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Abstract

Blue green algae, or cyanobacteria, evolved over millions of centuries to withstand a wide range of conditions, including
extremes in pH, salinity and temperature. Because of their diverse morphology and the presence of comparable
phenotypic traits with variances in genotypic features, cyanobacteria can be difficult to identify. The most common issues
with cyanobacterial identification are as follows: (1) morphological variation within the same taxa can vary in both natural
and the lab conditions; (2) taxonomic modifications are common due to the constantly changing classification of
cyanobacteria; (3) cryptic species exhibit morphological similarity but genetic distinctness; (4) cyanobacterial growth is
impacted by environmental factors such as light, temperature, and pH, leading to phenotypic variations and absence of
extensive reference materials. This study investigated the technique of utilizing 16S rRNA CYA primer to figure out the
genetic links between twelve isolates of Oscillatoria and 8 Nostoc strains of cyanobacteria. Their phylogenetic tree, in
silico restriction digestion analysis, and secondary structure prediction were used to estimate the taxonomic resolution.
By using their genotypic and phenotypic differences, these techniques made it possible to discriminate between different

cyanobacterial genera.
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Cyanobacteria are an ancient class of prokaryotic
photosynthetic organisms that are found all over the planet in
soils, thermal springs, freshwater and marine habitats and the
Polar Regions according to Whitton [25], Garcia-Pichel [6],
Abed et al. [1] and others. As secondary metabolites, these
organisms produce a wide range of physiologically active
compounds that have  antibacterial,  carcinogenic,
immunosuppressive, anticancer, antifungal and antitumor
properties [8], [25]. This proved their enormous potential as
suppliers of chemicals to the food, pharmaceuticals and biotech
industries. Even though cyanobacteria are widely used, their
nomenclature has changed significantly several times since the
early 2000s due to the advancements in genome sequencing.
This change started with their classification as prokaryotes and
continued with a plethora of new taxonomic descriptions and
reclassifications [3]. In fact, morphology seems to be lacking in
recent identification systems; instead, their systematic grouping
approach entirely depends on phenotypic (and infrequently
ecological) traits. The taxonomy of cyanobacteria is
complicated by its diverse evolutionary patterns, adaptable
cyto-morphological features and rapid evolution across all
families. Different higher taxa may differ in the stability and
taxonomic importance of numerous criteria included in

cyanobacterial genomes. The taxonomic importance of
identical characteristics in different clades can therefore differ.
Even the same species from different populations have diverse
evolutionary sequences because of their non-overlapping
molecular data [4], [17]. Amongst the few justifications that
molecular information and the species phylogeny concept
should be used together are the following [2]. Although DNA
sequences are strict hereditary inheritances, environmental
influences can affect biochemical and morphological
characteristics [3]. While the nature of phenotypic traits is not
always evident, molecular features can be clearly characterized
[4]. Genomic data may be applied to quantitative techniques
considerably more easily [14]. The comparison of extremely
distant family organisms (i.e., across domains and phylum) is
only possible with a limited number of techniques, because
morphological features do not hold up at such distances [7].
To detect cyanobacteria and establish a phylogenetic
tree, the most prevalent 16S rRNA gene was utilized [22-23].
These molecules are present in all prokaryotes, and since the
strains differ in their sequence, it is possible to deduce
evolutionary relationships from them. Furthermore, strain
investigations are made possible by the comparatively easy
alignment of the 16S rRNA gene sequences, which have
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accumulated into a substantial library of sequences (about 11
lakh cyanobacterial sequences as of today) [16]. The diversity
of cyanobacteria has been investigated using a number of
markers, such as the rpo gene, ITS region, nif gene, 16S rRNA,
phycocyanin locus and phosphoenol pyruvate carboxylase gene
[24]. With the help of the use of bioinformatics, rapid
advancements in genomic and alternative molecular research
technologies along with information technology trends have
combined to give an astounding amount of molecular biology-
related information. Utilizing 16S rRNA gene sequences, this
study investigated the genetic interference among different
isolates of Oscillatoriales and Nostocales through in-silico
techniques like phylogenetic tree, Restriction digestion analysis
and their secondary structure to illustrating the taxonomic
resolution. By using their genotypic and phenotypic
distinctions, these techniques made it possible to discriminate
between different cyanobacterial genera. Therefore, this work
uses the 16s rRNA gene, which can be established as a
molecular marker for cyanobacteria authentication, to
determine the taxonomic interference between various
Oscillatoria and Nostoc species.

