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Abstract
The recent realization of immense biotechnological potential has made cyanobacteria the organisms of choice for research and 

development in the fields of biofertilizers, food and feed, energy production, fine chemicals, pharmaceuticals and bioremediation etc. 
This necessitates a study of cyanobacterial diversity for finding strains with different potentials and characteristics to suit their varied 
applications. Cyanobacterial population in 13 different sites within the state of Meghalaya was studied as a preliminary investigation of 
diversity in the state. Ninety seven samples were collected from different ecological niches which yielded 147 isolates out of which a total 
of 93 strains belonging to 11 genera were documented. These are Nostoc, Anabaena, Fischerella, Calothrix, Cylindrospermum, Gloeo-
capsa, Plectonema, Scytonema, Tolypothrix, Stigonema, and Westiellopsis. Nostoc was most abundant. The isolates were characterized 
at the morphological, biochemical as well as at the molecular level. Statistical analyses indicated maximum Shannon’s and Simpson’s 
diversity indices in Sung Valley and minimum in Mairang. Richness was highest in Sung Valley and Syntuksiar and lowest in Rangshken. 
Polymerase chain reaction-based molecular fingerprinting study proved to be highly efficient in distinguishing closely related strains 
revealing greater cyanobacterial diversity in all locations than initially appeared under morphological investigations. 
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1. Introduction

Cyanobacteria are ubiquitous microbes prevailing in a wide 
variety of habitats and are common inhabitants of rice fields, 
freshwater lakes, ponds, etc. They are highly adaptive and grow 
as free-living as well as in symbiotic associations with large num-
ber of organisms. They are a group of microbes of which many 
members are photosynthetic and nitrogen fixing in nature which 
make them completely self-sufficient in their need for carbon, 
nitrogen and energy. Cyanobacterial diversity and distribution in 
a particular region are greatly affected by different factors such 
as temperature, salinity, pH, pollutants, etc. Among these, pH is 
an important determinant as cyanobacteria are known to prefer 
neutral to alkaline pH for their optimum growth [1, 2].

The role of nitrogen fixing cyanobacteria in enhancing soil 
fertility has been long known [1, 3]. With increasing awareness 
of their varied potential applications, studies on cyanobacterial 
diversity have been reported from around the world in recent 
times [4-6]. However, with the exception of a few reports, cya-
nobacterial diversity studies in the north-eastern region of India 
are scarce although the region is well known as one of the biodi-
versity hot-spots in the world for its exceptionally large floral and 

faunal diversity [7-9]. The state Meghalaya lies between 25º5΄N 
and 26º10΄N latitudes and 89º47΄E and 92º47΄E longitudes cov-
ering an area of 22,429 sq. km. The occurrence of diverse eco-
logical niches in this region provides excellent growth conditions 
for varied cyanobacteria. The temperature is moderate, but the 
humidity varies from one location to the other. Soil and water 
pH of this region ranges from acidic to neutral. It is the inter-
play among these favourable and adverse conditions that have 
shaped the distinct biodiversity of the region. Keeping these facts 
in view, soil and water samples were collected from various eco-
systems to assess cyanobacterial diversity in the state. The pres-
ent investigation was carried out to create a database of available 
cyanobacteria. 

2. Materials and Methods

2.1. Study Area

Soil and water samples were randomly collected from thir-
teen sites covering four districts (East Khasi Hills, West Khasi 
Hills, Jaintia Hills, and Ri Bhoi) in Meghalaya (Fig. 1). The pH of 
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at a photon fluence rate of 50 μmol m2/sec.

2.3. Measurement of Growth 

Growth was measured as increase in protein content of the 
isolates. 5 mL of culture was concentrated by centrifugation and 
cells were disrupted by ultrasonication using an ultrasonicator 
(Sonics & Materials Inc., Newtown, CT, USA) fitted with a micro-
probe. This was centrifuged and resulting supernatant was used 
for protein determination against a standard curve using meth-
od detailed by Lowry et al. [13].

 
2.4. Richness and Diversity Analysis

On the basis of microscopic observation under Olympus 
BX-53 microscope, genera of the cyanobacterial isolates were 
identified [14] and strains were sorted out on the basis of their 
morphology. Total number of strains under each genus was 

the collected samples was recorded to see the difference in acid-
ity among the samples [10]. 

