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Abstract

Cyanobacteria are oxygenic photosynthetic microorganisms known for their agricultural and industrial importance. Unavail-
ability of efficient and fast isolation and purification methods of cyanobacteria has impeded our understanding of cyano-
bacterial diversity. A number of techniques for isolation and purification of cyanobacteria are available, but most of them
are cumbersome as well as time-consuming. In the present study, we modified and validated a uni-algal isolation technique
named as Microscope Assisted Uni-algal isolation through Dilution (MAU-D) which used dilution of mixed algal popula-
tion on slide and isolation of single type of cyanobacterial cells using light microscope. Using this technique, we obtained
81 cyanobacterial isolates belonging to various species from 19 different genera from soil and water samples collected from
rice fields of Uttar Pradesh, India. This technique also resulted in isolation of six distinct genera, viz., Cyanobacterium,
Toxopsis, Desertifilum, Chroococcidiopsis, Halomicronema, and Alkalinema, which were previously not reported from rice
fields of India. Hence, the MAU-D technique presents a simple, comparatively fast method of isolation and purification of
cyanobacteria which can help to isolate those cyanobacteria which are difficult to isolate through routine sub-culturing.
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Abbreviations in contrast to 2,50,000 species of higher plants (Norton et al.
MAU-D Microscope Assisted Uni-algal isolation 1996). Among microalgae, cyanobacterial species may vary
through Dilution in number from 2780 to 4484 and may reach up to 8000

(Guiry 2012; Nabout et al. 2013; Guiry et al. 2014; Guiry

and Guiry 2018). There are evidences that cyanobacterial

Introduction diversity is under-represented due to lack of robust and effi-

Cyanobacteria or oxyphotobacteria have been one of the
pioneer species of this planet and efforts have been made
to understand its evolutionary, ecological, biochemical and
taxonomic issues (Alvarenga et al. 2017; Wilmotte et al.
2018). Estimates show the diversity present among micro-
algae are in the range of 2,00,000 to several millions species
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cient isolation techniques (Gerloff et al. 1950; Doan et al.
2011; Lee et al. 2014). Kozlov et al. (2016) proposed that
on the basis of 16S rRNA gene sequences, only 170 genera
of cyanobacteria have been described in contrast to 2998
bacterial genera (Parte 2018). With a rocky taxonomic his-
tory, cyanobacterial studies are already facing challenges
and are undergoing scrutiny with respect to systematics of
the phyla (Komarek et al. 2014). Cyanobacteria are widely
distributed in diverse aquatic and terrestrial habitats rang-
ing from soil, fresh and marine waters, tree barks, rice
fields, the Antarctica, thermal springs, desert crusts, etc.,
and are known to exhibit unicellular to filamentous forms
(Desikachary 1959; Garcia-Pichel et al. 2009). In particu-
lar, soil and water samples contain mixed algal population
and separating single uni-algal form out of the mixed popu-
lation is quite a tedious task. More than 70 years of algal
research, especially in the area of isolation, purification,

pisllase ol ay .
Ay &) Springer


http://orcid.org/0000-0001-8710-3990
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-021-02890-w&domain=pdf

343 Page 2 of 12

3 Biotech (2021) 11:343

and maintenance of cyanobacteria, have passed, but till
date, the research in the area has not been adequate. Cyano-
bacteria have associations with the bacterial and archaeal
counterparts which makes it more difficult to isolate axenic
cultures of cyanobacteria from any environmental samples
(Thompson et al. 2012; Foster and Zehr 2019). Also, the
traditional taxonomic studies based on morphological prop-
erties do not corroborate with their respective phylogenetic
analyses (Hugenholtz et al. 2016). Despite a long history
cyanobacteriology, there is still no comprehensive and easy
method to purify mixed cultures of cyanobacteria. Different
methodologies adopted by various algologists to isolate pure
cyanobacteria from diverse environmental samples are listed
in Table 1, but majority of these techniques are laborious,
complicated, time-consuming, expensive, and requires great
patience. Many of these methods require speciality chemi-
cals and sophisticated instruments which may not be avail-
able everywhere (Elhai and Wolk 1988; Doan et al. 2011;
Ali and Mirza 2017). Hence, much of the diversity works
reported remain biased towards a few dominant genera of
cyanobacteria due to lack of proper methods of cyanobacte-
rial purification.

Owing to the large number of industrial bioactive prod-
ucts produced by cyanobacteria like lipids, pigments, vita-
mins, polysaccharides, antibiotics, restriction enzymes,
etc., it becomes critical to develop an easy, time saving, and
cost-effective method to tap into the realm of cyanobacte-
rial world (Chakdar et al. 2012; Pagels et al. 2019; Patel
et al. 2019). Importantly, discovery of new oxyphotobacteria
may help ecologists in understanding the exact role of these
microbes in the biogeochemical cycle of our planet which
could address several climate change-related issues gripping
the globe (Kulasooriya 2011; Banack et al. 2012 ; Walter
et al. 2017).

Under this background, the present work was aimed at
developing a method that would not only save time but also
much effort and cost which goes into the isolation studies
of cyanobacteria. While working on the improvement of the
existing isolation methods, we have come up with an easy,
time saving, cost-effective and reliable modified technique
to isolate uni-algal cyanobacterial cultures. Using this tech-
nique, we obtained diverse genera of cyanobacteria includ-
ing few not reported earlier from similar ecological niches
from India.

Materials and methods

Sampling sites

Soil and water samples were collected from two different
locations of India (Table 2). Water and soil samples were

stored in sterile plastic bottles at 4 °C and further used for
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isolation and purification of cyanobacteria. Physicochemical
parameters like pH and EC were recorded following standard
procedure for each sample type (Jackson 1959).

Sample enrichment

BG11 media were used for sample enrichment and isola-
tion of cyanobacteria from different soil and water sample.
The pH of the medium was set 8.0 to 8.5 before autoclav-
ing. 1 g of soil from each sample was suspended in sterile
BG11 medium (100 ml) with and without nitrogen source
and mixed to homogenise. 10 ml of water sample was dis-
solved as such in 90 ml of sterile BG11 medium. The sus-
pension containing soil and water was allowed to grow in
algal growth chamber (Atlanta Drugs & Chemicals, Kolkata,
India) under 50-55 pmol photons m~2 s~ light intensity
and 16:8 light and dark cycle at 27 + 1 °C for 10-15 days
(Stanier et al. 1971).

