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Abstract Lasiodiplodia theobromae (Pat.) Griff. &
Maubl, Neofusicoccum parvum Pennycook &
Samuels, N. mangiferae Syd. & P. Syd., and Fusicoc-
cum aesculi Corda, all anamorphs of Botryosphaeria-
ceae species, are the causal agents of mango stem-end
rot and fruit rot in Taiwan. Identification of these
fungal species based on morphology has not been easy
due to their extensive plasticity for some of the mor-
phological characters. To aid reliable identification of
Botryosphaeriaceae species associated with mango
fruits, four pairs of species-specific primers were
designed according to sequences of the ribosomal
internal transcribed spacers (ITS), and a rapid method
was established based on nested multiplex polymerase
chain reaction (PCR) in this study. To perform the
analysis, PCR was first run with ITS1 and ITS4 as

the primers, followed by a second PCR with the addi-
tion of all four sets of species-specific primers. With
this method, a low limit of 100 fg-1 pg of purified
fungal DNAwas detectable. It could also successfully
detect L. theobromae, N. parvum, N. mangiferae and
F. aesculi in total DNA extracted from inoculated
mango fruits. This assay provides a rapid and sensitive
method for the identification of Botryosphaeriaceae
species and diagnosis of mango fruit rot and stem-
end rot as well.
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Introduction

Mango (Mangifera indica L.) is an economically im-
portant fruit crop in Taiwan. Tainan, Kaohsiung and
Pingtung in southern Taiwan are the main areas for
mango fruit production. According to Agricultural
Statistics Yearbook which was published by Council
of Agriculture, Taiwan (http://www.coa.gov.tw/
view.php), the area for cultivation of mango trees
was approximately 16,796 ha in 2010, which resulted
in a yield of 135 kilotons of mango fruits, with an
annual crop valued over 157 million US dollars.

Stem-end rot and fruit rot, the major postharvest dis-
eases of mango, are caused by a complex of fungal patho-
gens, including several species of the Botryosphaeriaceae
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(Ploetz et al. 1994; Slippers et al. 2005). Recently,
Lasiodiplodia theobromae (Pat.) Griff. & Maubl (tele-
omorph Botryosphaeria rhodina), Neofusicoccum par-
vum Pennycook & Samuels (teleomorph B. parva), N.
mangiferae Syd. & P. Syd. (teleomorph Botryosphaeria
sp.), and Fusicoccum aesculi Corda (teleomorph B.
dothidea) were identified as the major pathogens caus-
ing stem-end rot and fruit rot of mango in Taiwan (Ni et
al. 2010; unpublished data). These pathogens have also
been associated with mango stem-end rot and fruit rot in
Australia, South Africa, and Brazil (de Oliveira Costa et
al. 2010; Jacobs 2002; Slippers et al. 2005).

Botryosphaeria is a species-rich genus, and has
been associated with various plant disease symptoms
such as pistachio shoot blight (Michailides et al.
2002), eucalyptus canker and shoot blight (Yu et al.
2009), mango die-back (Javier-Alva et al. 2009), avo-
cado branch canker (McDonald et al. 2009), avocado
dieback (Zea-Bonilla et al. 2007), grapevine cankers
(Urbez-Torres 2006), mango stem-end rot and fruit rot
(Jacobs 2002; Ni et al. 2010; Slippers et al. 2005), and
avocado fruit rot (Ni et al. 2009). These fungal species
are easily distinguished from most other fungi by their
grey to black, aerial mycelium, and grey to indigo-
grey or -black pigment that is visible from the reverse
side of Petri dishes (Slippers and Wingfield 2007). For
further description of Botryosphaeria spp., the mor-
phological characters of the anamorphs have been
widely applied (Denman et al. 2000). These characters
include size, shape, colour, septation, wall thickness,
and texture of conidia, as well as cultural aspects such
as colony morphology and effects of temperature on
fungal growth (Alves et al. 2007). However, identifi-
cation of these species through phenotypic character-
istics is complicated by the extensive plasticity of
some morphological characters. Taken for example,
the size range of conidia of different species may
overlap. Furthermore, age and state of maturity may
also affect the pigmentation and septation of conidia
(Alves et al. 2007). Therefore, tools that can provide
accurate, reproducible, and rapid identification of
Botryosphaeriaceae species are in urgent need for those
not familiar with these fungi.

