
 

Acta Horti Bot. Bucurest. 2017, 44: 101-109 

DOI: 10.1515/ahbb-2017-0006 

 

 

OPTIMIZATION OF PCR-ISSR TECHNOLOGY FOR THE GENETIC 

ANALYSIS OF THE BASIDIOMYCOTA SPECIES 

 

DUŢĂ-CORNESCU Georgiana1*, NĂSTASE Adrian2, POJOGA Daniela Maria1, 

CONSTANTIN Nicoleta1, NEGULICI Marius Eduard3, SIMON-GRUIŢĂ Alexandra1  

 
Abstract: The present study has tested the efficiency of PCR-ISSR technique for the 
taxonomic identification, the quantification of the genetic diversity and the reconstruction 
of phylogenetic relationships in Phellinus igniarius (Hymenochaetaceae Family, 
Basidiomycetes). P. igniarius is used in the traditional medicine for anti-inflammatory, 

antitumoral and immunostimulating effects. The PCR-ISSR is one of the simplest and 
widely used methods based on DNA markers, since the ISSR markers are dominant, 
stable and reproducible. The application of this technique to superior mushrooms is a 
novelty, so that, each step (DNA extraction, PCR amplification with ISSR primers) 
involved testing, selection and optimization of the working protocols. The validation of 
the ISSR-PCR efficiency implied the interpretation of the molecular data assisted by 
specialized software in order to clarify some aspects not elucidated by classical 
morphological, biochemical and physiological methods. 
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Introduction  

Fungi are one of the major eukaryotic groups, having important role in 

decomposition and nutrient cycling. They are obligate mutualistic symbionts with 

plants, algae, and cyanobacteria (Gadd 2013) and are used in pharmacology, 

biotechnologies and industrial fermentation (Lane et al. 2012). The phylum 

Basidiomycota is the second largest of the Fungi kingdom and comprises approximately 

30% of all described fungal species (112 families, 1037 genus and 20391 species) 

(Tănase & Șesan 2006, Hibbett 2014). This phylum includes primarily macroscopic 

fungi, some of them being wood-decaying fungi (Floudas et al. 2012) that have a 

woody consistency and a sessile fruiting body with various shapes (spherical, hoof, fan, 

etc.)  (Tănase & Șesan 2004). 
One of the most important species from this phylum is the medicinal fungi 

Phellinus igniarius (L.) Quél (Hymenochaetaceae Family), known as willow 
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bracket or fire sponge. The various compounds extracted from the fruiting body of this 

fungi exhibits anti–tumor (Zhou et al. 2014, Ding et al. 2016) and anti-viral activity 

(Kim et al. 2016). This fungus is also used in the traditional medicine due to its high 

content in secondary metabolites (like polyphenols, and triterpenoids) as an anti-

inflammatory and immune-simulative agent (Dai et al. 2010, Yang et al. 2006). 

The use of the molecular techniques in the study of macromycetes is at the 

beginning, both at national and international level. It is well known that DNA markers 

are useful in basic (e.g. phylogenetic analysis and search for useful genes) and applied 

researches (e.g. marker assisted selection and food traceability). Molecular techniques 

have proven their usefulness in the investigation of the species origin and their 
subsequent migrations, as well as in providing information on the evolutionary 

relationships (phylogenetic trees), and identifying geographical areas of admixture 

among populations of different genetic origins. Genetic diversity is frequently analyzed 

with the help of AAD sequences (arbitrarily amplified dominant sequences) which 

include RAPDs, ISSRs, AFLPs, RFLPs and microsatellites. In selecting the appropriate 

molecular techniques to be applied should be taken into consideration the objective and 

genetic information available for each particular species and, also, the intrinsic 

particularities of the DNA sequence (level of polymorphism that is capable to detect, 

reproducibility, costs) (Constantin et al. 2011).   

