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Abstract 
 
Wood rot fungi are one of the major degraders in the biosphere that help in 

degrading most of the plant origin polymers like cellulose, hemicellulose and 

lignin. Lignin is the second most abundant aromatic compound found in 

plant cell that holds up cellulose and hemicellulose. There is a lot of 

emphasis that is being put on the fungal degradation of lignin using wood 

and other lignocellulosic as a renewable source in the production of 

chemicals, paper products, feeds and fuels and the use of fungi as one of the 

most potent sources of degrading organisms. In the present study, screening 

for lignin degrading enzymes were done with 132 isolates and the maximum 

enzyme producing strains of 10 wood rot fungi samples were taken for  
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molecular characterization using RAPD molecular markers.Isolation of 

genomic DNA of the 10 wood rot fungi samples was done using phenol-

chloroform method and quantified on agarose gel. The obtained genomic 

DNA was further subjected tocharacterization using RAPD-PCR method 

with 06 random primers OPA2, OPA5, OPA7, OPA8, OPD3 and OPC2. The 

amplified PCR products were analyzed by Agarose Gel Electrophoresis and 

were observed under UV Transilluminator. Analysis of the base pairs of the 

bands was done by Bio-Rad Gel Doc system.A total of 172 fragments were 

generated in the 10 isolates with 6 primers. Dendrogram analyses of the gels 

were done which gave a close relation of each DNA samples. The results 

indicate that some strains were genetically more similar and few diverse. The 

current study shows samples 30, 40, 41, 113 and 124 are genetically closely 

related. 

 

Keywords: Wood rot fungi, PCR, Ligninase enzyme, RAPD, Molecular 

markers. 

 

1 Introduction 
 
 Wood and wood products get decayed, rotten or decomposed every year 

and fungi are one of the most common organisms that are responsible for 

decay of wood [1]. The fungi that grow on wood are called as 

lignicolousfungi that includes Ascomycetes and Basidiomycetes under them. 

Wood rot fungi are one of the major fungal degraders in the biosphere that 

degrade most of the plant origin polymers like cellulose, hemicellulose and 

lignin [2]. Of these, the brown rot fungi decompose wood components like 

cellulose and hemicellulose efficiently but has the limitation to degrade 

lignin while on the other hand, white rot fungi mineralize these plant 

polymers to CO2 completely [3]. Depending on the wood residue left after 

degradation, wood decay is classified into different types such as brown rots, 

white rots, and soft rots. Certain basidiomycetes commonly known as white 

rot fungi completely degrade the woody plant cell wall material [4]. 

These fungi have the ability to degrade, depolymerize and mineralize all 

the cell wall polymers like cellulose, hemicellulose and the recalcitrant 

polymer like lignin which are all commonly associated with forest litter and 

woody debris [5]. These types of degradation generally require very complex 

hydrolytic and extracellular oxidative enzyme systems that have been 

extensively studied in the model white rot fungi such as 

Phanerochaetechrysosporium. White rot causing basidiomycetes fungi are 

very efficient in degrading lignin naturally. 

Molecular techniques are being used extensively for the taxonomic 

and phylogenetic relationship studies among different fungi [6]. By the use 

of DNA based molecular techniques like Random Amplified Polymorphic 

DNA Polymorphism (RAPD), Amplified Fragments length  
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Polymorphism (AFLP), Restriction Fragment Length Polymorphism (RFLP) 

or DNA sequence analysis (nSSU and mtSSU), limitations of identification 

of various wood rot fungi or mushroom strains based on a few morphological 

characters can be overcome. 

The molecular methods listed above in combination with morphological 

methods can make identification of fungal species reliable [7]. The random 

amplified polymorphic DNA (RAPD) is a convenient method in the 

detection of genetic diversity amongst basidiomycetes [8]. This method has 

been particularly successful when applied to check the strains of various wild 

mushrooms with different origins. RAPD have been used to examine 

material from the genera Agaricus, Coprinus and Lentinula [9]. 

Genetic Diversity Characterization of Pleurotus strains by Random 

Amplified Polymorphic DNA Fingerprinting have been performed by 

various workers [10]. Fruiting body observations provide information about 

the fungi on the surface. Inaddition, evolutionary relationships cannot be 

determined accurately through the study of morphology alone [11]. RAPD-

PCR is a cost effective and robust technique which enables researches to 

study the evolutionary relationship of organisms at genetic or molecular 

level. This technique allows todetect genetic variations ranging from a single 

base alteration to a complex chromosomal alteration which eventually plays 

critical role in detection of evolutionary relationships between different 

organisms [12][13].  

In this report, we have concentrated on the molecular characterization 

using RAPD molecular markers for 10 different wood rot fungi samples 

which were collected from Pushpagiri and Brahmagiri hills in Karnataka and 

responsible for ligninase (lignin peroxidase) enzyme production. The study 

was done by using RAPD - PCR techniques with the help of 6 random 

primers OPA2, OPA5, OPA7, OPA8, OPD3 and OPC2[14] followed by a 

dendrogram analysis for determination of their phylogenetic characterization. 

 

2 Materials and Methods 
 

2.1 Isolation of Genomic DNA  
 

Genomic DNA was isolated by phenol-chloroform method. The wood rot 

fungi[15] strains were grown in 60ml sterile Potato Dextrose Broth for 10-14 

days at ambient temperature on shaker (150 rpm). Mycelial mess was filtered 

through Whatman filter paper, blotted dry, taken in porcelain, frozen in -20
o
C 

overnight and crushed to fine powder with the help of porcelain pestle. About 

200mg of finely powdered mycelia was added to 500µl Extraction buffer[16] 

(100mM Tris HCl, 50mM EDTA, 500mM NaCl, 10mM 2-Mercaptoethanol 

pH 8.0) and was mixed well by vigorous vortexing. 70 µl of 20% SDS was 

added along with 3 µl of Proteinase K and mixed thoroughly by vortexing  
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and was incubated at 65
o
C for 10 minutes on a heating block. 170 µl of 5M 

Potassium acetate was added and mixed thoroughly by vortexing and the  

tubes were incubated on ice for 20 minutes. 500 µl of chloroform was added 

to the same tube and mixed thoroughly and centrifuged at 11000 rpm for 10 

minutes at 4
o
C. Supernatant was transferred to a new tube and 500 µl of ice 

cold iso propanol was added slowly from the side of the tube and the 

contents were mixed by gently inverting the tubes and then centrifuged at 

10000 rpm for 10 minutes at 4
o
C.  

