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Abstract.

The Ujung Genteng Beach, located in Sukabumi, is renowned for its extensive seagrass beds and functions as an intertidal
area. However, there has been limited scientific investigation into the diversity of microalgae in this ecosystem. This
research aimed to identify the diversity of microalgae sourced from the seawater of Ujung Genteng Beach based on
morphological characteristics and optimize DNA isolation and amplification techniques. Sampling was conducted three
times at predetermined research locations. Morphological identification was performed using a binocular microscope, while
DNA isolation and amplification were performed using CTAB methods with modification. The number of species found at
Ujung Genteng Beach, Sukabumi is 47 species, 12 of which are often found at the three research locations both morning and
afternoon, namely Navicula sp., Frustulia sp., Diploneis parma, Nitzschia sp., Achnanthidium sp., Amphora sp., Oscillatoria
teneuis, Achanthes sp., Planothidium sp., Uronema sp., Zygnema sp., and Flagillaria sp.Based on the gel image, genomic
DNA of seawater microalgae was successfully isolated, despite the relatively low purity and concentration. Analysis of
diversity index and species diversity revealed variations in species abundance and diversity among different locations,
particularly in seawater microalgae found within distinct zones: 0-2 meters from the low tide line (location I), seawater
within seagrass areas located 2-5 meters away (location II), and seawater near the open sea, situated 5-10 meters away
(location III). Therefore, the diversity of microalgae at all sampling locations was in the medium category and the uniformity
index between species was low.
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identification which is used to support the morphological
identification. Microalgae are a very heterogeneous group
of organisms with different characteristics, including

1. Introduction

Indonesia has an area of around 7.81 million km2, of
which 5.9 million km2 is sea with a coastline of 108,920
km. This fact makes Indonesia one of the largest marine
mega biodiversity areas in the world, one of which is
microalgae (Setiawan 2018). Microalgae are microscopic
microscopic plants (between 3-30 pm in diameter) which
are included in the algae class and live as colonies or
single cells in all fresh and marine waters (Amini and
Susilowati 2010; Fendiyanto et al. 2023). The habitat of
microalgae is that it occupies damp places such as rocks,
tree trunks, cliffs, and is able to live in hot springs
(Gusrianto 2012). Microalgae have an important role as
primary producers of oxygen produced from the
photosynthesis process (Waluyo 2004). Economically,
microalgae are widely used as raw materials for the
production of medicines, cosmetics, bioremediation and
bioenergy (Purbani et al. 2019; Pratami et al. 2022).

Microalgae identification is divided into two ways,
namely morphological identification which is used to
determine the type of microalgae species, and molecular
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differences in cell tissue type, cell size, cell morphology,
and cell color (Mercer and Armenta 2011; Fendiyanto et
al. 2023). Based on the research results of Suharno and
Lantang (2012) who have observed the morphology of the
microalgae found in Manokwari and Sorong Sea Waters,
West Papua, it is dominated by the types Diatoma sp.,
Euglena sp., Lyngbya sp., Navicula sp., Proboschia sp.,
Spirogyra sp., Nitzschia sp., Bacteriastrum sp., Peridinium
sp., and Rhisosolenia sp. Other morphological
identification results were shown by the identification of
21 genera of microalgae in Tanah Merah Bay, Jayapura
(Sujarta et al. 2011).

Molecular identification is needed to strengthen
morphological data which has limited characters and tends
to be influenced by the environment. Identification based
on molecular characters is obtained from DNA sequences
taken from nucleus, chloroplasts and mitochondria
(Suparman 2012; Pratami et al. 2023). Molecular
identification in plants including microalgae is also widely
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studied based on RNA through gene expression analysis
(Satrio et al. 2019; Fendiyanto et al. 2021; Fendiyanto et
al. 2023) and/or molecular dynamics i.e., metabolomic
approaches (Fendiyanto et al. 2020; Fendiyanto et al.
2021). Based on the research results of Purbani et al.
(2019) showed that 14 isolates of marine microalgae from
Tambrauw, West Papua which were traced using the NCBI
website generally had a homology percentage of 98-99%
to the closest type strain. A similarity value of 95-100%
can be stated as the same species (Henry et al. 2000).
Another study revealed that a total of 1,293 representative
sequences of seawater microalgae from Kuwaiti waters
could be classified into different eukaryotic taxa. The
results showed that the microalgae communities in Kuwait
waters were diverse and varied significantly between
different ones during winter and summer (Kumar et al.
2021).

Ujung Genteng is a coastal area on the southern coast
of West Java which is included in the Pangumbahan Beach
area, Ciracap District, Sukabumi Regency (Ruswandi
2014). Ujung Genteng is one of the beaches in Sukabumi
with the highest seagrass cover, namely around 10-15%.
The results of the identification of the Directorate General
of Aquaculture in collaboration with the Mina Bisnis
Science and Technology Clinic Ujung Genteng Sukabumi
Regency show the diversity of seagrass from the type
Enhalus sp. and Thalasia sp. generally grows on coral flats
at Ujung Genteng Beach. Seagrass beds are one of the
energy sources in food webs in aquatic ecosystems
(Paramasivam et al. 2015). Apart from that, Ujung
Genteng also includes an intertidal zone which is a tidal
zone where there are various types of living biota, one of
which is microalgae (Widiansyah et al. 2016). Therefore,
this research aimed to identify the diversity of microalgae
originating from sea water based on morphological
characteristics and Bulk DNA isolation optimation of
seawater-microalgae.

2. Materials and Methods

2.1. Sample collection

Microalgae sampling and aquatic environmental
parameters were determined based on the conditions
of the research area as a whole (Evita et al. 2021).
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Figure 1The research location was at Ujung Genteng Beach,
Sukabumi. The research location is marked with a red location
symbol (https:/www.google.com/maps/)

The sampling location was divided into three locations,
namely the first location with a distance of 0-<2 m from
the low tide line, the second location (seagrass area) with a
distance of 2-<5 m, and the third location with a distance
of 5-10 m which is connected to the open sea. Sampling
was carried out at low tide (Rachmawan et al. 2021).
Sample analysis was carried out at the Plant Physiology
and Molecular Biology Laboratory, Department of
Biology IPB Dramaga Bogor. The study area of this
research was Ujung Genteng Beach, Sukabumi, Indonesia
(7°17'42.1"S  106°25'32.7"E  [-7.295038, 106.425741])
(Figure 1). The sampling was conducted from January to
June 2022. Sampling was performed using a purposive
sampling method (Fendiyanto et al. 2023) at low tide at
Ujung Genteng Beach, Sukabumi for one day at intervals,
namely in the morning (09.00 to 10.00 West Indonesian
Time/WIT) and in the afternoon (12.00 to 13.00 WIT)
(Rizqina et al. 2017).

