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ABSTRACT
The increased concern over building wood structural damage caused by
wood decay fungi has hastened the need for reliable and accurate identification of the cause, particularly Meruliporia incrassata (Poria incrassata), a waterconducting brown-rot fungus. Without the presence of fruiting bodies
(basidiomata), positive identification of wood decay fungi based on the morphological characteristics of the vegetative structures is impractical and unreliable. In order to provide a rapid and accurate identification, the sequences
of rRNA gene were used to develop genetic amplification and identification
using real time PCR. Three sets of primer pairs and probes were selected and
evaluated for specificity and sensitivity of detection. These primer pairs
amplify only the DNA extracted from a pure culture of M. incrassata but not
Serpula lacrymans, Serpula himantioides, Sistotrema brinkmannii and other wood
decay fungi. In addition, samples collected from different residential buildings tested positive only if they were infested and decayed by M. incrassata but
not by S. lacrymans. The results demonstrate that real time PCR analysis is an
useful method for providing an accurate confirmation of M. incrassatainfested wood and a fast detection system for monitoring, preventing and
controlling wood decay.
INDEX TERMS: PCR, wood decay, Brown Rot, rRNA gene
INTRODUCTION
Merulioporia incrassata (Poria incrassata) is a wood decay fungus occurring on wood,
mainly conifers, and especially on structural timbers of buildings (Lowe, 1966).
Several broadleaf woods are hosts also. Hosts include, Pinus, Pseudotsuga, Quercus,
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Sequoia, Sequoniadendron, Taxodium, Tsuga, Robinia, and Magnolia (Farr et al. 1989).
Meruliporia incrassata causes massive damage on floors and walls away from obvious
sources of moisture. Merulioporia incrassata often occurs in new or remodeled houses and can cause extensive damage within two to three years.
Common water or moisture sources in buildings, which may lead to the development of this fungus, include water leaks and wood in close contact with soil infested by the fungus. One of the reasons for making this fungus very destructive is its
ability to transport water for 50 to more than100 cm through mycelia fans, and
mycelial strands or rhizomorphs, allowing it to transport water from the soil or
other water sources to the wood (Verall 1968).
Merulioporia incrassata may produce a dry rot form of attack as do Serpula lacrymans
and several wood decay fungi. However without the presence of basidiomata, identification of this fungus, based on morphological characteristics, is difficult and
impractical. In indoor environments the basidiomata rarely develop on building
materials. It is therefore necessary to develop a reliable and accurate method to
identify M. incrassata without the presence of its basidiomata for its prevention and
remediation.
The objective of this study is to develop species-specific primer pairs and probes
for rapid and accurate identification of M. incrassata using real time PCR.
METHODS
Cultures and DNA extraction and purification: The culture collections of
brown rot fungi, Meruliporia incrassata (Mad-563), Serpula lacrymans (ATCC-36335)
and Serpula himantioides (RLG-12941) were kindly provided by the forest products
laboratory, United States Department of Agriculture (Madison, WI 53705). Malt
extract agar (2% MEA, pH4.7, Difco laboratories, Detroit, MI, U.S.A.) was used to
maintain and subculture all the isolates of brown-rot fungi and other fungi. All
fungal cultures were incubated at 23°C for 5-10 days.
Mycelial samples from 5 to 10-day-old colonies were harvested with a surgical
scalpel from the surface of pure cultures. Genomic DNAs were released from
mycelia using a glass bead-beating method (Haugland et al. 1999). Briefly, mycelia
were combined in an extraction tube with an internal reference (Geotrichum candidum, UAMH 7863), acid-washed glass beads (G-1277; Sigma, St Louis, MO,
U.S.A.), extraction buffer (lysis buffer - 100 µL and binding buffer - 300 µL; an EluQuik DNA purification kit from Schleicher and Schuell, Keene, NH, U.S.A.) and
were shaken using a beadbeater (Biospec Products, Bartlesville, OK, U.S.A.) at
maxium rate for 1 min. DNAs were recovered and further purified with the
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DNAeasy tissue kit (Qiagen, Inc., Valencia, CA, U.S.A.). The concentration and
purification protocols were performed following manufacturer’s specifications.
Sample process: Two methods were used for removing fungal cells from the
wood/particulate samples. The first was a direct extraction from field samples.