Supernatant was discarded and the pellets obtained were washed twice 

with ice cold 70% ethanol and centrifuged at 10000 rpm for 5 minutes[17]. 

After air drying the pellets [18] with no trace of alcohol, the pellets were 

dissolved in Tris EDTA buffer pH 8.0(10mM Tris, 1mM EDTA). The 

obtained DNA was further treated with RNAse enzyme to remove RNA 

contamination. The quality of isolated genomic DNA was determined by 

Agarose Gel electrophoresis. 

 

2.2 RAPD-PCR Amplification  
 

Random Amplification of Polymorphic DNA using PCR method was 

performed for isolated 10 genomic DNA samples with 06 random primers 

such as OPA2 (TGCCGAGCTG), OPC2 (GTGAGGCGTC), OPD3 (GTCG 

CCGTCA),OPA5(AGGGGTCTTG),OPA7 (GAAACGGGTG) and OPA8 

(GTGACGTAGG).PCR was set up for 25 µl of reaction mixture volume as, 

10X buffer(2.5 µl), dNTPs (1.5 µl), primer (1 µl), DNA (2 µl), Taq 

polymerase (2 µl), Nuclease Free Water (16 µl) for each sample.  

The thermal cycle profiles for 45 cycles were as follows, initial 

denaturation at 94
o
C for 5 minutes, denaturation at 94

o
C for 30 seconds, 

annealing at 34
o
C for 30 seconds, extension at 72

o
C for 1 minute and final 

extension at 72
o
C for 5 minutes for primers OPA2, OPC2 and OPD3. On the 

other hand, the thermal cycler profiles for 45 cycles were as follows, initial 

denaturation at 94
o
C for 5 minutes, denaturation at 94

o
C for 40 seconds, 

annealing at 32
o
C for 40 seconds, extension at 72

o
C for 1 minute 20 seconds 

and final extension at 72
o
C for 5 minutes for primers OPA5, OPA7, OPA8. 

 

2.3 Visualization of RAPD-PCR Products by Agarose Gel 
Electrophoresis 
 

PCR products of all 11 primers were separated by 1% Agarose gel, 

stained with Ethidium bromide using 1X Tris Acetate EDTA buffer. 10 µl of 

sample (6 µl of amplified PCR product and 4 µl of tracking dye) was loaded 

into each well with 100bp DNA ladder [19]. Electrophoresis was carried out 

at 80V and was observed under UV Transilluminator. 
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3 Results 
 
3.1 Isolation of Genomic DNA 
 

Genomic DNA of 10 wood rot fungi samples(numbered as 

30,40,41,61,76,86,104,113,123,124) were isolated using phenol-chloroform 

method and were checked for the quality by Agarose Gel Electrophoresis and 

observed under UV Transilluminator as shown in figure 1 upto 76 samples. 

 

 
Figure 1: DNA bands of genomic DNA isolated from wood rot fungi samples 

30, 40, 41, 61 and 76. 

The Remaining samples from 86 to 124 of DNA bands of genomic DNA 

isolated from wood rot fungi are shown in figure 2. 
 

 
Figure 2: DNA bands of genomic DNA isolated from wood rot fungi samples 86, 

104, 113, 123 and 124 

After isolation of the DNA and run in agarose gel electrophoresis for 

separation of the DNA bands based on the molecular weights and 

visualization under UV Transilluminator and photographs taken bey Gel Doc 

as shown in figure 2. 
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3.2 Visualization of RAPD-PCR products by Agarose Gel    
Electrophoresis 
 
 Isolated genomic DNA of 10 wood rot fungi were subjected to PCR 

using RAPD technique with 06 random primers such as OPA2 

(TGCCGAGCTG), OPC2(GTGAGGCGTC),OPD3(GTCGCCGTCA),OPA5 

(AGGGGTCTTG), OPA7(GAAACGGGTG) and OPA8 

(GTGACGTAGG).The PCR products were loaded on Agarose Gel and 

observed under UV Transillumination. 

 

 
Figure 3: Gel Image of PCR amplified fungal DNA with primer OPA 2 

 

 Agarose gel image of PCR amplification of 10 wood rot fungi with 

random primer OPA 2 is shown in figure 3. L represents 100bp DNA Ladder 

followed by 10 DNA samples. Most prominent bands are visible for sample 

40, 41, 76, 86, 113, 123, 124. Samples 30 did not show any bands of 

amplification and DNA samples 61 and 104 showed faint bands. The detailed 

molecular weight of each band and percentage and given below in the figures 

as depicted by the Gel-doc software. 

 
Figure 4: Lane 3 has 3 bands which are 1057.2 bp, 1004 bp and 800 bp respectively. 
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The 2
nd 

band of molecular weight 1004 bp showing in figure 4 greater 

intensity as compared to the other bandsand showing the volume of 314.563 

with band percentage 51.9% and double the Lane percentage of 32.5 % 

compared with other bands. 

 
Figure 5: Lane 4 contains 4 bands which are 1100 bp, 1091.3 bp, 1048.8 bp and 

1004 bp respectively. 

 

The band intensity is higher in the 4
th
 bandhaving highest molecular 

weightwith relativefront of 0.536, volume 83.172 and band percent 45.9 % 

and Lane 26.5 % nearly double of the other bands and is shown in figure 5. 

 
Figure 6: Lane 5 has 1 band of 578.5 bp. 