Sampling was carried out vertically by filtering 10
liters of water using a plankton net, then the net that had
been sunk to a depth of 1 m was pulled from above the
surface and left for 5 minutes at the three predetermined
sampling locations. Water samples were taken and put into
35 ml sample bottles and labeled with the name, location
and date of sampling (Fachrul 2012, Evita et al. 2021). The
sampling point was created by drawing a straight line from
the lowest low tide point (05.00 to 11.00 WIT), with a
distance of 10 m towards the sea and divided into three
sampling locations. Sampling was carried out 3 times at
each location (Erlangga et al. 2022; Fendiyanto et al.
2023). A total of 18 microalgae samples were obtained,
then 1.5 ml of 4% formalin and 2 to 4 drops of betadine
were added to keep the chlorophyll from being damaged.
Next, the samples were taken to the Plant Physiology and
Molecular Biology Laboratory, Department of Biology
IPB. Apart from seawater sampling, environmental data
collection was also carried out once in the morning and
afternoon, namely pH, light intensity, water temperature,
air humidity and wind speed. This data measurement is to
describe the physico-chemical environmental conditions
that support the growth of microalgae.

2.2. Morphological characterization

Identification of microalgae morphology was carried
out by observation using a binocular microscope.
Observation of microalgae was carried out by dripping
water samples on an object glass, then covering it with a
cover glass and observing under a binocular microscope
connected to an Olympus CX33 camera and personal
computer with the IndomicroView application starting
from 4x objective lens magnification to 100x
magnification (100x magnification using immersion oil).
Observation of each sample using a microscope was
carried out one repetition. Microalgae that are found and
often appear on the microscope are documented and given
the name and sampling location to facilitate identification
of microalgae from the three sampling locations. The
shape or architecture of the cells is observed by observing
the morphological characters, namely round, elongated,
irregular, in colonies or single, and slimy or not
(Fendiyanto et al. 2023). Identification was carried out by
referring to the identification book entitled "The
Freshwater Algae" (Prescott 1978) and the book
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"Introduction to the Algae Structure and Reproduction
second edition" (Bold and Wynne 1985).

2.3. Biological data analysis

The morphological characteristic data obtained was
analyzed descriptively to find out a complete description
of each type. Quantitative data was processed using the R
program version 4.0.4. Diversity parameter values include
index values for species richness, abundance, diversity and
evenness (Fendiyanto et al. 2023). the Menhinick index
(Mel), the Margalef index (Mal), Rarefaction (Ra), the
Shannon-Wiener Index (H'), Simpson Index (D), and Pilou
evenness (J) were performed in this study (Magurran 1988;
Boontawee et al. 1995; Odum 1996; Fendiyanto et al.
2023).

n n-1

Mel = N Mal = N

where n is the number of species and N is the
number of individuals:

N-Ni

Ra=z 1- [%]

where N is the total number of individuals in the new
rarefied taxa, and Ni is the total number of
individuals in each original
y _ ni ni _ N(NV-1)
H—-E(lenw) _Eni(ni—l)

where ni is the number of individuals of each species
i and N is the total number of individuals

Hr
" InS

where H' is the true diversity value (Shannon-Wiener
Index) and S is the number of species

2.4. DNA isolation and amplification

DNA isolation was carried out using the method of
Sambrook et al. (1989) which has been modified
following Fendiyanto et al. (2019a), namely by
preparing a water sample then placing it ina 15 ml
tube, then centrifuging at a speed of 4,000 rpm,
temperature 4 °C, for 5 minutes. After that, the
supernatant was discarded and repeated 3 times so
that the volume of each sample became 45 ml. The
initial stage was the destruction of cell membranes
and walls using liquid nitrogen. The powder
obtained was added with 3 ml of CTAB buffer,
stirred and added 60 pl of p Mercaptoethanol; after
that it was vortexed until evenly mixed (Fendiyanto
et al. 2019b). The mixture was incubated in a water
bath at a temperature of 65°C for 30 minutes, which
served to optimize the work of the extraction buffer
added to the sample (Cheng et al. 2003), then turned
over every 10 minutes to make it homogeneous.

In the next stage, 30 pl of polyvilpyrrolidone was
added and incubated again for 30 minutes, turned over
until homogeneous every 10 minutes, then incubated at -20
°C for 5 minutes. A total of 3 ml of Chloroform
Isoamylalcohol was added and turned over until
homogeneous for 10 minutes. The mixture was centrifuged

at 3600 rpm, temperature 4 °C, for 20 minutes. The
supernatant was transferred to a 15 ml tube and labeled, 3
ml of isopropanol was added, stirred back and forth,
incubated at -20 °C for 24 hours. Precipitation is carried
out with the aim of precipitating DNA (Syafaruddin and
Santoso 2011). After 24 hours, the mixture was
centrifuged at 4,000 rpm, temperature 10 °C, for 30
minutes. The supernatant was discarded, and the pellet was
dried in an incubator for 60 -120 minutes. The pellet was
added with 20 pl free nucleic water and then vortexed and
spundown. The results of the genomic DNA are viewed
using a spectrophotometer or electrophoresis to determine
the purity and concentration of the genomic DNA. A total
of 1 ul of DNA was diluted with 199 pl of ddH-0, then
read on a spectrophotometer with a wavelength of 260 nm
and 280 nm for proteins. Amplification of DNA fragments
was carried out using 4 pairs of primers (18 KWT _F and
18 KWT R, 18 ss5 F and 18 ss3 R, 16 Stiller PS F
and 16_Stiller U_R, 16_Stiller PS R and
16_Stiller U_F) on a thermocycler machine (Stiller 2005;
Table 1). PCR analysis was carried out with a total of 15
ul reactions containing 1 ng template DNA, DreamTaq
Green PCR Master Mix (2x), 10 pmol forward primer, 10
pmol reserve primer, ddH20. The mixture is homogenized
then put into a thermocycler machine.

