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Abstract – The purpose of this study was to identify Thiosulfate-citrate-bile salts-sucrose (TCBS)
agar-selective bacterial species present in the mucus of Acropora millepora collected in Taklong-
Island Marine Reserve, Nueva Valencia, Guimaras. Bacteria sample cultured in TCBS agar was
sent to the Philippine Genome Center for the extraction and sequencing of the 16s rRNA gene.
DNA Barcoding was done with the use of BioEdit software and BLAST. The bacteria sample cul-
tured and subcultured in TCBS agar plates displayed green colonies, each having a diameter of 0.3
cm. The bacterial 16s rRNAgene was successfully extracted using Quick-DNA Fungal/Bacterial
Miniprep Kit, amplified by PCR, and sequenced by Capillary Electrophoresis. The GenBank se-
quence database result displayed a 98 percent match with Pseudomonas aeruginosa 16S ribosomal
RNA gene, partial sequence. This study will help assess the health of the Acropora millepora by
further studying the implications of Pseudomonas aeruginosa found in its mucus.

Introduction. – Coral reefs support a high diversity
of marine life, serving as home to 25 percent of allmarine
lives on the planet, yet only taking up less than 0.25 per-
cent of the entire marine environment. Seventy-five per-
cent of the worlds coral reefs are threatened [13] and most
are degrading [1]. Southeast Asias coral reefs are the most
threatened in the world, and the Philippines, part of the
Coral Triangle, has over 95 percent of reefs at risk. This
makes the countrys coral reefs part of the most endan-
gered coral reefs in the region [4]. In recent decades, there
has been a dramatic increase on the part of threatened
corals. Out of 845 reef building coral species, 32.8 percent
of the 704 species assigned with conservation status are at
an elevated risk of extinction [5].

The decline of coral cover results to the decrease in ma-
rine biodiversity. Unfortunately, even marine reserves are
not enough to guarantee the survival of the organisms that
greatly rely on corals [11]. A decline greater than 10 per-
cent in coralcover will reduce the abundance of up to 62
percent fish species within three years [22]. Furthermore,
a devastating decline reduces over 75 percent of reef fish
species, of which 50 percent will halve their original num-
bers [11], putting rare species at a high risk of extinction
[10].

Damage in coral reef systems are linked with coral

bleaching where skeletal growth, reproductive activity, ca-
pacity to shed sediments, and resistance to competing
species and diseases of the corals are reduced [8]. Coral
reef bleaching has been observed on coral reefs such as
the Great Barrier Reef [17]. Small scale bleaching events
have been attributed with particular stressors such as in-
crease in sea water temperatures [7] [3], whereas large scale
bleaching cannot be explained by temperature alone [6].
Bleaching has been attributed to changes in ultraviolet ra-
diation (UVR) and sometimes diseases such as Aspergillo-
sis and Dark Spots [3] [14]. Some coral diseases and coral
bleaching are caused by certain microorganisms, and find-
ings show that pathogenic bacteria can cause coral bleach-
ing to some corals [2] [12] [19] [20]. For example, bacte-
ria under the genus of Vibrio have been observed to be
pathogenic to coral Oculina patagonica [21]. These bacte-
ria lives on the mucus of the host coral.

The aim of this research is to identify what TCBS agar-
selective bacteria live in the mucus of Acropora millepora.

Methods. – Overview. The Methods is composed of
three main parts, which is the culturing, extraction and
sequencing, and dna barcoding.

Thiosulfate-Citrate-Bile Salts-Sucrose or TCBS Agar
was prepared to be used for the bacterial culture. This
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agar is a form of selective agar that selectively feeds only
vibrio species.

For the preparation of the agar plate, the agar powder
and water were poured in a media bottle, the agar powder
and water having a ratio of 89.09 grams: 1 mL, respec-
tively. After which, the mixture was set to boil and then
poured into petri dishes for the bacterial culture.

The mucus samples were collected using sterilized sy-
ringes from two colonies of the hard coral, Acropora mille-
pora, which was approximately a meter below the sur-
face, from Taklong Island National Marine Reserve in
Guimaras. The coral mucus were placed inside 1.5 mL
microcentrifuge tubes and then transported to the labora-
tory in aseptic condition within two hours after collection.

Upon arrival at the laboratory, the mucus samples in
the microcentrifuge tubes were then transferred to two
centrifuge tubes. The centrifuge tubes were placed in a
centrifuge, making sure that the two test tubes face each
other to make sure that the centrifuge is balanced in the
inside while it is rotating. The centrifuge was set at 2675
rpm for 3 minutes, causing the mucus to suspend on top
of the liquid.

The samples then underwent a ten-fold serial dilution
using 9mL of distilled water and 1mL of the mucus ac-
quired through centrifugation.