Over the past decade, DNA-based techniques have
been applied to the identification and detection of
Botryosphaeria spp. (Crous et al. 2006; Denman et
al. 2000; Luchi et al. 2009; 2011; Phillips et al. 2005;
Smith and Stanosz 2001). Specifically, sequence data
from internal transcribed spacers (ITS) of the nuclear

ribosomal DNA (rDNA) have been used to analyze
intraspecific and interspecific relationships of Botryos-
phaeria spp. (Alves et al. 2007; Denman et al. 2000;
Jacobs and Rehner 1998; Slippers et al. 2005; Smith
and Stanosz 2001; Zhou and Stanosz 2001). The ITS1
and ITS2 regions within the nuclear ribosomal gene
clusters are particularly attractive loci for the develop-
ment of polymerase chain reaction (PCR)-based de-
tection assays, because they are readily accessible
using universal primers (White et al. 1990), and often
exhibit sufficient interspecific sequence divergence for
the design of species-specific primers. The identifica-
tion of fungal pathogens based on PCR using species-
specific primers is now widely used, especially for
economically important plant pathogens such as
quarantine-listed fungi or those that are difficult to iso-
late or cause symptomless infections (Chen et al. 2006;
Côté et al. 2004; Hamelin et al. 1996; Mishra et al. 2003;
Peres et al. 2007). The objectives of the present study
were to develop specific primers for the identification of
anamorphs of Botryosphaeriaceae species found on
mango and establish a nested multiplex PCR method
for the detection of L. theobromae, N. parvum, N. man-
giferae, and F. aesculi on mango fruits.

Material and methods

Fungal cultures and fungal DNA isolation

Botryosphaeriaceae isolates used in this study were
collected from mango fruits in southern Taiwan, and
maintained on slants of potato dextrose agar (PDA)
(Merck KGaA, Darmstadt, Germany) at 8°C until use.
For routine culture, the isolates were grown on PDA at
room temperature.

For preparation of DNA, each fungal isolate was
grown in a 50-ml centrifuge tube containing 15 ml
potato dextrose broth (PDB) (Difco Laboratories,
Detroit, MI, USA) at 25°C for 5 days in darkness.
The harvested mycelium was rinsed with sterile water
and then lyophilized overnight by using a Freeze dryer
(FD24-36P, Kingmech. Taiwan). Total genomic DNA
of each isolate was extracted with the DNeasy Plant
Mini Kit (Qiagen, Germany) following the manufac-
turer’s instructions. The concentration of DNA was
quantified by the use of NanoDrop (Thermo Fisher
Scientific, Wilmington, MA, USA). Purified genomic
DNA was stored at −20°C until use.
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Design of species-specific primers

The ribosomal internal transcribed spacers (ITS) of 38
Botryosphaeriaceae isolates were amplified from my-
celial DNA using the universal primers ITS1 and ITS4
(White et al. 1990), and their sequences were deter-
mined (Table 1). The obtained ITS sequences and other
ITS sequences of Botryosphaeriaceae species retrieved
from the databases of NCBI (http://www.ncbi.nlm.
nih.gov/) were analyzed by multiple sequence align-
ment using Vector NTI Advance 9 (Invitrogen, Carls-
bad, CA, USA). Primers were then designed based on
the sequence variability among the four Botryosphaer-
iaceae species (Table 2).