The PCR reaction goes through the following stages,
namely initial denaturation at 95°C for 3 minutes, then
denaturation at 95°C for 30 seconds, annealing at 51°C for
30 seconds, and existence at 72°C for 1 minute followed
by final existence at 72°C for 10 minutes and cooling at
4°C for 3 minutes. The amplification results were
visualized using horizontal electrophoresis with a 1%
(w/v) agarose gel in 1x TAE buffer. A total of 5 pl of
loading dye and 10 pl of genomic DNA were inserted into
the wells of a 1% agarose gel. Electrophoresis was carried
out for 30 minutes at 100 Volts with 1X TAE buffer as
running buffer. Gel soaked in a solution of Ethidium
Bromide (EtBr). The gel can be visualized by placing the
gel on a UV illuminator to see whether there are bands of
genomic DNA. Fragment size is determined by comparing
it to the 1 kb Ladder standard.Genetic diversity in PCR
products is determined based on whether DNA bands
appear or not. DNA bands resulting from PCR are
measured based on the ladder used, namely 1 kb DNA
ladder. In addition, this research will be continued by
future researchers with metagenomic analysis using 18S
rDNA primers.

Table 1. Primers used in DNA amplification of seawater

microalgae at Ujung Genteng Beach (Stiller 2005; Khaw et al.
2020; Kumar et al. 2021)

No  Primer Sekuen (5°-37)

1 18_KWT_F GCG GTA ATT CCA GCT CCA A

18_KWT_R AAT CCR AGA ATT TCA CCT CT
2 18_ss5_F GGT GAT CCT GCC AGT AGT CAT
18_ss3_R ATG CTT G GAT CCT TCC GCA

GGT TCA CCT ACG GAA ACC
3 16 Stiller PS F GGG ATT AGA TAC CCC WGT AGT
16_Stiller U R CCT
ACG GYT ACC TTG TTA CGA CTT
4 16 _Stiller UF GAG AGT TTG ATC CTG GTC AG
16 CCC TAA TCT ATG GGG WCA TCA
Stiller PS R GGA
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3. Results

3.1. Aquatic Environmental Parameters

Ujung Genteng Beach is at coordinates 07°22'55.7"S
and 106°24'24.0"E. The results of absolute
measurements of aquatic environmental parameters
are presented (Table 2).

Table 2.Water environmental parameters at Ujung Genteng
Beach, Sukabumi at the time of sampling

Abiotic Parameters Condition

Morning Midday
Temperature (°C) 29.2 30.0
Humidity (%) 77.0 73.6
Wind velocity (m/s) 1.2 1.1
Light intensity (lux) 10,430.0 11,370.0
Water pH 7.7 7.9

The water temperature in the morning and afternoon in
Ujung Genteng is 29,2-30,0 °C. This shows that it is still
suitable for the growth of microalgae because the optimum
water temperature for microalgae growth is around 20-30
°C (Nybakken 1982; Barten et al. 2020). The high and low
water temperature is influenced by the intensity of
incoming light and the depth of the water, and can directly
influence and control the rate of metabolic processes in
microalgae cells (Rianto et al. 2008).

The light intensity at Ujung Genteng Beach ranges
from 10.430-11.370 lux. Light greatly influences
photosynthesis in microalgae. High light intensity can
make the rate of photosynthesis in algae also high and vice
versa. Microalgae can be distributed based on the
influence of light intensity and temperature. The higher the
light intensity (range 2,500-8,000 lux) and water
temperature (25-32 °C), the higher the photosynthesis
process of microalgae so that the types of microalgae can
be diverse (Novasaraseta et al. 2018). Light intensity that
is too high (>11,700 lux) will affect the increase in water
temperature so that microalgae have problems in growth
(Prasetyo et al. 2018). Based on this phenomenon, high
light intensity (10,430-11,370 lux) at Ujung Genteng
Beach can affect microalgae cell population density. Each
type of microalgae has a different tolerance to variations in
light intensity (Huang et al. 2011).The presence of
seagrass and microalgae in an ecosystem can also cause
competition, because they require the same nutrients to
live, which can reduce the diversity (number of species) of
microalgae on Ujung Genteng Beach (Roem et al. 2017).

The results of measuring the pH of sea water at Ujung
Genteng Beach in the morning and afternoon were 7.7-7.9.
This pH value is included in the optimum pH for
microalgae growth which ranges from 7.0 to 8.5 (Pescod
1971; Filali et al. 2021). The pH value is a description of
the intensity of acidity and alkalinity of water which can
influence water biochemical processes, such as
nitrification. Water with a pH value of less than 4 is very
acidic water. This condition can cause death to aquatic
organisms. Meanwhile, waters with a pH value of more
than 9.5 are very alkaline waters and can reduce the

productivity of aquatic organisms because they are toxic,
causing an increase in ammonia content (Siregar 2009).

3.2. Diversity of seawater microalgae

The results of morphological identification of all
seawater samples from Ujung Genteng Beach, Sukabumi
showed 47 species of microalgae covering six classes,
namely the Bacillariophyceae, Chlorophyceae,
Cyanophyceae, Dinophyceae, Chrysophyceae, and
Euglenida classes (Figure 2). Location II in the research
results graph shows that the diversity of species found is
less than in locations I and III, in fact some species found
in locations I and III were not found in location II. The
presence of microalgae often becomes a competitor for
seagrass that lives in the same ecosystem, causing several
species not to be found at location II due to competition in
obtaining nutrients and placement of growth locations
(Riniatsih et al. 2017).

Species abundance of classes Bacillariophyceae in all
locations is relatively high among other classes. Species
abundance of class Bacillariophyceae in Location III is
higher than location I and II. Location I had high species
number of class Chlorophyceae while Location II had the
lowest number of species in class Chlorophyceae,
Cyanophyceae, Dinophyceae, Chrysophyceae, and
Euglenida. In addition, Location III has highest species
abundance in class Bacillariophyceae, Cyanophyceae,
Dinophyceae, and Euglenida (Figure 2).
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Figure 2.Diversity of microalgae at Ujung Genteng Beach,
Sukabumi

The most common species found from the three
sampling locations in both morning and afternoon
conditions were from the Bacillariophyceae Class with 12
species, namely Navicula sp., Frustulia sp., Diploneis
parma, Nitzschia sp., Achnanthidium sp., Amphora sp.,
Oscillatoria teneuis, Achanthes sp., Planothidium sp.,
Uronema sp., Zygnema sp., and Flagillaria sp. (Figure 3).
According to Arinardi et al. (1997), the Bacillariophyceae
class includes microalgae that are widely distributed and
are able to adapt to the environment and have high
tolerance. This is in accordance with the statement that the
microalgae found in marine waters are generally of the
diatom type (Bacillariophyceae) followed by the
Dinophyceae class and blue algae (Cyanophyceae) (Nontji
1984). Diatoms will dominate waters when light intensity
is high and temperatures are low (Welch 1980).
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Figure 3. Microgae species that are often found on Ujung Genteng Beach, Sukabumi: A. Navicula sp.; B. Frustulia sp.; C. Diploneis parma;
D. Nitzschia sp.; E. Achnanthidium sp.; F. Amphora sp.; G. Oscillatoria teneuis; H. Achanthes sp.; I. Planothidium sp.; J. Flagillaria sp.; K.

