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ABSTRACT 

ood inhabiting fungi oposes a great problem for preservation of wooden 
surfaces everywhere, being the main problem of economic losses of 
wooden products.  

 
A reference collection consisting of 9 different genus constituting of 21 different 
strains of wood-inhabiting fungi was used for identification of unknown species of 
mould and blue stain fungi on wood. The fungus DNA from the samples was isolated 
from malt extract agar. PCR (Polymerase Chain Reaction) was conducted on rDNA 
ITS1 and ITS2 regions for amplification of the DNA. The 21 samples were collected 
to a reference collection for identification of unknown species of fungi on wooden 
field samples using PCR and T-RFLP (Terminal Restriction Fragment Length 
Polymorphism). 

W 

 
PCR-based methods, sequencing and T-RFLP were proven to be simple and 
accurate methods for detection and identification of fungi in their early stage.  
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INTRODUC
ood is an important natural resource, with a high variety of uses. Because of its 
strength per unit weight and its versatility wood is the most frequently used 
material for structures in buildings and furnitures. Wood also serves as the 

industrial raw material for pulp and paper products, but also other products made of 
cellulose such as textiles and cellophane; and in some parts of the world, wood is still 
used as a fuel for heating and cooking (Jasalavich et al. 2000).  

TION        

W 
 
Wood inhabiting fungi can be divided into three groups  

(i) moulds and blue stain fungi 
(ii) soft rot fungi 
(iii) decay fungi (Land et. al. 1985).  

 
The three groups mentioned above differ from each other regarding the way they utilize 
and degrade the wood. This paper will however only cover the mould and the blue stain 
fungi, as well as soft rot. 
 
The moulds cause discoloration on a surface of wood or close beneath it (figure 1). It is 
the conidial spores of the mould fungi that cause discoloration of wood, while the 
mycelia of the fungi often remain colourless (Land et. al. 1985; Chung et. al. 1999). This 
gives an unattractive expression to wooden surfaces everywhere, making protection of 
the wood necessary, thus making discoloration of wood a main cause of economic 
problems (Jasalavich et. al. 2000). 
 
Blue stain is caused by microscopic fungi that usually affect only the sapwood of trees 
(Zulpa et. al. 2003). This microscopic fungi use parts of the sapwood, including simple 
sugars and starches as the source of food (Zulpa et. al. 2003).  
Blue stain fungi tend to cause bluish or greyish discoloration of wood, but they do not 
cause decay; blue stain does not affect the strength of wood. The fungi itself does not 
secrete the blue pigment; it has been explained as an optical phenomenon (Zulpa et. al. 
2003). The dark nature of the hyphae, along with the yellowish surface of the wood, gives 
a blue impression (figure 2) as the dark hyphae penetrates the wood (Land et. al. 1985). 
The blue stain fungi is present in the air, reaching the surface of painted wood, and can, 
as such get attached and start to grow. Most often, the vegetative body of blue stain fungi 
is composed of actively growing hyphae. The hyphaes branch freely on the surface of the 
painted wood, composing a network of hyphae or mycelium. Expansion of mycelium 
occurs due to absorption of water and nutrients (Bardage 1997). This effect on the wood 
can cause heavy economic losses in sawmills. Blue stain can be prevented either by 
quickly drying of the freshly sawn timber in a drying oven, or by dipping the boards in an 
antiseptic solution immediately after they have been sawn, and then piling them openly to 
season in the air (Zulpa et. al. 2003).   
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Soft rot has by Daniel and Nilsson been defined as a form of microbiological degradation 
caused by fungi. The term soft rot was based on the observed nature of the microfungi to 

leave attacked 
wood surfaces very 
soft (Daniel and 
Nilsson). The soft 
rot can occur in 
both wet and dry 
environments, but 
was first identified 
from soft, decayed 
surfaces in contact 
with great moisture 
by Savoy 1954 thus 
it got the name soft 
rot (Blanchette et. 
al. 2004).  

