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 Spirulina is a microalga with spiral or linear trichome shapes that has potential 
in industrial and food sectors due to its rich nutritional content. Spirulina can 
live in various aquatic habitats with different environmental conditions. 
Differences in cultivation environments can affect the morphological 
characteristics of Arthrospira due to phenotypic plasticity, making morphology-
based identification prone to errors. Therefore, molecular identification using 
the 16S rRNA gene for phylogenetic analysis is necessary. This study aims to 
identify and analyze the genetic relationships of Spirulina from freshwater and 
brackish water based on 16S rRNA gene sequences. Freshwater Spirulina 
samples were taken from Bogor (BGR) and Yogyakarta (MRP), while brackish 
water Spirulina was taken from Jepara (JPR). DNA extraction was performed 
using the Zymo Research Quick-DNA Fungal/Bacterial Miniprep Kit, 
amplification of the 16S rRNA gene was conducted through PCR, followed by 
DNA sequencing. Phylogenetic analysis was carried out using MEGA11 to 
construct the phylogenetic tree. The morphology of strains BGR and MRP 
showed straight and thin filaments, whereas JPR had spiral and relatively long 
filaments. Sequencing analysis results showed that strains JPR and MRP had 
the closest homology similarity to Arthrospira sp. IAQUASC-C0001 with 
percentages of 99.34% and 99.12%, respectively. Meanwhile, Spirulina from 
BGR had the closest homology similarity to Arthrospira fusiformis strain AICB 
668 with a percentage of 99.78%. Phylogenetic analysis indicated that strains 
BGR, JPR, and MRP are more closely related to Arthrospira than to Limnospira. 

 

Introduction 
 

Spirulina is the commercial name for the genus Arthrospira, which is one of the genera in the phylum 
cyanobacteria (Furmaniak et al., 2017). Spirulina is a multicellular organism that has trichomes shaped like 
helices or spirals, and some are linear or straight. Spirulina typically has a diameter of 3–12 µm with a 
variable length (50–500 µm) (Wan et al., 2016). The color of Spirulina is blue-green, which comes from 
photosynthetic pigments called chlorophyll and phycocyanin. Spirulina can grow in freshwater, brackish, 
or marine environments and can also thrive in both warm and cold waters. It can live in tropical and 
subtropical waters with a high pH ranging from 8 to 11. The optimal growth temperature for Spirulina is 
between 25 °C and 35 °C (Mishra et al., 2022). 

Global Spirulina production for human consumption reached 10,000 tons per year in 2021 and is 
estimated to increase to 68,025 tons by 2025. China is the largest Spirulina producer in the world, accounting 
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for 80% of the total global Spirulina production, followed by the United States, Taiwan, Thailand, and India 
(Selvendar, 2015; Thevarajah et al., 2022; Rilisa and Suantika, 2021). Indonesia has the potential to be a 
Spirulina producer due to its supportive geographical conditions. Currently, many in Indonesia cultivate 
Arthrospira on both large and small scales, in both brackish and freshwater environments (Buwono et al., 
2018). Differences in cultivation habitats (brackish and freshwater) can affect gene expression and the 
genetic diversity of Spirulina populations. 

Environmental conditions such as light intensity, pH, salinity, and water nutrients usually influence 
morphological characteristics, including size and shape (Lao & Edullantes, 2025). Therefore, identification 
based solely on morphology can lead to misidentification due to phenotypic plasticity. Phenotypic plasticity 
is the ability of an organism to change its form and morphology in response to environmental conditions 
(Susintowati et al., 2018). A study by Emam et al., (2025) stated that Spirulina with different morphological 
forms actually have a high genetic similarity (95%) based on molecular markers. Thus, molecular 
identification is necessary to determine taxonomic identity more accurately. 

Salinity is one of the key environmental factors influencing the adaptation of Spirulina to its habitat 
(Lao & Edullantes, 2025). Differences in salitity betweed brackish and freshwater environments act as 
selective pressures that affect osmotic balance, metabolic regulation and the stability of cellular structures 
(Lestari & Pangastuti, 2025). Over the long term, these contition may drive genetic differentiation and 
ecological adaptation in Spirulina populations inhabiting environments with contrasting salinity levels. 
Therefore, comparing Spirulina isolates from brackish waters and freshwater is relevant to test whether 
environmental differences are associated with morphological and molecular variation. 