Uronema sp.; and L. Zygnema sp.. The scale lines in

Location I, both in the morning and afternoon, found
microalgae consisting of the classes Bacillariophyceae (17
species), Chlorophyceae (8 species), Cyanophyceae (5
species), Euglenida (2 species), while only 1 species was
found in the Dinophyceae and Chrysophyceae classes. In
location II, during the morning and afternoon, the
microalgae found were in the classes Bacillariophyceae
(17 species), Chlorophyceae (3 species), Cyanophyceae
and Euglenida (1 species), while Dinophyceae and
Chrysophyceae did not find any type of microalgae. The
microalgae found at location III in both morning and

image A apply to images A-L with 100x magnification.

afternoon conditions included the Bacillariophyceae class
(18 species), Cyanophyceae (5 species), Chlorophyceae
and Euglenida (4 species), Dinophyceae (2 species), while
for the Chrysophyceae class only 1 species was found. The
diversity of microalgae at Ujung Genteng Beach depicted
in the graph shows that the eight classes of microalgae that
were identified can be found from the three research
locations (Table 3, Figure 4).
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Table 3.Types of microalgae found at Ujung Genteng Beach, Sukabumi
No. Microalgae Location
1 11 111
M D M D M D
Class Bacillariophyceae
1. Naviculla sp. + + - + + +
2. Pinnularia gibba - + - - + -
3. Pinnularia braunii + - - + - -
4. Pinnularia legume - - + - - +
5. Frustulia sp. + + - + - +
6. Diploneis parma + - - + + +
7. Nitzschia sp. + + + + + +
8. Cymbella turgida - - + - -
9. Cymbella tumida - - - + -
10. Epithemia alpestris - + + + R +
11. Rhoicospenia sp. - - + + +
12. Flagillaria sp. - + - + -
13. Fragillaria vaucheriae + - - + +
14. Synedra ulna - + - + -
15. Achnanthidium sp. + - - + + +
16. Brachysira sp. + - + + + +
17. Rhopalodia gibberula - - + - - -
18. Amphora sp. + + - + + -
19. Melosira varians + - - - -
20. Planothidium sp. - + - + +
21. Achanthes sp. - + + - + +
22. Craticula sp. - - R + +
23. Humidophila sp. + - + -
ClassChlorophyceae
24. Tetrahedron obesum + - - - - R
25. Tetrahedron minimum + - - - - -
26. Sachroederia setigera - + + - -
27. Uronema sp. R + + + R "
28. Zygnema sp. - + - + - +
29. Pleurotaenium sp. + - - - - +
30. Ulothrix sp. - + - - - -
31. Protococcus viridis - + - - - -
ClassCyanophyceae
32. Chroococcus linnclius + - - - - -
33. Chroococcus disperses - - - - + -
34, Oscillatoria teneuis + + + - + +
35. Rhabdoderma lineare - + - - + -
36. Aphanocapsa gravillei - + - - - -
37. Schizothrix tinctoria - + - - - +
38. Microcystis sp. - - - - - +
Class Dinophyceae
39. Glenodinium palustre - - - - - +
40. Gymnodium coudata - + - - - -
41. Ceratium hirundinella - - . - + -
ClassEuglenida
42. Trachelomonas superba - + - - - +
43, Trachelomonas rotunda - - - - + +
44. Trachelomonas abrupta - - - - - +
45. Trachelomonas kelloggiii - - + - - +
46. Trachelomonas volvocina + - - - -
ClassChrysophyceae
47. Dinobryon tabellaria + + - - + -
Total 17 23 12 14 22 24

+ = found; - = not found
Location I = sea water which is 0- <2 m from the low tide line, location II = sea water in the seagrass area which is 2- <5 m away, location
IIT = sea water which is close to the open sea, 5-10 m away m. M = conditions in the morning; D = conditions during the day.
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Figure 4.Microalgae species found from the three research locations on Ujung Genteng Beach during the morning and day: A. Tetrahedron
obesum; B. Minimum tetrahedron; C. Dinobryon Tabellaria; D. Chroococcus linnchius; E. Trachelomonas volvocina; F. Navicula sp.; G.
Nitzschia sp.; H. Diploneis parma; 1. Achnanthidium sp. J. Brachysira sp.; K. Frustulia sp.; L. Oscillatoria teneuis; M. Pinnularia braunii;
N. Amphora sp.; O. Flagillaria sp.; P. Melosira variance; Q. Pleurotaenium sp.; R. Sachroederia setigera; S. Pinnularia gibba; T.
Humidophila sp.; U. Achanthes sp.; V. Synedra ulna; W. Rhabdoderma lineare; X. Planothidium sp.; Y. Schizothrix tinctoria; Z.
Protococcus viridis; AA. Gymnodium coudata; AB. Trachelomonas superba; AC. Aphanocapsa gravillii; AD. Epithemia alpestris; A.E.
Uronema sp.; AF. Zygnema sp.; AG. Ulothrix sp.; AH. Rhopalodia gibberula; A.I. Rhoicospenia sp.; A.J. Pinnularia legume; AK.
Trachelomonas kelloggii; AL. Cymbella turgida; A.M. Cymbella tumida; AN. Chroococcus disperses; AO. Craticula sp.; AP. Ceratium
hirundinella; I. Trachelomonasrotunda; AR. Glenodinium palustre; US. Trachelomonas abrupta; AT. Microcystis sp.; AU. Flagillaria
vaucheriae. The scale lines in image A apply to image A-AU at 100x magnification.

3.3. Microalgae Diversity Index Microalgae diversity can also be tested with two types
of indices, namely the Shannon-Wiener Index (H') and the
Simpson Index (D). Based on testing these two types of
’ . D index, the microalgae community as a whole has a
uniformity. Species richness and abundance can be tested diversity index (H') value of around 1.0<H'<3.3 (Table 4).
using the rarefaction method, Menhinick index (Mel) and

Margalef index (Mal), which indicates the richness and

abund.a nee of Ujung (jxenteng seawatef micr(.)algae speci‘es. and indicates that the waters have a stable, balanced
The highest Ra value is found at location II in the morning ecosystem. This refers to the diversity index criteria: H'<1:
conditions at 2.96, which means that the species at that Low community stability, 1.0<H'<3.3: Medium

location are unique and the majority can only be found at community stability, H>3: High community stability
that location. Locations I and III have high wealth values, (Odum 1998).

while the lowest wealth is in location II during the day.
The greater the value of the Menhinick index (Mel) and
Margalef index (Mal), the greater the value of microalgae
species richness (Boontawee et al. 1995).