MATERIALS AND METHODS

Strain collection

Totally 12 strains of Oscillatoriacales and 8 different
strains of Nostocales were collected from National Repository
of Microalgae and Cyanobacteria — Freshwater (NRMC-F) and
National Facility for Marine Cyanobacteria (NFMC) funded by
DBT, Government of India, Microalgae and cyanobacterial
collection centre located in Bharathidasan University,
Tiruchirappalli, Tamil Nadu, India. 16S rRNA CY A sequences
(Table 1) for these strains were retrieved from NCBI bank.

Phylogenetic analysis of 16s rRNA gene

Using the retrieved sequence neighbour joining (NJ)
procedure in MEGA 11 [15], the distance matrix has been
adjusted for phylogenetic analysis, by removing multiple
substitutions and gaps are avoided. The statistical significance
of the tree branches was ascertained using bootstrap analysis
[18].

Restriction digestion analysis

A version 2.0 of the NEB CUTTER program was utilized
to determine the restriction sites in the 16S rRNA CYA gene
Sequence of a particular Oscillatoriaceae family member
(http://tools.neb.com/NEBCUTTERZ2/index.php). According to
Lehtiméki et al. [15], the in-silico research made it possible to
identify unique restriction endonucleases, allowing for the
classification of cyanobacterial taxa across strains.

Secondary structure prediction

With RNA alifold server version 2.5.8, the secondary
structures of 16S rRNA gene sequences were folded. Using
these secondary structural traits, the significance of
considerable variability in 16S rRNA gene sequence data was
evaluated.

RESULTS AND DISCUSSION

16S rRNA CYA gene sequence for 12 Oscillatorial
strains and 8 Nostoc strains of Cyanobacterial from NRMC-F
and NFMC were deposited and collected from NCBI Genbank.
The strain details and accession number were mentioned (Table
1). The 16S rRNA gene sequences of the examined
cyanobacterial species were aligned with comparable
sequences from the NCBI GenBank database using CLUSTAL-
W. Utilizing the Neighbour-Joining methodology [20], the
phylogenetic tree was built. It was evident that the examined
Oscillatorial and Noctoc strains could be divided into at least
four clusters (Fig 1).

KF018675.1 Nostoc calcicola AUS-JR/DB/NT-014

JXB61683.1 Nostoc commune AUS-JR/DB/MNT-003

KC843704 .1 Oscillatoria boryana strain NTDPDS
JQ928410.1 Oscillatoria boryana strain NTDV18

JXB61684.1 Nostoc commune AUS-JR/DB/MNT-004

EF061317.1 Oscillatoria willei BDU 130481

DQB45200.1 Cscillatoria boryana BDUS2181
— KC556805.1 Mostoc verrucosum AUS-JR/DB/NT-006

D845199.1 Oscillatoria formosa BDUS1041
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KF469280.1 Oscillatoria acuminata NTAPCOS

Fig 1 Phylogenetic tree construction for 12 strains of Oscillatoriales and 8 strains of Nostocales
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Table 1 GenBank accession number for 12 Oscillatoriales and 8 Nostocales filamentous strains

