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Abstract: Cyanobacteria are the microscopic photosynthetic cell factories that are known of its ubiquitous 

occurrence and sustainability in a variety of habitats. Due to these characteristics, they signify themselves as a 

potential candidate for varieties of biotechnological applications.  The present study envisages with preliminary 
investigation of cyanobacterial diversity in coal mining areas of Jaintia Hills District, Meghalaya. A total of 

116 samples were collected from 12 different ecosystems and analyzed. Most of the cyanobacterial isolates 

belong to the genera Anabaena sp, Nostoc sp, Calothrix sp, Tolypothrix sp and Roholtiella sp with Nostoc sp 

being the most abundant among all the cultures segregated in a variety of coal mining habitats. Diversity 

analysis indicated maximum Shannon’s diversity index (H) in the mining areas and further supported by 

Simpson’s Diversity of each genus. Furthermore, a total of selected 39 samples from these mining areas were 

subjected to molecular study which includes amplification of the 16S rRNA gene and procurement of the 

Accession numbers from GenBank. Genetic diversity among strains tested was determined with the sequences 

which were compared with those of representative heterocystous cyanobacteria available in databases. 

Phylogenetic tree was inferred by neighbor joining (NJ) distance method. The clusters are supported by 

bootstrap analysis and partly reflect the morphological similarity of the organisms. 

Keywords: Cyanobacteria, 16s rRNA, diversity, coal mines, sequencing, phylogenetic relationship. 

 

1. INTRODUCTION 

Cyanobacteria are the simplest and the oldest prokaryotic organisms to have evolved on earth. They 

can be used as experimental and model strains for studying the diversification of prokaryotic cells and 

the physiological processes occurring within the cell (Berrendero et al., 2011). They are classified 
under gram negative bacterial phyla and occupy the diverse range of habitats. They show a wide range 

of morphological diversity ranging from unicellular to colonial and filamentous. Cyanobacteria are 

photosynthetic microorganisms by which they are capable to grow photo-autotrophically in a manner 
similar to those of eukaryotic algae and plants. They also have the unique ability to fix atmospheric 

nitrogen (Stanier, 1979; Gorl et al., 1998).  Cyanobacterial ecology can be best understood by 

matching isolated strains and their counterparts in nature. However, many species of cyanobacteria in 

culture produce anomalous morphologies that differ from those that are characteristic in nature 
(Rajaniemi et al., 2005).  Thus, classifications based on phenotypic characteristics do not exactly 

represent natural grouping when analyzed at the genetic level. To study the taxonomy of 

cyanobacteria, the base composition is an important genetic character. At all taxonomic levels above 
species, the sequence analysis of genes encoding small-subunit ribosomal RNA (16S rRNA) is 

currently the most promising approach for the phylogenetic classification of cyanobacteria (Wilmotte, 

1994). The comparative analysis of 16S ribosomal RNA sequence has been used for the identification 
and construction of cyanobacterial phylogeny (Giovannoni et al., 1988). 

Meghalaya is one of the 8 states of the Northeastern India lying between 25°5´N and 16°10´N  

latitudes 89°47 E and 92°47´E longitudes covering an area of 22,429 sq.km. Physio- geographically 

the region consists of hilly terrains. Diverse terrestrial and aquatic ecosystems including hot springs 
and coal mining areas are predominantly available in this state. The Jaintia hill district of Meghalaya 

located at latitude of 25.5021272 and longitude of 92.341887 has been associated with concurrent 

establishment of many cement factories which uses coal and lime stones available in the nearby area 
for mining activities to sustain smelting operations in these factories. These uncontrolled and 

unscientific coal mining methods have deleteriously affected the environment and also the microbial 
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community in particular by discharging harmful chemicals in the environment. The microbial 

community existed in the vicinity of these coal mining areas predominantly participates in many 
bioremediation processes. Among these microbial community cyanobacteria plays a pivotal. 

Therefore, in the present study, coal mining areas were selected and cyanobacterial cultures were 

isolated from various ecosystems. These cultures were morphologically characterized and further 
analyzed based on the phylogeny of the 16S rRNA sequences.  