Briefly, the suspicious fungal structures picked off the wood or small pieces of
decayed wood from field samples were added to extraction tubes for DNA extraction and purification as described. Another method was sample pooling. Briefly, a
portion of each wood sample or various pieces of wood were selected and added
to a 15 mL centrifuge tube containing 10 mL of 0.05% Tween solution. Tubes
were vigorously vortexed to release fungal cells from the wood. The supernatant
was collected and washed and the pellet was transferred to an extraction tube for
DNA extraction and purification as described.
A known quantity of Geotrichum candidum was added to the extraction buffer to
serve as an internal reference (IR). By adding an internal reference to the extraction buffer, the overall success of the DNA extraction, DNA recovery and PCR
amplification can be monitored.
Primer design and PCR amplification: Meruliporia incrassata sequences for rRNA
gene, particularly the internal transcribed spacers (ITS) between 18S rRNA gene
and 28S rRNA gene, 18S-ITS1-5.8S-ITS2-28S were obtained from GenBank and
compared against all other sequences available on-line with the Basic Local
Alignment Search Tool algorithm (BLAST, national Center for Biotechnology
Information, National institutes of Health). Primers and probes were designed
using Primer Express Software (Applied Biosystems) and were synthesized by
Integrated DNA Technologies, Inc. Coralville, IA, U.S.A..
The ABI Prism 7000 Sequence Detection System and 5700 SDS (7000 SDS,
5700SDS; Applied Biosystems) were used for PCR analysis. With the use of
Applied Biosystems reagents, the amplification conditions were as follows: 1X
TaqMan master mix (with AmpErase Uracyl N-Glycosylase); 0.02 mg/mL BSA;
1 µM of each primer; 0.8 µM Probe and 5 µL fungal (or tested) DNA template for
a total reaction volume of 25 µL. The thermal cycling conditions, as default program setting, consisted of 2 min at 50°C, 10 min at 95°C, followed by 40 cycles of
15 second at 95°C and 1 min at 60°C. Meruliporia incrassata (Mad-563) DNA was
used for testing the primers and probes of M. incrassata. Serpula lacrymans (ATCC36335) DNA, S. himantioides (RLG-12941) and other fungal species were used to
test the specificity (non-specific cross-amplification) of the primer and probes
designed.
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RESULTS
Selection of sequence-specific PCR primers: Primer and Probe selections were
performed by computing programs and by manual inspection of the aligned
sequences. The sequence of Meruliporia incrassata for the ITS1-5.8S-IT2 was
obtained from GenBank (GenBank accession # AJ419913) and compared against
all other sequences on-line with BLAST. BLAST results revealed a high degree of
sequence identity to other wood decay fungi in 5.8S but not in the sequence of
ITS1 and ITS2 regions. To select the sequence-specific primers and probes for targeting M. incrassata using real time PCR (TaqMan chemistry), the available rRNA
gene sequences of brown rot fungi were selected. The sequences of rRNA genes
of the brown rot fungi, Meruliporia incrassata (Accession # AJ419912, isolateP261:
Accession # AJ419913), Serpula lacrymans (isolateU.S.A.94: Accession # AF335276,
isolate s27: Accession # SLA419910) and S. himantioides (Accession # SHI419911)
were aligned to determine the sequence variations in ITS1 and ITS2. Four high
variable regions were identified for the selection of primers and probes using
Primer Express Software (Applied Biosystems). One set (MI-5) of the primers and
probe was selected from the ITS1 regions with the amplicon of 99-bp (Fig. 1); the
forward primer MI-86-105F (5’-GTGCTGGCCACCTTTATCTTG –3’), reverse
primer MI-165-184R (5’-ATACGTCGGCGTGTGATGAA –3’) and the probe
MI-119-143P (5’-FAM-ACACACACCAGTGCACCTGCCGTAG –TAMRA-3’)
in between. Two sets of primers and probes were obtained from ITS2 variable
regions, MI-3 and MI-6, which produced amplicons of 71-bp and 98-bp respectively. The primers/probes for the MI-3 set are MI-496-514F: 5’-GTGTTGCCTCGGCGTGATA-3’, MI-520-544P: 5’-6FAM-CGTCGTGTCTGGCGTGCAAGTAGGA-TAMRA-3’, MI-548-566R: 5’-GACGGTTGTGGGCAAAAGG3’. Those for the MI-6 set are MI-366-391F: 5’-TGCCTGTTTGAGTGTCATTAAATTCT-3’,
MI-398-423P:
5’-6FAM-CTCCAATTCGTTTTGGACGTGGGCTT-TAMRA-3’, MI-445-463R: 5’-AGCCGACCACACAAGGTCA-3’ (Fig. 1)
Figure 1.
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Illustration of a typical fungal rRNA gene and the positions of the
designated sets of primers/probes for the specific detection of
Meruliporia incrassata using real time PCR (TaqMan assay). The
sequence number shown on the graph was derived from Meruliporia
incrassata (Accession # AJ419912, isolate P261).
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Table 1.