 

In the above figure 6, band No.1 of 578.5 bp with relative front of 0.640, 

volume 25.317 and band percent 100 % and Lane 19.2 % belongs to the 

Lane-5. 

 
Figure 7: Lane 6 has 4 bands which are 1082.7 bp, 1020.1 bp, 600 bp and 391.2 bp 

respectively and the 3rd band showing high intensity. 
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The 3
rd

 band of the Lane 6 showing in figure 7 is having high intensity 

with relative front of 0.633, volume 249.400 and band percent 80.0 % and 

Lane 63.6 % nearly 6 times higher of the other bands. 

 
Figure 8: Lane 7 has 1 band which is 1032.3 bp. 

 

The 1
st
 band of Lane-7 shown above figure 8 which is 1032.3bp with 

relative front of 0.513, volume 371.780 and band percent 100 % and Lane 

74.7 % 

 
Figure 9: Lane 9 shows 2 bands which are 1100 bp and 1020.1 bp respectively. 

 

The 2nd band among two bands of Lane-9 as shown in figure 9, intensity 

is comparatively higher having molecular weight of 1020.1 bp with relative 

front of 0.523, volume 56.318 and band percent 58.4 % and Lane 21.9 % 

nearly 2 times higher of the other bands . 

 
Figure 10: Lane 10 has 1 band of 611.7 bp 
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The Lane-10 has only one band as shown in figure 10, which is band No.1 of 

611.7 bp with relative front of 0.630, volume 180.786 and band percent 100 

% and Lane 73.6 %. 

 
Figure 11: Lane 11 has 3 bands which are 1100 bp, 870.2 bp and 735.9 bp 

respectively. 

 

The Lane-11 as shown in figure 11, contains three bands out of which 

2nd band having molecular weight of 870.2bp with relative front of 0.565, 

volume 98.426 and band percent 47.6 % and Lane 23.4 % nearly 2 times 

higher of the other bands. 

 
Figure 12: Gel Image of PCR amplified fungal DNA with primer OPA 5. 

 

Agarose gel image of PCR amplification [20] product of 10 wood rot 

fungi with random primer OPA 5 is shown in figure 12. L represents 100bp 

DNA Ladder followed by 10 DNA samples. Sample no, 30, 40, 41, 86, 104, 

113 showed clear bands wherein DNA samples of 61, 76, 123 and 124 did 

not show any amplification. The molecular weight of each band is explained 

in detail below. 
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Figure 13: Lane 2 has 4 bands which are 1100 bp, 941.6 bp, 573.3 and 269.6 bp 

respectively. 

The 2
nd

 band of Lane-2 as shown in figure 13, high intensity having 

molecular weight of 941.6bpwith relative front of 0.597, volume 175.073 and 

band percent 37.0 % and Lane 22.6 % nearly 2 times higher of the other 

bands. 
 

.  
Figure 14: Lane 3 has 4 bands which are 1100 bp, 1100 bp, 1033.4 and 661.8 bp 

respectively.  

 

The 3
rd

 band of Lane-3 shown in figure 14 has greater intensity having 

molecular weight of 1033.4 bp with relative front of 0.558, volume 294.611 

and band percent 44.8 % and Lane 27.1 % nearly two times higher of the 

other bands. 
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Figure 15: Lane 4 has 5 bands which are 1100 bp, 1078.5 bp, 1006.6 bp, 788.2 bp 

and 661.8 bp respectively.  

 

The 4
th 

band of the Lane-4 having molecular weight of 768.2bpwith 

relative front of 0.633 , volume 99.557 is shown in figure15 and band percent 

26.8 % and Lane 10.4 % nearly 3 times higher of the other bands . 

 

 
Figure 16: Lane 7 has 3 bands which are 1100 bp, 1100 bp and 1057.5 bp 

respectively. 

 

The 2
nd

 band of the Lane-7 is of high intensity having molecular weight 

of 1100bp with relative front of 0.486, volume 475.252 and band percent 

88.3 % and Lane 52.2 % nearly 14 times higher of the other three bands as 

shown in figure 16. 
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Figure 17: Lane 8 has 3 bands which are 1100 bp, 1085.6 bp and 1009.9 bp 

respectively. 
The 3

rd 
band among three bands of Lane-8 as shown in figure 17 and is 

clearer and with high intensity having molecular weight of 1009.9bp with 

relative front of 0.578 , volume 552.595 and band percent 88.8 % and Lane 

48.2 % nearly 12 times higher of the other bands. 

 

 
Figure 18: Lane 9 has 4 bands which are 1100 bp, 1100 bp, 1096.4 bp and 1006.6 bp 

respectively.  

 

The 4
th
 band among the four bands of Lane-9 as shown in figure 18 is 

having intensity of highest value having molecular weight of 1006.6bp with 

relative front of 0.581, volume 384.192 and band percent 62.9 % and Lane 

34.7 % nearly 2 times higher of the other bands. 
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Figure 19: Gel Image of PCR amplified fungal DNA with primer OPA 8. 

 

Gel image for PCR amplification product of 10 wood rot fungi with 

random primer OPA 8 is shown in figure 19. L represents 100bp DNA 

Ladder followed by 10 DNA samples. All the samples exhibited good 

amplification and clear bands except for sample no. 61. 

 

 
Figure 20: Lane 2 has 5 bands which are 1100 bp, 1100 bp, 1100 bp, 900 bp and 

721.1 bp respectively.  

 

The Band inensity is higher in 4
th
 band among all five bands of the Lane-

2 as shown in figure 20 and is having molecular weight of 900bp with 

relative front of 0.571, volume 495.610 and band percent 26.0 % and Lane 

17.5 % nearly 2 times higher of the other bands. 

 

Figure 21: Lane 3 has 5 bands which are 1100 bp, 1100 bp, 1080 bp, 1052.7 bp and 

668.4 bp respectively. 
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The 3
rd 

band among five bands of Lane-3 as shown in figure 21 and is 

having molecular weight of 1080bp with relative front of 0.481, volume 

232.174 and band percent 36.9 % and Lane 27.1 % nearly 3 times higher of 

the other bands. 
 

