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Workshop AGENDA 

 

Friday 20.02.2015, Warsaw, Poland 

 

8:30 - 8:45 Registration and welcome coffee 

8:45 - 9:00 Opening of the Workshop  

 (S.W. Gawroński) 

9:00 - 9:30 Lecture: Isolation of plant endophytes  

 (S. Thijs, W. Sillen, J. Vangronsveld) 

9:30 - 10:30 Practicum: Sterilisation of plant material  

 (A. Przybysz, M. J. Żmuda-Baranowska, S. Thijs, J. Markowski) 

10:30 - 11:00 Coffee break  

11:00 - 12:30 Practicum: DGGE as a tool to study diversity in microbial 

communities, Part 1  

 (Ł. Kowalkowski, J. Markowski, A. Przybysz, M. J. Żmuda-Baranowska) 

12:30 - 13:00 Lecture: Techniques to study microbial communities  

 (S. Thijs, W. Sillen, J. Vangronsveld) 

13:00 - 13:45 Lunch 

13:45 - 16:00 Lecture and Practicum: Bioinformatics for microbiologists 

 (J. M. Sasin-Kurowska, M. J. Żmuda-Baranowska)  

16:00 - 16:30 Coffee break 

16:30 - 17:15 Practicum: DGGE as a tool to study diversity in microbial 

communities, Part 2  

 (Ł. Kowalkowski, J. Markowski, A. Przybysz, M. J. Żmuda-Baranowska) 

17:15 - 17:45 Final discussion  

 (S.W. Gawroński) 

17:45 - 18:00  Presentations of certificates and closing of the Workshop  

 (S.W. Gawroński) 
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Lecture: ISOLATION OF PLANT ENDOPHYTES 

SOFIE THIJS*, WOUTER SILLEN, JACO VANGRONSVELD 

Hasselt University 

3590 Agoralaan building D, Campus Diepenbeek, Belgium 

*e-mail: sofie.thijs@uhasselt.be 

 

Endophytes are organisms, with bacteria and fungi being the most studied 

ones, which live inside plant tissues and have the capacity to incite plant 

physiology and can be selectively favored. They are an important component of 

plant microbiomes. Their functions overlap and complement the functions of the 

plant and other microbial groups, e.g. they can play important roles in nutrient 

provision and plant protection against pathogens, in planta degradation of 

contaminants and heavy metal sequestration. Sometimes highly valuable organic 

products are synthetised by these endophytes that can be new sources in 

chemistry, biology, agriculture or assist in solving human, plant and animal health 

issues. 

So far, of all plants worldwide, only a few plant species have their complete 

endophytic microbiome studied. In addition, the debate is still open about the 

factors that may define the composition of the endophytic community, e.g. the 

endophytes can be seed-derived, soil-derived, opportunistic subsets of the 

rhizosphere community or rather distinct communities not depending on soil type. 

As a result, more studies are needed to understand the dynamics in endophytic 

assemblages and find new and interesting endophytes among the myriad of plants, 

as this can have important implications for agriculture, health and bioremediation. 

In dealing with endophytic bacteria, cultivation-independent approaches can 

be used to study the community structure in addition to, or to guide, the isolation 

of endophytes from plant materials. For successful isolation of cultivable 

endophytes, optimal surface cleaning and sterilisation techniques as well as the 

most suitable growth media need to be selected. This presentation gives an overview 

of the isolation procedures used to investigate the hidden part of the plant 

physiology. 
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Notes: 
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Practicum: SURFACE STERILIZATION OF PLANT MATERIAL 

ARKADIUSZ PRZYBYSZ, MAGDALENA ŻMUDA-BARANOWSKA, SOFIE THIJS, 

JULIUSZ MARKOWSKI 

Laboratory of Basic Research in Horticulture, Faculty of Horticulture, Biotechnology 

and Landscape Architecture, Warsaw University of Life Sciences – SGGW 

*arkadiusz_przybysz@sggw.pl 

 

The optimal surface sterilization of examined plant material is a critical stage in the 

identification of endophytic microorganism. It has to be effective enough to eliminate all 

surface microorganism, but cannot be too aggressive as bacteria located inside plant 

tissues cannot be harmed during the process. Here we present the method optimized for 

surface sterilization of plant roots.  