In the present paper the efficiency of PCR-ISSR technique for taxonomic 

identification, quantification of the genetic diversity and reconstruction of the 
phylogenetic relationships in Phellinus igniarius species was investigated, in order to 

clarify some aspects difficult to elucidate by classical morphological and physiological 

methods.  

 

Material and methods 

Biological material was represented by small pieces of basidiocarp from 4 

individuals belonging to Phellinus igniarius species. The biological material was 

harvested from March 15 to April 4, 2017, from Circus’ Park, Bucharest, processed and 

stored at -20°C in the Laboratory of Plant Genetics, Faculty of Biology, Bucharest. 

Genomic DNA was extracted using two different methods: Wizard Genomic 

DNA Purification Kit (Promega) and a modified CTAB method (Dehestani & Kazemi  

2007, Pavlusenco et al. 2015) and then stored at -20°C for further analysis. DNA 
quantification was made using NanoVue V2.0.3 Plus Spectrophotometer (GE 

Healthcare).  

ISSR methodology. Three ISSR primers (UBC817, HB11, ISSR-4a) (Integrated 

DNA Tehnologies, Inc. US) were used (Table 2). For each reaction (12 μl final reaction 

volume) 2X Go Taq® Green Master Mix (Promega, U.S.A.), 10μM primer and  

8-14 ng/μl DNA were used. The PCR program involved one cycle of 4 min at 94°C; 40 

cycles of: 45 s at 94°C, 1 min at 40-57°C (see Table 2), 2 min at 72°C; 1 cycle of 10 

min at 72°C. All PCR reactions were conducted in a PTC-100 thermal cycler. PCR 

products were visualized in 2% agarose gel electrophoresis.  

Data Analysis. The electrophoretic ISSR profiles were analyzed with PyElph 1.3 

software package (Pavel & Vasile 2012). The DNA fragments were scored as present 
(1) or absent (0) and were used to compute primer banding characteristics: total number 

of bands (TNB), number of polymorphic bands (NPB), percentage of polymorphic 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24870774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=28920346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=27433123
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bands (PPB), number of monomorphic bands (NMB) and percentage of monomorphic 

bands (PMB) (Anderson et al. 1993, Prevost et al. 1999). Using POPGENE Version 

1.31 (Yeh et al. 1997), Nei’s gene diversity (h) and Shannon’s information index (I) 

(Nei et al. 1979) were calculated. The genetic distance matrix generated by PyElph 1.3 

was used to construct an UPGMA dendrogram based on the ISSR data.  

  

Results and discussion 

PCR amplification of ISSR markers is strongly influenced by the amount and the 

quality of the extracted DNA (Sardaro et al. 2013), mainly due to the co-precipitation of 

inhibitors or to the DNA fragmentation during isolation. 

Phellinus igniarius forms a perennial fruiting body, and has a tough-woody 

consistency that can persist for many years, forming a new annual area (Arora 1986). 

The basidiocarp of the mushroom contains high levels of fiber and fat, but also 

polysaccharides, flavonoids and polyphenols compounds (Yang et al. 2016, 

Suabjakyong et al. 2015). All this bioactive compounds can co-precipitate along with 

the DNA and, therefore, can interfere with the PCR amplifications. In order to obtain a 

high quality DNA, i.e. free of inhibitors, various treatments should be applied: different 

detergents, concentrated acetate solutions, etc. These procedures usually involve many 

successive processing steps (like vortexing and centrifugation) which can cause 

fragmentation of the DNA.  

Due to these considerations, two extraction methods were tested, one represented 

by a commercial DNA extraction kit (Wizard Genomic DNA Purification, Promega) 

and a complex protocol, optimized in the Laboratory of Plant Genetics, Faculty of 

Biology, suitable for vegetable tissues with high content of secondary metabolites. The 

commercial kit represents a rapid method for purifying DNA from numerous types of 

biological samples, but the quality of the extracts varies according to the chemical 

composition of the sample.    