To culture the bacteria, a triangular, glass hockey was
used. Initially, the hockey has to be sterilized with the use
of heat. After which, 0.1mL of the diluted coral mucus was
placed on the agar plate, and then spread throughout the
plate using the sterilized triangular, glass hockey. The
agar plate was then closed and sealed, and then incubated
at room temperature for three days.

After three days, the cultured bacteria were isolated us-
ing the Four Quadrant Streaking Method. A sterilized in-
oculating loop was used to streak the bacteria onto three
new agar plates, after which they were then incubated for
another three days at room temperature. This method
was done once again after three days in order to ensure
the purity of the samples. Morphological assessment was
then conducted visually with the use of a vernier caliper,
a compound microscope and an ultraviolet lamp.

After the assessment, an agar plate, containing the cul-
tured bacteria with isolated colonies was packed tightly
then secured to be delivered to the Philippine Genome
Center in the National Institute of Molecular Biology and
Biotechnology in the University of the Philippines Diliman
for the 16S ribosomal RNA Extraction to Sequencing.

When the results arrived, the FASTA-formatted se-
quence was checked using the BioEdit software and was
then inputted in the NCBI-GenBank. Basic Local Align-
ment Search Tool (BLAST) was used to find matching
sequences in the NCBI databank. The highest matching
sequence identifies the species of the bacteria.

Results. – This study aimed to culture and iso-
late TCBS agar-selective bacteria present in the mucus
of Acropora millepora and extract and sequence their 16S

rRNA for barcoding. Samples of Acropora millepora’s mu-
cus was collected, prepared and plated on a TCBS agar
plate for three days of incubation. Bacterial colonies were
streaked on separate agar plates for subculturing after the
third day. Bacterial morphology was assessed visually and
with the use of a vernier caliper, compound microscope,
and ultraviolet lamp. The petri dish containing the sub-
cultured bacteria with isolated colonies was sent to the
Philippine Genome Center for the bacterial 16S rRNA
gene extraction to sequencing. The sequenced 16S rRNA
was then analyzed using the BioEdit Version 7.1.9 and
uploaded in NCBI-GenBank to identify the organism and
gene using BLAST.

Culture TCBS agar-selective Bacteria. After three (3)
days of incubation, all three petri dishes, A, B and C,
plated with the coral mucus showed signs of bacterial
colony growth. Only petri dish C showed isolated colonies
numbering up to 12 distinct isolated colonies while the
other two petridishes (A and B) had coalesced colonies.
The colonies were green in color and around 0.3 cm in di-
ameter. There was no bioluminescence observed after ex-
posing the petri dishes to ultraviolet lamp. Under the mi-
croscope, there were no distinct differences observed; how-
ever, bacterial morphology was not thoroughly assessed.
The subcultured petri dishes C1, C2, and C3 streaked
from the isolated colonies of petri dish C also showed bac-
terial growth after three days of incubation. Subcultured
petri dishes SC1, SC2, and SC3 streaked from petri dishes
C1, C2, C3 respectively also showed bacterial growth af-
ter three days of incubation. SC2 and SC3 had isolated
colonies.

DNA Extraction and Sequencing of 16s rRNA. The ex-
traction to sequencing was done by experts of Philippine
Genome Center. The sequencing result includes four files,
two of which are of AB1 file and the other two of SEQ file.
BioEdit shows a query length of 955 bases.

DNA Barcoding. The FASTA formatted sequence is a
nucleic acid with query length of 955. The GenBank se-
quence database displayed Pseudomonas aeruginosa 16S
ribosomal RNA gene, partial sequence. The description
section shows a max and total score of 1555 and a 98
percent similarity, in terms of residues at the same posi-
tions in an alignment, with the FASTA formatted sequence
emailed by the PGC. In the alignments section, the par-
tial sequence of Pseudomonas aeruginosa displays 1555
bits(842) in score, 869/886(98 percent) in identities, and
4/886(0 percent) in gaps. Other alignments also shows
Pseudomonas aeruginosa partial sequences with 98 per-
cent identities.

Discussion. After the DNA Barcoding, the cultured
bacteria was identified to be Pseudomonas aeruginosa.
This indicates that the green colonies that grew in the
TCBS agar are colonies of Pseudomonas aeruginosa and
that no Vibrio bacteria is present in the mucus of Acro-
pora millepora collected in Taklong Island National Ma-
rine Reserve. TCBS Agar is usually used to culture Vibrio
species but inhibited only Pseudomonas aeruginosa which
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could also grow in the TCBS agar [18] but with poor to no
growth and green in colony color [16]. This result shows
the presence of Pseudomonas aeruginosa in the mucus of
Acropora millepora in TINMR.