S. No. Strain name Strain No. Accession No.
1 Oscillatoria boryana BDU91041 DQ845199
2 Oscillatoria formosa BDU92181 DQ845200
3 Oscillatoria willei BDU 130461 EF061317
4 Oscillatoria laete-virens BDU100891 EF420110
5 Oscillatoria boryana NTASO1 GU186910
6 Oscillatoria sp. BDU 141541 GU186901
7 Oscillatoria sp. BDU 142191 GU186897
8 Oscillatoria sp BDU 142191 JQ083642
9 Oscillatoria subbrevis SGBRA04 JQ867393
10 Oscillatoria boryana NTDMI11 JQ928410
11 Oscillatoria boryana NTDV18 KC849704
12 Oscillatoria acuminata NTAPCO5 KF469280
13 Nostoc commune AUS-JR/DB/NT-004 JX961684
14 Nostoc commune AUS-JR/DB/NT-003 JX961683
15 Nostoc spongiaeforme AUS-JR/DB/NT-007 KC556806
16 Nostoc verrucosum AUS-JR/DB/NT-006 KC556805
17 Nostoc hatei AUS-JR/DB/NT-008 KC800917
18 Nostoc muscorum AUS-JR/DB/NT-009 KC800918
19 Nostoc calcicola AUS-JR/DB/NT-014 KF018675
20 Nostoc paludosum AUS-JR/DB/NT-015 KF018676

Table 2 16S rRNA gene sequence analysis of cyanobacterial strains -Restriction enzymes showing polymorphic bands by
custom digestion with in silico experiments

S. No. Strain Id Strain name T;;zl Gc % Cu%ter Cu:);ter Restriction enzymes producing polymorphic fragments
1 Oscillatoria DQ845199 782 52% 23 18 Aatll, Afllll, Ahdl, Apal, Banll, BciVI, BfuAl, BsaAl,
Formosa BsaHI, BseYl, BsmFl, BspEl, BspMI, BssSI, BstNI,
BDU91041 BstUl, BtsCl, EcoO109l, Fokl, Haelll, Hpy188l,
HpyAV, HpyCHA4lll, Msel, Mwol, NmeAlll, PspGl,
PspOMI, SfaNl, Tagql, Zral
2 Oscillatoria DQ845200 993 55% 26 29  Aatll, Afllll, Agel, Ahdl, Alel, Apal, Banll, Becl, BfuAl,
boryana Bmrl, BsaAl, BsaHIl, BsaWl, BseYl, Bsll, BsmFl,
BDU92181 BspCNI, BspEl, BspMI, BsrFl, Bsrl, BssSl, BstNI,
Bsu361, Dpnl, Dpnll, EcoNI, EcoO109l, Haell, Hhal,
HinP1l, Hpy188I, Mbol, Mboll, Mlul, Msll, NmeAlll,
Nspl, PaqCl, Pcil, PspGl, PspOMI, Sau3Al, Sau3Al,
SgrAl, Sphl, Taql, Zral
3 Oscillatoria willei EF061317 912 56% 26 17 Aatll, Afel, AflllI, Agel, Ahdl, Alel, Apal, Apol, BaeGl,
BDU 130461 Banll, BbvCl, Bccl, BcoDlI, BfuAl, Bmrl, BsaAl, BsaHl,
BsaWl, BseYl, BsmAl, Bsp1286l, BspCNI, BspMlI,
BsrFl, Bsrl, BssHII, BssSl, BstNI, Earl, EcoO109l,
EcoRI, Fokl, Haell, Hgal, Hpy188l, HpyAV, Mlul,
Msll, Mwol, Ndel, Nspl, PspGl, PspOMI, SgrAl, Xcml,
Zral
4 Oscillatoria laete-  EF420110 825 56% 17 21  Aatll, Afllll, Ahdl, Alel, Apal, Avall, BaeGl, Banl,
virens BDU100891 Banll, Bmtl, BsaAl, BsaHI, Bsll, BsmFI, Bsp1286l,
BspCNI, BssSI, BstXIl, Bsu36l, Bsu36l, BtsCl,
Eco01091, EcoP15l, EcoRV, Fokl, Hpyl188l, Mlul,
Msll, Nhel, Nrul, Nspl, Pcil, PflFl, PspOMI,
Rsril,SexAl, SfaNl, Sfcl, Sphl, Stul, Tth111l, Xcml, Zral
5 Oscillatoria GU186910 692 54% 21 9  Agel, Alul, Alwl, BfuAl, BsaHI, BsaWl, Bsll, BsmFl,
boryana Bsml, BspEl, BspMI, BsrFl, BtsCl, Btsl, Dpnl, Dpnll,
NTASO01 EcoNI, EcoP15l, EcoRl, Fnu4HI, Fokl, Haell, Haelll,
Hgal, Hphl, Hpy99l, HpyCH41V, HpyCH4V, Mbol,
Mboll, Msel, MspAll, PaqCl, Sau3Al, SfaNIl, SfaNI,
Sfcl, SgrAl, Tfil, Tsp45l.
6 Oscillatoria sp. GU186901 639 54% 23 4 Apol, BeeAl, BfuAl, Bsll, Bsml, BspEl, BspMI, BtsCl,
BDU 141541 Btsl, Dpnl, Dpnll, EcoNI, EcoRIl, Fokl, Hgal,
Hphl, HpyCH4V, Mbol, MIuCl, PaqCl, Sau3Al, Taql.
7 Oscillatoria sp. GU186897 646 55% 16 9  Apol, Aval, Avall,BcoDI, Bmrl, Bpml, BseRlI, BsiEl,