Figure 3. Soft rot as seen in the microscope. Soft rot attacks the cellular wall  
of the wood, creating the distinct drilling-like holes, whoch are very easy to spot  
in the microscope.  
 
Soft rot attacks wood by penetrating the cellular wall, causing an erosion form of attack 
(Daniel and Nilsson). Soft rot is, in the microscope seen as big, dark drilling holes in the 
cellular wall of the wood (figure 3).  
 
It is important to learn the difference between the three types of wood inhibiting fungi, 
moulds, blue stain and soft rot, for optimal protection of the wood. The easiest way to 
distinguish between blue stain and mold is to lightly rub the surface of the wood. Mold, 
which is usually greenish or grayish, can easily be brushed off or smeared, whereas the 
discoloration caused by blue stain is not removable due to its deep penetration. Soft rot, 
on the other hand penetrates the entire structure of the wood, attacking the cellular wall in 
the wooden cell, thus causing a loss of the mass of the wood.  
 
Identification of fungi in „the old days“ has been based on morphology, substrate 
utilization studies, and reproductive structures which required extensive subjectivity and 
expertise. The fruiting bodies of wood decay fungi are commonly absent or difficult to 
detect in cultured specimens, all of which further complicates this method. Further more, 
fungi often show wide range of variability in physiologic characteristics, appearance and 
abilities. Today, thanks to advances in molecular technology and biology, rapid methods 
to identify fungi based on more objective evaluations is being offered (Diehl et. al., 
2004). Microbiological methods such as PCR, sequencing and T-RFLP are today widely 
used for detection and identification of fungi in wood.  
 
For the past decade, PCR based techniques have been used to detect and identify 
pathogenic fungi in plant tissue. In the short time since PCR was invented by Kary 
Mullis, it has revolutionized our approach to molecular biology. Today we can isolate 
any gene from any organism using PCR, and it has become a foundation of genome 
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sequencing projects. However, PCR has certain limitations to it. PCR does not provide 
quantative results, and is very hard to standardise. It is a lot faster than using a 
microscope, but it can be quite time consuming if hundreds of samples have to be 
analysed (Luchi et. al. 2004). T-RFLP is analyzed in a series of steps that combine PCR, 
restriction enzymes and gel electrophoresis (Kitts, C.L., 2001).  
 
In recent years, ribosomal DNA (rDNA) has been compared in numerous fungi – an 
approach which has provided useful information about phylogenetic relationships 
between different fungi. Ribosomal DNA, that codes for RNA subunits of the ribosome 
molecule is in eucaryotic cells a nuclear, multicopy gene family. These multicopy gene 
families are arranged in tandem arrays. The arrays are further divided into units, where 
each unit within an array consists of genes that code for the small and large rRNA 
subunits (18S and 28S). The 5.8S nuclear rDNA gene lies embedded between the two 
genes (18S and 28S), but is separated from these genes by two internal transcribed 
spacers (ITS1 and ITS2). The Interal Transcribed Spacers (ITS) in rDNA are commonly 
used in phylogenetic studies, because the ITS regions evolve much more rapidly than 
other conserved regions of the DNA. The universal primers ITS1F and ITS 4 attach to the 
18S and 28S genes, a stable region of the fungal DNA. Using these primers the ITS1 – 
5.8S rDNA – ITS2 fragments of the DNA can easily be amplified by PCR (Diehl et. al., 
2004). The amplification is carried out by using preserved primers   ITS 1F and ITS 4, 
one of which is fluorescently labeled for detection of fragments (Lord et. al., 2002). ITS 
1F is a specific primer for all fungi, and ITS 4 is a universal primer.  
 