 

1. Prepare the proper amount of full and 1/10 strength of LB (Lysogeny Browth) 

medium + glucose and pour onto the plates. 

 
Composition of LB media + glucose: 

Components: Amount per 1 L 

Tryptone 10 g  

Yeast extract 5 g  

NaCl 10 g 

Glucose D 0,5 g 

Agar 15 g 

 

2. Prepare all required solutions and materials. Autoclave solutions and materials. 

 

Solution or material Notes 

Sterile 10 mM MgSO4 2.4648 g of MgSO4*7H2O per L of dH2O 

NaOCl 0.5 – 2%; about 10 ml per Petri dish 

Sterile distilled water  about 10 ml per Petri dish 

EtOH in sterile water 75%; about 10 ml per Petri dish 

Sterile Petri dishes  

Tissue homogenizer with sterile 
rotating blade 

1 rotating blade per sample 

Sterile paper filters 2 per Petri dish 

0.1 and 2 ml sterile tubes and pipettes  quantity depends on number of 
dilutions 

 

Work aseptically under the laminar flow hood!!! 

3. Pour 10 ml of sterile 10 mM MgSO4 to sterile 50 ml falcon tubes.  

4. Using sterile tools (scissors and forceps) take plant material (approximately 1 g) and 

submerge it in tubes with previously prepared sterile 10 mM MgSO4. 

5. Place plant material on the Petri dish filled with 1.5% NaOCl*. Be sure that plant 

material is covered with solution. 
* concentrations of NaOCl depends on plant species and organs, and must be determined empirically. 
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6. Sterilize plant material in 1.5% NaOCl in Petri dish for 3 minutes*. 

* duration of treatment with NaOCl depends on plant species and organs, and must be determined 
empirically 

 
7. Wash plant material thoroughly with distilled water in three consecutive Petri 

dishes, for 2, 5 and 2 minutes. 

8. Place 50 - 100 µl of last washing water on plate with full LB medium. Those plates 

will serve as a control. 

9. Sterilize plant material with 75% EtOH* in Petri dish for 3 minutes**. 
* concentration of EtOH depends on plant species and organs, and must be determined empirically 
** duration of treatment with EtOH depends on plant species and organs, and must be determined 
empirically 

 
10. Wash plant material thoroughly with distilled water in three consecutive Petri 

dishes, for 2, 5 and 2 minutes. 

11. Dry plant material on sterile filter papers. 

12. Place 50 - 100 µl of last washing water on plate with full LB medium. Those plates 

will serve as a control.  

13. Weigh tubes containing 10 ml of sterile 10 mM MgSO4. With sterile forceps put plant 

material into the tube. Weight tube again and write down the weight of plant 

material. 

14. Homogenize plant material until receive homogenous extract. 

15. Make dilution series of the extract in sterile Eppendorf tubes with MgSO4 (100 µl of 

extract in 900 µl of MgSO4) until 10-2 - 10-5*. 
* dilution depends on plant species, organs and environmental conditions   

 
16. Place prepared dilutions of extract and 50 - 100 µl of undiluted extract separately 

on full and/or 1/10* LB + glucose medium. 
* strength of medium may differ between plant species, organs and environmental conditions   

 
17. Put all plates for 5 d at 30°C in microbiological incubator. 

18. Sterilization is considered to be positive when no bacteria growth on control plates 

is observed. 
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Notes: 
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Lecture: TECHNIQUES TO STUDY MICROBIAL COMMUNITIES 

SOFIE THIJS*, WOUTER SILLEN, JACO VANGRONSVELD 

Hasselt University 

3590 Agoralaan building D, Campus Diepenbeek, Belgium 

*e-mail: sofie.thijs@uhasselt.be 

 

Insights into who does what, where, when and lives with whom are frequently asked 

questions in microbial ecology. Microbial communities play pivotal roles in a very diverse 

collection of biological systems and are an often consulted resource for biotechnological 

purposes. For these reasons, studying microbial communities is a very pronounced point 

of focus for a plethora of scientific fields of study. A lot of widely used methods to study 

microbial communities are culture-based. These often give quick and straightforward 

results, but are extremely biased when considering microbial genetic diversity since they 

are only applicable to a very select proportion of natural communities. Molecular analyses 

of environmental communities have shown that the cultivable fraction represents less than 

1% of the total number of prokaryotic species present in any given sample. Therefore, 

methods that are culture-independent are much more reliable for in-depth 

characterization of environmental microbial communities, as they represent better the 

immense diversity present in natural communities. 