BDU 142191

BsmAl, BsoBI, BspEl, BsrDI, Btgl, BtsCl, Btsl,
CviQl, Dpnl, Dpnll, EcoNI, EcoRI, Fokl, Hindlll,
Hinfl, Hpyl66ll, Hpy188Ill, Hpy99l, HpyAV,
HpyCH4l1I1l, Mbol, MIuCl, Mlyl, MspAll, NmeAlll,



10

11

12

13

14

15

16

17

18

Oscillatoria 1329 54%
subbrevis

SGBRAO4

JQ083642

Oscillatoria 54%
boryana

NTDM11

JQB867393 581

Oscillatoria 53%
boryana

NTDV18

JQ928410 639

Oscillatoria KC849704 637 56%
boryana

NTDPO6

Oscillatoria KF469280 431 54%
acuminata
NTAPCO05
Nostoc commune
AUS-JR/DB/NT-

004

JX961684 630 53%

Nostoc commune JX961683 638 53%
AUS-JR/DB/NT-

003

Nostoc KC556806 557 54
spongiaeforme

AUS-JR/DB/NT-
007

Nostoc verrucosum KC556805 601 54
AUS-JR/DB/NT-

006

Nostoc hatei AUS-
JR/DB/NT-008

KC800917 430 54

Nostoc muscorum KC800918 582 52
AUS-JR/DB/NT-

009

20 14
25 5
23 11
19 13
12 9
19 17
21 14
28 7
21 10
27 4
23 17

PfIFI, Plel, Pwvul, Rsal, Sacll, Sau3Al, Styl, Tfil,
Tth111l.

Aatll, Acc65l, Afel, Afllll, Ahdl, Alel, AlwNI, Apal,
Apol, Aval, BaeGl, Banl, Bccl, BcoDlI, BfuAl, BpuEl,
BsaAl, BsaHI, BsaWl, BseRI, BsmAl, BsmFI, BsoBlI,
BspEl, BspMI, BsrDlI, BsrFl, BsrGl, BssSl, Btgl, Btsl,
CviQl, Dpnl, Dpnll, EcoNI, EcoO109I, EcoRlI, Haell,
Hindlll, Hpy16611, Kpnl, Mbol, Mlul, Mlyl, Msll,
MspAll, Mwol, Ncol, NmeAlll, Nrul, Nspl, PaqCl,
Pcil, Plel,PspOMI, Rsal,Sacll, Sau3Al, Smal, Smil,
Sphl, Stul, Styl, Taqgl, Tsp45l, TspMI, Xmal, Xmnl,
Zral.