Analysis of microalgae diversity parameters is based on
the values of species richness, abundance, diversity and

This diversity index value shows that the abundance of
microalgae types on Ujung Genteng Beach is moderate
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Table 4. Parameter values for diversity and uniformity of
microalgae from three research locations on Ujung Genteng
Beach

Location SR Mel Mal SA Ra H D J Eab

Conditions in the morning

LocationI 17 3,57 4,75 29 280 2,60 0,90 0,32 0,14
LocationII 12 3,33 429 13 2,96 2,46 091 0,37 0,21
Location Il 22 3,28 5,51 45 287 2,90 0,93 0,30 0,12

Conditions during the day

LocationI 23 3,35 5,71 47 283 2,85 0,92 0,29 0,11
LocationII 14 2,60 3,86 29 2,82 2,50 0,90 0,34 0,18
Location Il 24 3,27 5,77 54 287 2,97 094 0,30 0,11

Note: SR: Species richness; Mel: Menhinick's index; Mal:
Margalef's index; SA: Species abundance; Ra: Rarefaction; H':
Shannon-Wiener Index; D: Simpson's Index; J: Pilou evenness;
Eas: Hill's ratios.

The species uniformity value shows the inverse value
of the diversity index value (both in the Shannon-Wiener
Index and Simpson Index). In this study, two types of
uniformity index were used, namely Pilou (J) and Hill ratio
(Ea:b). Locations I and III during the day have low Pilou
and Hill's ratio uniformity values, while location II in the
morning has high Pilou and Hill's ratio uniformity values.
The uniformity index value (J') can describe the
distribution and number of microalgae in Ujung Genteng
which has a low uniformity value, namely 0.29 -0.37,
which means that the distribution of individuals for each
type is not the same, with a tendency to be dominated by
certain types (Odum 1993). The uniformity value category
ranges from 0 to 1 (Odum 1993). This is reinforced by the
statement that if the uniformity is close to zero, it means
that the uniformity between species in the community is
low and, conversely, if the uniformity is close to one, it
can be said that the uniformity between species is even or
the same (Pirzan et al. 2008).

3.4. Genomic DNA Isolation and DNA Quantity
Measurement

The DNA isolation results showed poor results
because the average of the seven samples showed
low DNA concentration values. Likewise, from the
DNA purity value, none of the samples showed good
quality purity because the absorbance value was
below 1.8 or above 2.0. Good quality DNA purity
will have an A260/A280 ratio of between 1.8-2.0
(Maftuchah et al. 2014). The range of values in the
results of this study indicates that the amount of
DNA in the sample is less than the amount of
protein, or indicates that the DNA isolation results
are still contaminated with RNA and protein
(Murtiyaningsih 2017).

The results of analysis of the quality of genomic DNA
in 7 samples of seawater microalgae using PCR and
electrophoresis methods using four pairs of primers
(18 KWT F and 18 KWT R, 18 ss5 F and 18 ss3 R,
16_Stiller PS F and 16_Stiller U_R, 16_Stiller PS R
and 16_Stiller _U_F) are presented (Figure 5, Figure 6) . It
can be seen that the DNA bands amplified by the KWT
primer and SS primer have a size of 250 bp (Figure 5).
Samples 11-6 of genomic DNA in each primer pair did not
show any bands. The shape of the band pattern that
appears indicates the presence of primary dimers. Primary

dimers are potential byproducts in polymerase chain
reactions consisting of two primary molecules that stick
together due to complementary base sequences in the
primer. The reason the 6 seawater microalgae samples did
not contain bands was because the DNA concentration in
the isolated samples was very low and the DNA purity was
not good. However, for sample 17 of seawater microalgae
(Figure 6) with a low concentration and DNA purity with a
ratio of A260/A280 nm, namely 1.40-1.75, the PCR
process was successful in proving the appearance of a
band measuring > 250 bp by amplification using the KWT
primer. Whether or not bands appear in DNA PCR
electrophoresis can be influenced by differences in the
primers used as well as the concentration and purity ratio
of the DNA (Dzikrina et al. 2022).
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Figure 5. Gel image of Microalgae genomic DNA amplification
in Ujung Genteng, M= marker 1 kb; I1-5= Genomic DNA of
Ujung Genteng seawater microalgae; A= KWT primer; B= SS
primer.
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Figure 6. Gel image of amplification of genome DNA
electrophoresis of seawater microalgae and microalgae culture,
M= marker 1 kb; 16-7= Genomic DNA of Ujung Genteng
seawater microalgae; A= KWT primer; B= SS primer, C=
PS F,U R primer; D= PS R,U F primer; Cha, Ps= microalgae
culture, and K= positive control.

This research also conducted experiments on
microalgae culture, with the results obtained available in
Figure 6. Culture of the microalgae Cha (Chaetosceros sp.)
and Ps (Porphyridium sp.) on primer KWT, primer
PS_F,U_R, and primer PS_R,U_F showed quite good
results because thick DNA bands appeared with band sizes
ranging from 250-1000 bp. Seawater microalgae samples
showed that many genomic DNA samples could not be
amplified properly (Figure 5, Figure 6). Poor amplification
results can be caused by mismatched primers, efficiency
and optimization of the PCR process. Primers that are not
specific or appropriate can cause amplification of other
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regions in the genome that are not targeted or, conversely,
no regions of the genome are amplified (Azizah 2009).

Primers PS F,U R and PS R,U F are primers
specifically designed for phytoplankton. 18S rDNA
primers can target all phototrophic eukaryotes with
coverage that can span the entire diversity (Stiller 2005).
The KWT R primer and KWT_F primer were used in
several studies to see the abundance of Chlorophyta and
other types of algae (Kumar et al. 2021). Likewise, the
primer pair ss5 and ss3, these primers showed the highest
universality among 18S rDNA primer sets in sequencing
microalgae. However, these primers are group specific and
are not suitable for determining precise identity and
phylogenetic alimony because the resulting DNA
sequences are short (Moro et al. 2009).