Unlike this, the complex method (optimized from Dehestani et Kazemi 2007) 

uses three different detergents to remove polysaccharides, proteins and other secondary 

metabolites. From them, CTAB (cetyltrimethylammonium bromide) is a cationic 

detergent that participates in the membrane destruction, sarcosyl (sodium N-lauroil 

sarcosinate) is an ionic surfactant derived from sarcosine, used as a cleansing agent that 

determine the elimination of cellular debris and the third, PVP (polyvinylpyrrolidone) is 

a good polyphenol absorber.  

DNA yield   

The DNA concentration was determined on the basis of the absorbance at 260 

nm (OD260) with 1 OD equaling 50 μg/ml DNA (Sambrook et al. 1989). For both 

extraction methods and all samples, the A260/A280 and A260/A230 ratios were recorded 

(Table 1). 

The complex CTAB/sarcosyl method provided the highest DNA average 

concentration (112 ng/µl DNA), compared with the commercial kit (88.37 ng/µl), 

although significant differences were recorded between samples.  

The differences between sample concentrations when the same extraction 

method was used can be explained if it's taken into consideration: i) the contribution of 

single strand nucleic acid and single nucleotides to the final value of the absorbance and 

http://www.sciencedirect.com/science/article/pii/S1021949815001507#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suabjakyong%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25811373
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ii) the interference of the contaminants that have the same absorbance as DNA (Turci  

et al. 2010).  

 

 

Tabel 1. The concentrations, A260/ A280 and A260/ A230 ratios of the DNA isolated from  

P. igniarius using the two different extraction methods 

S. Wizard Genomic DNA purification            CTAB/sarcosil method 

A260/ A280 A260/ A230 Conc.  (ng/µl) A260/ A280 A260/ A230 Conc.  (ng/µl) 

1 1.493 0.550 163.5 1.490 0.602 115.5 

2 1.,487 0.630 78.5 1.418 0.828 103.5 

3 1.415 0.720 111.5 1.387 0.676 82.5 

6 - - - 1.550 0.710 146.5 

S. = sample, Conc. = concentration 

 

However, both methods failed to completely eliminate the protein and 

polysaccharide contaminants, as it can be observed from the values obtained for 

A260/A280 and A260/A230 ratios. For the commercial kit, the average values for the two 

ratios were 1.098 and 0.475; for the complex CTAB/sarcosyl method the values were 

slightly higher, 1.461 and 0.704, but still far from the optimum (1.8-2 for protein 

contamination and over 2 for polysaccharide).     

Since spectrophotometric and electrophoretic analyzes of the DNA extracts were 

not conclusive, the quality of the extracted DNA was verified by amplifying a single 

ISSR marker, using serial dilutions. This method highlighted that the complex protocol 

CTAB/sarcosyl allowed obtaining a DNA suitable for further analysis by ISSR 

technique. These results are due to the fact that this method uses two-stage precipitation 

of the genetic material (first with isopropanol and potassium acetate and second with 

ammonium acetate and ethanol), in addition to the action of the three different 

detergents. Therefore, inhibitors of the PCR reaction were eliminated, which was not 

the case for the commercial kit extract, probably because in this situation the amount of 

remaining contaminants was too high. Thus, at 1/5 and 1/10 dilutions of the initial 

extracts, clear and scorable ISSR profiles were obtained, proving that the contaminants 

have lost inhibitory effect once their concentration has been reduced.  

 

Genetic analysis of Phellinus igniarius species using ISSR markers  

Three ISSR primers (ISSR4b, UBC817 and HB11) were used to amplify the 

genetic material from P. igniarius and generated a large number of clear and 

reproducible fragments (ISSR markers), that could be interpreted with specialized 

computer programs (Fig. 1).  

Electrophoresis images have been analyzed with PyElph 1.3 software package, 

which identified each individual band, for each specimen and primer. Therefore, the 

DNA fragments were scored as present (1) or absent (0), each band being treated as an 

independent character and the resulting binary data matrix was used to compute primer 

banding characteristics (Table 2).  
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Fig. 1.  ISSR band pattern in Phellinus igniatus using 3 different ISSR primers. 