Standardization of the isolation technique
and morphological characterization

It was conceptualized that serial dilution of mixed culture
followed by microscopic observation can result in isolation
of higher number of uni-algal isolates. Routinely followed
methods of serial dilution and incubation theoretically lower
the chance of getting diverse uni-algal cultures due to over
population of dominant species resulting in competition for
nutrients. However, allowing the cyanobacteria present in
sample to proliferate in number for a first phase of growth
followed by dilution and microscope assisted pick up of cells
will allow isolation of diverse uni-algal cyanobacteria.

To achieve this, the process was tested as follows- 20 ul
of mixed culture (obtained after 10-15 days of growth) was
pipetted out with micropipette and placed on slide (which
was wiped with 70% ethanol). The slide was observed at
100X magnification under light microscope (Olympus,
Japan). A number of sterile water droplets (15 pl) was placed
on the slide. 5 pl of culture suspension was picked up from
culture droplet and mixed to one of the 15 pl of sterile water
droplet and the process was followed for series of dilutions
and was observed under 100X magnification. The droplet
containing uni-algal form was pipetted out from slide and
collected into sterile glass tube containing 2 ml of BG 11
medium. A few repetitions of the slide dilution of the mixed
algal growth, observation under microscope, and pipetting
out uni-algal droplets were carried out to isolate maximum
possible diversity. The tubes containing single alga were
incubated under same conditions mentioned above. After
10-15 days, the uni-algal forms were observed under micro-
scope (400 and 1000X), and morphological observations
were recorded and provisionally characterized according to
the keys described by Desikachary (1959). The frequency
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Table 2 Different sampling sites, geographical location, and physicochemical properties

Sr.No  Sampling sites Source of samples Geographical location of sampling sites ~ Physicochemical
Properties of the
Sampling Sites
pH EC (uScm™V

1 Kushmaur, Mau, U.P Soil from Paddy Field 25°53.942°N and 83°29.257°’E 9.5 190

2 Kushmaur, Mau, U.P Soil from Pigeon pea Field ~ 25°54.017°N and 83°29.300'E 9.6 135

3 Kushmaur, Mau, U.P Soil from Garden 25°53.815’N and 83°29.303’E 10.5 99.7

4 Alipur, Mau, U.P Soil from Paddy Field 25°90.619°N and 83°47.860’E 8.7 248

5 Mau, U.P Water from Pond 25°95.183’N and 83°55.231’E 8.6 1500

6 New Jirang, Ri Bhoi, Meghalaya  Soil from Paddy Field 25°55.077°N and 91°34.605°’E 7.7 56

(%) of obtaining uni-algal cultures from each sample was
calculated as (No. of tubes found to have uni-algal culture as
observed under microscope after complete incubation/No. of
tubes inoculated with tentative uni-algal cultures) x 100. The
isolates were deposited at National Agriculturally Important
Microbial Culture Collection (NAIMCC), ICAR-NBAIM,
Mau, India and accession numbers were obtained.

Comparison of MAU-D method with other methods
for isolation of cyanobacteria

Comparison of MAU-D method was done with other fre-
quently used isolation techniques such as: Repeated sub-
culturing method as described by Gerloff et al. (1950),
Single cell isolation method as described by Andersen and
Kawachi (2005), and Streaking method as discussed by Lee
et al. (2014) using the soil sample collected from paddy field
of Alipur, Mau, U.P., India. Growth medium and conditions
were same as described in the section Sample Enrichment.
Purified cyanobacterial isolates obtained from different iso-
lation techniques were identified as described in the subse-
quent sections.

Molecular characterization and sequencing

Total genomic DNA was isolated using Nucleo-pore®
gDNA Fungal/Bacterial kit (Genetix Biotech Asia Pvt. Ltd,
Delhi, India) following the manufacturer’s protocol with
slight modifications. The primer pairs used were Cya 359F-
(5’GGGGAATYTTCCGCAATGGG3’) and Cya 781R(a)-
(5’ GACTACTGGGGTATCTAATCCCATT3’) targeting 16S
rRNA gene (Niibel et al. 1997). Amplification of 16S rRNA
gene was achieved as described by Nubel et al. (1997).
Bacteria-specific universal primers 27F and 1492R were
also used to cross-check ten random samples of the puri-
fied cultures for the presence of signal from contaminating
bacteria using PCR amplification (Edwards et al. 1989; Rai
et al. 2015). Sequencing of the amplified PCR product was
done by outsourcing the samples to Biokart India Pvt Ltd.

The sequence electropherograms (.abi files) were analyzed
through FinchTV (https://www?2.le.ac.uk/offices/itservices/
ithelp/my-computer/programs/finchtv) for the presence of
contaminating sequence and quality of sequencing results.
Curated sequences were used for BLAST search using EzBi-
ocloud server (http://www.eztaxon.org) for determination
of identity (Yoon et al. 2017). The partial 16S rRNA gene
sequences were submitted to NCBI GenBank.

Results
Cyanobacterial isolation and characterization

As the technique used microscopy and dilution of algal pop-
ulation on slides, it was named as Microscope Assisted Uni-
algal isolation through Dilution (MAU-D) method. Figure 1
represents a schematic diagram of the MAU-D technique for
isolation of uni-algal form from mixed culture. The isola-
tion technique resulted in 81 uni-algal cyanobacterial cul-
tures from various samples containing mixed cyanobacterial
population (Fig. 2a—c). The frequency of obtaining uni-algal
cultures for each sample was as follows: (1) Soil from paddy
field, Kushmaur, U.P.: 80%; (2) Soil from pigeon pea field,
Kushmaur, U.P.: 85.7%; (3) Soil from garden, Kushmaur,
U.P.: 80%; (4) Soil from paddy field, Alipur, U.P.: 92.85%;
(5) Water from pond, Mau, U.P.: 83.3%; (6) Soil from paddy
field, Ri Bhoi, Meghalaya: 92.30%. Table S1 presents the
different morphotypes belonging to various species of 19
different genera, identified on the basis of 16S rRNA gene
homology and morphological features. Distinct ecological
niches have been detailed in this table along with respective
diversity tapped. Table S2 presents details of various cul-
tural and morphological attributes of the isolates. Using the
MAU-D technique, both unicellular and filamentous types
of cyanobacteria were isolated (Fig. 3a—f). Unicellular forms
included: Cyanobacterium, Chroococcidiopsis, Geminocys-
tis, Chlorogloeopsis, Limnococcus, Aphanothece, and Gloe-
othece, while the filamentous forms included: Desertifilum,
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Fig. 1 Illustration of Microscope Assisted Uni-algal isolation through Dilution (MAU-D) technique for isolation and purification of cyanobacte-

ria

Lyngbya, Phormidium, Hapalosiphon, Aulosira, Toxopsis,
Trichormus, Halomicronema, Nostoc, Alkalinema, Leptol-
yngbya, and Scytonema. The present study also reported a
few distinct genera (Cyanobacterium, Toxopsis, Desertifi-
lum, Chroococcidiopsis, Geminocystis, Halomicronema,
Chlorogloeopsis, Alkalinema, Limnococcus) those were not
frequent or not reported earlier from their respective niche in
India. All the cultures were deposited at National Agricul-
turally Important Microbial Culture Collection (NAIMCC),
Maunath Bhanjan, India.