The molecular marker most widely used for cyanobacteria identification is the 16S rRNA gene. This 
gene is present in all prokaryotes. The presence of conserved and variable regions in the 16S rRNA gene 
allows the design of universal primers as well as taxonomic differentiation down to the genus and species 
levels, making the 16S rRNA gene suitable for identification and phylogenetic analysis (Li et al., 2024). In 
studies on Spirulina taxonomy and relationships, the 16S rRNA gene has been widely used to compare 
isolates from geographic locations with different habitat conditions (Misztak et al., 2021; Mishra et al., 2022; 
Chotchindakun et al., 2024). Sequencing the 16S rRNA gene enables the determination of genetic 
relationships among microorganisms, revealing differences that are not visible through phenotypic 
approaches. Identification methods usually begin with DNA extraction, target gene amplification using 
Polymerase Chain Reaction (PCR), followed by sequencing and bioinformatics analysis to determine genetic 
similarity levels and construct phylogenetic trees illustrating their relationships (Karamalis et al., 2025). 
Based on the above background, molecular identification of Spirulina from brackish and freshwater 
environments based on the 16S rRNA gene needs to be conducted.  
 

Materials and methods 
 

1. Materials  
This study used three Spirulina isolates: the brackish-water strain JPR from Jepara, Central Java, and 

two freshwater strains, BGR from Bogor, West Java and MRP from the Merapi area, Special Region of 
Yogyakarta. The research was conducted in the Biology Laboratory, Faculty of Mathematics and Natural 
Sciences, Sebelas Maret University, Surakarta, Indonesia. 

 
2. Procedures 
Cultivation Sample 

Spirulina samples from BGR, JPR, and MRP were cultivated by culturing 25 ml of sample in 500 ml 
of culture medium. The culture medium was made from 500 ml of distilled water, 1 ml of Walne fertilizer, 
1 ml of CaCO3, and NaCl was added to reach a salinity of 30 ppt, then sterilized. This maintenance was 
carried out using sunlight and aeration. Harvesting was done on the 5th day. This cultivation was carried 
out based on Lestari & Pangastuti, (2025), in which the optimal salinity used for Spirulina cultivation was 
30 ppt, resulting in maximum biomass production, and the harvest time was set at day 5 because it 
represents the optimal growth phase. 
 
 
 



 
 

Volume 12 No. 1 (March 2026) 

Dito et al. - 94 

Morphological Observation 
This morphological characterization was conducted using a light microscope with 10x magnification. 

The characters used for comparison included color, shape, and cell size (Zapata et al., 2021). 
 

Molecular Identification 
A spirulina cell suspension (approximately 50 mg) was collected by centrifugation for 10 minutes at 

10,000 x g. The genomic DNA from these cells was then extracted using the Quick-DNA™ 
Fungal/Bacterial Miniprep Kit (Zymo Research, D6005). Subsequently, the DNA concentration was 
measured using an Eppendorf biophotometer plus. The extracted DNA, if not used immediately, can be 
stored at -20 °C (Balouch et al., 2023). DNA amplification of Spirulina based on the 16S rRNA gene was 
carried out using custom designed primers with the following sequences (5’→3’) forward 
ATAAGCCTCGGCTAACTCCG and reverse GGTAAGGTTCTTCGCGTTGC, producing a product 
length of 491 bp (Lach et al., 2024).  

Each PCR reaction mixture of 50 µL contained 25 µL GoTaq Green Master Mix 2X, 19 µL Nuclease-
Free Water (Promega, USA), 1 µL of each primer, and 1 µL of template DNA. DNA amplification was 
performed in stages: initial denaturation at 94 °C for 3 minutes, followed by 30 cycles of denaturation at 94 
°C for 30 seconds, annealing at 52 °C for 30 seconds, extension at 72 °C for 30 seconds, and a final 
extension step at 72 °C for 7 minutes (Ko et al., 2023). DNA samples successfully amplified by PCR were 
then separated by electrophoresis on a 1% agarose gel at 80 V for 60 minutes. Samples showing DNA 
bands of the expected size were subsequently sent for sequencing at Genetika Science, Tangerang. The 
obtained DNA sequences were analyzed using MEGA11 to determine genetic distance and to construct a 
phylogenetic tree. 
 

Results and discussion 
 

1. Morphology of Spirulina 
The morphology of spirulina can be seen in Figure 1. Where images a (BGR) and c (MRP) are 

spirulina cultivated in fresh water, whereas image b (JPR) is spirulina cultivated in brackish water. 
 