Other studies conducted regarding coral-associated bac-
teria such as the study of Littman et. al (2009) [15] also
received Pseudomonas-affiliated sequences from Magnetic
and Orpheus Island clone libraries when they were study-
ing the diversity of coral-associated bacteria in acroporid
corals in the Great Barrier Reef. In a study conducted
by Guimaraes et. al (1993) [9] on marine waters, they
found out that as coliform, fecal streptococci, presump-
tive pathogenic yeast and heterotrophic bacteria count in-
crease, there is also a notably increase in the occurrence of
Pseudomonas aeruginosa. This could possibly explain the
presence of Pseudomonas aeruginosa in the marine water;
thus it is not impossible but that they could have possibly
been present on the coral mucus too.

A correlation between the health of the water and the
health of the coral cannot be made since our study focused
on just identifying the bacterial species thriving on the
coral mucus using a TCBS agar and not necessarily its
abundance.

Conclusion. – Culturing of bacteria from the coral
mucus in TCBS agar, extraction to sequencing of the
bacterial 16S rRNA, and DNA Barcoding the result
gives a 98 percent match with the bacteria Pseudomonas
aeurigonosa.

∗ ∗ ∗

This work would not be possible without the help of
the people from Taklong Island National Marine Reserve,
Guimaras for allowing us to gather samples from the ma-
rine reserve, as well as helping us throughout our sample
gathering.

We are also grateful to the people whom we had the
pleasure to work with. Each member of our strand namely,
Lourde Frances Mye Almarza, Anna Karenina Dalabajan,
Marc Angelico Elizalde, Suzielette Veve Hilay, Jimdel Ryu
Mabaqiao, and Ma. Cailah Velasco, have helped and sup-
ported us, from the proposal presentation up to the final
presentation.

We would also like to thank our research advisers, Virna
Jane Navarro and Dr. Angelo Olvido, along with the
research unit of Philippine Science High School Western
Visayas, for without them, we would not have the oppor-
tunity to have this research experience.

We would like to thank our parents, whom have given
their full support to us throughout the study from helping
us buy the materials we need to guiding us in times of
confusion.

Lastly, to God Almighty, who have blessed us on our
sucessful research journey.

REFERENCES

[1] Aronson, R., Bruno, J., Precht, B., Glynn,
P., Harvell, C., Kaufman, L., Rogers, C.,
Shinn, E. and Valentine, J., Causes of coral
reef degradation, 2003 (AccessedSeptember 13 2016)
https://www.researchgate.net/publication/8984563Causes
of coral reef degradation

[2] Banin E, Israely T, Kushmaro A, Loya Y, Orr E
and Rosenberg E., Penetration of the coral-bleaching bac-
terium Vibrio shiloi into Oculina patagonica Applied En-
vironmental Microbiology, 2000. (Accessed January 26,
2017) https://www.ncbi.nlm.nih.gov/pubmed/10877802

[3] Brown, B., Coral bleaching: Causes and Conse-
quences. Coral Reefs., Accessed September 13 2016
(http://link.springer.com/article/10.1007/s003380050249)

[4] Burke, L., Selig, E. and Spalding, M. Reefs at Risk
in Southeast Asia Accessed September 13 2016.
http://www.wri.org/sites/default/files/pdf/rrseasia
full.pdf

[5] Carpenter, K., Abrar, M., Aeby, G., Aronson, R.,
Banks, S., Bruckner, A., Chiriboga, A., Corts, J.,
Delbeek, J., DeVantier, L., Edgar, G., Edwards,
A., Fenner, D., Guzmn, H., Hoeksema, B., Hodg-
son, G., Johan, O., Licuanan, W., Livingstone,
S., Lovell, E., Moore, J., Obura, D., Ochavillo,
D., Polidoro1, B., Precht, W., Quibilan, M., Re-
boton, C., Richards, Z., Rogers, A., Sanciangco,
J., Sheppard, A., Sheppard, C., Smith, J., Stu-
art, S., Turak, E., Veron, J.,Wallace, C.,Weil,
E. and Wood, E., One-Third of Reef-Building Corals
Face Elevated Extinction Risk from Climate Change and
Local Impacts Science, 2008. (Accessed September 13,
2016.) http://science.sciencemag.org/content/321/5888/
560.short

[6] Gleason, D. and Wellington, G., Ul-
traviolet radiation and coral bleaching Na-
ture, 1993 (.) Accessed September 13, 2016.
http://www.nature.com/nature/journal/v365/n6449/abs/
365836a0.html doi:10.1038/365836a0.

[7] Glynn, P., Coral reef bleaching: ecological perspectives.
Coral Reefs , 1993. (Accessed September 13, 2016.)
http://link.springer.com/article/10.1007/BF00303779
doi:10.1007/BF00303779.

[8] Glynn, P., Coral reef bleaching: facts, hypothe-
ses and implications. Global Change Biology, 1996.
(Accessed September 13, 2016.) 2(6): 495-509.
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
2486.1996.tb00063.x/full doi:10.1111/j.1365-
2486.1996.tb00063.x.

