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ABSTRACT

Red algae (Rhodophyta) are vital primary producers in marine ecosystems and
are economically significant due to their wide use in food, pharmaceutical, and
cosmetic industries. The significant utilization of red algae indicates that these
organisms require conservation and protection from extinction, therefore, accurate
identification is a must. Traditional morphological approaches face challenges
due to their simplicity and plasticity; however, molecular techniques, such as DNA
barcoding can overcome these limitations. This study evaluated the effectiveness
of using ITST, Cox2-3, rbcL 1, and rbelL 2 primers for barcoding seven red algae
species, focusing on amplification success and sequencing quality. All of the
above-mentioned primers have demonstrated a noteworthy amplification rate of
success, with 100% efficacy observed for ITS1 and rbcL 2. However, only Cox2-3,
rbcL 1, and rbel 2 primers exhibited a high-quality read based on the sequencing
quality score, indicating their reliability in capturing the target sequence for
identification. The results strongly suggested that rbclL 2 is the optimal choice
for identifying Rhodophyta due to its high amplification rate and high-quality
sequencing results.
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INTRODUCTION

Rhodophyta, commonly known as red algae, is a
division within the subkingdom Biliphyta, classified
under the plant kingdom, Plantae (Ruggiero et al., 2015).
Red algae play a pivotal role in marine ecosystems as
primary producers, significantly contributing to the
maintenance of coral reefs, and providing a structural
habitat for a diverse range of microorganisms through
the secretion of calcium carbonate in their cells
(Rajasulochana & Preethy, 2015). Certain species in
this group are economically valuable because they
produce carrageenan, a polysaccharide derived from
algae. Carrageenan is extensively utilized across
several industries, including food, pharmaceuticals,
and cosmetics. The considerable utilization of red algae
indicates that these organisms require conservation
and protection from extinction (Samman & Achmad,
2023).

Traditional morphological identification techniques
encounter challenges in diversity study. This is
especially the case for red algae species that display
simple, environmentally plastic or convergent
characteristics, manifesting as morphological features
that are difficult to define precisely (Zuccarello & Paul,
2019). In contrast to environmental and developmental
factors, DNA-based molecular tools are not susceptible
to such influences (Dev et al., 2020). The application of
a DNA-based information repository for conservation
initiatives allows for the formulation and substantiation
of policies through informed decision-making (Hogg et
al, 2022).

Over the past two decades, DNA barcoding, a novel
approach utilizing DNA markers, has emerged as a
reliable and rapid method for organism identification
in the scientific community (Letsiou et al., 2024). The
DNA regions used as universal markers originate from
sequences located in the nucleus, such as the Internal
Transcribed Spacer 1 (ITS1), or from those within
specialized organelles, such as the mitochondrial DNA
(mtDNA) Cox2-3 spacer markers gene. The ITS-1region,
located between the 18S and 5.8S rDNA coding regions,
is a commonly utilized marker in phylogenetic studies
due toits high variability (Lee et al,, 2024). Similarly, the
Cox2-3 spacer has been validated as a valuable marker
for studying intraspecific relationships, given that this
noncodingregionexhibitsahighermutationratethanthe
surrounding genes (Zuccarello et al, 2006). Moreover,
the RuBisCo ribulose-1,5-bisphosphate carboxylase
oxygenase-large subunit (rbcl) gene was utilized
for phylogenetic studies due to its high amplification
efficiency and restriction to photosynthetic organisms
(Wongsawad & Peerapornpisal, 2014).

Prior research has shown that ITS1, Cox2-3, and
: rbcL primers are effective for delineating species
- ‘ boundaries within the red algae group (Achmad et
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al, 2024; Mshiywa et al, 2024; Osathanunkul et al,
2018; Satriani et al., 2023). Universal barcode markers
must be evaluated across a more expansive spectrum,
given the morphological and geographical variations
and the reticulate evolution observed in plant species
(Bafeel et al, 2011). The success of polymerase chain
reaction (PCR) is a prerequisite for barcoding, as this
technique is the exclusive means of amplifying the
target sequence. Consequently, maintaining high PCR
success rates and its product read quality remains an
important scientific objective. This study examined
the effectiveness of ITS1, Cox2-3, and rbcL primers
for barcoding seven species of red algae, particularly
emphasizing the success rate of amplification and
sequencing quality scores.

MATERIALS AND METHOD

The study was conducted at the Plant Biotechnology
Laboratory, using seven red algae samples from Ambon
and Lampung cultivation area and collected by a team
from the Southeast Asian Regional Centre for Tropical
Biology (SEAMEQ BIOTROP) Bogor, Indonesia. Sample
descriptions used in the study is listed in Table 1.

Total genomic DNA was extracted according to the
cetyltrimethylammoniumbromide ~ (CTAB)  method
described by Doyle et al, (1990), modified by adding
3% PVPP. DNA concentrations were quantified using
NanoPhotometer  N50-Touch (Implen, Germany),
and the quality of extracted DNA was confirmed by
electrophoresis on 1% agarose gels prepared with 1x
TAE Buffer and stained with DNA loading dye. DNA was
stored at -20 °C for later analysis.

