
M. laxa or M. fructigena. Another new primer identified both M. laxa and M. fructigena, and yet 
another M. laxa and M. fructicola. When used in combination, these primers specific for two 
species correctly identified unknown isolates of all three Monilinia species. The new primers 
designed in this study have been used to identify, rapidly and correctly, pustules taken directly 
from infected plum fruits, thus demonstrating their diagnostic potential. 

and 2 regions of the nuclear rRNA gene repeat were therefore 
produced (Table 1). The effectiveness of these primers and 
the occurrence of group-I introns in isolates of M. fructicola is 
discussed. 

Introduction 
Moniliniafructicola, Monilinia laxa and Monilinia fructigena 
cause fungal brown rot disease of Prunus, Malus and Pyrus 
spp. Identification is difficult as these fungi are morphologi- 
cally similar. However, accurate and rapid identification is 
necessary to prevent the introduction of M. fructicola which is 
not present in Europe (EPPO A1 quarantine pest) while the 
other two species are indigenous to Europe. Several methods 
exist for identification of M. frucricola (Fulton & Brown, 

Method 

Growth of fungal cultures and extraction of DNA 
[adapted from Lodhi eta/. (1994)] 

1997; Corazza et al., 1998; Hughes et al.,  1988; Snyder & 
Jones, 1999). Despite being both rapid and sensitive, the PCR 
method developed by Fulton & Brown (1997) has recently 
been shown not to detect some M. fructicola isolates from 
Japan. These isolates do not contain a 418-bp group-I intron in 
their nuclear rDNA small subunit (Fulton et al., 1999), which 
Fulton and Brown's primer combination NS 5 and Mfs-3 acts 
upon. 

Although direct trade in stone and pome fruits between 
Japan and Europe is not extensive, M. fructicola isolates 
lacking the 418-bp group-I intron could be imported via a 
third country or be present in other countries. It was therefore 
imperative to develop PCR methods to detect all known 
isolates of M. ffucticola. New primers based on subtle DNA 
sequence differences in the internal transcribed spacer (ITS) 1 

Twenty-one Monilinia isolates representing all three brown- 
rot species were previously identified using a cultural protocol 
(Corazza et al., 1998). These isolates and four non-Monilinia 
isolates (Table 2) were grown on 4% potato dextrose agar for 
10 days at 22 "C, 12 h light (near W ) / 1 2  h dark. Following 
incubation, the isolates were scraped from the surface of the 
inoculated plates using sterile microscope slides into 2-mL 
microcentrifuge tubes. Each tube was filled a quarter full, then 
a similar volume of 0.5 mm glass beads (Biospec Products) 
was added along with 1OOpL aliquots of 1% Na2S03, 1% 
polyvinylpolyrrolidone, 4% bovine serum albumin (BSA), 
and 1 mL extraction buffer [20 mM sodium EDTA, 100 mM 
Tris-HC1 adjusted to pH 8.0 with HCl, 1.4 M NaCl and 2% 
CTAB (cetyltrimethyl ammonium bromide)]. Each tube was 
sealed with a screw-cap lid containing an O-ring and these 
were shaken in a MiniBeadbeater-8 homogenizer (Biospec 
Products) for 5 f i n  on quarter Power to IWerate each 
sample. The macerated samples were then incubated at 

*Paper presented at the EPPO Conference on diagnostic techniques for 
plant pests, Wageningen (NL), 2000-02-01/04. 
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Table 1 Primers used in this study 
Primer name Primer sequence 5' to 3' Reference 

Mfc-F1 
Mfc-R1 
MI-Mfg-F2 
MI-Mfc-RI 
Mfg-R2 
Mfs-3 
NS 1 
NS 5 
NS 8 
ITS 1 
ITS 4 

TAT GCT CGC CAG AGG ATA A l T  A 
GAT m AGA GCC TGC CAT TA 
GCT CGC CAG AGA ATA ATC 
GAT TIT AGA GCC TGC CAT TG 
GGT CAA CCA TAG AAA ATT GGT 
CAC TCG AAA GCA TTG AGT TG 
GTA GTC ATA TGC TTG TCT C 
AAC TTA AAG GAA TTG ACG GAA G 
TCC GCA GGT TCA CCT ACG GA 
TCC GTA GGT GAA CCT GCG G 
TCC TCC GCT TAT TGA TAT GC 

