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Abstract. Hassan FM, Mahdi WM, Al-Haideri HH, Kamil DW. 2022. Identification of new species record of Cyanophyceae in Diyala 
River, Iraq based on 16S rRNA sequence data. Biodiversitas 23: 5239-5246. The biodiversity and water quality of the Diyala River 
require screening water in terms of biological contamination, because it is the only water source in Diyala City and is used for many 
purposes. This study aimed to identify a new species record of Cynaophyceae and emphasize the importance of using molecular 
methods beside classic morphological approaches, particularly in the water-shrinkage-aqua system. Five different sites along Diyala 
River were selected for Cyanophyceae identification. Morphological examination and 16S rRNA sequence analysis was conducted, and 
the phylogenetic tree was constructed using Mega 6 Programme. The morphological examination of samples showed a total of 28 

species corresponds to Cyanophyceae, including one species of Spirulina. In our study of 28 identified species, three new species record 
were identified in Diyala River. The newly recorded species were confirmed by 16S rRNA and the phylogenetic tree construction. The 
species are registered in the National Centre for Biotechnology Information (NCBI) with the following accession numbers: Arthrospira 
indica (MW854667.1), Arthrospira platensis (MW854665.1), and Limnospira fusiformis (MW854666.1). Most notably, Arthrospira 
platensis is not listed in the checklist of Iraqi algae. Thus, these species are considered as a new record of Iraqi algal flora. The 
identification of new species record in Diyala River reflexes the impact of climate change on this river, and the necessity to use 16S 
rRNA to identify microalgae in all ecosystems. 
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INTRODUCTION 

Iraqi water resources face major water supply 

challenges and climate change’s impact (Al-Ansari et al. 

2014). The main impact of climate change is on the 

hydrological cycles through altering of precipitation and 

evapotranspiration (Winter et al. 2012; Xuan et al. 2014; 

Wang et al. 2021). The Diyala River is one of Iraq’s most 

essential water supplies and the third most important 

tributary of the Tigris River. In addition, it is the sole water 

source for irrigation, domestic agriculture, municipal, and 

other uses (Hamza 2012). However, many issues, such as 
contamination and water shrinkage have arisen in the basin 

of the Diyala River, which may threaten water sources (Issa 

et al. 2014). According to Abbas et al. (2016), the Diyala 

River basin may undergo drought conditions as a result of 

climate change. Abdullah (2013) and Al-Jibouri et al. 

(2018) reported that the Diyala River suffers from the 

loading of different pollutants into the river. Adamo et al. 

(2020) also reported that dam construction in Iran caused a 

considerable change in the aquatic environment of the 

Diyala River, and the hydrological regime affects the 

aquatic biodiversity either as a positive or negative impact 

(Rolls et al. 2018). 
Cyanophyceae are known for their important 

contribution to global carbon and nitrogen cycles and their 

ability for aerobic photosynthesis. Generally, they are 

found in all ecosystems and are important in most 

biotechnological applications (Wanigatunge et al. 2014). 

Study the diversity and distribution of Cyanophyceae in the 

Diyala River is important to assess the direct and indirect 

effect of climate change on the aquatic ecosystems 

(Muluneh et al. 2021). Many changes have been made in 

the classification of Cyanophyceae and the name of genera, 

families, and orders in addition to new taxonomic units 

based on molecular studies (Nowicka-Krawczyk et al. 

2019; Kumari and Rai 2020).  

The modern classification of Cyanophyceae places the 

genus Arthrospira within the family Microcoleaceae, 
which belongs to the order Oscillatoriales (Komárek et al. 

2014). Both genera Arthrospira and Spirulina are similar 

and exchange their names. In 1932, Geitler (1932) reported 

the invalidation of Arthrospira, while in 1989, they were 

recognized as distinct genera by Castenholz. Both genera 

have some of the same morphological features (Komárek et 

al. 2014). Arthrospira was recorded in different aquatic 

systems (marine and freshwater), and is considered a 

cosmopolitan genus (Wan et al. 2021), and Linmospira is also 

mentioned correctly as Spirulina in many taxonomic studies 

(de Morais et al. 2015; Nowicka-Krawczyk et al. 2019).  

The identification of Cyanophyceae is mostly 
performed by 16S rRNA sequencing, cloning, and 

phylogenetic assembly due to their variable distribution 

and morphological diversity. For example, identifying 

Cyanophyceae species in Sri Lanka was performed by 

polyphasic approach (morphology and 16S rRNA sequence 
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analysis) (Wanigatunge et al. 2014). Wang and Zhao 

(2005); Komẚrek (2016); and Ozturk et al. (2018) reported 

that the morphological study of microalgae does not yield 

accurate results unless such molecular identification is 

performed.  

This study aimed to identify a new species record of 

Cyanophyceae, and emphasize the importance of using 16S 

rRNA analysis beside classic morphological approaches, 

particularly in the water-shrinkage aqua-system. 