2.2. Isolation, Purification and Cultivation of Cyanobacteria

Cyanobacterial strains were isolated and purified from the 
collected samples as described by Packer and Glazer [11]. For 
isolation, BG-11 media was used which is an established media 
for cyanobacterial isolation and maintenance. Samples were in-
oculated in this media and purified by repeated plating on 1.5% 
agar made in the same media. Single colonies were transferred 
to liquid BG-110 media for growth and maintenance [12]. Eleven 
different genera were identified in 147 isolates. These were Nos-
toc, Anabaena, Fischerella, Calothrix, Plectonema, Cylindrosper-
mum, Gloeocapsa, Scytonema, Stigonema, Tolypothrix and Wes-
tiellopsis. These were assigned the alphabets A–K respectively in 
Table 1. For maintenance, the cyanobacteria cultures were kept 
under 14/10 hr light/dark cycle at a temperature of 25±2⁰C and a 

Fig. 1. Map of the state of Meghalaya showing the thirteen collection sites.

Table 1. Distribution of strains within cyanobacterial genera in the collection sites

Study sites with their respective soil/water pH

Genus & no. 
of isolates

1 (5.8) 2 (6.1) 3 (6.2) 4 (6.0) 5 (6.2) 6 (6.3) 7 (6.0) 8 (5.9) 9 (6.9) 10 (6.8) 11 (5.9) 12 (5.6) 13 (5.8) Total no. 
of strains

A- 75 7 4 5 3 8 7 7 3 7 9 5 5 5 51
B- 30 1 3 3 1 2 5 2 1 4 3 2 2 1 17
C- 12 0 0 1 1 3 0 1 2 1 1 0 1 1 07
D- 09 0 1 0 0 1 1 1 0 1 1 1 0 2 05
E- 07 1 0 0 0 0 1 0 0 2 1 1 1 0 02
F- 05 1 0 0 0 0 0 1 0 1 1 0 1 0 03
G- 04 0 0 0 0 0 0 0 0 1 1 2 0 0 03
H- 02 0 1 1 0 0 0 0 0 0 0 0 0 0 02
I- 01 0 0 1 0 0 0 0 0 0 0 0 0 0 01
J- 01 0 0 0 0 0 0 0 0 0 0 0 0 1 01
K- 01 0 0 1 0 0 0 0 0 0 0 0 0 0 01

Total-147       10       09       12       05       14       14       12       06       17       17       11       10       10 93

Number 1-13 indicates the sites mentioned in the Table 1. The absolute pHs of the sites are mentioned in the parentheses next to the sites. The 
sites are Mairang, Mawkriah, Mawlai, Mylliem, Mawphlang, Mawroh, Nongstoin, Rangshken, Sung Valley, Syntuksiar, Umiam, Umkhen and 
Umsning. They are numbered as 1 to 13, respectively.
A: Nostoc, B: Anabaena, C: Fischerella, D: Calothrix, E: Cylindrospermum, F: Gloeocapsa, G: Plectonema, H: Scytonema, I: Stigonema, J: 
Tolypothrix, K; Westiellopsis.
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in 25 µL reaction volume containing 2 µL of the cyanobacterial 
filaments, 50 pmol of the primer, 10 mM dNTP, 1 U of Taq DNA 
polymerase and the buffer supplied with the Taq polymerase was 
used according to the manufacturer’s instructions. The amplifi-
cations were carried out using Mastercycler ep Gradient S Ther-
malcycler (Eppendorf, Hamburg, Germany) and the cycles used 
were as follows: 1 cycle at 95ºC for 6 min, 30 cycles at 94ºC for 1 
min, 56ºC for 1 min, 65ºC for 6 min, 1 cycle at 65ºC for 16 min 
and the final cycle at 4ºC for α. 6 µL of each of the PCR ampli-
fied products were then resolved on 1.5%  agarose gel which was 
prepared in TAE buffer (1X) containing ethidium bromide and 
electrophoresed at 100 V for 2.5 hr. The DNA banding patterns 
thus produced were visualized using a transilluminator under 
UV light and recorded with a CCD camera (Olympus Camedia 
C4000).

