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ARTICLE INFO ABSTRACT

Avrticle History: The identification of blue-green algae is a paramount importance step
Received: Sept. 11, 2023  due to their significant role in various ecosystems and potential implications
Accepted: Oct. 3, 2023 for human health. Four species of blue-green algae were molecularly and
Online: Oct. 13, 2023 morphologically identified; three species of which were identified for the
first time locally in the water bodies in Basrah southern the Republic of

Iraqg, represented by Cyanobacterium aponinum, Leptolyngbya halophile
and Chroococcidiopsis cubana. The fourth species, Gloeocapsa calcarea, is
registered for the first time in the GenBank on the NCPI website. A
phylogenetic tree was designed based on the 16S rRNA gene sequences
using the Neighbor-Joining method through molecular evolutionary genetics
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associated taxa clustered together in the bootstrap test are displayed next to
the branches. The tree showed that the strains were closely related to their
respective reference strains.

INTRODUCTION

Blue-green algae, also known as cyanobacteria, represent a diverse group of
prokaryote organisms belonging to the kingdom Monera, especially the bacteria division
Eubacteria and the class cyanobacteria (Yamada, 2020; Vanlalsangi & Lalmuanpuii,
2022;).

The cyanobacteria are among the oldest living organisms capable of photosynthesis
and oxygen production for the Earth's atmosphere. They have been playing an active role
in this process since the early ages, most likely for over 3.5 billion years (Rasmussen et
al., 2008; Chittora et al., 2020). This group of algae is commonly distributed in a wide
range of terrestrial and aquatic habitats. Their habitats include ponds, rivers, lakes,
estuaries and coastal waters (Blaha et al., 2009; Schmidt et al., 2014; AL-Sultan &
Hatem, 2018). Furthermore, they can adapt to hot springs and extreme environments
such as deserts (Whitton & Potts, 2012).

Blue-green algae are known to form extensive and widespread accumulations in
surface waters, a phenomenon referred to as blooming an effect of severe climate changes
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and excessive nutrient levels beyond natural limits. This, in return, constitutes a
significant threat to freshwater ecosystems and the quality of drinking water (Blahova et
al., 2008; Nezbrytska et al., 2022).

Cyanobacteria in aquatic environments produce a diverse range of toxic secondary
compounds known as cyanotoxins. These toxins diverge into hepatotoxins (toxins
affecting the liver), neurotoxins (toxins affecting the nervous system), cytotoxins (toxins
affecting cell tissue cultures), dermatotoxins (toxins affecting the skin), and irritating
toxins (Wiegand & Pflugmacher, 2005; Blaha et al., 2009; Al-Sultan & Hatem, 2019;
Gdemi & Awad, 2022). Molecular identification is necessary for determining
relationships, origin and evolution among living organisms. The features of this
molecular target that make it a good tool in genetics also make it beneficial for detecting
organisms with prokaryotes. Studying the gene sequence of 16S rRNA can identify
described strains and potentially lead to the identification of uncultivated species
(Clarridge, 2004; Matsumoto & Sugano, 2013; Stanojkovi¢ et al., 2022 ).

In recent years, there has been an increasing trend towards the use of modern
techniques including DNA sequencing due to their ability to rapidly and accurately
diagnose prokaryotic genera and species. The method of amplifying the 16S rRNA gene
has been used for identifying these prokaryotic, primarily because this gene is present in
all prokaryotic organisms and remains relatively unchanged among different species. The
16S rRNA gene consists of multiple nucleotides containing specialized regions that allow
for the identification of these species and genera using specific primers, which amplify
the desired gene (Jenkins et al., 2012).

