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ABSTRACT

The microalgae Scenedesmus, belonging to the Chlorophyta phylum, is a widely distributed
freshwater algae species. Many species from this genus are found in the Can Gio mangrove
biosphere reserve, where they play a significant role in the aquatic environment. In this study, two
microalgae strains, Scenedesmus CGO01 and CG03, were newly isolated from two different sampling
sites within the Can Gio mangrove biosphere reserve. These two strains exhibit similar
morphological features typical of the genus Scenedesmus. PCR amplification, sequencing, and
identification based on the 18S DNA sequence confirmed that both strains, CG01 and CG03, belong
to Scenedesmus sp. The 18S DNA sequences of these strains differ from those of Scenedesmus sp.
CCAP 217/7 and CCAP217/8 in GenBank. The phylogenetic analysis of the 18S sequences
revealsthat CG01 and CGO03 are in a distinct cluster, separate from the remaining samples. This
research on the isolation and accurate identification of species provides an important foundation for
future studies on the application of microalgae.

Keywords: 18S; Can Gio; Scenedesmus

1.  Introduction

Scenedesmus is a diverse and widely found genus of microalgae, commonly present in
freshwater ponds, lakes, rivers, and streams, but seldom in brackish water environments.
These microalgae can live in various environmental conditions, but prefer water bodies with
mild acidity and low salinity (Canter-Lund & Lund, 1995). In addition to aquatic
environments, some Scenedesmus species can also grow in moist soil. Similar to many other
algal species, Scenedesmus microalgae is a group of productive organisms and an important
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food source for other species in the water body (Janse van Vuuren, 2006). Some microalgae
species in this group have been utilized as food or raw material for biodiesel production
(Assuncéo et al., 2023; Colla et al., 2020). Studies on microalgae biodiversity in the Can Gio
mangrove biosphere reserve have also shown that the microalgae Scenedesmus have been
found in freshwater environments. However, studies have mainly focused on sampling,
formalin fixation, and morphological identification of the microalgae (Pham, 2017).

Morphologically, Scenedesmus exists as unicells or cells, and can be elliptical, oval,
spherical, or rhombic. They are also commonly found in coenobia with multicellularity
inside a parental mother wall with the ends of round or pointed cells aligned or staggered,
sticking together, with spikes or without spines. The spikes are formed in the head of the
terminal cell in the coenobia, their function is to help them defend against predation. The
coenobia may consist of 2, 4, or 8 cells, and may even reach 16 to 32 cells (Janse van Vuuren,
2006). This genus exhibits a wide range of diversity, encompassing numerous species, which
renders morphological identification potentially inaccurate. The inaccuracy of identification
based on morphological traits stems from the diminutive size and simple structure of these
microalgae. Furthermore, the rapid emergence of new species contributes to the issue, as
many microalgae possess similar external morphologies (Gross, 2004). The development of
identification techniques based on DNA barcoding has provided an additional basis for
identifying microalgae species. In addition, DNA sequence data also provides evidence
about the evolutionary origin of green microalgae, thereby contributing to correcting
incorrect classifications in the old classification system (Baudelet et al., 2017).

In this study, monoclonal microalgal strains of the genus Scenedesmus were isolated
from various locations within Can Gio mangrove biosphere reserve. These strains were
meticulously identified through a dual approach, analyzing morphological characteristics
and 18S ribosomal DNA sequences. Accurate taxonomic identification of microalgae species
is an important basis for future research on microalgae applications.

2. Materials and methods
2.1. Collecting microalgae samples

Two algae-containing water samples obtained at two different coordinates in the Can
Gio mangrove biosphere reserve are denoted as sample 1 (10.487603, 106.873403) and
sample 2 (10.651512, 106.783311). The water samples were kept cold and transported to the
laboratory for analysis within 48 hours. In the laboratory, the water samples were examined
under an Olympus BX-10 microscope with a 100x objective to identify the presence of
green algae.
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2.2. lsolation of monoclonal microalgae