PCR optimization needs to be carried out to produce
the desired characteristics which are related to the DNA
denaturation and annealing temperature in the PCR
machine. A low denaturation temperature can cause the
double-stranded DNA to not open so that primer
attachment does not occur. The process of attaching a
primer to an open DNA strand requires an optimum
temperature because a temperature that is too high can
cause amplification to not occur because the primer does
not stick or, conversely, a temperature that is too low
causes the primer to stick to the other side of the genome
which is not the homologous side. This causes the
amplification of many non-specific regions in the genome.
The annealing temperature is determined based on the
primer. There are several factors that greatly influence the
success of the electrophoresis process. These factors
include the size of the DNA molecule, agarose gel
concentration, voltage, the presence of DNA dye, and the
composition of the electrophoresis buffer (Sinaga et al.
2017).

4. Discussion

Several types of microalgae found at Ujung Genteng
Beach such as Navicula sp. and Oscillatoria sp. can be an
alternative source of lipid production as renewable
biodiesel raw material. The average lipid content of
microalgae cells varies between 1-70% but can reach 90%
dry weight under certain conditions (Spolaore et al. 2006).
Microalgae have the potential to be used as biodiesel as an
alternative renewable energy because they contain lipids
that are suitable for esterification or transesterification
(Umdu et al. 2009). Oscillatoria sp. can produce lipid
extraction, namely 18.16%, while Navicula sp. (a type of
diatom) can produce up to 60% of the cellular mass as
triglycerides (TAG), which will be converted easily into
biodiesel through a transesterification reaction (Lebeau
and Robert 2003).

At all sampling locations, Bacillariophyceae class
microalgae were found. This is in accordance with the
statement that the phytoplankton found in marine waters
are generally of the diatom type (Bacillariophyceae)
followed by Dinophyceae and blue algae (Cyanophyceae)
(Nontji 1984). The Bacillariophyceae class of microalgae
is a type of microalgae that is widely distributed and is
able to adapt to environmental conditions and utilize
nutrients optimally for its growth. The form of adaptation
of the Bacillariohyceae class is by utilizing the frustule
structure on its body to float on the surface of the water.

This aims to get sunlight to carry out photosynthesis
(Sachlan 1982; Duxbury et al. 2002). The Chlorophyceae
class was also found in all three research locations. The
Chlorophyceae class is microalgac that has a high
abundance in both marine and fresh waters and lives in
solitary or colony form.

Types of microalgae from the Dinophyceae class were
only found in location I and location III. The Dinophyceae
class has chlorophyll a and chlorophyll ¢ in their bodies
(Bold and Wyne 1985), and reproduces by self-division.
The difference between this type of microalgae and
diatoms is that their bodies have flagella. The
Cyanophyceae class is a type of microalgae that is
prokaryotic and has the form of single cells, colonies or
filaments. The process of nitrogen fixation can occur in
microalgae in the form of colonies or filaments, so it can
cause an explosion in microalgae populations in both
marine and fresh water (Sachlan 1982). According to
sampling results at location 11, very few types of this class
were found, namely only 1 type (Oscillatoria teneuis). The
Chrysophyceae class is often known as golden algae
because the carotene and xanthophyll pigments contained
in their chloroplasts are greater in quantity than the
chlorophyll pigments. Based on sampling results at Ujung
Genteng  Beach, Sukabumi, microalgae of the
Chrysophyceae class were found in locations I and III.
This shows that microalgae belonging to the
Cyanophyceae and Chrysophyceae classes can be found in
all waters including the sea (Luttge 1976).

Another type of microalgae found at Ujung Genteng
Beach is the Euglenida class. This class is a type of
microalgae that is very rarely found in the three research
locations. The number of microalgae species on Ujung
Genteng Beach during the day is greater than in the
morning. According to the sampling results of the three
research locations, the microalgae species found during the
day are location I (23 species), location II (14 species), and
location III (24 species); the microalgae species found in
the morning are location I (17 species), location II (12
species), and location III (22 species).

5. Conclusion

The number of species found at Ujung Genteng Beach,
Sukabumi is 47 species, 12 of which are often found at the
three research locations both morning and afternoon,
namely Navicula sp., Frustulia sp., Diploneis parma,
Nitzschia  sp., Achnanthidium sp., Amphora sp.,
Oscillatoria teneuis, Achanthes sp., Planothidium sp.,
Uronema sp., Zygnema sp., and Flagillaria sp. The
diversity of microalgae at all sampling locations was in the
medium category and the uniformity index between
species was low. Examination of diversity indices and
species diversity indicated differences in species
abundance and diversity across various sites, specifically
in seawater microalgae inhabiting distinct zones: within
the ranges of 0-2 meters from the low tide line (location I),
in seawater within seagrass areas situated 2-5 meters away
(location II), and in seawater close to the open sea,
approximately 5-10 meters away (location III). All DNA
sample of the Ujung Genteng seawater microalgae genome
that was successfully well amplified as evidenced by the
appearance of a thick band pattern measuring 250 bp using
KWT and SS specific primers.



504 © 2024 Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 3

Acknowledgements

This research was fully supported by Ministry of
Defense, the Republic of Indonesia, through Dr.Mentari
Putri Pratami, S.Si., M.Sifiscal year 2021-2022 through
LPPM grant, particularly the Republic of Indonesia
Defense University (RIDU) Funding. We thank Laboratory
of Plant Physiology and Molecular Biology, Biology
Department, IPB University for supporting identification
of microalgae.

References

Amini S and Susilowati R. 2010. Biodiesel production from
Botrycoccus braunii microalgae. Squalen.,5(1): 23-32.

Arinardi OH, Trimaningsih SH, and Riyono. 1997. Range of
Abundance and Composition of Predominant Plankton in
Eastern Indonesia.Lembaga Ilmu Pengetahuan Indonesia,
Jakarta.

Azizah A. 2009. Comparison of DNA Amplification Band
Patterns in Normal and Abnormal Leaves, Flowers of Palm
Oil.IPB University Pr, Bogor.

Barten RJP, Wijffels RH, Barbosa MJ. 2020. Bioprospecting and
characterization of temperature tolerant microalgae from Bonaire.
Algal Res.,50: 102008. DOI: 10.1016/j.algal.2020.102008.

Bold HC and Wynne MJ. 1985. Introduction to the Algae
Structure and Reproduction Second edition. Prentice-Hall Inc,
New Jersey.

Boontawee B, Phengkhlai C, and Kaosaard A. 1995. Monitoring
and Measuring Forest Biodiversity in Thailand. In Boyle TJB,
Boontawee B. Measuring and Monitoring Biodiversity in
Tropical and Temperate Forest. Cifor, Bogor.