The Shatt al-Arab River is the primary water source in the Basrah Governorate
southern of Iraq and a vital artery because its water is utilized in numerous agricultural,
industrial, fishing and navigation movements, and it can also be treated and desalinated
for drinking purposes through filtration and purification plants (Mohammed et al., 2014;
Alwaeli & Athbi, 2021). However, the water at the estuary of Shatt al-Arab faces the risk
of pollution from industrial facilities found along its banks such as domestic activities and
human settlements (Al-Saad et al., 2017). Due to the scarcity of environmental studies
related to the molecular identification of algae, specifically blue-green algae, in the Iraqi
environment, this study was conducted to identify some of the cyanobacteria present in
the waters of Shatt al-Arab and the rivers associated with it.

MATERIALS AND METHODS

Sample collection and isolation of blue-green algae

Water samples were collected from several water bodies in Basrah Governorate in
the Republic of Irag, represented by the Shatt al-Arab River, Shatt al-Basrah River, Al-
Ashar River, and Al-Khindak River, in November 2021. (Table 1 & Fig. 2). Samples
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were obtained at a depth of 30cm below water surface using a plankton collection net and
then put in clean, sealed plastic containers. Samples were immediately transferred to the
laboratory of the biology departments, College of Education, Basrah University for the
isolation and culturing of the cyanobacterial species, according to the dilution method
of Stein (1975).

A volume of 1ml of water sample was mixed with 9ml of distilled water by centrifugation
at 3000 rpm for 10 minutes. The deposit was the series diluted with 10ml of distilled
water, and slides were prepared from this solution to identify the cyanobacterial species
using an Olympus CX21 optical microscope. Unialgal cultures of cyanobacterial species
were obtained by taking 5ml of the algal solution, and repeatedly washing with distilled
water using a TLE-Danger centrifuge at 3000 rpm for 10 minutes. Subsequently, one ml
of the washed samples was transferred into test tubes at dilutions, and the volume was
adjusted to 10ml using sterile liquid media (BG-11). The cultures were then incubated in
a growth chamber with a light and dark cycle of 14:10 under a light intensity of 130-150
uE?Sec™, as described in the study of Stein (1975).

Purification of unialgal cultures

Obtaining axenic cultures of blue-green algae was made according to the method
of Wiedeman et al. (1964). The purification process involved several steps: First, the
unialgal cultures of the algae were washed with sterile distilled water by centrifuging
them at 3000 rpm for 5 minutes. The resulting sediment was washed with sterilized
distilled water and repeated 12 times to get axenic algal cultures. These cultures were
tested to be free from bacteria, fungi and contamination by other microorganisms,
according to Stein (1975).

Morphological and phenotypic

The blue-green algae were morphologically identified by a Leica optical
microscope with magnifications of x4, x10, x40 and x100 according to Desikachary
(1959) and Prescott (1975) using website www.algaebase.org. Additionally, research
studies of Moro et al. (2007), Kim et al. (2015), Will et al. (2019) and Zare et al. (2020)
were considered.

Extraction of genomic DNA and PCR amplification

An amount of 1ml from each of the four blue-green algal cultures was transferred
and centrifuged at 3,000 x g for 5min at ambient temperature. The pelleted cells were
lysed with 200ul of buffer GST plus 20pul of proteinase K solution (gSYNC™ DNA
Extraction Kit). The suspension was vigorously vortexed and incubated at 60°C overnight
for thorough cell lysis. DNA extraction was then carried out as per the kit’s protocol.
Each genomic DNA (gDNA) extract was finally eluted with 100ul of Elution Buffer, and
gDNA concentration was measured spectro-photometrically (NanoPhotometer; Implen,
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NanoPhotometer™ N50, Germany). PCR-based molecular characterization was achieved
using a pair of primer set CYANO 16S rDNA 27F1: AGAGTTTGATCCTGGCTCAG
and 781R1: GACTACTGGGGTATCTAATCCCTTT specific for segment of blue-green
algae 16S rRNA (Jungblut et al., 2005). For PCR, the regions of genomic DNA were
amplified targeting the portion of the blue-green algae 16S rRNA gene. 16S rRNA PCR
reaction consists of 50ul that includes Sul at a concentration higher than 20ng/ ul of
template DNA, 2ul of each primer 25ul Master Mix (Promega) and 16pl of Nuclease free
water. Reactions were performed in a Thermal Cycler (DALB) programmed for 35
cycles. The initial denaturation step was at 95°C for Smin, followed by 34 cycles of 94°C
(30sec), 58°C (30sec), and then 72°C (90sec). An additional one cycle of extension was
determined at 72°C (5min). The PCR products were in electrophoresis in 1.5 % agarose
gels stained with ethidium bromide (1 pg/ml) using TPE electrophoresis buffer. Sizes of
amplified products were compared with the DNA ladder 1000+pb (BioNEER) under
ultraviolet radiation to determine the length of amplified products. The gel was a
photography done with a digital camera.