2. MATERIALS AND METHODS 

2.1. Study Area 

According to the Indian Bureau of Mines the geological reserves of coal in Meghalaya is 460 million 

tons (IBM, 2005). However, recent explorations and other unofficial sources indicate a total reserve of 

about 600 million tons. The Jaintia Hills alone have about 40 million tons of coal (Krishnan, 1982). 
There are nine significant coal deposits – Bapung, Lakadong, Lumshnong, Malwar Musiang Lamare, 

Mutang, Sutnga, Jarain Shkentalang, Ioksi and Khliehriat (Raja Rao, 1981). The coal bearing areas of 

the district present a panorama of flat topped low hills, low vegetation and plateau of rolling 
grasslands intersected by river valleys. Coal mining is privately controlled by small-scale ventures 

and being the most profitable business rampant and scattered mining is going on in this area. Due to 

unscientific mining methods various environmental problems have cropped up. Samples were 

collected randomly from different types of ecosystem: terrestrial ground and aquatic (Table No. 2). 
The sites were selected carefully to include diverse environments in terms of altitude, pH and 

temperature, moist or water logged conditions as well as hilly or low lying terrain. Aquatic samples 

were collected in specimen collection tubes. Soil samples were collected by scrapping the surface of 
the soil.  

2.2. Isolation, Purification and Cultivation of Cyanobacteria 

Axenic clonal cultures of cyanobacteria collected from different habitats were grown in BG110 

medium or solid medium (with 1.5% agar) in an air conditioned chamber at 24 + 2
o
C  with a photon 

fluence rate of 50µmol m
-2

 s
-1

 and control illumination of 12 hours light and 12 hours dark (Rippka et 

al., 1979). Pure culture of cyanobacterial isolates were obtained from processed samples by serial 

dilution technique and direct streak plate method. Axenic cultures of cyanobacteria were obtained by 
treating the cells with standard antibiotics namely Streptomycin, Nalidixic acid and Ampicillin 

(Packer and Glazer, 1988).  

2.3. Morphological Analysis, Richness and Diversity of Cyanobacteria 

The cyanobacterial species isolated from coal mining areas were identified based on Morphology, cell 

specialization, colony/filament morphology (Desikachary, 1959). All the above mentioned parameter 

were studied using Olympus 45× light microscope with a digital camera. Morphological 

characteristics includes shape, polarity, dimensions, division planes, color, shrath and motility. Cell 
specialization studies include heterocyst formation, akinetes, baecytes and necridia formation. 

Colony/filament studies includes cells shapes & symmetry, trichome type, shape of the terminal ell, 

terminal hairs, false/true branching and presence and distribution of specialized cells.  Total number 
of strains under each genus was counted for estimating diversity and richness of cyanobacteria in 

study area. Genetic diversity was estimated by Shannon –Weiner Index (H) (Shannon and Weaver, 

1949) and Simpson’s Diversity (1-D) (Simpson, 1949) using the following formula 

Shannon –Weiner Index,   H= -Spi In pi 

Simpson’s Dominance,      D = S (pi)
2
 

Simpson’s Diversity Index,  1-D= 1- S (pi)
2
 

Where pi is the total no. of strains of genus i/total no. of all strains 

Besides these, the frequency of occurrence of the common cyanobacterial strains was further analysed 
through R software (R Core Team, 2015) and a heat map, using gplots package (Gregory et al, 2015), 

for the same is generated. 

2.4. DNA Extraction, Agarose Gel Electrophoresis and DNA Recovery 

Selected cyanobacterial cultures from different coal mining areas were selected based on the 
abundance occurrence for DNA extraction. Total DNA was extracted by harvesting cultures within 

the late exponential phase of growth. DNA was extracted from cell pellets by using DNA Purification 
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kit (Promega Corporation Inc, USA) following the manufacturer’s protocol. Extracted DNA was 
stored in 10 mM Tris at -20

o
C. Agarose gel electrophoresis was performed following standard 

protocol (Sambrook and Russel, 2001) using 1.0 X TAE buffer (44.5mM Tris, 44.5mM glacial acetic 

acid and 1.0 mM EDTA). The DNA was visualized with fluorescent dye ethidium bromide by direct 

examination of the gel under UV light. λDNA digested with Hind III was used as a marker 
throughout.   