Assessment of primer specificity by PCR

The specificity of designed primers was tested using
DNA of L. theobromae, N. parvum, N. mangiferae, or
F. aesculi as the template. In addition, DNA from
other fungal isolates commonly found on mango trees
and fruits, including Phomopsis sp., Colletotrichum
gloeosporioides, Fusarium sp., Pestalotiopsis sp.,
Alternaria sp., Guignardia sp., Cladosporium sp.,
and Botrytis sp. were also analyzed. PCR was carried
out using a Bio-Rad iCycler Thermal cycler (Hercules,
California, USA), with each reaction containing 1x
PCR buffer (10 mM Tris–HCl (pH 8.0), 50 mM
KCl, 1.5 mM MgCl2, 0.1 % (w/v) gelatin, 1 % Triton
X-100), 100 μM of each dNTP, 0.2 μM of each primer
pair (Table 2: Lt397F/Lt397R for L. theobromae;
Bd318F/Np479R for N. mangiferae; Np479F/
Np479R for N. parvum; Bd318F/Bd318R for F. aes-
culi), 0.4 U of Prozyme DNA polymerase (Protech
Technology Enterprise, Taipei, Taiwan), and 30 ng of
template DNA in a total volume of 25 μl. The ampli-
fication program included an initial step of 3 min at
94°C, followed by 30 cycles of denaturation at 94°C
for 1 min, annealing at 56°C for 1 min, and elongation
at 72°C for 2 min. A final extension was performed at
72°C for 10 min. The amplified products were ana-
lyzed by 1.5 % agarose gel electrophoresis.

Nested multiplex PCR and assessment
of its sensitivity

For nested multiplex PCR, fungal DNA was first sub-
jected to amplification by PCR using the universal
primers ITS1 and ITS4 (White et al. 1990). The

reaction mixture (25 μl) contained 1x PCR buffer
(10 mM Tris–HCl (pH 8.0), 50 mM KCl, 1.5 mM
MgCl2, 0.1 % (w/v) gelatin, 1 % Triton X-100),
100 μM of each dNTP, 0.2 μM of the primer pair,
0.4 U of Prozyme DNA polymerase (Protech Technol-
ogy Enterprise), and 30 ng of fungal DNA. The am-
plification program included an initial step of 4 min at
94°C, followed by 30 cycles of denaturation at 94°C
for 30 s, annealing at 52°C for 30 s, and elongation at
72°C for 30 s. A final extension was performed at
72°C for 10 min. Subsequently, the amplified products
were diluted 30 folds and 1 μl was used as the tem-
plate for a multiplex PCR as described in the previous
section.

To analyze the sensitivity of the nested multi-
plex PCR, DNA of the four anamorphic species of
Botryosphaeriaceae was diluted serially with dis-
tilled water to yield a final concentration ranging
from 100 ng/μl to 10 fg/μl, which were then used
as the templates for amplification by the aforemen-
tioned nested multiplex PCR, followed by analysis of
the amplified products by 1.5 % agarose gel
electrophoresis.

Inoculation of mango fruits and detection of fungal
pathogens by nested multiplex PCR

For the inoculation experiment, L. theobromae (isolate
B-878), N. parvum (isolate B-010), N. mangiferae
(isolate B-763), and F. aesculi (isolate B-811) were
grown on PDA for 7 days. Prior to inoculation, mango
fruits (cv. Irwin) were first treated with hot water
(60°C) for 20 s to prevent the break of latent infections
caused by C. gloeosporioides. To inoculate the path-
ogen, mango fruits were wounded by pricking
once with a sterile needle, and then covered with
a mycelial agar block (5 mm in diameter) excised
from the culture of the test fungal strain. In a
parallel experiment, the wounded area was covered
with an agar block without any mycelium to serve
as a negative control. When the symptom of fruit
rot appeared, a thin layer of the fruit peel sur-
rounding the lesion was excised for DNA isolation
by using a quick method that was modified from
Wang et al. (1993). In brief, fruit peels (100 mg)
were cut into pieces of approximately 1 cm2 and
macerated with a homogenizer (Sample Preparation
System, FastPrep-24, MP Biomedicals, CA, USA)
in the presence of 200 μl of 0.5 N NaOH.

Eur J Plant Pathol (2012) 133:819–828 821

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/


Following centrifugation at 12,000 rpm for 5 min,
the supernatant was collected and mixed thorough-
ly with 9 volumes of 0.1 M Tris buffer (pH 8.0).
Aliquots of the mixture were then used as the tem-
plate for nested multiplex PCR as described in the
previous section.

Results

Design of pathogen-specific primers

To design primers for the specific detection of
Botryosphaeriaceae species, complete sequences of

Table 1 Isolates of Botryos-
phaeriaceae species collected
from mango fruits of Taiwan and
GenBank accession numbers
for the sequences of their
ribosomal internal transcribed
spacers (ITS).

aThe sequence of ITS1, ITS2,
and 5.8 S rRNA for each isolate
was amplified by using the pri-
mers ITS1 and ITS4 (White et al.
1990).