Once amplified, the species of the fungi can be identified by either T-RFLP or 
sequencing (Diehl et. al., 2004), though sequencing can only be performed on clean 
cultures (consisting of one species for sure), whereas T-RFLP can be performed on 
multicultural communities. After amplification, the fragments are digested (cut) with 
various restriction enzymes (in this case) Cfo I and Taq I that have specific recognition 
sites. (Lord et. al., 2002). The fluorescently dyed primers bind to each end of the 
amplified PCR product, thus making the fragments visible (figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. T-RFLP – how it works.  Colored bars represent different fragments. Red spirals indicate 
fluorescent label from the primers ITS 1F and ITS 4. Colored circles and squares indicate different 
restriction enzyme sites for Cfo I and Taq I, and their location in each fragment. The above graphic shows 
the fragments in order on each ITS region. The fragment analysis peaks would look something like the 
graph in figure 5.  
 
The fragments are visualized as peaks of different length, intensity and color, one color 
for each labeled primer (figure 5). The length of the fragment is determined by the 
specific recognition sites for each of the restriction enzymes, giving that the recognition 
sites are different for different species of the fungi. The intensity of the peaks is 
determined by the intensity of the fluorescent dye coming from the primers, which in turn 
is intensified by the occurrence of fragments with exact same length (how many times a 
certain length on a fragment occurs) in the sample.  
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Figure 5. T-RFLP – fragment analysis peaks.  
 
The objective of this paper is to try to detect and identify mould and blue stain fungi on 
wood using PCR-based methods and study the structures and soft rot activity of the fungi 
by microscoping the fungus studied in this project.  
 
MATERIAL 
Fungal material 
Reference collection 
21 different fungal strains (Table 1) from the fungal collection at the Department of 
Wood science were cultivated on 2% (w/v) malt agar extract. 
 
Field samples 
The sample consisted of wood panels exposed outdoors for 60 days before they were 
placed in a greenhouse for accelerated discoloration. The wood panel were 10 different 
wood species or modification (Table 2), two replicates from each wood species or 
modification were analyzed for fungal identification. The sampling was done by scraping 
of the surface of one side of the panel and the scraped material was placed into tubes. The 
tubes were freeze dried at –60 ºC over night.  
 
METHODS 
Reference collection  
DNA extraction  
Fungi (up to 10 mg) were transferred from malt agar extract to 1.5 ml eppendorf tubes 
using sterile equipment, for isolation of fungal DNA. The DNA was isolated according to 
the Automated Genomic DNA isolation-kit (Invitrogen). 
 
PCR analysing  
Each of the field samples was diluted by 1:10 and 1:100 and PCR was preformed with 25 
µl of the field sample and 25µl of the mastermix containing fluorescent-labeled primers. 
The master mix consisted of 210μl H2O, 105μl Buffer 10 x RB, 105μl 2.0mM dNTP 
(Invitrogen), 21μl 10mM Primer 1 (ITS 1F) 21μl 10mM Primer 2 (ITS 4), 31.5μl 25mM 
MgCl2, and 31.5μl 5u/µl Taq-polymerase making a total volume of 525μl, were mixed 
with 25µl of each sample dilutions. The nrDNA ITS region was amplified using two 
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primers, ITS 1F (CTT GGT CAT TTA GAG GAA GTA A), which is specific for the 
fungi, and ITS 4 (CAG GAG ACT TGT ACA CGG TCC AG), which is a universal 
primer. Amplification prior T-RFLP analysis used primers labeled with the fluorescent 
dyes 6-FAM and HEX (Invitrogen). The PCR was preformed on PCR-Techne Progene, 
programmed as illustrated in figure 3.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. PCR-Techne Progene Programme 
 
To confirm a successful PCR amplification, PCR products were applied on 1% agarose 
gel. 3µl DNA – ladder marker was mixed with 2µl of loading buffer, LB and loaded into 
the first and the last well of the gel on each row. 5µl of each sample was mixed with 2µl 
of LB and loaded into the wells. Electrophoreses was performed in 0.5 x TBE buffer in 
90 V for 45 minutes. The gel was developed in etidiumbromide-bath for 15 minutes, 
followed by rinsing in tap water for 10 minutes before viewed and photographed on an 
UV-table.  
 