The nucleotide sequencing analysis

The product PCR of amplification by 16 S rRNA gene was sent to Macrogen
Company in South Korea. A volume of 20 microliters of each primer and 10ul of the
PCR product were placed in small PCR tubes.

The phylogenetic tree

A phylogenetic tree was constructed using the Neighbor-Joining method based on
the DNA sequencing data obtained from Macrogen Company. The 16S rRNA gene
sequences of four isolated and purified strains of blue-green algae in the current study
were approximated to the exact gene sequences from reference strains registered in
GenBank, utilizing the MEGA Molecular Evolutionary Genetics Analysis Version 11
software.

RESULTS

\ henotypic classification (Morpho-taxonomy)
The four species were morphologically identified according to the morphological
characteristics, as follows:
Division: Cyanophyta
Class: Cyanophyceae
Order (1): Chroococcales
Family: Cyanobacteriaceae

Genus: Cyanobacterium
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Species: Cyanobacterium aponinum lvano Moro, 2007
Order (2): Leptolyngbyales

Family: Leptolyngbyaceae

Genus: Leptolyngbya

Species: Leptolyngbya halophile Alois Hansgirg, 1893
Order (3): Oscillatoriales

Family: Oscillatoriaceae

Genus: Oscillatoriales

Species: Gloeocapsa calcarea Edward Tilden, 1898
Order (4) : Chroococcidiopsidales

Family: Chroococcidiopsidaceae

Genus: Chroococcidiopsis

Species: Chroococcidiopsis cubana KomarekandHindak, 1965

2. Morphological description
2.1. Cyanobacterium aponinum lvano Moro, 2007

The algal Cy. aponinum appears under the light microscope as small, non-motile,
single or paired oval-shaped cells. The length of the cells ranges from 1.8 to 4um, while
the width ranges from 2 to 1.8um. These cells are related together to form chains of 2 or
4 cells. Binary fission is honored during the asexual growth phase. This species
represents the first record in Iraq (Fig. 1A).

2.2. Leptolyngbya halophila Alois Hansgirg, 1893

The species L. halophila appears under the light microscope as dark green-blue.
It has long, wavy, flexible, intertwined filaments with rounded ends. The filaments are
surrounded by a very thin sheath. The filaments have no transparent zones. The filaments
are composed of barrel-shaped cells that are approximately equal in dimensions, ranging
from 2.4 to 1.3um. This species represents the first record in Iraq (Fig. 1B).

2.3. Gloeocapsa calcarea Edward Tilden, 1898

The algal Gl. calcareais a unicellular alga that appears under the light
microscope as regular colonies with quadrilateral lobes surrounded by a very thin and
colorless sheath. Colonies consist of 4- 8 cells, with the cells within the colony separated
by a thin colourless membrane. The cells are spherical or oval-shaped, green-blue in
color, with 2- 4um in diameter. During the early stage of asexual growth, the alga
appeared as single cells in binary and quaternary colonies. After entering the stationary
phase, the algae form stacked colonies contain 8 cells (Fig. 1C).
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2.4. Chroococcidiopsis cubana Komarek and Hindak, 1965

The algal Ch. cubana is a unicellular alga that appears in irregular colonies called
palmelloid colonies. The cells are spherical or oval-shaped, non-motile, with a diameter
ranging from 2.3 to 8.4um, depending on the growth stage. They are surrounded by a
sheath. They are known for the presence of gas vacuoles. During the early stage of
asexual growth, the alga appears as small, variably-sized spherical cells. The process of
binary fission is observed during the asexual growth stage, where colonies of two- and
four-celled cells can noticed under the light microscope. At the beginning of the
stationary phase, the cells separate into individual cells within the colony. This species
represents the first record in Iraq (Fig. 1D).

e L il .