The goal of isolating and purifying algae is to obtain monoclonal algal strains without
any contamination by other microorganisms (Fernandez-Valenzuela et al., 2021). The
collected samples were observed under a Leica ATC 2000 microscope using S-eye camera
software. Single microalgae cells were isolated from the natural water samples using a
micropipette and transferred into the BG11-H medium to promote proliferation. Green
microalgae species can grow on the agar surface. The isolation of monoclonal algal strains
was continued by culturing on agarose (Gross, 2004). The solid medium was prepared by
adding 10 g agarose/L of BG11-H medium, then boiled at 95°C. When the medium was
cooled to around 60°C, it was poured into Petri dishes, cooled, and stored at 4°C. The
cultures were cultured at a temperature of 24-26°C, under white LED light with an intensity
of 40 umol photon/m?/s, a light/dark cycle of 14/10 h, for a period of 2 to 4 weeks until the
appearance of algal colonies. Monoclonal algal colonies were then transferred into the
BG11-H medium and further cultured for proliferation (Andersen, 2005). The culture
medium was supplemented every two weeks and subcultured to maintain monoclonal strains
of microalgae.
2.3. Methods for determining morphological characteristics

Monoclonal algal cells were observed under an optical microscope to examine their
morphological characteristics and to determine the genus or family of the algal samples. Key
morphological features, including cell size, shape, chloroplast structure, and modes of
reproduction, was recorded, analyzed, and compared with reference microalgae in algal
collections (Culture Collection of Algae and Protozoa, Central Collection of Algal Cultures)
as well as with descriptions in the literature on the genus Scenedesmus.
2.4. DNA extraction and PCR reactions

The total DNA of monoclonal algal cells was extracted using the ABT kit (Biological
Solutions Co., Ltd, Vietnam) and served as the template for the PCR reaction. The 18S rRNA
gene sequence was selected for amplification using specific primer pairs. Each PCR reaction
contained the following components: 12,5 L 2X Mytaq Mix, 0,5 L primer 18S-FA2 (5’-
ACCTGGTTGATCCTGCCAGTA-3’), 0,5 pL primer 18S-RB2 (5°-
GATCCTTCTGCAGGTTCACCTACG-3’) (Maltsev & Konovalenko, 2017), 0,5 uL
DNA template, and 11,5 pL H>O. The annealing temperature for the primer pairs was
optimized by testing within the range of 50-53 °C. The products of the DNA extraction and
PCR reactions were analyzed by electrophoresis on a 1% agarose gel.
2.5. Microalgae identification method based on DNA sequence comparison

The 18S rRNA PCR products were sent to 1st Base, Malaysia, for bidirectional
sequencing using the primer pairs 18S-FA2 and 18S-RB2. The resulting DNA sequences
were viewed and edited using ChromasPro Version 2.6.6 and SeaView 5.0.5 software. These
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programs were used to align and merge the sequences to create consensus sequences. These
consensus sequences were then compared with sequences available in GenBank using the
BLAST tool (https://blast.ncbi.nlm.nih.gov/) for identification of monoclonal algal
strains.Based on the BLAST results, species identification was conducted. If the identity
between the query sequence (the 18S sequence of the isolated microalgal strain) and the
sequences available in GenBank exceeds 99.0%, the strain was considered to belong to the
same species as GenBank sample. If the identity is between 98.0% and 99.0%, this suggested
that the microalgal strain in this study and the published strains may not be definitively the
same species. In such cases, the symbol "cf." (an abbreviation for the Latin term "confer,"”
meaning "compare to") was used, as in Chlorella cf. vulgaris, to indicate some uncertainty
in the identification. If the sequence identity was less than 98.0%, the symbol "sp." is used,
as in Chlorella sp. (Fawley & Fawley, 2020). In addition, the morphology of the isolated
strain was also compared with the species in the BLAST results to provide the most accurate
taxonomic data possible.
2.6. Phylogenetic tree construction

The sequences used for phylogenetic tree construction include 18S DNA sequences
obtained from this study and sequences published in GenBank. The sequences selected from
GenBank must have reliable species names from previously published research and are
phylogenetically closely related to the isolated microalgal strains. These sequences were
aligned using the MUSCLE algorithm in MEGA software. Neighbour-joining (NJ) trees,
based on Kimura 2-Parameter (K2P) distances, were generated using MEGA to illustrate the
molecular phylogeny. Some sequences from GenBank were also selected as outgroups
during the phylogenetic analysis of microalgae strains isolated from the Can Gio mangrove
biosphere reserve. The phylogenetic trees were constructed with 1,000 iterations to
determine the bootstrap value.
3. Results and discussion
3.1. Results of isolation of a single microalgae strain