Cheng YJ, Guo WW, Yi HL, Pang XM, and Deng X. 2003. An
efficient protocol for genomic DNA extraction from citrus
species. Plant MolBiol Rep.,21: 177a-177g.

Duxbury. 2002. Fundamentals of Oceanography 4th ed
Chapter Select. McGraw-Hill, Boston.

Dzikrina H, Sari DP, Faridah N, Saidah SS, Alifah SAN, and
Kusumawaty D. 2022. DNA markers: Halal testing on processed
meat foods using multiplex PCR (Polymerase Chain Reaction)
primers.JBios Logos.,12(1): 1-8.

Erlangga, Andika Y, Imanullah, Imamshadiqin, and Syahrin A.
Identification of potential marine microalgae as biodiesel raw
materials in Banda Sakti District, Lhokseumawe City.J lImu Tek
Kelaut Trop.,14(1): 147-160.

Evita INM, Hariyati R, and Hidayat JW. 2021. Abundance and
diversity of plankton as a bioindicator of water quality in the
waters of Sayung Beach, Demak Regency, Central Java.Bioma.,
23(1): 25-32.

Fachrul MF. 2012. Bioecological Sampling Methods.Bumi
Aksara, Jakarta.

Fendiyanto MH, Satrio RD, Suharsono, Tjahjoleksono A and
Miftahudin. 2019a. Correlation among Snpbll markers, root
growth, and physiological characters of upland rice under
aluminum stress. Biodiversitas., 20(5): 1243-1254. DOI:
10.13057/biodiv/d200514.

Fendiyanto MH, Satrio RD, Suharsono, Tjahjoleksono A,
Hanarida I and Miftahudin. 2019b. QTL for aluminum tolerance
on rice chromosome 3 based on root length characters. SABRAO J
Breed Genet.,51(4): 451-469.

Fendiyanto MH, Satrio RD and Darmadi D. 2020. Metabolic
profiling and pathway analysis in red arillus of Salacca sumatrana
demonstrate significant pyruvate, sulfur, and fatty acid
metabolisms. Biodiversitas.,21(9): 4361-4368. DOI:
10.13057/biodiv/d210955.

Fendiyanto MH, Satrio RD, Widana IDKK, Pratami MP, Nikmah
IA and Darmadi D. 2021. Differential hierarchical metabolites
expression of red/white Salacca sumatrana arillus and its
molecular docking studies. Biodiversitas., 22(2): 1014-1024. DOIL:
10.13057/biodiv/d220258.

Fendiyanto MH, Pratami MP, Satrio RD , Nikmah IA, Sari NIP,
Awwanah M, Farah N, Nurhadiyanta N. 2021. Analysis of
Superoxide Dismutase (OsSOD) Gene Expression Using qRT-
PCR, Its Morphophysiological Characters, and Path Analysis in
Rice Variety IR64 Under Aluminum Stress. Inter J Agric Biol.,
26(4): 546-554. Doi: 10.17957/1JAB/15.1866

Fendiyanto MH, Pratami MP, Satrio RD , Nikmah IA, Sari NIP,
Awwanah M, Farah N, Nurhadiyanta N. 2023. Species diversity
of freshwater microalgae in dramaga, bogor based on morpho-
ecological identification between low and high light intensity
environment. Jordan J Biol Sci., 16 (1): 27-34. Doi:
10.54319/jjbs/160105

Fendiyanto MH, Hastilestari BR, Maysha DJ. 2023. LCYB Gene
Expression and Morphophysiological Traits of Musa acuminata
Cultivars. SABRAO J Breed Genet.,55(6): 1984-1993.

Filali R, Tian H, Micheils E, Taidi B. 2021. Evaluation of the
growth performance of microalgae based onfine pH changes.
Austin JBiotech Bioeng., 8(1): 102008. Doi:
10.1016/j.algal.2020.102008

Gusrianto D. 2012. Mikroalga pada Sumber Air Panas Sapan
Maluluang Kabupaten Solok Selatan. Universitas Andalas Pr,
Padang.

Henry T, Iwen PC, and Hinrichs SH. 2000. Identification of
Aspergillus spesies using internal transcribed spacer regions 1 and
2. J Clinical Microbiol.,38(4): 1510-1515.

Huang WW, Dong BZ, Caidan ZP, and Duan SS. 2011. Growth
effect on mixed culture of Dunaliella salina and Phaeodactylum
trucornutum under different inoculation densities and nitrogen
concentrations. African JBiotechnol.,10 (1): 13164 -13174.

Khaw YS, Khong N, Shaharuddin NA, and Yusoff F. 2020. A
simple 18S rDNA approach for the identification of cultured
eukaryotic microalgae with an emphasis on primers. 1:1-47. J
Microbiol Methods.,5(172):105890. Doi:
10.1016/j.mimet.2020.105890.

Kumar V, Momin S, Kumar VV, Ahmed J, Musallam L, and
Shajan AB. 2021. Distribution and diversity of eukaryotic
microalgae in Kuwait waters assessed using 18S rRNA gene
sequencing. PLoS ONE.,16(4): €0250645. Doi:
10.1371/journal.pone.0250645.

Lebeau T and Robert JM. 2003. Diatom cultivation and
biotechnologically relevant products. Part II: current and putative
products. ApplMicrobiolBiotechnol.,60: 624-632.

Luttge U and Pitman MG. 1976. Transport in Plants II: Part A
cells. Springer-Verlag, Berlin.

Maftuchah, Winaya A, and Zainudin A. 2014. Molecular Biology
Analysis Techniques.Deepublish, Yogyakarta.

Magurran AE. 1988. Ecological Diversity and Its Measurement.
Princeton University Pr, New Jersey.

Mercer P and Armenta RE. 2011. Developments in oil extraction
from microalgae. European J Lipid SciTechnol.,113 (5): 539-547.

Moro CV, Crouzet O, Rasconi S, Thouvenot A, Coffe G, Batisson
I, andBohatier J. 2009. New design strategy for development of
specific primer sets for PCR-based detection of Chlorophyceae
and Bacillariophyceae in environmental samples. Appl Environ
Microbiol.,75: 5729-5733.

Murtiyaningsih  H. 2017. Isolation of genomic DNA and
identification of genetic relationships in pineapple using RAPD
(Random Amplified Polymorphic DNA).Agritrop.,15(1): 83 —93.
Nybakken JW. 1982. Marine Biology, An Ecologycal
Approach. Harper and Row Publisher, New York.