Isolate No. Species Location GenBank Accession Noa.

B961 Lasiodiplodia theobromae Guantian, Tainan GQ502453

B965 L. theobromae Guantian, Tainan GQ502454

B826 L. theobromae Chiayi GQ502455

B838 L. theobromae Fangshan, Pingtung GQ502456

B852 L. theobromae Guantian, Tainan GQ502457

B918 L. theobromae Guantian, Tainan GQ502458

B902 L. theobromae Guantian, Tainan GQ502459

B878 L. theobromae Guantian, Tainan GQ502460

B886 L. theobromae Chiayi GQ502452

B607 L. theobromae Guantian, Tainan GQ502461

B837 Neofussicoccum parvum Fangshan, Pingtung GQ861436

B1001 N. parvum Chiayi GQ861435

B845 N. parvum Fangshan, Pingtung GQ861434

B946 N. parvum Yujing, Tainan GQ861432

B1314 N. parvum Fangshan, Pingtung GU073291

B794 N. parvum Fangshan, Pingtung GQ861433

B1260 N. parvum Fangshan, Pingtung GU073287

B1272 N. parvum Yujing, Tainan GU073288

B1296 N. parvum Yujing, Tainan GU073289

B1307 N. parvum Fangshan, Pingtung GU073290

B809 Neofussicoccum mangiferae Fangshan, Pingtung GQ848323

B793 N. mangiferae Fangshan, Pingtung GQ848320

B808 N. mangiferae Fangshan, Pingtung GQ848322

B979 N. mangiferae Yujing, Tainan GQ848315

B763 N. mangiferae Fangshan, Pingtung GQ421486

B749 N. mangiferae Fangshan, Pingtung GQ848318

B774 N. mangiferae Fangshan, Pingtung GQ848319

B792 N. mangiferae Fangshan, Pingtung GQ848321

B840 N. mangiferae Fangshan, Pingtung GQ848324

B977 N. mangiferae Yujing, Tainan GQ848325

B964 Fusicoccum aesculi Guantian, Tainan GQ861429

B811 F. aesculi Fangshan, Pingtung GU453689

B844 F. aesculi Fangshan, Pingtung GU453690

B922 F. aesculi Yujing, Tainan GQ421485

B833 F. aesculi Fangshan, Pingtung GQ861430

B801 F. aesculi Fangshan, Pingtung GQ861431

B932 F. aesculi Yujing, Tainan GQ861428

B1113 F. aesculi Yujing, Tainan GU453691
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the ITS regions of 38 fungal isolates were determined
in this study (Table 1). All ITS sequences from fungal
isolates of the same species were identical, despite that
some of them were collected from different areas of
Taiwan. Pairwise comparison of the sequences indi-
cated that ITS of N. parvum was closely related to that
of N. mangiferae, with a sequence identity of 97 %,
followed by F. aesculi (93 % identity) and L. theobro-
mae (87 % identity). ITS sequence of L. theobromae
showed an identity of 86 % with that of F. aesculi.
Multiple sequence alignment revealed the presence of
sequence variations among different fungal pathogens
(Fig. 1). Six primers were designed accordingly, which
would make up four pairs, each specific for one path-
ogen: Lt397F/Lt397R for L. theobromae, Bd318F/
Np479R for N. mangiferae, Np479F/Np479R for N.
parvum, and Bd318F/Bd318R for F. aesculi, respec-
tively (Table 2).

Specificity and sensitivity of the primers

As a preliminary test, PCR was performed with the
addition of a single pair of primer and template DNA
from the corresponding fungal species. Analysis by
agarose gel electrophoresis indicated that, when DNA
from indicated fungal species was used as the tem-
plate, PCR primed with the corresponding primer pair
amplified a single DNA product of the expected size,
which is 397 bp in length for L. theobromae (Fig. 2,
lanes 1–2), 378 bp for N. mangiferae (Fig. 2, lanes
3–4), 479 bp for N. parvum (Fig. 2, lanes 5–6), and
318 bp for F. aesculi (Fig. 2, lanes 7–8), respectively.
Specificity of each primer pair was further verified by
multiplex PCR with the addition of all six primers.
Analysis by agarose gel electrophoresis indicated that,
while amplified products of the expected size were