Green microalgae strains proliferated well on the surface of agarose containing BG11-
H medium and algal colonies appeared after 1-2 weeks and are visible by eye. Following
isolation and proliferation, two strains of green microalgae, initially identified as belonging
to the genus Scenedesmus based on morphological characteristics, were successfully
isolated. These two microalgae strains were denoted CGO1 (isolated from sample 1) and
CGO03 (isolated from sample 2), respectively.
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Figure 1. Morphology of two strains of green microalgae CG01 (A), CGO03
(B) isolated from the Can Gio reserve

Two microalgae strains of Scenedesmus CGO01 and CGO03 exhibit similar morphology.
Most of the cells are unicellular, green, ovoid, or oval, and vary in size, about 5-7 um long
and about 2-4 pm wide (Figure 1). Most cells of the two microalgae strains Scenedesmus
sp. CGO1 and CGO03 have cup-shaped chloroplasts containing a pyrenoid (Figure 2A). The
presence of a nucleus and chloroplasts containing a pyrenoid inside is one of the basic
characteristics for identifying this group (Janse van Vuuren, 2006; Scenedesmus, n.d.).

Figure 2. Cell structure Scenedesmus CGO01 and CGO03 (A) and asexual reproduction by
spores (B) (x100) (1: pyrenoids; 2: chloroplasts; 3: cell walls; 4: a common wall of 4 spores,
5: spores)

The Scenedesmus microalgal strains CG01 and CG03 undergo asexual reproduction
through sporulation, during such process, the mother cell produces 2-4 endospores.
Subsequently, the mother cell forms a thick, transparent outer wall without spines, resulting
in an enlarged size compared to its normal state (Figure 2B). Once the endospores attain a
certain size, the sporangial cell wall ruptures, releasing the daughter spores. Previous studies
have demonstrated that this asexual mode of sporulation is a common reproductive
mechanism in this microalgal genus. While sexual reproduction has been documented in
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some Scenedesmus species, it is an extremely rare occurrence (Janse van Vuuren, 2006;
Scenedesmus, n.d.).
3.2.  Results of DNA extraction, PCR, and 18S sequencing

Total DNA electrophoresis results showed high DNA extraction efficiency; DNA
quality guaranteed for PCR reaction (Figure 3A).

CG01 CGO03 |adder CG 01 CG03 |adder

Figure 3. Electrophoresis results of total DNA (A) and PCR products of the 18S region
of two isolated strains of green microalgae (B)

PCR reactions were performed using template DNA extracted from two Scenedesmus
strains, CG01 and CGO03. After adjusting the primer annealing temperature to 51°C, the PCR
reactions were successfully performed on both strains (Figure 3B). The PCR product size
was approximately 1,500 bp. The sequencing results and consensus 18S sequences of the
two Scenedesmus strains are summarized in Table 1.

Table 1. 18S sequencing results after correction and consensus sequences
of two isolated microalgae strains

Strain 18S-FA2 primer (bp) 18S-RB2 primer (bp)  Consensus sequence (bp)
CG01 1003 985 1512
CHO03 991 989 1524

3.3. The identification of algae strains is based on the 18S sequencing BLAST results
Comparisons of the 18S nucleotide sequences of strain CG01 and CGO03 with those in
GenBank showed the highest identity (99.85%) to Scenedesmus sp. CCAP 217/7 and
CCAP217/8 (accession numbers FN298924.1 and FN298925.1) (Figure 4). However, the
BLAST results showed that the query cover between the available sequences in GenBank
and the 18S sequence of CG01 was only 66%. Alignment showed that the 18S sequence of
CGO01 had a segment that did not match the sequences of microalgae species available on
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GenBank. This segment is 478 bp long, from position 378 to 855 of the CGO1 sequence
(Figure 5). The BLAST result of the CG03 microalgae strain also yielded similar results.
This can be explained by the fact that the CGO1 and CGO03 microalgae strains carry a
mutation that inserts a 478 bp sequence segment into the 18S region of the genome.