In the last decades, various culture-independent methods that rely on polymerase 

chain reaction (PCR) have been developed, e.g. restriction fragment length polymorphism, 

terminal restriction fragment length polymorphism, quantitative polymerase chain 

reaction and denaturing/temperature gradient gel electrophoresis. Equally, non-PCR-

based molecular techniques, such as microarray and fluorescence in situ hybridization 

have also been adopted. In recent years, the development of new innovating techniques 

like next-generation sequencing have given a renewed boost to the formation of novel fields 

of investigation such as metagenomics, metatranscriptomics, metaproteomics and single-

cell genomics. 

This presentation offers an overview of the main techniques and approaches that 

are currently used in research domains focusing on microbial communities, discussing 

established methods as well as recent advances that facilitate the way researchers gain 

knowledge and that will give unprecedented views on the complex microbial interactions 

in the environment. 
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Notes: 

  



13 
 

 

Practicum: MOLECULAR IDENTIFICATION OF ENDOBACTERIA USING 

DENATURING GEL ELECTROPHORESIS (DGGE) 

ŁUKASZ KOWALKOWSKI, JULIUSZ MARKOWSKI, ARKADIUSZ PRZYBYSZ,  

MAGDALENA ŻMUDA-BARANOWSKA, MARTA FRYMUS  

Laboratory of Basic Research in Horticulture, Faculty of Horticulture, Biotechnology and 

Landscape Architecture, Warsaw University of Life Sciences – SGGW 

*arkadiusz_przybysz@sggw.pl 

 

 Denaturing Gradient Gel Electrophoresis (DGGE) is one of the electrophoretic 

methods allowing separation of PCR products according to their nucleotide composition 

(differences in GC content). The DGGE method invented by Professor Leonard Lerman  

is widely used in environmental microbiology as a tool for the analysis of sequence 

heterogeneity in microbial communities. It is often regarded as a community fingerprint 

based on 16S rDNA gene fragments of Bacteria and 18S rDNA gene fragments of Fungi. 

 In this method DNA fragments are separated according to melting points of the 

different DNA strands of the same length in an increasing concentration of denaturing 

agents. Position in DNA which melts is called “melting domain”. The melting temperature 

(Tm) depends on the composition of nucleotide sequence of examined samples. DNA 

separation using DGGE method requires a stable temperature of 60°C and application of 

linear gradient of concentration of denaturing agents, such as urea and formamide. Lowest 

and highest concentrations of denaturants framing the gradient are depended on the 

length of analyzed sequences. 

 During Workshop participants will be introduced to practical application of DGGE 

on the example of endobacteria communities form various environments. PCR products 

used for running the DGGE were obtained with nested PCR method according to the 

protocol established by Muyzer (1993) Sequences of primers are provided in Table 1.  

 

Tab. 1 Sequences of primers used in nested PCR. 

Primer  DNA gene 

fragment 

Sequence Length 

product 

 I PCR  

27f  
16S rDNA 

5’-GAGTTTGATCCTGGCTCAG-3’ 

1465 bp 

1492r  5’-GGTTACCTTGTTACGACTT-3’ 

 II PCR 

p2  

V3 

16S rDNA 

5’-ATTACCGCGGCTGCTGG-3’ 

233 bp 

p3 

 5’-CGCCCGCCGCGCGCGGCGGG 

CGGGGCGGGGGCACGGGGGGCCTACGGGAGGCAG

ACG-3’ 
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DGGE Protocol 

1. Equipment: 

During the Workshop the DCode Universal Mutation Detection System (BioRad) will 

be used. This is multifunctional system that allows to perform various analyses, including 

DGGE (parallel or perpendicular), TTGE, SSCP, heteroduplex and others. 

DCode system for parallel DGGE consist of components listed below and presented on 

Figure 1:  

electrophoresis tank (1),  

electrophoresis/temperature control module (2),  

casting stand with sponges (3),  

sandwich core (4),  

DCode lid stand (5),  

glass plates (16cm) (6),  

sandwich clamps (7),  

spacers (1mm) (8),  

combs (9),  

gradient former, model 475 (10),  

syringes (30 ml) (11),  

tubing (12),  

coupling (13),  

needle (19 gauge) (14) 

power adapter (15). 

cam (16). 