 
Figure 1. Morphology of the spirulina strain; (a) BGR, (b) JPR, dan (c) MRP observed at 10× 

magnification. 

 
Observations show that there are differences between Spirulina strains living in freshwater and 

brackish water. The BGR and MRP strains have trichomes that tend to be linear with slight curves, whereas 
the JPR strain has more convoluted or spiral-shaped trichomes with relatively large spacing between the 
coils. This morphological difference is influenced by environmental conditions such as light intensity, pH, 
salinity, and aeration during cultivation (Jung et al., 2021). Freshwater has a salinity of less than 0.5 ppt, 
while brackish water tends to have higher salinity, less than 30 ppt (Ujwala, 2025). Freshwater has a more 
neutral pH compared to brackish water; freshwater pH is 7, while brackish water tends to be more alkaline, 
ranging from 7.7 to 9 (Supriatna et al., 2020). Consistent with the study by Hong et al. (2023), Spirulina 
exhibits a high adaptability, marked by morphological changes in response to salinity stress. Spirulina living 
in water with higher salinity experiences shorter trichomes due to fragmentation and looser spiral density. 
This also aligns with the research by Nosratimovafagh et al. (2023), which states that increased water salinity 
thickens the outer spiral sheath, reduces flexibility, and decreases the spiral diameter in Spirulina, thereby 
increasing the spacing between coils (screw pitch length). Besides the spiral form, Spirulina can undergo 
morphological conversion into linear filaments, usually influenced by environmental factors and nutrients 
(Lijassi et al., 2024). 

 

(a) (b) (c) 
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2. Molecular Identification 
a. DNA Extraction Results 

The visualization results of Spirulina DNA extraction can be seen in Figure 2. 
 

 
Figure 2. Visualization results of DNA extraction (a) BGR, (b) JPR, dan (c) MRP. The 16S rRNA gene was 

used as the DNA marker for molecular identification 
 

Based on the results above, it is known that the three strains have fairly good genomic DNA bands. 
Strains BGR and JPR have relatively thick DNA bands, whereas strain MRP shows a slight smear on its 
DNA band. The thickness of the DNA bands indicates the concentration level of DNA in the sample; the 
thicker the DNA band, the higher the DNA concentration (Alfaruqi, 2021). The presence of smearing on 
the DNA band is caused by contaminants such as proteins and residual solution during the isolation process 
(Iqbal et al., 2016). 

 
b. The results of DNA amplification 

The results of the spirulina DNA amplification can be seen in Figure 3. 

 
Figure 3. Visualization results of the 16S DNA amplicon (a) BGR, (b) JPR, dan (c) MRP. The 16S rRNA 

gene was used as the DNA marker for molecular identification 
 

Based on electrophoresis, the PCR technique using the designed primers successfully amplified the 
16S rRNA gene from Spirulina. The presence of a DNA band around 500 bp indicates that the genomic 
DNA of Spirulina was successfully extracted as a template. The study by Johnson et al. (2022) showed that 
amplification of the V1–V3 region of the 16S rRNA gene using primers 27F–519R produced fragments 
approximately 450–550 bp in size, which were effective for identifying and analyzing the phylogenetic 
relationships of cyanobacteria. The successful amplification of the 16S rRNA gene indicates that the 
primers used were specific to the target gene and that the PCR amplification proceeded well. Furthermore, 
no non-specific bands or signs of DNA degradation were found, demonstrating that the primers have high 
specificity for the conserved region of the 16S rRNA gene. 
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c. DNA Sequencing Results 

The DNA band sequencing results were used to determine the DNA sequence, from which the 
identity of the spirulina strain could be identified through BLAST analysis. BLAST (Basic Local Alignment 
Search Tool) is a bioinformatics method used to compare nucleotide or protein sequences with sequences 
available in databases (Strover & Clavalcanti, 2017). BLAST enables the identification of bacterial species, 
genus, or phylum based on genetic sequence similarity, especially in gene markers such as the 16S rRNA 
gene. BLAST analysis of the spirulina strain showed a very high similarity level, with an identity percentage 
around 99%. The BLASTn analysis results of Spirulina are shown in Table 1. 