Comparison of MAU-D method with other methods
for isolation of cyanobacteria

From the soil sample collected from paddy field of Alipur,
Mau, U.P, highest (13) number of cyanobacterial isolates
was retrieved following MAU-D method, followed by
Streaking method (07), Single cell isolation method (05),
and Repeated sub-culturing method (04). The cyanobacteria
belong to Nostoc, Limnococcus, and Lyngbya which could
be obtained through MAU-D method; however, those could
not be isolated by other methods. On the other hand, iso-
late belonging to Fortiea contorta obtained through streak-
ing and single cell isolation method could not be obtained

Jate ¢llod & .
s st @) Springer

by MAU-D method (Table 3; Table S3). The frequency
of obtaining uni-algal cultures using other three methods
ranged from 36 to 70% in comparison to~93% for MAU-D
method.

Test of axenicity for pure isolates

Ten purified random cultures which were cross examined by
bacteria-specific 16S rRNA gene primers (27F and 1492R)
and the analyses showed the absence of any bacterial 16S
rRNA gene sequence signal (Fig. S1). Electropherograms
confirmed the presence of only cyanobacteria as bacterial
contamination would have been reflected by mixed peaks
upon sequencing with bacteria-specific universal primers.
The identities also matched with the results obtained with
cyanobacteria-specific primers used earlier (Table 4).

Discussion

Earlier, groundbreaking works were done in this field
during the 1950s and 60s by Gerloff et al. (1950); Allen
(1952); Kratz and Myers (1955); Hughes et al. (1958);
Van Baalen (1962); Jones et al. (1973); Allen and Gorham
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Fig.2 Mixed cyanobacterial population present in a Paddy field
(Kushmaur) soil; b Garden soil; ¢ Pigeon pea field soil

(1981). These methods were able to yield axenic cultures
and really accelerated the algological research, but majority
of them required very long time (months!!) just to isolate
a few cultures of cyanobacteria. The use of antibiotics like
imipenem, neomycin, cycloheximide, etc. also worked up
to some extent, but only a selected group of bacterial con-
taminants could be eliminated (Ferris and Hirsch 1991; Choi
et al. 2008). Moreover, the time and cost remained an issue
with such isolation methods. Streaking methods were easy
to perform, but it took weeks and sometimes months to get
uni-algal axenic cultures and, at the same time, agar posed
as hurdle due to inability of many cyanobacteria to grow on
agar (Ferris and Hirsch 1991; Lee et al. 2014). Many other

isolation techniques required the use of special equipments
or materials like nylon filtration tubes, vacuum-driven filtra-
tion apparatus, flow cytometer, ultra-sonicators, etc. (Elhai
and Wolk 1988; Vazquez-Martinez et al. 2004; Doan et al.
2011; Shiraishi 2015). All these issues together impeded
the pace of advancement in algological studies. From our
own professional experiences, we have observed that in
India, very few people (in comparison to other microbial
groups!!) are working on cyanobacteria and the major issue
is the lengthy work to purify cultures and maintaining their
axenicity.

Enrichment of soil and water sample results in isolation
of distinct cyanobacterial isolates. Rippka (1988) reported
that if crude material contained a high percentage of larger
filamentous forms, it would be better to separate the later.
Kostikov et al. (2001) found that inoculation and cultivation
of small portion of the soil sample (initial sample) in nutri-
ent media resulted in obtaining mixed cultures of cyano-
bacteria which were further purified. It has been suggested
that aqueous samples those are too dilute to isolate colo-
nies directly on agar plates should be enriched in a liquid
medium before isolation (Waterbury 2006). Basically, all
these method suggested that an initial enrichment is quite
necessary to increase the population size of cyanobacteria
before isolating and purifying them. So keeping these in
mind, in the present study, we have developed Microscope
Assisted uni-algal isolation through Dilution (MAU-D) tech-
nique (involving an initial enrichment followed by isolation
of uni-algal cells under microscope) which is a simple, time
saving, and inexpensive modification of single cell isola-
tion method to isolate uni-algal cyanobacterial cultures.
The range for the frequency of obtaining uni-algal cultures
using MAU-D was 80-92% which was quite high. Andersen
and Kawachi (2005) reported a single cell isolation method
using glass capillary or Pasteur pipette where the cells were
sequentially washed in sterile droplets and observed under
microscope to find droplets containing single cells. When
three other methods, viz., repeated sub-culturing, single cell
isolation, and streaking method, were compared to MAU-D,
it was found to be more advantageous in terms of number
of different cyanobacteria retrieved from the same sample
and frequency of obtaining uni-algal cultures. Many of the
cyanobacteria like Aulosira, Hapalosiphon, Alkalinema,
Halomicronema, and Aphanothece could be isolated using
all the techniques, but a few cyanobacteria like Limnococ-
cus, Lyngbya sp. could be obtained from the same sample
using the MAU-D method only. This may be due to the ini-
tial enrichment which might have helped to populate such
cyanobacteria which were otherwise low in number in the
original sample. Although MAU-D method, is quite similar
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Fig.3 Some of the cyanobacterial isolates obtained using MAU-D technique a Aulosira laxa K58; b Nostoc sp. K60; ¢ Lyngbya hieronymusii
K81; d Limnococcus sp. K71; e Hapalosiphon sp. K50; and f Scytonema sp. K55