2.5. Amplification of the 16S rRNA  

The 16S rRNA gene was then amplified using three sets of universal primers 16S1F & 16S740R (Seo 

and Yokota, 2003), CYA359F, ÇYA781(A)R &  CYA781(B)R (Nubel et al., 1997), CYA359F & 

16S149R (Tillett et al., 2001)  in separate PCR reactions. The sequence of the primers and the 

approximate length of the PCR amplicons are given in Table 2. PCR amplifications were performed 

with a MultiGene Mini Thermal Cycler with reaction mixture (25 µl) consisting of 100ng of genomic 

DNA, 1.5mM MgCl2, 10mM of each dNTP, 1x Taq buffer, 10µM of each primer and 1 unit of Taq 

polymerase. Samples were subjected 5 min of initial denaturation at 94°C and 30 cycles of 1 min 

denaturation at 94°C, 1 min annealing at 60°C, 1 min extension at 72°C, followed by final extension 

of 10 minutes at 72°C. Visualisation of the amplified DNA product was performed using agarose gel 

electrophoresis s described previously.  

2.6. Direct Sequencing of the Amplified DNA 

The amplified fragments were directly sequenced at 1
st
 BASE DNA Sequencing Services, Malaysia. 

The contiqs obtained using the three sets of primers were checked for overlaps and assembled in DNA 

Baser Software v4.20.0. The assemble sequences were further trimmed for removal of ambiguous 

bases using Sequencher 4.0 software and finally submitted to GenBank database in NCBI. 

2.7. Phylogenetic Analyses  

The 16S rRNA gene sequences obtained were initially compared with sequences available in the 

National Center for Biotechnology Information database using BLAST network services 

(http://www.ncbi.nlm.nih.gov/BLAST) to determine their approximate phylogenetic affiliations 

(Altschul et al., 1997). Multiple sequence alignments were generated using the CLUSTAL W 

program (Thomson et al., 1994). Phylogenetic distance trees were then inferred by neighbor joining 

(NJ) (Saitou and Nei, 1987) using the Jukes-Cantor model (Jukes and Cantor, 1969) in MEGA 6.06 

(Tamura et al., 2013).  

3. RESULTS AND DISCUSSIONS 

Role of cyanobacteria in improving soil health and fertility, bioremediation potential has been well 

known and various reports are available, but the distribution of cyanobacterial species in the coal 

mining areas needs to be explored. While exploring the occurrence of the cyanobacteria species 

diversity in the coal mining areas, a coordinated effort between laboratory and field level research was 

needed. Region-specific cyanobacterial isolates could be more effective in such applications as they 

are pre-acclimatized to the existing environmental conditions. Hence, a region specific biodiversity 

study of the coal mining areas is important for deriving optimum benefits from these indigenous 

strains. Moreover, knowledge of cyanobacterial species diversity in this region would render them as 

potential candidates in decontamination of metals associated with rampant mining and also in other 

biotechnological applications. Thus, this investigation of cyanobacterial diversity is ecologically 

significant as it enumerates diversity, abundance, dominance and richness of various cyanobacteria in 

the coal mining region. Furthermore, such findings are important as they pinpoint biological strains 

that can be used to improve quality and enhance further exploration for bioremediation activities in 

those areas.  

One hundred and sixteen samples were collected from twelve independent sites located in different 

major coal mining areas of Jaintia hills district of Meghalaya (Table 1). Almost majority of sites 

constitutes uncontrolled and unscientific mining operations and samples collection was concentrated 
to rice fields/soil and water samples (Table 2). Based on the morphological characteristics, the 

cultures isolated from these various sites were observed and concluded that they belong to 

heterocystous group of cyanobacteria with 50 % cultures belonging to the genera Nostoc and 25.8 % 

of the cultures belong to the Genera Anabaena. Predominance of the genera Nostoc in all the 
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collection sites irrespective of other influencing factors including terrain, water logging, limestone 

smelting discharges, temperature, and moisture content indicates towards their versatility, 
competitiveness and ability to occupy diverse ecological adaptations. Other cultures which are less 

predominantly prevalent belong to the genera Calothrix, Roholtiella and Topylothrix consisting of 7.7 