Apol, Bmrl, Bsll, Btsl, EcoNI, EcoRI, Hpy16611, Kpnl,
Mbol, Mlul, Mlyl, Msll, MspA1l, Mwol, Ncol, NmeAlll,
Nrul, Nspl, PaqCl, Pcil, Plel,PspOMI, Rsal,Sacll,
Sau3Al, Smal, Smll, Sphl, Stul, Styl, Taql, Tsp45l,
TspMI, Xmal, Xmnl, Zral.

Acc65l, Apal, ApeKl,Apol, Aval, BaeGl, Banl, Banll,
Bbvl, BceAl, BcoDlI, BfuAl, Bmrl, Bsal, BsmAl, BsoBlI,
Bsp12861, BspEl, BspMI, BspQl, Btsl, CviQl,
Earl,EcoNl, EcoO109l, EcoP15l, EcoRIl, Hgal,
Hpy16611, HpyCH4V, Kpnl, MIuCl, Msel, MspAll,
PaqCl, PspOMI, Rsal, Sacll, Sapl, Smal, Tagl, Tsel,
TspMI, Xmal, Xmnl.

Acc65l, Apol, Banl, Bbvl, BceAl, BcoDlI, BfuAl, BfuAl,
Bmrl, BseRl, BsiEl, BsiHKAI, BsmAl, BspEl, BspMI,
BsrDI, Bsu36l, Btsl, CviQl, Dpnl, Dpnll, Eco53kI,
EcoNl, EcoRl, Hgal, Hpy16611, HpyCH4V, Kpnl, Mbol,
MIuClI, Mlyl, MspAll, Mwol, PaqCl, Plel, Pvul, Rsal,
Sacl, Sacll, Sau3Al, Sau96l, Xmnl

Acc65l, ApeKl, Banl, Bbvl, BceAl, BstUI, BtsClI, CviQl,
EcoP15I, EcoRI, Hgal, HpyCHA4lll, HpyCH4V, Kpnl,
MspALll, Rsal, Sacll, Tsel

AlwNI, Avrll, Banll, BceAl, Bcll, BcoDI, BfuAl,Bmrl,
BsaJl, BsiHKAI, BsmAl, Bspl12861, BspEl, BspMI,
BsrDlI, BsrFl, Bsrl,Btgl, Btsl,CviQl, Eco53kl, EcoNl,
Hgal, Hhal, HinP1l, Hpyl661l,Hpy99l,HpyCH4V,
Mlyl, MspAll, Mwol, PaqCl, Plel, Rsal, Sacl, Sacll,
Styl

AlwNI, Apol, Banll,BceAl, Bcll, BcoDlI, BfuAl, Bmrl,
BsiHKAI, BsmAl, Bspl12861, BspEl, BspMI, BsrDI,
Bsrl, Btgl, BtgZl, BtsCl, Btsl, CviQl, Eco53kl, EcoNI,
EcoRl, Fokl, Hgal, Hpyl661l, Hpy99l, HpyCH4V,
MIuCl, Mlyl, MspA1ll, Mwol, PaqCl, Plel, PspGl, Rsal,
Sacl, Sacll,Sau96l, StyD4l, Styl

AlwNI, Avrll, Banll, Bcll, BcoDlI, BfuAl, Bmrl, BsaJl,
BsiHKAI, BsmAl, Bsp1286l, BspEl, BspMI, BsrDl,
Btgl, CviQl, Eco53kl, EcoNI, Haelll, Hpyl66ll,
Hpy188I11, Hpy99l, HpyAV, HpyCH4V, PaqCl, Rsal,
Sacl, Sacll, Sau96l, Styl, Tsp45I