to the method described by Andersen and Kawachi (2005),
MAU-D method is distinctly different in few aspects like (1)
serial dilution is used; (2) auto pipettes are used which are
easy to handle, and (3) chances of cell injury is low (as the
droplet generally contains many cells of single type) leading
to high probability of revival in fresh medium, while in case
of single cell isolation using capillary, the chances of cell
injury due to capillary forces are high. Series of dilution with
microscopic observations offer greater chances to obtain uni-
algal cultures. Less number of sub-culturing associated with
MAU-D increases the probability of getting the cyanobac-
teria which are otherwise difficult to isolate through rou-
tinely followed repeated subcultures. Recently, SulCius et al.
(2017) reported a single cell pick up method which involved
a setup having a micromanipulator attached with an inverted
microscope. Though effective, this method involved complex
instrumentation making the method costly along with the
intricacies in handling an invert microscope—micromanipu-
lator system. However, the MAU-D method did not require
an inverted microscope; instead, a simple light microscope
can be used. Another single cell sorting technique was avail-
able which used the fluorescence of chlorophyll present in
cyanobacterial populations which could be monitored by
flow cytometry (Reckermann 2000; Crosbie et al. 2003).
But such techniques require knowledge of flow cytometry,
trained man power. MAU-D technique follows simple rule
of dilution and observation under microscope. It is worthy
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to mention that it is never possible to tap the entire cyano-
bacterial diversity following a single method of isolation,
medium, or growth conditions. It is evident from the pre-
sent study that using different isolation methods with same
medium and growth conditions, it is possible to isolate dif-
ferent types of cyanobacteria.

Most significant observation we made after using this
technique for isolation was the presence of genera like
Cyanobacterium, Toxopsis, Desertifilum, Chroococcidiop-
sis, Halomicronema, and Alkalinema which have not been
reported from rice fields of India yet (Anand and Kumar
Hopper 1987; Nayak et al. 2004; Nayak and Prasanna 2007;
Prasanna et al. 2009; Selvi and Sivakumar 2012; Singh
et al. 2014; Adhikari and Baruah 2015; Srivastava et al.
2015; Vijayan and Ray 2015; Borah et al. 2016; Dash et al.
2017; Debnath et al. 2017). A recent study of cyanobacte-
rial diversity from rice fields of Maharashtra reported 137
species from 35 genera with Anabaena and Oscillatoria as
predominant genera (Ghadage and Karande 2019). However,
none of the six newly reported genera in the present study
were documented by them. Srivastava et al. (2009) charac-
terized the molecular diversity of cyanobacteria from the
rice fields of eastern Uttar Pradesh (Azamgarh, Mirzapur,
Jaunpur, Chandauli, and Varanasi) which is well known to
be affected with salinity problem. In this study, they mainly
reported Anabaena, Nostoc, Aulosira, Tolypothrix, Hapa-
losiphon, Oscillatoria, Phormidium, Lyngbya, Rivularia,
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Table 3 Comparison of different isolation techniques

MAU-D

Single cell isolation by micropipette Streaking

Repeated sub-culturing

This study

(Lee et al. 2014)

(Andersen and Kawachi 2005)
One growth cycle of 15-20 days

(Gerloff et al. 1950)

Duration required to obtain uni-algal Three growth cycles of 12-15 days

Reference

One growth cycle of 15 days

Three growth cycles of 12—15 days

each

07

each
04

cultures

13

05

No. of uni-algal cyanobacteria

retrieved

92.85

36.36

66.70

Frequency (%) of obtaining uni-algal 70.58

cultures

Aulosira laxa, Fortiea contorta, Aulosira laxa, Hapalosiphon sp., Aulosira laxa, Hapalosiphon sp., Nos-

Aulosira laxa, Hapalosiphon sp.,

Identity of the cyanobacteria

toc sp., Alkalinema pantanalense,

Aphanothece sp., Alkalinema pan- Fortiea contorta, Alkalinema

Alkalinema pantanalense, Halomi-

cronema Sp.

retrieved

Halomicronema sp., Leptolyngbya

pantanalense, Halomicronema sp.,
sp., Aphanothece sp., Limnococ-

tanalense, Halomicronema sp.,

Leptolyngbya sp., Aphanothece sp.

cus sp., Lyngbya wollei, Lyngbya

hieronymusii

Fischerella, Gloeothece, and Aphanothece with Nostoc
and Aulosira predominant in saline soils. In another study,
Tiwari et al. (2001) showed that rice fields of Allahabad,
Varanasi, Pratapgarh, Bareilly, and Basti were inhabited
by members of Pseudanabaena, Limnothrix, Phormidium,
Microcoleus, Oscillatoria, Lyngbya, and Plectonema. Litera-
ture survey suggested that majority of the above -cited stud-
ies used routine sub-culturing techniques with or without
minor modifications. In this study, we report six additional
genera from the paddy fields of salinity affected areas of
Mau- a district of eastern Uttar Pradesh, India. It is worthy
to mention that majority (Cyanobacterium, Desertifilum,
Halomicronema, and Alkalinema) of the six new genera
reported in this study were tolerant to high salinity and have
originally been reported from saline/hypersaline habitats
(Abed et al. 2002; Moro et al. 2007; Dadheech et al. 2012;
Vaz et al. 2015). This finding highlights the fact that the
MAU-D method could isolate diverse cyanobacteria which
were otherwise difficult to obtain through routine sub-cul-
turing techniques leading to isolation of only few dominant
cyanobacterial groups. Another interesting aspect of the
MAU-D method was revealed by the molecular analyses
of cyanobacterial isolates sequenced with bacteria-specific
primers. The absence of bacteria-specific signals in the
cyanobacterial DNA indicated the axenicity of the ten ran-
dom samples. Molecular analyses can become ambiguous
and complicated for the identification of uni-algal cyano-
bacteria due to DNA contamination and its unusual degree
of genomic streamlining with its associated microorganisms,
particularly bacteria (Erwin and Thacker 2008; Ran et al.
2010; Tripp et al. 2010).

Although we did not carry out any optimization, the
mixed algal population was diluted by fivefold at every dilu-
tion step instead of tenfold dilution which could also be done
if the algal growth was very high. Dilution at micro-volumes
actually resulted in higher probability to get single cyano-
bacterial cultures in droplets. Despite framing the meth-
odology conceptually, we could successfully establish and
validate a simple method with much precision than many
of the earlier reported methods. The present method had
three distinct advantages: (1) simplicity for execution; (2)
comparatively fast (may be completed in two cycles (15 days
each) of growth); (3) ability to yield uni-algal cultures with
a better representation of existing diversity which is difficult
to with routine sub-culturing techniques. (4) Revival rate
of cultures in fresh medium is comparatively higher as the
method can also result in axenic cultures, but we believe
that it may not be the case always. Although, we have tested
this method on soil and water samples, it should be equally
applicable for other samples too.
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Table 4 Comparison of

. . . SI. no Isolate no Identity based on cyanobacteria-specific Identity based on bacteria-
1dent1ﬁcat19n of ten randon.l primers [Cya359F & Cya781R(a)] specific primers [27F &
samples using cyar'lobacte.rla- 1492R]
specific and bacteria-specific
primers 1 K50 Hapalosiphon sp. Hapalosiphon sp.
2 K51 Nostoc sp. Nostoc sp.
3 K53 Aulosira laxa Aulosira sp.
4 K54 Cyanobacterium aponinum Cyanobacterium aponinum
5 K55 Scytonema sp. Scytonema sp.
6 K56 Nostoc carneum Nostoc sp.
7 K57 Aulosira laxa Aulosira sp.
8 K58 Aulosira laxa Aulosira sp.
9 K59 Aulosira laxa Aulosira sp.
10 K95 Lyngbya hieronymusii Lyngbya sp.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13205-021-02890-w.