 3D-6D – P. igniatus individuals, Mk = Gene Ruler 100 DNA Ladder (Fermentas). 

 

 
Table 2. Details regarding the used ISSR primers and the results of amplifications for 

Phellinus igniarius individuals 

Primer 
Anneling 

temp. (°C) 
TNB NPB %PB NMB % MB 

ISSR 4a [(AC)8CT] 45 27 27 100% 0 0% 

UBC 817 [(CA)8A] 57 32 30 93.75% 2 6.25% 

HB11 [(GT)11CC] 54 29 29 100% 0 0% 

TOTAL - 88 86 - 2 - 

TNB=total number of bands, NPB=number of polymorphic bands, NMB=number of 
monomorphic bands, %PB=percent of polymorphic bands, %MB=percent of monomorphic bands  
 

 

The three ISSR primers generated a total number of 88 bands, from which 86 

were polymorphic (Table 2). The number of bands per primer varied between 27 (for 

ISSR 4a) and 32 (for UBC 817), with a mean of 29.33 bands/primer. For two of the 

primers, HB 11 and ISSR 4a, the percentage of the polymorphic bands was 100%.   

The molecular data were further analyzed with POPGENE Version 1.31 and 

Nei’s gene diversity index (h) and Shannon’s information index (I) were computed, 

(Table 3), their values varying between 0.3309 and 0.4029 for h, and between 0.4904 

and 0.5926 for I, with an average slightly higher. These data reflected the level of 

genetic diversity among the specimens under study and confirmed the ability of ISSR 

markers in identification of the different strains of P. igniarius.  

Based on Dice similarity coefficient, PyElph program generated the genetic 

distance matrix which was implemented in POPGENE Version 1.31 program and used 

to construct an UPGMA dendrogram. Two of the analyzed individuals were more 

closely related as has been observed in the dendrogram in Fig. 2. 
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Table 3. Parameters of the genetic diversity 

Primer 
Nei’s genetic 

diversity (h) 

Shannon’s information 

Index (I) 

UBC 817 0.4029 0.5926 

ISSR 4a 0,3114 0.4904 

HB 11 0,3309 0.5130 

 Mean 0.3484 0.5320 

 

 

 
 

Fig. 2. UPGMA dendrogram based on ISSR data for the  

Phellinus igniarius specimens. 

 

Conclusions 

The molecular data analysis have shown the discrimination power of the ISSR 

markers and have proven the utility of this technique for the quantification of the 

genetic diversity, and to reconstruct, through an UPGMA dendrogram, phylogenetic 

relationships between specimens belonging to the Phellinus igniarius species.  

The taxonomy of the genus Phellinus has been based on the morphology of 

fruiting body, the development of basidiocarps and the association with host plant 

which are similar for many species (P. igniarius, P. nigricans, P. laevigatus,  

P. robustus, P. linteus, P. hartigii and P. baumii) (Nam et al. 2003, Kim et al. 2005). 

Till date, the molecular taxonomic studyes were based on rDNA, using universal 

primers that target conserved regions from 18S and 28S rDNA genes, followed by 
RFLP analysis (Kim et al. 2005) and on RAPD markers (Random Amplyfied 

Polymorphic DNA) (Sheng & Bao 2007). Although this techniques were able to 

distinguishing between different species of Phellinus genus or different strains, they 

present some disadvantages. For example, the rDNA – PCR – RFLP methodology is 
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time consuming, due to the necessity of using restriction endonucleases while the  

PCR – RAPD techniques are not very reproducible. 

The PCR-ISSR technology allowed us to obtain a unique and stable genetic 

fingerprint for each analyzed individual. As a result, this simple, fast and relatively 

inexpensive method can be used to clarify at DNA level some aspects of the taxonomy 

of Basidiomycetes with therapeutic and bioremediation potential, and for estimating the 

overall level of genetic variation in these species to date less investigated. 
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