Acc651, AlwNI, Avrll, Banl, Banll, BceAl, Bcll, BcoDl,
BfuAl, Bmrl, BsaJl, BsiHKAI, BsmAl, Bsp1286l, BspEl,
BspMI, BsrDI, Bsu36l, Btgl, BtsCl, Btsl, CviAll, CviQl,
Eco53Ki, EcoNI, Fatl, Fokl, Hpyl661l, Hpy99l,
HpyAV, HpyCH4V, Kpnl, Mlyl, Msel, MspALll, Nlalll,
NlalV, PaqCl, Plel, Rsal, Sacl, Sacll, Sau96l, Styl
BfuAl, Bsall, BspEl,BspMI,BstUl,Btgl,BtgZl, CviQl,
Hgal, Hpy16611, HpyAV, HpyCHA4ll1, HpyCH4V, Msel,
MspA1ll, PaqCl, Rsal, Sacll, Tfil

Acul, AlwNI, ApeKl, Avall, Banll, Bbvl, BceAl, Bcll,
BcoDI, BfuAl, Bmrl, BsaJl, BsiHKAI, BsmAl,
Bsp12861, BspEl, BspMlI, BsrDI, Bsrl, Btgl, Eco53kl,
EcoNI, Haelll, Hhal, HinP1l, Hpyl66ll, Hpy99l,
HpyCH4V, Mlyl, MspAll, NlalV, PaqCl, Plel, Sacl,
Sacll, Sau96l, Styl,Tsel



19 Nostoc calcicola KF018675 596 54 19
AUS-JR/DB/NT-
014

20  Nostoc paludosum  KF018676 607 54 19

AUS-JR/DB/NT-

10  Acc65l, AlwNI, Avrll, Banl, Banll, BceAl, Bcll, BcoDl,
BfuAl, Bmrl, BsaJl, BsiHKAI, BsmAl, Bsp1286l, BspEl,
BspMI, BsrDlI, Bsu36l, Btgl, CviQl, Eco53kl, EcoNI,
Haelll, Hgal, Hpyl166l1l, Hpy99l, HpyCH4V, Kpnl,
Mlyl, Msel, MspALll, NlalV, PaqCl, Plel, Rsal, Sacl,
Sacll, Sau96l, Styl

18 Acc65l, AlwNI, ApeKl, Banl, Banll, BceAl, Bcll,
BcoDl, BfuAl, Bmrl, BsaHI, BsaJl, BsiHKAI, BsmAl,

015 Bsp1286l1, BspEl, BspMI, BsrDI, Bsu36l, Btgl, BtgZlI,
Btsl, Eco53kl, EcoNI, Hindlll, Hpyl66ll, Hpy99l,
HpyCH4V, Kpnl, Mlyl, MspAll, NlalV, PaqCl, Plel,
PshAl, Sacl, Sacll, Sau96l, Styl, Tagl, Tsel
Table 2 Secondary structural features of 16S rRNA genes from the tested cyanobacterial strains
S. Name of the strain No. of No. of Thermodynamic Minimum free
No. stems loops ensemble (Kcal/Mol)  energy (Kcal/Mol)
1. Oscillatoria Formosa BDU91041 39 41 -203.32 -189.64
2. Oscillatoria boryana BDU92181 56 58 -358.77 -344.70
3. Oscillatoria willei BDU 130461 52 55 -349.43 -335.60
4, Oscillatoria laete-virens BDU100891 50 52 -306.28 -295.10
5. Oscillatoria boryana NTAS01 38 42 -255.50 -243.40
6. Oscillatoria sp. BDU 141541 36 37 -238.11 -226.50
7. Oscillatoria sp. BDU 142191 31 35 -246.32 -236.30
8. Oscillatoria subbrevis SGBRAQO4 77 80 -504.02 -483.90
9. Oscillatoria boryana NTDM11 34 35 -219.19 -209.80
10.  Oscillatoria boryana NTDV18 40 43 -225.99 -214.40
11.  Oscillatoria boryana NTDPO06 37 39 -250.29 -238.90
12.  Oscillatoria acuminata NTAPCO05 22 26 -161.04 -154.30
13.  Nostoc commune AUS-JR/DB/NT-004 31 32 -231.35 -222.70
14.  Nostoc commune AUS-JR/DB/NT-003 35 33 -228.79 -219.60
15.  Nostoc spongiaeforme AUS-JR/DB/NT-007 31 29 208.50 -200.30
16.  Nostoc verrucosum AUS-JR/DB/NT-006 55 50 -390.96 -376.90
17.  Nostoc hatei AUS-JR/DB/NT-008 60 64 -498.79 -479.90
18.  Nostoc muscorum AUS-JR/DB/NT-009 76 81 -552.30 -532.10
19.  Nostoc calcicola AUS-JR/DB/NT-014 35 33 -227.88 -218.60
20.  Nostoc paludosum AUS-JR/DB/NT-015 38 37 -218.81 -208.50