Acknowledgements The authors are grateful to ICAR-National Bureau
of Agriculturally Important Microorganisms (NBAIM), Mau for finan-
cial assistance and infrastructural facilities provided during the work.
Collection of samples from Meghalaya was carried out under Indian
Soil Microbiome project (being carried out at ICAR-NBAIM). This
is a part of the Ph.D. work of the first author under supervision of the
corresponding author as co-supervisor.

Authors contribution HC: contributed in conceptualization of the
work. SV has optimized the methodology and validated the study. SV
and SYB have investigated the study and prepared the original draft.
HC, SV, SYB, PC, NS, and SD have contributed in writing—reviewing
the draft. HC and AKS have supervised the study and edited the final
draft and gave final approval of this version to be published. All authors
read and approved the final manuscript.

Availability of data and materials Gene sequences are available in
NCBI, Cultures are available in National Agriculturally Important
Microbial Culture Collection (NAIMCC) at ICAR-NBAIM, Mau,
Uttar Pradesh, India, and other information are available with the cor-
responding author.

Declarations

Conflict of interest The authors declare no conflict of interests.

References

Abed RMM, Garcia-Pichel F, Hernandez-Mariné M (2002) Polypha-
sic characterization of benthic, moderately halophilic, moderately
thermophilic cyanobacteria with very thin trichomes and the pro-
posal of Halomicronema excentricum gen. nov., sp. nov. Arch
Microbiol 177(5):361-370. https://doi.org/10.1139/m58-02410.
1007/s00203-001-0390-2

Adhikari A, Baruah PP (2015) Comparative diversity and composition
of nitrogen-fixing cyanobacteria in three different land use sys-
tems of upper Assam. Ethiop J Environ Stud Manag 8:727-737.
https://doi.org/10.4314/ejesm.v8i6.11

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Ali E, Mirza SS (2017) A new method to isolate algal species from mix
algal culture. BioRxiv. https://doi.org/10.1101/233981

Allen MB (1952) The cultivation of Myxophyceae. Arch Microbiol
17(1-4):34-53. https://doi.org/10.1007/BF00410816

Allen EAD, Gorham PR (1981) Culture of planktonic cyanophytes
on agar. In: Carmichael WW (ed) The Water Environment. Envi-
ronmental Science Research. Springer, Boston, MA, pp 185-192

Alvarenga DO, Fiore MF, Varani AM (2017) A metagenomic approach
to cyanobacterial genomics. Front Microbiol 17:34-53. https://
doi.org/10.3389/fmicb.2017.00809

Anand N, Kumar Hopper RSS (1987) Blue-green algae from rice fields
in Kerala State. India Hydrobiologia 144(3):223-232. https://doi.
org/10.1007/BF00005556

Andersen RA, Kawachi M (2005) Traditional microalgae isolation
techniques. In: Andersen RA (ed) Algal culturing techniques, 1st
edn. Esevier Academic Press, pp 83-100

Banack SA, MetcalfJS, Jiang L, Craighead D, Ilag LL, Cox PA (2012)
Cyanobacteria produce N-(2-aminoethyl) glycine, a backbone for
peptide nucleic acids which may have been the first genetic mol-
ecules for life on earth. PLoS ONE 7(11):e49043. https://doi.org/
10.1371/journal.pone.0049043

Borah D, Vimala N, Thajuddin N (2016) Biochemical composition and
chemotaxonomy of cyanobacteria isolated from Assam. North-
East India Phykos 46(2):33—41

Chakdar H, Jadhav SD, Dhar DW, Pabbi S (2012) Potential applications
of blue green algae. J Sci Ind Res (india) 71:13-20

Choi GG, Bae MS, Ahn CY, Oh HM (2008) Induction of axenic culture
of Arthrospira (Spirulina) platensis based on antibiotic sensitivity
of contaminating bacteria. Biotechnol Lett 30(1):87-92. https://
doi.org/10.1007/s10529-007-9523-2

Crosbie ND, Pockl M, Weisse T (2003) Rapid establishment of clonal
isolates of freshwater autotrophic picoplankton by single-cell
and single-colony sorting. J Microbiol Methods 55(2):361-370.
https://doi.org/10.1016/S0167-7012(03)00167-2

Dadheech PK, Abed RMM, Mahmoud H, Mohan MK, Krienitz L
(2012) Polyphasic characterization of cyanobacteria isolated from
desert crusts, and the description of Desertifilum tharense gen. et
sp. nov. (Oscillatoriales). Phycologia 51(3):260-270. https://doi.
org/10.2216/09-51.1

Dash NP, Kumar A, Kaushik MS, Abraham G, Singh PK (2017)
Nitrogenous agrochemicals inhibiting native diazotrophic cyano-
bacterial contribution in wetland rice ecosystem. J Appl Phycol
29(2):929-939. https://doi.org/10.1007/s10811-016-0998-x

Debnath M, Singh T, Bhadury P (2017) New records of cyanobacterial
morphotypes with Leptolyngbya indica sp. Nov. from terrestrial


https://doi.org/10.1007/s13205-021-02890-w
https://doi.org/10.1139/m58-02410.1007/s00203-001-0390-2
https://doi.org/10.1139/m58-02410.1007/s00203-001-0390-2
https://doi.org/10.4314/ejesm.v8i6.11
https://doi.org/10.1101/233981
https://doi.org/10.1007/BF00410816
https://doi.org/10.3389/fmicb.2017.00809
https://doi.org/10.3389/fmicb.2017.00809
https://doi.org/10.1007/BF00005556
https://doi.org/10.1007/BF00005556
https://doi.org/10.1371/journal.pone.0049043
https://doi.org/10.1371/journal.pone.0049043
https://doi.org/10.1007/s10529-007-9523-2
https://doi.org/10.1007/s10529-007-9523-2
https://doi.org/10.1016/S0167-7012(03)00167-2
https://doi.org/10.2216/09-51.1
https://doi.org/10.2216/09-51.1
https://doi.org/10.1007/s10811-016-0998-x