Table 1 The codes of the seven samples utilized in the study

No. Code Common Name

1 LK15 Lampung 2015

2 LK18 Lampung 2018

3 BPBL BPBL Ambon Culture
4 SCL Sacol Lampung

B KMT Kotoni Maluku Tenggara
6 KW Kotoni Wanci

7 SW Spinosum Wanci

The specific DNA regions, ITS1, Cox2-3, rbcL 1, and
rbcL 2 primers were then amplified by PCR using
each primer pair. The rbclL 2 primer was designed on
the basis of the complete Kappaphycus alvarezii and
Kappaphycus striatus chloroplast genome available
in the National Center for Biotechnology Information
(NCBI) database to ensure specificity and accuracy
in targeting the desired regions using the PrimeQuest
website (https:/www.idtdna.com/PrimerQuest). Each
PCR mixture (50 uL) consisted of a 5 UL DNA template,
2 uL of each primer (10 mM), 25 pL MyTaq HS Red
Mix (Bioline Reagent, Ltd., United Kingdom), and 16
uL Nuclease Free Water (NFW). The primers and PCR
conditions are detailed in Table 2.

The PCR product was visualized by 1% agarose gel
electrophoresis with the addition of 3 pL FloroSafe
DNA Stain. Gel images were acquired with Vilber
Lourmat ETX-20.M UV transilluminator (Vilber, France).
The amplified PCR products were examined for the
presence or absence of the band on an agarose gel
to determine the percentage of primers amplification
rate. The DNA amplification results were then sent to
APICAL Scientific Malaysia for sequencing
purposes. The Chromatogram of
each sequencing product was
displayed  using  GeneStudio N2
software and quality scores for all
sequences were determined using
FastQC  (https://www.hioinformatics.
babraham.ac.uk/projects/fastqc/).




Table 2 PCR primers and programs used for DNA amplification

Primer Set Primer sequence (5-3') PCR condition Reference
95°C, 1 min; 30 x (95°C, 15 °;
ITST F: GGTGAACCTGCGGAAGGATCATTG 59°C, 155; 72 °C 30's); 72 °C, (OsathaZ”OU]”g“' etal,
3min; 00 4°C
R: CCGAGATATCCATTGCCGAGAGTC 95°C, 1 min; 30 x (95 °C, 15 s;
Cox23  F: GTACCWTCTTTDRGRRKDAAATGTGATGC 56 °C, 155;72°C 30 s); 72 °C, (Z”CC?F;J'QO)H al,
R: GGATCTACWAGATGRAAWGGATGTC 3 min: 00 4°C
1 L TGOS 90,4385 6110 ST 01, (s 200
F: CATATAAAGTCGATGCTGTG 95°C, 1 min; 30 x (95°C, 15 ;
) 50°C, 155; 72 °C 30 5); 72 °C, (Designed in this

R: CACCTGTAGCAGCAATA

study)
3 min; co 4 °C

Table 3 Primer screening using ITS, Cox2-3, rbclL 1, and rbcL 2 primers in seven red algae samples

Amplification product

Primer set Amplification rate (%)
LK15 LK18 BPBL SCL KMT KW SW
ITS1 + + + + + + + 100.0
Cox2-3 + + + + + + 85.7
rbel 1 + + + + + + 85.7
rbel 2 + + + + + + + 100.0
Notes: (+) = Amplified successfully; (-) = Cannot be amplified.
RESULTS The quality score of sequence reads was analyzed using

Amplification Rate Analysis

The rbcl 2 primer designed in this study was able to
amplify all DNA samples and had higher amplification
or success rate than rbclL 1 primer from the literature
reference (Table 3). Table 3 also shows that ITS primer
was able to amplify all DNA samples (Table 3; Fig. 1).
On the other hand, sample “KW" could not be amplified
by using Cox2-3 and rbcL 1 primers (Table3; Fig.2),
which may have been caused by the incompatibility of
the primers with the sample (Roux, 2009). It is worth
noted from this study that PCR setup and temperature
optimization enhance the amplification success during
the PCR process.