Purification of the DNA 
Purification of the samples was performed to get rid of all the salts that could interfere 
with the sequencing of the samples. The DNA from the samples that reported a 
successful PCR on the gel was purified using Gene Clean Turbo Kit for PCR products 
according to manufacture instructions before sequencing.  
 
Sequencing 
The PCR-products that were successfully amplified by PCR were sequenced. Sequencing 
was preformed at Rudbeck Laboratory, Uppsala, Sweden. Sequences were manually 
edited and aligned using BioEdit v 5.0.9, and matched with DNA sequences from 
GenBank at NCBI using the expected value in the BLAST search function (Altschul et. 
al., 1997).  
 
Restriction enzyme digestion 
Two enzyme mixes, one containing Taq I and the other one containing Cfo I (recognition 
site according to figure 7) were mixed by adding 4.4μl enzyme, 22μl (buffer E for Taq I 
and buffer B for Cfo I) and 83.6μl water to an eppendorf tube. 5μl of the PCR product 
was mixed with 5μl of each enzyme mix and added to strips, after which the samples 
were mixed on the centrifuge for a few seconds. The samples containing Taq I were 
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incubated for about 4 hours in a 65° C water bath, and the samples containing Cfo I were 
incubated for the same amount of time in a 37° C water bath.    
 
 
 
 
 
 
 

Figure 7. Recognition sites for restriction enzymes Taq I and Cfo I used for T-RFLP analysis. 
 

T- RFLP 
T-RFLP was performed on the restriction enzyme digestion on the PCR product from the 
samples for the reference collection above, allowing the reading of the length of the 
fragment, due to the fluorescently labeled ends being detected (figure 4). The reference 
samples were analyzed at Rudbeck Laboratory, Uppsala, Sweden. The results from the T-
RFLP restriction patterns were analyzed using the computer program TRAMP (Dicki et. 
al. 2002). 
 
Microscoping 
To determine the production of active soft rot in the samples, microscoping was 
conducted on wooden pieces placed inside the petri – dishes with the fungi growing on 
malt-extract agar. In attempt to try and study the structures of the fungi, microscoping 
was conducted on the fungus studied in this project.  
 
Field samples 
DNA extraction  
The field samples were mortled to dust and 600µl 2% CTAB (CetylTrimethylAmmonium 
Bromide) were added. The samples were vortexed thoroughly and incubated at 65 ºC for 
40 minutes. After the incubation, the samples were centrifuged at 13 000 rpm for 10 
minutes, and the upper (liquid) phase were transferred to new tubes, which were 
incubated at 65 ºC for 40 minutes and centrifuged at 13 000 rpm for 10 min. The upper 
phase were transferred to new tubes and 750µl chloroform was added to each tube, 
vortexed and centrifuged for 15 min. The upper liquid phase were put in a new tube and 
750µl ice-cold isopropanol was added to precipitate the DNA. The samples were left in -
20ºC over night and then centrifuged for 30 min. The supernatant was poured out and 
discharged leaving the DNA pellet. The pellet were air dried and solved in dH2O, before 
purification with Gene clean turbo kit for genomic DNA (Biogene) according to the 
manufactors instructions. 
 
PCR analyzing  
Each of the field samples was diluted by 1:10 and 1:100 and PCR was preformed with 15 
µl of the field sample and 15µl of the mastermix containing fluorescent-labeled primers. 
The master mix consisted of 120μl H2O, 60μl Buffer 10 x RB, 60μl 2.0 mM dNTP, 12μl 
10mM Primer 1, ITS 1F (CTT GGT CAT TTA GAG GAA GTA A) 12μl 10mM Primer 
2, ITS 4 (CAG GAG ACT TGT ACA CGG TCC AG), 18μl 25mM MgCl2, and 18μl 
5u/µl Taq-polymerase making a total volume of 300μl. The PCR was performed on PCR-
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Techne Progene with the same programs described in figure 3. Amplification prior T-
RFLP analysis used primers labeled with the fluorescent dyes 6-FAM and HEX 
(Invitrogen).  The PCR amplification were confirmed by electrophoresis on a 1% agarose 
gel, run for 45 min at 90 V in a 0.5 x TBE buffer. The gel was developed in an 
etidiumbromide-bath for 15 minute followed by 10 minute rinsing in tap water. The gel 
was viewed and photographed on a UV-table. 
 