3 Biotech (2021) 11:343

Page110f12 343

biofilms of the lower gangetic plain India. Phytotaxa. 316(2).
https://doi.org/10.11646/phytotaxa.316.2.1

Desikachary TV (1959) Cyanophyta (Vol. 2). Indian Council of Agri-
cultural Research New Delhi

Doan TTY, Sivaloganathan B, Obbard JP (2011) Screening of
marine microalgae for biodiesel feedstock. Biomass Bioenerg
35(7):2534-2544. https://doi.org/10.1016/j.biombioe.2011.02.021

Edwards U, Rogall T, Blocker H, Emde M, Bottger EC (1989) Iso-
lation and direct complete nucleotide determination of entire
genes. Characterization of a gene coding for 16S ribosomal RNA.
Nucleic Acids Res 17(19):7843-7853. https://doi.org/10.1093/nar/
17.19.7843

Elhai J, Wolk CP (1988) Conjugal transfer of DNA to cyanobacteria.
Methods Enzymol 167:747-754. https://doi.org/10.1016/0076-
6879(88)67086-8

Erwin PM, Thacker RW (2008) Cryptic diversity of the symbiotic
cyanobacterium Synechococcus spongiarum among sponge
hosts. Mol Ecol 17(12):2937-2947. https://doi.org/10.1111/j.
1365-294X.2008.03808.x

Ferris MJ, Hirsch CF (1991) Method for isolation and purification of
cyanobacteria. Appl Environ Microbiol 57(5):1448-1452. https://
doi.org/10.1128/AEM.57.5.1448-1452.1991

Foster RA, Zehr JP (2019) Diversity, genomics, and distribution of
phytoplankton-cyanobacterium single-cell symbiotic associa-
tions. Annu Rev Microbiol 73:435-456. https://doi.org/10.1146/
annurev-micro-090817-062650

Garcia-Pichel F, Belnap J, Neuer S, Schanz F (2009) Estimates of
global cyanobacterial biomass and its distribution. Arch Hydro-
biol Suppl Algol Stud 109(1):213-227. https://doi.org/10.1127/
1864-1318/2003/0109-0213

Gerloff GC, Fitzgerald GP, Skoog F (1950) The isolation, purifica-
tion, and nutrient solution requirements of blue-green algae.
In: Brunei J, Prescott GW, Tiffany LH (eds) Proceedings of the
Symposium on the Culturing of Algae, Dayton, Ohio: Charles
F. Kettering Foundation. pp 27-44

Ghadage SJ, Karande VC (2019) The distribution of blue-green
algae (Cyanobacteria) from the paddy fields of Patan and
Karad tehsils of Satara District, Maharashtra India. J Threat
Taxa 11(14):14862-14869. https://doi.org/10.11609/jott.4891.
11.14.14862-14869

Guiry MD (2012) How many species of algae are there? J Phycol
48(5):1057-1063. https://doi.org/10.1111/j.1529-8817.2012.
01222.x

Guiry M, Guiry G (2018) About AlgaeBase : Algaebase. In: World-
wide Electron. Publ Natl Uni. Ireland, Galway.

Guiry MD, Guiry GM, Morrison L et al (2014) AlgaeBase: An On-
line Resource for Algae. Cryptogam Algol 35(2):105-115.
https://doi.org/10.7872/crya.v35.iss2.2014.105

Hugenholtz P, Skarshewski A, Parks DH (2016) Genome-based
microbial taxonomy coming of age. Cold Spring Harb Perspect
Biol 8(6):a018085. https://doi.org/10.1101/cshperspect.a018085

Hughes EO, Gorham PR, Zehnder A (1958) Toxicity of a uni-algal
culture of Microcystis aeruginosa. Can J Microbiol 4:225-236.
https://doi.org/10.1139/m58-024

Jackson ML (1959) Soil Chemical Analysis. J Agric Food Chem.
https://doi.org/10.1021/jf60096a605

Jones K, Rhodes ME, Evans SC (1973) The use of antibiotics to
obtain axenic cultures of algae. Br Phycol J 8(2):185-196.
https://doi.org/10.1080/00071617300650211

Komarek J, Kastovsky J, Mares J, Johansen JR (2014) Taxonomic
classification of cyanoprokaryotes (cyanobacterial genera)
2014, using a polyphasic approach. Preslia 86(4):295-335

Kostikov 1J, Romanenko PO, Demchenko EM, Dariyenko TM,
Mikhaylyuk TI, Ribchinskiy OV, Solonenko AM (2001)
Soil algae of Ukraine (Vodorosti gruntiv Ukrajiny) (his-
tory and methods, systems, synopsis of flora).-300 pp.

Phytosotsiologichniy center, Kiev [in Ukrainian] Kyiv:
Fitosotsiotsentr.

Kozlov AM, Zhang J, Yilmaz P, Glockner FO, Stamatakis A (2016)
Phylogeny-aware identification and correction of taxonomically
mislabeled sequences. Nucleic Acids Res 44(11):5022-5033.
https://doi.org/10.1093/nar/gkw396

Kratz WA, Myers J (1955) Nutrition and growth of several blue-
green algae. Am J Bot 42:282-287. https://doi.org/10.2307/
2438564

Kulasooriya SA (2011) Cyanobacteria: pioneers of planet earth. Ceylon
J Sci (bio Sci) 40(2):71-88. https://doi.org/10.4038/cjsbs.v40i2.
3925

Lee K, Eisterhold ML, Rindi F, Palanisami S, Nam PK (2014) Iso-
lation and screening of microalgae from natural habitats in the
midwestern United States of America for biomass and biodiesel
sources. J Nat Sci Biol Med 5(2):333. https://doi.org/10.4103/
0976-9668.136178

Moro I, Rascio N, La Rocca N, Di Bella M, Andreoli C (2007) Cyano-
bacterium aponinum, a new Cyanoprokaryote from the micro-
bial mat of Euganean thermal springs (Padua, Italy). Algol Stud
123(1):1-5. https://doi.org/10.1127/1864-1318/2007/0123-0001