MATERIALS AND METHODS 

Study area 

Diyala River has a northeastern and southwestern 

extension; it has many surface features, and its mouth is 

located in the Tigris River south of Baghdad City. Five 

sites were selected along the river, where site 1 represented 

the upper reaches, sites 2, 3 and 4 were mid-reaches while 

site 5 was lower reaches (Figure 1; Table 1) 

Procedures 

Algal sampling 

Algal specimens were collected from the bank of the 

river monthly from September 2020 to April 2021. The wet 
surface with a depth of 2-3 cm and an area of 50 m2 was 

placed in a nylon bag with a small amount of river water 

and kept in a sample box. The procedures of Eaton and 

Moss (1966) and Hassan et al. (2017) were used to isolate 

algae from sediment samples. A 40 g sediment sample in a 

petri dish was homogenously spread out and covered by 

lens tissue to trap the algae. The lens tissues were removed 

the next day and kept in vials. The algal samples were 

examined after shaking several times by a Genex 

compound light microscope (model GX-140105) in the 

laboratory of the Department of Biology, College of 

Science at University of Baghdad. The algal classification 

was performed according to Silva and Moe (2014), 

Komárek et al. (2014), and Wehr et al. (2015) 

 
Table 1. Geographical coordinates by Global Positioning System 
of the study sites 
 

Sites Description 
Coordinates 

Longitude (E) Latitude (N) 

    
1 Al-Sudour Area 44° 58’ 54“ 34° 39’ 44“ 
2 Al-Salam District 44° 43’ 17“ 33° 55’ 07“ 
3 Baqubah City 44° 37’ 53“ 33° 44’ 44“ 
4 Buhruz City 44° 36’ 18“ 33° 40’ 55“ 
5 Khan Bani Saad District 44° 35’ 01“ 33° 32’ 58“ 

 

 
Table 2. Composition of modified Chu-10 media 
 

Number of 

stock solution 

Chemical formula of 

each salt 

Concentration  

(g/L) 

1 MgSO4 10 

2 K2HPO4 4 
3 NaNO3 8 

CaCl2 16 
4 FeCl3 0.32 
5 EDTA-Na2 4 
6 NaCl 30 
7 Na2CO3 8 
8 MnCl2∙4H2O 0.02 

(NH4)6Mo7O24∙4H2O 0.028 
ZnSO4∙7H2O 0.224 
CuSO4∙5H2O 0.08 
COCl2∙6H2O 0.0004 
H3BO3 0.288 

9 Na2SiO3 5.7 

 

 

 
 
Figure 1. The study sites along the Diyala River, Iraq. The map was modified and adapted by Abdulla (2013) 
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Algal culturing 

A liquid solution was prepared from the sediment 

sample by mixing of 1 part of sediment with 2 parts of 

distilled water. The algae were inoculated into a modified 

Chu-10 nutrient solution following the steps described by 

Hassan et al. (2013) and Al-Rawi et al. (2018) (Table2). 

These cultures were incubated in a cooled illuminated 

incubator at 30 ± 3°C, 300 µE/m2/s and 16:8 light: dark for 

21 days. The axenic culture was obtained by the streak 

plating method according to Katayama et al. (2020). 

DNA extraction, amplification, electrophoresis, and 

sequencing 

The genomic DNA of algal species was extracted 

according to the manufacturer’s instructions using a Fast 

G-Spin Total DNA Extraction kit (Intron, Korea). The 

gDNA products of algal species were quantified and 

detected by 1% agarose gel and visualized under a UV 

transilluminator UltraBright Dual Wavelength 302/365nm, 

21cm x 26 (transilluminators.com). The product of gDNA 

was stored at -20°C for further use. 

The 16S rRNA-encoding gene was used to identify the 
isolated microalgae. The 16S rRNA region was amplified 

using universal primers, namely 16s RNA-F (5'-

AGAGTTTGATCCTGGCTCAG-3') and R (5'- 

GGTTACCTTGTTACGACTT- 3’) (Frank et al. 2008). 

The PCR of 16S rRNA amplification was performed 

according to the manufacturer’s instructions (Gene Amp, 

PCR system 9700; Applied Biosystems). PCR mixtures 

were performed in a total volume of 25 µL containing 2.5 

µL of each primer (10 pmol µL-1), 12.5 µL of 2X Taq PCR 

PreMix DNA polymerase (Intron Korea), with assay 

buffer. Approximately 1 µL (2 ng µL-1) gDNA was added 
to the reaction as a template prior to completing the volume 

with free nuclease-distilled water (6.5 µL). The 

amplification reaction mixture was performed in a thermal 

cycler with particular conditions: initial denaturation at 

95°C for 5 min, 35 cycles of denaturation at 94 °C for 45 s, 

followed by annealing at 52°C for 1 min and extension at 

72°C for 1 min, and the mixture was subjected to final 

extension at 72°C for 7 min. The PCR products were 

resolved on 2% agarose using 1 X TBE buffer after they 

were mixed with 6 X loading dye to a final concentration 

of 1X. The electrophoresed products were detected by a 

transilluminator, and a digital camera captures images. 
The amplified 16S rRNA gene was sent to the National 

Instrumentation Center for Environmental Management 

(NICEM)/ USA 

(http://nicem.snu.ac.kr/main/?en_skin=index.html). Sanger 

sequencing was conducted by ABI3730XL automated 

DNA sequences.  