Restriction enzyme digestion 
The digestion with the restriction enzymes was performed the same way as the digestion 
for the samples for the reference collection.  
 
Isopropanol precipitation of enzyme digestion  
Precipitation of the samples was preformed to purify the samples from the salts, and thus 
obtain as clean peaks as possible, and reduce artifacts that could interfere with the 
interpretation of the T-RFLP-profile. To enzyme digestion was added ½ volume of 7.5M 
NH4OAC and 2 volumes isopranol. The samples were incubated at room temperature for 
10 minutes, and then centrifuged for 10 minutes. The liquid phase was carefully removed 
from the tubes using a pipette, leaving the pellet intact. It is crucial that the liquid phase is 
removed as carefully as possible, since the pellet is extremely small. The tubes were then 
washed with 80% ethanol, and spun for another 5 minutes. The top liquid phase was once 
again carefully removed from the tubes using a pipette, leaving the pellet intact. The 
tubes were then air-dried, leaving the pellet at the bottom of the tubes. The DNA was 
resuspended in 20µl TE-buffer.  
 
T-RFLP  
T-RFLP was preformed on the purified restriction digest of the PCR – product from the 
field samples above. The T-RFLP was performed in the same way as the digestion for the 
samples for the reference collection.  
 
RESULT

y comparison of the T-RFLP patterns between the earlier built reference 
collection, combined with T-RFLP patterns from references obtained from earlier 
work at the institution, we were able to identify the fungi in 8 out of 10 different 

kinds of wood, that constitute 20 field samples in total. As table 2 illustrates, most 
degraders were identified as moulds. The species identified were Mucor sp., Hormonema 
dematioides, Cladosporium spaerosperum and Phoma leveilli. 

S 

B 
 
Microscoping preformed on the samples from the reference collection showed 
degradation by soft rot in two out of 19 samples in total. Mycelium, without active soft 
rot was detected in two samples (table 3).  
 
There are no results to display from the study of fungal structure by microscoping.  
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REFERENCE COLLECTION 
 
Table 1. The library of known species of fungi 
Primers used were ITS1F and ITS4, and the analysis was carried out using PCR-Techne Progene. 
T-RFLP profile: peaks obtained with restriction enzymes Taq I and Cfo I. 
 

T-RFLP profile 

 
Taq I 
 

Cfo I N Sample PCR 

ITS 1F 
blue 

ITS 4 
green 

ITS 1F 
blue 

ITS 4 
green 

1 Ceratocystis piceae       
2 Ceratocystis piceae       
3 Ceratocystis piceae       
4 Phoma leveillei  X 260 227 341 118 
5 Phoma herbarium       
6 Phoma eupyrena  X 160 224 321 102 
7 Humicola grisea X 46 46 * 43 
8 Phialophora lignicola       
9 Phialophora hoffmannii  X 272 224 123 254 
10 Phialophora fastigata  X 291 215 104 164 
11 Ceratocystis minor       
12 Ceratocystis minor       
13 Ceratocystis minor       
14 Cladosporium sphaerospermum       
15 Cladosporium herbarum  X 42 41 42 43 
16 Alternaria alternata       
17 Alternaria alternata  X 72 223 321 104 
18 Fusarium oxysporum  X 248 136 329 245 
19 Hypoderma praetesium       
20 Hypoderama praetesium X 331 329 409 308 
21 Rhinocladiella atrovirens  X 40 44 47 44 
X  Successful PCR-product      
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Field samples 
 
Table 2 The identified fungi in the field samples. The identification of fungi in the field samples by 
comparison with known samples using TRAMP program. T-RFLP profile: peaks obtained with restriction 
enzymes Taq I and Cfo I. 
 