Nabout JC, da Silva RB, Carneiro FM, Sant’Anna CL (2013) How
many species of Cyanobacteria are there? Using a discovery curve
to predict the species number. Biodivers Conserv 22(12):2907-
2918. https://doi.org/10.1007/s10531-013-0561-x

Nayak S, Prasanna R (2007) Soil pH and its role in cyanobacterial
abundance and diversity in rice field soils. Appl Ecol Environ
Res 5(2):103-113. https://doi.org/10.15666/aeer/0502_103113

Nayak S, Prasanna R, Pabby A, Dominic TK, Singh PK et al (2004)
Effect of urea, blue green algae and Azolla on nitrogen fixation
and chlorophyll accumulation in soil under rice. Biol Fertil Soils
40:67-72. https://doi.org/10.1007/s00374-004-0738-2

Norton TA, Melkonian M, Andersen RA (1996) Algal biodiver-
sity. Phycologia 35(4):308-326. https://doi.org/10.2216/
10031-8884-35-4-308.1

Niibel U, Garcia-Pichel F, Muyzer G (1997) PCR primers to amplify
16S rRNA genes from cyanobacteria. Appl Environ Microbiol
63(8):3327-3332. https://doi.org/10.1128/AEM.63.8.3327-3332.
1997

Pagels F, Guedes AC, Amaro HM, Kijjoa A, Vasconcelos V (2019)
Phycobiliproteins from cyanobacteria: chemistry and biotechno-
logical applications. Biotechnol Adv 37(3):422-443. https://doi.
org/10.1016/j.biotechadv.2019.02.010

Parte AC (2018) LPSN-List of prokaryotic names with standing in
nomenclature (Bacterio net), 20 years on. Int J Syst Evol Micro-
biol 68(6):1825. https://doi.org/10.1099/ijsem.0.002786

Patel A, Matsakas L, Rova U, Christakopoulos P (2019) A perspective
on biotechnological applications of thermophilic microalgae and
cyanobacteria. Bioresour Technol 278:424-434. https://doi.org/
10.1016/j.biortech.2019.01.063

Prasanna R, Jaiswal P, Nayak S, Sood A, Kaushik BD (2009) Cyano-
bacterial diversity in the rhizosphere of rice and its ecological
significance. Indian J Microbiol 49(1):89-97. https://doi.org/10.
1007/512088-009-0009-x

Rai P, Sharma A, Saxena P et al (2015) Comparison of molecular and
phenetic typing methods to assess diversity of selected members
of the genus Bacillus. Microbiol. https://doi.org/10.1134/S0026
261715020113

Ran L, Larsson J, Vigil-Stenman T et al (2010) Genome erosion in
a nitrogen-fixing vertically transmitted endosymbiotic multicel-
lular cyanobacterium. PLoS ONE. https://doi.org/10.1371/journ
al.pone.0011486

Reckermann M (2000) Flow sorting in aquatic ecology. Sci Mar
64(2):235-246. https://doi.org/10.3989/scimar.2000.64n2235

Pigllase ¢l ay .
e e O) Springer


https://doi.org/10.11646/phytotaxa.316.2.1
https://doi.org/10.1016/j.biombioe.2011.02.021
https://doi.org/10.1093/nar/17.19.7843
https://doi.org/10.1093/nar/17.19.7843
https://doi.org/10.1016/0076-6879(88)67086-8
https://doi.org/10.1016/0076-6879(88)67086-8
https://doi.org/10.1111/j.1365-294X.2008.03808.x
https://doi.org/10.1111/j.1365-294X.2008.03808.x
https://doi.org/10.1128/AEM.57.5.1448-1452.1991
https://doi.org/10.1128/AEM.57.5.1448-1452.1991
https://doi.org/10.1146/annurev-micro-090817-062650
https://doi.org/10.1146/annurev-micro-090817-062650
https://doi.org/10.1127/1864-1318/2003/0109-0213
https://doi.org/10.1127/1864-1318/2003/0109-0213
https://doi.org/10.11609/jott.4891.11.14.14862-14869
https://doi.org/10.11609/jott.4891.11.14.14862-14869
https://doi.org/10.1111/j.1529-8817.2012.01222.x
https://doi.org/10.1111/j.1529-8817.2012.01222.x
https://doi.org/10.7872/crya.v35.iss2.2014.105
https://doi.org/10.1101/cshperspect.a018085
https://doi.org/10.1139/m58-024
https://doi.org/10.1021/jf60096a605
https://doi.org/10.1080/00071617300650211
https://doi.org/10.1093/nar/gkw396
https://doi.org/10.2307/2438564
https://doi.org/10.2307/2438564
https://doi.org/10.4038/cjsbs.v40i2.3925
https://doi.org/10.4038/cjsbs.v40i2.3925
https://doi.org/10.4103/0976-9668.136178
https://doi.org/10.4103/0976-9668.136178
https://doi.org/10.1127/1864-1318/2007/0123-0001
https://doi.org/10.1007/s10531-013-0561-x
https://doi.org/10.15666/aeer/0502_103113
https://doi.org/10.1007/s00374-004-0738-2
https://doi.org/10.2216/i0031-8884-35-4-308.1
https://doi.org/10.2216/i0031-8884-35-4-308.1
https://doi.org/10.1128/AEM.63.8.3327-3332.1997
https://doi.org/10.1128/AEM.63.8.3327-3332.1997
https://doi.org/10.1016/j.biotechadv.2019.02.010
https://doi.org/10.1016/j.biotechadv.2019.02.010
https://doi.org/10.1099/ijsem.0.002786
https://doi.org/10.1016/j.biortech.2019.01.063
https://doi.org/10.1016/j.biortech.2019.01.063
https://doi.org/10.1007/s12088-009-0009-x
https://doi.org/10.1007/s12088-009-0009-x
https://doi.org/10.1134/S0026261715020113
https://doi.org/10.1134/S0026261715020113
https://doi.org/10.1371/journal.pone.0011486
https://doi.org/10.1371/journal.pone.0011486
https://doi.org/10.3989/scimar.2000.64n2235

343 Page 12 of 12

3 Biotech (2021) 11:343

Rippka R (1988) Isolation and purification of cyanobacteria. Meth-
ods Enzymol 167:3-27. https://doi.org/10.1016/0076-6879(88)
67004-2

Selvi KT, Sivakumar K (2012) Distribution of heterocystous cyano-
bacteria in rice fields of Cuddalore District, Tamil Nadu. Int J Life
Sci Pharm Res 2(4):30-39