 

Fig. 1 Components of DCode system (BioRad) for parallel DGGE. 
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ATTENTION!!! All operations should be performed in powder free 

gloves and lab coat because DGGE preparation and imaging requires 

use of many toxic reagents ! 

 

2. Prepare reagents as described below

50X TAE Buffet Stock Solution 

Reagent Amount Final 

concentra-

tion 

TRIS base 242 g 2M 

Acetic acid, glacial 57.1 ml 1M 

0.5 M EDTA pH 8.0 100 ml 50 mM 

ddH2O to 1000 ml  

Note: Mix all reagents. Autoclave for 20-30 

min and store at room temperature. 

 

1X TAE Running Buffer 

Reagent Amount 

50X TAE Buffer 140 ml 

ddH2O 6860 ml 

Total volume 7000 ml 

Note: Mix and store at room 
temperature. It can be used up to  

3 times.

10% Ammonium Persulfate (APS) 

Reagent Amount 

Ammonium persulfate 0.1 g 

ddH2O 1.0 ml 

Note: Store at -20oC ~week. 

 

 

DCode Dye Solution 

Reagent Amount Final 

concentration 

Bromophenol blue 0.05 g 0.5 % 

Xylene cyanol 0.05 g 0.5 % 

1X TAE buffer 10 ml 1X 

Note: Store at room temperature. 

ADDITIONAL REAGENTS: 

 40% Acrylamide/Bis 37.5:1 (ready solution) TOXIC! 

 Formamide (deionized) 

 Urea 

 2x Gel Loading Dye 

 75 % ethyl alcohol 
 

3. Gel preparation 

The percentage of gel depends on 

the length of the DNA fragments 

subjected to separation (table on the 

right). Tables on next page shows the 

compositions of gels for the lowest and the 

highest concentration of denaturing 

agents when preparing standard gel of 8% 

polyacrylamide.  

 

Gel percentage Base pair 

separation 

6% 300-1000 bp 

8% 200-400 bp 

10% 100-300 bp 
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0% denaturing solution 

Reagent 8 % gel 

40 % Acrylamide/bis 20 ml 

50X TAE buffer 2 ml 

ddH2O 78 ml 

Total volume 100 ml 

Note: Store at 4ºC in a dark bottle.  

 

100% denaturing solution 

Reagent 8% gel 

Urea 42 g 

40 % Acrylamide/bis 20 ml 

50X TAE buffer 2 ml 

Formamide (deionized) 40 ml 

ddH2O to 100 ml 

Note: Store at 4ºC in a dark bottle for 
~1 month 

  

To prepare denaturing solutions with a concentrations of denaturing agents higher 

than 0% and lower than 100% use quantities of formamide/urea as shown in table below. 

Quantities of other gel components, i.e.: acrylamide, TAE buffer and water are the same 

as in the case of 100% denaturing solution. 

 

Denaturing solution 10% 20% 30% 40% 50%  60% 70% 80% 90% 

Formamide (ml) 4 8 12 16 20 24 28 32 36 

Urea (g) 4.2 8.4 12.6 16.8 21 25.2 29.4 33.6 37.8 

 

 For the purpose of this Workshop, gel with linear gradient 45% → 65% of denaturing 

agents will be used. Upper part of the gel, where comb is placed, will be left without 

denaturing agents. 

 

Reagent 45% gel 65% gel 

Urea 18.9 g 27.3 g 

Formamide (deionized) 18 ml 26 

40% Acrylamide/bis 20 ml 20 

50X TAE buffer 2 ml 2 

ddH2O 41.1 ml 24.7 ml 

 

4. Assembling the sandwich (parallel gradient gel, 16x16 cm) 

1. Before assembling the sandwich, clean the glass with 

75% ethanol and detergent – it should be degreased 

completely. The rest of DCode system components also 

should be clean and dry. 

2. Prepare glass plates, spacers and clamps. Place the 

spacers so that the grooved side of the spacers faces the 

sandwich clamps (Fig 2.). 

3 Join clamps and glass with spacers by inserting glass 

in the appropriate places in clamps. Then tighten screws slightly(Fig. 

3). 

Fig. 2. Arrangement of glass 
plates, spacers and clamps. 
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4. Place the sandwich on the alignment stand (without cams). Use paper card to align 

spacers. Then tighten the screws (Fig. 4). 