Data analysis 

The resulting sequences of three new species were 

analyzed and aligned using the Basic Local Alignment 

Search Tool (BLAST) database and compared with the 

relative sequences of the gene database in NCBI. The 
expected value refers to the estimation of the number of 

times that is expected to get the same similarity 

coincidental and lower the value of E, indicating that the 

degree of similarity is high between sequences that give 

great confidence; a value close to zero indicates that these 

sequences are identical. The phylogenetic tree of aligned 

sequences was constructed and mapped using the MEGA 6 

program (Al-Rawi et al. 2018). 

RESULTS AND DISCUSSION 

Species diversity and morphological identification of 

Cyanophyceae in Diyala River 

A total of 28 species of Cyanophyceae were identified 

by light microscopy were belonging to four sub-classes, 
five orders, eleven families, and 17 genera (Table 3). The 

identified algae were classified as listed in Table 3. 

The spatial variation in existence of Cyanophyceae taxa 

at different sites is illustrated in Table 3. Sites 1, 2, 4 and 5 

recorded 20 taxa of Cyanophyceae, while 24 taxa were 

recorded in site 3 in the central Diyala Province (Baqubah 

City). Al-Jibouri et al. (2018) revealed that Cyanophyceae 

was the second most important algal group after 

Bacillaropphyceae, and their percentage was 26.37 %. 

Therefore, these results indicate the environmental 

alterations in the Diyala River. Al-Jibouri et al. (2018) and 
Bronmark and Hansson (2017) reported that the 

Cyanophyceae community is respond to environment 

changes. Wang et al. (2022), also reported that there is a 

relationship between the predominance of Cyanophyceae 

and environmental changes which can limit the growth and 

photosynthesis ability of Cyanophyceae. The Diyala River 

suffers from water scarcity, which affects water quality, 

alters the algal composition structure, and increases water 

pollution (Madhloom et al. 2017; Hassan et al. 2017). 

Cyanophyceae play an indispensable role on earth in 

general by their photosynthetic ability and their role in 
aerobic respiration and multicellular life (Soo et al. 2017). 

The consumption of Cyanophytceae such as Arthrospira 

platensis has increased worldwide as a dietary supplement 

and for the production of the third-generation biofuels, as 

well as their role in heavy metal fixation due to their 

chelating properties for some metals, such as Al, Ba, Ni, 

and either Cd or fluoride (Kaldunska et al. 2020; Rubio et 

al. 2021). The genus Arthrospira is used in the food 

industry and is an important source of polyunsaturated fatty 

acids, phycobiliproteins, vitamins, minerals, and other 

important chemical compounds (Torzillo and Masojidek 

2008). Linmospira is important in biotechnology, 
agriculture, bioremediation and biomanufacturing (Hicks et 

al. 2021; Tripathi et al. 2021). Most recently, A. platensis 

was used as a glycogen repository for biofuel production 

(Serra et al. 2020). This ability was enhanced by modification 

of growth conditions and growth medium, which led to 

increased polysaccharide production (Gonzalez Bautista et 

al. 2021). However, they can produce toxins that threaten 

the lives of humans and animals. Therefore, the rapid 

diagnosis of such toxic Cyanophyceae is essential, and the 

systematic morphological methods cannot distinguish 

between toxic and nontoxic Cynophyceae. Thus, molecular 
identification is reliable for accurate identification and has 

a high throughput (Yuan and Yoon 2021). 
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Table 3. Identified algae (Cyanophyceae) during the study period at five sites along the Diyala River, Iraq 
 

Classification rank Taxa S.1 S.2 S.3 S.4 S.5 

Phylum: Cyanobacteria  

Class: Cyanophyceae  
Sub-class: Nostocophycidae       

Order: Nostocales       
Family: Nostocaceae       Nostoc sp. + + + + + 

Anabaena sp. + ـــ + + + 
Sub-class: Synechococcophycidae       

Order: Synechococcales       

Family: Synechococcaceae       Anathece endophytica (W. & G.S.West) Komárek, Kastovsky 
& Jezberová 