Nontji A. 1984. Phytoplankton Biomass and Productivity in
Jakarta Bay Waters and Their Relation to Environmental
Factors.IPB University, Bogor.



© 2024 Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 3 505

Novasaraseta N, Abidin Z, and Junaedi E. 2018. Phytoplankton
diversity in Situ Balong Kambang, Pasawahan Village, Kuningan
Regency.J Pendidikan Biol.,10(1): 33-41.

Odum EP. 1993. Dasar —Dasar Ekologi Ed III. Terjemahan:
Samingan T. Gadjah Mada University Pr, Yogyakarta.

Paramasivam K, Venkataraman K, Venkatraman C, Rajkumar R,
and Shrinivaasu S. 2015. Diversity and distribution of sea grass
associated macrofauna in Gulf of Mannar Biosphere Reserve,
Southern India. Marine Faunal Divers.,1(1): 137-158.

Pescod MB. 1971. Water Supply and Waste Water Disposal in
Developing Countries. Asian Institute of Technology, Bangkok.

Pirzan, Andi M, andPetrus RPM. 2008. The relationship between
phytoplankton uniformity and water quality on Bauluang Island,
Akalar Regency, South Sulawesi.Biodiversitas.,9(3): 217-221.

Prasetyo LD, Supriyantini E, andSedjati S. 2022. Growth of the
microalgae Chaetoceros calcitrans in cultivation with different
light intensities.Buletin Oseanografi Marina.,11(1): 59-70.

Pratami MP, Fendiyanto MH, Satrio RD , Nikmah IA, Awwanah
M, Farah N, Sari NIP,Nurhadiyanta N. 2022. In-silico Genome
Editing Identification and Functional Protein Change of
Chlamydomonas reinhardtii Acetyl-CoA Carboxylase
(CrACCase). Jordan J Biol Sci., 15 (3): 431-440. Doi:
10.54319/jjbs/150312

Prescott GW. 1978. How to Know the Freshwater Algae. 3rd
edition. Brown Company, Lowa.

Purbani DC, Ambarwati W, Kusuma AB, andHerliany NE. 2019.
Identification of marine microalgae from Tambrauw, West
Papua.J llmu TekKelautan Trop.,11(3): 777-790.

Rachmawan EW, Suryono CA, andRiniatsih [. 2021.
Perbandingan tutupan antar lamun, makroalga, dan epifit di
Perairan Paciran Lamongan. JMarine Res.,10(4): 509-514.

Rianto R, Ariyani A, Widyawan A, Hendrayanti D, Wardhana W,
and Prihantini BW. 2008. Biodiversitas Cyanobacteria dari
Beberapa Danau di Kawasan Jakarta-Depok-Bogor.
Universitas Indonesia Pr, Depok.

Ritniasih I, Munasik M, Suryono CA, Azizah R, Hartati R, Pribadi
R, andSubayigo S. 2017. Composition of associated macroalgae in
the seagrass ecosystem of Tumpul Lunik Island, Rimau Balak
Island and South Kandang Balak Island, South Lampung Waters.J
Kelautan Trop.,20(2): 124-130.

Rizqina C, Sulardiono B, andDjunaedi A. 2017. The relationship
between nitrate and phosphate content and phytoplankton
abundance in the waters of Pari Island, Seribu Islands.J
Magquares.,6(1): 43-50.

Roem M, Wiharyanto D, and Darnawati D. 2017. Association of
macroalgae with seagrass in Panjang Island waters.J Borneo
Saintek.,1(1): 50-62.

Ruswandi A. 2014. The Ups and Downs of the Life of the

Ujung Genteng Fisherman Community.Universitas Pendidikan
Indonesia, Bandung.

Sachlan M. 1982. Planktonologi. Universitas Diponegoro,
Semarang.

Sambrook J, Fritsch EF, Maniatis T. 1989. Molecular Cloning: A
Laboratory Manualsecond edition. Cold Spring Harbor Lab,
New York.

Satrio RD, Fendiyanto MH, Suharsono, Supena EDJ and
Miftahudin. 2019. Identification of drought-responsive regulatory
genes by hierarchical selection of expressed sequence tags and
their expression under drought stress in rice. Intl J Agric
Biol.,22(6): 1524-1532.DOL: 10.17957/1JAB/15.1230.

Setiawan R, Atmowidi T, Widayati KA, andPurwati P. 2018.
Habitat preferences of Ophiuroidea species in the intertidal zone
of Pancur Beach, Alas Purwo National Park.JKelautan.,11(2):
151-166.

Siregar MH. 2009. Study of Plankton Diversity in the Upper
Asahan Porsea River.Universitas Sumatera Utara, Medan.

Spolaore P, Joannis-Cassan C, Duran E, and Isambert A. 2006.
Commercial applications of microalgae. J BiosciBioeng.,101: 87-
96.

Stiller JW and Clanahan AM. 2005. Phyto-specific 16S rDNA
PCR primers for recovering algal and plant sequences from mixed
samples. Mol EcoNotes.,5: 1-3.

Suharno andLantang D. 2012. The fertility status of marine waters
is seen from the diversity of plankton in the Bird's Head area,
West Papua.JBiol Papua., 4(2): 75-82.

Sujarta P, Ohee H, and Rahareng E. 2011. Study of the diversity
of plankton and fish in the waters of Tanah Merah Bay, Depapre
District, Jayapura Regency, Papua.JBiolPapua.,3(2): 67-73.

Suparman 2012. Molecular markers in the identification and

analysis of plant relationships and their implications for genetics
courses.JBioedukasi.,1(1): 59-68.

Syafaruddin andSantoso TJ. 2011. Optimization of efficient and
effective DNA isolation and purification techniques in Kemiri
Sunan (Reutalis trisperma).JLittri., 17(1): 11-17.

Umdu ES, Tuncer M, andSeker E. 2009. Transesterifikasi lipid
mikroalga Nannochloropsis oculata menjadi biodiesel pada katalis
CaO dan MgO yang didukung AI203. Tek Sumber Daya
Hayati.,100(11): 2828-2831.
Waluyo. 2004. Mikrobiologi
Muhammadiyah, Malang.

Welch EB. 1980. Ecological Effect of Waste Water. Cambridge
Univ Press, Cambridge.

Widiansyah AT, Munzil M, and Indriwati SE. 2016. Inventory of
Arthropod and Echinodermata types in the tidal zone of rocky
substrate type at Gatra Beach, Malang Regency. J Pendidikan:

Teori, Penelitian, Pengembangan.,1(7): 1417-1420.

Umum. Universitas