Fig. 1. Light microscopy micrographs of blue-green algae X100 A- Cy. aponinum
B- L. halophila C- GI. calcarea D- Ch. Cubana

Table 1. Water sampling sites and their coordinates

Sampling Sampling sites Latitude Longitude

Cy. aponinum Al-Ashar River N:30° 30"47. 4" E: 47°49'57.0"
L. halophila Shatt al-Basra River ~ N:30°27'03. 5" E: 47°45'22.6"
Gl. calcarea Al-Khindak River N:30° 30" 41. 5" E:47°49'24. 8"

Ch. cubana Shatt al-Arab River N:30° 30'41. 2" E: 47°51' 03. 5"
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Fig. 2. A map showing the locations of sampling collection sites

3. The molecular identification using the 16S rRNA gene

The amplified DNA results of the 16S rRNA gene for the isolated algae showed
positive results using the polymerase chain reaction (PCR) technique. Upon examination
of the agarose gel under UV light, it was observed that the size of the gene produced by
electrophoresis migration ranged between 700 and 800 bp. A single band appeared for
each sample as compared to the DNA ladder. This indicates that all the samples studied
possess this gene, as illustrated in Fig. (3).
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Fig. 3. Electrophoresis results of blue-green alga species by PCR amplification of 16S
rRNA using primer pairs 27F1/781R1 M: Ladder 1- Cy. aponinum 2- L. halophila 3-
Gl. calcarea 4- Ch. Cubana 5- Control

4. The molecular identification of algal

The results of molecular identification based on nucleotide sequencing analysis
using the 16S rRNA gene diagnostic region for the five species of algae show a similarity
between the local and global strains and those globally registered in GenBank. In the
mentioned Table (2) and (Fig. 4), a significant similarity is observed between the
registered strain Cy. aponinum NR_102443.1 and the studied strain number (1) Cy.
aponinum OR269463 isolated from the Al-Ashar River, with a 99.43% match in their
nucleotide sequences. The studied strain number (2), L. halophile OR269464 shows a
99.27% match the globally registered strain L. halophila OL310629.1. Furthermore, the
studied strain number (3), Gl. calcarea OR269466 isolated from the Khandag River
shows a 99.58% match with the registered strain Gloeocapsa sp. MG822739.1 A
significant similarity is also observed between the strain Ch. cubana MH208396.1 and
the studied strain number (4), Ch. cubana OR269467, with a 98.29% match in their
nucleotide sequences. The isolated strains of algae registered in the GenBank and
alignment are performed for the 16S rRNA gene sequences between the reference species
and the sequences of the current study samples.
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5555 Leptolyngbya halophila(0OL310629.1)

100% —— Sample 2(This study) L. halophile OR269464

69.7% —— Leptolyngbya copelandii(MK625312.1)

60% Oscillatoriales cyanobacterium(KX962093.1)
91.9% °

0. cyanobacterium OR269465

Leptolyngbya foveolarum(MN755835.1)

Leptolyngbya appalachiana(EF429286.1)

Gloeocapsa polydermatica(KP052632.1)

83.8% Gloeocapsa quaternata(KM982577.1)

1
58.2% 99.9% G apsa sp.(MG822739.1)

Sample 3 (This study) Gl. calcarea OR269466
76.5%

87.2% Gloeocapsa gelatinosa(ON870381.1)

Gloeocapsa thermalis(KM376979.1)