 ـــ ـــ + + ـــ

Aphanocapsa elachista West & West + ـــ ـــ + + 
Family:Pseudanabaenaceae       Pseudanabaena limnetica (Lemmermann) Komárek + + + + + 
Family: Leptolyngbyaceae       Planktolyngbya limnetica (Lemmermann) Komárková - 

Legnerová & Cronberg 
 ـــ + ـــ + +

3.2.4.Family: Synechococcales familia incertate sedis      
Jaaginema angustissimum (West & G.S.West) Anagnostidis 
& Komárek 

 ـــ + + ـــ ـــ

J. minimum (Gicklhorn) Anagnostidis & Komárek ـــ + + ـــ ـــ 

Lyngbya sp. + + + + + 
Family: Merismopediaceae       Merismopedia convoluta de Brébisson ex Kützing ـــ ـــ + ـــ ـــ 

M. elegans A.Braun ex Kützing + + + + + 
M. glauca (Ehrenberg) Kützing + + + + + 
M. tenuissima Lemmermann + ـــ + ـــ + 

Sub-class: Oscillatoriophycide        
Order: Chroococcales       

Family: Chroococcaceae       Chroococcus dispersus (Keis.) Lemmermann + ـــ + ـــ + 

C. minor(Kützing) Nägeli + + ـــ + + 
C. turgidus (Kütz.) Nägeli + ـــ + + + 
Limnococcus limneticus (Lemmermann) Komárková, 
Jezberová, O.Komárek & Zapomelová 

+ + + + + 

Family: Microcystaceae       Microcystis sp. + + + ـــ ـــ 

Order: Oscillatoriales       
Family: Microcoleaceae       Kamptonema formosum (Bory ex Gomont) Strunecký, 

Komárek & J.Smarda 
+ + + + + 

Microcoleus amoenus (Gomont) Strunecky, Komárek & 
J.R.Johansen 

+ + + + + 

Planktothrix agardhii (Gomont) Anagnostidis & Komárek ـــ ـــ + + ـــ 

P. prolifica (Gomont) Anagnostidis & Komárek + + + + + 
Order: Spirulinales       

Family: Spirulinaceae       Spirulina major Kützing ex Gomont ـــ + + ـــ + 
Family: Oscillatoriaceae       Oscillatoria curviceps C.A.Agardh ex Gomont ـــ + + + + 

O. limosa C.Agardh ex Gomont + + + + + 

O. princeps Vaucher ex Gomont + + + + + 

O. tenuis Agardh ex Gomont + + + + + 

Phormidium ambiguum Gomont ـــ ـــ ـــ + ـــ 

Note: S1: Al-Sudour Area, S2: Al-Salam District, S3: Baqubah City, S4: Buhruz City, S5: Khan Bani Saad District, +: present, ـــ: 
absent. 
 
 

All above mentioned algae in the checklist were 

identified based on the morphological characters, which 

does not give an accurate identification and produces 

ambiguous results compared to the molecular classification 

(Al-Rawi et al. 2018). Five species of Arthrospira were 

identified in lakes and rivers in Iraq (Maulood et al. 2013), 

but the classification depends on morphological concepts. 

Limnospira fusiformis (Basionym: Spirulina fusiformis) is 

not recorded in Iraqi aquatic systems according to the last 

Iraqi algal flora (Maulood et al. 2013). Furthermore, 

Maulood et al. (2013) mentioned 15 species of Spirulina 

and 5 species of Arthrospira. They recorded the algae A. 

platensis according to the method of Bilbas (2004) but 

without any description and confirmed by the checklist of 

the Iraqi Kurdistan region (Aziz and Muhammed 2016). 

Arthrospira platines are characterized by their 

photosynthetic ability and filament shape with individual 

cells. Due to their growth conditions in subtropical alkaline 

lakes (pH 8.5-10) under a typical temperature above 35°C, 

they are considered as the main source for protein 

extraction and bioactive compounds such as phycocyanin 

(Cheng et al. 2019; Nematollahi et al. 2020). 
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Molecular identification and phylogenetic tree of new 

species record of Cyanophyceae  

The molecular identification of microorganisms by 16S 

rRNA became a new standard for identifying a large scale 

of organisms, either prokaryotes or eukaryotes. Hence, they 

possess either 16S rRNA or 18S rRNA gene. Generally, 

16S rRNA is universe among microalgae, around 1500 bp 

in length, with a variable and conserved region, allowing 

for distinguishing measurements (Clarridge 2004). Based 

on the morphological characteristics of 28 species of 
microalgae, three new recorded species were accurately 

identified by 16S rRNA sequence-base analysis. The 16S 

rRNA sequence analysis of three new recorded species 

showed that the PCR products were 1250 bp as shown in 

(Figure 2), which were then sent for sequence analysis.  

Three new records species of Iraqi flora were 

recognized by molecular study and recorded in NCBI with 

the accession number as follows: Arthrospira indica 

Desikachary & N. Jeeji Bai (MW854667.1), Arthrospira 

platensis Gomont (MW854665.1) and Limnospira 

fusiformis (Voronichin) Nowicka-Krawczyk 
(MW854666.1). 