 
Figure 22: Lane 4 has 4 bands which are 1100 bp, 1080 bp, 1018.5 bp and 228.9 bp 

respectively. 

The  3
rd

 band among four bands of the Lane-4 as shown in figure 22 is 

having  greater intensity also the 3
rd

band is having molecular weight of 

1018.5bp with relative front of 0.532 , volume 251.981 and band percent 

45.6 % and Lane 29.1 % nearly 5 times higher of the other bands. 
 

 
Figure 23: Lane 2 has 2 bands which are 1100 bp and 710.5 bp respectively. 

 

The 2
nd 

band of two bands of Lane-2 having molecular weight of 

710.5bpwith relative front of 0.619, volume 116.522 and band percent 84.4 

% and Lane 23.3 % nearly 6 times higher of the other bands is shown in 

figure 23. 
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Figure 24: Lane 7 has 2 bands which are 1100 bp and 1100 bp respectively. 

 

The 2
nd 

band among the two bands of Lane-7 having molecular weight of 

1100bpwith relative front of 0.448 , volume 1151.851 and band percent 80.3 

% and Lane 46.7 % nearly 4 times higher of the other bands is shown in 

figure 24. 

 

 
Figure 25: Figure 25: Lane 8 has 4 bands which are 1100 bp, 1100 bp, 800 bp and 

628.4 bp respectively.  

The 3
rd

 band of Lane 8 shown in figure 25 is most prominent and is 

having molecular weight of 800bpwith relative front of 0.594, volume 

273.267 and band percent 40.7 % and Lane 28.0 % nearly 3 times higher of 

the other bands. 
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Figure 26: Lane 9 has 6 bands which are 1100 bp, 1100 bp, 1100 bp, 1092 bp, 

1052.7 bp and 913.6 bp respectively. 

 

The 2
nd

 band is most clearly visible and shows high intensity as shown in 

figure 26.The 2
nd 

band having molecular weight of 1100bp with relative front 

of 0.387, volume 646.120 and band percent 34.3 % and Lane 22.9 % nearly 2 

times higher of the other bands. 

 
Figure 27: Lane 10 has 2 bands which are 731.9 bp and 377.6 bp 

 respectively. 

The 2
nd 

band of Lane 10 as shown in figure 27 having molecular weight 

of 377.6bpwith relative front of 0.739 , volume 88.826  and band percent 

36.2 % and Lane 21.8 % nearly 2 times higher of the other bands. 

 
Figure 28: Lane 11 has 3 bands which are 1092 bp, 1045 bp, and 941.6 bp 

respectively. 
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The most prominent band is band 3 as shown in figure 28, the 3
rd 

band is 

having molecular weight of 941.6bp with relative front of 0.561, volume 

413.656 and band percent 74.3 % and Lane 49.8 % nearly 3 times higher of 

the other bands. 
  

 
Figure 29: Gel Image of PCR amplified fungal DNA with primer OPA 7, Gel image 

of PCR amplification product of 10 wood rot fungi with random primer OPA 7. 

 

The L represents 100bp DNA Ladder followed by 10 DNA samples. 

Only samples 30, 40, 41 76, 86,104, 113, 123 and 124 showed amplification 

where in sample 61 did not show any amplification as shown in above figure 

29. Banding pattern for each lane explained in the figure below. 

 

 
Figure 30: Lane 1 has 3 bands which are 1100 bp, 1100 bp and 1100 bp 

respectively. 

 

The 3
rd 

band having molecular weight of 1100bp with relative front of 

0.439, volume 141.317 and band percent 47.9 % and Lane 25.8 % nearly 3 

times higher of the other bands as shown in figure 30. 
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Figure 31: Lane 2 has 2 bands which are 1041.1 bp and 525.5 bp respectively.  

 

The 1
st
 band is most prominent as shown in figure 31, 1

st 
band is having 

molecular weight of 1041bp with relative front of 0.489 , volume 1388.549 

and band percent 87.4 % and Lane 66.8 % nearly 6 times higher of the other 

bands. 
 

 
Figure 32: Lane 3 has 3 bands which are 1100 bp, 1037.3 bp and 827.4 bp 

respectively. 

 

The 3
rd

 band of Lane 3 as shown in figure 32 shows greater band 

intensity, the 3
rd 

band is having molecular weight of 827bp with relative front 

of 0.561, volume 812.725 and band percent 72.3 % and Lane 52.9 % nearly 4 

times higher of the other bands. 
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Figure 33: Lane 5 has 1 band which is 970.3bp  

 

The Lane-5 has only one band as shown in figure 33 and this band is 

having molecular weight of 970.3bp with relative front of 0.530, volume 

284.867 and band percent 100 % and Lane 24.4 %. 
 

 
Figure 34: Lane 6 has 4 bands which are 1100 bp, 1100 bp 710.5 bp and 580.4 bp 

respectively. 

The 2
nd 

band of Lane-6 is shown in figure 34 and is having molecular 

weight of 1100bp with relative front of 0.427, volume 362.181 and band 

percent 68.3 % and Lane 50.7 % nearly 10 times higher of the other bands. 
 

 
Figure 35: Lane 7 has 4 bands which are 1100 bp, 1014.8 bp, 800 bp and 648.1 bp 

respectively. 
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The 4
th
 band of Lane-7 shown in figure 35 and it has high intensity. The 

4
th
 band is having molecular weight of 648.1bpwith relative front of 0.611, 

volume 703.946 and band percent 61.7 % and Lane 50.0 % nearly 10 times 

higher of the other bands. 

 

 

 

 
Figure 36: Lane 8 has 3 bands which are 1100 bp, 1100 bp and 632.2 bp 

respectively 

The 3
rd

 band is clearer and shows high intensitythe as shown in figure 36, 

3
rd 

band having molecular weight of 638.2bp with relative front of 0.614, 

volume 482.183 and band percent 69.3 % and Lane 52.7 % nearly 4 times 

higher of the other bands. 
 