78.2% Sample 4(This study) ch. cubana OR269467

100% —— Chroococcidiopsis cubana(MH208396.1)

Chroococcidiopsis thermalis(MH208404.1)

Leptolyngbya corticola(EF429300.1)

100%

Leptolyngbya angustata(AF218372.1)
99.6%

Leptolyngbya boryana(EF429295.1)

99.9%

Leptolyngbya tenerrima(EF429288.1)

Cyanobacterium stanieri(NR_102450.1)
100%

97% Sample 1(This study) Cy. aponinum OR269463

Cyanobacterium aponinum(NR_102443.1)

Mycoplasma capricolum(M94728.1)

0.8

Fig. 4. The evolutionary tree by using the Neighbor-Joining method through molecular
evolutionary genetics analysis Version 11. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are displayed next to

the branches.
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Table 2. Sequence homology between the 16S rRNA gene sequences for the species of
cyanobacterial by using 16S rRNA sequences from the NCBI GenBank database

no  strain Accession no. 1D of nearest match; Accession no. %ID

1 Cy. aponinum OR269463 Cy. aponinum NR_102443.1 99.43%

2 L. halophile OR269464 L. halophile OL310629.1 99.27%

3 Gl. calcarea OR269466 Gloeocapsa sp. MG822739.1 99.58%

4 Ch. cubana OR269467 Ch. cubana MH208396.1 98.29%
DISCUSSION

Morphological identification

Blue-green algae have recently gained significant attention as one of the most
groups extensively studied among aquatic organisms due to the increasing occurrence of
harmful algal blooms affecting other organisms (Sandrini-Neto et al., 2016; Sha et al.,
2021).

To shed light on previously unisolated species of algal from aquatic habitats in
Iraq. The current study focused on isolating, characterizing, purifying, and propagating
four species belonging to four genera. This supplied strong evidence for the
environmental diversity of blue-green algae in the Iragi aquatic environment. Four of
these species were recorded for the first time in Iraq, compared to previous studies and
the checklist of identified algae in Irag by Maulood et al. (2013).

These species include the algal Ch. Cubana, Cy. aponinum and L. halophila,. The
study also included the isolation, characterization, purification, and cultivation of the
blue-green alga Gl. calcarea, as cited in Maulood et al. (2013), without details about its
isolation or characteristics. Therefore, the current study is locally the first of its kind that
isolates these four species of algae. Numerous earlier local studies mainly focused on
isolating known algal species, especially the algal M. aeruginosa, such as the studies
of Al-Rekaby (2002), Al-Hilfi (2007) and AL-Shaheen (2011).

The studies of Aubaeed (2017) and Al-Sultan (2007) agree with the present
study concerning that the Iragi environment is a suitable climate for the growth of
different and new species of blue-green algae and the possibility of laboratory isolation,
identification, purification and cultivation. The study of Al-Sultan (2007) isolated and
identified four species of blue-green algae from the water bodies in the Basrah
Governorate: Calothrix parietina, Microcystis aeruginosa, Hapalosiphon Welwitschii, in
addition to the species Microcystis flos-aquae, which was locally recorded for the first
time. The study of Aubaeed (2017) included the isolation, identification, purification and
cultivation of eight species of blue-green algae from water bodies in the Basrah
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Governorate, such as the rivers of Shatt al-Arab, Al-Ashar and Al-Khandagq. These
species  are Merismopedia  glauca, Microcystis  flos-aque, Nostoc ~ commune,
and Oscillatoria pseudogeminata, four of which were locally recorded for the first time,
including Lyngbya rubida, Pseudanabaena limnetica, Phormidium laysanense,
and Stigonema informe.

The apparition of new species of algal in the aquatic environment of Basrah
Governorate could be the result of several factors, and among those contributing factors
are climate changes that affect water temperatures, salinity levels, and the system of river
currents, as these changes may create new environments or change conditions. Climatic
conditions of aquatic areas allow new species of algae to emerge. Likewise, new species
of algae may be transmitted through polluted water or commercial ships and containers
from one region to another in what is known as biological invasions in the area.
Environmental pollution resulting from industrial, agricultural and domestic waste also
plays a role in contributing to change the water properties and create a favorable
environment for some new species of algae.