T-RFLP profile 

TaModification q I Cfo I Wood 

ITS 1F 
blue 

ITS 4 
green 

ITS 1F 
blue 

ITS 4 
green 

ID Comments 

Larch heartwood none * 115 155 264 Mucor sp. mould 

    * 113 155 263 
Hormonema 
dematioides yeast/mould/blue stain 

Oak heartwood none * *       
    * *       
Beech none 

258 151 338 249 
Cladosporium 
sp. mould 

Linseed oil  
impregnated High retention 283 115 155 264 Mucor sp. mould 

    283 113 155 263 
Hormonema 
dematioides yeast/mould/blue stain 

Linseed oil 
impregnated Low retention 283 115 155 264 Mucor sp. mould 

    283 113 155 263 
Hormonema 
dematioides yeast/mould/blue stain 

Norway spruce thermally 
treated 283 115 155 264 Mucor sp. mould 

    
283 113 155 263 

Hormonema 
dematioides yeast/mould/blue stain 

Scots pine
sapwood  

 thermally 
treated 283 115 155 264 Mucor sp. mould 

    
283 113 155 263 

Hormonema 
dematioides yeast/mould/blue stain 

? 
acetylated 26 
% weight gain 258 151 338 249 

Cladosporium 
sp. mould 

  

  

260 153 * 118 

Cladosporium 
sphaerosperu
m mould 

    

260 227 341 119 
Phoma 
leveilli blue stain 

T-RFLP profile: peaks obtained with restriction enzymes Taq I and Cfo I. 
 

  

* Missing data        
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Microscoping on the samples from the reference collection 
 
Table 3 Microscoping on wood –samples, for determination of activity of soft rot in the fungi from the 
reference collection. The wood used for studying the soft rot was pinewood, placed in the malt extract agar 
with the fungi 06-02-20 – 06-05-02.  
 

N Sample Active soft rot Mycelium 

1 Ceratocystis piceae  X X 
2 Ceratocystis piceae  - - 
3 Ceratocystis piceae  - - 
4 Phoma leveillei  - - 
5 Phoma herbarium  - - 
6 Phoma eupyrena  - - 
7 Humicola grisea - - 
8 Phialophora lignicola  - - 
9 Phialophora hoffmannii  - - 
10 Phialophora fastigata  - - 
11 Ceratocystis minor  - - 
12 Ceratocystis minor  X X 
13 Ceratocystis minor  - - 
14 Cladosporium sphaerospermum  - - 
15 Cladosporium herbarum Finland latex - - 
16 Alternaria alternata  - - 
17 Alternaria alternata  - - 
18 Fusarium oxysporum  - X 
19 Hypoderma praetesium  - X 
20 Hypoderama praetesium * * 
21 Rhinocladiella atrovirens  * * 
*  Missing wood samples due to slowly growing fungus  
 
DISCUS

he T-RFLP profile is quite similar in many of the obtained field samples The field 
samples have identified three types of fungi: yeast, mould, or blue stain. Since two 
of these fungi have similar profiles, it is difficult to say with certainty which one 

of the two fungi is growing on the wood. Further work on these samples, with other 
enzymes with different recognition sites specific for each of the two fungi would provide 
enough information for specific identification. Since the data from the restriction enzyme 
digestion with Taq 1 in the case of Larch heartwood is missing, it is difficult to specify 
the identity of the fungi in the mentioned sample. In the case of Oak heartwood, no        
T-RFLP was obtained, and thus no fungus could be detected, which does not exclude 
presence of wood degrading fungi in the sample. Due to time-limitation of this project 
(only 10 weeks), there was no time for further work on these samples. Additional work 
on these samples, using other restriction enzymes would provide more specific 
information. Successful T-RFLP from the samples was obtained from 8 out of a total of 9 
different genus of fungi.  