obtained with DNA from L. theobromae, N. man-
giferae, N. parvum, and F. aesculi as the template
(Fig. 3, lanes 1–4), no fragment was detected from
other fungal species isolated from mango fruits or
branches (Fig. 3, lanes 5–9, 11, 12) except Guignardia
sp., which gave rise to a weak band of 1.2 kb in
length (Fig. 3, lane 10). Sensitivity of each primer
pair was analyzed by using a serial dilution of puri-
fied fungal DNA as the template for PCR. Analysis
of the amplified products by agarose gel electropho-
resis indicated that the detection limit of PCR was
approximately 10 pg for each of the primer pairs (data
not shown).

To enhance the sensitivity, a method for detecting
the pathogen by nested multiplex PCR was devel-
oped. PCR was first performed using ITS1 and
ITS4 (White et al. 1990) as primers, the amplified
product of DNA from F. aesculi, N. mangiferae, or N.
parvum was 580 bp in length, while that obtained
with L. theobromae was 540 bp in length (data not
shown). The amplified products were then diluted
and used as the template for a second PCR with
the addition of all four pairs of primers, namely
Bd318F/Bd318R, Lt397F/Lt397R, Bd318F/Np479R
or Np479F/Np479R, gave rise to amplified products
of the expected size (Fig. 4). Analysis of amplified
products obtained from the second PCR indicated
that, when the amount of purified DNA was re-
duced to 100 fg, PCR primed with Lt397F/Lt397R
(for L. theobromae) and Bd318F/Bd318R (for F. aes-
culi) still generated DNA bands of significant in-
tensity (Fig. 4, a and d). PCR primed with Bd318F/
Np479R (for N. mangiferae) and Np479F/
Np479R (for N. parvum), in contrast, needed a
low limit of 1 pg of purified DNA for significant
signals (Fig. 4, b and c).

Table 2 List of primers for
species-specific detection of
Botryosphaeriaceae species

Species Primer Sequence (5′–3′) Expected size of the
PCR product (bp)

Fusicoccum
aesculi

Bd318F CAAACTCCAGTCAGTAAACGAT 318
Bd318R CTCCGAAGCGAGATGTATG

Lasiodiplodia
theobromae

Lt397F GGAAGGATCATTACCGAGTTTT 397
Lt397R ACGCTTGAGGGCTGAACA

Neofusicoccum
mangiferae

Bd318F CAAACTCCAGTCAGTAAACGAT 378
Np479R CGAGGTCAACCTTGAGAAATAA

Neofusicoccum
parvum

Np479F CTCGACTCTCCCACCCAA 479
Np479R CGAGGTCAACCTTGAGAAATAA
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Detection of pathogens present on the inoculated
mango fruits by nested multiplex PCR

To know if the nested PCR method is useful for the
detection of fungal pathogens in the diseased tissues,
mango fruits were inoculated with isolate of L. theo-
bromae, F. aesculi, N. mangiferae, or N. parvum.
Once the symptom of fruit rot appeared, DNA was
isolated from the diseased tissue and analyzed by
nested multiplex PCR. The results indicated that a
single DNA band of the expected size was detected
for each plant sample which had been inoculated with
a specific fungal pathogen (Fig. 5, lanes 1–4). In
contrast, no amplified product was detected when
DNA from mock-inoculated mango fruits was used
as the template (Fig. 5, lane 5). The results indicated
that the nested multiplex PCR method established in

Fig. 2 Amplified products obtained by polymerase chain reac-
tion with species-specific primer pairs. The amplification
reaction was performed using DNA from Lasiodiplodia theo-
bromae, Neofusicoccum mangiferae, N. parvum, or Fusicoccum
aesculi as the template. Primers used in each reaction were:
Lt397F/Lt397R (for L. theobromae, lanes 1–2), Bd318F/
Np479R (for Neofusicoccum mangiferae, lanes 3–4), Np479F/
Np479R (for N. parvum, lanes 5–6), and Bd318F/Bd318R (for
Fusicoccum aesculi, lanes 7–8), respectively. M: 100-bp DNA
ladder (Protech Technology Enterprise, Taipei, Taiwan)