 

  
Figure 37: Lane 9 has 3 bands which are 1100 bp, 1100 bp and 1011.1 bp 

respectively. 

 

The 3
rd 

band of the Lane-9 shown in figure 37 is having molecular 

weight of 1011bpwith relative front of 0.514 , volume 350.175 and band 

percent 84.2 % and Lane 37.2 % nearly 7 times higher of the other bands. 
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   Figure 38: Lane 10 has 2 bands which are 580.4 bp and 407.5 bp respectively.  

 

The intensity of 1
st
 band of Lane-10 shown in figure 38 is higher and is 

having molecular weight of 580bpwith relative front of 0.63, volume 561.208 

and band percent 92.5 % and Lane 64.0 % nearly 12 times higher of the other 

bands. 

 

 
Figure 39: Gel Image of PCR amplified fungal DNA with primer OPC 2. Gel image 

for PCR amplification product of 10 wood rot fungi with random primer OPC 2. 

 

The L in figure 39 represents 100bp DNA Ladder followed by 10 DNA 

samples. All the 10 fungal DNA samples showed prominent DNA bands 

with the primer OPC 2. Sample 40 and 41 exhibited maximum bands 

wherein 76, 86, and 61 the least number.  
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Figure 40: Lane 2 has 5 bands which are 1065.6 bp, 1019.2 bp, 810.5 bp, 531.3 and 

454.4 bp respectively. 

 

The 4
th 

band of Lane 2 as shown in figure 40 having molecular weight of 

531bp with relative front of 0.710, volume 165.967 and band percent 28.2 % 

and Lane 17/.1 % nearly 3 times higher of the other bands. 
 

 
Figure 41: Lane 3 has 7 bands which are 1100 bp, 1035.6 bp, 1003.2 bp, 800 bp, 

710.5 bp, 582 bp and 440.1 bp respectively. 

 

The 2
nd 

band of the Lane-3 as shown in figure 41 is having molecular 

weight of 1035.6bpwith relative front of 0.551, volume 158.224 and band 

percent 31.5 % and Lane 18.3 % nearly 10 times higher of the other bands. 
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Figure 42: Lane 4 has 6 bands which are 1100 bp, 1029 bp, 985.1 bp, 753.9 bp, 

652.6 bp and 461.7 bp respectively.  

 

The 5
th 

band of Lane 4 as shown in figure 42 is having molecular weight 

of 652.6bp with relative front of 0.670, volume 365.487 and band percent 

39.6 % and Lane 29.8 % nearly 16 times higher of the other bands.   
 

 
Figure 43: Lane 5 has 1 band which is 671.2 bp. 

 

The Lane 5 have only one band that is band No.1 as shown in figure 43 

and is having molecular weight of 671.2bpwith relative front of 0.664 , 

volume 526.446  and band percent 100 % and Lane 48.0 % 
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Figure 44: Lane 6 has 2 bands which are 1100 bp and 985.1 bp respectively. 

 

The 2
nd 

band of Lane 6 as shown in figure 44 is having molecular weight 

of 985.1bp with relative front of 0.586, volume 448.601 and band percent 

96.1 % and Lane 54.0 % nearly 22 times higher of the other bands.  

 

 
Figure 45: Lane 7 has 3 bands which are 1100 bp, 800 bp and 547.7 bp 

respectively. 

 

The 2
nd 

band of Lane 7 as shown in figure 45 is having molecular weight 

of 800bp with relative front of 0.629, volume 812.928 and band percent 73.1 

% and Lane 54.4 % nearly 5 times higher of the other bands. 



                                                                                                                  
 

 

 

 

Optimization of Biofuel Production by Molecular Characterization of Ligninase 

Enzyme Isolated from Wood Rot Fungi in Pushpagiri and Brahmagiri Hills in 

Karnataka by Using RAPD Molecular Markers 2584 

 

 
Figure 46: Lane 8 has 6 bands which are 1100 bp, 1100 bp, 1009.6 bp, 671.2 bp, 

582 bp and 476.7 bp respectively. 

 

The 6
th 

band of Lane 8 is shown in figure 46 is having molecular weight 

of 476.7bp with relative front of 0.730, ,volume 158.804 and band percent 

41.0 % and Lane 23.3 % nearly 8 times higher of the other bands.  
 

 
Figure 47: Lane 9 has 4 bands which are 1072.4 bp, 843 bp, 608.5 bp and 484.3 bp 

respectively. 

 

The 2
nd 

band of Lane 9 as shown in figure 47 is having molecular weight 

of 843bp with relative front of 0.617, volume 169.853 and band percent 35.0 

% and Lane 20.0 % nearly 2 times higher of the other bands. 
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Figure 48: Lane 10 has 3 bands which are 1045.5 bp, 955.8 bp and 608.5 bp 

respectively. 

 

The 2
nd

 band of Lane 10 as shown in figure 48 has higher intensity and is 

a prominent band, the 2
nd 

band having molecular weight of 955.8bpwith 

relative front of 0.591, volume 659.431 and band percent 69.1 % and Lane 

39.8 % nearly 7 times higher of the other bands. 

 
Figure 49: Lane 11 has 7 bands which are 1100 bp, 1082.7 bp, 1000 bp, 900 bp, 

710.5 bp, 634.6 bp and 222.5bp respectively. 

 

The 5
th
 band of Lane 11 is shown in figure 49 and is most clear and 

shows higher intensity. The 5
th
band having molecular weight of 710bp with 

relative front of 0.652 , volume 325.351 and band percent 41.6 % and Lane 

30.4 % nearly 9 times higher of the other bands. 
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Figure 50: Gel image for PCR amplification products of 10 wood rot fungi with 

random primer OPD 3. 

 

The L represents 100bp DNA Ladder followed by 10 DNA samples 

shown in figure 50. The sample 61 shows no bands whereas sample 123 

show very low intensity bands. The DNA were isolated and amplified by 

PCR with the random primer OPD 3 and run in agarose gel electrophoresis 

for separation of the DNA bands based on the molecular weights and 

visualization under UV Transilluminator and photographs taken bey Gel 

Doc.  