%, 9.4 % and 6.8 % of the total cultures isolated for enunciating the biodiversity of the region. The 
frequency of occurrence of the five predominant genera is depicted in the form of Heat map (Fig 1) 

which the colour intensities signifying the frequencies. The dendrogram in the heat map also shows 

the relationship of the cyanobacterial genera which can be seen in the formation of the two distinct 
clusters.  Khliehriat, Bataw, Lumshnong and Ladrymbai  primarily  have large amount of coal deposit 

in compared to the other sites of the Jaintia Hills (Raja Rao, 1981). Statistical analysis revealed high 

species richness and high Shannon Diversity indices in these two coal belt areas. Such values suggest 

that extreme unscientific coal mining has no effect on the cyanobacterial diversity and they could 
resist the harsh release of chemicals exhibit out from the mining. Also, the widespread of the cultures 

Nostoc and Anabaena in these belts indicates their resilience and high adaptability in varied type of 

ecosystem. However, Calothrix, Roholtiella and Topylothrix of cyanobacteria were not found in 
abundance in all the areas as mentioned in Table 1, but they do indicate the fact that these cultures 

also contributes to the their individual adaptability in extreme environments. In context to the 

diversity study richness based on Shannon Weiner Index, Simpson index and Simpson Dominance the 
data in Table 1 relates to the abundance of different Genera/species of a group of organism in an area 

and stands an accurate measurement of different kinds of Genera/species in that particular area. In 

context to the present study, low generic richness was observed in Bapung, Sohkymphor, Shangpung 

area whereas average mild generic richness were observed in the  Kongong, Sutnga, Rymbai, Bataw,  
Shkentalang and Iooksi area. This particular type of diversity strongly depends on the various 

environmental factors pertaining to the coal mining areas. 

 
Fig1.  Distribution and frequency (Heat map using R Package) of the isolated cyanobacterial samples in the 

coal mining sampling sites of Jaintia Hills District of Meghalaya. 

Table1. Distribution and relative frequency of cyanobacteria in the coal mining sampling sites of Jaintia Hills 

District of Meghalaya and also the ecological attributes of cyanobacterial communities calculated with average 

values obtain 

 Sampling Sites (Coal Mining areas)  

Cultures 
Kongo

ng 
Sutn
ga 

Khlieh
riat 

Ladrymb
ai 

Sohkym
phor 

Rym
bai 

Bata
w 

Shangp
ung 

Lumshn
ong 

Shkental
ang 

Iooks
i 

Bapu
ng 

Total 

Anabaena sp. 4 4 6 11 4 3 3 3 6 8 4 3 30 

Nostoc sp. 5 5 6 3 3 7 9 6 5 2 4 3 58 

Calothrix sp. 1 1 3 0 1 2 0 1 0 0 0 0 9 

Roholtiella fluviatilis 0 0 0 1 1 1 2 0 3 1 2 0 11 

Topylothrix sp. 1 1 0 2 0 0 1 0 2 0 1 0 8 

TOTAL 11 11 15 17 9 13 15 10 16 11 11 6 116 

Shannon Weiner Index 2.87 2.28 3.57 3.21 2.2 2.41 2.98 2.10 2.98 2.71 2.7 1.94  

Simpson index 0.78 0.89 0.88 0.87 0.68 0.89 0.98 0.56 0.85 0.75 0.79 0.84  

Simpson Dominance 0.48 0.29 0.40 0.39 0.39 0.26 0.31 0.32 0.28 0.31 0.24 0.24  
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Table2. Cyanobacterial Collection sites from Coal Mining areas in Jaintia Hills, Meghalaya 

Area/Locality Location No. of Samples 

Collected 

Type of ecosystems 

Latitude Longitude 

Khliehriat 25˚ 35’67” North 92˚ 36’40” East 10 Soil, Water 

Sutnga 25˚ 37’61” North 92˚ 44’55” East 11 Rice fields, stagnant pond 

Kongong 25˚ 35’03” North 92˚ 36’14” East 11 Soil, water 

Bapung 25˚ 38’31” North 92˚ 31’55” East 06 Water, rice field 

Sohkymphor 25˚ 41’60” North 92˚ 35’91” East 05 Rice fields, stagnant pond 

Rymbai 25˚ 33’21” North 92˚ 32’33” East 08 Soil, Water 

Bataw 25˚ 62’04” North 92˚ 88’87” East 11 Water, rice field 

Shangpung 25˚ 48’12” North 92˚ 34’92” East 09 Soil, Water 

Lumshnong 25˚ 34’65” North 92˚ 18’35” East 10 Soil, Water 

Shkentalang 25˚ 32’53” North 92˚ 14’26” East 11 Water, rice field 

Iooksi 25˚53’18” North 92˚ 54’29” East 12 Rice fields, stagnant pond 

Ladrymbai 25˚ 37’08” North 92˚ 32’58” East 14 Water, rice field 

Total no. of samples collected = 116 

Microscopic identification of cyanobacteria is rapid and also at the same time sensitive and forms the 
basis of preliminary identification (Echlin, 1966). However, with skilled and experienced operators, 