 
Table 1. BLASTn Analysis Results 

Sample Similarity (%) Homologue 
GenBank 

accession number 

BGR 99,78% Arthrospira fusiformis strain AICB 668 AY672721.1 
JPR 99,34% Arthrospira sp. IAQUASC-C0001 MT160371.1 
MRP 99,12% Arthrospira sp. IAQUASC-C0001 MT160371.1 

 
The results show that the Arthrospira JPR and MRP isolates have the closest homology similarity to 

the Arthrospira sp. IAQUASC-C0001 species, with percentages of 99.34% and 99.12%, respectively. 
Meanwhile, the Arthrospira BGR isolate has the closest homology similarity to Arthrospira fusiformis strain 
AICB 668 16S ribosomal RNA gene, partial sequence, with a similarity percentage of 99.78%. The high 
identity percentage (>99%) indicates a close phylogenetic relationship with the species found in the 
database (Aristya et al., 2025). The similarity percentage in this study is lower compared to the research by 
Szubert et al. (2021), which stated that spirulina found in the Baltic Sea with codes CCNP1310 and 06S082 
showed 100% similarity with S. subsalsa PD2002/gca and S. subsalsa KD 01, indicating similarity above 97%. 
Lin et al. (2023) stated that bacterial identification at the species level using the 16S rRNA gene requires a 
higher sequence similarity threshold, namely above 99% or >99.5%. This is used to improve the accuracy 
of taxonomic determination. 

 
d. Phylogenetic Analysis 

The phylogenetic analysis can be seen in Figure 4. 

 
Figure 4. Phylogenetic tree based on the maximum-likelihood method 
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Based on Figure 4, the 16S rRNA gene sequences show a phylogenetic relationship among three 
isolates, namely BGR, JPR, and MRP, with several Arthrospira and Limnospira species from GenBank. These 
three isolates form the same clade and are separated from the Limnospira group. The bootstrap values 
obtained are relatively high, ranging from 97 to 100, indicating strong confidence in this grouping. Such 
high bootstrap values suggest that the three isolates have a very close genetic relationship with each other. 
Puspitasari et al. (2025) state that the higher the bootstrap value, the greater the accuracy of the tree topology 
resulting from the reconstruction. 

Strains BGR, JPR, and MRP show the highest phylogenetic closeness to Arthrospira sp. IAQUASC-
C0001 and Arthrospira fusiformis strain AICB 668, consistent with the BLAST analysis results (Table 1), which 
show sequence similarity exceeding 99%. Limnospira platensis and Limnospira maxima are placed in a different 
clade, indicating taxonomic separation between the genera Arthrospira and Limnospira. Although BLASTn 
analysis (Table 1) shows the highest sequence similarity to Arthrospira species, the phylogenetic 
reconstruction (Figure 4) places all isolates within the Limnospira clade. This discrepancy is likely due to 
recent taxonomic revisions, where several species previously classified as Arthrospira are now assigned to 
the genus Limnospira (Sinetova et al., 2024). Therefore, based on phylogenetic inference, the isolates are 
more appropriately identified as Limnospira. This grouping pattern shows that the isolates studied are 
genetically more closely related to the genus Arthrospira than to Limnospira. This supports the identification 
of the isolates as members of the genus Arthrospira. This aligns with the research of Zhang et al. (2022), 
where BLAST results showed that the 16S rRNA sequence similarity of the study isolates with Arthrospira 
in GenBank was more than 99%, indicating that Arthrospira isolates have high genetic homology and form 
a single clade in phylogenetic analysis. This study shows that the observed morphological variation more 
likely reflects phenotypic responses to different environmental conditions rather than significant genetic 
differences. Emam et al. (2025) state that spirulina with diverse morphological forms still has a high genetic 
similarity of around 95%, based on molecular marker analysis 

  

Conclusion 
 

The conclusion obtained is that Spirulina has filamentous forms that vary, both spiral and linear, 
influenced by genetic and environmental factors. Based on homology similarity, the BGR strain has 99.78% 
similarity with Arthrospira fusiformis strain AICB 668, while JPR and MRP have 99.34% and 99.12% similarity 
with Arthrospira sp. IAQUASC-C0001, respectively. Based on genetic distance analysis, the BGR, JPR, and 
MRP strains have an evolutionary distance closer to Arthrospira than to Limnospira. High genetic similarity 
does not always correlate directly with morphological uniformity, as the phenotypic expression of an 
organism can be influenced by environmental factors and genetic regulatory mechanisms. 
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