[9] Guimares VF, Arajo MAV, Mendonla-Hagler LCS
and Hagler AN., Pseudomonas aeruginosa and other mi-
crobial indicators of pollution in fresh and marine waters
of rio de janeiro, Brazil. , 1993. (8(3):313322.)

[10] Hawkins, J., Roberts, C. and Clark, V.,
The threatened status of restricted-range coral
reef fish species Animal Conservation, 2000.
(3(1): 81-88.) Accessed September 13, 2016.
http://journals.cambridge.org/action/displayAbstract?fro
mPage=online&aid=52073&fileId=S1367943000000767.

[11] Jones G., McCormick, M., Srinivasan, M.
and Eagle, J., Coral decline threatens fish bio-

64



DNA Barcoding of TCBS Agar-Selective Bacterial Species in the Mucus of Acropora millepora from Guimaras

diversity in marine reserves. PNAS, 2004. (101
(21): 82518253.) Accessed September 13, 2016.
http://www.pnas.org/content/101/21/8251.full
doi:10.1073/pnas.0401277101

[12] Kushmaro A, Loya Y, Fine M and Rosenberg
E., Bacterial Infection and Coral Bleaching. Nature.,
1996. (380(6573):396-396.) Accessed January 26, 2017.
https://www.researchgate.net/publication/236260183 Bac
terial infection and coral bleaching 6
doi:10.1038/380396a0

[13] Lalasz R., Scientist: 75 percent of coral reefs are threat-
ened but theres hope!. , 2011. (Accessed September 12,
2016.) http://grist.org/climate-change/2011-02- 24-75-of-
coral-reefs-on-earth-threatened-but-theres-hope/

[14] Lesser, M., Stochaj, W., Tapley, D. and Shick, J.,
Bleaching in coral reef anthozoans: effects of irradiance,
ultraviolet radiation, and temperature on the activities of
protective enzymes against active oxygen. Coral Reefs.,
1990. (8(4): 225-232.) Accessed September 13, 2016.
http://link.springer.com/article/10.1007/BF00265015
doi:10.1007/BF00265015

[15] Littman, R.A., Willis B.L. Pfeffer, C. and
Bourne D.G., Diversities of coral-associated bacteria
differ with location, but not species, for three acroporid
corals on the Great Barrier Reef. Fems Microbiology
Ecology., 2009. (68(2): 152-163.) Accessed April 2017.
https://academic.oup.com/femsec/article/68/2/152/
605001/Diversities-of-coral-associated-bacteria-differ
doi:10.1111/j.1574-6941.2009.00666.x

[16] Lotz, M., Tamplin, M., and Rodrick, G.,
Thiosulfate-Citrate-Bile Salts-Sucrose Agar and
Its Selectivity for Clinical and Marine Vibrio Or-
ganisms. Annals of Clinical and Laboratory Sci-
ence., 1983. (13(1): 45-48.) Accessed May 2017.
http://www.annclinlabsci.org/content/13/1/45.full.pdf

[17] Marshall, P. and Baird, A., Bleaching
of corals on the Great Barrier Reef: differ-
ential susceptibilitiesamong taxa. Coral Reefs.,
2000. (19(2): 155-163) Accessed September 13,
2016.http://link.springer.com/article/10.1007/s0033800
00086#page-2 doi:10.1007/s003380000086

[18] Merck KGaA (Website),
https://www.merckmillipore.com/INTL/en/product/
TCBS-agar,MDA CHEM-110263

[19] Rosenberg E, and Falkovitz L., The Vib-
rio shiloi/Oculina patagonica Model System of
Coral Bleaching.Annual Review of Microbiology.,
2004. (58:1-690.) Accessed January 27 2017.
http://annualreviews.org/doi/abs/10.1146/annurev.micro
.58.030603.123610
doi:10.1146/annurev.micro.58.030603.123610

[20] Rosenberg E. and Koren O., Bacteria Associ-
ated with Mucus and Tissues of the Coral Oculina-
patagonica in Summer and Winter.Applied and En-
vironmental Microbiology., 2006. (5:355362.) Accessed
January 2017. http://aem.asm.org/content/72/8/5254.full
doi:10.1128/AEM.00554-06

[21] Sussman, M., Coral disease pathogen of
the Indo-Pacific Ocean.James Cook Univer-
sity., 2009. (Accessed January 27 2017.)
https://researchonline.jcu.edu.au/8197/1/02whole.pdf

[22] Wilson, S, Graham, N, Pratchett, M, Jones

G. and Polunin N., Multiple disturbances and the
global degradation of coral reefs: are reef fishes at
risk or resilient? Global Change Biology., 2006.
(12(11):2220-2234.) Accessed September 13, 2016.
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
2486.2006.01252.x/full doi:10.1111/j.1365-
2486.2006.01252.x

65