select all 100 sequences selected GenBank Graphics Distance tree of results  MSA Viewer
nes.’:[ipl-on Scuenliﬁs Name S::; ;’::L 2::: v:us ':::‘ Acc.len | peian
- - - - -
Scenedesmus sp CCAP 217/8 185 fRNA gene (parial), ITS1, 5.85 rRNA gane, [TS2 and 285 RNA gena . sdeamus §... 1256 1882 66% 00 99.85% 2044 FN2989251
Scanedesmus sp. CCAP 217/7 185 rRNA gene (partial), ITS1, 5,85 rRNA gene. ITS2 and 285 RNA gena ... Scen 5 5. 1256 1882 6% 0.0 99.65% 2944 FN2389241
Coelastrum sphaercum (solate CCAP 217/2 small subunit ribesomal RNA gene. partial sequence Coelastrum soh... 1251 1865 66% 0.0 99.71% 1095 MGO2273T1
Coelasirum sphaenicyr Coslasiram soh... 1251 1865 66% 00 99.71% 1096 ORITETEE.1
Faclinodesmus ragula rain CCAP 276-56 consengus gequence small subyunil nbosomal RNA ggng, p...Becn W ... 1251 1876 6% 0.0 99.71% 2567 QRIG8647.1
strain KLL-GO06 clone ¢ 183 ribogomal RMA gene, parlial seqy _intar., L1251 1858 B6% 00 99.T71% 2426 KPT25220.1
) N oponum strain KLL-GODS clone a 183 ribosomal RMA gene 1251 1865 B6% 00 D09T1% 2426 KPT256228.1
Pe o genes for 185 rRNA, ITS1, 5,85 rRNA, [TS2, 285 rRNA, part ... Pectinodesmus ... 1251 1882 66% 0.0 9971% 2420 AB917099.1
Coelastirum proboscideum strain SAG 217-2 185 ribosomal RNA gene. comglete sequence Coelasirum pro... 1251 1865 66% 00 99.71% 1755 KFET33641
Scenedesmus regutaris genomic DNA containing 183 rRNA geng. ITS1, .85 RNA gene. (TS2, 285 rRNA .. Peclinodesmus ... 1251 1878 66% 0.0 99.71% 2760 FREGHTIZA
-] us sp. HP1-22.8 genes for 183 rRNA, intérnal spacer 1. partial sequence Scengdesmus ... 1251 1887 66% 00 99.71% 2506 ABZSGI6D1
c 3 ribogomal RNA gane. padial sequence: intema...Coslasirum astr... 1251 1865 66% 0.0 99.71% 2510 GOQA750031
g ibosomal RNA gene, parlial sequence Coslagium asir... 1251 1865  88% 0.0 9971% 1778 AF388377.1
Coelastrum aph. strain SAG 32 81 185 ribogomal RMA gene, partial sequence Coslastrum sph... 1251 1885 B6% 00 0971% 1761 AF388378.1

Figure 4. BLAST results of DNA sequencing 18S
of green microalgae strains CG01 and CGO03

The difference in the homologous zones of strain CG01 compared to the other strain’s
sequences was a single nucleotide polymorphism (SNP). Examination of the bi-directional
sequencing results for CG01 and CGO03 confirmed that the sequencing peaks at the SNP site
were clear and reliable. Both strains of Scenedesmus sp. CCAP 217/7 and CCAP217/8 have
image data available on the Culture Collection of Algae and Protozoa (CCAP:
https://www.ccap.ac.uk/catalogue/strain-217). Morphological comparisons of the strain
CG01/CGO03 with those of the Scenedesmus sp. CCAP 217/7 and CCAP217/8 showed a high
degree of morphological similarity (CCAP, n.d.).

Alignment Scores <40 [M40-50 []50-80 [@80-200 ([W>=200

Distribution of the top 420 Blast Hits on 100 subject sequences

| = 5 Query 1 5 A
1 300 600 900 1200 1500

Figure 5. BLAST result of the 18S sequence of CGO1 strain shows two match ranges:
range 1 (site 1 to 344 of query sequence) and range 2 (site 856 to 1512 of query sequence)
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The difference in the homologous region of strain CGO1 compared to the sequences of
Scenedesmus sp. CCAP 217/7 and CCAP217/8 was one single nucleotide polymorphism
(SNP). Examination of the bidirectional sequencing results of CG01 and CG03 showed that
the sequencing peaks at the SNP were clear and reliable. These two strains of Scenedesmus
sp. CCAP 217 both have image data in the Culture Collection of Algae and Protozoa (CCAP:
https://www.ccap.ac.uk/catalogue/strain-217). The results of comparing the morphology of
strain CGO1 with those of the strains Scenedesmus sp. CCAP 217/7 and CCAP217/8 showed
a high similarity in morphology (CCAP, n.d.).