 
Figure 51: Lane 1 has 3 bands which are 1100 bp, 1075.1 bp and 620.9 bp 

respectively. 

 

The 2
nd 

band of Lane 1 as shown in figure 51 is having molecular weight 

of 1075.1bpwith relative front of 0.500, volume 376.362 and band percent 

59.0 % and Lane 40.2 % nearly 3 times higher of the other bands. 
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Figure 52: Lane 2 has 5 bands which are 1100 bp, 1100 bp, 1071 bp, 1023.1 bp and 

700 bp respectively. 

 

The 2
nd 

band of Lane 2 as shown in figure 52 is having molecular weight 

of 1100bpwith relative front of 0.437, volume 294.466 and band percent 65.6 

% and Lane 51.7 % nearly 6 times higher of the other bands. 
 

 
Figure 53: Lane 3 has 5 bands which are 1100 bp, 1100 bp, 1100 bp, 1079.2 bp and 

1031 bp respectively. 

 

The 4
th
 band of Lane 3 is shown in figure 53 is having molecular weight 

of 1079.2bp with relative front of 0.497 , volume 64.757 and band percent 

38.0 % and Lane 18.2 % nearly 3 times higher of the other bands. 
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Figure 54: Lane 5 has 1 band which is 610.4 b p. 

 

The Lane 5 has only one band as shown in figure 54 is having molecular 

weight of 610bpwith relative front of 0.654, volume 167.736 and band 

percent 100 % and Lane 79.3 %. 
 

 
Figure 55: Lane 6 has 4 bands which are 1100 bp, 1100 bp, 1019.2 bp and 855.7 bp 

respectively.  

 

The 1
st
 and 2

nd
 bands of Lane 6 are showing high intensity as shown in 

figure 55. The 1
st
 band having molecular weight of 1100.0bp with relative 

front of 0.425, volume 229.506 and band percent 31.7 % and Lane 29.3 % 

nearly 2 times higher of the other bands. 
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Figure 56: Lane 7 has 3 bands which are 1100 bp, 1050.8 bp and 516.9 bp 

respectively. 
The 1

st
 band of Lane 7 is shown in figure 56 and is having molecular 

weight of 1100bp with relative front of 0.481, volume 146.624 and band 

percent 48.2 % and Lane 30.7 % nearly 3 times higher of the other bands. 

 
Figure 57: Lane 8 has 3 bands which are 1100 bp, 1100 bp and 688.1 bp 

respectively.  

Band No.1 of Lane 8 as shown in figure 57 is most clear and shows high 

intensity. The  1
st
band having molecular weight of 1100bpwith relative front 

of 0.399 , volume 274.514 and band percent 60.5 % and Lane 46.0 % nearly 

3 times higher of the other bands. 

 
Figure 58: Lane 9 has 1 band which is 760.9 bp. The intensity of band is very less. 
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The intensity of band of Lane 9 as shown in figure 58 is very less the 

band having molecular weight of 760.9bp with relative front of 0.613, 

volume 77430 and band percent 100 % and Lane 51.3 %. 

 
Figure 59: Lane 10 has 5 bands which are 1100 bp, 1100 bp, 1100 bp 1019.2 bp and 

800 bp respectively.  

 

The 4
th
 band of Lane 10 as shown in figure 59 is most prominent, the 4

th
 

band is having molecular weight of 1019.2bpwith relative front of 0.544 , 

volume 313.519 and band percent 33.1 % and Lane 28.9 % nearly 3 times 

higher of the other bands. 

 

3.3 Dendrogram Analysis 
 

Dendrogram analysis was carried out using dendrogram analysis tool 

PyElph 1.4 and the results interpreted as follows. 

 

 
Figure 60: Dendrogram analysis for DNA samples 40, 41, 76, 86, 113, 123 and 124 

with primer OPA 2. 
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The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 40, 41, 76, 86, 113, 123 and 124 with primer 

OPA 2 in figure 60. 

 
Figure 61: Dendrogram analysis for DNA samples 30, 40, 41, 86, 104 and113 with 

primer OPA 5. 

The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 30, 40, 41, 86, 104 and113 with primer OPA 5 

shown in figure 61. 

 
Figure 62: Dendrogram analysis for DNA samples 30, 40, 41, 86, 104, 113 and 124 

with primer OPA 8. 

The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 30, 40, 41, 86, 104, 113 and 124 with primer 

OPA 8 shown in figure 62. 
 

 
Figure 63: Dendrogram analysis for DNA samples 30, 40, 41, 76, 86, 104, 113, 123 

and 124 with primer OPA 7. 
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The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 30, 40, 41, 76, 86, 104, 113, 123 and 124 with 

primer OPA 7 shown in figure 63. 

 
Figure 64: Dendrogram analysis for DNA samples 30, 40, 41, 61, 76, 86, 104, 113, 

123 and 124 with primer OPC 2.   

 

The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 30, 40, 41, 61, 76, 86, 104, 113, 123 and 124 

with primer OPC 2 shown in figure 64. 

 
Figure 65: Dendrogram analysis for DNA samples 30, 40, 41, 61, 76, 86, 104, 113, 

123 and 124 with primer OPD 3. 

 

The Dendrogram analysis was carried out using dendrogram analysis 

tool PyElph for DNA samples 30, 40, 41, 61, 76, 86, 104, 113, 123 and 124 

with primer OPD 3 shown in figure 65. 

 The different patterns of polymorphisms are noted with corresponding total 

number of band as shown in Table 1.  