3. results and Discussion

3.1. Cyanobacterial Isolates

Over all ninety-seven samples were collected from the thir-
teen independent sites where mostly acidic pH was recorded. 
Analysis resulted in ninety-three strains within the collection 
of 147 isolates belonging to 11 genera (Table 1). Fig. 2 summa-
rizes the relationship in abundance among them. More than half 
(55%) of the isolates belongs to the genus Nostoc. The next most 
abundant genus was Anabaena which, however, only accounted 

counted for estimating diversity and richness of cyanobacteria 
in the study areas. Shannon-Wiener index (H) [15] and Simpson’s 
diversity (1-D) [16] were used to estimate the generic diversity 
among the cyanobacterial isolates (Table 2) using the following 
formulae:

Shannon-Wiener index, H = –∑ pilnpi
Simpson’s dominance, D = ∑ (pi)2

Simpson’s diversity index, 1-D = 1-∑(pi)2

where pi = Total number of strains of genus i/total number of 
                     all strains.

2.5. Genetic Fingerprinting

Molecular techniques using short tandemly repetitive re-
peated (STRR) sequences in polymerase chain reaction (PCR) 
were employed to generate fingerprint profiles of the isolates to 
get an authentic summary of the cyanobacterial diversity. The 
DNA fingerprint profiles were generated for a selected number 
of Nostoc and Anabaena strains by amplifying their repetitive 
DNA sequences using STRR1A primer [17]. This was done to dis-
tinguish closely related isolates from each other and also to find 
similarity, if any, that existed among the isolates that displayed 
diverse morphology under varying environmental conditions. 
Ten day old exponentially growing axenic cultures of cyanobac-
terial strains were washed twice with sterile Milli Q water and 
then resuspended in the same and used directly as template for 
PCR. 2 µL of the suspension was used as template with STRR1A 
(5΄-CCARTCCCCARTCCCC-3΄) primer. The PCR was performed 

Table 2. Dominance and generic diversity indices of the study sites

Diversity indices 1 (5.8) 2 (6.1) 3 (6.2) 4 (6.0) 5 (6.2) 6 (6.3) 7 (6.0) 8 (5.9) 9 (6.9) 10 (6.8) 11 (5.9) 12 (5.6) 13 (5.8) All sites

Shannon-Wiener’s 
   diversity index

0.940 1.539 1.976 0.950 1.110 1.090 1.230 1.039 1.624 1.476 1.414 1.359 1.359 1.630

Simpson’s 
   diversity index

0.48 0.74 0.71 0.56 0.60 0.61 0.61 0.62 0.75 0.67 0.71 0.68 0.68 0.68

Simpson’s 
   dominance

0.52 0.26 0.29 0.44 0.40 0.39 0.39 0.38 0.25 0.33 0.29 0.32 0.32 0.32

Cyanobacterial 
   richness

 10     9  12     5  14  14  12     6  17  17  11  10  10  93

Fig. 2. Distribution pattern of cyanobacterial genera isolated during the study.
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A3, A4, F1, F2, Cal1, Cal2 was poor indicating their intolerance 
towards acidic pH (Fig. 3). However, when grown at pH 7.4 the 
maximum growth was seen in Nostoc and Anabaena isolates.