Unpublished 
Unpublished 
Unpublished 
Unpublished 
Unpublished 
Fulton & Brown (1997) 
White et al. (1990) 
White et al. (1990) 
White er al. (1990) 
White er ai. (1990) 
White el ai. (1990) 

65 "C in a heating block (Grant Instruments,) for 20 min 
before being cooled on ice for 2 min. Each sample was then 
centrifuged at about 1 1 000 g for 5 min before 500 pL of the 
upper (aqueous) phase was pipetted off into a fresh 2-mL 
microcentrifuge tube. This sample was purified by combining 
it with 400pL of a 24:l mixture of chloroform/isoamyl 
alcohol. The tubes were sealed and the contents mixed 20 
times by inversion, then centrifuged as before. The aqueous 
phases were again purified as described above. Then in new 
microcentrifuge tubes, 400pL of each doubly purified 
aqueous phase was combined with 200pL of 5 M NaCl and 
600 pL isopropanol. The sealed tubes were inverted 20 times, 
then cooled at -20 "C for 15 min to precipitate DNA. The 
DNA was pelleted by centrifugation at about I 1  000 g for 
5 min and the supernatant discarded. Each pellet was resus- 
pended in 400 pL of 70% ethanol, then the DNA re-pelleted 
and separated as described above. Finally the pellet was dried 
in a vacuum centrifuge (DNA Speed Vac), then resuspended 
in 1OOpL TE buffer (10 mM Tris-HC1 and 1 mM EDTA 
adjusted to pH 8.0). Aliquots (20pL) from the resuspended 
pellet extracts were then diluted 10-fold using further TE 
buffer. 

PCR amplification 

Amplifications were performed in 200-pL tubes containing a 
reaction master mix consisting of 0.5 p M  of each primer 
(Table l), 200 pM dNTPs (Sigma), 2.5pL lox PCR buffer 
(GeneAmp, Perkin Elmer), 2.5 pL BSA (10 mg mL-'), 1.25 
units AmpliTaq (Perkin Elmer). Each master mix was made 
up to 24.5 pL with sterile distilled water. The master mixes 
were loaded with 0.5-pL aliquots from the 10-fold-diluted 
DNA extracts, apart from M. fructigena isolate cc 747 when 
the undiluted extract was used as the DNA yield from this 
isolate was low. The concentration of DNA used was < 2 ng pL- ' ; 
TE buffer was used as a negative control. A Perkin Elmer 
9700 Thermal Cycler was used with the cycling conditions as 
summarized in Table 2. 

Isolates including M. fructicola (Aust 5 & 6) were also 
amplified as 100-pL volumes using the master mix described 
above with the universal primers ITSl and ITS4 but no BSA. 
This reaction amplified the ITS1, 5.8 S and ITS2 regions for 

each isolate which were sequenced as described in Fulton & 
Brown (1997). Sequences were then compared with informa- 
tion stored on the EMBL/GenBank database. Five new 
primers were designed from the sequence information and 
used together or in combination with published primers 
(Table 1). 

Resu I ts 

Results are summarized in Table 2. Fulton & Brown's 
M. fructicola-specific primer set NS 5 and Mfs-3 produced a 
diagnostic amplicon (about 440 bp) for five M. fructicola 
isolates but no band for three from Japan and one from 
Australia. However, when the new M. ffucticola primer set 
Mfc-F1 and Mfc-R1 was used, all nine M. fructicola isolates 
were correctly identified producing a diagnostic band of about 
280 bp. This primer set did not cross-react with any of the 
other 16 isolates. 

Primer set Ml-Mfg-F2 and MI-Mfc-R1 only amplified a 
DNA band from M. laxa (about 280-bp), while set ITSl and 
Mfg-R2 only amplified a DNA band from isolates of M. 
fructigena (about 460 bp). Other primer sets were less 
specific: primer set ITSl and MI-Mfc-Rl amplified a band 
(about 380-bp) only from the 15 isolates of M. Zaxa and M. 
fmcticola, while primers Ml-Mfg-F2 and ITS4 amplified a 
band about 420 bp only from the 12 isolates of M. laxa and M. 
fmctigena. All the samples except the TE negative control 
amplified a band (about 520 bp) using the universal primers 
ITSl and ITS4 which showed that amplifiable DNA was 
extracted from all the fungal cultures. DNA was also ampli- 
fied for all the fungal isolates using the universal primers NS 1 
and NS8 which amplified the nuclear rDNA small subunit. 
These primers produced three different-sized amplicons of 
about 1.7 kb, 2.1 kb or 2.4 kb with M. fructicola while the 
other isolates produced only products of about 1.7 kb. 