 
Table 1: 6 PCR primers and respective number of bands 

Pattern of 

polymorphism 

OPA2 OPA5 OPA8 OPA7 OPC2 OPD3 

Total No. of 

bands 

19 21 33 25 44 30 
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Genetic variability among 10 isolates of wood root fungi was carried out 

using RAPD-PCR technique. All the primers produced clear bands varying in 

numbers for different samples with primer OPA2 showing amplicons for 

samples 40, 41, 76, 86, 113, 123 and 124. Primer OPA5 showed 

amplification for samples 30, 40, 41, 86, 104 and 113, with primer OPA8 

showing amplification for samples 30, 40, 41, 86, 104, 113 and 124.Primer 

OPA7 exhibited amplicons for samples 30, 40, 41, 76, 86, 104, 113, 123 and 

124.Primer OPC2 for samples 30, 40, 41, 61, 76, 86, 104, 113, 123 and 124 

and primer OPD3 for samples 30, 40, 41, 86, 104, 113 and 124. A total of172 

fragment was generated in 10 isolates with 6 primers. 

Dendrogram representing the genetic relationship among the isolates 

based on the amplification potential and reproducibility of 06 RAPD primers 

is represented as follows on performing dendrogram analysis of the gel, 

samples 41 and 40 are closely related while 113 and 86 are closely related 

when subjected to primer OPA2, samples 113 and 41 are closely related with  

primer OPA5, samples 124 and 113 are closely related while samples 41 and 

40 are closely related to each other with primer OPA8, samples 124 and 40 

are closely related &samples 113 and 30 are closely related while samples 

104 and 41 are closely related with primer OPA7, samples 104 and 41 & 113 

and 30 are closely related with primer OPC2, samples 124 and 40,while 86  

and 41 and 104 and 30 are closely related with primer OPD3. The above 

results indicate that some strains were genetically more similar and few 

diverse. The current study shows samples 30, 40, 41, 113 and 124 are 

genetically similar. 

 

4 Conclusions 
 

The present study was aimed at determine the genetic diversity using 

RAPD technique amongst the wood rot fungi isolated from the western Ghats 

of Karnataka to study its Ligninase activity. RAPD-PCR technique is a 

useful tool for differentiating between species and complementary to 

methods based upon morphological and pathological characteristics. The 

genomic DNA was isolated and then analyzed further by RAPD-PCR 

method, wherein the 10 DNA samples were subjected to 6 random primers 

OPA2, OPC2, OPD3, OPA5, OPA7 and OPA8. The amplified DNA 

products were observed and analysis of base pairs of the bands was done by 

Bio-Rad Gel Doc system software. Dendrogram analysis of the gels was also 

done which gave a close relation of each DNA sample in order to assess the 

phylogenetic relationship among them. In the present study, and data given 

by RAPD analysis, comparisons of two different or same members were 

done. 

 

 



                                                                                                                  
 

 

 

 

 
Optimization of Biofuel Production by Molecular Characterization of Ligninase 

Enzyme Isolated from Wood Rot Fungi in Pushpagiri and Brahmagiri Hills in 

Karnataka by Using RAPD Molecular Markers 2594 

 

References 
 

[1]Seweta Srivastava, Ravindra Kumar, Vinit Pratap Singh, “Wood Decaying 

Fungi” Lambert Academic Publishing, pp.1-66, 2013. 

[2]D.Souza, T.M., K. Boominathan, and C.A. Reddy, “Isolation of laccase 

gene-specific sequences from white rot and brown rot fungi by PCR”, 

Applied and Environmental Microbiology, Vol. 62, no.10, pp. 3739-

3744, 1996. 

[3]Kirk T.K. and R.L. Farrell, “Enzymatic „Combustion‟: The microbial 

degradation of lignin”, Annual Review of Microbiology, Vol. 41, pp.  

465-505, 1987. 

[4]Eriksson, Karl-Erik L., Blanchette, Robert, Ander, Paul, “Microbial and 

enzymatic degradation of wood and wood components”, Springer-Series 

in wood science, Springer-Verlag Berlin Heidelberg, pp.1-87, 1990. 

[5]Amber Vanden Wymelenberg, Jill Gaskell, Michael Mozuch, Sandra 

Splinter BonDurant, Grzegorz Sabat, John Ralph, Oleksandr Skyba, 

Shawn D. Mansfield, Robert A. Blanchette, Igor V. Grigoriev, Philip J. 

Kersten, Dan Cullen, “Significant Alteration of Gene Expression in 

Wood Decay Fungi Postia placenta and Phanerochaete chrysosporium by 

Plant Species”, Applied and Enviromental Microbiology, Vol. 77, no.13, 

pp. 4499-4507, 2011. 

[6]Paul J. Zambino and Les J. Szabo, “Phylogenetic relationships of selected 

cereal and grass rusts based on rDNA sequence analysis”, Mycologia, 

Vol. 85, no.3, pp. 401-414, 1993. 

[7]R S Khush, E Becker, M Wach, “DNA amplification polymorphisms of 

cultivated mushroom Agaricusbisporus”, Applied Environmental 

Microbiology, Vol. 58, no.9, pp. 2971-2977, 1992. 

[8]D.Moore & S.W.Chiu, “Fungal products as food”, Bioexploitation of 

filamentous fungi, Fungal Diversity Research Series 6, Springer Nature, 

pp. 223–251, 2001. 

[9]M.K. Yadav, Ram Chandra , H.B. Singh , S.K.Yadav, S.K.Yadav , 

Sushreeta Naik and P.K. Dhakad, “Genetic Diversity Characterization of 

Pleurotus strains by Random Amplified Polymorphic DNA 

Fingerprinting”, International Journal of Current Microbiology and 

Applied Sciences, Vol. 6, no.5, pp. 1260-1267, 2017. 

[10]Ben Hassine Ben Ali M and Garrett Kluthe B, “Reliable protocols for 

DNA extraction from freeze-dried macrofungal samples used in 

molecular macrofungal systematics studies”, Current Research in 

Environmental & Applied Mycology, Vol. 6, no. 1, pp. 45-50, 2016. 

[11]M.A. Mahmoud , S.A. Al-Sohaibani , A.M.M. Abdelbacki , M.R. Al-

Othman , A.R.M. Abd El- Aziz , K.K. Kasem , M.S. Mikhail , K.K. 