Additionally, the BLAST results revealed that the 18S sequence of CGO01 and CG03
shared a high similarity (99.71%) with various other species. For instance, they exhibit
similarity with Coelastrum sphaericum isolate CCAP (accession number MG022737.1) and
Pectinodesmus regularis (Synonyms: Scenedesmus regularis) strain CCAP_276-56
(accession number OR168647.1). However, despite these similarities, morphological
comparative analyses identified distinct disparities between the strains. Therefore, based on
the BLAST results, the green microalgal strains CG01 and CGO03 are categorized as
Scenedesmus sp. The taxonomic characteristics of strains CG01 and CGO03 are as follows:
Eukaryota; Viridiplantae; Chlorophyta; core chlorophytes; Chlorophyceae; CS clade;
Sphaeropleales; Scenedesmaceae; Scenedesmus (Nucleotide BLAST, n.d.). The difference
in 18S sequences also shows that the two microalgal strains isolated in Can Gio mangrove
biosphere reserve were Scenedesmus strains with many new characteristics.

3.4. A phylogenetic tree based on the 18S sequences

The data used to construct the phylogenetic tree included 15 selected sequences from
GenBank and 2 sequences from algal strains CG01 and CGO03. Alignment was performed
using SeaView software with the MUSCLE option. The 478 bp insertion in the 18S of CG01
and CGO3 strains was removed from the analysis data because this sequence region had no
similarity to sequences available in the gene bank. Manual gap removal resulted in a 960 bp
analysis region.
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FN298925.1 Scenedesmus sp. CCAP 217/8
FN298924.1 Scenedesmus sp. CCAP 217/7
Scenedesmus sp. strain CG03 Group 1
Scenedesmus sp. strain CG01

ABO037095.1 Scenedesmus regularis

100%

..~ MH176107.1 Coelastrella tenuitheca isolate FACHB-2313
— MF039332.1 Asterarcys quadricellulare isolate S2

. AB037090.1 Scenedesmus costatus Group2
— AY170311.1 Scenedesmus arcuatus var. arcuatus

— KT984853.1 Tetraspora sp. CU2551

0Q065390.1 Tetradesmus obliquus isolate BEA0543

100%

100%

— LC192139.1 Coelastrum astroideum NIES-244

- AF388373.1 Coelastrum microporum strain Kr1980/11

1009

Outgroup
OR178768.1 Coelastrum sphaericum strain CCAP 217/3

KP726228.1 Coelastrum pseudomicroporum strain KLL-G006
KF673364.1 Coelastrum proboscideum strain SAG 217-2

KP726227.1 Coelastrum pseudomicroporum strain KLL-G006

Figure 6. The NJ phylogenetic tree was inferred from seventeen 18S sequences
of 960 bp length, with gaps completely removed
The results of the phylogenetic tree construction showed that all eight samples used as

outgroups were concentrated in one group with an absolute bootstrap value (100) (Figure 6).
The phylogenetic tree constructed by the NJ method showed that the microalgal samples
were divided into three groups. The samples CG01, CG03, CCAP 217/7, and CCAP217/8
were in group 1 with absolute bootstrap values. However, the two strains CG01 and CGO03
were separate from the two strains Scenedesmus CCAP 217/7 and CCAP217/8. Group 2 with
microalgae species was closely related phylogenetically to the algal strains CG01 and CGO03.
The grouping results once again confirmed that the two identified microalgal strains
belonging to the genus Scenedesmus were correct.
4.  Conclusions