Lt 397F Np 479F 
* 20 * 40 * 60 * 80

Fa : TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTTGATTCGGGCTCCGGCCCGATCCTCCCACCCTTTGTGTACCT-ACCTCT : 84
Lt : TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTT--TTCGAGCTCCGGCTCGACTCTCCCACCCTTTGTGAACGT-ACCTCT : 82
Nm : TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTTGATTCGAGCTCCGGCTCGACTCTCCCACCCTATGTGTACCTTACCTCC : 85
Np : TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTTGATTCGAGCTCCGGCTCGACTCTCCCACCCAATGTGTACCT-ACCTCT : 84

* 100 * 120 * 140 * 160 *
Fa : GTTGCTTTGGCGGGCCGCGGTTCTCCGCGGCCGCCCCCCTCCCCGGGGGGTGGCCAGCGCCCGCCAGAGGACCATCAAACTCCAG : 169
Lt : GTTGCTTTGGCGG---------CTCCG-----G---------------------------CCGCCAAAGGACCTTCAAACTCCAG : 126
Nm : GTTGCTTTGGCGGGCCGCGGTCCTCCGCACCGGCTCCCCTCGA-GGGGGCTGGCCAGCGCCCGCCAGAGGACCACAAAACTCCAG : 169
Np : GTTGCTTTGGCGGGCCGCGGTCCTCCGCACCGGCGCCCTTCGG--GGGGCTGGCCAGCGCCCGCCAGAGGACCATAAAACTCCAG : 167

180 * 200 * 220 * 240 *
Fa : TCAGTAAACGATGCAGTCTGAAAAACAT-TTAATAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC : 253
Lt : TCAGTAAACGCAGACGTCTGATAAACAAGTTAATAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC : 211
Nm : TCAGTAAACGTTGCAGCCTGAAAAACAAGTTAATAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC : 254
Np : TCAGTGAACTTCGCAGTCTGAAAAACAAGTTAATAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC : 252

260 * 280 * 300 * 320 * 340
Fa : GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCC : 338
Lt : GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCC : 296
Nm : GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCC : 339
Np : GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCC : 337

* 360 * 380 * 400 * 420
Fa : GAAGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAAGCTCTGCTTGGTATTGGGCACCGTCCTT--TGCGGGCGCGCCTCAAA : 421
Lt : GGGGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAAGCTCTGCTTGGAATTGGGCACCGTCCTCACTGCGGACGCGCCTCAAA : 381
Nm : GAGGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCTCCGTCCTC--CGCGGACGCGCCTCAAA : 422
Np : GAGGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCTCCGTCCTC--CACGGACGCGCCTTAAA : 420

* 440 * 460 * 480 * 500 *
Fa : GACCTCGGCGGTGGCG--TCTTGCCTCAAGCGTAGTAGAACATACATCTCGCTTCGGAGCGCAGGGCGTCGCCCGCCGGACGAAC : 504
Lt : GACCTCGGCGGTGGCTGTTCAGCCCTCAAGCGTAGTAGAATACAC--CTCGCTTTGGAGCGGTTGGCGTCGCCCGCCGGACGAAC : 464
Nm : GACCTCGGCGGTGGCG--TCTTGCCTCAAGCGTAGTAGAAAACAC--CTCGCTTTGGAGCGCACGGCGTCGCCCGCCGGACGAAC : 503
Np : GACCTCGGCGGTGGCG--TCTTGCCTCAAGCGTAGTAGAAAACAC--CTCGCTTTGGAGCGCACGGCGTCGCCCGCCGGACGAAC : 501

520 * 540 * 560 * 580 *
Fa : CTTCTGAAC---TTTTCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA : 582
Lt : CTTCTGAAC---TTTTCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA : 542
Nm : CTT-TGAATATTTTTTCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA : 583
Np : CTT-TGAAT--TATTTCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA : 579

Bd 318F 

Lt 397R Bd 318R

Np 479R 

Fig. 1 Nucleotide sequence alignment of the ribosomal internal
transcribed spacer 1 (ITS1), 5.8 S rRNA, and ITS2 among Fusi-
coccum aesculi (Fa), Lasiodiplodia theobromae (Lt), Neofusicoc-
cum mangiferae (Nm), and N. parvum (Np). Multiple sequence

alignment was performed by using Vector NTI Advance 9 soft-
ware. Sequences that are identical across all four species are
shaded in grey. Positions of the primers for species-specific detec-
tion of Botryosphaeriaceae species are marked with rectangles
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this study may serve as an efficient tool for the detec-
tion and identification of Botryosphaeriaceae species
which cause stem-end rot and fruit rot on mango.