 

  

 

 

 

 

 
 

Fig. 3 Attaching the sandwich.

 

5.Preparing parallel denaturing gradient gel 

1. Place the sandwich on the stand. Attach the sandwich with the clips on the sponge. 

2. Prepare: two syringes (one marked e.g. with red color for higher concentration of 

denaturants and one marked e.g. with green color for low concentration of denaturing 

agents), three tubes (one longer and two shorter), needle, Y-Fitting. 

3. For 16 cm x 16 cm gel (1 mm thick) set the volume indicator to 14.5 ml. 

4. From the stock solutions pipette out the desired amounts of high and low density gel 

solutions (15 ml) into two test tubes. 

5. In order to check visually the formation of gradient, add 100 µl of DCode dye solution 

to 15 ml of high density solution. 

6. Add 130 µl APS and 7 µl TEMED to each solution. Mix by inverting several times. Fill 

syringes with appropriate amount of solutions. 

 

ATTENTION! Be careful with acrylamide which is very hazardous agent! 

From this moment you have only 7-10 min to finish gel before polymerization!

 

7. Place syringes into gradient delivery system. Connect syringes with needle by means of 

tubings and Y-fitting. Attach the syringe to glass plate. Turn the wheel slowly to pour gel 

(Fig. 5).  

Fig. 5 Preparing a parallel gradient gel. 

Fig. 4 Stand for alignment spacers in  

the sandwich. 
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8. After 20 minutes prepare a gel with concentration of 0% of denaturing agents (10 ml 

solution, 100 µl APS, 5.4 µl TEMED). Using a pipette apply a gel. Insert the comb with 

the desired well depth.

9. Let the gel polymerize for about 60 min. It is also possible to prepare gel the day before 

and keep it in refrigerator. 

 

6. Attaching the sandwich, pre-heating the running buffer 

1. After gel polymerization remove it from the stand and 

put on sandwich core (Fig. 6). Also remove the comb. 

Shorter glass plate should exactly adhere to the seal. It 

is recommended to grease the seal with silicone. 

2. Turn the core to its other side and repeat steps 1-2 

to attach the second gel sandwich. If only one gel is to 

be run, assemble a set of glass plates without the 

spacers.

3. Pour 350 ml of running buffer into the upper buffer 

chamber. If the buffer is leaking repeat step 1 once 

again.  

4. Place gel sandwich in electrophoresis tank and 

fill it with 7 liters of fresh 1x TAE running buffer. 

5. Place the temperature control module on top of the tank; turn the power, the pump and 

the heater on. Set the temperature controller to the desired temperature of 60°C for DGGE 

and the ramp rate to 200°C/hr. 

6. Preheat the buffer to the desired temperature (it takes 1-2 hours). The time of preheating 

can be reduced by using microwave to heat the buffer. 

 

7. Sample loading and running the gel  

1. Prepare samples by adding equal volume of 6x Gel Loading Dye. For a parallel 

denaturing gel, load 180-300 ng of amplified DNA per well (about 10 µl).  

2. Before loading the samples, wash the wells with running buffer to remove any 

unpolymerized gel material or denaturants in the wells. 

3. Load the samples with glass syringe. After each sample, rinse the syringe with the 1x 

TAE buffer. 

4. Place the temperature control module on electrophoresis tank. Run the gel at 20 V until 

a temperature reaches 60°C. Then run the gel at 200 V for 10 minutes with the 

recirculation pump turned off. After this time, maintain a proper electrophoresis at 130 V 

for 4 hours. 

 

 

Fig. 6 Attaching the gel sandwich 

on the core. 
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8. Staining and capturing the picture of the gel 

1. Remove the gel from the glass plate. 

2. Place the gel into a container with 250 ml of running buffer and 2.5 µl of 10 mg/ml 

Ethidium Bromide solution. Stain for 20 minutes. 

3. After staining transfer the gel into a container with 250 ml of 1x running buffer. Destain 

for 20 minutes.  