The phylogenetic tree of each identified new species 

showed a convergence of approximately 99% and 100 % 

similarity with the universal species in the NCBI database 

for both L. fusiformis (Figure 3b) and A. indica (Figure 3c), 

whereas A. platensis showed a convergence of about 85 % 

and 100% similarity (Figure 3 a). The 16S rRNA sequences 

of three identified species of Cyanophyceae aligned with 

the relatives in NCBI revealed the polymorphism variations 

of the amplified gene (Table 4). The obtained results 

showed that A. platensis has two single nucleotide 
polymorphisms (SNPs) at nucleotides 441 and 742, 

whereas L. fusiformis showed three SNPs at nucleotides 

289, 378, and 430. Similarly, A. indica showed four SNPs 

at nucleotides 186, 551, 649, and 685. The type of 

polymorphism in all identified species was variable and 

ranged from transition to transversion and thus is consistent 

with the constructed phylogenetic tree of all isolates. 

The impact of climate change on ecosystem function 

and biodiversity is a global issue. Therefore, many species 

are threatened by extension. In Iraq, Diyala River is the 

main water source used for many purposes, and because 

this River undergoes climate change and water shortage, it 

may result in misdistribution of Cyanophyceae species. 

Here, the morphological methods were insufficient to 

identify the most economically important species in Diyala 

River, and needs for 16S rRNA sequence analysis became 

necessary.  
 

 
 

 
 
Figure 2. PCR amplification products of 16S rRNA. The genomic 

DNA of the identified species was used in PCR to amplify the 
16S rRNA gene. The PCR products were analyzed on a 2% 
agarose gel and visualized. Lane M: DNA ladder SiZerTM-1000 
Plus; Lanes 1: refers to Arthrospira platensis, lane 2: refers to 
Limnospira fusiformis, and lane 3: refers to Arthrospira Indica. 
The 16S rRNA gene ( ⁓ 1250 bp) is represented by the red arrow 

 

 

 
Table 4. Polymorphism variation in the 16S rRNA gene within the identified Cyanophyceae species 
 

Identities Source 
Sequence ID with 

compare 
Nucleotide Location 

Type of 

substitution 

99% Arthrospira platensis ID: MT426015.1 A\G 441 Transition 
C\T 742 Transition 

99% Limnospira fusiformis ID: MT830373.1 G\C 289 Transversion 
G\C 378 Transversion 
A\G 430 Transition 

99% Arthrospira indica ID: AY575932.1 A\G 186 Transition 

G\C 551 Transversion 

T\C 649 Transition 

A\G 685 Transition 
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Figure 3. Phylogenetic relationship assembled for Cyanophyceae species. The phylogenetic tree algorithm revealed the overall degree 

of gene similarity for identified species evolved within the relative species in NCBI. The tree represents the position of three species 
corresponding to a: Arthrospira platensis; b: Limnospira fusiformis; and c: Arthrospira indica 
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 The identification of three new species record of 

Cyanophyceae by this approach is consistent with the study 

of Shiels et al. (2019), where 25 species of Cyanophyceae 

algae were detected along the Irish coasts. The 16S rRNA 

analysis and phylogenetic tree revealed that these species 

belong to Oscillatoria spp., which was then renamed 

Kamptonema okenii and Tychonema decoloratum. Our 

results agree with those of Karan et al. (2017). They 

declared that the molecular approach works in harmony 

with the morphological characterization of Cyanophyceae 
and supports the description data. Using 16S rRNA 

sequence analysis, seven cyanobacteria species were 

identified and purified from freshwater sites in Tokat 

Province in Turkey (Karan et al. 2017). In addition, 

Wanigatunge et al. (2014), also revealed that both 

Nostocales and Pleurocapsales are monophyletic group by 

using morphological study and 16S rRNA sequence 

analysis. In the study of Ozturk et al. (2018), four isolates 

belonging to Cyanophyceae, and seven genera were 

identified in Turkey’s lakes and Amazon River.  

These findings strongly support the data obtained by the 
morphological characterization system. In contrast, in a 

previous study by Al Hassany et al. (2021), the 

identification and characterization of 27 species of 

Cyanophyceae from the University of Baghdad campus 

were performed only by a morphological approach. 

Moreover, based on the abovementioned results, the 

detection of L. fusiformis in the Iraqi aquatic system paves 

the way for development a new techniques to operate this 

photoautotrophic species in different disciplines of 

biotechnology, agriculture, and economics. In addition, 

phylogenetic analysis revealed that L. fusiformis is placed 
in the Limnospira clade (Dvorak et al. 2021). 