Microalgae strains CGO1 and CGO03 were successfully isolated and cultivated from
two distinct sampling locations in Can Gio. These two microalgal strains exhibited
morphological characteristics typical of the genus Scenedesmus. Comparative analysis of the
18S rDNA sequences of these two newly isolated strains with those available in GenBank
revealed that these two newly isolated strains were Scenedesmus sp.. Studies on the growth
and bioactive compounds synthesis of these two newly isolated Scenedesmus strains will
provide information on future applications.
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HAI CHUNG VI TAO Scenedesmus sp. MOI
PUQC PHAN LAP TU KHU DU TRU SINH QUYEN RUNG NGAP MAN CAN GIO
VA PINH DANH DUA TREN TRINH TU 18S
D6 Thanh Tri", Lgi Thi Diém Phiic, Qudch Vin Toan Em
Truong Pai hoc Su pham Thanh pho Ho Chi Minh, Thanh pho H6 Chi Minh, Viét Nam
*Téc gid lién hé: B Thanh Tri — Email: tridt@hcmue.edu.vn
Ngay nhdn bai: 06-9-2024; ngay nhdn bai swa: 21-3-2025; ngay duyér dang: 23-3-2025

TOM TAT

Vi tao Scenedesmus thugc nganh Chlorophyta 1& mét trong nhazng 10ai tdo nuéc ngot duwoc
phan bé réng khap trén thé gidi. Nhiéu loai vi tao thuge chi Scenedesmus xudt hién va déng vai tro
quan trong trong méi trirong neéc ¢ khu die triz sinh quyén rieng ngap man Can Gio. Trong nghién
citu ndy, hai chung vi tao dieoc 1am thudn, Scenedesmus CG0I va CGO03, dd diroc phan phan lgp moi
tir hai vi tri thu mdu khac nhau ¢ khu du triz sinh quyén rieng ngdp mén Can Gio. Hai chuing vi tdo
nay cé ddc diém hinh thai giong nhau va dién hinh cua chi Scenedesmus. Két qua PCR, gidi trinh tu
va dinh danh dwa trén trinh tw DNA 18S giup xdc dinh 2 ching CGO01 va CG03 nay la Scenedesmus
sp. Trinh tir DNA ciia 2 ching ndy c¢6 mét so diém khac biét so véi trinh tr DNA trong iimg cia
Scenedesmus sp. CCAP 217/7 va CCAP217/8 trong ngan hang gene. Cay phét sinh loai dua trén
trinh tir 18S cho thay hai ching CG01 va CG03 ¢ mét nhom tach biét véi cac mau con lgi. Céc
nghién cizu phan ldp va dinh danh chinh xéc tén loai cung cdp co sé quan trong trong cac nghién
citu 1ng dung Vi tao tiép theo sau.

Tir khod: 18S: Can Gio; Scenedesmus
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ALIGNMENT OF THE 18S SEQUENCE OF THE MICROALGAL STRAIN CGO01
WITH THAT OF THE STRAIN SCENEDESMUS SP. CCAP 217/8

& Download v GenBank Graphics srtby: | E value v ¥ Next “Descriptions
e PSS o 2948 s 0o S8 eAEES TRNA Gone (paral sl Ry £
1256 bits(680) 00 682/683(99%) 0/6B30%)  Plsplus

N T T

e 00 SMHACANUHUEAHE BRI o

coee 0 HAMGHAICH AT, e

ey ittt nistittvititivtintiniinge

coer cts FMHAHO LGOI s

N ittt it i g

gy it ittt g

core o6 LRSI, e

iy ittty ittt ige

Query 1396 GAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGARAGTTGGGGGCTCGAAGACG 1455

............................................................

Range 2: 56 to 400 GenBank Graphics

Score

Query 1
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

56

60

116
120
176
180
236
240
296
300
356

Expect Identities Gaps
614 bits(332) 3e-170 341/345(99%) 1/345(0%)

A Previous Match 4 First Match

GCATGTCTAAGTATAAACTGC-TATACTGTGAAACTGCGAATGGCTCATTAAATCAGTTA 59

454

biitntitmiiibiiiiidniniee
ittty

GCGTAAATCCCGACTTCTGGAAGGGACGTATATATTAGATAAAAGGCCGACCGGGCTTTG 179

ST HE EMEALAAHAAMASLEAL S 235

it
itiethimtitittiv i e

ACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGA 344

MCLHUALLALAHASSHLAHELEAALEAL LR 00