3.3. Richness and Diversity Analysis

The number of species per sample is a measure of richness. 
The more species present in a sample, the ‘richer’ the sample. 
Diversity indices take into account both species richness and the 
relative abundance of each species to quantify how well species 
are represented within a community. The Shannon-Wiener and 
Simpson’s diversity indices are the two most widely used species 
diversity indices for examining overall community character-
istics. The Shannon-Wiener index takes both species richness 
and the relative abundance of each of these species in a com-
munity into account to determine the uncertainty that an indi-
vidual picked at random will be of a given species. Biologically 
realistic H values range from 0 (only one species present with no 
uncertainty as to what species each individual will be) to about 
4.5 (high uncertainty as species are relatively evenly distributed). 
In theory, the H value can be much higher than 4.5, although 
most real-world estimates of H range from 1.5 to 3.5. In general, 
it is thought that more disturbed and less stable environments 
should have lower H values. Simpson’s diversity index is also a 
measure of diversity. In ecology, it is often used to quantify the 
biodiversity of a habitat. It takes into account the number of spe-
cies present, as well as the abundance of each species. Simpson’s 
dominance (D) measures the probability that two individuals 
randomly selected from a sample will belong to the same species 
(or some category other than species). With this index, 0 repre-
sents infinite diversity and 1, no diversity. That is, the bigger the 
value of D, the lower the diversity. The value of Simpson’s index 
of diversity (1 – D) index also ranges between 0 and 1, but now, 
the greater the value, the greater the sample diversity. In this 
case, the index represents the probability that two individuals 
randomly selected from a sample will belong to different spe-
cies. These statistical analyses revealed that Syntuksiar and Sung 
Valley had the highest richness of cyanobacteria. Nostoc and An-
abaena were widely distributed in all the sites. Mawlai showed 
maximum Shannon’s diversity index (H) of 1.976 followed by 
Sung Valley (1.624), Mawkriah (1.539), Syntuksiar (1.476) etc and 
the lowest was reported from Mairang (0.94). Simpson’s diver-

for 18%, emphasizing the resilience and strong ability of Nostoc 
to adapt to variations in their surroundings. That rice field eco-
system is conducive to growth of Nostoc and Anabaena is evident 
from this collection even though most locations recorded acidic 
pH. This implied that pH may not be the sole determinant of 
cyanobacterial diversity of a location. The interplay among the 
other environmental parameters such as temperature, moisture 
content, availability of nutrients, etc., that are found in rice field 
ecosystems also contribute towards shaping the cyanobacte-
rial diversity of a place. Among the different environmental pa-
rameters, soil pH is one of the most important factors which is 
responsible for proliferation of cyanobacteria [18]. The optimal 
pH required for the growth of cyanobacterial cultures falls within 
neutral to alkaline pH ranging from 7.5 to 10 [19, 20]. The acidic 
nature of soil and water pH of the region may be attributed to 
the leaching of bases from acidic rocks which are poor in bas-
es [21]. Since physiogeographically Meghalaya consists of hilly 
terrains and receives heavy rainfall, these components get dis-
solved in the soil and water augmenting their acidic properties. 
Although many reports are available that show higher Anabaena 
abundance in rice fields with neutral to alkaline pH [18, 22], we 
found high percentage of isolates belonging to genus Nostoc in 
acidic soil and water samples collected from rice fields. This in-
dicated that Nostoc is better in adapting to variation of pH than 
Anabaena. The other genera were relatively infrequent in their 
occurrence (8% Fischerella to 1% for Stigonema, Tolypothrix and 
Westiellopsis) pointing to their limited ability to adapt to changes 
from their optimum growth conditions. This was evident from 
the fact that when samples were inoculated in the liquid media 
(BG-11) traditionally used for their isolation and maintenance 
they failed to show their presence in the collection of isolates.

3.2. Protein Estimation as a Measure of Growth in Cya-
nobacterial Strains

Total protein content was measured in the isolates growing at 
pH 6.0 to estimate their growth in acidic pH since most strains 
were isolated from locations that registered pH below neutral. 
The maximum growth was seen in Cylindrospermum sp. fol-
lowed by four Nostoc strains. An Anabaena, a Scytonema and a 
Tolypothrix sp. also showed comparable protein content with 
the Nostoc strains. Growth in strains such as N1, N2, N3, N4, A2, 

Fig. 3. Protein concentrations (in µg/mL) of strains of N: Nostoc, A: Anabaena, F: Fischerella, Cal: Calothrix, P: Plectonema, Cyl: Cylindrospermum, 
Scy: Scytonema, Stig: Stigonema, T: Tolypothrix. The experiment was conducted at pH 6.0 and 7.4, to estimate growth of the selected strains.
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at microscopic level, however, STRR profiling generated finger-
prints showed distinct differences at their genetic level. In ad-
dition, some of the isolates with indistinguishable morphology 
from different sites produced identical DNA fingerprint profiles 
indicating their similarity at molecular level. For example, N2 
isolated from Mairang and N12 isolated from Sung Valley were 
genetically identical strains. 