The evolutionary tree shows that the 20 strains are
trachomatous types. The strains gathered for this inquiry had
high bootstrap values for their gene sequences, even if a
bootstrap evaluation showed a meager degree of confidence at
different nodes. Nostoc commune NT-004, Nostoc commune
NT-003 and Nostoc calcicolaNT-014; Nostoc verrucosum NT-
006 and Nostoc muscorum NT-009; Nostoc spongiaeforme NT-
007 and Nostoc hatei NT-008; Oscillatoria Formosa
BDU92181 and Oscillatoria sp. BDU 141541; Oscillatoria
subbrevis SGBRAO4 and Oscillatoria boryana NTDM11
showed 100% bootstrap value. Ishida et al. [11] state that the
topology of the phylogenetic tree was determined by matching
many nucleotide sequences of different cyanobacteria and
counting the partial 16S rRNA gene sequence that was
consistent with all species. Studies have shown that taxa
belonging to the Nostocales, such as Anabaena,
Cylindrospermopsis,  Nodularia,  Aphanizomenon and
Anabaenopsis, are polyphyletic based on the 16S rRNA gene
[2], [12], [19]. The consistent 16S rRNA phylogeny was
effective in determining the monophyletic clade formation for
cyanobacteria, as opposed to alternative gene analyses that used
the rbcL, nif H, or nif D phylogenies.

Cyanobacterial 16S CYA (gene sequences were
characterized by in silico restriction digestion using the NEB
cutter V2.0 program. The (Table 2) lists the overall sums of
cutters two and three as well as the restriction enzymes that
produce polymorphic fragments of DNA. On the basis of their
commercial availability and capacity for recognizing a certain
sequence (4, 6, or 8 bp), the restriction digestions were

determined. Most enzymes either didn't cut the 16S rDNA at all
or just cut extremely little portions of the ends. Additionally,
employing specialized digestion, restriction fragments larger
than 100 bp were identified. Some enzymes resulted in partial
digests and pieces that were too small to see, making an
accurate and consistent analysis impossible. Enzymes such as
AlwNI, Banll, Bcll, BcoDI, BfuAl, BsaJl, BsiHKAI, BsmAl,
MspALll are very commonly found in all tested Nostocales
strains, whereas enzymes like BciVI, Hhal, HinP1l, BbvCl,
BssHII, Ndel, Bmtl, BstXl, EcoRV, Nhel, Rsrll, SexAl, Alul,
Alwl, Fnu4HI, HpyCH41V, BsiHKAI, Eco53kl, Sacl, Sau96l
revealed a potential a distinction among the tested
Oscillatorial species. The restriction digesting enzymes of
Oscillatoria and Nostoc species differ significantly from one
another.