In conclusion, using advanced molecular-based 

techniques (16S rRNA) to identify new record species in 

the Iraqi environment is important, and imply the accuracy 

of identification of micro-algae that is not been identified 

by morphological study. 

ACKNOWLEDGEMENTS 

The authors thank the Department of Biology in the 

College of Education at the University of Samarra, Iraq for 

their support, including laboratory facilities. 

REFERENCES 

Abbas N, Wasimi SA, Al-Ansari N. 2016. Impacts of climate change on 

water resources in Diyala River Basin, Iraq. J Civil Eng Architecture 

10 (9): 1059-1074. DOI: 10.17265/1934-7359/2016.09.009. 

Abdullah EJ. 2013. Evaluation of surface water quality indices for heavy 

metals of Diyala River-Iraq. J Nat Sci Res 3 (8): 63-69. DOI: 

10.7176/JNSR. 

Adamo N, Al-Ansari N, Sissakian VK. 2020. How Dams can affect 

freshwater issues in the Euhrates-Tigris basinis. J Earth Sci 

Geotechnical Eng 10 (1): 43-76. 

Al-Ansari NA, Ali A, Knutsson S. 2014. Present conditions and future 

challenges of water resources problems in Iraq. Water Resour Prot 6 

(12): 1066-1098. DOI: 10.4236/jwarp.2014.612102. 

Al Hassany JS, Hassan FM, Maulood BK, Al-Saedy RN. 2021. Revision 

of algal flora (Diatoms) Checklist in Tigris River whithin Baghdad 

city-Iraq. Iraqi J Agric Sci 52: 836-858. DOI: 

10.36103/ijas.v52i4.1392. 

Al-Jibouri KDW, Hassan FM, Hakman AA. 2018. Ecological and 

taxonomical study of epipelion community in Diyala River in Diyala 

province-Iraq. Indian J Ecol 45 (4): 680-688. 

Al-Rawi A, Alwash BM, Al-Essa NE, Hassan FM. 2018. A new record of 

Coelastrella terrestris (Reisigl) Hegewald & N. Hanagata, 2002 

(Sphaeropleales, Scenedesmaceae) in Iraq. Bull Iraq Nat Hist Mus 15 

(2): 153-161. DOI: 10.26842/binhm.7.2018.15.2.  

Aziz FH, Muhammed AQA. 2016. Twenty new records of algae in some 

springs around Safeen Mountain Area. J Adv Lab Res Biol 7 (3): 79-

85. 

Bilbas AHA. 2004. Aphycolimnological study on some springs within 

Erbil province. [Thesis]. University of Salahaddin-Hawler, Iraq. [Iraqi 

Kurdistan Region] 

Bronmark C, Hansson L. 2017. The Biology of Lakes and ponds. 3rd edn, 

Biology of habitats series. online edn, Oxford Academic, Oxford. 

DOI: 10.1093/oso/9780198713593.001.0001. 

Cheng J, Zhu Y, Xu X, Zhang Z, Yang W. 2019. Enhanced biomass 

productivity of Arthrospira platensis using zeolitic imidazolate 

framework-8 as carbon dioxide adsorbents. Bioresour Technol 294: 

12211. DOI: 10.1016/j.biortech.2019.122118. 

Clarridge JE. 2004. Impact of 16S rRNA gene sequence analysis for 

Identification of bacteria on clinical microbiology and infectious 

diseases. Clin Microbiol Rev 17: 840-862. DOI: 

10.1128/CMR.17.4.840–862.2004. 

de Morais GM, Vaz BS, de Morais EG, Costa JAV.2015. Biologically 

active metabolites synthesized by microalgae. BioMed Res Intl 2015: 

835761. DOI: 10.1155/2015/835761. 

Dvorak P, Hasler P, Casamatta DA, Poulickova A. 2021. Underestimated 

cyanobacteria diversity: trens and perspective of research in tropical 

environments. Fottea Olomouc 21 (2): 110-127. DOI: 

10.5507/fot.2021.009. 

Eaton J, Moss B. 1966. The estimation of numbers and pigments content 

in epipelic algal populations. Limnol Ocean 11: 584-595. DOI: 

10.4319/LO.1966.11.4.0584. 

Frank JA, Reich CI, Sharma S, Weisbaum JS, Wilson BA, Olsen GJ. 

2008. Critical evaluation of two primers commonly used for 

amplification of bacterial 16S rRNA genes. Appl Environ Microbiol 

74 (8): 2461-2470. DOI: 10.1128/AEM.02272-07.  

Geitler L. 1932. Cyanophyceae.-In Rabenhorst’s Kryptpgameenflora. 

Akad. Verlagshes, Leipzig, 14: 1-1196. 

Gonzalez Bautista E, Laroche C. 2021. Arthrospira platensis a feasible 

feedstock for Bioethanl Production. Appl Sci 11: 6756. DOI: 

10.3390/app11156756. 