Discussion

L. theobromae, N. mangiferae, N. parvum, and F.
aesculi have recently been recognized as major patho-
gens causing stem-end rot and fruit rot of mango in
Taiwan (Ni et al. 2010 and unpublished data). These
pathogenic fungi may simultaneously colonize on the
mango fruits or inside the branch, and thus make
accurate diagnosis of the disease more complicated.
Traditional methods for the identification of fungal
pathogens involve isolation of fungal strains, induc-
tion of sporulation, as well as examination of morpho-
logical characteristics under microscope. Identification
of Botryosphaeriaceae species based on morphologi-
cal characters could be even more difficult because the
teleomorphs of most species were not found in the
field (Denman et al. 2000; Jacobs and Rehner 1998).
Moreover, colony and conidial characters of these
species may vary considerably, which strongly ham-
pered the differentiation of Botryosphaeriaceae spe-
cies (Slippers et al. 2005).

Recently, several molecular methods have been
developed for the identification of Botryosphaeriaceae

Fig. 4 Sensitivity of nested multiplex polymerase chain reac-
tion. Serial dilutions of purified DNA from Lasiodiplodia theo-
bromae (a), Neofusicoccum parvum (b), Neofusicoccum
mangiferae (c), and Fusicoccum aesculi (d) were used as the
template for the first PCR with ITS1 and ITS4 as the primer
pair. The resultant amplified products were then diluted and
used as the template for nested multiplex PCR with the addi-
tion of all four sets of species-specific primers (397 F/Lt397R,
Np479F/Np479R, Bd318F/Np479R, and Bd/318 F/Bd318R).
M: 100-bp DNA ladder (Protech Technology Enterprise,
Taipei, Taiwan)

Fig. 5 Detection of the pathogen on artificially infected mango
fruits by nested multiplex polymerase chain reaction. Following
inoculation of the mango fruits with Lasiodiplodia theobromae
(lane 1), Neofusicoccum parvum (lane 2), N. mangiferae (lane
3), or Fusicoccum aesculi (lane 4), DNA was isolated from the
diseased tissues and analyzed by nested multiplex PCR. Primers
used for the first PCR was ITS1 and ITS4 (White et al. 1990),
and those for the second PCR included all four pairs of species-
specific primers (Lt397F/Lt397R, Bd318F/Np479R, Np479F/
Np479R, and Bd318F/Bd318R). Lane 5, DNA from mock-
inoculated mango fruit; Lane 6, no DNA template. M, 100-bp
DNA ladder (Protech Technology Enterprise, Taipei, Taiwan)