In order to differentiate between organisms based on
structural differences in the sequences of 16S rRNA genes and
to calibrate the sequence alignment for tree study, secondary
structures were built [5]. The 16S rRNA gene is widely used for
phylogenetic analysis and classification of bacteria and archaea
due to its conserved regions and variable regions that can be
used for species differentiation. The (Fig 2) showed the rRNA
secondary structures of the cyanobacterial species under
investigation. The secondary structures displayed different
branching patterns despite the significant variations in
complementary and uncomplimentary indicating the stem and
loop sequence lengths. There is an obvious difference between
all the species that have been researched thanks to their stem
and loop traits.
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Fig 2 Secondary structure analysis of 16S rRNA
1.0scillatoria Formosa BDU91041; 2. Oscillatoria boryana BDU92181; 3. Oscillatoria willei BDU 130461; 4. Oscillatoria laete-virens
BDU100891; 5. Oscillatoria boryana NTASO1; 6. Oscillatoria sp. BDU 141541, 7. Oscillatoria sp. BDU 142191; 8. Oscillatoria subbrevis
SGBRAO04; 9. Oscillatoria boryana NTDM11; 10. Oscillatoria boryana NTDV18; 11. Oscillatoria boryana NTDPO6; 12. Oscillatoria acuminata
NTAPCO5; 13. Nostoc commune AUS-JR/DB/NT-004; 14. Nostoc commune AUS-JR/DB/NT-003; 15. Nostoc spongiaeforme AUS-JR/DB/NT-
007; 16. Nostoc verrucosum AUS-JR/DB/NT-006; 17. Nostoc hatei AUS-JR/DB/NT-008; 18. Nostoc muscorum AUS-JR/DB/NT-009; 19. Nostoc
calcicola AUS-JR/DB/NT-014; 20. Nostoc paludosum AUS-JR/DB/NT-015

By analyzing secondary structures, differentiation of the
cyanobacterial 16S CYA rRNA gene sequences was
streamlined. The structural features that are evident in the
predicted structures may be important traits of cyanobacterial
clades and aid in explaining the differences in 16S rRNA gene
sequences between them. The colours of the structure represent
base-pair probability. For every examined strain, there were
differences in the structural type, minimum free energy (MFE),
and thermodynamic ensemble free energy. By utilizing the
sequencing information, this structure predictions approach
proven to be an effective tool for comparing and differentiating
Oscillatoria strains and Nostoc at the species and strain level.
Additionally, it was shown that the studied Oscillatoria and
Nostoc strains differed in terms of the total number of stem and
loop formation in terms of 16S rRNA gene. This characteristic
may be utilized as well to display differences between isolated
members of similar species in different habitats.

Numerous studies demonstrated the inadequacy of
classifying taxa solely on the basis of morphological traits; 16S
rRNA gene sequencing was used to enhance -culture
identification [10]. As a contemporary method of
cyanobacterial taxonomy, a polyphasic approach was used for
the distinction of morphologically confusing isolates. Using
both molecular 16S rRNA sequence-based and traditional
morphology-based techniques, 25 marine cyanobacteria were
identified in Sheils et al. [23]. Due to differences in sequences
of genes between two similar species from a single genus that
were isolated from different locations and resulting in two
different strains of the same species, genetic diversity is
growing of greater significance [17], [21]. In order to analyze
the genetic variability of the Oscillatoriacales and
Nostocales, which was gathered from several environments,
16S rRNA ribosomal conserved sequences were used.



CONCLUSION

16S rRNA CYA gene sequencing was employed to
improve Cyanobacterial identification since a number of studies
have shown the drawbacks of categorizing species purely on the
basis of physical traits. The genetic variation of the
Oscillatoriacales and Nostocales retrieved from NRMC-F and
NFMC was investigated using the CYA gene Marker. The
strain level differences were analyzed with the help of in-silico

techniques like Phylogenetic tree construction, secondary
structure prediction and restriction digestion analysis.
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