4. Place the gel on a ultraviolet transilluminator and take a picture. 

 

Literature: 

D –CodeTM Universal Mutation Detection System. Manual 1996 Bio-Rad Laboratories 

Muyzer G. (1993). Profiling of complex microbial populations by denaturing gradient gel 

electrophoresis analysis of polymerase chain Profiling of Complex Microbial Populations by 

Denaturing Gradient Gel Electrophoresis Analysis of Polymerase Chain Reaction-Amplified Genes 

Coding for 16S rRNA 
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Lecture: BIOINFORMATICS FOR MICROBIOLOGISTS 

JOANNA M. SASIN-KUROWSKA, MAGDALENA ŻMUDA-BARANOWSKA 

The Institute of Genetics and Biotechnology of the Faculty of Biology, University of 

Warsaw 

jsasin@biol.uw.edu.pl 

 

Bioinformatics is an interdisciplinary branch of science that uses many areas 

of mathematics, statistics, chemistry, biochemistry, informatics and linguistics to 

explain biological or medical data. 

The purpose of this workshop is to introduce participants to the essential 

concepts of microbiological data analysis. The first part of the seminar focuses on the 

biological databases: protein sequence databases (Uniprot, Swiss-Prot, Pfam), protein 

structure database (PDB), metabolic pathway and protein function databases (KEGG, 

BRENDA). The aim of the second part is to present software used in comparison of 

DNA and protein sequence: multiple sequence alignment methods (CLUSTAL, 

MAFFT, MUSCLE), phylogenetic algorithms (Neighbor Joining, Maximum Likelihood, 

Parsimony) and its applications. Moreover, basic concepts and algorithms of 

clustering will be explained (i.a. UPGMA and PCA method). Their application will be 

subject of the third topic of the seminar – statistical analysis of complex Denaturing 

Gradient Gel Electrophoresis (DGGE) profiles. 

Last part of the workshop is an introduction into metagenomics. It includes a 

tutorial to the following tools:  IMG, WebMGA, METAGENassist and RAST servers. 

Each topic of the workshop will consist of two separate parts - lecture and laboratory.  
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Notes: 
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Practicum: BIOINFORMATICS FOR MICROBIOLOGISTS 

JOANNA M. SASIN-KUROWSKA*, MAGDALENA J. ŻMUDA-BARANOWSKA 

The Institute of Genetics and Biotechnology of the Faculty of Biology, University of 

Warsaw 

*jsasin@biol.uw.edu.pl 

 

The purpose of this workshop is to introduce participants to the basis of 

microbiological data analysis. It is divided into four different sections, each 

corresponding to another scientific problem. 

 

ANALYSIS OF 16S RRNA DATA 

16S ribosomal RNA sequencing is a common amplicon sequencing method, 

widely used for identification and comparison of bacteria present in an analyzed 

sample. Samples may be taken from complex microbiomes or environment. During 

the first part of the workshop available bioinformatic methods for analysis of 16S 

rRNA (mainly web-based) will be presented (RDP, MEGAN. QIIME). Basic theory will 

be  introduced, but the main focus is on using extant bioinformatic tools to analyze 

data and generate biological hypotheses. 

 

PHYLOGENY 

Relevant tools for the phylogenetic analysis of DNA and protein sequences will 

be discussed in this part of the workshop. We will cover the generation of multiple 

sequence alignments with ClustalW. Next, the PHYLIP software will be presented. The 

formatting of files for use in PHYLIP will be explained. During the tutorial part several 

relevant workflows  hands-on with a test dataset will be demonstrated, while lecture 

will focus on some theoretical background and common problems found during work 

with PHYLIP. This phylogenetic package is available for both PCs and Macs as a 

freeware (google “phylip”). The other software that will be covered during our 

workshop is PHYML. It is based on the maximum likelihood algorithm. PHYML is 

available as a webform. 

 

STATISTICAL ANALYSIS OF DENATURING GRADIENT GEL ELECTROPHORESIS 

PROFILES 

DGGE is a valuable approach in analyzing various environmental 

microbiological samples in a reduced amount of time. It is a fingerprinting approach 

that can generate a pattern of genetic diversity in complex microbial ecosystems such 

as gastrointestinal tracts, soils, sediments, deep seas, rivers, hot springs and biofilms 

(Muyzer G. and Smalla K.,1998). This part of the workshop addresses the statistical 

analysis of  DGGE patterns: an estimation of Shannon-Wiener diversity index, 

discriminant analysis (i.a. principal component analysis, canonical correlation 

analysis), cluster analysis (UPGMA and K-means methods). 
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Notes: 