Specificity testing of Wood decay fungi using designated primer
pairs and probes of Meruliporia incrassata.
PCR Results
Organism
MI-3

MI-5

MI-6

Meruliporia incrassata (Mad-563)

+

+

+

Serpula lacrymans (ATCC-36335)

–

–

–

Serpula himantioides (RLG-12941)

–

–

–

Sistotrema brinkmannii (STL-P&K isolate 250)

–

–

–

PCR performance and Primers/probes specificity: To evaluate the specificity
and sensitivity of the primers and probes, MI-3, MI-5 and MI-6 were set up to
amplify DNA extracted from the pure culture of M. incrassata and other wood
decay fungi (Table 1). In conjunction with the fluorogenic nuclease assay and
sequence detector, all three sets were able to amplify DNA extracted from the pure
culture of M. incrassata as evidenced by the detected levels of fluorescence. Under
the same conditions, those sets fail to amplify DNA templates from pure cultures
of other brown rot fungi, S. lacrymans, S. himantioides and other wood decay fungi,
Sistotrema brinkmannii (STL-P&L isolate 250), indicating the target specificity of the
designated primer pairs and probes. Sensitivity of detection was tested with dilutions of M. incrassata DNA in order to select one set for further testing. We found
that MI-3 was slightly more sensitive than MI-5 and MI-6 (data not shown). MI-3
was, therefore, selected for later tests. To determine whether cross amplification
occurs, other fungal species were also examined. There was no PCR product
observed using DNA extracted from those fungal species, which are most commonly found in water-damaged related indoor environments (Table 2).
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Table 2.

Cross-amplification test on common indoor fungi using MI-3 set.
Organism

Acremonium strictum
(ATCC 34717)
Alternaria alternate
(STL-PK isolate)
Aspergillus flavus
(NRRL 16883)
Aspergillus fumigatus
(NRRL 163)
Aspergillus niger
(ATCC 16888)
Aspergillus sydowii
(STL-PK isolate)
Aspergillus ustus
(STL-PK isolate)
Aspergillus versicolor
(STL-PK isolate)
Aspergillus ochraceus
(NRRL 398)

MI-3
–
–
–
–
–
–
–
–
–

Organism
Eurotium amstelodami
(NRRL 90)
Chaetomium globosum
(ATCC 32404)
Cladosporium cladosporioides
(ATCC 16022)
Memnoniella echinata
(UAMH 6594)
Paecilomyces varioti
(ATCC 22319)
Penicillium brevicompactum
(STL-PK isolate)
Penicillium chrysogenum
(STL-PK isolate)
Stachybotrys chartarum
(UAMH 6417)
Trichoderma viride
(UAMH 6280)

MI-3
–
–
–
–
–
–
–
–
–

ATCC, American Type Culture Collection;
UAMH, University of Alberta Microfungus Collection and Herbarium;
NRRL, Northern Regional Research Laboratory,
STL-PK, STL-P&K Microbiology Service Inc.

To apply the PCR analysis to real field samples from environmental sources, we
collected and tested the samples from residential buildings known to be
infested/and decayed by M. incrassata, S. lacrymans or other wood decay fungi. The
results showed that the positive fluorescence detection was only observed on the
PCR reactions in which the DNA templates were extracted from the M. incrassatainfested samples but not from S. lacrymans-infested samples or decayed wood
infested by other fungi (Table 3). The results demonstrate that the primer pairs and
probes used in the study can accurately and specifically identify the presence of M.
incrassata from M. incrassata-infested wood.
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Table 3.

PCR results obtained from field samples

Samples

Identification

PCR Results (MI-3)

Locations

Bulk

Meruliporia incrassata

+

Downey, CA

Bulk

Serpula lacrymans

–

Highland, NC

Bulk

Megacollybia platyphylla

–

Hershey, PA

Bulk

Poria sp.

–

Chesapeake, VA

DISCUSSION
A 1% weight loss of wood resulting from decay can lead to 50% loss in strength
measured as toughness (Richards 1954). Proper diagnosis of early decay and the
causative agents allow for appropriate remedial treatments to arrest decay prior to
loss of structural integrity. Many techniques have been successfully developed for
detecting wood decay and its causative agents. Those techniques include visual and
microscopic examination (Wilcox 1964), culturing of fungi from wood (Nobles
1965), direct chemical staining (Eslyn 1979) and immunological detection (Goodell
et al. 1986, 1988). The culture method is relatively simple, but is tedious and timeconsuming. Advances in immunololgical detection methods held promise for
detecting incipient wood decay, albeit the cross-reactivity of the reaction was noted
(Clausen 1997). PCR is a nucleic acid technique based on amplification of a selected DNA sequence to levels that can be detected instrumentally. It is known to be
very accurate, sensitive and reliable and is now a common practice for genetic identification, in addition to the traditional culture method.
Real time PCR (with the use of a fluorogenic probe), on the other hand, not only
increases the specificity and sensitivity of the detection but also provides a quantitative measurement for the detection. In this study, the designated primer pairs and
probes have proven to be very accurate and specific in detecting the presence of
M. incrassata in wood, indicating that real time PCR analysis is a very useful method
to accurately confirm M. incrassata-infested wood.
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