Discussion 

Fulton et al. (1999) noted that some Japanese M. fructicola 
isolates lack a group-I intron in their nuclear rDNA small 
subunit, so that DNA extracted from these isolates does not 
amplify using primer NS 5 and Mfs-3. In our study, we 
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showed that DNA from three M. fructicola isolates from 
Japan (Jap 1829, Jap 1438 and Jap 1535) and an Australian 
isolate (Aust 5) were not amplifiable using this primer set. By 
amplifying the whole nuclear rDNA small subunit from these 
and other M. fructicola isolates, we observed that M. fructicola 
could be split into three groups (A, B and C) based on the 
molecular weight of the amplicon. Group A, containing 
isolates Jap 1438 and Jap 1535, had a molecular weight 
similar to that of isolates of M. laxa, M. fmctigena and the 
non-Monilinia isolates (about 1.7 kb). The size of this 
amplicon indicates a lack of the group-I intron in these 
isolates and this explains why they were not identified as 
M. fructicola using primers NS 5 and Mfs-3. Group B isolates, 
however, with amplicons of about 2.1 kb, were amplified 
using primers NS 5 and Mfs-3. These isolates therefore 
contained the group-I intron as described by Fulton & 
Brown (1997). Group C, containing isolates Jap, 1829 and 
Aust 5, had an amplicon of about 2.4 kb indicating an insert of 
about 700 bp in their small subunit. 

Fulton efal. (1999) noted that isolate Jap 1829 contained a 
group-I intron, but this present study showed that the insert 
was approximately 260 bp greater in size than the previously 
reported group-I intron for other M. fructicola isolates (Fulton 
& Brown, 1997). Our study also revealed that a similar-sized 
insert was also present in Australian isolate Aust 5 but not in 
another two Australian isolates, indicating that at least two 
genetically different M. fructicola groups exist in Australia. 

The discovery that primer set NS 5 and Mfs-3 did not 
amplify DNA from some Japanese isolates and one Australian 
isolate confirmed that a more accurate M. fructicola primer set 
was needed for diagnostic purposes. This was achieved by 
designing new PCR primers based on subtle differences in the 
ITS1 and ITS2 regions of the nuclear rRNA gene. Using the 
new primers (Mfc-F1 and Mfc-Rl), it was possible to identify 
all M. fructicola isolates tested from a wide range of geo- 
graphical locations. Other primers that specifically identified 
only isolates of M. laxa or M. fructigena were also developed. 
Less specific primer sets were also produced; these included 

Northern Ireland) and R. Cook (Central Science Laboratory) 
for their helpful comments and assistance throughout the 
development of this paper, and G. van Leeuwen (Plant 
Protection Service, NL) and S. McKirdy (Agriculture Western 
Australia) for the provision of Monilinia isolates We also 
gratefully acknowledge technical support from A. Barnes, 
P. Beales and H. Holloway. This study was funded by the 
Plant Health Division of the UK Ministry of Agriculture 
Fisheries and Food and by the Commission of the European 
Communities under contract FAIR CT95-0725. Quarantine 
pests were held under MAFF licence PHL 100/2959. 