Hamza NH. 2012. Evaluation of water quality of Diyala River for 

irrigation purposes. Diyala J Eng Sci 5 (2): 82-98. DOI: 

10.24237/djes.2012.05207. 

Hassan FM, Aljobory IF, Al-Jumaily EF. 2013. Stimulation of biodiesel 

production from two algae: Chlorella vulgaris Berjerinck and 

Nitzschia palea (Kütz) Smith, and study their some growth 

parameters under different light intensity. IOSR J Environ Sci Toxicol 

Food Technol 6 (2): 31-42. DOI: 10.9790/2402-0623142. 

Hassan FM, Salman JM, Al-Nasrawi S. 2017. Community structure of 

benthic algae in a lotic ecosystem, Karbala Province-Iraq. Baghdad 

Sci J 14 (4): 692-706. DOI: 10.21123/bsj.2017.14.4.0692. 

Hicks M, Tran-Dao TK, Mulroney L, Bernick DL. 2021. De-novo 

assembly of Limnospira fusiformis using ultra-long reads. Front 

Microbiol 12: 880. DOI: 10.3389/fmicb.2021.657995. 

Issa IE, Al-Ansari NA, Sherwany G, Knutsson S. 2014. Expected future 

of water resources within Tigris-Euphrates Rivers Basin, Iraq. Water 

Resour Prot 6 (5): 421-432. DOI: 10.4236/jwarp.2014.65042. 

Kałdu ́nska J, Jakubczak K, Gutowska I, Dalewski B, Janda K. 2020. 

Fluoride content in dietary supplements of Spirulina (Arthrospira 

spp.) from conventional and organic cultivation. Fluoride 5: 469-476.  

Karan T, Erenler R, Altuner Z. 2017. Isolation and Molecular 

Identification of Some Blue-Green Algae (Cyanobacteria) from 

Freshwater Sites in Tokat Province of Turkey. Turkish J Agric Food 

Sci Technol 5 (11): 1371-1378. DOI: 10.24925/turjaf.v5i11.1371-

1378.1470. 

Katayama T, Nagao N, Kasan NA, Khatoon H, Rahman NA, Takahashi 

K, Furuya K, Yamada Y, Abd Wahid ME, Jusoh M. 2020. 

Bioprospecting of indigenous marine microalgae with ammonium 

tolerance from aquaculture ponds for microalgae cultivation with 

ammonium-rich wastewaters. J Biotechnol 323: 113-120. DOI: 

10.1016/j.jbiotec.2020.08.001. 



 BIODIVERSITAS  23 (10): 5239-5246, October 2022 

 

5246 

Komárek J, Kaštovský J, Mareš J, Johansen JR. 2014. Taxonomic 

classification of Cyanoprokaryotes (Cyanobacterial genera) 2014, 

using a polyphasic approach. Preslia 86 (4): 295-335. DOI: 

10.1080/09670262.2016.1163738. 

Kumari N, Rai LC. 2020. Cyanobacterial diversity: molecular insights 

under multifarious environmental conditions. In: Singh P, Kumar A, 

Singh VK, Shrivistava A (eds.). Advances in Cyanobacterial Biology. 

Academic Press, London. DOI: 10.1016/B978-0-12-819311-2.00002-

4. 

Maulood BK, Hassan FM, Al-Lami AA, Toma JJ, Ismail AM. 2013. 

Checklist of Algal Flora in Iraq. Ministry of Environment, Baghdad.  

Madhloom H, Al-Ansari N, Chabuk A. 2018. Modeling Spatial 

Distribution of some contamination within the lower reaches of 

Diyala River using IDW interpolation. Sustainability 10 (22): 1-13. 

DOI: 10.3390/su10010022. 

Muluneh MG. 2021. Impact of climate change on biodiversity and food 

security: a global perspective-a review article. Agric Food Secur 10: 

36. DOI: 10.1186/s40066-021-00318-5. 

Nematollahi MA, Laird DW, Hughes LJ, Raeisossadati M, Moheimani 

NR. 2020. Effect of organic carbon source and nutrient 

depletion on the simultaneous production of a high value bioplastic 

and a specialty pigment by Arthrospira platensis. Algal Res 47: 

101844. DOI: 10.1016/j.algal.2020.101844. 

Nowicka-Krawczyk P, Mühlsteinová R, Hauer T. 2019. Detailed 

characterization of the Arthrospira type species separating 

commercially grown taxa into the new genus Limnospira 

(Cyanobacteria). Sci Rep 9: 694. DOI: 10.1038/s41598-018-36831-0. 

Ozturk BY, Asikkutlu B, Akkoz C, Atici T. 2019. Molecular and 

Morphological characterization of several Cyanophyceae and 

Chlorophyta species isolated from lakes in Turkey. Turkish J Fish 

Aquat Sci 19 (8): 635-643. DOI : 10.4194/1303-2712-v19_8_01. 