identification is possible only at the genus level. Thus, molecular approaches are particularly useful in 

the detection and identification of specific strains especially for those cultures which are 
morphologically identical at the species level. Genetic identification has been used to discriminate 

between toxic and nontoxic strains of cyanobacteria like Microcystis, Anabaena and 

Cylindrospermopsis (Wilmotte and Golubic, 1991). Phylogenetic analysis based on the 16s rRNA 

gene take considerable time and effort yet they provide certainty in the identification of Genera using  
DNA sequences. In an approach to have a compressive data on species identification of the  

cyanobacterial cultures isolated from the coal mine areas, a 16s rRNA fingerprinting approach has 

been followed in the present study based on the primers reported by Nubel et al. (1997). On the basis 
of published 16s rRNA sequences, the versatility of these primers pairs was thoroughly reviewed, and 

after extensive databases searches and cross referencing, the primer pairs as listed in Table 3 were 

determined which have been used for amplifying the 16S rRNA of the cyanobacterial isolates. The 
primers selected primer have been categorized into three regions RI, RII and RIII with targeted 

amplified amplicons of 730 bp, 740 bp and 1040bp. 39 cyanobacterial isolates from 12 different coal 

mining regions were selected from the total 116 as majority of the cultures belonging to the Nostoc 

and Anabaena genera. The 16s rRNA sequences of 39 cyanobacterial isolates selected from different 
coal mining areas were initially compared with the sequences available in the National Centre for 

Biotechnology Information database using BLAST network services to determine their approximate 

affiliations (Altschul et al., 1997) and the sequence data were submitted to GenBank (KR709104-
KR709143). The average lengths of the amplicons with corresponding Strain numbers and GenBank 

Accession numbers are depicted in Table 4.  Furthermore, based on the similarity in the BLAST hits, 

a phylogenetic tree based on 16S rRNA sequences collected from the 12 coal mining sites was 
constructed using MEGA 6.0 software (Figure 2). The evolutionary history was inferred by using the 

Neighbor-Joining method to represent the evolutionary history of the taxa analyzed (Felsenstein, 

1985). Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are 

collapsed. The percentage of replicate trees in which the associated taxa clustered together in the 
bootstrap test (1000 replicates) is shown next to the branches. Initial tree(s) for the heuristic search 

were obtained automatically by applying Neighbor-Joining and BioNJ algorithms to a matrix of 

pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then 
selecting the topology with superior log likelihood value. The phylogenetic tree of the 16s rRNA were 

inferred based on the sequences obtained from the selected cyanobacterial species from the coal 

mining sites and analysis reveals that they fall into the 5 classes of cyanobacteria (Nostoc sp, 

Anabaena sp, Tolypothrix sp, Calothrix sp and Roholtiella sp) which are predominantly distributed in 
various geographical locations in coal belt. Maximum of the coal belt areas shows the presence of 

Nostoc sp, Anabaena sp and Tolypothrix sp whereas areas like Shangpung and Shkentalang show 

presence of Calothrix sp and Roholtiella sp which on the other hand confirms the morphological 
identification. Further analysis of the sequences shows nucleotide frequencies of 28.09% (A), 16.99% 

(T/U), 21.20% (C), and 33.72% (G) including the codon positions of 1st+2nd+3rd+Noncoding. The 
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equality of evolutionary rate between sequences of (E.coli (M25588.1)) and 

(Anabaena_variabilis_SN416(KR709104)*), with sequence of (Anabaena_sp._SN417(KR709105)*) 
used as an outgroup in Tajima's relative rate (Tajima, 1993)  test statistic was 420.23 (P <0.05) . 