Sabet, M.R. Omar and E.M. Hussein, “Molecular characterization of the 

pathogenic plant fungus Rhizoctoniasolani (Ceratobasidiaceae) isolated  



                                                                                                                  
 

 

 

 

 

 

 
2595 Santanu Das et.al 

 

from Egypt based on protein and PCR-RAPD profiles”, Genetics and 

Molecular Research, Vol. 11, no.4, pp. 3585-3600, 2012. 

[12]Sandile Ncanana,  Lara Baratto,  Lucia Roncaglia,  Sergio Riva,  

Stephanie G Burton, “Laccase-Mediated Oxidation of Totarol”, 

Advanced Synthesis and Catalysis, Vol.349, no.8-9, pp.1507-1513, 2007. 

 [13]R.Pilz, E.Hammer, F.Schauer, U.Kragl,”Laccase-catalyzed synthesis of 

coupling products of phenolic substrates in different reactors”, Applied 

Microbiology and Biotechnology, Vol.60, pp.708-712, 2003. 

[14]Tomer M Salame, Doriv Knop, Dana Tal, Dana Levinson, Oded Yarden, 

Yitzhak Hadar, “Predominance of a versatile-peroxidase-encoding gene, 

mnp4, as demonstrated by gene replacement via a gene targeting system 

for Pleurotusostreatus”, Applied and Environmental Microbiology 

Vol.78, no.15, pp.5341-5352, 2012. 

[15]George Songulashvili, Sigrid Flahaut, Marc Demarez, Catherine Tricot, 

Cedric Bauvois, Frederic Debaste, Michel J. Penninckx, “High yield 

production in seven days of Coriolopsisgallica 1184 laccase at 50 L 

scale:enzyme purification and molecular characteri-zation”, Fungal 

Biology, Vol.120, no.4, pp.481–488, 2016. 

[16]Mirjana Stajic, Limor Persky , Dana Friesem , Yitzhak Hadar , Solomon 

P. Wasser , Eviatar Nevo , Jelena Vukojevic ,“Effect of different carbon 

and nitrogen sources on laccase and peroxidases production by selected 

Pleurotus species“, Enzyme and Microbial Technology, Vol. 38, no. 1–2, 

pp.65-73, 2006. 

[17]Subramaniyam Ravichandran, Vimala R, “Solid and submerged 

fermentation for the production of bioactive substances: A comparative 

study”, International Journal of Science and Nature, Vol.3, no.3, pp. 480-

486, 2012. 

[18]Silas Granato Villas Boas, Elisa Esposito, David Alexander Mitchell,” 

Microbial conversion of lignocellulosic residues for production of animal 

feeds”, Animal Feed Science and Technology, Vol. 98, no. 1–2, pp. 1-12, 

2002. 

[19]K Harazono, R Kondo, K Sakai, “Bleaching of Hardwood Kraft Pulp 

With Manganese Peroxidase From Phanerochaete Sordida YK-624 

Without Addition of MnSO(inf4)”, Applied and Environmental 

Microbiology, Vol.62, no.3 pp.913-7, 1996.  

[20]Tzafrir Grinhut, Tomer Meir Salame, Yona Chen, Yitzhak Hadar, 

“Involvement of Ligninolytic Enzymes and Fenton-like Reaction in 

Humic Acid Degradation by Trametes Sp”, Applied Microbial and Cell 

Physiology, Vol.91, pp.1131-1140, 2011. 

 
 
 



                                                                                                                  
 

 
 
 

 
Optimization of Biofuel Production by Molecular Characterization of Ligninase 

Enzyme Isolated from Wood Rot Fungi in Pushpagiri and Brahmagiri Hills in 

Karnataka by Using RAPD Molecular Markers 2596 

 
Biographies 
 

 
Santanu Das, working as Asst. Professor in Department of Biotechnology, 

Seshadripuram First Grade College, Bangalore, India. He is working since 

2003 and has research interest in HIV (AIDS), Immunology, Antimicrobial 

Plants and Environmental Biotechnology. He has published few papers and 

organized as well as attended many Conferences and Workshops. 

 

 
B. D Ranjitha kumari, UGC - BSR Faculty Fellow and Professor, 

Department of Botany, Bharathidasan University, Tiruchirappalli, 

Tamil Nadu, India. She worked as scientist (Plant Physiology) Spices Board 

(Ministry of Commerce) Govt. of India, Myladumpara, Kerala. Her area of 

research interest is Plant Stress Physiology andBiochemistry, Plant Tissue 

Culture, Plant GeneticTransformation, Nanotechnology in Medicinal and 

CropPlants. She has guided 18 Ph.D. and 6 Ph.D ongoing research Scholars 

and has 89 Publications with 1,583Citations.  

 

 
T.Senthil Kumar, Professor, Department of Botany, Bharathidasan 

University, Tiruchirappalli, Tamil Nadu, India.His area of research interest 

Floristic Studies, Ethno botany, Plant Conservation, Plant Tissue Culture 

&Phytochemistry. He has guided 7 Ph.D. and 3Ph.D ongoing research 

Scholars .and has 35 Publications with 487 Citations. 

 

 



                                                                                                                  
 

 

 

 

 

 

 
2597 Santanu Das et.al 

 

 
K. M. Harinikumar, Professor, M.Sc. (Agri.), Ph. D. Department of 

Biotechnology, University of Agricultural Sciences, GKVK, Bangalore, 

India.Has research interest in Bio-fuel, Bio-fertilizer, Molecular Marker, 

Microbial diversity, Organic Farming and Interrogation of pest and disease 

resistance gene in Rice. He has guided many Ph. D. and Research Scholars. 

 

 
Anita Sellstedt, Department of Plant Physiology, Umea° Plant Science 

Center, Umea° University, S-90187 Umea° , Sweden. Her research interest is 

in alternative energy, from a biological perspective, 81Publications with 

2,017Citations. 

  