Molecular identification

The results of the current study confirmed the identification of certain species by
comparing them with reference strains in the GenBank database. The strain Cy.
aponinum was molecularly identified, showing a 99.43 matching percentage with the
reference strain of Cy. aponinum NR_102443.1. This finding is consistent with the
studies conducted by Menget al. (2018) and Celikogluet al. (2022), which
described Cy. aponinum isolated from water through 16S rRNA gene sequencing.
Sequence analysis using the BLAST program showed significant similarity and
alignment with Cy. aponinum strains in the USA (CP003947) and India (KM275589), as
other Cy. aponinum strains in the GenBank database.

The algal L. halophile showed a similarity of up to 99.27% with the reference strain
of L. halophile OL310629.1. This finding coincides with the results of Pramanik and
Mukherjee (2019) and Tiwari et al. (2020). In these studies, ten isolates of 16S rRNA
gene amplification were performed using PCR, and the results indicated that they belong
to Leptolyngbya sp.

The species Gl. calcarea showed a similarity percentage of up to 99.58 to reference
strains, including Gloeocapsa sp. MG822739.1. It is important to note that all the strains
recorded in the GenBank have been identified as the genus Gloeocapsa without
specifying the species Gl. calcarea as the strain Gloeocapsa sp. PKUAC-GDTS1-6
Accession no. MG822738 in Poland and the strain Gloeocapsa sp. PCC 7428 Accession
no. CP003646 in the USA. Therefore, this study represents the first record of determining
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the nucleotide sequence of the GI. calcarea species using the S16 rRNA gene in the
GenBank, based on the morphological characteristics that match the description of Gl.
calcarea according to the study of Prescott (1975).

The species Ch. cubana showed a similarity of 98.29% to the reference strains Ch.
cubana MH208396.1 and MK484708. This finding aligns with a study conducted by Will
et al. (2019), where they isolated five species of blue-green algae in Germany. The
molecular characterization was accurately determined using 16S rRNA gene sequencing
and implementing a comparison with those in the GenBank. The amplification,
sequencing, and comparison of the 16S rRNA gene revealed that one of the isolated
species belongs to the Ch. cubana species.

The identification of blue-green algae through the 16S rRNA gene is a widely used
technique for taxonomic classification and phylogenetic analysis. This gene region is
highly conserved among bacteria and cyanobacteria, making it a suitable target for
species identification and differentiation. It is important to note that the results presented
in this study provide evidence of the presence of the 16S rRNA gene in the studied
samples, indicating the potential presence of blue-green algae; however, further analysis
and sequencing of the amplified DNA fragments would be necessary for a more detailed
and accurate identification of the blue-green algae species present in the samples through
sequence analysis and comparison of the results with the GenBank on the NCBI website,
and this is indeed what was done in the current study. Moreover, this molecular
identification approach using the 16S rRNA gene can contribute to comprehension of the
genetic diversity and distribution of blue-green algae in the studied environment.
Comparing the obtained results with existing databases and previous studies can help
establish connections and identify similarities or differences in the identified blue-green
algal species. This, in turn, may have implications for ecological assessments, water
quality monitoring, and potential harmful algal bloom investigations in the studied area.
In summary, the use of PCR amplification and agarose gel electrophoresis targeting
the 16S rRNA gene region has provided strong evidence for the presence and
classification of blue-green algae in the studied samples.

CONCLUSION

This study effectively employed morphological and molecular identification of four
cyanobacterial species; two of them were determined as a first record locally, and the
species, Gloeocapsa calcarea was recorded for the first time in the whole world in the
GenBank, which was isolated from several water bodies in Basrah Governorate, southern
Iraq.
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