Mise au point de nouvelles amorces de PCR 
pour I’identification des Monilinia 

De nouvelles amorces de PCR ont CtC d6veloppCes pour 
identifier l’organisme de quarantaine de I’m Monilinia 
fructicola. Elles ont permis de distinguer neuf isolats de 
M. fructicola d’autres champignons, dont six isolats de 
Monilinia laxa et six isolats de Monilinia fmctigena (qui 
sont Cgalement responsables d’une pourriture brune des arbres 
fruitiers P noyau et B pCpins). Trois isolats de M. fructicola du 
Japon et un isolat d’Australie n’ont pas rbagi avec une skrie 
d’amorces prCcCdemment publiCe pour M. fructicola. Les 
isolats de M. fructicola ont pu ttre skpar6.s en trois groupes 
selon la taille de la petite sous-unit6 de leu ADNr. Les sous- 
unit& des quatre isolats non rCactifs Ctaient plus petites ou 
plus grandes que pour le groupe riactif. D’autres amorces 
spicifiques P M. laxa ou P M. fructigena ont Cgalement Cti 
dCveloppCes. Une autre amorce nouvelle identifiait M. laxa et 
M. fructigena, et une autre M. laxa et M. fructicola. UtilisCes 
en combinaison, ces amorces spCcifiques P deux espkces 
identifiaient correctement les isolats inconnus des trois 
espkces de Monilinia. Les nouvelles amorces conpes dans 
cette Ctude ont CtC utilisCes pour identifier, rapidement et 
correctement, des pustules prises directement sur des prunes 
infectCes, dimontrant ainsi leur potentiel pour le diagnostic. 

primers ITS 1 and MI-Mfc-R1 which identified only isolates of 
M. laxa and M. fructicola and Ml-Mfg-F2 and ITS4 which 
identified only isolates of M. laxa and M. fructipena. This 

Pa3pa6OTKa HOBblX flpahepOB PCR W R  
mAeHmCt)mKaqmm emaos Monilinia 

- I  

second Set is-very similar to one designed by a l b e r  et al. 
(1997) and could be useful for distinguishing M. fructicola 
from indigenous Monilinia species. It is envisaged that the 
two dual-species primer sets could be used in combination to 

Preliminary studies show that the newly designed primers 

Papa60TaHbI HOBble npafiMepbl PCR W I R  WAeHTW’+WKaUHH 
KaPaHTUHHOrO AlIfl EC BpenHOrO o p r a ~ u 3 ~ a  Monilinia 

frUC?iCOh. OHM n03BOJIRK)T OTJIWqaTb AeBRTb H30JIRTOB M. 
fmcticola oT npYrax Tu60e, TOM qHcne OT UleCTH 

u30nRTOB ~ ~ ~ i ~ i ~ ~ ~  laxa UleCTW u30nRTOB Monilinia 

KocTowoeb1x ti ceMewoebix nnonoe). Tpw H ~ O J I R T ~  M. 
produce similar results whether applied to pustules taken from fmcticoh u3 % I O H H u  H OnAH w 3  A B C T ~ ~ J I H M  He 
artificially infected plum fruits or to in vitro cultures of the nPoPearHPBmu C KOMWI~KTOM UPafiMePa, PaHee 
fungus. Thus, the newly developed primers besides accurately M. fmctiC0la 

identifying Monilinia species in vitro, show great potential for 
rapid diagnosis of brown-rot infected fruits. 

identify unknown Monilinia brown-rot species. fmC?igena (KOTOpblfi TaKXe BbI3bIBaeT 6ypy10 rHHSIb 

ony6nuKoBaHHb1M mn M. fmcticofa. 
MorYT 6b1Tb pa3neneHb’ Ha Tpw rpynnbl no psuMepy 
cy6aene~uub1 MX PAHK. CY6%eDHHNUbI qeTbIpeX Hepearu- 
PyIOlIWX U3OIlRTOB 6bmu nu60 MeHblLle, nu60 60nbme, ’leM 
PeaKTuBHaR rpynna. P a p a 6 0 ~ a ~ b 1  TaKXe npafiMepb1, 
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PCR primers for Moniliniu 5 1 1 

npn ncnonb30~a~nn nx B CoqeTaHHn, 3 ~ n  npahepbi, 
C I I ~ U W ~ H ~ H ~ I ~  ~rrn ABYX BWAOB, npaemmo onpenennnn 
HeN3BeCTHble U30nRTbl BCeX TpeX BWAOB MOndiniU. HOBbIe 

npakMepb1, pa3pa6o~~a KOTOpblX OnMCaHa B AaHHOM 
accneAoBaHnu, W C ~ O J I ~ ~ O B ~ J I H C ~  ~ r r n  onepaTnenoro n 
npasnnmoro onpenenemn nyc-ryn, C06paHHblX 

HenOCpeACTBeHHO C 3apmeHHbIX IlnOAOB CJlHBbI, TeM 
CaMblM AeMOHCTpkipyH HX $(HarHOCTHWCKUfi IlOTeHUWaJI. 
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