Rolls RJ, Heino J, Ryder DS, Chessman BC, Growns IO, Thompson RM, 

Gido KB. 2018. Scalling biodiversity responses to hydrological 

regimes. Biol Rev 93 (2): 971-995. DOI: 10.1111/brv.12381. 

Rubio C, Dominik-Jakubiec M, Paz S, Gutierrez AJ, Gonzalez-Weller D, 

Hardisson A. 2021. Dietary exposure to trace elements (B, Ba, Li, Ni, 

Sr, and V) and toxic metals (Al, Cd, and Pb) from the consumption of 

commercial preparations of Spirulina platensis. Environ Sci Pollut 

Res 28: 22146-22155. DOI: 10.1007/s11356-020-12260-3. 

Serrà A, Artal R, García-Amorós J, Gómez E, Philippe L. 2020. Circular 

zero-residue process using microalgae for efficient water 

decontamination, biofuel production, and carbon dioxide fixation. 

Chem Eng J 388: 124278. DOI: 10.1016/j.cej.2020.124278 

Shiels K, Browne N, Donovan F, Murray P, Saha SK. 2019. Molecular 

characterization of twenty-five marine Cyanobacteria isolated from 

coastal regions of Ireland. Biology 8 (3): 59. DOI: 

10.3390/biology8030059. 

Silva PC, Moe RL. 2014. Cyanophyceae. AccessScience. McGraw-Hill 

Education, New York. DOI: 10.1036/1097-8542.175300. 

Soo RM, Hemp J, Parks DH, Fischer WW, Hugenholtz P. 2017. On the 

origins of oxygenic photosynthesis and aerobic respiration in 

Cyanobacteria. Science 31;355 (6332): 1436-1440. DOI: 

10.1126/science.aal3794. 

 Torzillo G, Masojidek J. 2008. Mass Cultivation of Freshwater 

Microalgae. In: Jorgensen SE, Fath B (eds.). Encyclopedia of 

Ecology. Elsevier, Oxford. DOI: 10.1016/B978-008045405-4.00830-

2. 

Tripathi R, Shalini R, Singh K. 2021. 7 - Prophyletic origin of algae as 

potential repository of anticancer compounds.  Evolutionary Diversity 

as a Source for Anticancer Molecules, Academic Press. DOI: 

10.1016/B978-0-12-821710-8.00007-2.  

Wan D, Wu Q, Kuča K. 2021. Spirulina. In: Please mention editors name 

Nutraceuticals. Academic Press, Cambridge. DOI: 10.1016/B978-0-

12-821038-3.00057-4. 

Wang ZP, Zhao Y. 2005. Morphological reversion of Spirulina 

(Arthrospira) platensis (Cyanophyta): from linear to helical 1. J 

Phycol 41 (3): 622-628. DOI: 10.1111/j.1529-8817.2005.00087.x. 

Wang T, Zhang H, Zhao J, Guo X, Xiong T, Wu R. 2021. Shifting 

contribution of climatic constraints on evapotranspiration in the 

boreal forest. Earth's Future 9: e2021EF002104. DOI: 

10.1029/2021EF002104 

Wang Z, Li G, Huang H, Zhang W, Huang S, Zheng Z. 2022. Effects of 

solar radiation on the Cyanobacteria: Diversity, molecular phylogeny, 

and metabolic activity. Front Ecol Evol 9: DOI: 

10.3389/fevo.2022.928816. 

Wanigatunge RP, Magana-Arachchi DN, Chandrasekharan NV, 

Kulasooriya SA. 2014. Genetic diversity and molecular phylogeny of 

Cyanobacteria fron Sir Lanka based 16S rRNA gene. Environ Eng 

Res 19 (4): 317-329. DOI: 10.4491/eer.2014.035. 

Wehr JD, Sheath RG, Kociolek JP (eds.). 2015. Freshwater Algae of 

North America: Ecology and Classification. Elsevier, New York. 

DOI: 10.1016/B978-0-12-385876-4.00005-0. 

Winter JM, Eltahir EAB. 2012. Modeling the hydroclimatology of the 

midwestern United States. Part1: Current Climate. J Clim Dyn 38 (3-

4): 573-593. DOI: 10.1007/s00382-011-1182-2. 

Xuan Z, Chang NB. 2014. Modeling the climate-induced changes of lake 

ecosystem structure under the cascade impacts of hurricanes and 

droughts. J Ecol Model 288: 79-93. DOI: 

10.1016/j.ecolmodel.2014.05.014 

Yuan J, Yoon KJ. 2021. Overview of PCR Methods Applied for the 

Identification of Freshwater Toxigenic Cyanobacteria. In 

Cyanobacteria-Recent Adv Taxonoy App. IntechOpen, London. DOI: 

10.5772/intechopen.97701. 

 