Fig. 3 Specificity test of the primers. Specificity of the primers
was testified by performing multiplex polymerase chain reaction
with the addition of all four sets of primers (Lt397F/Lt397R,
Bd318F/Np479R, Np479F/Np479R, and Bd318F/Bd318R), us-
ing DNA from different fungal species as the template: Lasio-
diplodia theobromae (lane 1), Neofusicoccum mangiferae (lane
2), N. parvum (lane 3), Fusicoccum aesculi (lane 4), Phomopsis
sp. (lane 5), Colletotrichum gloeosporioides (lane 6), Fusarium
sp. (lane 7), Pestalotiopsis sp. (lane 8), Alternaria sp. (lane 9),
Guignardia sp. (lane 10), Cladosporium sp. (lane 11), and
Botrytis sp. (lane 12). Lane13, no DNA template. M, 100-bp
DNA ladder (Protech Technology Enterprise, Taipei, Taiwan)
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species. Ma and Michailides (2002) designed a pair of
group-specific PCR primers, BDI and BDII, based on
ITS sequences, for the identification of Fusicoccum
sp. from pistachio and other host plants in California.
However, these primers were unable to differentiate
other species of Botryosphaeriaceae pathogens
assayed in the present study. Recently, fingerprinting
methods such as MSP-PCR (microsatellite-primed po-
lymerase chain reaction) and rep-PCR (repetitive-se-
quence based polymerase chain reaction) have been
developed for rapid differentiation of Botryopshaeria-
ceae, including L. theobromae, N. parvum and F.
aesculi (teleomorph: B. dothidea) (Alves et al. 2007).
However, these methods are usually used to analyze
highly variable regions of the genome, and thus serve
as a better marker for taxonomic studies below the
species level (Ordoñez and Kolmer 2009). Multiplex
PCR is an advanced method in which one or more
regions are simultaneously amplified in a single PCR
reaction (Asano et al. 2010). In this study, we have
successfully designed four pairs of primers which
show good specificity towards a specific fungal path-
ogen, and no products were amplified by these primers
for other fungal pathogens isolated from mango fruits
and branches, including C. gloeosporioides, Phomop-
sis sp., Alternaria sp., Botrytis sp., and Cladosporium
sp. With these primers, we developed a nested multi-
plex PCR to differentiate and detect L. theobromae, N.
mangiferae, N. parvum, and F. aesculi on mango. This
method can be of great value especially for those
researchers who do not have enough experience with
Botryosphaeriaceae species.

To enhance the sensitivity of detection, we first
performed PCR with ITS1 and ITS4 as the primers
in order to enrich fungal rDNA in the plant sample,
and then used the amplified product as the template for
multiplex PCR, which selectively amplified DNA of
the target pathogen. By applying the nested multiplex
PCR, the detection limit could reach a level of 1 pg-
100 fg of DNA, which was 10–100 times more sensi-
tive than with multiplex PCR alone. Increased sensitivity
and specificity of nested PCR over conventional PCR
was also noted in studies of other plant-pathogenic fungi
(Ma et al. 2003; Pérez-Hernández et al. 2008; Tsai et al.
2006; Wang et al. 2009).

The preparation of total genomic DNA from peel of
mangoes is critical for a successful PCR reaction. In
this study, we extracted genomic DNA of Botryos-
phaeriaceae species from mango fruits by an alkaline

(NaOH) solution method modified from Wang et al.
(1993). With this method, DNA was obtained from
mango peel within 30 min, and most importantly, it
serves as a good template for amplification by the
nested multiplex PCR. This method was also applied
to successfully detect L. theobromae, N. mangiferae,
F. aesculi, and N. parvum from artificially inoculated
mango fruits. This ‘grinding and use’ protocol is con-
venient and efficient, especially in the examination of
large numbers of mango fruits for the presence of
potential fungal pathogens. Similar extraction proto-
cols have been reported for the detection of Phytoph-
thora on orchid (Tsai et al. 2006), Fusicoccum sp. (Ma
and Michailides 2002), Colletotrichum lindemuthia-
num on bean (Wang, et al. 2008) and Cylindrocarpon
liriodendri grapevine (Alaniz et al. 2009). Nonethe-
less, sufficient dilution of the DNA extract is neces-
sary to eliminate the effect of potential inhibitors on
PCR due to the presence of phenolic compounds on
mango peels (Jitareerat and Wongs-Aree 2006). As
well, the nested multiplex PCR method may be used
to identify fungal isolates as long as there is a suffi-
cient amount of fungal material (10 mg fresh weight),
without the need to wait 2 weeks for the formation of
mature pycnidia and pycnidiospores, which are re-
quired for identification based on morphology.

In conclusion, a highly specific and sensitive nested
multiplex PCR method has been developed for
Botryosphaeriaceae species which infects mango fruit.
To our knowledge, this is the first report to develop a
multiplex PCR which enables simultaneous identifica-
tion of L. theobromae, N. mangiferae, N. parvum, and
F. aesculi on mango in a single PCR amplification
reaction. The species-specific primers designed here
could thus contribute to improve the management of
fruit rot and stem-end rot of mango due to reliable
species identification. It also provides a rapid, effec-
tive, and validated detection protocol for one-day
analysis of fruits. In the future, we could use the
method described here to detect the existence of the
aforementioned four pathogens in the field in order to
understand the dynamics of their survival and their
importance in disease development.
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