4. conclusions

This study may not truly reflect the cyanobacterial diversity 
of the entire state of Meghalaya since the samples were mainly 
collected from four out of the seven districts of Meghalaya. The 
complete picture will emerge only after many other ecological 
niches as well as samples from all districts are analyzed. Howev-
er, it is a preliminary investigation towards creating an elaborate 
cyanobacterial database of the region. The random collection 
and analysis of samples carried out in the study definitely estab-
lish acidic nature of pH of soil and water in the state. Meghalaya 
has a large mineral deposit of coal, limestone and uranium and 
coal and limestones are regularly mined for commercial purpos-
es. Due to unscientific mining and zero maintenance, mining 
sludge overruns into various rivers and streams aiding to acidity 
of soil and water in the state. Although, pH certainly is a determi-
nant for cyanobacterial diversity, this study indicated that other 
factors like temperature, moisture, nutrient content etc. also aid 
in determining cyanobacterial population of a location.  All thir-
teen sites of Meghalaya selected for the present study showed 
cyanobacterial diversity dominated by Nostoc and Anabaena. 
Microscopic study revealed comparatively limited number of 
other cyanobacterial genera which failed to grow when samples 
were inoculated in liquid isolation media under favorable con-
ditions indicating their restricted ability to tolerate changes in 
their surroundings. Otherwise genera such as Tolypothrix, Au-
losira, Cylindrospermum, Scytonema and Westiellopsis are quite 
common in other Indian rice field soils [18]. Statistical analysis 
showed that richness may not be a function of diversity in this 
region. PCR-based molecular fingerprinting study was highly 
supportive in differentiating closely related strains as well as in 
identifying similar strains with originally dissimilar morphology.

sity index of 0.75 was seen in Sung Valley followed by Mawkriah 
(0.74), Mawlai and Umiam with 0.71 each and lowest in Mairang 
(0.48), respectively. The maximum Simpson’s dominance was re-
corded from Mairang (0.52) and the lowest was from Sung Valley 
(0.25). 

The climatic conditions in Sung Valley and Syntuksiar are 
highly favourable for rice cultivation and they form the major 
rice cultivable areas in the state. High cyanobacterial richness 
and Shannon’s diversity indices in these two locations confirm 
that the rice fields offer an optimum environment for diverse 
cyanobacterial growth despite the fact that various agrochemi-
cals are in use during rice cultivation in order to enhance yield. 
Even though most sites recorded acidic pH, predominance of 
Nostoc and Anabaena in all sites pointed towards their flexibility 
and high adaptability. Low cyanobacterial generic richness was 
seen in Mylliem (number of isolates, 5) and Rangshken (num-
ber of isolates, 6) that recorded pHs of 6.0 and 5.9, respectively, 
whereas, Syntuksiar and Sung Valley with pH in neutral range 
(6.8 and 6.9, respectively) recorded high generic richness sup-
porting 17 strains each (Table 1). This indicated that cyanobac-
terial richness is strongly affected by the pH of an area. Again, it 
was intriguing that ten strains were isolated from Mairang (pH 
5.8) whereas only five strains were found in the samples col-
lected from Mylliem (pH 6.0). Yet, twelve strains were isolated 
from Nongstoin having similar pH to Mylliem (pH 6.0). All these 
observations highlighted the fact that even though pH is a de-
finitive factor, it alone does not determine cyanobacterial rich-
ness of a location. Highest diversity was recorded from Mawlai 
where richness was only 12 strains as against 17 strains that were 
isolated from Sung Valley and Syntuksiar thereby indicating rich-
ness may not be a function of diversity in this region (Table 2). 

3.4. Strain Differentiation by PCR Generated Fingerprint 
Profiles

The use of STRR1A primer was useful in establishing genetic 
diversity of the cyanobacterial strains (Fig. 4). Two genetic fin-
gerprint profiles (one of twelve Nostoc and the other of ten Ana-
baena strains) shown in Fig. 4 differentiated among closely re-
lated strains that could not be distinguished under microscopic 
observations. For example, N3 and N9 were indistinguishable 

a b

Fig. 4. The polymerase chain reaction-based DNA fingerprint patterns of select (A) Nostoc strains and (B) Anabaena strains isolated during the 
study revealed by STRR1A primers. ‘M’ represents the molecular weight marker.
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