Table3. Primers used for the amplification of 16S rRNA gene 

Region Primer Sequence Length of PCR 

amplicon 

16S rRNA 

I region 

16S1F 5’- AGAGTTTGATCCTGGCTCAG-3’  

730bp 16S740R 5’-TCTACGCATTTCACCGCTAC-3’ 

16S rRNA 

II region 

CYA359F 5’- GGGGAATTTTCCGCAATGGG-3’  

 

740bp 

ÇYA781(A)R 5’- GACTACTGGGGTATCTAATCCCATT-3’ 

CYA781(B)R 5’- GACTACCAGGGGTATCTAATCCCTTT-3’ 

16S rRNA 

III region 

CYA359F 5’- GGGGAATTTTCCGCAATGGG-3’  

1040bp 16S149R 5’- GTACGGCTACCTTGTTACGAC-3’ 

Table4.  List of 39 cultures with GenBank Accession Numbers. 

rganism Length in bp GenBank Accession 

 Numbers 

Location 

Anabaena variabilis SN416 1440 KR709104 Kongong 

Nostoc muscorum SN434 1433 KR709122 Kongong 

Topylothrix sp. SN439 1126 KR709127 Kongong 

Anabaena variabilis SN452 1433 KR709140 Kongong 

Anabaena sp. SN417 1439 KR709105 Sutnga 

Nostoc sp. SN440 1448 KR709128 Sutnga 

Nostoc sp. SN449 1449 KR709137 Sutnga 

Anabaena variabilis SN424 1528 KR709112 Shangpung 

Roholtiella fluviatilis SN435 1432 KR709123 Shangpung 

Nostoc sp. SN426 1460 KR709114 Bapung 

Nostoc sp. SN432 1440 KR709120 Bapung 

Anabaena variabilis SN441 1443 KR709129 Bapung 

Anabaena sp. SN430 1427 KR709118 Khliehriat 

Anabaena variabilis SN443 1449 KR709131 Khliehriat 

Nostoc muscorum SN420 1506 KR709108 Khliehriat 

Anabaena variabilis SN433 1445 KR709121 Bataw 

Nostoc sp. SN418 1432 KR709106 Bataw 

Tolypothrix tenuis SN436 1458 KR709124 Ladrymbai 

Anabaena variabilis SN427 1445 KR709115 Ladrymbai 

Anabaena sp. SN442 1421 KR709130 Ladrymbai 

Anabaena sp. SN431 1449 KR709119 Ladrymbai 

Anabaena sp. SN453 1136 KR709141 Ladrymbai 

Nostoc muscorum SN455 1440 KR709143 Ladrymbai 

Nostoc commune SN444 1447 KR709132 Shkentalang 

Calothrix sp. SN438 1448 KR709126 Shkentalang 

Anabaena sp. SN428 1435 KR709116 Shkentalang 

Nostoc muscorum SN445 1442 KR709133 Iooksi 

Anabaena sp. SN425 1434 KR709113 Iooksi 

Anabaena variabilis SN448 1450 KR709136 Iooksi 

Topylothrix sp. SN446 1436 KR709134 Lumshnong 

Anabaena sp. SN447 1446 KR709135 Lumshnong 

Nostoc sp. SN419 1435 KR709107 Lumshnong 

Anabaena flos-aquae SN429 1447 KR709117 Lumshnong 

Nostoc carneum SN437 1435 KR709125 Rymbai 

Nostoc commune SN450 1443 KR709138 Rymbai 

Anabaena sp. SN422 1441 KR709110 Rymbai 

Anabaena sp. SN421 1385 KR709109 Sohkymphor 

Nostoc muscorum SN451 1441 KR709139 Sohkymphor 

Nostoc sp. SN454 739 KR709142 Sohkymphor 
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Fig2. Neighbour Joining (NJ) phylogenetic tree for the 16S rRNA gene sequences of the 39 cyanobacterial 

cultures with other sequences available in public databases. Bootstrap Values are indicated in the point at the 

nodes. 

4. CONCLUSION 

The study reveals the abundance of the genera Nostoc, Anabaena, Calothrix, Tolypothrix and 

Roholtiella in the study area. It can be seen that cyanobacteria could thrive even in environments with 

high levels of toxic chemicals as in coal mining areas. Also, it shows their versatility and high 

adaptability in different types of ecosystem. The 16S rRNA analysis shows the resemblance between 

the cyanobacterial strains isolated and their relationship with a variety of the heterocystous 

cyanobacterial species. More studies are required to further investigate, evaluate and explore the 

potentiality of these cyanobacteria. 
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