SION 

T 
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PCR has, by many experiments conducted in the past, been proven to be a very sensitive 
method for detection of fungi in wood samples (Råberg et. al., 2005). The technique 
offers the potential for rapid and early detection of fungi. Assays are designed according 
to the nature of the experiment. They may be designed to detect a specific fungus or a 
variety of fungi in a single test. By designing probes that are specific for certain species 
or even certain genes, it is possible to detect selective sequences within these genes 
(Chen et. al., 2002).  
 
Sequencing is a very accurate method that provides the best resolution for identification 
of specific nucleotides in parts of, or the entire genome. The method is quite fast and very 
accurate, but requires clean cultures.  
 
T-RFLP is a method that provides a quick and simple way to compare microbial cultures 
communities. Some consideration must however be taken in preparation of the data for 
analysing – the less artefacts, the better results can be obtained. The artefacts are always 
present in the final results of the T-RFLP. These artefacts are very easy to spot though, 
since the artefact peaks have the same length, and occur in every digestion with the 
enzymes in a T-RFLP profile. (The size of the artefact is always the same in a T-RFLP 
profile, but can vary between different T-RFLP profiles, thus being very easy to spot and 
remove from the profile). T-RFLP data is automatically digitized, and is very easy to 
analyse.  
 
This method requires matching of T-RFLP patterns from community DNA to the DNA of 
known fungal species, thus making determination of identify of the fungal DNA in a 
sample possible. For this purpose, a macro in Excel has been developed. An Excel 
spreadsheet with implanted Visual Basic for Applications (VBA) macros has been 
developed and utilized to match unknown samples to the database of known ones. The T-
RFLP analysis matching program or TRAMP is available from the web page of R. T. 
Koide (http://www.cas.psu.edu/docs/casdept/hort/EnvHort/) (Dickie et. al., 2002). T-
RFLP is an excellent method to be used for analyzing complex microbial communities, 
since the individual community members may be identified based on the presence of 
individual peaks in the T-RFLP pattern (Lord et. al., 2002).  T-RFLP is less time-
consuming than sequencing, as it does not require clean cultures for a good performance. 
Nevertheless, sequencing is often used as a complement to T-RFLP, as the specific 
sequences can be used as a reference itself for identifying fragments obtained from T-
RFLP.  
 
In summary, molecular approaches such as PCR and T-RFLP are powerful tools that can 
identify differences in compositions and diversity in microbial communities. Recent work 
has proven molecular approaches to be rapid, sensitive and accurate in detecting wood 
decay communities (McElroy et. al., 2003).  We were able to obtain a specific match with 
the reference collection in 8 of 10 wood species or modification. The number of 
positively matched fungus in our field samples could have been larger if a bigger 
reference collection of fungi had been used.  
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The pieces of pine wood that were exposed to degradation by soft rot for almost 2.5 
months (20-02-2006 – 02-05-2006) showed very poor degradation by softrot. 2.5 months 
does not seem to be enough time for the soft rot to start degrading wood; though this is 
unfortunately all the time we were given. The two samples that indeed were degraded 
(table 3, samples 1 and 12) showed signs of early soft rot, while the samples 18 and 19 
(table 3) only showed presence of mycelium, which is the early development of soft rot. 
As table 3 indicates, it is quite obvious that some species start degrading wood earlier 
than others, perhaps due to different consumption of nourishment. Some species simply 
consume all the nutrients provided from malt extract agar faster, and need other forms of 
nourishment provided from the wood, while other species survive on the nutrients 
provided from the malt extract agar longer.    
 
Had these fungi had more time, they would surely have degraded the wood to a greater 
extent than they have.  
 
The attempt to perform microscopy on the cultures for studying the structures of the 
fungus failed due to the difficulty in preparing the fungus for microscopy. The material 
turned out quite thick, due to the hard nature of the fungus. Even after trying to mash and 
cut up the fungi, and trying to make the fungus soluble in water, the slides were too thick, 
which resulted in a dark mass when seen in microscope. Until PCR was invented, this 
was the only way to identify fungi, so PCR has had a revolutionary affect on 
identification of fungi, among many other fields.  
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