Shiraishi H (2015) Association of heterotrophic bacteria with aggre-
gated Arthrospira platensis exopolysaccharides: Implications
in the induction of axenic cultures. Biosci Biotechnol Biochem
79(2):331-341. https://doi.org/10.1080/09168451.2014.972333

Singh SS, Kunui K, Minj RA, Singh P (2014) Diversity and distribu-
tion pattern analysis of cyanobacteria isolated from paddy fields of
Chhattisgarh. India J Asia-Pacific Biodivers 7(4):462—470. https://
doi.org/10.1016/j.japb.2014.10.009

Srivastava AK, Bhargava P, Kumar A, Rai LC, Neilan BA (2009)
Molecular characterization and the effect of salinity on cyano-
bacterial diversity in the rice fields of Eastern Uttar Pradesh India.
Saline Systems 5(1):4. https://doi.org/10.1186/1746-1448-5-4

Srivastava A, Tiwari R, Srivastava V, Singh TB, Asthana RK (2015)
Fresh water cyanobacteria Geitlerinema sp CCC728 and
Arthrospira sp CCC729 as an anticancer drug resource. PLoS
ONE 10(9):e0136838. https://doi.org/10.1371/journal.pone.01368
38

Stanier RY, Kunisawa R, Mandel M, Cohen-Bazire G (1971) Purifica-
tion and properties of unicellular blue-green algae (order Chroo-
coccales). Bacteriol Rev 35(2):171 (PMID: 4998365; PMCID:
PMC378380)

Sulgius S, Slavuckyté K, Januskaité M, Paskauskas R (2017) Estab-
lishment of axenic cultures from cyanobacterium Aphanizomenon
flos-aquae akinetes by micromanipulation and chemical treatment.
Algal Res 23:43-50. https://doi.org/10.1016/j.algal.2017.01.006

Thompson AW, Foster RA, Krupke A, Carter BJ, Musat N, Vau-
lot D, Kuypers MM, Zehr JP (2012) Unicellular cyanobacte-
rium symbiotic with a single-celled eukaryotic alga. Science
337(6101):1546-1550. https://doi.org/10.1126/science.1222700

Tiwari O, Prasanna R, Yadav A, Dhar WD, Singh P (2001) Growth
potential and biocide tolerance of non-heterocystous filamentous
cyanobacterial isolates from rice fields of Uttar Pradesh. India
Biol Fertil Soils 34(4):291-295. https://doi.org/10.1007/s0037
40100402

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Tripp HJ, Bench SR, Turk KA, Foster RA, Desany BA, Niazi F,
Affourtit JP, Zehr JP (2010) Metabolic streamlining in an open-
ocean nitrogen-fixing cyanobacterium. Nature 464(7285):90-94.
https://doi.org/10.1038/nature08786

Van Baalen C (1962) Studies on marine blue-green algae. Bot Mar
4:129-139

Vaz MGMYV, Genuéario DB, Andreote APD, Malone CFS, Sant’Anna
CL, Barbiero L, Fiore MF (2015) Pantanalinema gen. nov. and
Alkalinema gen. nov.: Novel Pseudanabaenacean genera (Cyano-
bacteria) isolated from saline—alkaline lakes. Int J Syst Evol
Microbiol 65(1):298-308. https://doi.org/10.1099/ijs.0.070110-0

Vazquez-Martinez G, Rodriguez MH, Herndndez-Hernandez F, Ibarra
JE (2004) Strategy to obtain axenic cultures from field-collected
samples of the cyanobacterium Phormidium animalis. J Micro-
biol Methods 57(1):115-121. https://doi.org/10.1016/j.mimet.
2003.12.003

Vijayan D, Ray JG (2015) Ecology and diversity of cyanobacteria in
kuttanadu paddy wetlands. Am J Plant Sci. https://doi.org/10.
4236/ajps.2015.618288

Walter JM, Coutinho FH, Dutilh BE, Swings J, Thompson FL, Thomp-
son CC (2017) Ecogenomics and taxonomy of Cyanobacteria
phylum. Front Microbiol 8:2132. https://doi.org/10.3389/fmicb.
2017.02132

Waterbury JB (2006) The cyanobacteria—isolation, purification and
identification. The Prokaryotes 4:1053—1073. https://doi.org/10.
1007/0-387-30744-3_38

Wilmotte A, Beets K, Santoro M, Simons V, Lara Y, Durieu B, Javaux
E, Jacques P, Cornet L, Baurain D (2018) BCCM/ULC: A collec-
tion of cyanobacteria linking Poles to Space

Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun J (2017) Intro-
ducing EzBioCloud: a taxonomically united database of 16S rRNA
gene sequences and whole-genome assemblies. Int J Syst Evol
Microbiol 67(5):1613. https://doi.org/10.1099/ijsem.0.001755

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/0076-6879(88)67004-2
https://doi.org/10.1016/0076-6879(88)67004-2
https://doi.org/10.1080/09168451.2014.972333
https://doi.org/10.1016/j.japb.2014.10.009
https://doi.org/10.1016/j.japb.2014.10.009
https://doi.org/10.1186/1746-1448-5-4
https://doi.org/10.1371/journal.pone.0136838
https://doi.org/10.1371/journal.pone.0136838
https://doi.org/10.1016/j.algal.2017.01.006
https://doi.org/10.1126/science.1222700
https://doi.org/10.1007/s003740100402
https://doi.org/10.1007/s003740100402
https://doi.org/10.1038/nature08786
https://doi.org/10.1099/ijs.0.070110-0
https://doi.org/10.1016/j.mimet.2003.12.003
https://doi.org/10.1016/j.mimet.2003.12.003
https://doi.org/10.4236/ajps.2015.618288
https://doi.org/10.4236/ajps.2015.618288
https://doi.org/10.3389/fmicb.2017.02132
https://doi.org/10.3389/fmicb.2017.02132
https://doi.org/10.1007/0-387-30744-3_38
https://doi.org/10.1007/0-387-30744-3_38
https://doi.org/10.1099/ijsem.0.001755

	Microscope Assisted Uni-algal isolation through Dilution (MAU-D): a simple modified technique for tapping diverse cyanobacteria
	Abstract
	Introduction
	Materials and methods
	Sampling sites
	Sample enrichment
	Standardization of the isolation technique and morphological characterization
	Comparison of MAU-D method with other methods for isolation of cyanobacteria
	Molecular characterization and sequencing

	Results
	Cyanobacterial isolation and characterization
	Comparison of MAU-D method with other methods for isolation of cyanobacteria
	Test of axenicity for pure isolates

	Discussion
	Acknowledgements 
	References