Sequencing Quality Score Analysis

FastQC is a very popular tool used to provide an
overview of basic quality control for next-generation
sequencing data (Wingett & Andrews, 2018). The
Sequence Quality Score in FastQC is a critical analysis
module that assesses the quality of sequences in a
FASTQ file. FastQC can visually view the quality of the
segment. A warning is raised if the most frequently
observed mean quality is below 27, and an error is
raised if the most frequently observed mean quality is
below 20 (Shi & Xu, 2016).
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fastQC software (Table 4). As we can see, sequences
analyzed by using rbcl 1 & 2 primers had an average
score over 36, which means the sequences had a
good quality. A low-quality score (0-20) is indicative of
sequences with chromatograms devoid of read peaks
(Fig. 3, left section for ITS sequences). The discernible
peaks between each sequence read are regarded as
sequences exhibiting superior sequencing quality, with
a score above 20, and may serve as an identification
reference (Fig. 4).Table 4 The quality score of sequencing
results in ITS, Cox2-3, rbcL 1, and rbcL 2 primers in seven red
algae samples
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Figure 2 Amplified rbcL 1 (1-5) and rbcL 2 (6-17) in red algae samples

Table 4 The quality score of sequencing results in ITS, Cox2-3, rbcL 1, and rbcL 2 primers in seven red algae samples

Quality score

Primer set LK15 LK18 BPBL SCL KMT KW SW Ave.
F R F R F R F R F R F R F R
ITS1 134 103 133 178 0.0 00 251 124 00 149 125 128 0.0 0.0 9.46
Cox2-3 408 399 212 13.0 446 441 439 417 449 420 429 451 3315
rbel 1 46.1 464 453 46,5 462 473 456 46.0 46.2 456 - - 402 267 37.72
rbel 2 418 394 419 457 428 423 447 447 470 476 450 453 431 424 4386
Average 355 340 304 308 334 334 398 362 345 375 144 145 316 286

Notes: <20 = low-quality QC score; 20-30 = normal quality QC score; >30 = high-quality QC score.
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Figure 3 Sequencing chromatogram of LK18 DNA amplified by ITS1 (left) and Cox2-3 (right) primers
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Figure 4 Sequencing chromatogram of LK18 DNA amplified by rbcL 1 (left) and rbcl 2 (right) primers

DISCUSSION

Accurate identification of many red algae to the
species level using only morphological characters can
be difficult. DNA barcoding developed approximately
twenty years ago, is an approach that has significantly
contributed to the development of the molecular biology
field study (Hebert et al, 2003). In its development,
DNA barcoding has helped in the process of identifying
plant species, both aquatic and terrestrial plants.

In this study, we successfully identified red algae using
several DNA barcoding primers. As a result of this study,
we found that rbcL 2 primers showed advantages over
other primers. PCR results using rbcL 2 primer was able
to amplify all DNA samples with an optimal sequence
QC value (Table 3). This result is in accordance with the
results of other studies which stated that rbcL has been
effectively used in various ecological studies, including
marine environments, demonstrating its adaptability
and effectiveness in different biological contexts (Turk
Dermastia et al., 2023).
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One of the important factors in the success of DNA
barcoding is determined by the success of the PCR
process. In PCR experiments, the primers are the key
to the success of the experiment. Primers have a very
important role in the process of PCR amplification
(Bustin et al,, 2020). If the primers are too short they
might hybridize with non-target sites and give undesired
amplification products. In addition, the suitability of
temperature is also a determining factor in the success
of PCR (Roux, 2009).

Phillips et al, (2019) proposed that several factors
must be considered and weighed when selecting a DNA
barcode, such as universal PCR amplification, range of
taxonomic diversity, power of species differentiation,
and bioinformatics analysis and application. Generally,
forone gene marker, atleasttwo or more pairs of primers
are used, especially for ITS, Cox, and rbcL, because all
of those primers are among the most commonly used
universal primers (Kowalska et al, 2019). As a widely
used and effective tool, DNA barcoding will become
more useful over time in the field of any plants.
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The present barcode reference libraries are insufficient
in marine macro-algal identification for Indonesian
species, therefore, more efforts for DNA barcoding
program of the local species is necessary to facilitate
the environmental monitoring efforts, especially
red algae species. Building a comprehensive local
barcode reference library could contribute to resolving
macro-algal taxonomy and systematics and address
biogeography pertaining to the invasion of non-
indigenous species. This could also result in the
development and application of cost-effective and
better biodiversity monitoring projects.

Some species of red algae have health, industrial,
and environmental benefits (Tanaka et al, 2020;
Subramanian et al,, 2020). In species like Kappaphycus
alvarezii barcoded in the present study and the ones
occurring on the Brazilian coast (Nogueira et al., 2019),
various haplotypes were known to contain variable
composition of antioxidants (Araujo et al., 2020). Hence,
the generated barcodes will be useful for taxonomic
non-experts of food, pharmaceutical, and cosmetics.
Further studies could be carried out to explore the
possibility of linking DNA barcodes to inter and intra-
species biochemical constituents of seaweeds.

CONCLUSION

Based ontheresult of this study, we recommend the use
of rbcL 2 primer to identify red algae species because
its average QC score is over 30, which is the high-quality
category. Strengthening the local barcode libraries by
barcoding all species could facilitate cost-effective
biodiversity surveys and effective environmental
barcoding programs in the near future. The generated
barcode and the use of certain primers can facilitate
further research (climate change, species distribution)
and also for various industrial (pharmaceutical, biofuel,
cosmetic, seafood, etc.) applications.
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